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by Stephen H. Kailing and Charles B. Green 

WATER TREATMENT ALTERNATIVES 


FOR PLACER MINING 


INTRODUCTION 

Livengood Mine consists of over 
200 placer mining claims staked in 
1914-1915 on Livengood Creek, approx
imately 80 miles northwest of Fair
banks. In 1979, Asamera Minerals (U.S.) 
Inc., operator of the mine at the time, 
was trying to find an economical way 
of removing the 50- to 100-foot thick 
layer of overburden from a very large 
deposit of gold-bearing gravels (esti
mated by drilling at 30,000,000 cubic 
yards). The overburden consists of 
frozen eolian silts with high water and 
organic content, known in the Alas
kan mining vernacular as "muck." The 
ratio of muck to pay gravel averages 
2.5:1. 

Historical methods of stripping fro
zen muck involved high-pressure hy
draulic nozzles which simultaneously 
thawed and transported the ice-rich 
silts and organics into the local drain
age systems. In contrast to using heavy 
equipment to rip and stack frozen ma
terial, this method is efficient and eco
nomical. However, within the framework 
of modern environmental regulation, the 
practice is unacceptable without adequate 
water treatment facilities. 

Fine suspended solids in hydraulicking 
effluents defy removal by conventional 
settling ponds. Environmental Services 
Ltd. of Anchorage was contracted to eval

uate possible methods of meeting relevant 
water quality standards and determine 
effluent treatment costs that would be 
incurred with a hydraulic stripping plant. 
The availability of gravel sluicing effluent 
at the mine made it possible to evaluate 
water treatment alternatives on a more 
typical placer mining effluent as well. 

A water quality goal of 25 NTU 
(Nephelometric Turbidity Units) turbidity 
was chosen for the mine effluents, since 
there was no dilution available at the site 
and the regulatory agencies intended to 
apply this water quality standard as an 
effluent limitation. 

STUDY DESIGN 

After available options were consid-

TABLE 1 

WATER TREATMENT CHEMICALS 


Primary Coagulants: 

Alum 
Ferric Chloride 
Ferric Sulfate 
Lime 
Sodium hydroxide 
Sodium aluminate 

Synthetic Flocculating Agents: 

Anionic polymers 
Cationic polymers 
Nonionic polymers 

ered, gravity sedimentation followed 
by chemical flocculation was selected 
as the water treatment method to study 
intensively. Both surface samples, taken 
from the face of the cut, and drill core 
samples were evaluated in the initial 
laboratory work. Surface samples were 
found to be nonrepresentative, so their 
use was discontinued early in the study. 
Field trials were later conducted on 
sluicing effluent. 

When true costs and effectiveness of 
chemical treatment became known, a re
cycling study was initiated. It was primar
ily a laboratory and theoretical study; 
efforts to run a field trial were not suc
cessful. 

EXPERIMENTAL 

Core samples of the Livengood over
burden were made available by Shan
non and Wilson, the Fairbanks geotech
nical consulting firm that drilled the 
site for Asamera. The water treatment 
chemicals listed in Table 1 were tried 
on slurries made to simulate an expected 
water "duty" of 20 cubic yards per 
miner's-inch day. (One miner's-inch day 
is equivalent to 16,560 gallons of water.) 
This duty was based on literature values 
for similar operations. It translates 
to a slurry solids content of 20% by 
volume. 

Frozen core sampJes were made up to 

Stephen H. Kailing is employed by the Alaska Department of Transportation and Public Facilities as a Senior Research Engineer. 
A registered professional engineer in the field of chemical engineering, Mr. Kailing has had a total of 18 year's experience in air 
and water pollution control, process engineering, consulting, and management. During the time of this study, he was a Project 
Engineer with Environmental Services, Ltd. Charles B. Green worked in the placer mining industry during the period 1976-1980, 
and was Mine Manager for Asamera Minerals (U.S.) at Livengood Mine in 1979. In 1980, he received a B.S. degree in geological 
engineering from the University of Alaska, and was employed by Gulf Interstate Engineering Company as a geologist in 1981. Mr. 
Green is presently a Development Specialist with the Alaska Department of Commerce and Economic Development, Office of 
Mineral Development in Fairbanks. 
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Asamera's Charlie Green, shown here at the Livengood site, was largely responsible for the field trials. (All photos 
in this article are courtesy of Green.) 

0.5%, 10% and 20% by volume, using 
displacement of water in a large graduated 

cylinder, and disintegrating the soil by 
hand. These samples were allowed to settle 
in one-gallon plastic pails for lengths 
of time corresponding to the surface 
ove~flow rates desired. Normally, 300 ml 
(milliliters) of sample were skimmed 
from the surface of the settled slurry in 
the pail after 17 minutes of settling. The 
surface overflow rate was then calculated 
from the drop in level of slurry in the pail 
(7/16 inch) and the time of settling prior 
to sample withdrawal. This gave a ,;veloc
ity" at which the liquid level dropped 
which roughly corresponds to the veloc
ity of upward flow in a surface overflow 
situation. Overflow rates were expressed 
in an inverted form and designated as 
"settling area," acres per million gallons 
per day (acres/mgd). 

Flocculation tests were run by adding 
a dose of prepared coagulant or polymer 
solution to the 300 ml sample, stirring 
thoroughly and allowing the floc to settle. 
Clarity of the supernatant was measured 
by a nephelometric turbidimeter or 
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judged visually after the floc had settled 
completely. This rarely required more 
than a minute, although turbidity samples 
were withdrawn after 20 minutes. Two 
methods were used to stir the treated 
samples - a 1000 rpm magnetic stirrer 
for 15 seconds or a 120 rpm Phipps and 
Bird six-paddle stirrer for three minutes. 
The latter method was only 60% as 
effective as the former (based on polymer 
dose requirements), but it was used most 
of the time because six samples could be 
tested at once. 

Dry polymer solutions were made up 
to 0.1 to 0.3% concentration according to 
the manufacturer's directions. The dry 
powders were sifted onto the shoulder of 
a vortex formed by stirring with a vari
able speed magnetic stirrer or propeller
type mixer and stirred for at least 30 min
utes. The latter device gave slightly better 
results due to the reduction in shear. Aging 
of the polymer solution overnight or for 
as long as two weeks improved results. 

Liquid polymers were generally made 
at 1 to 2% concentration by stirring 
rapidly for 20 minutes. These polymer 

solutions did not require any aging, but 
they also did not generally give as good 
results as the dry versions. Clarity was 
poorer and the treatment cost higher. 

FIELD TRIALS
CHEMICAL TREATMENT 

Because some of the laboratory results 
showed promise, several field trials were 
conducted. They were run on the four to 
six million gallons per day of sluicing ef
fluent from gravels being worked near the 
upper end of the paystreak. Four settling 
ponds of approximately 11 million gallons 
total volume and 10 acres total surface 
area had been constructed for clarifying 
this water. The trials were conducted at 
the spillway between No. 3 and No. 4 
ponds, where a three-foot gravity head 
was available. 

A good deal of experimentation was 
done before proper conditions were 
achieved for preparation and use of poly
mer solutions. Certain conditions and 
precautions are necessary when using 
polymers. 

1. Mixing techniques are critical. 
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Recommended concentrations should not 
be exceeded during the mixing process. 
Polymers should be added slowly through 
a specially made aspirator funnel and, 
most important, a slow speed (below 
475 rpm) mixer and positive displacement 
pump must be used for mixing, transfer
ring and feeding to prevent degradation 
of the polymer through mechanical shear. 

2. Liquid polymers are relatively easy 
to use, but probably not feasible for large
scale use in Alaska because of their weight 
and relatively short shelf life. 

3. Trial runs long enough for at least 
three turnovers of the final settling pond 
are needed to establish the maximum 
clarity that can be achieved through use 
of the polymer being tested. 

4. Auxiliary mixing beyond that 
available from a three-foot head of water 
is needed to give clarity results equivalent 
to those obtained by laboratory methods. 

5. Recommended dilution factors 
were not needed to give satisfactory re
sults. The spillway provided adequate di
lution of the polymer solutions. Little, if 
any, improvement resulted from predilu
tion with a water pump and static mixer. 

Results of field trials on sluicing efflu
ents showed that dry polymer dose rates 

of 6 to 15 mg/1 (milligrams per liter) were being the best turbidity achieved. Longer 

quite effective on the entire range of runs might have produced further im

effluents encountered. Using laboratory provements, but it is doubtful whether 25 

techniques and polymer doses of 3 to NTU could have been achieved without 

6 mg/1, a turbidity of 25 NTU could be additional mechanical or hydraulic mix

achieved much of the time on the same ing. 
effluents (with a range of 15 to 35 NTU 

RECYCLING STUDIES being typical). During hour-long field 
trials, clarity in one section of No. 4 pond Because of the extremely high costs 

improved to about 50 NTU, with 43 NTU encountered for chemical treatment of silt 

A small outboard motor mixed polymer solution well, but the high mechanical shear 
reduced its effectiveness. 

Author Kailing (assisted here by an Asa
Upper header distributed polymer solution across plywood spillway; lower two headersmera worker) used a special wetting fun


nel to help dissolve the sticky polymer. provide water sprays that aid mixing. 
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hydraulicking effluents, the alternative of 
recycling clarified effluent from a settling 
pond system was recommended for 
study. It would have three primary 
advantages: 

1. Treatment chemicals would be 
minimized or eliminated. 

2. Only a small amount of makeup 
water would be needed to replace water 
lost to evaporation, seepage and increase 
in silt water content. Pond water level 
will rise according to displacement of 
water volume with silt, and free water 
volume will be reduced somewhat by the 
above three factors. 

3. The system would require no 
regular effluent discharge. A need for an
nual adjustment of pond water level (for 
example, to prevent overflow from the 
spring melt) may result in discharge of 
what is expected to be well-clarified 
water. 

The major disadvantage of recycling 
would be high pumping costs - they 
would increase in proportion to the solids 
content of the recycling fluid and would 
become prohibitively large if the solids 
level became too high. Wood and other 
debris in the recycling fluid is expected to 
be another disadvantage. An effective 

The treated effluent on the left has 
much better clarity than the untreated 
effluent. 

The Northern Engineer, Vol. 14, No. 2 

Treated effluent looks darker and shows flow pattern in No. 4 pond. 

means of keeping this material out of the 
pump sections and hydraulic monitors 
would have to be included in the design 
of the system. Another design considera
tion is the tendency for ponds nearest the 
inlet to fill first, thus reducing effective 
settling area of the system. This problem 
could be minimized by using progressively 
larger, shallower ponds toward the outlet 
end of the system with relatively deep, 
narrow ponds near the inlet. 

An effort was made to run a field re
cycling trial on silt from the lower end 
of the overburden. A bulldozer was used 
to push thawed silt into the 2500 gpm 
flow discharging from a 12-inch pipeline. 
A large diesel-driven centrifugal pump 
was used to recycle water from the far 
end of a settling pond system having 
about one acre of total surface area and 
600,000 gallons of volume. 

Unfortunately, the six- to eight-foot 
deep layer of thawed silt near the bull
dozer ramp was not characteristic of the 
average overburden silt in terms of settling 
rate and polymer dose requirement. It 
required only 3 to 5 mg/1 of polymer for 
flocculation. Due to their high organic 
content, the flocculated solids did not 
settle - they rose quite rapidly to the top 
of the test container and formed a stable 
float. After three cycles, there was no 
measurable increase in specific gravity 
of the recycled water. The field trial was 

terminated and laboratory methods used 
to evaluate the recycling alternative fur
ther. 

Estimation of specific gravity buildup 
was made by using representative core 
samples. First, a hypothetical settling 
pond design was prepared that would fit 
the topography of the available area and 
provide enough capacity to hold the 
volume of silt to be removed in one 
120-day mining season. This turned out to 
be four ponds with a total capacity of 
three million cubic yards and a surface 
area of 205 acres. 

Using the expected water through-put 
of 20 million gallons per day, a settling 
rate of 

1 ft3 12 in 
20 MM gal x 7.48 gal x ---:rt" 

43,560 ft 2 
day x 205 acres x 

acre 

= 3.59 inches/day 

was calculated. A safety factor of 2 was 
then applied to give a corrected settling 
rate of 7.2 inches per day. Jar tests run 
on a representative group of core samples 
from the overburden had an average 
specific gravity increase of 0.022 using 
test conditions equivalent to the 7.2 
inches per day settling rate. 

An estimate of the specific gravity 
increase was made by multiplying the 
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number of cycles in a mjning season by 
the increase encountered per cycle. Car
rying a recycling fluid level of one foot 
above the settled silt would require 36 
cycles per season. The estimated buildup 
would then be 36 x 0.022 = 0.79 and the 
final specific gravity of the recycling 

fluid 1.79. 

This estimate could be on the high side 
because additional settling of the sus
pended solids would occur each time the 
recycling fluid passed through the settling 
ponds. This effect would be counter

..... 

.s "' 
"' 0 "' 0 

a: 
::E "' 
~ 
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SETTLING TIME (DAYS) 

Figure 1. Polymer dose required for good 
visual clarity vs. settling time at 20% soil 
volume. 

acted, however, by the higher specific 
gravity, viscosity and hindered settling 
effect caused by the suspended particles. 
These effects would all tend to classify the 
suspended particles, retaining the finest 
fractions in suspension. Recent work on 
sedimentation by the Department of En
vironmental Conservation indicates that 
the settling rate safety factor could be 
much higher than two. If so, the specific 
gravity of the recycling fluid would 
exceed 1.79, possibly by a large amount. 

A slurry of 1. 79 specific gravity would 
probably not be pumpable. The ponds 
would either have to be made larger or 
else more water carried in them (or both) 
to improve settling and/or reduce the 
number of cycles in a mining season. One 
other alternative would be to dilute the 
slurry and discharge the overflow. This is 
not considered practical unless the over
flow could be stored. Treating it would 

take nearly as much chemical as the once
through method of operation. 

Before a reasonably good recommen
dation could be made regarding pond 
size, a representative field trial would be 
needed to determine actual rate of specific 
gravity buildup. Because cycle time is 
proportional to water volume and be
cause settling efficiency depends on 
surface area, a full-scale field trial would 
take 30 to 60 days. As surface area is 
increased to give realistic settling condi
tions, cycle time increases proportion
ately. Unless settling area could be 
economically reduced with tube or plate 
settlers a pilot trial would be a major 
undertaking in terms of time and ex

pense. 
The laboratory method described above 

is useful to determine whether a recycling 
trial is warranted based on costs of the 
other alternatives being considered. If a 
recycling trial is conducted, the slurry 
produced should be sent to a qualified 
slurry pump manufacturer to determine 
viscosity and specific gravity for pump 
horsepower and pipe size calculations. 

SUMMARY OF RESULTS 

Results of extensive laboratory testing 
on core samples showed that nonionic 
polymers were the most cost-effective 
flocculant chemicals for treating effluents 
from hydraulic removal of Livengood 

1000 

100 

~ 10 .. 
~ 
.J 

~ (a) 

llj Theoretical values shown-


multiply area by two for 

0 field !Jpplication. 


Multiply polymer dose by 
16.6 to find polymer cost 
per million gallons of water 
(@ S2.DO/lb for polymer) 

0 20 40 60 80 100 120 

POLYMER DOSE (mg/1) 

Figure 2. Polymer dose vs. settling area 
for typical 20% soil mixture from Liven
good overburden. 

silt. Chemical costs for the 102 mg/1 aver
age polymer dose required after one acre 
per million gallons per day of settling 
were very high - on the order of $1700 
per million gallons of water treated. 
These costs could be reduced substantially 
by increasing settling time prior to chemi
cal treatment, but pond construction 
costs for the exponential increase in 
settling area required are likely to more 
than offset the chemical savings involved. 
Figure 1 shows the effect of settling time 
and the large variability in chemical dose 
required by the different test samples; 
Figure 2 is a plot of settling area against 
the amount of flocculant required. 

Table 2 summarizes cost of treatment 
for three sections of the overburden. 
These sections are shown on Figure 3 
along with chemical treatment costs and 
approximate soil boring locations. The 
cost of chemical treatment was found to 
be largely independent of soil concentra
tion in water, allowing expression of poly
mer costs in terms of in situ soil volume. 

Based on information generated from 
the recycling study, a settling area of 
about 20 acres per mgd of effluent would 
be the maximum that could be made 
available at the mine site. Figure 2 shows 
that treatment chemical requirements at 
20 acres per mgd would be reduced to 
64% of those indicated above for one acre 
per mgd of settling. Applying this factor, 
the cost of treatment would drop to 
about $1020 per million gallons ($.83/ 
cu yd) for average silt and $210 per 
million gallons ($.17 /cu yd) for the most 
treatable section of the overburden. How
ever, using an area as large as 20 acres per 
mgd may be prohibitively expensive at 
most locations, including Livengood. 

Field trial and laboratory tests on 
effluent from gravel sluicing showed that 
the same nonionic polymers were effec
tive at much lower dose rates than those 
needed to settle overburden silt. Tur
bidities in the 40 to 60 range were 
achieved in the settling pond downstream 
from the point of polymer addition at 
dose rates ranging from 6 to 15 mg/1. 
Corresponding costs are $100 to $250 per 
million gallons of water for dry polymer 
at $2 per pound, delivered. Based on 
laboratory test results, somewhat lower 
costs and improved clarity appear probable 
through optimization of polymer molec-

The Northern Engineer, Vol. 14, No.2 
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ular weight; also, actual field applications 
should provide advantages of continuous 
use, since there is continuous natural 
mixing and more time for flocculation 
when a whole pond has been treated. 

Investigation of recycling showed that 
a settling area on the order of 20 acres 
per million gallons a day of flow would 
be needed to ensure that the recycling 
fluid would remain pumpable for the 
120-day mining season. This is about 
double the area that would be needed for 
constructing settling ponds just large 
enough to contain the silt hydraulicked 
in one season. 

Capital and operating costs were not 
calculated for either alternative, but recy
cling costs are expected to be lower than 
those for chemical treatment. In addition, 
the recycling scheme would be certain 
to comply with effluent limitations, since 
there would be no effluent. Chemical 
treatment with polymers alone would not 
provide compliance with the 25 NTU 
turbidity limit. Primary coagulants such 
as alum, ferric chloride or lime would 
have to be used in order to meet this 
limit consistently. 

The treatment costs shown in Table 2 
are based on a summer 1979 cost for 
polymers at $2/lb delivered to Fairbanks. 
By March 1982, prices for the same 
materials were found to be nearly $4/lb 
delivered, so updated treatment costs 
would be about double those cited above. 

CONCLUSIONS 

The following conclusions were drawn 
from the investigation: 

1. Nonionic polymers are the most 

TABLE 2 

SUMMARY OF RESULTS- COST OF TREATMENT 


Section of 
Overburden 

Southwest 
Middle 
Northeast 

'3 
$2..70/'10 

•e-7 •B-\2. a-\4a-H..... •B-\6•a-e ~ 

• ? ...... •e-\'3• B-\5 

~---A-~____ 5400FT------~.I 

Figure 3. Soil boring locations on Livengood overburden and costs of 
chemical treatment by section. 

cost-effective water treatment chemical 
for hydraulicking effluent from Liven
good silts and sluicing effluents from 
gravels being worked at the mine. 

2. Water treatment costs for silt 
hydraulicking effluents are extremely 
high. Chemical costs can be reduced 
somewhat by providing very large settling 
areas before treatment, but higher pond 
construction costs may increase overall 
treatment costs. 

3. Water treatment costs for gravel 
sluicing effluents at Livengood Mine were 
less than 10% of those for average silt, 
although chemical costs still amounted 
to more than $100 per million gallons 
treated (at 1979 polymer costs). 

4. The chemical dose requirements 
of a given soil type are nearly indepen
dent of soil concentration in water when 
expressed as weight of chemical required 
per unit volume of soil. 

Number of 
Borings 

6 

4 

6 


Unweighted average 

POLYMER COST* 

$per Cubic $ per Million 
Yard ofSoil Gallons Treated** 

0.90 1,110 
2.70 3,340 
0.27 330 

1.29 1,590 

*Based on delivered cost for dry polymer of $2.00 per pound. 

**Based on an average water duty of 20 cubic yards per miner's-inch day (20% solids by volume) 

and a settling area of one acre per million gallons per day of effluent. 
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5. The turbidity standard of 25 NTU 
was not achieved during field trials on 
sluicing effluent. It was also exceeded on 
many of the laboratory tests with both 
gravel sluicing effluent and overburden 
silt. It could be obtained with large doses 
of alum, iron salts and lime, but costs 
and potential environmental effects were 
considered prohibitive. 

6. Recycling is a promising alterna
tive to chemical treatment of hydraulick
ing effluents, particularly when the water 
is difficult to treat and/or in short supply. 

7. Large variations in chemical dose 
requirements make experimentation with 
representative soil samples mandatory if 
an accurate assessment of chemical treat
ment costs is to be made for any soil vol
ume within a mine. 
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SMOKE DETECTORS 

for Rural AI 

they will work 
in the villages, but ... 

by Gerald Romick and Nancy Smoyer 
for the Fire Safety Task Force 

Rural Alaskan villages have five times 
as many residential fires as do metropoli
tan areas in the state, and Alaska has the 
highest death rate from residential fires 
of any of the 50 states. In an attempt to 
ameliorate this situation, the Alaska 
Department of Public Safety proposed 
purchasing smoke detectors to provide 
an early warning device in village homes. 
However, no data existed on the types of 
smoke detectors that would function best 
in the small houses typical of Alaskan 
villages. The Department of Public Safety 
therefore contracted with the Alaska 
Council on Science and Technology 
(ACST) to initiate a study that would pro

vide information necessary to select (or 
identify characteristics of) smoke detec
tors that would function effectively in 
rural residences. ACST in turn appointed 
a "Fire Safety Task Force" (Table 1) to 
oversee and develop such a program, 
using several standard brands of two 
types of smoke detectors. Ninety detec
tors were tested in six different coastal 
and interior villages. In addition, labora
tory tests were made on detector sensi
tivity both before and after the units 
were field tested. The results of this 
program and the conclusions reached are 
reported here, in the hope that they will 
be useful to anyone interested in the use 

of smoke detectors to warn of residential 

fires. 

PERSPECTIVE 

Before the program began, the Task 
Force made a literature search to deter
mine what was known about smoke 
detectors. To no one's surprise, the search 
showed that although smoke detector 
technology was well developed, several 
problems needed investigation in order 
to find the best detector for rural Alaskan 

houses. 

In general, two types of smoke detec
tors are available for most home installa
tions. These are ionization or photoelec-

Dr. Gerald J. Romick retired as professor of geophysics at the University ofAlaska-Fairbanks in June 1982. His background is in 
experimental research mainly associated with optical studies in aeronomy and space physics. Nancy Smoyer, Project Coordinator, 
has worked for the University ofAlaska for a number ofyears in various secretarial and editorial positions. 
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tric types, depending on their mode of 
operation. They detect fire or smoke 
based on entirely different principles, 
consequently differing in their response 
characteristics. 

The ionization detector has a chamber 
in which a tiny radioactive source pro
duces the electrically charged particles 
called ions, thus creating an electrical 
current. When smoke particles enter the 
chamber, they attach themselves to the 
ions, slowing them and thereby reducing 
the current flow. At a certain drop-off 
point, the reduction in current causes the 

3alarm to sound. 1

At present many ionization detec
tors are dual-chamber units that contain 
two separate sources of radiation. One 
chamber is sealed; the other is exposed to 
the air to monitor room atmospheric 
conditions. A detector so constructed 
accepts a wide range of pressure, temper
ature and humidity changes without 
giving false alarms and is therefore 
inore effective in responding to actual 
smoke. 

All photoelectric detectors made today 
for battery-powered operation contain a 
light-emitting diode (LED) and a photo
cell. Smoke entering the chamber scatters 
the light from the LED onto the photo
cell, which then activates the alarm.3 

In the same way that the ionization 
detector needs to be immune to the 
effects of ambient conditions, so the 
photoelectric detector needs to eliminate 
&mbient light. To do this, some models 
have complicated paths by which the air 
enttrs the detection area. Though limiting 
the air flow could also limit the smoke 
flow, the better photoelectric units do 
not obstruct slow-moving smoke and 
$eemingly are as effective as ionization 
detectors in that regard.4 

All smoke detectors sold must be ap
proved by Underwriters Laboratories (UL) 
under a very specific set of standards 
(U L 217). Because all smoke detectors 
must meet the U L standards, the Task 
Force believed it was not necessary to 
retest the detectors selected for the 
program with respect to battery type and 
life, alarm decibels, radiation levels, 
response time,- and absolute sensitivity. 
However, in order to determine any 
changes in sensitivity that might occur in 
the detectors through the village test 

TABLE 1 

Fire Safety Task Force Members, Titles and Affiliations 


T. Neil Davis (ex-officio). Alaska Council on Science and Technology 
William Hao, Fire Inspector, City of Fairbanks Fire Department 

and Governor's Task Force on Fire Prevention and Control 

David Mather, Director, Health Department, Tanana Chiefs Con
ference 

James Messick (ex-officio), Alaska State Troopers 

Gerald Romick, Professor of Geophysics, Geophysical Institute, 
University of Alaska-Fairbanks 

William Shechter, Fire Chief, University of Alaska-Fairbanks 

Nancy Smoyer, Project Coordinator, University of Alaska-Fairbanks 

John Zarling, Professor of Mechanical Engineering, University of 
Alaska-Fairbanks 

period, their relative sensitivity to a 
specific type of smoke was determined 
before they were sent to the field and 
again upon their return after the test. 

In considering the various detectors on 
the market, the Task Force reviewed their 
characteristics, such as batteries, sensitiv
ity, audibility, etc. in the light of village 
circumstances to determine the final 
selections. 

Batteries 

A battery-operated smoke detector 
seemed to be the only practical choice 
for village use since electricity is not 
always available or reliable. Battery
operated detectors also can be more 
easily installed in homes already built. 
However, the type of battery required 
must be obtained easily in the villages. 
That fact alone removed from potential 
testing some models that use hard-to-find 
expensive batteries. The nine-volt alkaline 
battery is the one most commonly used 
in smoke detectors and any good battery, 
regardless of make, will work. How
ever, as will be discussed below, one make 
of ionization detector would not operate 
at all using a certain nine-volt carbon 
battery during our laboratory testing. 
Thus, for safety only those batteries 
recommended by the manufacturer should 
be used. 

U L standards demand that all batteries 
must have a life of one year. Detectors 
are also required to give off a signal once 
a minute for seven days when the batteries 
become low. Some smoke detectors give a 
low-battery warning signal for 30 days, 
a feature that could be useful for villagers 

who leave their homes for extended 
periods. 

Audibility 

The UL-required decibel level of the 
alarm is 85 dB at 10 feet. This is deemed 
sufficient to alert people even while they 
are sleeping in a room with an ambient 
level of 55 dB and separated from the 
alarm by a door. Reasonably, someone 
hard of hearing, sleeping under the in
fluence of alcohol, or conditioned to 
hearing the alarm might require a higher 
level. More recent studies have suggested 
that a bedroom door be left open, not 
only to aid sleeping people in hearing the 
alarm but also to allow smoke within the 
bedroom to activate the hallway detector 
before smoke and gas levels incapacitate 
the occupants.5 For this study the size of 
the village houses and their configuration 
suggested that the U L decibel level would 
be adequate, and it was. 

Radiation 

Ionization detectors contain less than 
one microcurie of americium 241. The 
Nuclear Regulatory Commission has 
stated that the levels are "far below" the 
normal radiation level received each day 
from the sun;6 people would have to hold 
an ionization detector next to their bodies 
for eight hours a day for a year in order 
to receive one-tenth the amount of radia
tion normally received by an airline pas
senger during one round-trip flight across 
the United States. 7 Nevertheless, ques
tions remain about the safety of this 
radioactive source. One concern is that 
the foil casing around the americium has 
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not been tested realistically in the extreme 
heat of actual fires. 8 Some'danger may lie 
with the user; a curious person may want 
to investigate the material, or even try to 
put it to another use.9 Though ioniza
tion detectors do not need special dis
posal meaures, as do more dangerous 
radioactive wastes, discarded detectors 
could constitute a hazard if children found 
them and took them apart. 10 However, a 

good educational program could elimin
ate this hazard, and no troubles were 
encountered in this regard during the 
lest program. 

Sensitivity /Speed 

There has been a great deal of discus
sion, controversy and testing on the dif
ference in response of ionization and 
photoelectric detectors. There do seem to 
be some clear distinctions between the 
two, and a strong consensus of the ex
perts interviewed before the field testing 
favored photoelectric models for village 
conditions. 

The prime demand on a smoke detec
tor is for speedy response to smoke and 
fire, because "a matter of minutes or even 
seconds can spell the difference between 
entrapment and escape."11 The relative 
rate of response of the two types is there
fore most significant. Most authorities 
recognize that ionization detectors re
spond more quickly to flaming fires, and 
photoelectric detectors are quicker with 
smoldering fires. 12-14 This is because an 
ionization detector "smells" the smaller 
particles given off by a free-burning fire 
whereas a photoelectric detector "sees" 
the larger particles from a smoldering fire. 
According to the National Fire Protec
tion Organization, smoldering fires are 
the chief cause of fire fatalities in urban 
homes; according to the Los Angeles Fire 
Department, 75% of all residential fires 
start out as smoldering ones. 10 

In 1974-75, the National Bureau of 
Standards equipped two houses scheduled 
for demolition with an array of smoke 
detectors, for what became known as the 
Indiana Dunes Test. Many different kinds 
of fires were started and the detector re
sponse times noted. The resulting report 
stated that there was no apparent dif
ference in life-saving potential between 
ionization and photoelectric detectors, 
but these results have been challenged by 

Small devices with a big job: Detectors in the lab before the test began; 9v battery 
in background was the size used in each detector. (Photo courtesy of author Romick.) 

several authorities. Of the challenges, 
some claimed significantly higher life
saving potential for photoelectric detec
tors15"16 while others claimed that the 
more immediate danger posed by flaming 
fires gave the ionization detectors an 
edge. 12 

If, as Consumer Reports said in 1977, 
there is "no clear answer" to the question 
of which type is better, then perhaps "the 
basic installation should consist of at least 
one ionization detector and one photo
electric model." 13 This is because "the 
best optical (photoelectric) detector 
could never reach the sensitivity of a 
good ionization detector to the smallest 
particles, and the best ionization detec
tor could not reach the sensitivity of the 
optical detector to the largest particles.'' 17 

Manufacturers attempting to address 
this problem have tried combining the 
two types of detectors into one unit. This 
combining can be done in two ways- OR 
and AND. The OR detector sounds an 
alarm if either device senses smoke, while 
the AND requires that both components 
sense smoke. The AND detectors have 
the advantage of fewer false alarms; their 
disadvantage is that they cannot sense as 
wide a range of fires as the OR detec
tors - they are "less sensitive to the ex
treme ends of the spectrum."17 For all 
combination detectors, the basic problem 

is that combination of two inferior detec
tors may produce a device that can pass 
UL sensitivity requirements as a whole, 
even if neither part alone can. The com
bination detectors are relatively new and 
more expensive; although they may pro
vide the best response if they are made of 
first-class components, 18 the added pro
tection does not appear to be worth the 

19expense, so none were included in the 

test. 
By 1980, Consumer Reports was 

recommending a photoelectric detector as 
"a must in any home installation" or a 
combination unit only "if you have to 
compromise. " 5 In practice, photoelectric 
detectors are significantly harder to find 
in stores, probably due to their higher 
cost and the lack of consumer awareness 
about the characteristics of the two types. 
Because of the unique village environ
ment, the Task Force decided to have the 
test include both ionization and photo
electric detectors of different makes. 

Location within the Home 

In addition to investigating smoke 
detection devices, the Task Force also 
reviewed opinions on the preferred loca
tion for the detector in the home. In 
homes small enough to be adequately 
protected by a single detector, the basic 
rule of thumb is to locate it between the 

The Northern Engineer. Vol. 14, No.2 12 



bedrooms and the rest of the house, but 
closer to the bedroomsJ · 20 In a typical 
village home, one detector placed in the 
large living area as far as possible from the 
cooking and heating source but as close as 
possible to the sleeping area would seem 
to be adequate. 

Experts disagree on whether a detector 
will sense smoke first if it is mounted on 
a ceiling or on a wall. In the Indiana 
Dunes Test, five out of six wall-mounted 
detectors responded an average of three 
minutes faster than those on ceilings. 21 

Consumer Reports speculated that this 
might happen because in smoldering fires 
layers of air rise rather slowly in draft-free 
homes. 11 It has also been suggested that 
detectors should be mounted on a wall 
if the ceiling has open beams that might 
obstruct the flow of smoke.2 •3 A thermal 
barrier could be created by hotter tem
peratures at a room's ceiling; this com
mon stratification may not be penetrated 
by particles from a cooler smoldering fire. 

Despite these advantages to wall 
mounting, ceiling mounts are preferred 
by manufacturers, homeowners, and fire 
experts. This may be because sometimes 
smoke rises to the ceiling and then curls 
down the sides of the wall, contrary to 
the comments above. 18-20 In conven
tional houses a smoke detector centrally 
placed on the ceiling should provide 
quicker and more reliable warning than 
one placed on a wall that might be some 
distance from the fire. In village houses, 
one advantage of a ceiling mount is that 
the walls are likely to be used for hanging 
clothing and other objects that could 
block the flow of smoke or even cover 
the detector. Further, many village houses 
lack proper insulation. Poor insulation in 
the walls of a house (or mobile home) 
means that the denser cold air next to the 
wall could create a thermal barrier, keep
ing smoke from reaching a wall-mounted 
detector. Thus, for the test, almost all 
detectors were ceiling mounted. 

Other considerations found in the test, 
such as the need for easy access to the 
detector to shut off false alarms, suggest 
that wall mounting might be more appro
priate. Using an inside wall would over
come the thermal barrier problem noted 
above. 22 

Because of its curling path, smoke will 
not easily reach corners where the wall 

meets the ceiling. For this reason, detec
tors should be placed six to 12 inches 

19 23 24from all sides of any corner. 11
• • •

The Village Context 

The unique qualities of rural Alaskan 
homes and way of life made it necessary 
to conduct more tests and research on a 
product already extensively tested. Al
though there are many conventional 
houses in the villages, the more typical 
homes are not ones for which smoke detec

tors have been designed. The standard 
village house often starts as a log or frame 
one-room structure of 400-600 tt2 

enclosed area, with low ceilings and poor 
ventilation. As the family grows, bed
rooms are added off the main living area, 
usually separated from it by a curtain or 
drape. Especially during very cold weath
er, everything takes place in the main 
room - including sawing wood and 
repairing snowmachines, as well as what 
people elsewhere would consider normal 

Some of the Interior houses used in the test. The one above looks as if it has expanded 
with its inhabitants' needs. (All village photos courtesy of William Hao.) 
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living activities. (The characteristic that 

the great majority of activity takes 
place in one main living area was the fac
tor most significant to the study. This 
was true whether the houses were old or 
new, frame or log, owner-built or pro
vided by the Alaska State Housing 
Authority/Housing and Urban Develop
ment programs.) Cooking is also done in 
one section of the main room and some
times produces a great deal of smoke, as 
can heating by a wood- or oil-burning 
stove. In summer, rural Alaska is likely to 
be plagued by blowing dust. In winter, it 
is not unusual for families to leave their 
homes for lengthy periods, thereby allow
ing the houses to freeze up. In short, the 
typical home in rural Alaska is an envi
ronment very different from that studied 
during any other smoke detector test pro
gram; it is a perfect habitat for false 
alarms from smoke detectors. 

False Alanns 

The frustration level of the people 
living with a smoke detector must be taken 
into account. Houses built in coastal vil
lages with ASHA and federal HUD 
funding had included smoke detec
tors as original equipment; almost with
out exception, the detectors had been 
disconnected - and in some cases de
stroyed outright - by the householders. 

Although puffs of smoke from open
ing a woodstove door or even from a 
burning cigarette can cause occasional 
alarms, by far the main cause of false 
alarms is cooking. Some methods of cook
ing are smokier than others, but normal 
cooking vapors, particularly from grease, 
can trigger an alarm. There is unanimous 
agreement among people experienced 
with smoke detectors that ionization de
tectors are far more susceptible to giving 
false alarms from cooking vapors than are 

19 25photoelectric models. 18· · -27 In some 
cases opening a normal oven has set 
off an ionization detector. 28 

Dust can affect detectors because it 
acts like smoke particles. Dusty ioniza
tion detectors become more sensitive and 
thus produce more false alarms; dusty 
photoelectric detectors may become less 
sensitive, potentially delaying their re
sponse to a fire. 29 The U L standard 
states: "The sensitivity of a detector shall 
not be reduced abnormally by an accum

ulation of dust, without an alarm or 
audible trouble signal being produced."30 

At least yearly maintenance, usually by 
vacuuming the detector, is recommended 
by all manufacturers. Over the eight 
months of the test program, dust accumu
lation did not appear to cause problems. 

Low temperatures can affect detector 
performance, sometimes causing false 
alarms. A blast of cold air produced by 
opening an outside door into a relatively 
small room can cause a detector to sound 
off, not necessarily because of the tem
perature of the fresh air but because of its 
greater density, particle concentration 
and moisture content. 

U L specifications require that the 
smoke detectors operate within a temper
ature range of 40° to 100°F. For U L 
approval, a detector is "exposed to a 
temperature of minus 30°C (minus 22°F) 
for at least three hours, and then per
mitted to warm up to room temperature 
for a minimum of three hours," at which 
point it must function normally. Because 
this test may not be adequate for homes 
left unheated for long periods during the 
arctic winter, an auxiliary lab test pro
gram evaluated the detectors' performance 
after an extended period at -48°F. 

Batteries are vulnerable to temperature 
extremes, and the U L requires that 
battery-operated detector labels must 
state: "Constant exposure to high and 
low temperatures ... may reduce battery 
life:·31 Frequent freezing and thawing 
may substantially shorten battery life 
also. Cool temperatures can cause the 
battery voltage to fall, thus setting off the 
alarm. 

Generally, the experts agree that 
photoelectric detectors are less susceptible 
to false alarms than are ionization de
tectors.16· 21 · 32 The results of the test 
program appeared, in general, to confirm 
this. Even detector manufacturers, as 
well as the independent experts, recom
mend that only photoelectric detectors 
be used near kitchens and wood-burning 
stoves or fireplaces. 35 

Everyone with experience on using 
smoke detectors in homes emphasizes the 
importance of keeping batteries in detec
tors; fire investigators frequently find 
smoke detectors with no batteries in 
burned houses. One such fire occurred 
on the island of St. George, where the 

battery had been removed to power a 
toy. Six people died in that fire. The 
primary reason for removing batteries 
seems to be the frustration of nuisance 
alarms; this appeared to be a major theme 
in the results of the test program also. 

Silencer Circuit 
To circumvent the aggravation of false 

alarms and attendant likelihood of home
owners removing the batteries, John 
Benevento, the supervisor of the electronic 
shop at the Geophysical Institute, devised 
a silencer for use in the field tests. The 
work was supported by a separate small 
grant from the Alaska Council on Science 
and Technology. 

This alarm inhibitor attaches to the 
smoke detector with three wires. A C-MOS 
(Complementary Metal Oxide Semicon
ductor) chip (Fig.1 A) is activated when 
someone pushes a button while the alarm 
is sounding. The chip then inhibits the 
operation of the detector for a set period, 
returning it automatically to operation 
when the time expires. While the smoke 
detector is deactivated, a red light is on to 
indicate that the alarm is disabled. The 
inhibitor cannot be reactivated until the 
circuit has completed the set period 
cycle. When the silencer is activated, the 
battery drain is eight milliamps for 10 
minutes; in comparison, the sounding 
alarm draws 90 milliamps. The battery 
drain when the silencer is in the standby 
mode was supposed to be about 10 micro
amps, but the field trials showed that was 
not the case, causing a major perturbation 
in the test program. A modified circuit, 
using a timer chip instead of the C-MOS 
chip, was installed in some detectors, 
resulting in a completely reliable circuit 
that drew zero current in standby mode 
(Fig. 1 B). 

The device appeared to meet UL 217 
and National Fire Protection Association 
standards to have "an obvious visual 
indication" that the alarm has been 
silenced. However, it has not been UL 
approved. 

TEST PROGRAM 
Six villages in two areas, coastal and 

interior, served as field test sites. Galena, 
Tanana and Fort Yukon were chosen as 
the interior villages; Nome, Shishmaref 
and Teller were the coastal villages. Five 
households in each village received three 
detectors apiece for testing. Models and 
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Figure 1A (top), silencer circuit as installed in the smoke detectors sent to the villages; Figure 1 B {bottom), corrected silencer with 
timer chip replacing C·MOS. 
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quantities are shown in Table 2. Only 
detectors using nine-volt batteries were 
included in the test. 

For each installation, three detectors 
were mounted approximately three inches 
apart on a board; the boards were dis
tributed so that every village had a 
reasonable number of samples of each 
kind of detector. 

One person in each village, the village 
coordinator, was asked to serve the vital 
function of being the contact between 
the villagers and the Fire Safety Task 
Force in Fairbanks. 

The silencer device described pre
viously was installed in the detectors 
but was activated at the time of instal
lation in only half of the villages. In the 
other three villages the silencers were to 
be hooked up at the discretion of the 
village coordinators, depending on the 
attitude of the householders to the false 
alarms. 

The test began in mid-April 1981 
and was projected to last six months, 
with a possible two-month extension 
into the winter. One village dropped 
out of the project in June and another 
elected to end participation at the con
clusion of six months, but the remaining 
four continued for the two-month 
extension. Instructions for the village 
coordinators and the householders had 

The smallest house in the test was in Galena. 

TABLE 2 


Types* and Quantities of Detectors Tested 


Type Manufacturer 

Photoelectric BRK 
Photoelectric Chloride Pyrotector 
Photoelectric Electro Signal Labs 
Ionization BRK 
Ionization General Electric 
Ionization Guard ion 

Model No. Number Tested 

2000 
30-77A 
912 
79R 
8201-401 
FB-1A 

18 
21 
21 
10 
15 

5 

*Ionization models were chosen because they were readily available, with the exception of the 
Guardian, which was chosen because of its high rating in Consumer Reports. The three photo
electric models were the only ones then manufactured and available. 

been drawn up and distributed at the 
start of the project, as were logs for the 
coordinators and householders to com
plete and send back to Fairbanks monthly. 
The Householder Log provided a record 
of false alarms, including the date, time, 
cause (where known) and silencing 
method used. The village coordinators' 
Monthly Visit Log recorded the status of 
the smoke detectors and the attitude of 
the householders. Both householders and 
coordinators were sent a monthly pay
ment when their reports reached Fair
banks. 

The project coordinator made an 
interim visit to the field test sites after 
three months to troubleshoot prob
lems and to evaluate project progress 
with the help of a questionnaire. The 
project coordinator also used a final 

questionnaire to help evaluate the per
formance of the smoke detectors and 
the attitude of the householders toward 
them; this questionnaire was given 
in early December, when the project 
coordinator collected the detectors from 
the villages. 

The test houses varied in size and de
sign, but had several characteristics in 
common relative to fire protection. 
Almost without exception, curtains 
rather than doors hung in bedroom 
doorways. Particularly in the coastal 
houses, there was little furniture of 
the "stuffed" kind which would be 
susceptible to smoldering fires, although 
beds were often used as furniture. The 
primary heating source for the coastal 
homes was oil, and six of the 15 houses 
had backup wood-burning stoves. Four
teen of the 15 homes in the Interior 
used wood-burning stoves as the pri
mary heat source. One of the homes 
in Shishmaref had three cooking and 
heating sources. In the Interior, three
quarters of the homes were log; all of 
the coastal homes were frame construc
tion. The number of occupants ranged 
from one (a one-room frame home in 
Galena) to nine, with several visitors (in 
Nome). The age of the structures also 
varied widely; two new one-bedroom 
Alaska State Housing Authority homes 
were included in the test in Teller. 

Approximately 75% of the house
holders had prior knowledge of or experi
ence with smoke detectors. One man who 
was very fire conscious had already in
stalled several detectors, including one he 
had made himself. 

RESULTS 

The results of this study can be divided 
into two categories: detector perfor-
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mance and people's attitudes. The perfor
mance data were compiled from house
holder monthly logs and from the labora
tory testing of the detectors. Attitudinal 
data were gathered from the three periodic 
questionnaires and from general observa
tions made throughout the project, espec
ially those made by the project coordina
tor during her visits to the villages. 

The householders' monthly reports on 
incidences of false alarms produced mixed 
results. In spite of efforts made to insure 
reliable reporting, the inherent problems 
of human fallibility led to erratic or unreli
able reports from at least ten households, 
particularly near the end of the test period. 

Low battery signals, a problem that 
became evident almost immediately after 
the detectors were installed, confused 
some of the data from the first three 
months of the test. The faulty C-MOS 
chips used in many of the silencer circuits 
(Fig. 1 A) were found to be drawing power 
from the batteries, thus causing the 
attached detectors to emit low battery 
signals. The resulting confusion and 
annoyance caused three householders to 
have the detector boards removed, and 
some of the others lost confidence in the 
detectors. In early July the silencer wire 
was cut on 30 of the detectors; this re
solved the battery-drain problem, but at 
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One of the larger Interior homes in the test, this house in Galena seems to have grown 
upward from an original cabin. 

least four of the detectors were deactivated to the change in temperature, and at least 
accidentally during the process. Some of four householders related these beeps to 
the boards were refitted with the improved their houses cooling. 
circuit (Fig. 1 B). and three of these were Operational data for each smoke 
returned to the villages. There were detector were obtained from the house
far fewer low-battery signals after the holder logs, which had been designed to 
silencers were deactivated or replaced, provide enough information to determine 
but many of the householders continued the cause of an alarm in most cases. The 
to change batteries frequently. number of alarms for each month was 

Although many of the test participants summed onto another form and sorted 
liked the idea of the silencer in principle, with respect to detector model and again 
few actually used it, usually because they with respect to village. The total number 
needed a longer silencing period than the of alarms, regardless of cause, was plotted 
ten minutes the device provided. It proved for each detector model over the eight
easier to remove the batteries than to use month period to detect any systematic 
the silencer. Nevertheless, five of the 15 differences among the detectors. Figure 
families who had a functional silencer from 2 shows this plot normalized to the num
the beginning of the program wanted one ber of detectors of each type producing 

after the test was over. the alarms. No significant differences 
Short single beeps were re among the three photoelectric models 

ported by at least eight house were evident. The GE ionization detec

,PGE·I 	 holders, mostly in the Inter tors appeared to have an overall higher 
ior, during the summer. Their incidence of alarming within the group. 
cause was never explained; The number and types of alarms with 
theories ranged from cosmic respect to various causes for small houses 
rays to insects. These mys (main room less than 300 ft2) and large 
terious beeps abated over time houses (greater than 300 ft2) were also 
and were no longer reported examined (Table 3). The houses are 
as a serious problem by the equally divided between these two 
end of the test. However, new sizes. The detectors were located in the 
unidentified beeps occurred main room, which invariably included the 

Figure 2. Total number of alarms per brand of during the colder months. kitchen. For both room sizes, cooking 
detector per month over the test period. These may have been due caused the greatest number of false alarms 
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TABLE 3 

Types and Quantities of Alarms in Relation to Main Room Size 


ROOM SIZE 
Small ( < 300 ft2)* Large ( > 300 ft2 )* 

Ionization Photoelectric Ionization Photoelectric 
CAUSE GE G BRK BRK ESL CP GE G BRK BRK ESL CP TOTAL 

Cooking 

Heating r,wood 
both 

52 

8 

3 33 

3 
2 

22 

4 
2 

20 35 

7 
5 

100 

3 

2 26 23 

3 

28 16 360 

31 
11 

Other 3 12 2 5 5 3 6 38 
Unknown 5 2 13 42 5 19 8 5 20 6 9 134 

*The total number of houses was equally divided between these sizes. 

from known causes - fully 93%. As ex
pected, more cooking-related alarms came 
from ionization than photoelectric detec
tors. Of the remaining alarms from known 
causes, 40% were caused by wood-burning 
stoves and the rest by miscellaneous 
smoke sources such as cigarettes and burn
ing pyrethrum-based insecticides (e.g., 
Pic, Buhach). Heating with wood appeared 
to cause more alarms in smaller rooms 
than in larger rooms regardless of kind of 
detector, but since there were more 
frequent false alarms from all known 
causes in smaller rooms, it may be that 
room size alone is the key. Of the total 
number of recorded alarms, approx
imately 23% were from unknown causes. 

Because of problems with the silencer 
circuits and with some of the detectors, it 
was necessary to determine whether the 
statistics were biased because of the actual 
number of detectors in service. Except for 
the silencer problem eliminated in July, 
the fraction of each type in operation was 
similar for all models; it decreased about 
30% during the first six months. 

The impact of characteristics peculiar 
to each village (such as location, house 
type, lifestyle) on the number of false 
alarms was investigated; no clear tendency 
for one village to have consistently more 
alarms than another appears in the data 
after July. 

The detectors were tested for sensitiv
ity in the laboratory both before their dis
tribution to the villages and after their re
turn, in an adaptation of the standard U L 
smoke test box. In order to produce a uni
form smoke of reproducible particle size 
and burning rate, the commercially avail
able mosquito repellent and insecticide 
Pic was used. Many village homes use ex

tensive amounts of this substance in the 
summer, so it also was important to deter
mine how the detectors would react to it. 

Figures 3A and 38 give the results of 
the tests. No cleaning or maintenance was 
performed on the detectors before they 
were retested other than that which they 
had received in the villages. As the graphs 
show, all the detectors of a given model 
started out with generally the same sensi
tivity (measured as the percent obscura
tion per foot required to sound the 
alarm), although there was some variation 
within each manufacturer's model. Figure 
3A shows that the average sensitivity of 
the photoelectric detectors changed very 
little during the test period, though the 
variation in sensitivity within each model 
increased. This increase may be due to 
variable effects of aging on the detector 
emitters (LEOs) or receivers as well as 
variation in cleanliness and collected dust. 
The changes in the control detectors kept 
in the laboratory during the field test all 
were within the observed standard 
deviation for the particular model. 
Detector sensitivity varies from manu
facturer to manufacturer (ESL 3.3%, 
BRK 2% and CP 1.3% obscuration per 
foot in this smoke box). but all are within 
the 7% obscuration per foot UL limit. 

Figure 38 illustrates the generally 
higher sensitivity of the ionization detec
tors compared to the photoelectric 
models, at least to the smoke particles 
used for these tests. Almost all of the 
ionization detectors, except the control 
units that remained in the lab, increased 
in sensitivity by the end of the test period. 
It was expected that the ionization detec
tors would become more sensitive because 
of some inescapable dust buildup, but the 

change of a factor of two in some of the 
GE and BRK units does seem excessive. 

After being returned to the laboratory, 
the detectors also were tested to deter
mine their survivability in extremely 
cold temperatures. Three units of each 
make were cold soaked for 21 days at 
-48°F and then allowed to warm up to 
room temperature (72°F) before retest
ing. All of the detectors survived this cold 
test with no change in smoke sensitivity. 
Consequently we can say that the major 
cold weather problem will be the impact 
of low temperatures on battery efficiency. 

In the course of these tests, both nine
volt alkaline batteries and nine-volt car
bon transistor batteries were used. All de
tectors except the Guardian ionization 
detectors operated satisfactorily on either 
battery; because of some impedance or 
circuit lead problem as yet unidentified, 
the Guardian would not work with the 9v 
carbon transistor battery no matter what 
its charge. Thus it is worth reiterating 
that for reliable alarm operation, only 
those batteries re<;ommended by the 
manufacturer should be used in any 
smoke detector. 

DISCUSSION 
The householders' response was per

haps the most interesting and potentially 
useful information gained from this study. 
The attitude of the householders seems to 
be the overriding factor in determining 
smoke detector acceptance and effective
ness in village homes. No single type or 
model of detector suited all the program 
participants, and the type or model pro
vided did not seem to be as important as 
the householders' feelings about fires, false 
alarms, and smoke detectors in general. 
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ESL-P 	 with the intermediate number of alarms 
explained their choice on the basis of 
the detector's being triggered by what 
they thought was a reasonable smoke 
level: "It doesn't go off for no reason 
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Figure 3A. Smoke box test results for the photoelectric detectors before and after 
village testing. Circled numbers are control detectors; marks to the right indicate 
average response and the vertical bar represents standard deviation. 

At the end of the test program, 20 of 
the householders chose to keep one of 
the three detectors that had been provided 
~o them for the test. Ten people chose 
ionization detectors and ten chose photo
electric. Six selected the detector that 
had given them the most false alarms, 
1even chose the one with the fewest false 
alarms, five picked the detector with the 
intermediate number of false alarms, and 
two chose the GE ionization detector 
because its alarm made the least offensive 
sound. The people who chose the detec
tors with the most alarms gave reasons 
such as: "You know it's working;" "It 

Figure 38 (right). Similar test results for 
ionization detectors. Note the lower 
smoke density (% obscuration per ft) re
quired to trigger these detectors. Under
lined numbers are control detectors. 

doesn't just sit there;" and "It's better 
to be too sensitive than not sensitive 
enough." Those who selected the least 
sensitive models generally explained that 
they found false alarms very annoying. 
Several people who chose the detector 
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like the others" and "It went off when I 
opened the stove - the real thing." 

Though numerous householders said 
that they would not have continued to 
participate in the test program if it had 
not been for one or more of the external 
factors (visits by the village coordinators 
and members of the Task Force, plus the 
monthly payments), in general the 
householders were willing to put up with 
a large number of false alarms because 
they believed in the life-saving value of 
the detectors. Families with children and 
those with prior experience with fire 
expressed the strongest positive feelings; 
one woman with children said that she 
felt more secure with a smoke detector 
in the house because it was like having 
"somebody else to watch for fire." 

Some participants grew to appreciate 
smoke detectors more during the program 
because they had been warned of poten
tial or actual fires by the test detectors. 
One woman in Galena was awakened by 
her detector alarming in response to cotton 
caulking burning in the smokestack of 
her wood-burning stove. Another woman 
in Fort Yukon was summoned by her 
alarm to remove a pan left on a hot stove. 
During the first month of the test, a man 
in Nome was alerted by his detectors 
when a pot-type oil furnace flooded and 
overheated. Members of one Galena 
family found the false alarms so annoying 
that they asked that the detectors be 
removed at the end of the initial six
month period, but a few days later a 
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stack fire occurred in their wood-burning 
stove, thus persuading t~em to buy a 
detector of their own. 

The practicality of battery-operated 
detectors compared to those wired in to 
normal household current came into 
question because of the frequent battery 
changes made in the test detectors, even 
after the silencer wires were cut. It is pos
sible that the batteries were changed 
before they were depleted, as indicated 

by the reduction over time of reported 
low battery signals. Two village coordin
ators reported that they changed some 
batteries monthly as a preventative 
maintenance measure, even though there 
were no low-battery alarms reported. It is 
also possible that the batteries were run 
down by the frequent false alarms, but 
again, the number of battery changes did 
not necessarily correlate with the fre
quency of false alarms. A third probable 
cause for frequent battery replacement, 
suggested by several householders, was 
that lower temperatures at night in the 
homes reduced the battery voltage. For 
whatever reason or combination of 
reasons, the evidence indicates that 
in smoke detectors for rural homes, 
batteries will need to be changed more 
frequently than the once-yearly U L 
requirement. Even though wired-in detec
tors would solve the problem of battery 
changes, the collective opinion of the Fire 
Safety Task Force was that battery
operated detectors are easier to install, 
particularly in existing houses, which 
would therefore make their distribution 
more widespread. Second, since it seems 
inevitable that there will be fairly fre
quent false alarms with any kind of 
smoke detector in any rural home, there 
must be some way to silence the alarm. 
The only quick means of silencing a 
wired-in detector is destroying it. With a 
battery-operated detector, the battery 
simply can be removed; in spite of the 
danger that the battery will not be 
replaced, the danger of a destroyed detec
tor is much worse. 

The ease with which a detector can be 
opened so the batteries can be removed 
to silence a false alarm is crucial to detec
tor survival. Of the models tested, the GE 
proved easiest to open because of its 
hinged cover, which stayed attached even 
while the detector was open. The BRK 

and Guardion had pop-off tops which 
were also relatively easy to operate. The 
ESL model, which opens by sliding off 
its base, was particularly difficult to re
move because it was hard to remember 
whether the detector slides to the right or 
left, thus inviting banging (and possible 
damage) to remove it. The Chloride Pyro
tector (CP) also was difficult to open; it re
quired aligning the detector with two run
ners on the base. Another problem with 
the CP model was that the wires to which 
the battery attaches can get caught in the 
cover if it is closed when the battery is out, 
making it nearly impossible to reopen. 
There is a potential for breaking the wires 
attached to the terminal found in the GE, 
ESL and CP models during removal or re
placement of the battery. The disadvan
tage to the stationary terminals found in 
the B R K and Guardion is that it is diffi
cult to be sure the battery is securely 
attached at both terminals so that it will 
not slip or disconnect itself later. 

CONCLUSIONS 
The laboratory and field tests have 

led to certain conclusions about the 
detectors, their installation and main
tenance, and householder attitudes. 

1. Field tests of 90 smoke detectors 
conducted during 1981 in six Alaskan 
villages indicate that the major problem 
with the use of smoke detectors in rural 
homes is false alarms. These false alarms 
greatly affect the acceptance and useful
ness of smoke detectors. 

2. The attitude of the householders 
toward smoke detectors is more important 
than the particular choice of detector. 
Therefore, the education and instruction 
of the villagers about fires and smoke 
detectors are of primary importance. 

3. There are no apparent village-to
village or regional differences that affect 
the technical operation of smoke detec

tors. 
4. The primary cause of false alarms 

is cooking. Therefore any detector should 
be located as far from the cooking area as 
possible without jeopardizing its life
saving capability. For the survival of both 
the detector and the householder, there 
should be some way to silence false 
alarms. Since removing the battery seems 
to be the most feasible solution: 

a) the detector should be wall
mounted to allow easy access (and 

ideally on an inside wall, to avoid 
the effects of thermal barriers); 

b) it should be easy to open in order 
to remove the battery safely during 
false alarms. 

The speed with which a householder can 
deactivate the alarm will determine 
whether a detector survives. 

5. A silencer attachment, while poten
tially desirable, appears technically and 
economically less feasible than the simple 
expedient of removing the batteries. 

6. Detectors which have the least 
irritating alarm signal are easier to live 
with and may survive longer. Of the 
detectors tested, the chirping noise of the 
GE was preferred by the participating 

householders. 
7. Persons who have had experience 

with fires are the most likely to want and 
accept smoke detectors in their homes. 

8. Some people will be unable to tol
erate the false alarms and will be unable 
to retain working smoke detectors in 
their homes. Of those who can live with 
false alarms, there is roughly equal division 
among those with very high tolerance 
who prefer a detector of intermediate 
sensitivity, and those with fairly low tol
erance for false alarms who prefer a detec
tor of lower sensitivity. 

9. Ionization detectors produce sig
nificantly more false alarms, particularly 
cooking-related ones, than do photo
electric detectors. 

10. The sensitivity of the detectors 
changes over time. During this study, the 
ionization detectors generally increased in 
sensitivity while the photoelectric ones 
stayed relatively constant. Increased sen
sitivity means more false alarms and more 
irritation for householders. 

11. The detectors should be battery 
operated rather than wired in. Extreme 
temperature changes, likely in rural 
houses, may cause battery deterioration, 
leading to false alarms. It probably will 
be necessary to change the batteries more 
frequently than the U L requirement of 
once a year, and the replacement bat
teries must be only those specified by the 
detector manufacturer. 

12. Regular inspections of the detec
tors by the village public safety officer or 
other designated villager to encourage and 
educate the householders will improve 
detector performance, but the primary 
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responsibility for maintaining the smoke 
detector should rest with the homeowner. 

13. All actual fires reported during the 
test were warned against by all operating 
smoke detectors. On the basis of this test 
program and other information, installing 
smoke detectors in rural Alaskan resi· 
dences is a worthwhile endeavor likely to 
lead to reduced property losses and fewer 
deaths from fires. 
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by Robert P. Merritt 

The Effect of Polarization 

on Radio Signal Reception 
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Figure 1. 

operate, the design engineer has an im
portant element of freedom in the choice 
of polarization. 

THEORY 

Selecting the appropriate mode of 
polarization requires a clear understand
ing of the interaction between a radio 
wave and its propagation environment. 
The reflection of electromagnetic waves 
from the earth's surface depends greatly 
on the frequency (or wavelength) of the 
wave, the electrical properties - conduc-

At high northern latitudes the extreme 
temperature variation (+35° to -60°C) re
sults in changing values of the conductiv
ity and dielectric constant of the surface 
soil. Very high frequency (VHF) radio 
signals, (i.e., 2 GHz) penetrate less than 
one meter, and therefore radio wave 
reflection is greatly affected by seasonal 
temperature variation. Further, soil anal
yses in some areas of Alaska have shown a 
higher than normal value of conductivity. 
For these reasons, polarization effects are 
especially significant in high latitude com

munication. 
Radio signals propagate through vacu

um or air by virtue of an electric field and 
a magnetic field that are at right angles to 
each other and to the direction of propa
gation. In a positive x, y, z coordinate 
system, if at a particular instant the 
electric field is in the positive x direc
tion and the magnetic field is in the posi
tive y direction, an electromagnetic wave 
will propagate in the positive z direction. 
When ~- P. ~are unit vectors and x is the 
vector cross product, ~ x P=~(Fig. 1). 
The polarization of a radio signal is arbi
trarily taken to be in the direction of the 

electric field. 
For many years communication instal

lers have known that it was easier to 
establish a radio circuit with the vertical 
mode of propagation. However, the selec
tion of a horizontally or vertically polar
ized mode of propagation for a commun
ication system design will be dictated by 
several factors. The choice may be man
dated by a requirement to minimize inter
ference with existing services or, in 
some cases, may be specified by regula
tion for the particular frequency band of 
interest. Where these limits do not 

tivity (a) and dielectric constant (e) -of 
the soil, the angle between the direction 
of propagation and the earth's surface, 
and finally the direction of the polariza
tion of the wave with respect to the plane 
of reflection. Under conditions where the 
surface may be considered rough, 

h~ 
8 sin t/J 

where h is the height of irregularities, A is 
the wavelength and t/J is the angle between 
the surface and the direction of propaga
tion. The "Rayleigh criterion" indicates 
that when h is large, additional considera
tion must be given to the scattering as 
well as the reflection of the electromag

netic energy. 1 

Table 1 lists a few examples for dif
ferent natural surfaces of the range of 
values for the coefficients of conductiv
ity and of the relative dielectric con

stant.2 
For purposes of low- and medium

frequency electromagnetic wave propa
gation, the earth appears resistive and the 

TABLE 1 

Conductivity in Relative Dielectric 

Terrain *mho/meter a Constant er 

Sea water 

Fresh water 

Dry, sandy coastal 

Marshy, forested 

Rich agricultural 

Rocky land 

*mho= reciprocal of the ohm 

5 80 
8 X 10·2 80 
2 X 10·3 10 
8 X 10·3 12 

10 X 10·3 15 

20 X 10·3 10 

Robert P. Merritt, P.E., is professor of electrical engineering at the University ofAlaska in Fairbanks. Experienced in the field of 
satellite telecommunications in Alaska, he worked as a consultant on telecommunications to the Alaska Legislature for seven years. 
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Figure 3. Incident and reflected ray path geometry for a trans
Figure 2. (a) The electric field (refracted) in the plane of inci mitter and receiving antenna above a flat earth (ht = transmit
dence (vertical polarization); (b) the electric field perpendicular ting antenna height; hr = receiving antenna height; dmi = dis· 
to the plane of incidence (horizontal polarization). tance between transmitter and receiver, in miles). 

wave will penetrate from two to 20 meters 
into the surface. At high through super
high frequencies, however, the earth's 
surface appears to be a different kind of 
dielectric - a "lossy" dielectric - so wave 
penetration into the earth is limited to at 
most one meter. 

The reflection coefficient ofthe earth's 
surface is a complex function relating the 
amplitude and phase of the reflected 
wave to that of the incident wave. Usually 
the magnitude of the reflection coeffi
cient, I RI , and the phase coefficient, C/J, 
are plotted as separate functions. 2 

The mathematical relationship between 
the electric and magnetic vectors of the 
reflected and refracted waves are deter
mined by Maxwell's equations. The inter
action between the incident and reflected 
waves occurs at the boundary between 
the air and soil. The continuity relations 
on both sides of the air/soil interface 
must be satisfied for the values of a and 

3 er. The relative magnetic permeability, 
llr• is assumed to be equal to unity in air 
and normal soil. 

Figure 2 shows the relationship of E -
and Ifvectors at the reflective surface of 
the earth for typical earth coefficients of 
a= 10"3 mho/meter and er = 10. The min
imum value for IAI, the reflection coeffi
cient for a vertically polarized wave, 
occurs at an angle of 1/1 B· called the Brew
ster Angle. For ideal dielectrics (in which 
a= 0) the angle is given by the relation 

€2 
1/IB =cot

e1 

At this angle there would be no reflection 
of the vertical component and all the inci
dent energy would be in the transmitted 
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wave. With typical soil samples the reflec
tion coefficient does not go completely 
to zero, and the Brewster Angle is shifted 
slightly toward a smaller angle. 

The importance of these relations 
becomes obvious when one must calcu
late the strength of the received signal for 
a given point above the earth's surface, 
where the directly propagated signal and 
the reflected signal combine to provide 
the resultant. 

Two hypothetical examples were eval
uated for distances between the transmit· 
ter and receiver of 11.4 miles, with 
1/1 -1°, and for 3.8 miles, 1/1-3°. A height 
of 1000 ft was selected for the transmit
ter; the receiving antenna height was 
varied from ground level (hr = 0) to above 
50 ft. This adjustment made a small 
change in the angle 1/1. In Figure 3, the 
direct ray distance is labeled r1 and the 
reflected distance is r2. Both the trans
mitting and receiving antenna in this ex
ample are assumed to have a broad pat
tern with a beam width of five degrees or 

0.1 1.0 10 Ilk 
ANGLE 1/IIN DEGREES I 8 

more, because very narrow-beam antennas 
would discriminate against the reflected 
wave and reduce interference effects. As 
can be seen from Figure 4, with horizontal 
polarization and angles less than 10°, the 
reflection coefficient IRI is very close to 
unity and the phase shift is essentially 
zero degrees. The reflected signal is almost 
exactly the theoretically perfect reflec
tion case. The signal level at the receiver 
antenna height follows the equation 

E = 2E sinr 2ht• hr l 
r o [ 2d J 

where E is the free space signal and the
0 

other factors are as defined in Figure 3. 
The quantity in brackets is in radians. 

The energy reflected is less for vertical 
polarization in the case where 1/J = 1° and 
cfJ is close to 180°; in fact the calculated 
magnitude of the reflected signal drops to 
0.85 of the original value. This reduction 
of the reflected signal will produce an 
interference pattern with considerably 
less amplitude variation from signal peak 

(!) 

<( 

..J Figure 4 . 
(/) 
w The magnitude and phase of the

120 wa: reflection coefficient for a(!) 
w 
c wavelength of less than one 
z meter for both vertical and 

horizontal polarization, as a 
function of the angle between 
the ray path and the earth's 
surface (1/1 8 = Brewster Angle). 
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Figure 5. Combined direct and reflected 2 GHz signals for a path of 11.4(a) and 3.8 

(b) miles. 

to null. Figure 5 shows the result of the 
direct and reflected signals combined for 
a two-gigahertz (GHz) microwave path of 
11.4 (a) and 3.8 (b) miles. The horizon· 
tally polarized resultant signal follows the 
totally reflected pattern to the accuracy 
of this diagram; both are effectively indi
cated by ETotal· The vertically polarized 
combined signal is indicated by the dotted 
lines. The vertical polarization signal vari· 
ation in Figure 5a is 20 decibels;* with 
horizontal polarization, the variation is 
greater than 40 dB. 

Em ax 
*dB= 20 log L::

mm 

As the receiver site moves closer to the 
transmitter in our example in Figure 5b, 
where d = 3.8 miles, 1/1 increases to 3°. The 
magnitude of the vertical reflection coef· 
ficient is 0. 7 and phase is still close to 
180°. This would further reduce the sig
nal strength variation to approximately 
15 dB for the vertical polarization case. 
For horizontal polarization, the coeffi
cient IRIH is 0.97 and the phase 1/1 H is 
-0.8°. These values indicate that the hori
zontal polarization signal is still experi
encing very close to perfect reflection, 
resulting in signal strength variation on 
the order of 36 dB. 

The calculations have assumed a flat 
earth, which is a very good approxima

tion for transmitter/receiver separations 
of less than 15 miles. The reflection from 
a curved earth would tend to reduce the 
reflected energy density and effectively 
reduce the reflection coefficient; the dis
persion coefficient from curved earth at 
a distance of 11.4 miles is 0.99. From the 
data plotted in Figure 4 and the interfer
ence calculations shown in Figure 5a, it 
may be observed that the horizontally 
polarized signal experiences deep nulls 
but the vertically polarized signal experi
ences much more shallow nulls. 

IN PRACTICE 

Signal strength variations for both hor
izontally and vertically polarized signals 
have been measured in the MDS (Multi
point Distribution Service) services at 
Payette, Idaho (horizontal) and Fairbanks, 
Alaska (vertical). 

In the Fairbanks area, a receiving 
antenna with a gain of 20 dB was raised 
and lowered to measure the variation in 
signal with the change in height. The 
measured change of signal with height 
proved not to be quite as large as the var
iation predicted in the preceding para
graphs. During one Fairbanks test, at a 
transmitter/receiver spacing of 11 miles, 
the measured signal strength varied by 
6 dB as antenna height was adjusted from 

ten feet to over 30 feet. The theoretical 
calculation had predicted a considerably 
larger variation, on the order of 20 dB. 
The changes in local soil conditions and 
some contribution from Rayleigh scatter
ing may account for the reduction in the 
measured signal variation. In the three- to 
five-mile range, three to four dB signal 
variations have been observed. Near a 
vertically polarized transmitting antenna, 
the technician had to install the receiving 
rooftop antenna higher than the neigh
bor's home and the local trees to find a 
good signal. 

In the other example, at Payette, the 
signal variation with height for the hori
zontally polarized signal has been a con
tinuing problem for receiving antenna 
installations. Signal variations of over 
20 dB are frequently observed by the 
engineering staff and the technicians 
installing antennas for the client. The 
signal often falls below the detectable 
level for the installers' field strength 
meters. Several times installers have had 
to return to a site to readjust antenna 
height to compensate for seasonal changes 
in soil parameters. 

CONCLUSIONS 

From a theoretical perspective, where 
radio waves are propagated above earth of 
typical soil composition, vertically polar
ized signals suffer less degradation from 
reflected ray interaction than do horizon
tally polarized signals. The combined sig
nal of direct ray and reflected ray will 
vary with receiver height by 36 to 40 dB 
over a distance of three to five miles using 
horizontal polarization, but only by 15 
to 16 dB with vertically polarized waves 
over the same distances. In two practical 
field tests using horizontal and vertical 
polarization, signal variations as a func
tion of antenna height were much more 
severe in the horizontally polarized case. 
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by John Belcourt 

Selecting the R.:...'•:• 

Road Embankm 


INTRODUCTION 

Historically, an arctic or subarctic 
roadway generally costs the project 
sponsor a great deal for long-term main
tenance. In general, these extra mainte
nance costs can be attributed to either 
(1) failure to use a road embankment de
sign that is compatible with the road's 
intended use or (2) a lack of understand
ing, or possibly lack of appreciation, for 
the unique thermal state of the founda
tion soils and the often harsh and ex
treme conditions of the arctic climate. 

To design, construct and maintain a 
driving surface that is in thermal equilib
rium with the arctic environment re
quires a thorough understanding of heat 
transfer, arctic geomorphology, seasonal 
working restrictions, equipment produc
tivity and material availability. Addition
ally, long-term site accessibility and 
general logistics must be considered. 

This article suggests methods for 
logically considering all possible design 
alternatives for embankments and select
ing one or more of the most overall 
cost-effective alternatives. Discussion here 
will be restricted to outlining the condi
tions for use and the associated cost of a 
given combination of embankment materi
als. Many of these guidelines are appli
cable to other types of construction in 
the Arctic as well. 

CONCEPTUAL DESIGN 

Conceptual design, the first phase in 
road design, involves evaluating answers 

A finished snow road adjoining a permanent gravel road, Kuparuk oil pipeline. The 
temporary snow road was used for pipeline construction, and the gravel road will be used 
during pipeline maintenance. This cost-effective design minimizes environmental impact. 
(Photos courtesy of Alaska State Pipeline Coordinator's Office.) 

to nine basic design questions: (1) What is 
the road's use? (2) Is the project close to 
other permanent roads? (3) Can winter 
work be conducted? (4) What are the 
microclimatic conditions of the project? 
(5) What is· the soil's thermal state and 
nature? (6) Will the design be of a miti
gative or preventative type? (7) What 
materials are readily available and in what 
quantities (i.e., snow, water, gravel)? 
(8) What are the environmental restric
tions? (9) Will the proposed design be 
within the project budget? 

It is important that the arctic engineer 
understands why these questions must be 
answered, since the cost implications are 
great. This is illustrated by a sample cost 
analysis for seven design alternatives, 
developed by the author, for a 1 00-mile 
hypothetical project extending from 
Prudhoe Bay to approximately 30 miles 
north of the Kuparuk River crossing of 
the Dalton Highway. The analysis showed 
a direct cost ranging from $50,000/mile 
for ice aggregate to $625,000/mile for an 

insulated gravel workpad. Specific com
ments on cost analysis will be presented 
in the discussion of question nine. 

Use 

A road's intended use is a key factor 
in arriving at the total number of design 
alternatives to be considered in the design 
and cost analysis. For example, a public 
road usually is required for 25 years or 
longer; thus, snow cannot be considered 
as a construction material, except for 
temporary road detours. However, a road 
being used to install a pipeline, such as 
the Trans-Alaska Pipeline System (TAPS), 
is temporary. During pipeline construc
tion, the road must be at least 50 feet 
wide to accommodate traffic, but once 
the pipeline is in place, the road driving 
surface need be only 15 to 20 feet wide 
for maintenance vehicles. This is an ideal 
situation for which to consider a 50-foot 
wide snowpad with a permanent gravel 
maintenance road being placed over the 
top of the buried sections of the pipe. 
Alternatively, a 20-foot wide gravel road 

John Belcourt was a field engineer for Alyeska on the trans Alaska pipeline project 1974-77, and senior design engineer with 
Michael Baker Jr., Inc., involved in the civil design of the Northwest Alaskan gas pipeline 1979-80. He became technical staff super
visor with the Alaska State Pipeline Coordinator's Office in 1980 and is currently a part-time consultant and graduate student in 
North Dakota. 
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adjoined by 30 feet of snow road is worth 
considering. Furthermore, by using a 
renewable resource (snow) the cost 
savings are potentially great, and a limited 
natural resource (gravel) is being con
served. Also, use of snow will typically 
cause only temporary damage to the 
underlying vegetation, on the order of 5 
to 20%, whereas using gravel will typ
ically cause 1 00% long-term damage. 

Proximity to Permanent Roads 

Long-term access to the primary 
facility is extremely important when the 
facility is in a remote location, since no 
access means that the maintenance it 
requires generally will be quite difficult, 
if not impossible. However, if the facility 
is close to a permanent road system, then 
maintaining the facility is less of a prob
lem. Long-term access must be carefully 
considered when snow/ice is used for 
road construction. 

Winter Work Operations 

A contractor with a project, or an 
oil company doing exploratory work, in 
a remote location may opt to move 
equipment during the winter months on 
snow roads rather than mount an expen
sive summer mobilization operation. With 
winter construction it is not unusual to 
be able to reduce an earthen embankment 
thickness by up to two feet, which on 
large projects means major savings. 
Despite such reasons for mounting a 
winter construction effort, careful con
sideration must be given to the reduced 
manpower and equipment productivity 
associated with the extremely low winter 
temperatures and reduced lighting. 

Microclimatic Investigation 

When winter construction is being con
sidered for a thermal embankment design, 
a microclimatic analysis is essential. Basic
ally, this analysis amounts to reviewing 
the best available information. The analyst 
may use data published by the U.S. 
Weather Service if the project is situated 
near a community with weather-moni
toring instrumentation, or may use data 
published by the Institute of Water 
Resources at the University of Alaska
Fairbanks (The Environmental Atlas of 
Alaska) for projects in remote areas. The 
Atlas provides only information by re
gions, so when its data are applied to a 

localized area the results can be mislead
ing or even erroneous in some cases. (Since 
Murphy's Law always prevails, the more 
favorable the Atlas' data seem, the more 
imperative it is to verify them with field 
studies. When field studies are not pos
sible, the analyst must be extremely 
cautious.) Information gained from this 
will assist the cost estimator/scheduler in 
developing production rates for the cost 
analysis. Similarly, if snow/ice road 
construction is contemplated, the wind 
direction and velocity plus average 
monthly temperature are necessary infor
mation, especially if a snow fence is to be 
used to collect the snow needed for 
construction. Also, the average monthly 
temperature can be used to define the 
allowable work period for the snow road, 
which is critical information to have 
when allocating road building machinery 
for greatest economy and efficiency. 

Soil Thermal State 

Knowledge of subsurface thermal 
conditions is extremely important. De
signs for thawed soil can be made accord
ing to classical foundation theory. How
ever, permafrost cannot be evaluated by 
classical foundation methods, and it is the 
one item which sets Alaska apart from 
her sister states with respect to solving 
soils engineering problems. 

Permafrost soil is by definition a soil 
which remains at temperatures below 0°C 
(32°F) for two or more years; it is simply 
perennially frozen ground. 1 The distribu
tion of permafrost is controlled by cli
matic, geologic, hydrologic, topographic 
and botanical factors. In Alaska, some 
85% of the land is permafrost region. 2 

Permafrost regions can be classified as: 
Absent - 0 to 10% of the soil mass is fro
zen; Sporadic- 11 to 50% of the soil mass 
is frozen; Discontinuous - 51 to 90% of 
the soil mass is frozen; and Frozen - 91 
to 100% of the soil mass is frozen. 

The composition of soil within a per
mafrost region can be further classified as 
ice-rich (thaw-unstable) or ice-poor (thaw
stable). Construction on dry permafrost, 
such as frozen bedrock or a frozen 
coarse-grained gravel deposit, will present 
few construction and maintenance prob
lems, since there is little or no ice present. 
However, an ice-rich permafrost, in addi
tion to harboring a moisture content that 
is usually higher than the liquid limit, 

generally contains segregated ice in the 
form of wedges, lenses, and crystals. It 
also is not uncommon to find massive 
ice structures incorporated within such 
soils. Ice-rich permafrost is commonly 
found in organic and fine-grained mineral 

soils. 
Ice-rich permafrost, if placed in a state 

of thermal imbalance, can cause founda
tion subsidence, thermal/hydraulic soil 
erosion, frost heaving, creep, landslides, 
and icings. Thermal imbalance is com
monly caused by stripping of the vegeta
tive mat, placing a heat sink (roadway 
embankment) over the permafrost, making 
large localized roadway cuts, or burying a 
utility system within the permafrost. Ob
viously, it is the ice-rich permafrost that 
the arctic engineer must identify during 
the site investigation if the correct design 
is to be developed and costs are to be 
kept within the project budget. 

Accordingly, because ice-rich perma
frost occurs unpredictably, detailed infor
mation must be collected during site in
vestigation to ascertain (1) permafrost 
distribution plus the conditions under 
which it exists and (2) the mechanical 
properties of the permafrost (i.e., ice 
content, grain size, bearing capacity). On 
larger projects this information normally 
is collected in three phases: (1) a prelim
inary office study, (2) a field investiga
tion, and (3) a final report including 
laboratory analysis. 3 

The preliminary office study should 
include a general review of local geological 
and soil mapping plus use of available 
aerial photography. Interpretation of aer
ial photography can provide a wealth of 
permafrost information if certain geomor
phic features are identified: soil polygons, 
stone nets, regional drainage, and solifluc
tion sheets. Additionally, ground relief 
from contoured maps and identification 
of vegetative types can be used to locate 
permafrost. Careful planning and sched
uling of the field investigation is of 
the greatest importance in this phase, 
since the mobilization of a field investi
gation task force is expensive.3 

Field investigations generally are con
ducted on two levels. The first is usually 
on a macroscale. The second level will 
occur during final design when site
specific information is required for a 
special engineering analysis, such as slope 
stability, frost heave, etc. Techniques and 

The Northern Engineer, Vol. 14, No.2 
26 



The permanent maintenance road adjoining the Kuparuk oil pipeline is gravel, designed 
in the mitigative mode (controlled subsidence). The line was constructed by equipment 
working on a snow (natural) road adjacent to the gravel, satisfying construction needs 
for a wide workpad. 

devices commonly used in the field 
to obtain subsurface information in· 
elude: new aerial photography; thermistor 
strings; piezometers; seismic surveys; 
hand probing, test pitting, and grab 
sampling; electrical resistivity surveys; 
slope stability indicators; drilling and 
sampling; visual observations of drainage 
patterns, aufeis, and snow depths; gather· 
ing meteorological data; and geologic 
mapping. 

The information gathered in the field 
and in the laboratory through the analysis 
of soil samples is then reviewed in detail. 
Following this detailed review, the 
conclusions made during the preliminary 
office study are reassessed and neces
sary revisions are made. A final geotech
nical report is then written and presented 
to the design engineers for use in choosing 
the design alternatives at specific sites. 

On smaller projects, with tight budget 
constraints, elaborate investigations gen
erally are not possible. However, a 
thorough preliminary office study with 
minimal to moderate field investigation 
still can yield a wealth of information 
when evaluated by a skilled investigator. 
The main point is: No matter what the 
budget constraints may be, a site investi· 
gat ion is mandatory! These investigations 
are an essential step in arriving at the cor

rect design, thus ensuring a project con
structed and operated within the allotted 
budget. 

Design Mode 

The collected soils/thermal data to
gether with the microclimatological data 
will dictate the design mode, which for 
an earthen workpad can be either preven
tative or mitigative. 

The preventative design is used to 
maintain the current thermal state of the 
soil, and is very expensive. Conceptually, 
this means the depth of thaw is either not 
permitted to enter into the subgrade or is 
allowed to extend down into the subgrade 
only for a given distance. The two basic 
designs that provide this action are an 
all-earthen embankment or insulation 
board with a reduced earthen embank
ment thickness. The preventative mode 
is seldom used on very long linear projects 
south of the Brooks Range, since most 
project sponsors believe the construction 
costs for this mode are too high; it may 
nevertheless be the most economical in 
certain situations. Generally, however, 
a mitigative design is used to place an 
earthen embankment on permafrost soil 
in the southern two-thirds of the state. 

The mitigative mode allows for a con
trolled subsidence of the foundation. 

Knowing what the thaw strain of the 
soil is will then allow the designer to 
include an additional embankment thick
ness for this controlled subsidence of the 
road. The thaw strain of a soil describes 
the probable consolidation of the soil 
when it thaws. Depending on the soil 
type and the design project life, several 
feet of additional material may be re
quired to compensate for this subsidence 
in a very ice-rich material. Again, if the 
predicted foundation subsidence is large, 
a snow/ice road may be the preferred 
design. 

Whether a preventative or mitigative 
design is selected, a thermal analysis is 
required to determine the required em
bankment thickness correctly on perma
frost soils. Failure to conduct this analy
sis generally will produce long-term 
maintenance problems, and sometimes 
can result in a classic foundation failure. 
In either case, these dollars being spent 
were not included in the original project 
budget. 

In areas where the soil is thawed, a 
structural workpad can be designed. A 
structural workpad is a road in which the 
principal consideration for the design 
embankment thickness is based on 
the total number of vehicle wheel passes 
anticipated over the project life, in com
bination with the weight of the equipment 
being placed on the road. 

In recent years, the use of a construc
tion material called Geofabric has become 
increasingly popular in constructing Alas
ka roads. This fabric has been used on 
permafrost-free soils to improve the load
bearing capability of those soils with a 
California Bearing Ratio (CBR) less than 
four, and on permafrost soils to prevent 
the subgrade soil from migrating into the 
embankment. 

Minimal scientific data have been 
gathered during actual construction to 
define accurately the exact soil conditions 
necessary for soil pumping to occur. It 
is known that a fine-grain frozen soil 
must be present under thawing conditions, 
with excess pore pressures developing 
in the soil. The author has observed this 
soil pumping problem develop under two 
different construction conditions: first, 
where the vegetative mat has been broken 
by turning equipment in the early summer 
months, before or while the gravel em
bankment is being placed; second, in 
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wetland areas with ice-rich soils during 
mid to late summer when the gravel em
bankment was in place. I~ this second 
situation a plastic condition was typi
cally visible on the embankment surface 
when the construction equipment drove 
over it. When this occurred the normal 
solution was either to increase the em
bankment thickness (up to 24") and thus 
redistribute the loading on the subgrade, 
or the construction traffic was removed 
until these excess pore pressures dissipated 
in the subgrade soils. These excess pore 
pressures are of a very short duration, 
usually 2-4 weeks; but unless this condi
tion is accounted for in the design, the 
subgrade will fail when subjected to the 
impact loading of heavy construction 
equipment or commercial traffic. 

In recent years the use of Geofabric 
has become quite popular, in lieu of the 
increased embankment thickness, to allev
iate this instability problem which, in 
most cases, will prevent the development 
of a pumping problem. For our hypo
thetical project, using Geofabric produces 
a direct cost saving of $156,000/mile. 

Since so little is known about the 
exact soil conditions that cause soil in
stabilities/pumping, a designer who is 
not using actual field test data can only 
make an educated guess when deciding 
where additional gravel or Geofabric is 
required. These educated guesses can re
sult in calling for 20-30% more gravel 
than is really required, but experienced 
construction engineers will recognize this 
danger. It is strongly recommended that 
the designer show the Geofabric or addi
tional gravel on the construction plans/bid 
document as a contingency item to be 
applied at the discretion of the construc
tion engineer. Ideally, additional research 
will be done in the near future on this 
problem to provide the designer with the 
necessary tools for accurately identifying 
those soil conditions that cause soil insta
bilities/pumping. 

In-Situ Materials 

By now, the designer is beginning to 
formulate the various design alternatives 
to be considered for the project. How
ever, before a final report is written and 
presented to the cost/scheduling group 
for costing, there remains one final 
question to be answered. That is the 
availability of in-situ material. 

The materials and methods available 
for construction of the facility must be 
carefully evaluated. On small projects, 
the engineer/planner normally is restricted 
to use of a single construction material 
and method due to cost restraints. How
ever, on larger projects, such as TAPS, the 
engineer has more of an opportunity to 
utilize state-of-the-art design to lower 
construction costs while protecting the 
environment through a wise choice of 
construction materials and/or methods. 

In the Arctic there are two main types 
of construction materials, earth (i.e., 
gravel, shotrock, silt, etc.) and snow. These 
two materials can be used in combina
tion with others to lower construction 
costs and minimize impact to the arctic 
environment. At present there are six 
design options: earth, earth with insula
tion, earth with engineering fabric, natural 
or manufactured snow, ice aggregate and 

ice roads. 

Depending on the intended use of the 
road, the construction season, the em
bankment thickness, material type, and 
construction methods, costs will vary 
greatly. For example, if the primary use 
of the road is for construction, such 
as it was on the TAPS project, the en
gineer/ planner can optimize construction 
costs by scheduling winter and summer 
construction with these six design op
tions. However, if the project is a public 
roadway, such as a state highway, the 
engineer/planner normally is restricted to 
use of the earth design options with late 
spring to late fall construction scheduling. 
In general, the design quantity of earthen 
construction material can be greatly 
reduced with winter construction. How
ever, such scheduling may increase 
project costs due to decreased productiv
ity of labor and equipment. This is not 
true with natural snow and ice aggregate; 
considerable short- and long-term cost 
savings may be realized using these 
materials. 

A further consideration is the available 
quantity of local material and the haul 
distance. If suitable material, such as ice 
aggregate or gravel, is in short supply and 
has to be hauled long distances, the as
sociated cost may make an otherwise 
less desirable design option equally or 
more attractive than the preferred design. 
The availability of construction material 

and its haul distance are therefore key 
pieces of information to be included in 
the report to the cost estimating group. 

Environmental Considerations 

In selecting the construction season, 
material and method to minimize costs, 
the design engineer must further consider 
satisfying the environmental restrictions 
(such as the presence of protected species 
like peregrine falcons, fish spawning pro
tective restrictions, etc.). Many years ago, 
environmentalists had little impact on 
project costs. However, this is no longer 
true, and environmental concerns also 
must be carefully considered if the 
project is to be constructed and the costs 
kept at a minimum. 

Cost Analysis 

Once the cost/scheduling group has 
completed its analysis, the designer can 
then assess the overall project cost in rela
tion to the preferred design options along 
the project route. For our discussion let 
us assume the cost/scheduling group on 
the hypothetical North Slope road 
has submitted unit costs for the seven 
design options found in Table 1. 

Here the cost engineer has developed 
two unit costs, $/CY (cubic yard) and 
$/Mile. It is quite obvious that the two 
design options that should be given first 
consideration are ice aggregate and 
natural snow, which offer a potential 
savings of $300-600 million on this 
100-mile project. Historically, these two 
alternatives plus manufactured snow have 
been the least preferred design options 
for larger projects; earth has been the 
preferred road embankment material. 
This preference is primarily due to the 
lack of construction experience with 
snow and ice. 

An abundant water supply is required 
for snow/ice construction. Manufactured 
snow and ice roads with a density of 
0.6 gm/cc (grams per cubic centimeter) 
require approximately 2,000,000 gallons/ 
mile, whereas natural snow and ice 
aggregate require 100-200,000 gal/mile. 
On the North Slope water is in short 
supply, so careful consideration should be 
given to developing a renewable water 
supply to avoid impact on the environ
ment. One possible solution is to deepen 
the anaerobic ponds typically found on 
the North Slope, and place a snow fence 
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TABLE 1 


COST/CY 

MATERIAL *DIRECT COST 


Manufactured snow (12") $17.56/c.y. 

24" gravel w/2.5" insulation, Thermal Emb. 16.07/c.y. 

Natural snow (12") 9.88/c.y. 

Ice aggregate (12") 7.46/c.y. 

Gravel (72"), Thermal Emb. 5.14/c.y. 

Gravel (54"), Summer 5.14/c.y. 

Gravel (30"), Winter 4.78/c.y. 


COST/MILE 

MATERIAL *DIRECT COST 


24" Gravel w/2.5" Insulation, Thermal Emb. $625,000/mile 

Gravel 72", Thermal Emb. 448,000/mile 

Gravel 54", Summer 423,000/mile 

Manufactured snow (12") 304,000/mile 

30" Gravel w/GeoFabric 239,000/mile 

Gravel (30"), Winter 200,000/mile 

Natural snow (12") 83,000/mile 

Ice aggregate (12") 53,000/mile 


*Costs are based on The Blue Book rental rates for 1981 and Alaska 

labor rates for 1982. 

partially around the pond. The snow 
fence can capture additional snow, which 
when melted. in the spring will drain into 
the deepened pond. 

Also, a thermal (preventative) em· 
bankment usually is required for a driv· 
ing surface on the North Slope. Knowing 
this, there are essentially five design op· 
tions to be considered: 

1) 6' of gravel $448,000/mile 
2) 2' of gravel 

w/2.5" of insulation $625,000/mile 
3) 1 'of manufactured snow $304,000/mile 
4) 1' of natural snow $ 83,000/mile 
5) 1' of ice aggregate $ 53,000/mile 

If this were an actual project one of 
the following designs might be recom
mended for the situations described: 

1. In remote areas for projects requir
ing long-term year-round accessibility, a 
thermal workpad (option 1 or 2) would 
be recommended. 

2. In remote areas for projects requir
ing short-term winter accessibility, such 
as mineral exploration, a snow/ice road 
(option 3, 4 or 5) would be recommended. 

3. In areas with permanent roads ad
joining the project (assume an oil or gas 
pipeline) a combination of options 1 

through 5 could be recommended depend
ing on scheduling and the pipeline's 
alignment with a permanent road (i.e., 
long-term access to the pipeline). 

Note that the cost of installing drain
age structures and material site restor
ation was not included in the earthen cost 
estimates; these two items typically will 
increase the cost of the earthen roadway 
by another $50-75,000/ mile. It also was 
assumed that the revegetation cost of 
earth vs. snow/ice is equal, which is not 
quite true; using snow/ice workpads 
would provide an additional savings of 
$1 0-20,000/mile. 

COMMENTS 

Costs can be presented in many ways, 
depending on the individuals presenting 
them. This is particularly true when costs 
are presented for review to another 
organization. As will be noted in Table 1, 
natural snow costs $9.88/CY and is the 
third most expensive design alternative, 
but is the second least expensive when 
compared on a $/mile basis. When look
ing at overall project design, i.e. 100 miles 
of snow road vs. 100 miles of gravel road, 
the designer must always ask for unit 
costs per mile or the total cost. However, 

if only a small segment of the proposed 
project is being considered for snowpad, 
a second cost analysis should be requested 
for this site-specific situation, since over 
short lengths there may be a break-even 
point where gravel construction is cheaper 
than snow. 

One final caution on cost estimates: 
Be careful that the reported unit cost is 
not an "apple and orange" comparison. 
This means that one unit cost developed 
specifically for a given project should 
not be compared with a borrowed unit 
cost from another without first analyzing 
it. Such comparisons can be extremely 
biased without it being obvious to the 
unskilled analyst using this borrowed 
cost; for example, the original project 
may have confronted obsolete equip
ment, inappropriate construction tech
niques, extreme haul conditions, or poor 
weather conditions. A skilled cost estima
tor would make the necessary cost adjust
ments to eliminate this bias or might 
include it deliberately to cover appropri
ate contingencies, depending on the 
purpose of the cost estimate. 
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by H.C. Stenbaek-Nielsen and John Zarling 

GROUND-COUPLED HEAT PUMPS 

An Alaskan Experiment 

Heating systems using a ground-source 
heat pump are used successfully now in 
Canada and northern Europe. In the 
northern tier of the United States, heat 
pumps are still a relatively unused tech· 
nology. (However, ground-source heat 
pumps are being used in Oklahoma, 
where both heating and cooling are 
required.) The basic idea is to extract 
heat energy from the soil through refrig
eration techniques, and then to use the 
extracted energy for home heating 
(Fig. 1 ). 

Ground heat is collected by a cold 
brine circulating through a buried pipe 
and is upgraded by a heat pump for use in 
residential heating. Because the tempera
ture of the ground at a depth of a few 
feet is relatively constant year-round, a 
ground-coupled heat pump system is 
relatively unaffected by the seasons and, 
in contrast to many other alternative 
energy systems, also can deliver heat 
during the middle of winter. 

BACKGROUND 

The idea is far from new. In 1852 a 
Scotsman, William Thompson - the later 
Lord Kelvin - argued the wastefulness of 
burning coal for heating purposes. Instead, 
he suggested, the coal should be used to 
operate a heat pump. The heat pump 
could then upgrade energy taken from 
a suitable available source, for example 
the ground, and thus the total heat pro
vided would be the heat from the coal 
plus the heat collected from the ground. 2 

However, the idea had to remain no more 
than an idea since the necessary technol
ogy was not available, and would not be
come available for almost another cen· 
tury. 

Several systems were built in the U.S. 
during the 1940s and 1950s, and some 
early installations were reviewed by Pen· 
rod. 3 In Canada several systems were 
tested by the Ontario Water Authority. A 
system installed in 1950 that is still oper-
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ating in Hamilton, Ontario, was featured 
in a National Film Board of Canada 
short documentary, "Bill Loosely's Heat 
Pump." Individual units were constructed 
in Europe, and some 11 years of data for 
a Danish system were presented in this 
magazine in 1975.4 

Because of the low energy prices pre
vailing through the 1960s and early 1970s, 
ground-source heat pump systems re
mained novelties and were not developed 

Figure 1. Schematic of a heat pump installation. 1 The principle is the same 
as employed in refrigerators. The liquid refrigerant boils off in the ground 
coil, extracting the heat for its evaporation from the ground. The vapor is 
then compressed and thereby heated. In this example, the home is heated 
by circulating air passed over the condenser by a fan. The unit could be 
used for cooling during the summer simply by reversing the circulation of 
the refrigerant, letting the ground coil function as the condenser. 

Hans C. Stenbaek-Nielsen is a professor of geophysics at this Institute; when he is not working with heat pumps, his usual research 
is in the fields of auroral and magnetospheric physics. John Zarling is a professor ofmechanical engineering and head of that depart
ment at the University ofAlaska-Fairbanks. His research frequently involves aspects ofemploying alternative energy sources. 
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commercially. However, be
cause of the generally higher 
energy prices prevailing in 
Europe, several manufactur
ers there kept an interest 
in such heating systems; 
so when the first "energy 
crisis" came in 1973, it was 
not long after that these 
heating systems were com
mercially available there. 

The idea caught on, and 
there are presently over 
15,000 single-family homes 
in Scandinavia that are 
heated with ground-coupled 
heat pumps. Naturally, there 
are also quite a number of 
manufacturers of such heat-

Houses in the South Surte (Sweden) subdivision. The size and con
struction of the individual homes are similar to what might be found 
in Alaska, but 88 of these houses are heated entirely by ground heat. 

ing systems. One of the leading firms 
is AGA-Thermia in Arvika, Sweden. 
AGA-Thermia has been involved in 
the development and testing of ground
coupled heat pump systems for over 
ten years, with part of the develop

ment done in cooperation with various 
Swedish government agencies. Today the 
factory offers a range of system sizes, all 
sold with an unconditional five-year war
ranty - good evidence for the technical 
maturity of their system. The AGA
Thermia systems are also produced and 
marketed by Cantherm, Ltd., in Montreal. 

Each ground-coupled heat pump instal
lation is virtually a unique design. Most 
manufacturers have developed a customer 
questionnaire that can efficiently provide 
the firm with the relevant data about soil, 
lot size, house size and other significant 
items. If an installation is deemed pos
sible, a site visit will be made and a design 
and price quote is then prepared for the 
customer. 

Larger Installations 

In Sweden there are several sub
divisions which are heated by ground 
heat. One of the earliest - and most 
publicized - is in South Surte outside 
Gateborg. It was built by the Cooperative 
Building Organization of the Swedish 
Trade Unions in 1976. Of the 103 homes 
in the subdivision, 88 were equipped with 
AGA-Thermia heat pumps, while the 
remainder have conventional electric heat 
for comparison. Each of the 88 homes 
has its own separate heating system con-
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sisting of a heat pump unit located indoors 
and a ground pipe array in the garden. In 
some places the ground pipe has been laid 
in adjacent community garden areas. The 
ground source heating system is the sole 
source of both heat and domestic hot 
water for each house throughout the 
year. The soil is clay with a relatively high 

~----------------- --------------1 
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moisture content, and there 
have been few frost prob
lems. The erformance of 
the heating system in the 
subdivision s monitored by 
Chalmers In titute of Tech
nology in G ·teborg, and the 
Swedish Ins itute of Tech
nology is eva uating the data. 

A more recently built 
subdivision equipped with 
heat pump eating systems 
is in Orsa, in mid-Sweden. 
The climatic conditions here 
are more like those in Alas
ka; the yearly average temp
erature is 3-4°C, with aver
age extremes of 16°C in July 
and -9°C in January. AI· 

though this is still milder than Fair
banks climate, the soil temperatures 
are comparable, 5°C in Orsa and . 2°C 
at our installation in Fairbanks. As is 
the case in South Surte, the soil is very 
moist and some of the ground grids 
are below the level of the ground water 
(Fig. 2). There has been some frost 

Figure 2. Layout of the ground grid for the subdivision in Orsa, Sweden. Nineteen of 
the 22 one-family homes in the development are heated by ground heat. The pipe grid 
for each home is 400 meters long; the pipe is 40 mm outside diameter. The soil is very 
sandy, and the water table is relatively close to the surface. The pipes are buried 1-3m 
deep in very sandy soil, and 13 of the houses have their grids below the level of the 
ground Water (darker grids to the right and in parking lot). The remaining grids are 0.5 
to 1.5 m above the ground water. As with the South Surte development, this installa
tion is being monitored to obtain performance data. 
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action in the soil, but no serious prob
lems have been encountered. 

THE FAIRBANKS PROJECT 

Sponsored by the Alaska Energy Cen
ter (AEC). * our ground-source heat pump 
project began in spring 1981 to investi
gate the use of such systems for residen
tial heating in Alaska. In principle, any of 
the heat pump systems on the market 
should be usable in Alaska with little or 
no modification. In practice, actual tests 
are required because the available per
formance data and design guidelines 
have all been developed for less severe cli
mates and warmer soils than prevail in 

most of Alaska. 
The most serious problem is that soil 

temperatures in Alaska are colder than 
those found elsewhere where similar sys
tems are being tested or employed, even 
in Scandinavia. A typical Alaskan instal
lation will be in soils very near freezing 
temperature, which presents a number of 
problems that have not been addressed 
directly elsewhere. Will repeated freezing 
and thawing of the soil threaten the struc
tural integrity of the system? How will 
the extraction of the heat affect sur
face vegetation? How well does the soil 
recover thermally after both short periods 
of heat extraction (a cold spell) and fol
lowing an entire heating season? (Note 
that the extracted heat entered the ground 
from the surface during summer; i.e., 
it is ultimately solar heat.) Can heat be 
stored in the ground in summer and held 
for use in winter? 

Objectives 

The overall aims of the project are: 

1) To understand the response of cold 

soils to heat extraction. 
2) To demonstrate and gain experience 

with different heat pump systems. 
3) To develop safe and reliable guide

lines for the design and use of ground
coupled heat pump systems in Alaska. 

4) To provide cost/benefit analyses of 

various designs. 

The project should be continued for 
several years to investigate the long-term 
effects on the soil. In practical terms the 
question is: Are we creating permafrost? 

*see Note, p. 37. 

Figure 3. View of the test area. The west field is marked by the snowy remains of a 

University ski trail; the south field is downhill from the parking lot but is not clearly 

visible in this picture. 

Without an answer it is highly unlikely 
that any industry would consider manu
facturing or marketing ground-coupled 
heat pumps for use in Alaska. 

First-Year Summary 

Work began as soon as the AEC issued 
a contract providing for the first-year 
costs; it involved immediately contacting 
other groups doing work in this field so 
that we could avoid duplicating their 
efforts and making errors they had already 
corrected. We gathered information from 
Oklahoma State University and Brook
haven National Laboratory, the leading 
groups in the United States; from the 
Technological Institute in Copenhagen, 
Chalmers Institute of Technology in 
Gateborg, and Uppsala University, among 
the leading research groups in the field in 
northern Europe; and AGA-Thermia, the 
leading ground-coupled heat pump manu
facturer in Scandinavia. We were very 
encouraged to learn that presumably 
frost action would not be a problem, and 
decided to install two units the first year 
so that experience could be gained 
quickly on different models and modes 
of operation. 

Excavation and pipe laying began 
before freeze-up in 1981. Our test instal
lation is located in an open area on the 
W~st Ridge of the University of Alaska
Fairbanks campus (Fig. 3). 

The soil at our test site is Fairbanks 
silt. Part of the site has been back
filled, but the soil conditions appear to 
be fairly uniform across the site. The 
dry density of the silt varies between 
80 lb/ft3 (1.27 g/cm3 ) and 97 lb/ft3 

(1.55 g/cm3 ). The south field is more 
moist (16-20% of dry weight) than the 
west field (8-14% of dry weight). This 
difference is most likely caused by run
off from the Arctic Health Laboratory 
parking lot draining across the south 
field. 

The ground grid (Fig. 4) consists of 
four 500-foot lengths of 1'h" polyvinyl 
chloride pipe (PVC) in which circulates 
a brine (a 25% calcium chloride solution 
and a corrosion inhibitor). The two sec
tions in the south field are buried at a 
depth of three feet, while those in the 
west field are at a depth of four feet. 
Originally we had planned to bury the 
grid at a depth of five feet, but for instal
lations in Sweden, AGA-Thermia is 
recommending depths of only two to 
four feet. Their reason is that although 
the temperature at this shallower depth 
varies more from season to season, it is 
possible to extract more energy per unit 
grid length, which, because of the large 
investment in the grid, improves system 
economics. 

The two heat pumps are installed in a 
12 x 30-foot ATCO trailer belonging to 
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the University of Alaska's Institute of 
Arctic Biology. The units are connected 
to the buried pipe through a manifold 
which allows us to select the number 
and configuration of coils associated with 
each unit. The two units are manufac
tured by Cantherm Ltd., in Montreal, 
Canada, and by Command-Aire in Waco, 

1 

Texas, respectively. The Cantherm unit 
(model DU0-500, 12 kW nominal capac
ity) is a liquid-to-liquid system modelled 
on the Swedish AGA-Thermia ground
coupled heat pump series, while the Com
mand-Aire system (model SWP-541, 16 
kW nominal capacity) is a forced hot-air 
unit. 

~-------247~--------~ 

South Field 

11"------2801
------tH 

Arctic Health Parking 

Koyukuk Avenue North 

Figure 4. Layout of the four 500-foot pipe sections. 

Gary Meltvedt, Geophysical Institute (left) 
and Doug Goering, Department of 
Mechanical Engineering (right) laying the 
ground pipe. The 1%-inch high-density 
polyethylene pipe came in 500-foot coils. 
Trenches were cut with a Ditch-Witch. 

The Northern Engineer, Vol. 14, No.2 

Soil and brine temperatures are measured 
by a network of thermistors; one of the 
brine temperature measuring points is 
shown here, with the data cables (to left) 
going back to the trailer. The probe is 
protected by a block of insulation. 

Both units and the buried pipe grid are 
instrumented to give information about 
the thermal response of the soil to the 
heat extraction and the energy transfer 
rates to the heat pumps. All sensors were 
calibrated before they were installed. 

The Cantherm unit has been working 
routinely since January 4, 1982. The 
Command-Aire unit was damaged in 
shipping, but a new unit was installed in 
late February, and is functioning well. 

The heat pumps are operated and the 
data collected by an HP-3054 data logger. 
Because of power supply constraints, 
both heat pumps cannot be on at the 
same time. While any sequence of pump 
operations may easily be programmed 
into the system, our standard procedure 
is to operate the pumps alternately. The 
data acquisition system provides partially 
reduced data on system performance. For 
example, pump performance, ground coil 
temperatures, or vertical temperature pro
files in the ground may be viewed in real
time. 

During the first phase of the project 
a large computer program was developed 
to model the heat transfer from the soil 
to the pipe. The program uses a finite 
difference method to solve the heat dif
fusion equation and includes the latent 
heat of fusion. It was used to evaluate 
how data from elsewhere would apply to 
cold soil conditions. The program may be 
run on either the Geophysical Institute 
VAX computer or on the University-wide 
Honeywell system. 

When we have a more substantial data 
set, we intend to use the program again to 
compare our results with model calcula
tions. 

PREl-IMINARY RESULTS 

Preliminary results from the first win
ter's operation of the Cantherm DU0-500 
heat pump were evaluated to give the ob
served coefficient of performance, amount 
of heat extracted from the soil, and the 
thermal response of the soil. These aspects 
are the important ones for an evaluation 
of the feasibility of large-scale use of 
ground-coupled heat pump systems in 
Alaska. 

Coefficient ofPerformance 

The coefficient of performance is the 
ratio of the delivered energy (in the form 
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of heat) to the purchased electric energy 
required to run the system. In an ideal 
Carnot process, the coefficient of per
formance depends only upon the absolute 
temperature of the evaporator, T 1, and of 

the condenser, T i 

However, that cannot be achieved in prac
tice, and the actual C.O.P. is always 
less than the calculated C.O.P. Neverthe
less, the formula is very useful since it 
points out in a simple way the principal 
relation between the performance and the 
soil and building temperatures. 

Performance data for both heat pumps 
that we are using have been provided to 
us by the manufacturers (both heat 
pumps are commercially available). Fig
ure 5 shows such data for the Cantherm 
unit. The coefficient of performance for 
any given soil temperature arid baseboard 
water temperature can be derived from 
the figure. For example, if the soil 
temperature is +1 °C and the baseboard 
water leaves the pump at 45°C, the 
system would deliver 12.4 kW heat while 
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drawing 4.9 kW of electric power, giving a 

C.O.P. of 2.5. 
In our installation the brine tempera

tures have not varied much. Extremes 
have been ±3°C, and most of the data 
analyzed have been for a brine tempera
ture near -1°C. Because of this it is more 
useful to plot heat output and power con
sumption as a function of baseboard 
water temperature, as shown in Figure 6 
(top). The derived ·coefficient of per
formance is plotted in the lower half of 

the figure. 
For a comparison, three data points 

from our measurements are included 
with the factory-provided data in Figure 
5. Our data appear to be in reasonable 
agreement with those from the factory, 
although the unit seems to draw slightly 
more power and the heat output is some
what more temperature dependent than 

expected. 
These preliminary results indicate that 

for Alaskan operations one can expect a 
coefficient of performance of 2.0-2.3 
for heating with baseboard hot water at 
45°-55°C. If radiating floor slabs 
are used instead, at temperatures around 

30°C, a coefficient of performance of 
almost 3 may be obtained. 

Amount ofHeat Extracted from the Soil 

The controlling computer has been 
programmed to operate each system 
twice per hour. Various problems in the 
data collection system, especially an 
infrequent computer malfunction, have 
caused gaps in the operational schedule. 
Although we still do not know the cause 
of the computer problem, the manufac
turer has provided us with a usable soft
ware fix. We were also shut down for 10 
days at the end of February 1982 for the 
repair of some leaking probes and for the 
replacement of the Command-Aire unit. 
At present the systems are operating 
without problems. 

The energy extracted from the ground 
for the first three months of 1982 is 

tabulated below. 

KWH 106 BTU 

January 821 2.8 

February 761 2.6 

March 1200 4.1 
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The Command-Aire unit was put on 
line the first part of March, which explains 
the increase in heat extraction then. 
From March on, heat was extracted at 
about 1200 kilowatt-hours per month 
until we shut down for the summer on 
May 16. 

The heat is extracted from the soil 
through a 1000-foot buried pipe section. 
Design guidelines developed in Sweden 
would, for a normal one-family home 
under our climatic conditions, dictate a 
length of 2500-3000 feet. Thus we are 
operating with a grid of about 1/3 the 
recommended size. Assuming a full grid 
and coefficient of performance of 2.2 
(from Figure 6), the corresponding gen
erated heat would be: 

KWH 106 BTU 	 View across the west field from the trailer on April 28, 1982. The photo was taken 
along the direction of the buried pipe; no evidence of the heat extraction is visible atJanuary 5400 18 
the surface. The packed snow diagonally across the picture is the base of the UniverFebruary 5000 17 
sity ski trail shown in Figure 3 (p. 32); that photo was taken two days earlier, an indiMarch 7900 27 cation of how quickly the snow melted. 

This should be sufficient to heat most 

modest-sized homes in Alaska. 


are shown in Figure 7. The pipe is buried decrease is observable on the plots from 
at a depth of three feet. In addition to the February 13 and March 16; the depresThermal Response of the Ground 
undisturbed profile two vertical profiles sion is on the order of 0.5°C. 


This is the key objective of the project. are given, one containing the pipe and 
 This temperature response 	of the soil 
What heat extraction rates can be main one about four feet away. A very obvious is very favorable. Based 	 on computer
tained without adversely affecting the soil? effect of the heat extraction is that the models and data from Scandinavia, we 

Temperature profiles for 	 the south profile containing the pipe should show a expected a drop of 2-5°C near the buried 
field measured on January 2, February 13, decrease near the depth of the pipe rela pipe. We have not had a chance to analyze
March 16, April 21, May 31 and July 16 tive to the profile four feet away. This why the temperature decrease has been 

Figure 7. Soil temperature (°C) as function of depth (feet). Arrow points to the effect of the heat extraction. 
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only 0.5°C, but a contributing factor is 
presumably the insulating properties of 
the snow cover which was not included in 
the model. One implication is that smaller 
grids may be used, which would signifi· 
cantly reduce installation costs (and 
thereby improve the economics). Ob
viously more tests are required, but the 
other very important aspect to be con
sidered remains: What are the long
term effects on the soil? Will the soil re
cover thermally by itself or are we grad
ually creating permafrost? This is a key 
problem which can only be addressed by 
monitoring the soil temperature through 
several yearly heating cycles. 

ECONOMIC ANALYSIS 

Current price estimates indicate that a 
heat pump heating system may be bought 
and installed for approximately $7000. 
A breakdown of the costs involved with 
heat pump, oil, and electric 
heating is given in Table 1. 

TABLE 1 
Heating System Prices 

OIL HEAT 

Furnace 
1000 gallon tank 
Excavation 
Chimney 
Hot air dist. system 
Installation & misc. 

TOTAL 

HEAT PUMP 

Heat Pump 
(Command-Aire SWP 541) 


1500' pipe 

Ditch work 

Hot air dist. system 

Installation & misc. 


TOTAL 

RESISTANCE 

60' heaters 
Installation & wiring 

TOTAL 

resistance 

$1200 
600 
250 
200 

1200 
1000 

$4450 

$2000 
1000 
1800 
1200 
1000 

$7000 

$1100 
500 

$1600 

Before there can be any return on the 
additional investment required for a heat 
pump installation, the direct cost of the 
heat delivered by the heat pump must be 

TABLE 2 

15 Year Amortization* -Yearly Payments 


8% 12% 

Resistance Heat $186.93 $ 234.92 

Oil Heat $490.68 $ 616.66 

Heat Pump $841.17 $1057.13 

*Based on initial system costs only (from Table 1 ). 

16% 

$ 286.97 

$ 753.30 

$1291.37 

lower than that of other systems. Using 
June 1981 Fairbanks prices,5 the ratio 
of heat delivered by equal cost units of 
oil and electricity is 2.2. 

With a useful life of 15 years the yearly 
payments on the installation costs for 
heat pump, oil, and electric heat at 8, 12, 
and 16% yearly interest are shown in 
Table 2. The amortization cost and the 
direct costs may be combined to give 
the total yearly cost of the different 
heating systems, which may be done 
graphically. Figure 8 shows the compari
son among heat pump, oil, and resis
tance heating for the Fairbanks area. The 
asterisk marks last year's energy price 
situation.5 With the 1981 price situation 
and an annual interest rate of 12%, heat

-..s::::. 
3 Oil Heat Most 
~ 12.5 Economical-<> 

>
1- 10.0 

u 

0:: 
1- 7.5 
u 
w 
_J 

w 5.0 
LL. 

0 


/ 

w 2.5 / 

pump heating would require a C.O.P. of 
about 3 to be economically competi
tive. Inflation will tend to make heat 
pumps more attractive by reducing the 
impact of the initial investment but we 
have not taken that into account. Also, if 
hydroelectric power is developed in 
interior Alaska, electricity prices can be 
expected to escalate at a slower rate than 
oil prices, which would be advantageous 
for the use of heat pumps. 

Besides the strictly economic consid
erations, there are several other factors 
which may play a significant role in the 
decision to use ground-coupled heat 
pump heating systems. Heat pumps can 
operate automatically, are mechanically 
very reliable, require little maintenance, 

Heat Pump 

Most Economical 


C.O.P.=2.0 

C.O.P.=2.5 


u """""" Resistance Heat 
0:: Most Economical a... 

o~--~--~--~----~--~--~ 
0 	 0.5 1.0 1.5 2.0 2.5 3.0 

PRICE OF HEATING OIL ($/gal) 

Figure 8. Total yearly costs for different heating systems in Fair
banks, assuming: an interest rate of 12%; annual heating load of 
35,000 kWh; a furnace of 65% efficiency; and fuel containing 

138,000 BTU/gal. 
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and present a negligible fire hazard. While 
these advantages provide benefits almost 
exclusively to the owner, the entire com
munity will benefit from the lack of 
atmospheric emission. 

CONTINUATION PLAN 
Results from the preliminary analysis 

of the data for the first winter are very 
encouraging, but we have not operated 
through an entire heating season; further, 
we must monitor the soil temperature 
through several heating seasons to ensure 
that the soil can recover thermally. With
out the assurance that creating perma
frost is not a potential problem, ground
source heat pumps have little future in 
the far north. 

The decrease in soil temperature may 
be minimized by adapting the soil surface 
so as to maximize the (solar) heat absorp
tion during the summer, or by actively 
pumping heat into the ground by cir
culating lukewarm brine. This is being 
done in Sweden, but in wet clay soils. In 

dry soils more heat might dessicate the 
soil around the pipe, and this may dra

matically reduce the heat transfer rate 
into the pipe the following winter. 

The "bottleneck" issue is the long
term effect on the soil. Installations else
where show that the average soil tempera
ture does decrease as a result of the heat 
extraction and that a new equilibrium 
value is reached after about five years of 
operation. However, it may be possible to 
predict the new temperatures by the use 
of computer simulation. We have already 
developed a computer model of the heat 
transfer through the soil, and we believe 
two complete years of data should be suf
ficient to predict the long-term equil
ibrium of the soil. 
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EDITOR'S NOTE: Lest readers expect that the significant questions this project is investigating 
will be answered soon, I must include here an editorial warning: Finding those answers was the 
authors' intent, but it is not certain that it will be their result. Sponsorship difficulties have nearly 
caused this project to slip through the cracks almost since its inception, and account for the 
tentative tone used in describing its possible future. 

Simply put, the ground-source heating system study became an orphan at an early age. The 
Alaska Energy Center signed a contract in February 1981 for the first year ofwhat, according to 
the proposal, was intended to be a multi-year program. The AEC paid its bills through the end of 
June 1981, but died by legislative decision on 1 July. Those programs already underway were to 
be picked up by other appropriate State agencies; the Legislature decided that the Department of 
Commerce, Division of Energy and Power Development, was to become the new sponsor for the 
project reported here. The Legislature provided few details of how this was to be done, however, 
and the DEPD had other things to do ... The Geophysical Institute accepted that eventually the 
bills would be paid, and kept the project going out ofits own state-appropriated funds. 

In early July 1982, the DEPD agreed that it would indeed pay for work already accomplished 
and would provide a maximum of $24,700 for "completing" the project by 30 June 1983. That 
amount will cover operations only - there will be no funds for data analysis. 

The principal investigators are scouting for other sponsors so the work may be completed as it 
was originally envisioned. 
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by Vincent S. Haneman, Jr. 

ELECTROSTATIC CHARGE HAZARDS 
IN HELICOPTERS IN THE ARCTIC 

An Alaskan National Guard CH-54A Sky Crane lifts a bulldozer at Fort Wainwright 
for fire fighting in interior Alaska. Airlifting heavy equipment in Alaska requires spe
cial care to reduce buildup of electrostatic charge. (Photos courtesy of the U.S. Army.) 

A helicopter flying in certain types of 
atmospheres accumulates an electrostatic 
charge that can be a fire hazard, cause 
radio interference, attract lightning, and 
shock people. Most of these charging 
hazards can be particularly severe in the 
Arctic because of the extraordinary dry
ness of the air, yet electrostatic charging 
is not generally recognized as the source 

of some serious problems in arctic trans· 

portation support. 

BACKGROUND 

Helicopters accumulate a charge by 
several processes. First, as they move 
through air, they agglomerate atmospheric 
ions by attraction and by direct impact. 
(The ions can be produced by cosmic 
rays, blowing wind, fracturing ice crys
tals, falling and fractionating rain, falling 
or blowing snow, bubbles bursting at the 
sea surface, and other mechanisms.) Then 
there is that portion of the charge induced 
by friction; it may help to envision a heli
copter rubbing against dust particles, 
developing an electrostatic charge as a cat 
will when it rubs against a chair leg. Fur· 
thermore, internal combustion engines 
produce ions- a flame is a plume of glow

ing ionized gases. 
The National Aeronautics and Space 

Administration has been extensively 
studying the problem of charge buildup 
on flying vehicles, and for some time the 
Department of Defense has been studying 
the problems of he I icopter electrostatic 
charge accumulation. The DOD studies 
have not provided design criteria for heli· 
copters to reduce the charge accumula
tion, but the data indicate that the charge 
rate is proportional to the number of 

Vincent S. Haneman, Jr., is dean of the School of Engineering, University ofAlaska-Fairbanks, and a retired Major General, US. 
Air Force. He believes his extensive experience as a military combat pilot stimulated his interest in the problems ofhelicopters. 
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airborne particles which' come into con
tact with the vehicle, particularly the 
rotor blades; the types of charges of the 
particles; the size and geometry of the 
he I icopter; the relative dielectric constants 
of the aircraft and the particles impinging 
upon it; and the temperatures involved. 
Special dangers may be posed for helicop
ters in the hover and near-hover condition, 
where increased power is required, and 
therefore increased flow through the en
gine and rotor, to provide the lift. The 
resultant turbulence creates a doughnut
shaped flow, bringing exhaust mixture 
high in ions and particles from the ground 
up, around and back down through the 
rotor and the engine intake. This results 
in more particle impacts and therefore 
a higher charge rate. 

The storage capability of the charge on 
the aircraft -the aircraft capacitance - is 
dependent upon this charge rate and the 
intrinsic capacity of the aircraft. Charging 
continues until the voltage exceeds the 
breakdown voltage of the air, when a 
corona discharge equal to the charging 
rate will occur. This can be between 
30,000 and 200,000 volts, again depend
ing upon the aircraft and ambient condi
tions. With drier conditions the capacity 
would be expected to be greater for all 
other parameters being the same, so in 
the Arctic where very low temperatures 
lead to much drier air, one may expect 
higher voltage and greater danger. 

HAZARDS 

Serious hazards exist when an individ
ual or a combustible material becomes 
part of the short circuit path for discharg
ing stored energies of this magnitude, 
i.e., 30,000 to 200,000 volts with capac
ity to provide moderate to high currents. 
Less obvious but also potentially danger
ous are the hazards associated with elec
trostatically caused malfunctions in elec
trical equipment. 

Human Hazards 

The strength of a shock depends on 
both current and voltage - the smaller 
one is, the larger the other can be without 
causing harm - so the amount of energy 
released in a shock is measured in joules. 
At energy levels of five mill ijoules, the 
human body feels a shock; this is the 
threshold of sensitivity. At ten millijoules 
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the shock is uncomfortable. That is about 
the level of the dry winter climate effects 
with which northerners are familiar- the 
charge a person develops walking on the 
carpet in a house, which is discharged 
when he reaches for the grounded light 
switch: it is about 30,000 volts discharged 
over a distance of approximately one 
centimeter. A 100-millijoule shock is 
severe and a one-joule shock kills. This 
one joule is a watt-second, a volt-ampere 
second; with a 30,000-volt charge it would 
require only 0.0000333 ampere-seconds 
to be lethal. 

In dusty environments, the measured 
levels on the CH-54A helicopter have 
exceeded 30 microamperes, with rates of 
200 microamperes sustained for consider
able periods. The accumulation resulted 
in stored energy in the area upward of 
three joules - capable of lethal shock. 

Ignition ofFlammables 

About seven or eight years ago, an air
man refueling a plane in an old hangar at 
Eielson Air Force Base, near Fairbanks, 
drew a static spark from the fur collar of 
his jacket. The spark ignited the fuel 
vapors; the resulting fire destroyed the 
hanger and burned its contents to the 
ground in four hours. This arc was of the 
level of that generated in walking across a 
carpet, and is not near the intensity of 
that obtainable from a helicopter. "Hot 
refueling," i.e. fueling operations with the 
engines running and blades turning, is 
conducted by the armed services now. 
This means all the potential for ignition 
of a fuel fire exists -the presence of flam
mable vapors, continuous charging of the 
airframe, and coronal discharge. 

Energy levels of less than one milli
joule will ignite aviation fuels and other 
highly volatile materials under the most 
ideal conditions of temperature and mix
ture. The level of energy measured in 
airborne helicopters is considerably above 
this minimum and can be considered 

U.S. Army CH-47C Chinook helicopter 
about to hook up equipment for trans
portation into a remote area to help 
Bureau of Land Management fire fighters. 
Grounding of the aircraft at this stage of 
operation is needed to reduce hazard to 
the ground crew. 

extremely hazardous to all flammable 
materials, under proper conditions. 

Military work evidently has concen
trated on this area of the problem. Ac
cording to personnel of the U.S. Army 
Cold Regions Research and Engineering 
Laboratory, the major consideration of 
arctic electrostatic charging hazards has 
been for refueling and arming operations 
of army helicopters. A study done for the 
U.S. Army Arctic Test Center at Ft. 
Greely, Alaska, was primarily concerned 
with the phenomenon's effect on helicop
ter ammunition and fuels. 1 

Corona Discharge 

The corona discharge will occur when 
the voltage level has exceeded the break
down field of the air. This discharge has 
been observed many times on the pickup 
cable hooks of such aircraft as the CH-53. 
The resultant interference creates false 
control signals to servo-operated systems 
and has caused remote control systems 
to activate prematurely and release car
goes, and has also created radio interfer
ence with ground/air communications 
and control I inks. It also provides a 
mechanism to trigger electro-controlled 
explosives. 
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Lightning Strikes 

Thunderstorms are extremely rare in 
the high Arctic, in part because thunder
clouds are most likely to form over warm 
earth surfaces with irregular terrain in 
areas where there is considerable mois
ture in the middle atmosphere. Such con
ditions do occur every summer in interior 
Alaska, however. 

While complete data are not available, 
still the indications are that lightning 
strikes caused by electrostatic discharges 
have occurred. The charge on a helicop
ter may be positive; elevating this charge 
closer to the negative charge at the base 
of a thunderstorm provides a shorter path 
for lightning to discharge, and a higher 
probability that it will strike the helicop
ter, with possibly disastrous results. 

CONCLUSIONS 

The electrostatic capacity of helicop
ters operating in the atmospheric condi
tions found in the Arctic and subarctic 
can cause serious hazards in at least four 
modes. Means to reduce this charge and 
the concommitant dangers must be 
found. 

The aircraft should be grounded elec
trically before such operations as refuel
ing, picking up sling loads, and using 
cable-controlled devices; a conductive 
material such as the steel hoist cable 
should first make contact with suitable 
ground. For areas where water exists, the 

MEETINGS 

When your Outside friends grow tired 
of hearing about your difficulties with 
engineering to beat the ramifications of 
cold, you can always shake them up a bit 
by shifting to another topic vital to most 
sections of Alaska - especially if you 
attend this meeting. Fundamentals of 
Earthquake Engineering, a regional semi
nar of the Earthquake Engineering Re
search Institute, will be held at Alaska 
Pacific University in Anchorage on 19-21 
October 1982. Co-sponsoring organiza
tions with EERI are the U.S. Geological 
Survey Alaska Branch and the Alaska 
Division of Geological and Geophysical 
Surveys. The main sessions will be Over-

quality of the electrical ground is not a 
problem since the cable can be trailed in 
the water, thus discharging the aircraft's 
potential. Extreme caution must be 
exercised over other areas; a frayed 
metallic end on the hook dragged on the 
ground may provide adequate discharge. 

With proper foot gear, ground crew 
standing on dry snow may be isolated 
from real electrical ground. Therefore the 
magnitude of the shock any one of them 
might receive would be limited to that 
required to elevate the individual's body 
potential to that of the aircraft -similar 
to the shock and current flow caused by 
walking on a carpet, as described above. 
However, the effect could be extremely 
dangerous in and around heavy opera
tions: Recall that it is only an order of 
magnitude, a factor of ten, for severe 
shock, and this could certainly occur, even 
if the person was isolated from real 
ground. 

Operating in thunderstorms obviously 
should be avoided. 

RECOMMENDATIONS 

1. Measurements of charge rates on a 
number of helicopter types with different 
loads under recorded conditions of snow, 
dust, and particulate matter are required 
to provide a synoptic picture of the elec
trostatic charge phenomenon. 

2. An effective discharge technique 
for operations at hover is needed. It may 
not always be prudent to dunk the lift 

view of the Fundamentals of Earthquake 
Engineering in Alaska-a Multidisciplinary 
Team Activity; Overview of Empirical, 
Experimental, and Theoretical Data that 
Guide Design Criteria; and Structural 
Design Problems. Additionally, there will 
be two panel discussions on current 
Alaskan design problems: Siting Consider
ations for New Construction and Founda
tions in Arctic and Offshore Environ
ments. The sessions are not concurrent, 
so it will be possible to attend all ofthem. 
Most of the 14 speakers are engineers; all 
are scheduled to allow time for questions. 

The fee of $275 will cover all three 
days of the seminar, three lunches, one 
dinner and one cocktail party. Registra
tion forms and information packets are 

hook even if free water is available, 
given the possibility of snaring an under
water obstruction. 

3. Individual shock protection should 
be tested under arctic conditions. The 
potential isolation of bunny boots and 
dry snow may be less than the break
down voltage of air, and thus provide 
little or no protection. 

4. All automated or remote control 
systems must be checked for sensitivity 
to voltage surges and spurious transmis
sion signals. Release of a load a few feet 
or even a few inches above the desired 
point can have disastrous results. 

5. All flammable materials in these 
systems must be protected by positive 
grounding features. (One of the problems 
to be solved is that of finding a true 
ground under arctic conditions.) Arcing 
must be suppressed. 

6. Hover operations of helicopters 
during electrical storms are at best ill ad
vised. There appears to be no solution to 
this problem other than to avoid operating 
in such storms. 

REFERENCES 

1 Davey, Charles T. 1974. Static Electricity 
Study on Helicopter Related Safety 
with Ammunition and Fuels (U) U.S. 
Army Arctic Test Center, Report 
Contract DAFA03-73-C-0190, Final 
Report F-C 3706. Applied Physics 
Laboratory, January. + 

available from Martha Jokela, Harding
Lawson Associates, 624 West Interna
tional Airport Road, Anchorage, AK 
99502; phone (907)276-8102. 

* * * * 

Arctic Drilling: Promise and Potential 
will be held October 13th and 14th at the 
Fairmont Hotel in San Francisco. The 
program is designed for executives in
volved in or seeking entry into arctic oil 
and gas exploration, drilling, production 
and service industries as well as financial, 
legal and consulting firms serving the arctic 
region, and all industries affected by the 
prospects and the outlook for arctic drill
ing. The emphasis will be on technology 
and economic assessment. Speakers are 
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LETTER 

to the lower skins, which he envisioned to be rich lands 

That sinking feeling . .. crowded with animals, would be via a hole that his theory 
said must exist at the North Pole (he was sure there was one

Reference: "Symmes' Hole," Volume 3, No. 1 
at the South Pole as well, but north seemed the easier direc· 

Dear Editor, tion in those days). He convinced a fair number of people, 
This is a follow-up to my letter to you dated June 22, 1971, including at least one Congressman, but was unable to raise 

(Volume 3, No. 3) regarding "Symmes' Hole," which appeared enough money for an expedition in search of the hole. 
in Volume 3, No. 1. Reader Sweet was much taken with the possibility offind

I apologize for the delay in corresponding. ing Symmes' Hole to use as a garbage repository, suggesting in 
I can now state that Symmes' Hole does exist and I have his Vol. 3, No. 3 letter that "the heat from radioactive waste 

found it. It is locally known as the Farmers Loop Sinkhole. products would melt down old car bodies which could even
This phenomenon is being investigated and will be reported tually be mined and reused. " 
to you in future correspondence. Author Sweet was far less taken with the Farmers Loop 

Sincerely, Sinkhole, a local horror on the highway which he and Billy 
Larry Sweet Connor discussed in Vol. 12, No. 4. By that time, Sweet was 
Fairbanks, Alaska (and is) head of the Alaska Department of Transportation and 

Public Facilities Research Section, which is searching for an 
To spare you searching the old TNEs, gentle readers, here's affordable fix for the hole. So far, the Sinkhole is winning.

some background explanation for the letter above: 
Ironically, the Sinkhole is a splendid trap for cars - many

John Cleves Symmes, as reported by historian Bill Hunt in ofwhich were not old before they started across it. 
Vol. 3, No. 1, was busy during the 1820s convincing people 

The moral of this story may be: He who puts tongue in 
that the earth was a set of layers rather like an onion. Access cheek may find unexpected hole. 

drawn from the Alaskan state government, 
oil and gas industry, consulting, and oil 
service communities. For further informa
tion contact Paul N. Gilman, planning 
manager, The Energy Bureau, Inc., 41 East 

technical program will be an array of post
meeting tours; options include ore pellet
izing facilities, loading docks and ter
minals, open pit and underground mines, 
and ore boats. 

NOTED 

Coming soon: Detailed information on 
the new Alaska Academy of Engineering 
and Science. Preliminary organizational 

42nd Street, New York, NY 10017; phone 
(212)687-3177. 

* * * * 
The District No. 2 convention of the 

Canadian Institute of Mining and Metal

More information is available from Ms. 
Linda Boudreault, Chairman - Publicity, 
P 0. Box 999, Sept-Iles, Quebec G4R 4S3, 
Canada; telex 051-8-4102. 

meetings have been held in Fairbanks and 
Anchorage, and by-laws have been 
drafted, but it's not too late to contribute 
to the basic design of the organization. 
The people who need to hear from you 

lurgical Engineers will be held at Sept * * * * are W.M Sackinger, Geophysical Institute, 

lies, Quebec, on 13-16 September 1982. 
Theme for the meeting is, "The 80's - a 

In conjunction with the 33rd AAAS 
Alaska Science Conference mentioned 

University of 
99701 (phone 

Alaska, Fairbanks, AK 
474-7864); or Lyle D. 

challenge for the Quebec North Shore 
mining industry." Despite the apparent 
local emphasis, the organizers stress that 

last issue, there will also be the 29th 
Pacific Northwest Meeting of the Amer
ican Geophysical Union, 15-16 Sep

Perrigo, Battelle Alaska Operations, 101 
W. Benson, Suite 305, Anchorage, AK 
99503 (phone 274-8811). 

the meeting's real perspective is global, tember 1982, at Alaskaland in Fair * * * * 
and the listed speakers hail from all over banks. Presented papers will concen Honors to authors past: Christine 
North America. Technical presentations trate on the Pacific Northwest and Ehlig-Economides (TNE Vol. 13, No. 1) 
will address energy resources management, Alaska; sessions are slated for glaciol and Michael Economides (Vol. 13, No.2) 
productivity improvement, developing ogy, hydrology, geochemistry, meteor have been named technical editors for 
new ore deposits, open pit and under ology, oceanography, seismology and the Journal of Petroleum Technology 
ground mining, handling and transporta volcanology. Two interdisciplinary ses and the Society of Petroleum Engineers 
tion of raw and beneficiated material, sions are also planned, one on the geo Journal. Dr. Ehlig-Economides was also 
health and safety, and the outlook for physics of Alaska's Pacific coast and named recipient of one of the six Society 
the mining industry. The final session is the other on the oceanography of the of Petroleum Engineers Distinguished 
devoted to the Carol project, based in Beaufort Sea. Incidentally, one form Achievement Awards for Petroleum En
Labrador City, Newfoundland - and one can register you for both the AAAS gineering Faculty. 
of the papers is on the development of and PNAGU meetings. Forms or fur * * * * 
Labrador City itself. Simultaneous trans
lation will be available throughout the 
conference. Supplementing the substantial 

ther information may be obtained from 
the Institute of Marine Science, Uni
versity ofAlaska, Fairbanks, AK 99701. 

The ARCTEC, Incorporated news
letter Ice News early this year announced 
both a new compound of the firm's 
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proprietary synthetic MOD-ICE and two 
new ice model basins. Though they say 
the properties of the new synthetic ice 
"are insensitive to temperature," they 
resisted all temptations to build an ice 
basin in Honolulu. The larger facility 
is in Calgary, Alberta; the other is in 
ARCTEC's home town of Columbia, 
Maryland, and is to serve specifically 

the U.S. oil and offshore industries as 
they explore Alaska's offshore waters, 
according to the News. Further informa
tion on the basins or the synthetic ice 
is available from Carol Lewis, ARCTEC 
Incorporated, 9104 Red Branch Road, 
Columbia, MD 21045. 

* * * * 

Do you have some photographs of 
Alaskan earthquake damage tucked away 
in a shoe box? If so, Julia Triplehorn 
and John Davies of the Geophysical 
Institute at the University of Alaska
Fairbanks would like to hear from 
you. With seed money from the Alaska 
State Library, they have begun a proj
ect to collect, document and archive 
photographs of the effects of earth

quakes in Alaska. 
Julia Triplehorn, the Geophysical 

Institute librarian, will be the cura
tor of the collection. John Davies, a 
research associate in the Geophysical 
Institute Seismology Laboratory, is doc
umenting the effects of Alaskan earth
quakes and has developed a classifica
tion system that will allow computer
aided retrieval of specific photographs 

from the collection. 
An index to the collection will be 

distributed to many libraries around 
Alaska and will be available to individ
uals upon request from the Geophysical 
Institute Library. If you have infor
mation or photographs please contact 
Julia Triplehorn, Geophysical Institute 
Library, 903 Koyukuk Ave. North, 
Fairbanks, AK 99701; phone 474-7503. 

* * * * 
Now there's a national center for U.S. 

snow and ice data, thanks to the National 
Oceanic and Atmospheric Administration. 
The new center is a national counterpart 
to the existing World Data Center-A for 
Glaciology. Operated by the University of 
Colorado through the NOAA-University 
Cooperative Institute for Research in En

vironmental Sciences, the national center 
is directed by Dr. Roger G. Barry. 

The center provides a national focus 
for snow and ice data collected by 
federal and state agencies, industry, and 
university researchers. It will provide 
services and guidance on data-related 
matters, especially the development of 
standard procedures and formats for 
snow and ice data sets. It will also work 
to ensure that appropriate data manage
ment plans accompany new observational 

systems and programs and that important 


historical data are preserved. 

The center's files include historical 

glacier photos for western North America; 
data from ice cores and echo sounding of 
ice sheets; charts, data, and satellite im
agery on snow cover and sea ice condi
tions; information on Great Lakes ice 
conditions; and a major reference collec
tion of published reports on all forms of 
snow and ice occurrence, properties, and 
processes, and their effects. 

Mailing address for the Snow and Ice 
Data Center is: NSIDC/WDC-A for Gla
ciology, CIRES, Box 449, University of 
Colorado, Boulder, CO 80309. 

PUBLICATIONS 

These almost appeared under our 
Noted heading: Research Notes are single
page synopses of current work by the 
Alaska Department of Transportation 
and Public Facilities Research Section. 
The Notes are not technical, but pro
vide enough content so that a prac
ticing engineer could tell if the full 
report for a given project was worth 
requesting - they're a sort of Reader's 
Digest on DOTPF research. Recent 
subjects have included two that follow 
up on TNE articles: using Rankine cy
cle turbines for the Noorvik village air
port lighting project (Vol. 12, No. 4) 
and using solar power to thaw highway 
culverts (Vol. 13, No. 3) -they now have 
a less expensive, more vandal-proof 
version of the thawing device. Other topics 
covered in the past few months are high
way load determination, the falling weight 
deflectometer (it works), ceramic insula
tion (it doesn't - at least not as well as 
was claimed), permafrost detection, and 

air-vapor barriers. 

You can join the mailing list for 
Research Notes merely by writing Barbara 
Trego, Publications Specialist, ADOTPF 
Research Section, 2301 Feger Road, Fair
banks, AK; phone (907)479-2241. 

* * * * 

If publications could have colleagues, 

one of TNE's would certainly be The 

Musk-Ox, a refereed multidisciplinary 

journal of the north. Thus we are happy 

to report that rumors of its closure are 

wrong. Its parent organization, the 

University of Saskatchewan's Institute of 

Northern Studies, has closed this year, 
but the publication is being continued 
by the Department of Geological Sciences 
in that university. They are campaigning 
for more subscribers, however, and sub
scriptions are still a bargain -$15 Canadian 
for individuals, $8 for students and over
65s, $25 for institutions. That buys two 
issues per year, each over 100 pages long. 
The tone is scholarly but readable; though 
a typical issue could contain topics ranging 
from annals of early Canadian explora
tion to lichen regrowth rates, points of 
interest to northern engineers not only 
appear but may predominate. Issue No. 
15, for example, was devoted largely to 
the Churchill River hydroelectric develop

ment. 

If you're interested, write U-Learn, 
Box 22, University of Saskatchewan, 
Saskatoon, Saskatchewan S7N OWO, 
Canada; if you're convinced, send along 
a check made out to the University of 

Saskatchewan. 

* * * * 

Cook Inlet Historical Society has 
published The Opening of Alaska, by 
Brig. Gen. William "Billy" Mitchell. The 
book relates experiences Mitchell had as 
a young Signal Corps officer while he 
worked on the military telegraph line 

in Alaska during 1901-1903. 

Lyman L. Woodman, who has contrib
uted several articles to TNE on technolog
ical aspects of military history in the 
north, edited Mitchell's manuscript and 
added photographs, drawings, and maps. 

The book is available from Cook Inlet 
Historical Society, 121 West Seventh Ave
nue, Anchorage, AK 99501, for $8.25 
plus $1 for postage and handling. + 
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-Phil Johnson 
1922-1982 

Another old friend to The Northern 
Engineer has died. Phil contributed an article 
to Volume 1, Number 1, and to many issues 
thereafter; though he managed to keep his 
name off the masthead, he also managed to 
assist every editor TNE has had. Sometimes 
his assistance sounded very like harassment, 
because he enjoyed disguising good deeds 
and even more enjoyed arguing about 
whether he had done anything helpful at 
all . .. But then there was little he didn't en
joy arguing about, confident that knowledge 
would come out of that sport even if truth 
wouldn't. 

The following obituary details were com
piled by Lee Leonard with the help ofPhil's 
family. 

Philip R. Johnson was born February 6, 1922 on the family 
farm in Hillman, Minnesota, the third of four children. He 
joined the U.S. Air Force in 1942 and served for the duration 
of World War II as a navigator with the 8th Air Force in 
England. 

He remained with the military after the war and in 1946 
married Beverly Carlson of St. Paul, Minnesota. Two years 
later, Phil was transferred to Alaska. He left the service in 
1952, and the family remained on the homestead at 33 Mile 
Richardson Highway off the road that now bears the Johnson 
name. For the next several years he worked as Chairman of 
the Alaska Agricultural Stabilization and Conservation Com
mittee. 

In 1960 Phil enrolled in Civil Engineering at the University 
of Alaska, receiving his Bachelor's degree in 1964 and a Mas
ter's in Engineering Management in 1965. For the rest of his 
life Phil pursued a career in arctic engineering research, first 
with the University of Alaska, later with the Air Force at 
Eielson Air Force Base and the Army's Cold Regions Research 
and Engineering Lab at Fort Wainwright. After retiring in 
1979, Phil continued his investigations into the engineering 
properties of ice until his death in April. 

Phil is survived by his son, Bruce Johnson of Boulder, Col
orado, his daughter, Lee Johnson of Fairbanks, two brothers, 
Glenn Johnson of Fairbanks and Richard Johnson of Hay
ward, California, and a sister, Estelle Rhubee of Minneapolis, 
Minnesota. 
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