


by Vincent S. Haneman, Jr. 

An Overview: 

The Future of the School of Engineering 

The School of Engineering, University 
of Alaska-Fairbanks, is not large by any 
measure except one: that is the impact it 
has had on the past, present and future of 
the state. The talents that are embodied 
in the faculty, the expertise emplanted in 
its graduated engineers, and the research 
conducted by its faculty and students 
are of paramount importance to Alaska 
and Alaskans. For Alaska, the School of 
Engineering is a resource, one as impor
tant in its own way as the Prudhoe Bay 
oil field. Leadership of such men as 
Charles Sargeant and Charles Behlke has 
created for this state a unique school with 
an extraordinary potential that has yet to 
be fully realized. 

Nationally, our capacity to meet the 
engineering needs of the northland is well 
recognized. Some of the work reported in 
the following pages has been presented at 
national conferences; our engineering 
graduates are working in many states. Our 
Arctic Engineering course enjoys a great 
demand throughout the United States, 
and has been taught in such places as 
Denver, Seattle and Boston this past 
year. Previous years have seen Arctic 
Engineering offered in Houston and Los 
Angeles. 

Our work is well known in other 
countries as well. Further, the interna
tional reputation of the various research 
institutes on campus lends prestige to any 
scientific-engineering undertaking by the 
University of Alaska. The ability for the 
School faculty to hold joint appoint
ments in the institutes has done much to 
provide skill not found elsewhere. 

The School of Engineering has done 
much of which it can be proud, as I 
believe the collection of articles by our 
faculty and students presented here well 
illustrates. But the future will make new 
and greater demands, for both the School 
and the state. The road to the future will 
not be smooth; dips, hollows, even 
crevasses will have to be bridged. Crevas
ses on the trail never deterred Alaska's 
pioneers and I don't expect them to deter 
us in continuing to build the outstanding 
engineering school of the north. We shall 
capitalize on our "northernness". We 
shall provide the capability and talents 
necessary for Alaska to meet the demands 
of the future. 

LONG-RANGE CONSIDERATIONS 

The School has a mandate to meet all 
the criteria set forth for a land grant 
university: to provide instruction, research 
and public service. The last item includes 
assistance to the citizens of Alaska in all 
forms of extension and of continuing 
education. The School must also meet the 
needs of a growing state in both depth 
and breadth of engineering disciplines. 
To accomplish this, the areas of civil, 
electrical and mechanical engineering will 
be provided with the talent to fill out the 
subdisciplines, i.e. the faculty to provide 
the skills for the tripartite mission. 

Jobs, a higher standard of living and 
improved quality of life, and freedom of 
action for Alaskans hinge upon the state's 
acquisition of a very special industrial 
base, a base so selected tftat its require-

Dean Haneman 

ments, standards and limitations produce 
as little degradation to our present en
vironment as possible. Gaining such an 
industrial base is keyed to the availability 
of professionals educated and trained in 
the engineering disciplines which match 
the industry's requirements. 

The fundamental industrial bases most 
likely to locate in Alaska soon are those 
of petroleum and petrochemicals. These 
two industries especially need chemical 
engineers, who are in short supply. 
Chemical engineers with cold weather 
backgrounds will be particularly needed 
- and they are virtually nonexistent now. 
The basic three disciplines offered here at 
UAF - civil, electrical, and mechanical 

(Continued on page 47.) 

Vincent S. Haneman, Jr. became dean, School of Engineering, at the University ofAlaska, Fairbanks, in September 1980, coming 
from Auburn University where he had been dean of engineering since 19 72. He is a graduate ofMIT and the University ofMichigan; 
a registered professional engineer in Alabama, Ohio, Oklahoma and Texas; a retired Major General, US. Air Force; past president of 
the American Society for Engineering Education; and for 15 years had his own engineering firm. 

The Northern Engineer, Vol. 13, No.3 2 



NORTHERN 

ENGINEER 


Editor 

Carla Helfferich 


Editorial Advisor 

Lee Leonard 


Associate Editor 

Barbara Matthews 


Subscription Manager/Typesetting 

Teri Lucara 


Finance Officer 

Neta Stilkey 


Editorial Board 


John Bates 

Deputy Commissioner, DOTPF 


Juneau 

Joseph M. Colonel! 


Woodward-Clyde Consultants 

Anchorage 

Mark Fryer 


Consulting Engineers 

Anchorage 


Paul Goodwin 

Variance Corporation 


Anchorage 

Keith B. Mather 


Vice Chancellor for Research, UAF 

Janet Matheson 


Architect 

Fairbanks 


John M. Miller 

Geophysical Institute, UAF 


Elbert F. Rice 

Civil Engineering, UAF 


Tunis Wentink, Jr. 

Geophysical Institute, UAF 


John Zarling 

Mechanical Engineering, UAF 


{ISSN 0029-3083} 

Volume 13, Number 3 Fall 1981 

TABLE OF CONTENTS 

An Overview: The Future of the School of Engineering 
Vincent S. Haneman, Jr........................................2 

Meteor Burst Communications Technology for Alaskan Applications 
T.D. Roberts and K.J. Kokjer ...................................4 


Gyro-Theodolite Performance at High Latitudes 
William W. Mendenhall ........................................8 

Using Hydrocyclones to Treat Seafood Processing Wastewaters 
Ronald A. Johnson and Kerry L. Lindley ........................... 11 

Waste Heat for a Village Greenhouse 
Herb Schroeder and Michael J. Stinebaugh .......................... 16 

Airship Operation in Alaska 
J.B. Tiedemann ............................................ 20 


Precipitation Depolarization of Satellite Signals in Sitka, Alaska 
R.P. Merritt, T.D. Roberts and R.D. Hunsucker ....................... 24 


Groundwater Recharge in Cold Regions 
D.L. Kane ............................................... 28 


Effects of Geomagnetically Induced Current on Electric Power Systems 
J.D. Aspnes, R.P. Merritt and S.-1. Akasofu ......................... 34 


Solar-Assisted Culvert Thawing Device 
Fred Miller and John Zarling ................................... 39 

Review, Notes, Publications ...................................... 43 


COVER 
It looks like a frozen rainbow, but it's actually a playful student exercise: the 

traditional ice arch appears in a different form each year as part of the Engineers' 
Week festivities at the University of Alaska's Fairbanks campus. (The Elmer E. Rasmuson 
Library is in the background. UAF photo by Sabra McCracken.) 

THE NORTHERN ENGINEER is a quarterly publication of the Geophysical 
Institute, University of Alaska - Dr. Juan G. Roederer, Director. It focuses on engin
eering practice and technological developments in cold regions, but in the broadest 
sense. We will consider articles stemming from the physical, biological and behavioral 
sciences, also views and comments having a social or political thrust, so long as the 
viewpoint relates to technical problems of northern habitation, commerce, develop
ment or the environment. Contributions from other polar nations are welcome. We 
are pleased to include book reviews on appropriate subjects, and announcements of 
forthcoming meetings of interest to northern communities. "Letters to the Editor" 
will be published if of general interest; these should not exceed 300 words. Subscrip
tion rates for THE NORTHERN ENGINEER are $10 for one year, $15 for two years, 
and $35 for five years. Some back issues are available for $2.50 each. Address all 
correspondence to THE EDITOR, THE NORTHERN ENGINEER, GEOPHYSICAL 
INSTITUTE, UNIVERSITY OF ALASKA, FAIRBANKS, ALASKA 99701, U.S.A. 
The University of Alaska is an EO/AA employer and educational institution. 
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by T.D. Roberts and K.J. Kokjer 

Meteor Burst Communications 
Technology for Alaskan Applications 

INTRODUCTION 
The phenomenon of radio propagation 

by reflection from ionized meteor trails 
has been studied by radio physicists for 
several decades.1 Meteor trails occur 
more frequently than casual observation 
might suggest: Trails with useful electron 
densities for refracting radio frequencies 
in the range from 40 to 50 megahertz 
(MHz) are sufficiently plentiful to provide 
a reliable communications medium over a 
range of 1200 miles or so, provided the 
transmission time is less than a tenth of 
a second. The relatively short life of ion
ized meteor trails severely restricts the 
length of messages in real time. The re
striction on message length caused meteor 
scatter communication to be no more 
than an interesting curiosity until the 
advent of inexpensive computers, in 
particular microprocessor "computers on 
a chip" in the early 1970s. As with so 
many other communications systems, the 
microprocessor has revolutionized meteor 
burst communications; it has become 
possible to build inexpensive transceivers 
that send useful messages during the brief 
interval that a meteor trail exists. The 
overall scheme of one operational system 
is depicted in Figure 1. 

SYSTEM DESIGN 

A meteor burst system consists of a 
master station and a network of remote 
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Figure 1. Experimental meteor burst communications system. 

stations located within a radius of approx
imately 1200 miles of the master station. 
Each remote station is microprocessor 
controlled and contains information 
stored in a memory in digital form. The 
information may be such things as a set 
of environmental measurements (such as 
temperatures, wind speed, snow depth), 
a set of operating parameters for a build

ing (such as boiler temperatures or volt
age levels) or a short message that has 
been entered from a computer terminal 
connected to the transceiver. To retrieve 
this information, the master station 
sends out coded polling pulses at regular 
intervals. When a transmission path exists 
between a selected remote station and the 
master station, the remote station receives 

Thomas D. Roberts is a professor of electrical engineering, director of the newly-created Engineering Experiment Station (EES), 
and electrical engineering department head, at UAF. Dr. Roberts has published work in the fields ofplasma and ionospheric physics, 
radio propagation, communications, and electronics. Kenneth J. Kokjer, associate professor of electrical engineering and biophysics, 
has a shared appointment with the Institute of Arctic Biology and the School of Engineering. Dr. Kokjer's research interests include 
satellite broadcasting techniques and biomedical instrumentation. 
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the polling signal, and responds by trans
mitting the information it has stored in 
a coded burst. When the master station 
has received the message, it responds by 
transmitting an acknowledgment. The 
remote station is then instructed to begin 
a new data collection cycle. This whole 
sequence of events takes place in less than 
80 milliseconds. The master station may 
poll according to some preset routine, or 
a user may command data from a specific 
remote station. 

A typical signal "footprint" from the 
master station is about 4 x 25 miles and 
roughly oval in shape. There may be 
clusters of remote stations lying within 
this footprint which could be accessed 
through the same meteor trail, and such 
stations are placed in separate polling 
groups to prevent two or more from 
responding simultaneously. Stations with
in a given cluster are distinguishable by 
a station identification code. 

The master station consists of the 
transmitter, power amplifier, receivers, 
duplexer filter, a NOVA minicomputer 
used for control and data storage, control 
interface circuitry, and communication 
circuitry to support the links to the on
line terminals and to the University of 
Alaska computer network. Antenna re
quirements are six directional yagi an
tennas oriented 60 degrees apart for full 
circle coverage. 

The Alaska master station operates on 
a transmit frequency of 40.69 MHz and 
a receive frequency of 41.77 MHz. It 
employs Phase Shift Keying (PSK) at a 
rate of typically two thousand bits of 
coded information (two kilobits) per 
second. The power output is on the order 
of 300 watts, which is coupled to one of 
the directional antennas, depending on 
the geographic region being polled. Dur
ing normal operation the minicomputer 
processor automatically controls master 
station .scheduling, information transmis
sion and reception, data logging, and in
terfacing with other computers and tele
types. Duplexer filters allow simultaneous 
operation of both transmitter and receiver 
using the same antenna. 

The master station is assembled from 
"off the shelf" parts and modules, many 
of which are quite familiar to even novice 
radio communicators. A variety of com
mercial manufacturers' gear is thus 

available for the various system com
ponents. 

The remote station consists of a trans
ceiver, data acquisition and storage cir
cuitry, sensors, the controlling micro
processor, power supply, and antenna. 
Each specific remote station configura
tion depends on the particular applica
tion. A remote station is normally dor
mant to conserve power (idling power is 
only a few tens of milliwatts) until the 
polling signal from the master station 
has been received. Remote station data are 
updated at selectable intervals in the most 
recent design, requiring about 1 watt for 
a second or so. A computer terminal 
may be used to send and receive messages 
to the master station. Remote station 
antenna specifications are flexible. Folded 
dipoles, inverted vees, small yagis, etc. 
may be used depending on terrain, radio 
horizon, and other limiting characteris
tics of the remote station site; one 
example in shown in Figure 2. 

SYSTEM PERFORMANCE 

Meteor burst systems have been opera
ting since the mid-seventies. The only 
operational network in Alaska was put on 
the air in 1978 for monitoring environ
mental data for several Federal agencies. 
Early history of the network was, pre
dictably, characterized by frequent main
tenance and operational problems so 
typical of any new communications sys
tem. Reliability has steadily improved to 
the point where it is possible to make 
some quantitative estimates of overall 
performance. 

Assuming good system maintenance, 
the following rough performance charac
teristics, based on the experience of Fed
eral users, and based on a prototype 
weather communications link operated 
by the FAA in cooperation with Meteor 
Data, Inc., may be inferred. 

Maximum Remote Stations 
pOO nominal 

MeS$age Reliability 
95% probability for successful transmis
sion of short messages within 30 minutes. 

Instantaneous (Broadcasting) Bit Rate 
2K bits/second, nominal 

Average Bit Rate 
1.5 bits/second (good conditions) 
0.1 bits/second (poor conditions) 

These performance characteristics are 
critically dependent on receiver noise, 
optimum controller operation, propa
gation conditions, and message length. 
The Federal system has not been op
erated near full message-carrying ca
pacity. It is therefore not possible to 
make accurate predictions concerning 
system sensitivity to overloading. It 
should be noted that a single frequen
cy point-to-point high frequency (HF) 
conventional system may be expected 
to have a message reliability of only 
about 30% at high latitudes. Frequen
cy diversity could improve the reli
ability to perhaps 80%, but the dras
tic "blackout" effects usually associ
ated with H F radio due to aurora, Polar 
Cap Absorption, etc., are minimal or 
nonexistent in a meteor burst system.2 

There are significant daily and seasonal 
variations in the number of meteor trails, 
and meteor burst system performance 
varies accordingly. In general, usable 
meteor trails peak at about 0600 local 
time, and are least likely to occur at 1800 
hours local time. The diurnal variation 
is roughly sinusoidal. Meteor occurrences 
peak during the summer months and are 
least likely during the winter. The effect 
of these variations is to alter the average 
bit rate capability of the system_ One 
may reasonably expect a bit rate of per
haps 5000 bits per hour on a summer 
morning; on a winter evening 1000 bits 
per hour might be expected under typical 
conditions, based on field experience 
with the system. 

The efficiency of a meteor burst sys
tem is obviously very dependent on the 
state of microcomputer technology. As of 
mid-1981, a typical system might have 
the following characteristics.3 

Typical Master Station Characteristics 


Operating Frequency 

40-50 MHz duplex, ·1 MHz offset 


Range 

1000 miles isotropic nominal 


Maximum Addressable Remotes 

500 (practical) 


Modulation/Bit Rate 

PSK; 2K BPS nominal 


Maximum Signal Acquisition Time 

10 milliseconds nominal 


Frequency Stability 

.0005% minimum 
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Noise Figure 

4 dB maximum 


System Impedance 

50 ohms nominal 


Maximum Bit Error Rate 

1 part in 10,000 

Power Output 


300 watts typical 

Duplexer Isolation 

90 dB min. Tx/Rx 


Harmonic Suppression 

70 dB min. 


Receiver Sensitivity 

-120 dBm min. 


Selectivity 

60 dB min. 


Processor Core 

16K min. 


Typical Remote Station Characteristics 


Operating Temperature 

-40 to +60 degrees Celsius 


Power Requirements 

transmit +28 to +36 volts; 20 amp +12 


volts; 100 mA 
Transmit Time 


0.10 seconds (nominal) 

Signal Acquisition Time 

0.01 seconds maximum 


Frequency Stability 

.0025% -40 to +60 degrees Celsius 


Power Output 

300 watts nominal 


Unwanted Frequencies 

70 dB below maximum power 


Data A/D Resolution 

12 bits 


DEMONSTRATION PROJECT 

The Alaska Department of Transporta
tion and Public Facilities (DOTPF) has 
become involved in remote monitoring 
of state facilities for the purpose of oper
ation and maintenance, especially for 
those buildings in locations where well
trained maintenance personnel are not 
available. Several schemes have been 
proposed for instrumenting facilities and 
transmitting operating data back to a 
central maintenance location where such 
factors as equipment use, energy efficien
cy, and hazardous conditions can be 
monitored to help spot impending fail
ures. One of the most promising tech
niques for data transmission is a network 
of meteor burst remote stations as 
described above. A number of questions 
arise concerning the application of meteor 
burst technology to the remote monitor
ing problem: How effective is the latest 
version of the system for carrying out 
emergency communications? Which fea-

Figure 2. Two-element yagi (with solar panel) at a remote station. 

tures of the "second generation" system 
should be modified for optimum State 
needs? Does introduction of a remote 
station interfere with normal maintenance 
and other operations? 

The project described in this report is 
a demonstration project for evaluating 
the feasibility of meteor burst technology 
in DOTPF applications. It consists of two 
phases: 

1. Calibration and testing of sensors 
and remote station on the University of 
Alaska, Fairbanks campus. 

2. Installation and evaluation of per
formance under severe operating condi
tions at a remote facility. 

Phase one has been successfully com
pleted and phase two is underway. 

SITE SElECTION AND 
CHOICE OF INSTRUMENTATION 

In November, 1980, a proposed site 
at the repeater location on Caribou 
Mountain, north of the Yukon River on 
the Dalton Highway, was inspected and 
evaluated for suitability as a test location. 
Two small buildings containing a genera
tor and VHF transmitting gear are located 
here, as well as a transmitting tower. The 
site is subjected to severe winds and 
temperatures. The radio horizon is good, 
but the signal path is close .to the worst 
case for signal propagation, so that iono
spheric disturbances will have the greatest 
effect on system reliability. The site was 
judged to be suitably "remote" yet 
reasonably accessible for experimentation, 
while providing harsh and unfavorable 
operating conditions. 

Physical parameters selected for moni
toring were indoor and outdoor air 
temperatures, generator oil temperature, 
line voltage, and wind speed and direction. 

The remote station is a prototype unit 
manufactured by Meteor Communications 
Consultants and consists of a 300-watt 
transceiver and a microprocessor-con
trolled data acquisition unit which peri
odically reads and stores the data from 
six sensors. The unit is an improved ver
sion of units presently used by Federal 
agencies in Alaska. There is a 4K memory 
on board, with 16K available optionally. 
A 300-baud RS-232-C interface allows 
data readout using a standard terminal. 
Short messages may also be sent and re
ceived without the need for external units 

The Northern Engineer, Vol. 13, No.3 6 



d 1 d2 d3 d4 d5 d6 

zas,811740704, 1579,1354,2000,0664,0029,0690 
zas,811740805, 1591,1358,2001,0670,0003,0695 
zas,811740909, 1602,1367,2003,0684,0027,0705 
zas,811741004, 1607,1372,2003,0686,0041,0706 

Figure 3. zas,811741226,0007, 1382,2005,1229,0032,0720 
zas,811741345,0006, 1394,2007,1232,0021,0728 Facsimile of computer print-out of data from the 
zal,811741606,0000,0000,0000,2977 Caribou Mountain site, coded "zas". The 9-digit number 
zal, 811750742,0000,0000,0000,2977 ~ refers to the year, day and time. For example, the first 
zas,811751933, 1407,1263,2024,1141,0455,1749 entry refers to day #174 of 1981 at 0704 hours. 
zas,811752001, 1401,1249,1828,1129,0445,1750 The next set of six 4-digit numbers are coded deci
zas,811752113, 1400,1236,1960,1112,0355,1718 mal outputs referring to the sensor data. (See text.) 
zas,811752203, 1426,1275,1996,1094,0212,1698 From left to right, the outputs represent generator vol
zas,811752303, 1421,1311,1785,1082,0416,1687 tage, inside air temperature, wind direction, outside air 
zas,811760002, 1425,1335,1640,1055,0207,1676 temperature, wind speed, and generator oil temperature. 
zas,811760102, 1408,1341,1797,1046,0392,1679 The arrow points to the first entry after the station 
zas,811760201, 1435,1345,1751,0991,0184,1669 was installed at the Caribou Mountain site; data before 
zas,811760301, 1498,1351,2246,1019,0087,1602 the arrow are test data obtained from the Duckering 
zas,811760401, 1433,1348,1868,1021,0334,1621 Building location. 

such as the FT/PCU required on the Fed
eral stations. Sampling times are selectable 
by simple wiring connections. The Caribou 
Mountain unit samples all sensors every 
ten minutes. The station is polled every 
hour by the master station and the data 
are transferred to the University of 
Alaska computer network for storage on 
a permanent file. Data from a period 
immediately after installation are shown in 
Figure 3. The data are in unprocessed 
(decimal) form and may be interpreted 
with the aid of the following equations: 

Generator Voltage 
V = .0545 (d1) + 33.5 rms volts 

Inside Air Temperature 
T = .100 (d2) - 60.4 degrees Fahrenheit 

Wind Direction 
D = .136 (d3) degrees from true north 

Outside Air Temperature 
T = .134 (d4) · 89.14 degrees Fahrenheit 

Wind Speed 
S =.0378 (d5) miles per hour 

Generator Oil Temperature 
T = .127 (d6)- 13.4 degrees Fahrenheit 

Here d1 through d6 are decimal values 
from sensor positions 1 through 6 respec
tively. Using these relations and the data 
from the first log-in from the Caribou 
Mountain site it is seen that on the 175th 
day of 1981 at 1933 hours (7:33 PM on 
June 24) the following conditions were 
observed: 

Generator Voltage 

110.2 volts rms 


Inside Air Temperature 

65.9 degrees Fahrenheit 


Wind Direction 

275.3 degrees from true north 


Outside Air Temperature 

63.8 degrees Fahrenheit 


Wind Speed 

17.2 miles per hour 


Oil Temperature 

208.7 degrees Fahrenheit 


After the Caribou Mountain station 
togged on, and after some initial station 
adjustments were made, the station re
sponded hourly to the interrogation sig
nal from the master station. The Caribou 
Mountain station remains on line after 
the ten minute data sampling period. 
Hence, the time of transmission which 
appears on the computer printout is also 
an indication of the system response 
time to the polling signal from the mas
ter station. Preliminary results from the 
first few days suggest that the average 
waiting time was of the order of three 
or four minutes. 

The antenna in use is a three-element 
yagi which has been modified to operate 
at 40 MHz. The radio horizon at the 
Caribou Mountain site is clear, and sum
mer operation appears to be quite reliable. 

FUTURE WORK 

The major portion of the field work is 
now over, with the establishment of a 
functioning remote station at Caribou 
Mountain. The- remainder of the project 
will consist of analysis and evaluation, 
including accuracy of the data, adapta
bility of the technique to other sites and 
other problems, hardware reliability over 
the one-year test period, and hardware 
serviceability. 

Since the master station polling 
schedule begins on the hour and continues 
until an error-free response is received, it 
is relatively straightforward to obtain the 
message delay time, and the variation of 
the delay time with season iJnd propaga
tion conditions. A computer program will 
be written which will keep weekly records 
of typical and unusual data, mean delay 
time, propagation conditions, and data 
limits for the period. The data will be 
analyzed and typical performance indices 
will be established for the system, along 
with best case and worst case performance 
characteristics. 
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by William W. Mendenhall 

Gyro· Theodolite Performance 

at High Latitudes 

BACKGROUND 

During the past few decades gyro
theodolites have been used to determine 
directions (azimuths) for mining and tun
nel projects. On the surface there are 
usually enough control monuments to es
tablish direction for any particular project. 
In remote areas where little if any control 
exists the surveyor then must resort to 
astronomical observations on the sun or 
stars. If there is inclement weather that 
persists over a long time, a surveyor may 
have to wait days or weeks to make his 
sun shot. Because of this problem, some 
surveyors working in remote areas have 
started to use gyro-theodolites to deter
mine azimuth, since these instruments 
can be used regardless of cloud conditions. 
At low to mid-latitudes the results have 
been satisfactory. 

The precessional torque on a spin
ning gyro is given by: 

T = C • H • cos <P ·sin A 
where: 

T torque 
a constant 

H angular momentum of gyro 
latitude of instrument 

A angular deviation of gyro axis 
from true north 

Since the cosine of the latitude is quite 
small for far northern (or southern) loca
tions, the precessional torque is small, 
and the gyros cannot be expected to per

<P 

form as well at high latitudes as they 
would in places nearer the equator. 

The author had heard of various at
tempts to use gyro-theodolites in Alaska, 
but the results, almost universally, seemed 
disappointing because of rather low ac
curacy. Having studied various recent 
attempts to improve gyro accuracy, 
notably those of R.C.H. Smith (Royal 
School of Mines, London) the author 
decided to try some of these methods 
to see if reasonable accuracy could indeed 
be achieved in high latitudes. 

In the past, the instruction manuals 
for gyros stressed procedures which re
sulted in simple computations. This was 
understandable a decade or so ago, before 
the advent of hand-held calculators. The 
trouble was that some of the observa
tional methods were only approximate 
and while adequate at low latitudes, they 
were not very accurate at high latitudes. 
Since programmable pocket calculators 
are commonplace today, very precise 
observational procedures can be used, 
since the more complicated calculations 
present no trouble at all. 

In June of 1980 the Lietz Company 
made available to the author a Sokkisha 
GP1 gyro-theodolite for one month. Ap
proximately forty observations for azi
muth were made, using precise observa
tional techniques. As a result of this 
work, the author feels that reliable azi-

Figure 1. Sokkisha GP1. 

muths can indeed be determined in far 
northern latitudes. 

GENERAL DESCRIPTION 

A gyro-theodolite is merely a special 
gyroscope unit mounted above a survey
ing theodolite, such as a WildT -1 or T -16, 
Sokkisha TM-20C, etc. (Figs. 1 and 2). 
(The Hungarian MOM gyro-theodolite 
has the gyro unit suspended below the 
theodolite. It is a very heavy model and 
is usually set on a concrete base. This 
article is concerned only with lighter 
models used by field surveyors.) A 
Ni-Cad battery pack powers an inverter, 

William W. Mendenhall is a professor of civil engineering at UAF, where he has taught since 1955. He holds degrees (B.C.£. and 
M.S. in civil engineering) from Cornell and memberships in many professional organizations. 
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producing 110 volt, three-phase, 400 
Hz power to spin a light gyro, which is 
suspended by a very light wire or tape 
whose upper end is fastened to the top of 
a cylindrical tube. Depending on the 
manufacturer, the gyros spin from 12,000 
to 22,000 rpm. The angular rotation of 
the Earth causes the axis of the spinning 
gyro to precess, unless the vertical plane 
containing the gyro axis happens to point 
exactly toward true north. 

In use, the theodolite is set up over 
one end of a baseline and the telescope 
is sighted at the other end of the baseline 
with the horizontal circle set to zero. The 
goal is then to point the telescope toward 
true north and record the horizontal circle 
reading, thus enabling the surveyor to 
calculate the azimuth of the baseline. 

In practice this means the theodolite is 
pointed very close to true north, the 
horizontal circle reading is recorded, 
and then from observing gyroscopic 
precessional oscillations on a special 
scale by looking through a separate eye
piece on the gyro unit, computations are 
made to determine just how far off from 
true north the theodolite telescope is 
pointing. 

The research on this project consisted 
of determining the most accurate and 
practical methods for observing the gyro 
oscillations, and the most simple yet 
accurate calculations using these obser
vations. 

Figure 2. Wild GAK1. 

Figure 3. The scales as they appear on the Sokkisha GP1 (left) and Wild GAK1 
(right) instruments. 

BASIC PROCEDURE 

If a theodolite with mounted gyro 
unit were pointed exactly at true north, 
there would be no tendency for any pre
cessional effect. For this article, let it 
be said that there are simple ways of using 
the gyro to orient the theodolite toward 
approximate true north (within one de
gree) quite rapidly. With the theodolite 
aimed quite close to true north, the oscil
lations of the gyro are indicated on a 
scale. By recording the timing and am
plitude of these oscillations it is possible 
to calculate just how far from true north 
the theodolite is actually pointing. 

Looking in the special eyepiece, the 
observer sees a scale. The scales on the 
Sokkisha and Wild instruments are shown 
in Figure 3. 

If the gyro unit is uncaged, so that the 
gyro unit is suspended by a thin metal 
tape, the unit will oscillate back and forth 
in simple harmonic motion, with a line 
appearing to travel across the scale. 

Oscillations of this line occur in one of 
two ways. If the gyro unit is not spin
ning, the oscillation is due solely to the 
stiffness of the metal suspending tape. 
The readers are no doubt familiar with 
fancy clocks which use torsion pendu
lums, and a ~on-spinning gyro behaves 
similarly. Such oscillations will be called 
"tape zero" gscillations. If the gyro is 
spinning, then· the oscillations are due to 
a combination of tape stiffness effects 
and torques caused by precessional ef
fects resulting from the Earth's rotation. 
These oscillations will be called "preces
sional" oscillations. 

The period of the "tape zero" oscilla
tions is typically about one minute. The 

period of the "precessional" oscillations 
varies with latitude, being about eight 
minutes in Fairbanks (latitude 65°N). 

For either the "tape zero" oscillations 
or the "precessional" oscillations, it is 
extremely important to find where on 
the scale the center of the oscillation is. 
These oscillations are simple harmonic 
motion, with negligible damping effect. 

To the uninitiated, the problem seems 
extremely simple. After all, there should 
be no problem in determining the center 
of oscillation of a sine wave. One would 
merely record the scale readings of the 
extreme positions, determine the mean 
value, and that should be the center. The 
problem is, however, that superimposed 
on the sine wave are small "nutations" 
(jiggles) which prevent accurate readings 
at the extreme positions. 

The solution to this situation is to 
record (with a stopwatch) the times 
when the indicator wire passes over a 
scale division which is known to be near 
the center of oscillation. The wire is mov

ing quite rapidly, and the small nutations 
have almost negligible effect on the 
accuracy of the recorded time. 

The Wild and Sokkisha booklets call 
this the "time method" or "transit 
method" and they correctly assume that 
the oscillation is a very slightly damped 
sine wave. They suggest recording times 
as the indicator wire passes over some 
reference division as close as possible to 
the actual center of oscillation. They 
then present an extremely simple com
putation which is exact only if the refer
ence division happens to be at the actual 
center of oscillation. There are two prob
lems here. There is, of course, just one 
reference division which is closest to the 
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center of oscillation, so only one compu
tation can be made. If you used more 
than one reference division (to gain more 
redundant information and more accur
acy) such a division would not be at the 
center of oscillation, and the simple 
computations given in the instructional 
manuals would yield erroneous results. 

It is, therefore, desirable to utilize 
methods and formulas which will let 
the reference division be anywhere in 
the sine wave oscillation, and which will 
not contain any approximations whatever. 

TIME METHOD-MODIFIED FORMULA 

An exact formula, not subject to the 
necessary approximations of the "Time 
Method" or "Transit Method" formulas 
given in the instruction manuals, is given 
below. 

Select some reference scale reading, 
and call it R0. It is preferable if this 
scale value is near the center of oscilla
tion, but it is by no means necessary. 
On a stopwatch, record the times that the 
"line" passes by this selected graduation. 
Call such times t0 , t 1, and t 2. Also record 
the scale reading of the reversal point; 
call this RR (Fig. 4). 

Let: 

scale value of some selectedR0 
graduation 

R R = scale value of the reversal point 

t2 -t0 = T, the period of oscillation 

t 1-t0 = time out to reversal point 
and return. 

Then: 

u = 

p 2 sin2 u 

Let: 

B scale value of the midpoint 
of the oscillation 

Then: 

B = Ro+RR(p-1) 

p 

By recording three times and one re
versal reading, it is thus possible to cal
culate the center of oscillation. Also, by 
calculating a new value of "u" using 
(t2 -t1) and the reversal point on the op-

RoB 
Figure 4. Reference points for the 
modified time method formula. 

posite end of the scale, a second, indepen
dent, value of B can be computed. 

OBSERVATIONAL PROCEDURES 

For any one set of data, the author 
observed the oscillations for slightly 
more than one complete cycle, recording 
the times as the indicator wire passed 
over five adjacent reference scale divisions 
reasonably near the center of oscillation. 
The two reversal points (one on each side 
of the scale) were noted. This allowed 
for the computation of ten independent 
values for the center of oscillation. The 
mean of these ten values yielded an ex
tremely accurate value for the center of 
oscillation, and the spread of the ten 
values gave an indication of its accuracy. 

Once the equipment was set up, a set 
of data was recorded with the gyro not 
spinning (tape zero oscillation). The tele
scope was then pointed just slightly 
west of true north, and with the gyro 
spinning, a set of data was recorded. 
These oscillations were the result of 
tape stiffness plus precessional torque 
effects. The telescope was then pointed 
slightly east of true north and a set was 
recorded. The gyro was then stopped and 
another tape zero set was recorded. 

By using computations not discussed 
in this article, the four values for the 
center of oscillation could be combined 
in a manner which completely eliminated 
all miscalibration effects. This is quite 
similar to a surveyor using "double cen
tering" to turn an angle, so that even if 
his transit or theodolite is out of adjust
ment, his errors will balance out. 

The time required was approximately 
one hour from the moment all the equip
ment (tripod, theodolite, gyro unit) was 

set up until the equipment could be put 
away. 

Once all data were recorded it took 
approximately five minutes to process 
all the computations using an HP-67 pro
grammable calculator. 

RESULTS 

After a few trial runs to determine 
the best procedures to use, from 10 to 13 
double sets of observations were made in 
each of three localities: Anchorage (lati
tude 61° 11'N). Fairbanks (64° 53' N), 
and Barrow (71° 20' N). 

Based on statistical calculations, it ap
pears that a double set of observations 
(one west of north and one east of north) 
will yield the true azimuth of a reference 
line with the following accuracy: 

At Anchorage: standard error of 17.1 
seconds of arc (probable error = 

11.5"); 
At Fairbanks: standard error of 24.4 

seconds of arc (probable error = 

16.5"); 
At Barrow: standard error of 29.6 

seconds of arc (probable error = 

20.0"). 

CONCLUSIONS 

The author feels that, with the proper 
observational techniques, reliable azimuth 
determinations can be made at high lati
tudes using gyro-theodolites. If weather 
conditions do not permit astronomical 
observations, the use of gyros should be 
quite satisfactory for all but the most 
precise control surveys. They would 
appear to be more than suitable for 
highway surveys, remote site surveys, 
and mineral surveys. 
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by Ronald A. Johnson and Kerry L. Lindley 

USING HYDROCYCLONES TO TREAT 
SEAFOOD PROCESSING WASTEWATERS 

INTRODUCTION 

There are at least four reasons why sus
pended solids (those large enough to be 
removed by filtration alone) should be 
eliminated from wastewaters discharged 
by seafood processors. First, fish-proces
sing wastes have caused significant pol
lution problems in harbors and estuarine 
areas. In Alaska, waste products from 
canneries created unpleasant conditions 
in Kodiak Harbor in the early 1970s.1 

Second, by-product recovery can help 
feed the hungry of the world. While 30 
percent of the world's seafood catch is 
now converted into fish meal,2 much 
more could be recovered: For example, 
over 70 percent of the Alaskan king crab 
catch is discarded.3 Third, there are many 
other uses for recovered by-products such 
as chitin,4 which is used in making clear 
biodegradable plastic films and removing 
metal contaminants from water. Fourth, 
solids removal is one step toward making 
water reuse possible; the clarified stream 
is easier to disinfect.5 Even in usually 
rainy coastal Alaska there are periodic 
local water shortages, so processors 
could benefit from reducing their intake 
water requirements. In Kodiak, for ex-

in Alaska. In 1972, 86 per
cent of all salmon harvested 
in the United States was 
caught and processed in Alas
ka. All of the king crab and 
much of the scallop har
vests originate in Alaska. 
In terms of dollar value, 
Alaska is the number one 
seafood-producing state in 
the nation. 7 

In 1977 we initiated a 
project on the removal of 
suspended solids from sea
food processing wastewater 
streams. One particular de
vice for removing suspend
ed solids, the hydrocyclone, 
has been emphasized in this 
study. Shown schematically 
in Figure 1, the hydrocy
clone uses pressure to ro
tate a fluid and create cen

ample, the canneries were shut down for trifugal forces. These forces separate 
an extended period during the winter particles with specific gravities greater 
of 1971 because of a water shortage.6 than the carrier fluid. The suspended 

The state's significant contribution to solids (TSS) migrate outward toward 
the national seafood industry makes the conical wall of the cyclone and are 
recovery of suspended solids important removed in the underflow stream. The 

Q 
o 	 /VORTEX 

f FINDER TUBEt

25mm UNIT 

Dj = 5mm 

De= 25mm 

9c = 15° 


75mm UNIT 

Dj = 15mm 

De= 75mm 

9e = 11.5° 


+UNDERFLOW, Qu 

Figure 1. Hydrocyclone geometries. 
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clarified liquid leaves with the over
flow. Cyclones have been widely used 
by various industries including mining, 
pulp and paper, chemical, and food 
processing.8 

lABORATORY RESULTS 

Equipment 

A laboratory test loop capable of treat
ing wastewater flows up to 2.5 liters per 
second (40 gallons per minute) is shown 
in Figure 2. This loop consists of a 1.9 
kilowatt (2.5 horsepower) jet pump, 
cyclone, pressure gauges, and calibrated 
collection tanks for the feed, overflow, 
and underflow. The three different cy
clones tested in this loop were a 25 mm 
(1 in) Doxie and 75 mm (3 in) NZ from· 
Dorr-Oiiver, and a 38 mm (1.5 in) device 
manufactured by Krebbs. 

Figure 3. King crab shell fragments. (Paper clip for scale.) 

Testing Procedures and Calculating Results 

Initial tests were performed using 
simulated wastewater obtained by adding 
fragments from king crab claws to water 

Figure 2. laboratory test loop. 

VALVE-

Cyclone 
/FEED LINE 

(Fig. 3). These fragments ranged in 
size from about 30 to 750 fJ. as inferred 
from photomicrographs. Test results 
(Table 1) indicated high removals of 
TSS. In the table, the intrinsic separa
tion efficiency is 

where e is the mass of shells in the under
flow divided by the mass in the feed, 
and Rf (see Fig. 1) is the underflow to 
feed flow split. The intrinsic separation 
efficiency is a measure of the ability of a 
cyclone to separate over and above what 
is attributable to hydrodynamic entrain
ment alone. The concentration factor, 
CF, is the ratio of solids concentration in 
the underflow to that in the feed. The 
larger it is, the less energy has to be 
devoted to transporting the underflow, 
which contains the solids, to a by-product 
processing plant. 

The next series of laboratory tests 
were conducted using wastewater ob
tained from a shrimp processing plant 
in Kodiak. The particulate matter in 
this wastewater consisted of both fleshy 
and chitinous matter having a wide 
range of shapes and sizes. To avoid 
clogging the inlet orifice of the 25 mm 
Doxie, hydrocyclone tests were per
formed only after matter larger than 
4000 fJ. had been removed by screen
ing. The particulates retained on the 
screen were then added to water and 
processed by the 75 mm cyclone. For 
the three runs involving these two cy
clones, the intrinsic separation effi
ciency, e', averaged 81 percent. 
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Figure 4. Pilot plant. 
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Tests on wastewaters from pink salmon 
processing produced removal efficiencies 
of about 80 percent for the 25 mm cy· 
clone. This wastewater did not have to be 
prescreened because the largest particles 
were less than 2300 f1 and did not clog 
the cyclone inlets. 

Both the shrimp and salmon wastes 
were frozen before shipmentto the Ia bora· 

UNDERFLOW 1 = 

FEED 3 

ut-«>eRFLOW 3 
(CONCENTRATE) 

tory. The wastewaters were created by 
thawing the samples and adding water 
until the desired solids concentrations 
were obtained. 

Discussion 

This study demonstrated that cyclones 
are capable of efficiently separating shell 
fragments smaller than 100 11 from water. 
For comparison, screens now recom-

TABLE 1 

Data Summary 


laboratory Results 


mended as solids-removal devices for most 
U.S. seafood processors typically only re
move solids down to 400 11 (40 mesh). 
Since considerable amounts of chitin and 
protein may be found in shell fragments 
smaller than 400 fl, a cyclone would al
low recovery of more by-products than 
would a standard screen. In fact, Chaney9 

reports that 60 percent of the TSS from 
one shrimp processing plant were par
ticles Smaller than 400 fl. 

PILOT PlANT STUDIES 

Testing 

A pilot plant was constructed in Jan
uary 1980 at a seafood processing opera
tion in Kodiak, Alaska. The system con
sisted of a 3785 liter ( 1000 gal) collec
tion tank, 11.2 kW (15 hp) centrifugal 
pump, three Dorr-Oiiver cyclones, and 
the associated plumbing (Fig. 4). The con
centrate was processed by the 75 mm cy
clone plus the 25 mm cyclone (cyclones 
1 and 3 in Figure 4), while the overflow 
passed through two 75 mm cyclones (cy
clones 1 and 2). The recycled flow con
sisted of the overflow from the 25 mm 

Feed Material Cyclone Efficiency Concentration Settleable Turbidity Concentration in Particle Size 
(#ofruns) Size, D c (mm) e' (%) Factor (CF) Solids Removal(%) Removal(%) Feed (mg/1) (/1) 

King Crab Shell 25 92 8 75 30·750 
(4) 

King Crab Shell 38 95 7 121 30·750 
(2) 

Shrimp Waste 25 79 3 97 62 694 15·3000 
(2) 

Shrimp Waste 75 85 4 66 64 552 >4000 
(1) 

Salmon Waste 25 79 3 83 78 1500 15·2250 
(2) 

Salmon Waste 75 68 2 60 38 960 15·2250 
(1) 
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unit plus the underflow from the second 
75 mm unit. The typical flow splits, Rf, 
were 0.07, 0.34, and 0.39 for cyclones 
one, two and three, respectively. Standard 
operating conditions consisted of 2.8 1/s 
(44 gpm) leaving the collection tank; 
1.5 1/s (24 gpm) of this entered from the 
processor's wastewater I ine, and 1.3 .1/s 
(20 gpm) was recycled wastewater. The 
concentrate and final overflow averaged 
0.063 1/s (1 gpm) and 1.45 1/s (23 gpm), 
respectively. These splits were achieved 
by using a 2.54 em (1 in) vortex and 
0.63 em (0.25 in) apex on cyclone 1 (the 
75 mm cyclone closest to the feed), and a 
1.59 em (0.625 in) vortex and 1.27 em 
(0.50 in) apex on the second 75 mm 
cyclone. 

In the pilot plant the feed for the crab 
wastewater had already passed through a 
0.76 mm (0.030 in) Bauer hydrasieve. 
The largest particles in the feed typically 
had dimensions of around 1650 11- For 
the shrimp and salmon, the feed contained 
particles collected from the hydrasieve 
concentrate and then passed through a 
3.2 mm (0.125 in) screen. Although 
numerous sampling ports were available, 
the data reported here pertain to the 
feed, final overflow, and underflow quality 
for the pilot plant. 

Initial tests were performed during 
Tanner crab processing (Table 2). The 
feed consisted of particles with diameters 
ranging from roughly 30 11 to 1600 11; 
TSS concentrations were 70 to 180 mg 
per liter. For suspended solids, the average 
E' for five separate runs was 69 percent 

Feed Material Cyclone Efficiency 
(#of runs) Size, D c (mm) € ' (%) 

Tanner Crab 75,25 69 
(4) 

Shrimp 
2 Cyclones 75 86 

(3) 
3 Cyclones 75,25 74 

(3) 
Salmon 

2 Cyclones 75 80 
(3) 

3 Cyclones 75,25 74 
(3) 

resulting in particles in the overflow 
having sizes from 30 to 230 J.l.. 

A second series of tests was used on 
wastewaters from shrimp and salmon 
processing. Some of the runs involved 
using only the two larger cyclones while 
some involved all three. As shown on 
Table 2, E' averaged over 80 percent for 

both the shrimp and salmon with just two 
cyclones being used, and over 70 percent 
for all three cyclones. Turbidity and set
tleable solids removals followed similar 
patterns. The concentration factors for the 
various runs ranged from about 4 to 22. 

Results 

The most significant result is the abili
ty of the pilot plant to remove many of 
the particulates passing througl'i the hydra
sieve. For the crab wastewater, the pilot 
plant effluent averaged 2 kg TSS per 1000 
kg raw product, whereas the feed averaged 
7 kg TSS per 1000 kg. The 1977 -EPA 
standard for TSS from processing crab 
meat at nonremote sites is 19 kg as a daily 
maximum and 6.2 kg as a maximum 30
day average. 1 0 

For the salmon and shrimp wastewaters, 
the three cyclone pilot plant effluents av
eraged 5. 7 kg and 3. 7 kg TSS, respectively, 
per 1000 kg raw product, assuming feed 
concentration as in Table 2. The effluent 
from the hydrasieve averaged 26 kg and 
18 kg, respectively. However, it must be 
remembered that the TSS in the cyclone 
feed came from the concentrate to the 
hydrasieve. Of the wastewaters passing 
through the Bauer hydrasieve, other tests 
indicate our pilot plant can remove about 

TABLE 2 


Data Summary 

Pilot Plant Results 


50 percent of the TSS in both shrimp and 
salmon effluent. Hence, we -can predict a 
pilot plant effluent of about 13 or 9 kg 
TSS per 1000 kg prod1,1ct for salmon or 
shrimp, respectively, if just the hydra
sieve effluent were treated. The "1977 
EPA standards are 320/210 and 44/26 for 
the daily maximum/maximum 30-day 
averages for nor'lremote shrimp and m.e
chanized salmon processing, respective
ly_11;12 . 

Recent studies 13•14 have been under
taken to update these 1977 guidelines in 
a manner that is both ecologically and 
economically sound. However, there is no 
final determination on the guidelines. 

Hydrocyclone Economics 

Economics is the most important con
sideration regarding the future applica
tion of this technology to seafood proces
sing. It is clear that cyclones do show 
promise as devices to remove suspended 
solids. Perhaps in some cases, cyclones by 
themselves may produce sufficiently 
clean effluents. In other cases, cyclones 
may serve as "roughing filters" to decrease 
the load on screens. With their low opera
tion and maintenance costs compared 
with screens, this series operation could 
greatly reduce total operation and main
tenance costs. In no case will cyclones 
efficiently remove solids with specific 
gravities less than the carrier fluid. 

In attempting to assess the economic 
viability of any wastewater treatment 
system, it is necessary to have some es
timate of the cost of doing business for 

Concentration 
Factor(CF) 

16 

Settleable 
Solids Removal(%) 

82 

Turbidity 
Removal(%) 

82 

Concentration in 
Feed (mg/1) 

123 

Particle Size 
(11) 

30-1650 

5 

18 

82 

73 

74 

70 

1500 

244 

15-5300 

5 

15 

82 

67 

72 

70 

2140 

460 

15-3500 
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the processor. Since detailed cost data 
for a given processor are difficult to obtain, 
we made the following sequence of ap
proximations. During our testing period in 
Kodiak, the processors were paying fisher
men ·around $1.21, 88ct, and 64ct per kg 
(2.2. lb) for "fanner crab, salmon and 
shrimp, respectively. The wastewater flows 
averaged around 50 liters (13 gal) and 33 
liters (9 gal) per kg of raw solids for the 
crab and salmon or shrimp, respectively. 
Let us assume the shrimp or crab wastage 
to be about 80 percent of the catch and 
the salmon around 30 percent.3 

Hence, for every 1000 liters (264 gal) 
of wastewater produced, about 30 kg 
(66 lb) of raw shrimp are processed and 
6 kg (13.2 lb) of edible meat are pro: 
duced. The processor would spend 
around $19 to purchase this shrimp, 
and let us assume he spends twice this 

·amount15 processing it, for a total cost 
of $57'. Assuming a profit margin of 10 
percent based on total costs, this results 
in a $5.70 profit. If it is deemed econom
ically feasible to apportion 10 percent 
of this profit to wastewater treatment, 
then a. processor could afford to spend 
57ct per 1000 liters. 

Parallel analyses for crab and salmon 
result in allowable wastewater treat
ment costs of about 71ct and 80ct per 
1000 liters, respectively. This assumes no 
income derived from by-product recovery. 
The EPA claims that nonremote Alaskan 
processors can afford to spend from 0.7ct 
to 4.4ct per kg of waste removed for 

13wastewater treatment. For the cases 
being discussed, this corresponds to 
up to $1.05 per 1000 liters for shrimp, 
73ct per 1000 liters for crab, and 40ct per 
1000 liters for salmon. 

A third way of estimating affordable 
treatment costs is to begin with the $20 
per metric ton that the Biodry firm 
charged Kodiak processors to haul away 
their crab and shrimp wastes during 
1980.16 If one assumes the processors 
were not becoming bankrupt paying these 
amounts, then affordable treatment costs 
per 1000 liters are 32ct for crab and 47ct 
for shrimp. 

Even though the above economic 
models are admittedly crude and sim
plistic, three independent methodologies 
lead one to conclude that an Alaskan 
processor should be able to spend at 

least 30ct per 1 000 I iters for wastewater 
treatment. An approximate figure for 
cyclone operating costs is let per 1000 
liters. This assumes an electricity cost 
of 10ct per kWh and a pressur.e drop 
of 0.3 MPa (47 psi) across the cyclone. 
Since cyclones and th~ associated auxiliary 
equipment' have relatively low capital 
costs, it seems clear that a simple system 
similar to the pilot plant should be eco
nomical. It is possible that a more. com
plicated system may be required, espec.ial
ly to provide a more concentrated under
flow stream. However, these approximate 
calculations lead one to. believe that even 
a system more complicated than the 
pilot plant has a chance of being econom
ically feasible. 

CONCLUSIONS 

1. J-lydrocyclones can efficiently re
move particulate matter, from seafood 
processing wastewaters. 

2. Hydrocyclones can be economically 
operated and maintained in a seafood 
processing operation. 

· 3. Effluents from the cyclones tested 
were able to satisfy 1977 EPA standards 
for crab, shrimp, and salmon processing. 

4. Although the cyclone overflow 
might be sufficiently clean for discharge 
into receiving waters, the underflow may 
need additional concentration before it 
can be used in a by-product recovery 
operation. 
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by Herb Schroeder ~~d Michael J. Stinebaugh 

WASTE HEAT FOR 
A VILLAGE GREENHOUSE 

Figure 1. Site of proposed greenhouse for McGrath. The large low building to the left 
is the powerhouse; the greenhouse would be built across the road from this building. 

INTRODUCTION 

Spiraling energy costs have caused a 
reevaluation of the traditional methods of 
energy production, use and waste. The 
increase in energy consciousness is par· 
ticularly acute in the remote areas of 
Alaska where energy costs reflect the high 
cost of transportation, small, uneconomi
cal scale of energy production and typical 
cold, dark winters. A majority of these 
small communities rely on diesel-powered 
generators for electricity. Diesel engines 
of this type will discharge approximately 
one-third of the energy potential of the 
fuel as exhaust heat, one·tllird in power 

output and one-third to the cooling water. 
Since diesel fuel in these areas costs 
from $1.50 to $2.50 a gallon, depending 
on proximity to a delivery system and the 
mode of transportation used, efforts are 
being made to utilize the energy potential 
of the engine more fully. In both newly
constructed and existing power plants, 
owners are installing energy recovery 
systems to capture the waste heat which 
in times past has been discharged into 
rivers or exhausted to the atmosphere. 

This report evaluates one possibility 
for putting that waste heat to work in 
an Alaskan village, by using an air-to-air 
heat exchanger to provide space and 
perimeter soil heating for a greenhouse. 

MCGRATH 

McGrath is a village of 400 year-round 
residents on the Kuskokwim River, 225 
miles northwest of Anchorage at an ele
vation of 344 feet above sea level. The 
97.5% winter design temperature is -47°F, 
the mean wind velocity is two knots and 
the annual heating load is 14,500 degree 
days. 

McGrath Light and Power, the town's 
sole commercial producer of electricity, 
utilizes a 12-cylinder, D-398 Caterpillar 
(600 kW) engine for base load and four 
D-353 Caterpillars (375 kW) on a standby 
basis. The five generators are located in 
a large metal building adjacent to the 
proposed greenhouse site (Fig. 1 ). 

Herb Schroeder afJd Michael J. Stinebaugh, engineering students at UAF, conducted 
this senior project in partial fulfillment of requirements for a B.S. degree in mechanical 
engineering. A version of this paper was presented at the American Society ofMechan
ical Engineering Students Conference held in Portland, Oregon, in May 1981. 
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GREENHOUSE DESIGN 

Greenhouse operations in Alaska have 
four months of superior growing condi
tions, four months of average conditions 
and four months of poor conditions. The 
superior growing period requires soil heat
ing and adequate ventilation, while the 
average period requires soil heating and 
intermittent space heating_ The poor 
period requires soil heating and artifi
cial lighting_ 

The proposed 40-ft x 80-ft greenhouse, 
with 8-ft vertical side walls and a pitched 
roof, will be oriented with the long axis 
running east-west. Four inches of closed
cell insulation will be placed along the 
outside of the foundation and under the 
15-inch crop bed. The north side of the 
greenhouse will be 8" frame construction 
and insulated. Double-skin extruded 
acrylic sheeting, with sealed seams, will 
cover the remaining wall and roof areas. 

The greenhouse heating load at the 
recommended design temperature is ap
proximately 400,000 BTU per hour in 
winter. This value reflects one air change 
per hour infiltration. The maximum 
summer ventilation requirement to meet 
the cooling load is approximately 13 air 
changes per hour. At temperatures above 
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75°F, plants begin to suffer abnormal 
moisture transpiration and lower growth 
rates from thermal stress. Therefore, no 
auxiliary mechanical cooling will be 
required because the summer 2.5% design 
temperature is 74°F. 

HEATING AND VENTILATING DESIGN 

The main heating and ventilating sys
tem is designed to supply 5000 standard 
cubic feet of air per minute (scfm) to the 
space; a secondary system will supply 
4200 scfm of ventilation air. At winter 
design conditions, 1130 scfm of outside 
air will be required to temper the 170°F 
air leaving the exchanger to 120°F. 

The duct system has been designed 
using the velocity reduction method. 
This method consists of selecting the 
velocity at the fan discharge and designing 
for progressively lower velocities in the 
main at each junction or branch duct. 
Using the selected velocities and known 
flow rates, the various duct diameters 
were read from Table 31-1 in the ASH RAE 
Handbook of Fundamentals. The duct 
fan was sized using these duct sizes and 
the total system pressure loss. 

The designed duct system incorporates 
500 feet of supply and return ductwork 

(Fig. 2). The supply and return ducts 
outside the greenhouse are insulated and 
have sealed vapor barriers. 

The supply air travels from the ex
changer in ceiling-suspended ducts to the 
building wall, where it passes through a 
below-ground utilidor to the greenhouse 
(Fig. 3). A 72" galvanized steel culvert, 
buried using standard construction tech
niques applicable to local site conditions, 
provides a watertight utilidor. Once in the 
greenhouse, the hot air stream branches 
to two 80-ft long, 4-mil, perforated poly
ethelene diffusers and is distributed at 
the roofline. 

An uninsulated return line is located 
in the crop bed along the entire perimeter 
of the greenhouse and will supply heat to 
that area. Once outside the greenhouse, 
the return duct is insulated and follows 
the same path as the supply duct, passing 
through a removable, 2" glass-fiber filter 
prior to passing through the exchanger. 

During the warm months, when the 
greenhouse has a cooling load and no 
heating load, the diesel exhaust will be 
bypassed around the exchanger. The re
turn air will exhaust to the atmosphere 
and the system will be capable of supply
ing 5000 scfm of outside air to the green-

Figure 2 (left). Site layout. 

Figure 3 (below). Utilidor. Invert of pipe lies 8 feet below existing 
ground leveL (The greenhouse end of pipe should be capped with 
plywood to reduce any siphon effects between the buildings.) 
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. . . Waste heat recovery systems are 
financially attractive in Alaska now . . . 

house. A thermostatically-controlled fan 
damper assembly with a 4200 scfm 
capacity will provide secondary ventila
tion. 

A manifold connected to the exchanger 
allows the standby diesels to be connected 
to the exchanger system when the D-398 
is not being used. Hand-operated dampers 
will divert the flow from the diesel being 
used to the exchanger. 

The supply air system has an authority 
control system consisting of a motorized 
outside air damper (OAD), motorized 
return air damper (RAD). and a motorized 
exhaust air damper (EAD) (Fig. 4). A 
duct thermostat modulates OAD and 
RAD as required to maintain the set 
point temperature. A plant-level space 
thermostat resets the temperature, accord
ing to the reset schedule, between 60°F 
and 120°F as required to maintain the 
greenhouse temperature at 70°F. An 

error signal controls the modulating multi
vane damper. When the OAD is complete
ly open, an end switch will open the EAD 
and divert exhaust through the bypass. 
The duct fan switch is manually operated. 
The control system will have an offset 
or error that is inherent in proportional 
controllers. The difference between the 
set point and the actual control point 
under stable conditions is minimized by 
field adjustment of the control schedule. 

The greenhouse secondary cooling sys
tem consists of a vent fan and modulating 
supply, exhaust and return air dampers. 
The space thermostat cycles the vent fan 
and modulates the return and exhaust air 
dampers as required to maintain space 
temperature between 65°F and 75°F. 
Fan operation will open the supply air 
damper. Two anti-back draft dampers are 
used to maintain equilibrium pressure in 
the greenhouse. 

HEAT RECOVERY 

To avoid potential backpressure prob
lems in the diesel engine and condensation 
of exhaust gases, an air-to-air heat recovery 
system was chosen. This air-to-air system 
also provides good air distribution in the 
greenhouse when compared with a hy
dronic thermal recovery system. 

The heat exchanger is a 0-DOT counter 
flow air-to-air type. A sealed partition 
separates the hot and cold gas flows and 
the thermal energy is transferred by 
means of heat pipes (Fig. 51. Heat pipes 
are tubes, usually aluminum or steel, 
which are constructed with a capillary 
wick structure, evacuated, filled with 
refrigerant and sealed. Thermal energy 
applied to either end of the pipe causes 
the refrigerant to vaporize_ The vapor 
travels from the warm to the cold end of 
the tube because of the pressure dif
ference created by evaporation and con
densation. The working fluid in the pipe 
is typically Freon, carbon dioxide or 
ammonia. 

The designed exchanger has an 8.3 ft2 
face area and weighs 550 pounds. A stand 
mount will be needed to support the 
system due to the lack of structural sup
port in the generator building. Based on 
average operating conditions, the maxi
mum thermal energy available from the 
exchanger is approximate.ly 475,000 
BTU/hr. 

Exhaust from diesel engines, operating 
under proper load conditions, is relatively 
clean because complete combustion takes 
place. The McGrath generating system, 
however, frequently operates at less than 
60% of full load. As a result, incomplete 
combustion occurs and the heat exchanger 
would be fouled. A one-inch stainless 
steel pipe installed in the exhaust stack 
between the exchanger and the power 
plant will allow steam or a cleaning solu
tion to be injected into the exhaust 
stream to remove any fouling buildup. 
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Figure 5. Heat pipe. 

Nozzles will direct the flow at the ex
changer. 

ECONOMIC CONSIDERATIONS 

We assessed the economic viability of 
the recovery system by comparing the 
annual cost of heating the structure, using 
either an oil-fired system or an all electric 
system, and the capital recovery cost of 
the waste heat recovery system. Using 
the modified degree-day method, the an
nual consumption for an oil-fired system 
is approximately 7200 gallons; for an 
electric system, 150,000 kWh. In Mc
Grath, the cost of fuel oil is $1.76 per 
gallon while the cost of electricity is 
$0.189 per kWh. This amounts to annual 
costs of $12,700 for fuel oil and $33,936 
for electricity. The estimated installed 
price of the designed recovery system is 
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$18,400. Using a ten-year life at 15% 
interest, the annual cost for the system 
is $3700. 

Obviously, this system is financially 
attractive for an inefficient structure in 
a cold climate. For an efficient structure, 
the payback period would be longer; 
however, as the price of fuel increases the 
attractiveness cit this investment also in
creases. 

CONCLUSIO)t 

Although they have a high initial cost, 
waste heat recovery systems are financial· 
ly attractive in Alaska now, and will 
become more so as petroleum prices con
tinue to escalate. As our study indicates, 
villages can make worthwhile use of such 
systems to increase the return from their 
diesel generators. 
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by James B. Tiedemann 

Airship Operation 

•
ID Alaska 

The semirigid airship Norge over Teller, Alaska, May 13, 1926. (Photo courtesy of the Norge Collection, 
University of Alaska Archives, Fairbanks.) 

INTRODUCTION 

This is a quick and cheap review of the 
status of Lighter-Than-Air technology 
that was designed to help Alaska DOT 
employees review proposals for exotic 
transportation systems. It is not a schol
arly paper, and sources are largely the 
writer's personal library, memory of books 
read long ago and experience in flying 
airplanes and balloons. 

Ten minutes of research disclosed a 
major problem. The great age of airships 
ended before the University of Alaska 
ha~ a library, and current L T A articles 
are, perhaps unfairly, relegated to obscure 
transactions that Alaskan libraries do not 
collect. Those collected are personal 
memoirs of historic voyages or popular
ized digests of technical papers. Some of 
the digesters did their homework, though, 
and enough numbers can be gleaned to 
perform a rudimentary analysis of airship 
performance. 

No one who has seen a Zeppelin fil
ling the sky overhead can ever be com
pletely objective about these magnificent 
machines, and proposals for their renewed 
application must be read with some 
sympathy for the hypnotic effect of air
ships on even the most serious author. 
This writer has seen a Zeppelin, so this 
paper may appear unreasonably severe 

in weighing the potential of lighter
than-air vehicles in a deliberate attempt 
to resist the hypnosis. 

AEROSTAT NOMENCLATURE 

Vehicles deriving lift from the buoy
ancy of air are properly called aerostats. 
The commonly used term Lighter-Than
Air (LTA) is misleading because these 
vehicles often operate at a weight greater 
than that of the air they displace. Lift is 
obtained by inflating the vehicle with a 
gas, commonly hot air, hydrogen, or heli
um, having a lower density than the sur
rounding air. Balloons have no powered 
means of propulsion, but may be sailed 
by canting them to the wind if they 
are tethered to a tramway or powered by 
gravity as in balloon logging. Some 
control over the path of a free balloon 
may be exercised by seeking altitudes at 
which the wind blows in a favored 
direction, or by employing a sail and 
trailing friction rope in the manner of the 
Andree expedition. 

The terms "airship" or "dirigible" 
apply to any aerostat with propulsion and 
steering. Blimps (non-rigid airships) have 
no rigid structure inside the gasbag, and 
rely on gas pressure to hold the bag in 
shape. They may, however, have quite 
sophisticated fabric and cable structures 

inside the bag to convey buoyant lift 
from the bag to the car, and usually in
corporate an inner balloon or "balonet" 
which is inflated with air by a blower to 
maintain a fixed pressure as the tempera
ture of the lifting gas changes. Most non
rigid airships operate as "superpressure" 
vehicles, meaning that the pressure in
side the bag is significantly greater than 
atmospheric pressure, but at least one 
hot-air non-rigid airship has been flown in 
which the bottom of the bag is vented to 
the atmosphere. 

Semirigid airships have a keel struc
ture running the length of the craft to 
carry bending loads on the hull, but the 
gasbag is held in shape by internal pressure. 
The semirigids Norge, Jtalia, and America 
have attempted polar voyages; only the 
Norge completed a flight from Svalbard 
to Alaska. Rigid airships, often called 
"Zeppelins" after their originator and 
most successful builder, have a complete 
structure and outer cover containing 
many independent partially inflated gas 
cells. These cells expand as the airship 
rises or the gas becomes warmer, becom
ing fully inflated when the "pressure 
height" is reached. Further increases 
in altitude or temperature require valving 
of the buoyant gas, for the gas cells are 
not designed to operate at superpressure. 

James B. Tiedemann is a professor ofmechanical engineering at UAF, specializing in aeronautical design principles and aerodynamics. 
During early space exploration projects, Dr. Tiedemann worked on orbit decay calculations and more recently has been involved with 
studying the practicality ofairship operation in Alaska. 
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A variety of hybrid vehicles combining 
aerostatic and aerodynamic lift have been 
proposed, with some employing helicop
ter rotors and others a wing-shaped lift
ing hull. Nearly all airships of convention
al form carry a portion of their load by 
aerodynamic lift, but the shape of a con
ventional airship hull makes it an ineffi
cient wing and aerodynamic lift is usually 
limited to minor trim adjustments that 
avoid frequent release of gas or ballast. 

AEROSTAT CONTROL 

Control of even a simple hot air balloon 
presents a number of problems not ap
parent to the casual observer. While the 
balloon may be lighter than air, it is not 
weightless or massless, and it responds 
very slowly to changes in lift. The burner 
does not directly control the vertical speed 
or acceleration. Considerable practice is 
required before the pilot can anticipate 
its motion far enough in advance to exer
cise smooth control. Since the difference 
in density between the air in the balloon 
and the surrounding atmosphere is rela
tively small, the balloon is extremely 
sensitive to changes in ambient air tem
perature. The rising currents of warm air 
called "thermals" so eagerly sought by 
glider pilots can be disastrous to balloon
ists, because the loss of buoyancy in the 
warm air of a thermal can be much larger 
than the dynamic lift caused by its up
ward motion. 

Hydrogen or helium balloons are con
trolled by valving off gas to reduce lift 
or dropping ballast to reduce weight, and 
the history of the sport is replete with 
tales of wild altitude fluctuations as in
experienced pilots attempted to regulate 
their height. Further complications are 
introduced as the buoyance of the lift
ing gas increases in the heat of the sun or 
decreases in the shadow of clouds or 
nightfall. 

Airship operation under power permits 
aerodynamic lift to supplement the drop
ping of ballast and valving of gas. Present
day Goodyear non-rigids begin their 
flights heavier than air, making a short 
takeoff run to gain speed and then nosing 
upward to develop lift. Using the short, 
stubby gasbag as a lifting wing permits 
extreme nose-up attitudes without risk of 
a stall, often unnerving passengers - es
pecially those who are fixed-wing pilots. 

Once airborne the airship becomes 
progressively lighter as fuel is consumed, 
so that modern non-rigids land at nearly 
neutral buoyancy. Long flights, however, 
may consume more fuel than can be car
ried at takeoff by aerodynamic lift, and 
landing the lighter-than-air craft presents 
special problems if costly helium is not to 
be wasted. American rigid airships sched
uled most of their long flights so that 
landings were made in the cool of evening, 
contracting the helium cells and reducing 
lift. 

Engines of the Graf Zeppelin were 
fueled by a mixture of propane and other 
gases having nearly the same density as 
air, contained in cells similar to those 
holding the lifting hydrogen, so that 
consumption of fuel did not change the 
weight of the airship. By deliberately 
flying through rainstorms, Hindenburg 
collected water ballast to replace the 
weight of fuel. American helium-filled 
airships employed heavy and troublesome 
condensers to collect ballast water from 
engine exhaust. 

Airships inflated with helium or hy
drogen are less sensitive to small changes 
in ambient air temperature than are hot 
air balloons, but the updrafts associated 
with thunderstorms create a special 
maneuvering difficulty - if the ship is 
lifted above its pressure height (the al
titude at which gas cells are completely 
filled), lifting gas must be vented to pre
vent superpressure and the ship emerges 
from the updraft much heavier than air. 
Ballast must then be dropped to restore 
balance, often initiating the altitude 
fluctuations common to free balloons. 
An incident of this type appears to have 
caused the loss of the U.S.S. Akron, and 
efforts to prevent valving helium in simi
lar incidents may have resulted in a super
pressure condition that led to the struc
tural disinteg~ion of the U.S.S. Shenan
doah.1 

Another difficulty common to all 
airship operations in the Los Angeles 
area was the difficulty of descending 
through an inversion layer without valving 
gas, a problem that would be magnified 
during winter months in interior Alaska. 

Perhaps the greatest hazard to air
ships is atmospheric turbulence. Nearly 
all the large rigids have been damaged by 
storm encounters, and the U.S.S. Macon 

apparently was destroyed in this manner. 
Despite their imposing appearance, Zep
pelins were extremely fragile machines. 
By contrast, the non-rigid airships of 
World War II were surprisingly sturdy, 
often carrying out patrol duty in weather 
that grounded fixed-wing airplanes. 

LIFTING GASES 

Helium, hot air and hydrogen have 
been used as lifting gases in aerostats, 
with helium the choice for large vehicles 
because it is incombustible and has a 
lifting capacity only 7.3% less than that 
of hydrogen. Hot air at 250°F or less, 
having only one-third the lift of hydro
gen in a 32°F atmosphere, is currently 
used in sport ballooning. 

A closer look suggests that helium 
need not be the automatic choice. Zep
pelins in commercial service carried 
thousands of passengers without injury 
between 1909 and 1937. It is commonly 
forgotten that most of the occupants of 
the Hindenburg survived, and that the 
hydrogen fire that consumed the badly 
designed RJOJ in the only other commer
cial airship accident was a result of the 
crash, not the cause of it. Even during 
World War I, most airship fires followed 
crashes attributable to the primitive navi
gation and weather forecasting techniques 
of the day. British fighter pilots found 
them surprisingly difficult to shoot down 
until special incendiary ammunition had 
been developed, and many airships strug
gled home with their hydrogen gas cells 
riddled with bullet and shrapnel holes. 

Zeppelin engineers were masters of 
their craft and had they continued to 
perfect it, passengers might feel safer 
beneath a cloud of hydrogen that burns 
upward with a nonradiating flame than 
surrounded by a sea of jet fuel that turns 
to instant napalm in an accident. 

Apart from being the ultimate lifting 
gas, hydrogen has two other virtues that 
offset or capitalize on its combustibility. 
Hydrogen is cheap and can be produced 
in many ways from common materials. 
It is an excellent engine fuel; the problems 
of using hydrogen as an alternate fuel 
in a gasoline engine have recently been 
solved.2 

Helium doesn't burn, but it is expen
sive and the supply is limited. These con
straints have governed the design of air
ships that employ it, perhaps to their 
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disadvantage. Commanders of helium air· 
ships could not casually valve gas to pene· 
trate an inversion layer, and exceeding 
pressure height was a costly transgression 
of the rules. 

Hot air aerostats have only recently 
been taken seriously by the professional 
community, but their virtues are twofold. 
Hot air doesn't burn, and it is cheap in 
the short run. It may be cheaper still if 
the solar balloon concept can be applied.3 

AIRSHIP OPERATIONS IN ALASKA 

Probably the only instance of powered 
airship operation in Alaska was the emer· 
gency landing of the Norge at Teller,4 ter· 
minating Amundsen's successful polar 
flight. Proposed future operations must 
be weighed with consideration for the 
special problems and advantages pre· 
sented by the Alaska environment. Chief 
problems are the high winds common 
to coastal areas, mountain ranges, in· 
version layers, and the remoteness of 
many potential operating sites. On the 
positive side may be listed the light winds 
found in the interior of the state, scarcity 
of thunderstorms, and the low tempera· 
tures prevalent during much of the year. 

Airships are sometimes promoted as 
ideal vehicles for transporting heavy loads 
to remote areas without prepared landing 
sites. Often overlooked is the fact that 
the airship must hover as a free balloon 
while lowering its cargo to the ground 
and that release of the cargo requires 
either valving gas or taking on an equiva
lent amount of ballast to maintain 
neutral buoyancy. Valving helium would 
be prohibitively costly, so the remote 
site must be prepared to supply ballast 
water or fuel of weight equal to the 
cargo offloaded. 

Limited by engineering and economics 
to speeds of 100 knots or so, airships are 
much more sensitive to wind than are 
faster aircraft, and on round trips to an 
upwind destination, the higher speed on 
the return trip does not compensate for 
the reduced speed upwind. 

Proposals to build aerostats shaped 
like airplanes in the hope of getting the 
best of both worlds should be viewed 
with suspicion. The best shape of a clas
sical airship is the worst shape for an air
plane wing, and hybrids combine the 
worst of both worlds. 

Unusual shapes also have been proposed 
to reduce airship drag by using active 
boundary layer control. At least one of 
these5 shows promise for the hull of an 
extreme altitude blimp to serve as a com
munication relay at latitudes too high to 
be served by geosynchronous satellites, 
but the journey from wind tunnel to flight 
line is long and arduous. 

AIRSHIP ECONOMICS 

Fuel consumption is of paramount 
concern for all forms of transportation. 
An elementary study of airship parameters 
(available in the DOTPF report) yields an 
equation for the ratio of payload to fuel 
weight that may be used to evaluate pro-

increases as the airship size increases, and 
decreases rapidly with increase in speed. 
Efficient airships must, therefore, be 
large vehicles with low cruising speeds. 

Other aspects of airship economics 
are not so easily evaluated. Vehicles of 
classical design will require at least one 
heated hangar for maintenance and repair 
in the Alaskan winter climate and for 
shelter from severe storms. Very large 
nuclear-powered aircraft might conceiv
ably remain aloft continuously, moving 
to avoid storms and migrating to warmer 
climates for periodic maintenance, but 
development costs of such innovative 
craft are certain to be high. No doubt 
costly mistakes will be made in the first 

Rolling envelope of the Norge after its dismantling at Teller. (Photo courtesy Gaylord 
Williams, from University of Alaska Archives, Fairbanks.) 

posed designs. Applying this to an airship 
constructed with modern materials gives 

P/F=674000VA!V2L-4V/L-1 (1) 

where: 
A the hull cross section area in 

square feet, 
V the airspeed in miles per hour, 

and 
L the length ofthe voyage in miles. 

On a voyage of 1000 miles at 100 miles 
per hour, an airship with a hull diameter 
of 150 feet could carry 7.6 pounds of 
payload for each pound of fuel consumed. 
At a fuel cost of $1.00 per gallon, each 
pound of payload would consume 2.2ri in 
fuel, or 4.4ri per ton-mile. The equation 
also shows that the payload/fuel ratio 

attempts to advance the long-dormant 
technology of large airships. The writer's 
observation that the real cost of any in
novative project ultimately proves to be 
three times the estimated cost is widely 
shared as a fundamental law of engineer
ing. 

Service life of a modern airship is diffi
cult to estimate, but has in the past been 
surprisingly short. Those vehicles not 
lost through mishap were removed from 
service after seven to ten years because 
of wear and fatigue beyond economical 
repair. Another significant cost is replace
ment of helium lost through diffusion or 
emergency valving. 

It should be borne in mind that de
velopment of the great rigid airships was 
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funded by the German military budget 
of World War I. At the end of the war, 
Zeppelin production facilities were large
ly intact, and an experienced labor 
force was eager to work for any wage in 
the depressed postwar economy_ By 
contrast, surviving airship hangers now 
are crumbling with age, the art of build
ing rigid airships has been forgotten, and 
large airships are far too vulnerable to 
modern weapons to justify military 
support. 

The ultimate economic criterion is, as 
always, the number of units that the mar
ket will support. A single large airship of 
innovative design for Alaskan service 
cannot succeed unless its cargo is gold 
from an otherwise inaccessible mother 
lode at $5000 an ounce. At the other 
extreme, an order for 100 Mayflower 
class blimps slightly modified to serve the 
Alaska Department of Fish and Game 
would surely activate the production 
line at Goodyear at an attractive unit 
price. 

CONCLUSIONS 

A half-century ago, large airships 
routinely transported heavy loads over 
long distances with minimal terminal 
facilities, and they could do so again 
today if an adequate market existed for 
the product. Fifty years of technological 
progress, however, will not significantly 
improve their performance. Zeppelins 
were the product of superb engineering, 
and the best that can be hoped for is 
improved reliability and economy. 

Alaska has transportation problems for 
which a specially-designed rigid airship 
might be the best solution, but the revenue 
generated could not, under present cir
cumstances, justify the cost of producing 
airships for this service. 

Many people have attempted to design 
modern airships of monumental size or 
exotic configuration? Most have "run 
the numbers" and sadly consigned their 
dream ship to the circular file, but a few 
persist and submit proposals. Perhaps the 
test of equation 1 will serve as a quick 
check on performance claims. 

One ray of hope penetrates the clouded 
future of airships. In Alaska we burn 
much fuel and wreck many Super Cubs 
counting caribou, hunting wolves, and 
watching pipelines. These functions might 

well be performed by a small nonrigid 
airship, whose technology is alive and 
well and hungry. 

EPILOGUE 

A document8 received after the bulk 
of this paper had been written summar
izes modern airship feasibility studies 
conducted by Boeing and Goodyear 
under a NASA contract. Central to their 
efforts were parametric studies similar 
to those of Appendix I in DOTPF report 
AK-RD-80-4, with a more detailed break
down of weight components and slightly 
more optimistic engine and structural 
weight ratios. Both groups chose gas tur
bine power units, accepting their higher 
fuel rates in the interest of reduced gross 
weight. Recent trends in fuel cost and 
availability argue against this choice. 

Analyses of hybrid vehicles disclosed 
that optimum efficiencies for various mis
sions tended toward the extreme ratios 
of buoyant/dynamic lift, i.e., build an 
airship or an airplane, but not a hybrid. 

In an interesting comparison of air
ship and airplane construction costs it 
was found that during their years of co
existence costs per pound of airframe 
were nearly the same, and followed the 
same trend with time. It is inferred that, 
had rigid airship construction not been 
halted in the 1930s, the cost per pound 
of airframe would roughly equal that of 
modern jet transports (after the initially 
high development expenses had been 
written off). 

Both studies included in the document 
concluded that there are indeed missions 
for which a large airship might be the ideal 
vehicle, but doubt remains whether there 
are enough of them to justify the expense 
of re-inventing the airship at today's 
prices. 

However, a new class of hybrid com

bining the features of airship and heli
copter is currently under development 
to carry heavy loads over short hauls. A 
prototype Helistat, improvised from a 
1960 blimp gasbag and four retired heli
copters, will be tested in logging opera
tions by the U.S. Forest Service.9 With 
deadweight supported by the gasbag, all 
the lifting capacity of the helicopter 
rotors is available for cargo. While less 
efficient than the pure airship for long 
range transportation, its greater power 

frees the Helistat from the constraints of 
ballast or gas venting when landing cargo 
at remote sites, and, relieved of the need 
to minimize deadweight, the rotors and 
power trains could be more durably con
structed than is possible in helicopter 
practice. 

A more exotic design called the 
Cyclocrane uses a spherical gasbag with 
concentric rotor blades. Like the Helistat, 
deadweight is carried by the gasbag, but 
its single large-diameter rotor offers 
improved efficiency and simpler control. 
Neither machine will recreate the gran
deur of the Hindenburg era, but if devel
oped beyond the prototype level, both 
could perform useful missions where 
overland transport is impossible when the 
ground is not frozen and the cost of 
building airstrips for fixed-wing cargo 
airplanes is prohibitive. 

REFERENCES 

1Hook, T. 1973. Shenandoah Saga: A 
Narrative of the U.S. Navy's Pioneer
ing Large Rigid Airships. Air Show, 
Annapolis, MD. 

2Billings, R.E., N. Baker, F. Lynch and 
D. MacKay. 1974. Ignition Parameters 
of the Hydrogen Engine. In: Proceed
ings of the 9th lntersociety Energy 
Conversion Engineering Conference, 
pp. 487-492. 

3stefan, K. 1979. Performance theory for 
hot air balloons. AIAA Journal ofAir
craft, 16(2) :539-542 (August). 

4clarke, B. 1964. Polar Flight. I. Allan, 
London_ 

~Goldschmied, F.R. 1978. Aerodynamic 
hull design for HASP A L T A optimi
zation. Journal of Aircraft, 15(9): 
634-638 (September). 

6 Robinson, D.H. 1973. Giants in the Sky: 
A History of the Rigid Airship_ Univer
sity of Washington Press, Seattle. 

7McPhee, J. 1973. The Deltoid Pumpkin 
Seed. Farrar, Straus and Giroux, New 
York. 

8Ardema, M.D. 1977. Feasibility of 
modern airships: preliminary assess
ment. Journal of Aircraft, 14(11): 
1140-1148 (November). 

9Payne, L. 1981. Betting heavy on lighter
than-air. AOPA Pilot 24(9) :49-54. + 

The Northern Engineer, Vol. 13, No.3 23 



by R.P. Merritt, T.D. Roberts and R.D. Hunsucker 

Precipitation Depolarization of Satellite 
Signals in Sitka, Alaska 

INTRODUCTION 

Satellites have revolutionized world· 
wide communications. Nowhere has the 
impact been felt more immediately than 
in Alaska; one need only recall the tele
communications of a decade ago to realize 
how much satellite communications links 
have changed our lives. It is well-known 
that there is only one orbit that is geo
stationary, and that the world's geosta
tionary satellites share this orbit. As the 
demand for more message-handling capa
bility increases, the need for more effi
cient satellite spacing and frequency spec
trum use also increases. It has been 
proposed by the International Telecom Earth station operating at Sitka airport. (Photograph courtesy of Patricia Brooks.) 
munications Union (ITU) that the orbital 
spacing of geostationary satellites be transponder. Some systems use transpon the two signals. Under laboratory condi
reduced to three degrees, and that various ders which employ circular polarization tions, at these frequencies an isolation of 
schemes for carrying more information (INTELSAT) while others use linear better than 35 decibels (dB) may be ob
in the available frequency spectrum be polarization (Western Uniort; AN I K ser tained between the two polarization 
studied. ies). Frequency "reuse", or the sharing modes, which is adequate for most appli

A widely-used frequency band em of two messages at the same time in the cations. 
ploys an up-link frequency band centered same channel, may be obtained while The cross polarization (XPI) in deci
around 6 GHz (gigahertz) and a down using the same antenna structure by bels is given by: 
link band centered around 4 GHz, divided propagating two radio signals which are XPI = 10 log (P12/P 11 l into 12 sub-bands, or channels. Each of oppositely polarized to each other. In the where: 

these channels is 36 MHz (megahertz) case of the INTELSAT system, two op the power in channel 1 from 
P12 = 
wide. When guard bands are included, positely-sensed signals share the same a signal in channel 2, and 
the total spectrum bandwidth occupied frequency. The success of. the technique = the power in channel 1 deP11 
by all channels is 500 MHz. Each channel depends on the ability ta: maintain a veloped by the signal in chan
has a receiver-transmitter unit called a high degree of electrical isolation between nel 1. 

Robert P. Merritt, professor of electrical engineering at UAF, was one of the earliest workers in the field ofsatellite telecommuni
cations in Alaska and has served on the Governor's Subcommittee on Telecommunications. Thomas D. Roberts (also co-author ofan 
article on p. 4) is professor of electrical engineering at UAF. Robert D. Hunsucker, professor ofgeophysics and electrical engineering, 
has a background ofresearch in radio physics and radio propagation in the mid-latitude and high-latitude ionosphere. 
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It is clear that P12, the cross-polariza
tion power, is an unwanted term. Factors 
contributing to P12 are: 

1. Imperfections 	 in the antenna and 
feed systems 

2. Component mis-alignment 
3. 	Imperfections in the propagation 

path such as ionospheric distur
bances (leading to Faraday rota
tion). raindrops (providing non
spherical scattering centers). clouds, 
snow, hail, etc. 

Rain provides the largest contribution to 

p12" 
The possibility of using much higher 

frequency bands has led to detailed studies 
of rain depolarization effects at 12, 18 
and 35 GHz, where the effect is more 
pronounced. In the rush to investigate 
the higher frequencies, the 4 and 6 GHz 
bands were not studied in as great a detail 
as their importance in present-day appli
cation warrants. Worst case measure
ments (long paths, heavy precipitation) 
provide the most difficult practical test 
of any frequency reuse scheme. Hence 
this project. 

SITE REQUIREMENTS 

In 1979 the University of Alaska con
tracted with INTELSAT to obtain annual 
statistics for precipitation depolarization 
at 4 GHz by measuring the relative am
plitudes of two orthogonally circularly 
polarized components of a down-link 
signal from the INTELSAT IV-A sat
ellite, using an earth station in the Alaska 
rainbelt. Desirable characteristics for a 
depolarization measurement site are: 

1. Annual 	 precipitation greater than 
1500 mm with at least one hour of 
rainfall at a rate in excess of 50 mm 
per hour. 

2. 	Low elevation angles, or "look 
angles" ( 10 degrees or less above 
the horizon). 

3. 	Appreciable precipitation in the 
form of snow and ice. 

Several locations satisfy the main site 
requirements; however, there are secon
dary factors which must also -be taken 
into account, such as logistics, availabili
ty of land, shelter, power, and trained 
resident technicians to perform main

tenance and calibration of the equipment. 
After consideration of all factors, Sitka 
was chosen for the field site. This south
eastern Alaska city has an average annual 
precipitation of 2286 mm. 

EXPERIMENTAL TECHNIQUE 

Figure 1 depicts an I NTE LSAT earth 
station transmitting an up-link signal at 
a frequency of f1, nominally 6 GHz. 
The up-link signal is left-hand circularly 
polarized (LHCP). 

Here the frequency f 1 is related 
to the downlink signal f, by the relation 
f = (f + 2.225) GHz. The downlink1 
signal is the signal transmitted by the 
satellite and is right-hand circularly 
polarized (RHCP). If this signal (some
times referred to as the copolarized 
signal) encounters precipitation in its 
path, some energy will be scattered 
into the opposite polarization mode, 
which is LHCP. This unwanted LHCP 
signal is referred to as the cross-polarized, 
or X-Pol, signal. 

There are a number of ways to deter
mine the amount of energy scattered 
into the X-Pol mode. One such technique, 
which was the first one we tried, involved 
adjusting the polarizers under clear-sky 
conditions so that the apparent signals 
from LHCP and RHCP ports were equal. 
Under rainy conditions, a signal increase 
in one port would be noted with a simul

~ 	PACIFIC 
• 	 INTELSAT 

IV-A 

STANDARD 

TRANSMIT 


EARTH STATION 


taneous decrease in the other signal port. 
The phase angle between ports would 
change also, providing a sensitive indica
tion of the cross-polarized signal, at least 
in theory. In practice, noise and calibra
tion proved to be vexing problems which 
led us to use a different method. In the 
second method, the RHCP output was 
maximized under clear-sky conditions 
and the LHCP output was minimized. 
The largest achievable signal difference 
for this apparatus was about 40 dB, with 
32 dB being the smallest tolerable differ
ence. Under these conditions phase in
formation is masked by noise unless 
there is appreciable scattering, so this 
second technique is in theory less sensi
tive but more straightforward. 

In addition to the information supplied 
by the Co-Pol and X-Pol channels, a tilt
ing bucket rain gauge was installed to 
measure rainfall rate at the antenna site. 
A heated rain gauge was also installed 
to permit differentiating snow from rain. 
A 12 GHz radiometer was installed to 
permit monitoring of the cloud cover. 
The radiometer measures radio noise; 
when there are clouds the output of the 
radiometer increases, providing a measure
ment of average sky temperature. The 
radiometer required weekly calibration, 
using liquid nitrogen as a cold reference 
and a known "hot" load. The radiometer 
output calibration curve with several 
reference points is shown in Figure 2. 

RECEIVER (S) 

(1) f1 LHCP Up-link Transmit Frequency (f1 = f + 2225 MHz) 

(2) 	 f RHCP Down-link Transmit Frequency (CO-POL) ...----'----. 

(3) f LHCP Down-link Rain Scattered Signal (X-POL) 

Figure 1. System block diagram of the cross-polarization measurement program. 
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--L-- Figure 2. Calibration data obtained 
from the radiometer on 19 April 
1980 in Sitka. Cold load and hot 
load temperatures are the only known 
values; they determine the straight 
line curve as shown. The cloudy sky 
represents about 49° Kelvin. The 
noise diode adds 89°K to the sky 
temperature and the cold load tem
perature (LON2, -195.8°C). Hot 
load temperature on a cool misty 
day was +4.2°C; the noise diode 
adds approximately 83°K. The refer
ence signal in the equipment appears 
to represent 377°K. 

OOL-----1~0----~20~--~~=-----4~0~--~50~--~ 

CHART READING IN mm 

Table 1 shows the downlink signal bud
get under clear-sky conditions. 

EXPERIMENTAL RESULTS 

The experimental earth station de
scribed above was installed in Sitka and, 

after lengthy frustrating delays, became 
operational in fall 1980. Data were 
collected for several months during the 
winter and spring. Before examining sam
ple data, it is instructive to anticipate 
from previous work what might be ex
pected. 

TABLE 1 

The Co-Pol signal will suffer a slight 
attenuation, on the order of a few decibels 
at most, during periods of high precipi
tation.1 Despite the low overall attenua
tion in the Co-Pol channel, the effect on 
the X-Pol channel will be quite notice
able, on the order of tens of decibels 
during high precipitation periods.2 This 
may seem illogical until it is realized that 
a relativety small amount of energy scat
tered from the Co-Pol channel will have a 
large fractional effect on the X-Pol chan
nel, since the energy in the X-Pol channel 
is very small (ideally zero) under perfect 
clear-sky conditions. The isolation in dB 
between the two channels will degrade 
at roughly the same rate that energy is 
scattered into the X-Pol channel. As 
noted above, the rate of rainfall will 
influence directly the amount of isola
tion degradation, i.e., the harder it rains, 
the worse the scattering. Previous experi
mental data have borne out these predic
tions.3 Finally, while all this is going on, 
we expect a correlation between radi
ometer data (clouds), isolation degrada
tion, and rainfall. 

The radiometer and earth station an
tennas were both pointed southwest, in 
the direction from which the prevailing 
wind blows. Since the most interesting 
events for analysis are those where an 
initially clear period is followed by a 
period of hard rain, and since rain typical
ly moves from the ocean toward the coast, 

Typical4 GHz [?own-Link Budget for Right-hand Circularly Polarized Signal 
(clear weather; during rainy conditions, signal and S/N will degrade up to 3 dB) 

REFERENCE POINT 

Satellite effective isotropic radiated power 
Factor for dBW to dBm 
Down-link path loss 
Pointing/feed loss 
Antenna gain (4.5 m) 
Low-noise amplifier gain 
Down convertor RF/IF gain 
Intermediate frequency filter insertion loss 
Intermediate frequency receiver input 
Signal-to-noise 

GAIN (+)or LOSS(-) 
(dB) 

+30.0 

-196.7 


1.0 

+43.8 

+ 50.0 
+ 10.0 

- 6.0 


1 KHz Bandwidth 
3KHz Bandwidth 

10KHz Bandwidth 

RESULTING LEVEL 
SIGNAL (dBm) NOISE (dBm/KHz) 

+ 15 dBW 
+45 dBm 
-151.7 
-152.7 
-108.9 -146.8 

58.9 - 96.8 
- 48.9 86.8 
- 54.9 - 92.8 
- 54.9 92.8 
+ 37.9 dB 
+ 33.1 dB 
+ 27.9 dB 
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Figure 3. Illustration of time lag between rainfall measured at 
station and cross-polarization scattering. 

a time lag between isolation degradation 
and measured rainfall at the station is to 

be expected. 
Figure 3 depicts the experimental 

situation. While quantitative analysis of 
the data is beyond the scope of this 
general discussion, worst case events are 
of interest. Figure 4 depicts data traces 
from one such event recorded on Octo
ber 7, 1980. Other traces show similar 

results. 
The magnitude of the depolarization 

in the X-Pol and isolation channels is on 
the order of 20 dB during the period that 
maximum precipitation occurred in the 
path of the satellite signal. Clpud cover 
as indicated in the radiometer channel 
correlates well with the depolarization; 
the net attenuation of the Co-Pol signal 
is only a decibel or two, as expected. 
Numerous events were observed during 
the operating period from October 1980 
through April 1981. All events show the 
same general correlations and behavior. 

SIGNIFICANCE OF RESULTS 

It is clear that under marginal opera
ting conditions, cross-polarization caused 
by rain constitutes a natural limitation 
on frequency reuse techniques. This 
study verifies that the most important 
problem at these frequencies is rain de
polarization, as opposed to other pos
sible sources of polarization scattering. 
This result is not surprising, but it is not 
trivial either. If no design changes were 
made in the system, crosstalk between 
RHCP and LHCP channels would certain-

The Northern Engineer, Vol. 13, No.3 

Figure 4. Data for a one
hour period, 8 October 

RAIN RATE AT SITE 
1980, when approxi
mately 140 mm of rain 

fell. 

ly be objectionable at the Sitka earth 
station during periods of heavy rain. 

Various compensation schemes have 
been suggested for solving, or at least 
ameliorating, the problem of rain scat
tering.4 The characteristic modes of the 
raining medium may be exploited to 
devise signal processing schemes that 
improve the isolation between channels 
of differing polarizations. Such an ap
proach is certainly indicated for coastal 
Alaska satellite communications, as well 
as for other high latitude, rainy environ· 

ments. 
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by D.L. Kane 

GROUNDWATER RECHARGE 
IN COLD REGIONS 
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II!standing is complica- o.. 5 

ted in cold regions 
by the presence of 0 
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mafrost. In a region 

with a cold climate, the questions are: 
 Figure 1. Annual precipitation for Fairbanks, Alaska, 1906-1980. 

Can groundwater recharge occur? If so, 
at what rate? By examining daily water use per capi Obviously with a septic tank - seepage 

In the discontinuous permafrost zone ta, one can determine how large a lot is system, some of the utilized water is 
the availability of groundwater is un required to replenish pumped ground going to be returned to the groundwater 
predictable. In continuous permafrost water. Assuming a per capita use of 100 system; therefore the required natural 
regions potable groundwater is essential gal/day (378.5 1/day), then a family of recharge would be less. 
ly non-existent; surface water supplies four will consume 146,000 gal/year The main unknowns at this time are 
are the main source. (553,000 1/yr). If none of this water the amount of recharge that occurs, how 

Concern over excessive groundwater is returned to the groundwater system, it varies from year to year, and when 
use has occurred near Fairbanks, an area the required area for various increments it occurs. The amountofrechargedepends 
of discontinuous permafrost, where in of recharge would be as shown in Table 1. upon the total precipitation, distribu
creased demand has put new stresses on tion or timing of precipitation, and soil 
the groundwater system. For interior conditions. In general, one would expectTABLE 1 
Alaska, 40 to 50% of the annual precipi more recharge when greater amounts of 

Required Surface Area to Rechargetation comes as snow which accumulates precipitation fall. However, if precipi
Groundwater Needed Annually by aover a six-month period. The annual tation events are numerous but of low 

Family of Four (146,000 gal/yr)precipitation averages slightly over 11 intensity during the summer months, 
inches/year (28 em/year) (Fig. 1). More most of this water may be lost to evapoAnnual Recharge Surface Area of 
precipitation occurs at higher elevations, transpiration. A couple of storms with(inches) Recharge (acres) 
but how much more is unknown, since greater magnitude could produce more 
few precipitation gauges are installed in 5.4 recharge, even with less total precipitation. 
these places. Because of the low annual 2 2.7 Depending upon the soil conditions, 
precipitation, the potential for ground 3 1.8 recharge can possibly occur from snow
water recharge is minimal. 4 1.35 melt. One reason this can be significant 

Douglas L. Kane is associate professor of water resources and civil engineering, University ofAlaska, Fairbanks. Dr. Kane's special 
interests include stream and lake hydrology, and cold regions soil-water interaction. 
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is that roughly half of the annual precipi
tation melts during a one to three week 
period and is therefore available for re
charge. 

SETTING 

In areas of continuous permafrost, 
groundwater does exist beneath the 
frozen layer, but in almost all cases this 
water is highly mineralized and brackish. 
This subpermafrost groundwater source 
has never been utilized for domestic 
purposes. Since the active layer is general
ly quite shallow in colder environments, 
suprapermafrost water from that layer is 
not a viable source. Lakes and surface 
drainage are the main sources of supply 
in these regions. 

In areas of discontinuous permafrost, 
the utilized groundwater is from perma
frost-free areas, as well as beneath the 
permafrost. Usually, permafrost-free areas 
are found on south-facing slopes and 
near surface water bodies. A typical 
groundwater situation constructed from 
numerous well logs in the Fairbanks area 
is shown in Figure 2. In this case we have 
schist bedrock material overlain by a 
wind-deposited loess. The thickness of 
this loess is greater in the valley bottoms 
and decreases near the ridgetops. Alluvial 

~SCHIST 

II ALLUVIAL GRAVEL 

f2j EOLIAN SILT 

n PERMAFROST 

DISTANCE - FEET 

gravel is found in the vicinity of flowing 
water bodies. This cross section illustrates 
a typical permafrost profile for a zone of 
discontinuous permafrost. The permafrost 
is generally thicker in the valley bottoms 
and decreases in thickness as one pro
gresses towards a south-facing slope, 
where it disappears. Permafrost can be 
found on the north-facing slope near the 
ridgetop, increasing in thickness as one 
progresses down that slope. 

The water table for this type of envi
ronment is also depicted in Figure 2. Per
mafrost is shown to be absent below both 
the lake and river channel. Kane and 
Slaughter1 showed that for a small lake 
(5 acres, 0.02 km2) permafrost was ab
sent beneath the lake, and subpermafrost 
groundwater was discharging into the lake. 
Permafrost is generally absent beneath 
the channel of larger rivers. The fact . 
that coarse alluvial material is present 
to great depth helps to account for the 
absence of permafrost. 

In many locations, springs can be found 
on south-facing slopes at the interface 
with the permafrost. There is a transition 
at this point from an unconfined (water 
table) aquifer to a confined (artesian) 
aquifer. Figure 3 shows typical well 
profiles for permafrost and nonperma-

Figure 2. Typical cross section of Chena 
River Valley and Farmers Loop 
Ridge showing geology, water table, 
and permafrost distribution. 
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frost settings. Note that the water level 
for the permafrost setting is above the 
base of permafrost; permafrost behaves 
as the confining layer. Wells drilled at 
this point have exhibited this confining 
situation. Flowing wells have also been 
drilled through the permafrost. Linell 2 

describes such a well, where water flowed 
up the outside of the well casing for two 
years before it was brought under control. 
Other flowing wells have been reported, 
but not in the same detail. 

It can be seen that the water table 
(or piezometric surface) is quite close 
to the ground surface in valley bottoms; 
however, as one progresses up a slope 
the depth to the water table increases 
significantly. 

This groundwater flow system does 
not differ much from most groundwater 
systems. The following general rules can 
be made: 

1. Recharge of the groundwater sys
tem occurs on permafrost-free hillslopes. 

2. Permafrost acts as a confining 
layer and generally blocks any recharge. 

3. Lakes and rivers, especially larger 
ones, can represent points of groundwater 
discharge. If permafrost is present under 
the water body, no discharge of subper
mafrost groundwater will occur. 
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Figure 3. Typical well logs for permafrost and nonpermafrost settings. 

WATER MOVEMENT allowed to decline to 40 feet below the 
THROUGH UNFROZEN SOILS surface. Figure 4 demonstrates how the 

pore pressure of the fluid will change for 
The dynamics of water movement this case, Initially, the pore pressure will 

through both saturated and unsaturated be greater than atmospheric pressure 
porous media are well understood. The everywhere but at the water table. When 
two main factors that determine the the soil is saturated, the water table will 
direction of flow in a natural flow system be at the ground surface and the hydro
(essentially solute free) are the pore pres static law 
sure gradient and the gravitational gradi

p = 'Yhent. The gravitational gradient always acts 
downward, but the direction of the pore where 

pressure gradient is unknown. When the specific weight of water 
pore pressure gradient acts downward, 

'Y 
(Mass/Length2/Time2 ) 

the two gradients are complimentary. h distance below the water table 
However, if the pore pressure gradient is (L) 
upward, and exceeds the gravitational p pore pressure (M/L T2 ) 
gradient, water will flow upwards. 

Envision an isolated column of silty will indicate the pore pressure for equili· 

soil 60 feet high, where the soil is initial brium conditions (no flow). If the soil 

ly saturated but the water table will be column is tapped at the 40 ft depth and 

exposed to the atmosphere, the water 
column will drain down to this elevation. 
When equilibrium conditions have been 
re-established, the pressure distribution 
will look like curve 2. The main difference 
is that the pore pressure of the fluid above 
the water table is at a pressure less than 
atmospheric. If water moves from areas 
of high pressure to low pressure, then this 
would indicate that water will move up 
in this case. Since gravity is acting down
ward and this gradient is equal to the 
pore pressure gradient, there is no move
ment. 

Water movement in unfrozen systems 
can be described by Darcy's Law 

O=KiA 

where 

Q flow rate (L3/T) 
K hydraulic conductivity (LIT) 

hydraulic gradient (L/L) 
A cross-sectional area of interest 

(L2). 

For a given saturated soil there is only 
one value for the hydraulic conductivity, 
and it can. be determined with ease in the 
laboratory or found in various ground
water-related texts for specific soils. For 
an unsaturated soil, the hydraulic conduc
tivity varies with the soil wetness. The 
drier the soil, the lower the hydraulic 
conductivity. 

Also, in an unsaturated soil a relation
ship exists between the pore pressure of 
the fluid and the moisture content. At 
atmospheric pressure, essentially all the 
pores are filled with fluid. As the soil is 
desaturated, the pressure of the fluid 
drops farther and farther below atmos
pheric pressure. This curve is called a 
soil-water characteristic curve. The char
acteristic curve for Fairbanks silt loam is 
shown in Figure 4. 

It has been mentioned that as the soil 
becomes drier the hydraulic conductivity 
decreases; Darcy's Law implies that less 
water would move through an unsaturated 
soil. But as the moisture content decreases, 
the pore pressure gradient increases. This 
offsets some of the reduction in water 
migration due to the reduced ability of 
drier soils to transmit water. 

In a soil column with a fixed water 
table (similar to Figure 4) that is in equi
librium, there is a continuous film of 

The Northern Engineer, Vol. 13, No.3 30 



WATERGROUND -¥ ~ TABLE0 SURFACE o 0 ° 0 CURVE I 
oOoo 

0 0 0 
0 0 

0 0 0 

10 
0 

20 

0 0 0 
0 0 

0 0 0 0 
0 00 

0 0 0 
0 0 0 

0 0 00-
-.....-
0 0 0 

0 0 ° 0 
0 0 0 0 
0 0 

:I: ..... 
Q. 

30 
0 0 

0 
0 

0 0 

0 0 
0 

0 
0 0 

0 
w 0 0 0 

0 0 0 0 0 

WATER 
TABLE 
CURVE 2 

RELATIVE PORE PRESSURE OF FLUID (psi) 

Figure 4. Pressure variation of water in saturated and unsaturated zones for water 
table at surface and for water table at a depth of 40 feet. 

water through the soil column. Saturated feet of water, or -1 bar. By entering 
conditions exist from the water table to Figure 5 with a pressure of -1 bar, it can 
the bottom of the column. From the be seen that the equilibrium moisture 
water table to the top of the column, there content by volume is 26%, as opposed to 
is a continuous decrease in the moisture a moisture content of 50% by volume for 
content. The film of water in this unsat saturated conditions. It should be noted 
urated zone exists on the soil particles that most of the reduction in soil moisture 
and decreases in thickness as the soil occurs over a range of suctions between 
becomes drier. The water attached closely -0.1 to -2.0 atmospheres. The moisture 
to the soil particles has properties that content at any depth could be determined 
differ from bulk water. By using the pore in this manner. 
pressure of the fluid for curve 2 of Figure In summary, groundwater can recharge 
4 and equating this to the extraction pres the system when excess water occurs near 
sure of Figure 5, the moisture content in the surface. At first, any excess water will 
the unsaturated soil can be determined. go to replace any moisture deficiency 
One bar is approximately equivalent to which would be indicated by a pore pres
one atmosphere, to 14.7 pounds per sure of the fluid that is less than the 
square inch, or to 34 feet of water. For equilibrium condition. 
an elevation 6 feet below the ground The greater the depth to the water 
surface (34 feet above the water table). table, the lower the equilibrium value of 
the pore pressure of the fluid is -1 atmos the moisture content. If the water table is 
phere, -14.7 psi, -1000 em of H20, -34 204 feet below the ground surface (equiv-
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alent to -6 bars), the moisture content of 
Fairbanks silt loam (Fig. 5) would be 
about 12% by volume near the ground 
surface. This is a very low moisture con
tent and the soil would appear quite dry_ 
However, at this elevation above the water 
table, this is all the moisture that could 
be retained against the pull of gravity by 
this particular soil. As one proceeds down 
through the soil column towards the 
water table, there will be a gradual in
crease in the moisture content until the 
soil is saturated . 

The manner in which water molecules 
move through a soil is similar to a domino 
falling against another domino and mov
ing it a short distance. One water mole
cule gets moved one molecular diameter 
by each additional water molecule_ 
Sometimes this excess water enters the 
soil faster than it is transferred down the 
soil water column, and surplus water then 
can be found at the ground surface. Grad
ually, this excess water will migrate 
towards the water table or be lost by 
evapotranspiration. 

Groundwater recharge from rainfall in 
cold regions is conceivable. However, 
because of the customary light rainfall, 
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moisture deficiencies usually exist in the 
shallow root zone. Most rainfall goes to 
replenish soil water lost to evapotrans
piration. Braley found for barley grown 
at Delta, Alaska, that evapotranspiration 
losses were approximately equivalent to 
the summer precipitation.3 

The other source of potential ground
water recharge is from snowmelt; the pos
sibility of this depends upon soil con
ditions. 

WATER MOVEMENT 
THROUGH FROZEN SOILS 

Many people believe that frozen soils 
are impermeable. In fact, it has been 
found that saturated soils can transmit 
water at temperatures substantially below 
freezing. 

Several researchers have discovered 
that not all of the water in a soil-water 
system froze at the freezing point of bulk 

4water. Depending upon soil type and 
temperature, a film of unfrozen water 
exists on the surface of soil particles. For 
a saturated soil, the thickness of this film 
is greater for fine-grained soils; the thick
ness decreases as the temperature de
creases. 

Two theories exist that explain why 
water can move through frozen soils that 
are saturated. First, water can move 
through the unfrozen films described in 
the previous paragraph in response to a 
hydraulic gradient. Williams and Burt5 

measured the hydraulic conductivity of 
various saturated, frozen soils over a 
temperature range from 0°C to -0.4°C in 
the laboratory. (It is very difficult to 
perform this test at temperatures below 
-0.4°C.) In general they found that the 
hydraulic conductivity is reduced several 
orders of magnitude at 0°C and when 
the temperature is reduced further there 
is an additional significant reduction in 
the hydraulic conductivity. 

The second concept used to explain 
the effective hydraulic conductivity of 
frozen soils is the theory of regelation. 
It is hypothesized that as heat flows 
from warm to cold areas, this process, 
in conjunction with phase change, pro
duces a net migration of ice and water in 
the same direction as the heat flow. 
Testing this, Horiguchi and Miller6 

measured laboratory values for what they indicate a nearly saturated soil; therefore, 
call apparent hydraulic conductivity; when infiltration occurs from snowmelt, 
their values differ slightly from what water can occupy pore spaces that are 
Williams and Burt reported for similar filled with air. The drier the soil, the 
soils. greater the pore volume occupied by air. 

In natural systems, an examination To measure the infiltration rate of 
of the seasonally frozen layer would these seasonally frozen soils, double-ring 
reveal that most of the soil is unsaturated. infiltrometers were installed in the field 
Only where ice lenses are found would prior to freeze-up. The diameters of these 
the soil be considered saturated. Very rings were 36 em and 18 em. Measure
little work has been done with water ments of water loss are made on the in
movement through frozen unsaturated side ring, maintaining a constant head in 
soils. The author studied a silt loam near the infiltrometers. A typical infiltration 
Fairbanks to examine the redistribution curve for an unfrozen silt loam is shown 
of moisture within the seasonally frozen in Figure 6. Characteristically the infil
zone and the rate of infiltration into these tration rate is higher initially and in time 
soils.7 For relatively wet soils, it was approaches a constant value. This constant 
found that over the winter season, water value is the saturated hydraulic conduc
migrated toward the freezing front of the tivity. It tan be seen for this soil that the 
seasonal frost. This migration was greater minimum infiltration rate is reached 
earlier in the winter and resulted in higher within 20 to 30 minutes. Laboratory 
moisture content (ice + water) near the measurements of the saturated hydraulic 
surface than at depth. The effect of this conductivity for this soil compare quite 
higher moisture content is to reduce both well with these infiltration curves. 
the infiltration rate and the saturated hy Identical infiltration tests were done 
draulic conductivity because of the larger for natural soils that were seasonally 
quantity of ice in the soil pores. For drier frozen (Fig. 7). Vv1th a 15% slope, in a 
soils (moisture content about 10% by forest setting of birch and aspen. With 
weight), it was found that very little this soil condition, the infiltration rate 
change occurred in the moisture content was reduced by a factor of two over the 
at various depths during the winter. A summer conditions. Other tests were 
moisture content of 35% by weight would carried out on plots that had been watered 
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Figure 6. Infiltration curve for Fairbanks silt loam that is unfrozen. 
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prior to freeze-up for the purpose of ex
amining other moisture conditions. In 
general, the greater the moisture content 
(ice + water), the lower the infiltration 
rate. 

For the naturally dry soils on nonper
mafrost slopes, no near-surface runoff was 
found. This implies that snowmelt water 
either goes into the soil system or returns 
to the atmosphere. For wetter plots (those 
artificially irrigated). runoff occurred. The 
values of saturated hydraulic conductivity 
for the seasonally frozen wet soils fell 
between the values reported by Williams 
and Burt5 and Horiguchi and Miller6 for 
silt loams. 

A couple of factors not discussed are 
the snowmelt rate and the role of organic 
material on the ground surface. At the 
end of winter, the surface organic material 
is very dry and readily allows water to 
enter. It is the underlying mineral soil 
that limits the infiltration of water. The 
organic layer is an excellent buffer 
between the snowpack and mineral soil 
for temporarily storing water. The rate 
of snowmelt is controlled by climatic 
factors; maximum observed rates of snow
melt have always been substantially less 
than potential rainfall rates. The snowmelt 
only occurs during a few hours in the 
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middle of the day; several hours without 
melt allow excess water in the organic 
layer to drain into the mineral layer. 

CONCLUSIONS 

As population in the north increases, 
more groundwater is being taken from the 
discontinuous permafrost zone. Whether 
groundwater is being naturally recharged 
as readily as it is extracted is unknown. 
Two hydrologic events can contribute to 
groundwater recharge: snowmelt and 
summer precipitation. 

Field studies have shown that the 
potential for groundwater recharge is very 
low during most summer rainfall for two 
reasons. Evapotranspiration creates rela
tively dry soil conditions within the root 
zone, and the pattern of summer precipi
tation is for rainfall of low intensity and 
relatively short duration. During very wet 
periods, the potential for groundwater 
recharge would be greatly enhanced. 

It appears that the most reliable 
source of groundwater recharge occurs 
from snowmelt on nonpermafrost slopes 
where the seasonally frozen layer is quite 
dry. For these frozen dry soils, it was 
found that the infiltration rate was re
duced to about one-half that for the un
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frozen condition. Seasonally frozen soils 
with a high moisture content have infil
tration rates that are reduced by two to 
three orders of magnitude, hindering 
groundwater recharge. Examination of 
soil conditions on nonpermafrost slopes 
at the end of the winter reveals that the 
soils are generally well drained with low 
moisture contents just prior to the ablation 
period. 
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by J.D. Aspnes, R.P. Merritt and S.-1. Akasofu 

Effects of Geomagnetically Induced Current 

on Electric Power Systems 

INTRODUCTION 

The aurora borealis or northern lights 
is one manifestation of the disturbed 
magnetosphere (the band of ionized 
particles trapped by the planet's magnetic 
field) surrounding the earth. Other mani
festations include large circulating currents 
in the ionosphere (at an altitude of 100 
km) and rapid variations in the magnetic 
field entering the earth. The disturbances, 
called magnetospheric substorms,1 are 
related to variations in the- solar wind, 
the continuous outflow of charged 
particles from the sun which extends 
far beyond the earth's orbit. The super
sonic solar wind flow is highly turbulent; 
it is modified by eruptions on the sun's 
surface, identified by telescope as sun 
spots. The frequency and intensity of 
the magnetospheric substorms are vari· 
able, following in general the 11-year sun 
spot cycle. All this activity is fascina· 
ting to geophysicists and is the substance 
of much basic research, but it turns out 
to have a practical side as well. 

Put simply, an enormous discharge 
current on the order of a few million 
amperes flows along the aurora. Because 
the solar wind is often gusty, the current 
intensity varies widely. This changing 
current induces a voltage, which can be 
quite significant, along the surface of the 
ground. Thus, if one connects two points 
on the ground by an electrical conduc· 
tor - such as a telephone cable, an oil 
pipeline, or a power transmission line- an 
electric current will be forced through 
the conductor by the earth's surface 
voltage. This current may be large enough 
to cause equipment malfunctions or 
damage. 

We shall discuss the details of how and 
why this situation can occur. 

BACKGROUND 

The earth is a curved surface multi
layer conductor, and thus magnetic field 
variations caused by the growth and 
decay or rapid movement of electric 
currents in the ionosphere produce an 
induced earth-surface potential according 
to one of Maxwell's equations, 

Y' x £ = -astat, 
where 

..£ electric field intensity in 
volts/meter, 
del operator, 

X vector cross product, and 
aBtat the partial derivative of 

magnetic flux density in tes· 
las (webers/meter2) with 
respect to time. 

Induced earth-surface potentials of 1 
volt/km are commonly measured during 
magnetospheric storm conditions and 
values of 10 volts/km have been re· 
corded.2 This earth-surface potential 
(ESP). in turn, causes very low frequency 
or quasi-de currents to flow in electrical 
conductors that are grounded or con· 
nected to the earth at two separate 
points.3.4·5•6 This quasi-de current, called 
geomagnetically induced current (GIC), 
has been measured in telegraph and tele· 
phone lines, electric power transmission 
lines and pipelines. Thus, while the spec· 
tacular auroral "wall of fire" entertains 
people viewing the night skies, geomag· 
netically-induced current is affecting 
electric power systems. 

The eff~t of inducing ESP and GIC 
is complex, due to a variety of factors 
such as the geometry of the electrical 
conductor system with respect to iono
spheric currents and the geological struc
ture of the earth in the vicinity of the 
conductors, 7 G I C is not proportional to 
any of the three components ofthe earth's 
magnetic field variations (H, the north
pointing horizontal component; D, the 
horizontal component pointing 90° away 
from H; and Z, the vertical component), 
nor is it proportional to the rate of change 
of H and D. Because of the great diffi· 
culties associated with a quantitative 
analysis, it is necessary to determine 
GIC experlhlentally in specific conduc
tor systems and examine the relation
ship to corresponding geomagnetic varia
tions. For many years University of Alaska 
Geophysical Institute personnel have 
been recording and studying ESP associ· 
ated with magnetic disturbances and 
aurora. These studies have linked ESP 
with low-energy, high-volume particle 
flux emitted from the sun during solar 
flare activity. 

GIC was observed in telegraph lines 
as early as 1847. This current was known 
to cause interruptions in communica
tions and occasionally serious damage to 
telegraph terminal equipment.8•9 More 
recently, a coaxial cable system in Illinois 
and Iowa ,was forced out of service on 
August 2, 1972 during the most violent 
geomagnetic storm of that decade. 10 

The effects of GIC on electric power 
systems have been presented in several 

11 23papers. · Basically, this very low 
frequency current distorts the magnetic 

John D. Aspnes is a professor ofelectrical engineering at UAF. Dr. Aspnes has published papers in the area ofpower systems model
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professor of geophysics, has been involved in studies of the aurora and magnetospheric disturbances for many years. Dr. Akasofu is 
cu"ently studying solar flares and resulting interplanetary disturbances. 
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field in the transformers and otherwise 
unbalances the system. 

The quasi-de current has a period of 
approximately 5 to 15 minutes. Magni
tudes in excess of 100 amperes have been 
measured in power system transformer 
neutral (or grounding) connections during 
strong magnetic storms. When GIC is 
present in transformer windings, it be
comes part of the excitation current 
and offsets the normal transformer mag
netization curve. This produces half
cycle core saturation. During magnet
ic saturation a transformer acts as if 
it were an air-core reactor, requiring 
much greater than normal reactive 
volt-amperes or vars. Vars are the product 
of voltage magnitude, current magni
tude and the sine of the phase angle dif
ference between voltage and current. 
Thus, the effect of increased var require
ments of power system transformers is 
an increase in transmission line current 
with consequently larger than normal 
voltage drops between generators and 
loads. Ouasi-dc excitation also causes a 
large increase in harmonic voltages and 
currents generated by transformers. These 
harmonics of 60 Hz, particularly the 
third and fifth, have caused protective 
relays to operate incorrectly during 
geomagnetic storms. This occurs because 
relays without harmonic restraint perceive 
third harmonic current as zero phase 
sequence current and fifth harmonic cur
rent as negative phase sequence current. 
Zero and negative sequence currents 
are normally a symptom of an unbalanced 
or faulted power system. On the other 
hand, high levels of harmonic generation 
have been considered responsible for 
restraining differential relay operation 
during power system faults. 

Additional power system problems re
sulting from GIC include variations in 
power flow because of voltage changes, 
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Figure 1. One-line diagram of Healy
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line and important characteristics of 
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frequency shifts due to modified power 
flow, possible system instability due to 
frequency changes, transformer overheat
ing, incorrect protective relay operation, 
and increased transformer audio noise 
output. 

Recent notable examples of GIC
induced power system disturbances were 
two unwarranted protective relay opera
tions which temporarily put out of 
service a new 749 km (466 mile) 500,000 
volt (500 kV) transmission line between 
Winnipeg, Manitoba and Minneapolis-St. 
Paul, Minnesota, in October 1980 and 
again in April 1981. In December 1980, 
a 735 kV transformer failed during a 
geomagnetic storm at James Bay, Canada. 
A replacement 735 kV transformer at<the 
same location later failed on April 13, 
1981, again during a geomagnetic storm. 

Thus, GIC is of more than academic in
terest to electric utilities; it can be re
sponsible for significant economic losses. 

The University of Alaska, Fairbanks 
electrical engineering department in the 
School of Engineering and the Geophys
ical Institute have jointly monitored 
GIC in the Healy to Fairbanks trans
mission line for several years, in coopera
tion with Golden Valley Electric Associ
ation and its engineering staff. 

DESCRIPTION OF POWER SYSTEM 

The electric power system serving 
Fairbanks and surrounding communities 
is small by 'lower 48' standards, with a 
total generation capacity of about 333 
million watts (MW) driven by steam, 
diesel and gas turbine prime movers. This 
includes approximately 43 MW of inter
connected generation on military instal
lations. The highest transmission voltage 
is 138 kV. There is no interconnection 
of the Fairbanks system to any other 
part of the state at present, although an 
intertie is currently being proposed be
tween Fairbanks and Anchorage, 260 air 
miles to the south. This intertie is plan
ned to utilize the existing 138 kV line 
from Healy to Fairbanks (Fig. 1) and will 
substantially increase GIC magnitudes 
above present levels. Thus, the data pre
sented in this paper are relevant and 
timely for the intertie design effort. 
Golden Valley Electric Association oper
ates a 25 MW coal-fired, mine-mouth 
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Figure 2. (left) 

Comparison of the induced 
current in the Healy-Fairbanks 
power line transmission with 
the north-south component of 
the earth surface potential 
monitored in the same vicinity, 
and the H-component magnetic 
records; 02.10 UT, 29 Septem
ber 1978 (16.24 AST, 28 Sep
tember 1978); AST, Alaska 
Standard Time. 

Figure 3. (below) 
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f-l f.ilnected in grounded-wye configuration so £rf:li. . -~ q ~-.:;.J=j_Ei .that a direct electrical path exists from 

earth ground to the transformer neutral -- · ~!-f=t.tHf-tffif j1ffFAE-£ -;: l"tft£~} 

or low-voltage end of each applicable tlt1;!f!flf/fllji1l-llli!il/1/i)llltl11.li.fff/#-ffl7#c(i~

8 

-
-~ .c:- - _ 'J.L--ffj.f]"fGold Hill Autotransformer Neutral CurrenilJ!j]!J]JkiFl;winding. The high-voltage end of each 

7 6 5 4 Alaska S·tandard Tl 

138 kV winding is directly connected 17 1 B 15 14 UT 

December 19, 1980to one end of a phase conductor of the 
three-phase transmission line. The line 

measured in approximately the same observe that H is not proportional toresistances shown in Figure 1 are de 
direction as the Healy-Fairbanks trans either of the other graphs. A difficulty resistances per phase; thus, actual line 
mission line, and the H-component of arises in determining GJC in the Gold resistance affecting G IC is one-third the 
the earth's magnetic field measured at the Hill transformer windings because multiple indicated value, since three parallel de 
College, Alaska observatory. GIC was system ground points exist in Fairbanks, paths exist between ground points. G IC 
determined by sensing voltage across a as shown in Figure 1. Measuring direct is limited only by the de resistance and 
62.5 p.Q. shunt placed in the neutral con current in the autotransformer seriesby the magnitude of earth-surface poten
nection between points A and B. This winding presents a problem because 138 tial (ESP) existing between ground 
voltage signal is passed through a 6 Hz kV ac voltage also exists at the measurpoints. 
cutoff low-pass filter and telemetered to ing point, which is a high voltage terminal 
a recorder. The induced current and of the autotransformer. An approximate EXPERIMENTAL POWER 
earth-surface potential recordings look solution to the problem is to estimateSYSTEM OPERATING DATA 
identical. They should, because they are ground resistance at system grounding 

Figure 2 shows simultaneous record related by Ohm's law E = IR or voltage= points and calculate the de current divi
ings of GIC measured in the 138 kV current x resistance of a series circuit. sion between series and common windings 
autotransformer neutral to ground wire at This is a linear relationship if R (de resis of the autotransformer. This is possible 
the Gold Hill substation (points A and B tance of the transmission line and trans because the de resistances of all conduc
in Figure 1), earth-surface potential (ESP) former windings) is constant. One may tors and transformer windings are known. 
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Figure 4. Current polarization circuit at Gold Hill substation. 

GIC in transformer windings creates zero sum of tertiary winding currents, it 
an asymmetrical magnetization character usually indicates a power system un
istic. This results in excessive harmonic balance and therefore an abnormal opera
generation and the power system prob ting condition. If this non-zero sum ex
lems listed earlier. ceeds a threshold value, it activates pro

GIC can cause equipment to malfunc tective relays, interrupting transmission 
tion in many unexpected ways. High line service. However, excessive harmon
voltage power lines have extensive protec ics caused by GIC (primarily the third 
tive relay circuits, designed to open cir harmonic) also appear as a non-zero 
cuit breakers when they detect an elec sum in a delta-connected winding, creat
trical fault in the line, thereby protect ing the possibility of false relay operations. 
ing the generators (and the consumers). 
Early in the morning of 19 December, N 

:r: 
1980, a spectacular red aurora occurred 0 

0 
v 

0 
CX) 

~ C\J v
over Alaska. Figure 3 shows that the ef

fects of GIC could be detected in these 

protective circuits. Simultaneous chart 

recordings are displayed of GIC measured 

in the Gold Hill autotransformer neutral 

and the root-mean-square (rms) value of 

current proportional to the sum of induced 


:ccurrents in the delta-connected tertiary ~ 
autotransformer windings. This rms cur w 
rent is an input to several directional re 0 

:::::> 
lays and an overcurrent relay as shown in t: 

....J 
Figure 4. The recordings in Figure 3 a. 

~ 
indicate that quasi-de geomagnetically <( 

(.!)induced current has a definite effect on 
0 

the third electrically-isolated winding in ....J 


each phase of the three-phase autotrans

former. The significance of a delta connec

tion is that under normal balanced three

phase operation, voltages and currents sum 

to zero because they may be represented 
 -

Figure 5 illustrates measured Gold Hill 
autotransformer audible noise spectra 
during a geomagnetic storm (3 April 
1979) and during a geomagnetically quiet 
period (8 May 1979). Transformer sound 
occurs in 60 Hz power systems because 
ferromagnetic materials change size slight· 
ly when magnetized. This change in size 
(magnetostriction) occurs during each 
half cycle of the 60 Hz fundamental 
frequency, or 120 times per second. 
Since the magnetostriction process is non· 
linear, all harmonics of 120 Hz are also 
present, contributing to transformer 
sound output. If de excitation is present, 
however, the measured transformer sound 
spectrum additionally contains the 60 Hz 
fundamental and all harmonics of 60 Hz. 
This occurs because magnetostriction is 
no longer symmetrical over successive 
half cycles of 60 Hz excitation. It should 
be noted that an increase in all harmonics 
of 60 Hz increases eddy currents in the 
transformer core, causing additional heat· 
ing and consequently reducing expected 
transformer lifetime. 

CONCLUSIONS 

Experimental evidence has been pre
sented which shows that geomagnetical
ly induced current (GIC) does affect 
power systems in Alaska. Earth-surface 

N 
:r: 

0 0 0 0 
0 C\J v ID 
ID I'- CX) en 

I GOLD HILL 
SUBSTATION 

3 APRIL 1979 
-31 

1022AST 

QUIET CURVE 
8 MAY 1979 

by equal length vectors displaced 120° in Figure 5. Transformer audio noise spectra during a disturbed period (3 April1979) 
phase from each other. If there is a non- and a quiet period (8 May 1979). 
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potential (ESP) and GIC have essentially 
identical waveforms if ESP is measured 
in the same orientation as a line between 
power system ground points. 

GIC affects electrically-isolated terti
ary winding current in autotransformers. 
While the levels shown in the top graph 
of Figure 3 have a maximum value of 
116 milliamps (mA), this is still consider
ably less than the present 2.0 A relay 
trip current setting. However, the rela
tionship between GIC and tertiary (direc
tional relay polarizing) current is highly 
nonlinear, and it will be necessary to ob
serve stronger auroral activity to deter
mine more accurately how much GIC is 
required to activate protective relays 
incorrectly at the Gold Hill substation. 

Audible noise generated by transfor
mers increases dramatically as GIC levels 
increase. This is an important considera
tion if human activity is located near 
the noise source. Even more significantly, 
high noise levels may be symptomatic 
of undesirable mechanical and thermal 
stresses which reduce transformer life
time. 

Investigations are continuing with 
the ultimate objective of better under
standing conditions required for G IC to 
interrupt normal power system opera
tion. This is particularly important here 
because of the anticipated Anchorage
Fairbanks intertie. Because G IC magni
tude is roughly proportional to length of 
transmission line between grounding 
points for a given magnetic disturbance, 
significantly larger current will be observed 
on the proposed intertie unless measures 
are taken to reduce its magnitude. 
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by Fred Miller and John Zarling 

SOLAR-ASSISTED 
CULVERT THAWING DEVICE 

INTRODUCTION 

Roadway flooding and icing have been 
major problems in Alaska, especially dur
ing the spring thawing period or breakup 
season. Temperatures below freezing 
under roadways cause meltwater to re
freeze in culverts (Fig. 1); the subsequent 
backing-up and further freezing of the 
water leads to flooding and icing on the 
roads. 

The Alaska Department of Trans
portation currently utilizes two methods 
for thawing culverts where the combina
tion of flooding and icing is a problem. 
The first method uses a steam generator 
transported to a problem site via truck 
trailer, or bus; it is not permatlent on-site 
equipment. The generator is connected 
to a thaw pipe in the culvert, in either a 
closed loop or open loop circuit, which 
circulates steam through the culvert to 
melt the ice. The amount of time required 
to thaw an opening in an ice-filled culvert 
is determined on the spot by the main
tenance crew or from previous site his
tory. In some cases, just getting the water 
to flow is sufficient to keep the culvert 
unplugged. In other situations, the cul
vert must be totally thawed to ensure 
against its replugging in a short time. 

A second method of culvert thawing 
employs oil burning barrel stoves, com
monly called "moose warmers", left in 
place during the cold months. These 

Figure 1. Frozen culvert, Fairbanks, Alaska. (Illustrations courtesy of the authors.) 

barrel stoves, which consist of wicks 
in 55-gallon drums of fuel oil, are set 
in the upstream flow to the culvert. The 
water passing around the barrel is warmed, 
which melts the ice and maintains a free 
flow through the culvert. Fuel consump
tion of up to 50 gallons per culvert per 
day is typical for the moose warmers, 
and therefore a daily oil delivery is re
quired at all locations using this system.1 

Both of these methods are labor
intensive and expensive. The cost of cul
vert thawing to the Alaska Department 
of Transportation was estimated by H.M. 
Hume.2 He reported that total costs per 
year for four interior Alaska maintenance 
districts varied from $22,400 to $44,000. 

Per culvert cost, only estimated in one dis
trict, was $900 per thaw cycle and $2700 
per year. 

To overcome the disadvantages of the 
presently-used systems, DOTPF decided 
to test another approach. A maintenance
free solar-assisted culvert thawing device 
(Fig. 2) was designed, constructed and 
installed on a frequently-frozen culvert. 
The test site for the prototype was 
Grenac Creek on Farmers Loop Road, a 
few miles north of Fairbanks, Alaska. 
The site was selected by the Department 
of Transportation and had been used in a 
previous culvert icing research program 
by the U.S. Army Cold Regions Research 
and Engineering Laboratory (CAREL). 

Fred Miller is a 1981 graduate from the University of Alaska in mechanical engineering. Presently he is employed as a refinery 
engineer by Union Oil Company in California. John Zarling is professor and head, dep6rtment ofmechanical engineering at the Univer
sity ofAlaska, Fairbanks. A preliminary version of this paper was presented as a paper at the American Society ofMechanical Engineer
ing Students Conference in Portland, Oregon, in May 1981. 
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Figure 2. Solar-assisted culvert thawing device. 

Once installed, the solar-assisted sys
tem can be left at the site to maintain a 
free flow of water through the culvert. 
The solar device heats a fluid which is 
circulated in a closed loop through a 
thaw pipe in the culvert. The circulated 
fluid heats up in the flat plate collector 
only during the daylight hours. Subse
quent refreezing and plugging of the 
culvert during the night will probably 
take place under adverse weather condi
tions, but the device does relieve roadway 
flooding and icing during the operational 
daylight hours. 

SYSTEM DESCRIPTION 

The solar-assisted culvert thawing de
vice is comprised of (Fig. 3): 

1. Two 	 Solar King Deca~e 80 flat 
plate hydronic collectors 

2. Solarwest Pilot Series Model P-3-12, 
12-volt 	 DC photovoltaic power

4systems (Components are three 
ASI 16-2000 solar modules; three 
Delco 2000 maintenance-free bat
teries; and VPP control panel) 

3. Sun-sensing switch 
4. 	Honeywell thermostatic switch 
5. Motor speed controller 
6. 	1%-inch nominal diameter steel 

thaw pipe 
7. Premium insulated heater hose 

8. 	Automatic air purger and expan
sion tank 

9. MP model 12200 circulator 

The pump is controlled by the sun
sensing and thermostatic switches. If the 
temperature inside the flat plate collector 
is above 45°F and the sun is up, the pump 
will turn on. If the temperature inside the 
collectors drops below 33°F, or if the sun 
is down, the pump will turn off. The 
two switches are in series; thus both con
ditions must be satisfied for the pump 
to be on, and either switch can turn the 
pump off. 

The three Delco 12-volt high capacity 
batteries provide the power source for the 
pump. The pump speed is controlled by a 
multivibrator CMOS/transistor switching 
circuit.5 The power consumption of the 

Figure 3. Diagram of solar-assisted 
culvert thawing device. 

motor is then more dependent on the 
variable motor speed, which conserves 
battery life. 

The photovoltaic panels serve as a 
battery charger. The three panels are 
rated for a maximum output of 99 watts, 
well above the nominal 36 watt motor 
requirement. The VPP panel is the volt
age regulator and master switch control 
panel. When the batteries' charge is low, 
the load is disconnected automatically 
until they are sufficiently recharged by 
the solar cells. At that point, the output 
of the solar cells is simply short-circuited 
and dissipated as heat. 

The fluid used in the system is a 60/40 
ethylene glycol-water solution to prevent 
freeze-u·p during periods of extreme low 
temperatures. It is transported to and 
from the flat plate collectors via the 
heater hose; heater hose was selected due 
to its relatively low thermal conductivity 
and ease of installation. 

The system incorporated an automatic 
air purger to remove air bubbles initially 
trapped and dissolved in the fluid. An 
expansion tank w<Y~ fitted to ensure 
against over-pressurization due to thermal 
expansion. 

The thaw pipe is a tube within a tube 
to ensure that the hotter fluid is delivered 
to the outer pipe annulus at the discharge 
end of the culvert and also to allow a 
single-ended inlet/outlet feed (Fig. 4). 
Thus, if the collector support stand is 
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located on the upstream end of the cul
vert, the inlet fluid is transported through 
the center of the thaw tube and returned 
in the outer annulus. If the collector sup
port stand is located on the downstream 
end of the culvert, the inlet fluid is in
jected into the outer annulus at the bot
tom of the thaw pipe and returned through 
the inner pipe. The hotter inlet fluid 
should always be injected to ,the outer 
annulus at the lower end of the culvert, 
so thawing occurs from the downstream 
end upwards, ensuring runoff of the melt
water. Heater hose was used as an insul
ating inner tube to minimize heat ex
change between flow streams. 

Culvert Thawing Design Criteria 

In their study on the prevention and 
control of culvert icing, CAREL research
ers developed a formula to find the power 
required to thaw an annulus in the ice 
inside a culvert.6 Their findings were 
based on using an electrical resistance 
cable to thaw annuli in culverts. These 
researchers developed the following equa
tions in their final report: 

(1) 

where 

Rf final radius of thawed annulus, 
inches 

H 	 power output of cable, watts/ 
foot 

~ =21.32 H (2) 

where 

tf = time required to thaw to final 
radius Rf• hours 

1t = -.0958 { 1.5(r/Rf) + (r/Rf) ·5+ (3 ) 

3(r/Rf)·5+ 31n[1-(r/Rf)·5] } tf 

where 

t time, hours 
r annulus radius, inches 
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used to size the required panel face area 
for the hydronic flat plate solar collectors. 
As noted by the CAREL researchers, a 
minimum power input to thaw an annulus 
in the iced culvert within a reasonable 
period of time is not sufficient; it is de
sirable to operate at the highest attain
able heat output in order to thaw the 
maximum tunnel radius, thus ensuring 
that all run-off can pass through the cul
vert. However, at these higher output 
levels, the thawing device must be very 
large and therefore expensive to build, 
operate and maintain. The researchers ul
timately proposed a medium-power heat
ing cycle or a low-power continuous heat
ing system. (Low power in this case cor
responds to 10 watts/linear foot or less, 
and medium power covers the range from 
10 to 35 watts/linear foot.) 

Rated efficiency curves for a number 
of commercially-available flat plate col
lectors were evaluated. The collector 
which had the highest rated efficiency 
over the expected temperature ranges 
was the Solar King Decade 80. To a first 
approximation, its efficiency equation is: 

where: 

Ti = collector inlet fluid tempera
ture, °F 

T = ambient outdoor temperature,
a OF 

I = incident solar radiation, BTU/ 
hr-ft2 

Once the collector type was chosen, 
the performance of the collector system 
was simulated. Characteristic temperature 
and insolation values for Fairbanks were 
obtained for the spring months from the 
weather data gathering center located at 
the Geophysical Institute, University of 
Alaska, Fairbanks. For the month of 
March, the data were analyzed to esti
mate poor, average, and best-day condi
tions for temperature and insolation 
(Figs. 5 and 6). These sets of values were 
used to simulate hourly performance 
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over the course of a day to predict the 
actual energy available for thawing ice 
in the culvert. The energy values ob
tained were converted to units of watts/ 
linear foot for comparison with the 
CRREL-generated thawing requirements. 

Figure 7 shows theoretical power 
generated by the Solar King collectors 
for the paired weather conditions noted. 
The pump turn-on temperature corres
ponds to a power output of 10 watts/ 
linear foot from the collector system. 
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Figure 7 

For the worst-day case, the range of 
power being delivered by the flat plate 
collectors to the culvert peaks at approxi
mately 10 watts/linear foot at an ambient 
air temperature of 21°F. The peak power 
predicted for the best-day case was ap
proximately 4Q watts/linear foot for aA 

ambient temperature of 45°F. , The 
average power values were used to predict 
the total time necessary to thaw an an
nulus suitable for allowing water to flow. 

Substituting equations (1) and (2) into 
(3) yields values oft dependent on H and 
r. Assuming a constant value for H, cor
responding times required to thaw a tun
nel of radius r are obtained. Using the 
equations above, it was determined that a 
sufficiently large channel can be thawed 
in thtt culvert for the range of weather 
conditions typical for the month of 
March. During a series of worst-case days 
when the channel refreezes, the volume 
of water moved through the culvert dur
ing the day could be small. However, 
run-off would be minimal under these 
conditions as well. For average condi
tions, a 3%-in diameter annulus would be 
thawed in a day. allowing a much greater 
total volume of water to move through 
the culvert. For the best-case condition, a 
tunnel can be thawed more quickly than 
with the average conditions and would 
allow for even greater total flow. After 
several years of operations, actual site 
performance will provide the best pre
dictions of possible volume of water 
flow, size of the annulus thawed, and 
the time required to thaw an annulus 
of a given diameter. 
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The photovoltaic panels have been 
evaluated for performance using the 
manufacturer's power specification charts. 
Three panels, each having· a maximurn 
power rating of 33watts, were determined 
to be necessary. Typical efficiency vaJues 
for photovoltalc systems range worn 5% 
to 18% with a nominal 12% efficiency for 
most systems. Assuming a ~-watt motor 
requirement, the insolatian rate per unit 
area is calculated to be 300 watts/m2 or 
95 BTU/hr-ft2, based on 12% efficiency. 
At 12 volts and 300 wattslm2, three 
panels are required for 2,25 amps. As 
observed from Figure 6, ·the worst-case 
situation provides only fQur hoors of in.; 
solation rates higher than 95 BTU/hr-tt2 
(300 wattslm2). The rnultivibrator motor 
control circuit should slow the motor 
speed enough to limit the !lower con
sumption to levels at or below the photo
voltaic output levels. For the ma]o,ity 
ot operating days, the i~~ t• 
are above 95 BTU/hr-tt2 and the batteries 
should remain fully ctiergect" 

~ .. .... 
The selection of photo~f9l1eic J)fOdw~ts 

was based primarily on costs, aisailabil
ity, and system power requirements. 
The angle of ttlt selected for the solar 
panels was 65 degrees from the horizon
tal, the optimum angle for the months 
of March and April. The solar panels 
were oriented true south. 

COST ANALYSIS 

The material costs for the complete 
prototype solar-assisted culvert thawing 
device were less than $5000. Seventy 
per cent of this cost is reflected in the 
price paid for the photovoltaic and flat 
plate collector system. The photovoltaic 
system alone represents 50% of the total 
component cost. An estimated 120 man
hours was required for fabricating and 
installing the system. Installation costs 
will vary according to the method used at 
the site. The prototype utilized an 
elevated platform on pilings, for which the 
material cost was approximately $900 
and the labor cost amounted to approx
imately $2000. Anti-theft measures and 
bulletproofing will probably be necessary 
at remote sites, which could add consider
ably to the material and installation costs. 

The estimated life of the Delco 2000 
batteries is greatly influenced by how 
deeply they are cycled? For daily depth 
of discharge to 15%, the expected life is 
3.4 years. Actual battery life will have to 

be determined in the field. 


The life of the circulating pump is 
presently unknown; it should be a func
tion of the life of the motor bearings and 
the rate of wear of the brushes. Under 
the circumstances, the pump life also 
will have to be empirically determined. 

The life of the photovoltaic panels 
should be several years since they have no 
moving parts. There should be no wear as
sociated with them, but the panels should 
be checked for possible delamination or 
failure due to thermal cycling stresses. 

The rated life of the flat plate collec
tors should also be several years. The . 
associated wear will be in the deteriora
tion of the laminated copper absorber 
plates. If the fluid solution in the system 
is never changed, the resulting fouling 
and corrosion should be minimal but 
might necessitate the use of noncorro
sive thaw pipes and fittings in the circuits. 

The costs presently incurred for thaw
ing culverts warrant further analysis. If 
the costs are as high as reported, then al
ternate methods such as the one developed . 
in this project should receive further 
attention. Assuming an installed cost of 
$10,000 and a five-year life for a solar
assisted culvert thawing device, then at a 
10.5% market discount rate, the an
nualized system cost is $2670. This 
annualized cost is almost equivalent to 
the cost estimated for presently-used 
methods. 

With the exception of replacements 
because of theft and vandalism, the sys
tems are maintenance-free, though they 
will need checking periodically for proper 
operation. The replacement and checking 
costs cannot be estimated accurately; 
actual dollar values must be assessed in 
the field. 

CONCLUSIONS AND 
RECOMMENDATIONS 

The prototype system has shown it 
can adequately thaw an annulus in a 
plugged culvert. Once it was turned on 
and operating during the daylight hours, 
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water was flowing through the culvert in 
half an hour. The amount of water flow
ing is a function of the size of the thawed 
annulus and the grade of the culvert; the 
thawing itself may be aided by the flow 
of water. A total thaw of the culvert is 
probably not possible because the system 
as designed is not large enough. 

The solar system has been designed to 
operate in temperatures as low as -16°F. 
During -16°F weather, the water supply 
would have to be a roadside spring, for 
otherwise it could be assumed that only 
ice is present at the culvert. The thawed 
annulus size will be small, but some water 
will flow through the culvert during the 
system's operational daytime period. 

The prototype model at Grenac Creek 
was designed for operation in March and 
April; however, it was not installed until 
mid-April. A subsequent year's test 
should be conducted to determine the 
system's performance during the winter 
and early spring months. 

The present prototype system could 
be improved with a few changes. The 
thaw pipe should have a vertical riser at 
the far end to allow meltwater to escape. 
An additional air vent would be required 
on the riser. This riser could not be fitted 
on the prototype due to the ice condi
tions at the culvert site at the time of 
installation. Ideally, all sites using the 
solar devices should have thaw pipes 
installed during the summer when ice 
conditions will not hamper the work. 

REVIEW 

The nominal flow rate through the col
lector should be one gallon per minute, 
as specified by the collector manufacturer. 
During the prototype testing, the nominal 
flow rate with the pump operating at 
full speed was calculated at 2.5 gpm. A 
lower flow rate will reduce the pumping 
power requirement as well as collector 
system efficiency. Therefore, the best 
flow rate can be determined only by a 
system optimization study. 

To add portability to the system, 
quick-disconnect fittings could be used 
in the plumbing circuit. This type of fit
ting would prevent or minimize inducing 
air into the fluid lines during installa
tion or removal of the system. 

If the system is to be used in culverts 
for streams where fish are present, pro
pylene glycol or other non-toxic anti
freeze solutions should be used to neutral
ize harmful effects from leaks. 

The sun sensor can be used as a pump 
power switch more effectively if it is 
calibrated to close when photovoltaic 
levels match or exceed the system power 
requirement. The prototype sun-sensing 
switch incorporates a variable adjust
ment for switchi:,g at different light in
tensity levels and only requires the 
necessary calibration. 

Solar-assisted culvert thawing devices 
can be constructed from commercially 
available materials and components. Our 
results indicate that they will work, and 
could relieve the labor-intensive and ex

pensive methods presently used by the 
Department of Transportation. 
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Text: Permafrost- Engineering Design and Construction summarized in this book to provide guidance to 
By: Assoc. Committee on Geotechnical Research, National those engaged in engineering design and construction 

Research Council of Canada on permafrost. " 

Edited: G.H. Johnston As indicated in the preface by editor G.H. Johnston, the aim 
Publisher: John Wiley & Sons, Toronto, New York, Bris of this book is to assemble in a single volume much of the cur

bane 1981, copyright: NCR of Canada rent knowledge about building in cold regions, with emphasis 
on foundations and earthwork. 

''About one-half the land area of Canada and By and large, the book proves to be a success: it is extensive 
the Soviet Union, more than 60% of Alaska, about and authoritative. The list of contibutors is exhaustive: nearly 
22% of the People's Republic of China and extensive every Canadian who contributes to the literature in arctic 
areas of Northern Eurasia as well as Greenland and engineering is included. Since this is a Canadian committee's 
Antarctica, are underlain by . . . permafrost. [As a t;lffOrt, however, there are only Canadians involved and the 
result] ... many difficult engineering problems are opportunity Iivas missed to aim for a joint publication with 
encountered ... As much as possible of the informa authors from other countries, as was done for equally excellent 
tion and experience gained in past years has been volumes such as the Manual on Utilities Delivery in Arctic 
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Regions (Edmonton, 1979); that manual is also committee 
work, but with international cooperation. 

Nevertheless, this is a badly needed book and it has avoided 
the deadly "horse designed by a committee" characteristics. It 
is beautifully edited and will make a useful - even indispens
able - addition to the reference shelf of the engineer who prac
tices in polar regions. 

Starting with a glossary of terms, the book continues with 
an overall view of the pertinent physiography, a little of the 

basic science (heat transfer and geotechnical engineering) per· 
tinent to construction on frozen ground, together with descrip
tions of projects already built. Included are ground thermal 
analysis, site and route studies, earthwork, foundations, roads, 
dams, utilities and operations, all as applied to engineering and 
construction at high latitudes. 

This book has been long awaited and it has been worth the 
wait. 

-Eb Rice 

NOTED 

Because the usual editorial space was 
turned over in this issue to the opinions 
ofDean Haneman, the Editor would like 
to sneak in a few special acknowledg
ments here. Our thanks go to Marilynn 
Griffin, secretary in the Electrical En
gineering department, for her determined 
efforts to keep manuscripts and illus
trations moving for this issue; to Pat 
Brooks, administrative assistant for the 
Ionospheric Physics program, for her 
help in tracking down elusive facts and 
figures; and especially to Dr. Joan Gosink, 
for her patient and invaluable explana
tions to proofreaders lost in mathematical 
symbols. 

Breaking with custom still further, 
below is the first NOTED item we've run 
with a byline- an essay by Civil Engineer
ing Professor John Burdick, describing 
the Arctic Engineering program at UAF. 
When TNE publishes a special issue, some
times it is special. (We know many readers 
earned degrees through the School of 
Engineering, and trust the memories 
roused by this review provide more smiles 
than winces.) 

* 

The University of Alaska offers a 
degree in Arctic Engineering that is unique 
among academic offerings. Although other 
institutions are beginning to show an 
interest in the engineering aspects of cold 
regions and some now offer classes that 
address arctic problems, the University 
of Alaska's master's degree program was 
the first, and at this time is the only, 
such formalized degree program in opera
tion. 

The interest in cold regions engineer
ing is a recent development. As little as 
ten years ago study of engineering appli

cations to the Arctic was considered by 
most people to be an interesting hobby, 
but certainly no way to make a living. 
Historically, each time a major project 
was constructed in the Arctic, a new 
group of engineers would arrive from the 
more temperate areas, learn a little about 
engineering in cold regions by making 
the same mistakes that the previous group 
made and then leave with their hard-won 
experience, so that the cycle of mistakes 
could be repeated by the next group. 

The University of Alaska's program 
of study in this field had a modest be
ginning in 1960, when Dean Charles 
Sargent offered a graduate seminar course 
in arctic engineering. During the next 
few years, he was joined by the late Hal 
Peyton, lecturing on heat transfer, and 
E.F. Rice, adding instruction on building 
insulation. The seminar at this time 
became an approved course offering called 
CE 603 - Arctic Engineering. The course 
was one of the more popular graduate 
courses and attracted 12 to 15 students 
whenever it was offered - until 1969, 
when a major change occurred. 

Oil had been discovered at Prudhoe 
Bay the year before, and the early oil 
boom was on. Vast sums of money were 
scheduled for arctic construction, and the 
petroleum industry set about gathering all 
available information about arctic con
struction and sponsoring research on 
potential cold regions problems. At the 
same time, the State Board of Engineer & 
Architect Examiners was deluged with 
applications for registration by profes
sional engineers from outside the state. 
Seeing potential problems with this influx 
of engineers from the temperate regions, 
they instituted the requirement that 
engineers demonstrate some study of 
the literature on northern engineering 

either by writing a short treatise on the 
subject or by completing CE 603 - Arc
tic Engineering, as offered by the Uni
versity of Alaska. 

As a result of these events, the enroll
ment in this course jumped from 15 to 
40 to 60 to 80 students in Fairbanks 
and up to 100 in Anchorage. In addition, 
the demand led the School of Engineer
ing to offer the course, at one time or 
another, in Juneau, Ketchikan, Kenai, 
Valdez, Nome, Prudhoe and Whitehorse. 

While many engineers completed the 
course solely to meet the professional 
registration requirements, there was a 
large demand for more detailed study 
than was possible in one "broad brush" 
course. For a time, a course called CE 
604 - Arctic Engineering II was offered. 
However, it was soon determined that 
courses on specific subject areas in depth 
would better meet the needs of the 
profession. Therefore, Arctic Engineer
ing II was eliminated and separate courses 
in frozen ground, heat and mass transfer, 
ice engineering, arctic hydrology and 
utility distribution were offered. With 
this block of courses available, after much 
consideration it was then decided that a 
master's degree program in Arctic En
gineering would be initiated. This program 
was approved in 1976. 

The present Arctic Engineering pro
gram contains six core courses, of which 
the degree candidate must complete five. 
In addition, a minimum of three credits 
must be devoted to a project investigating 
some engineering problem pertinent to 
cold regions. The remaining twelve credits 
may be any technical electives approved 
by the graduate committee that meet 
the candidate's interests. As with all 
graduate degrees in engineering at the 
University of Alaska, the student is also 
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required to pass a state Engineer-in-Train
ing Examination (E.LT.). 

Currently the six core courses are: 

Arctic Engineering (CE 603) - An 
overview of the challenges of engineer
ing in northern regions. 

Arctic Heat & Mass Transfer (ME 685) 
- A solid understanding of the mechanics 
of heat transfer is fundamental to nearly 
all aspects of engineering in the arctic. 
Ice and frost formation, permafrost, 
condensation, space heating and heat 
utilization and conservation, presented 
in this course, are critical subjects to the 
northern engineer. 

Frozen Ground Engineering (CE 681) 
- The presence of permafrost is used by 
some authorities to define the geographic 
location of the Arctic. This course covers 
the thermal properties of soils, thaw 
settlement, slope stability and founda
tion design in frozen ground. 

Ice Engineering (CE 682) - This 
course covers the factors governing the 
design of marine structures which must 
contend with the presence of ice. Physi
cal and thermal properties of ice and the 
mechanics of ice sheets are among the 
topics studied. (Geoscience 606 - Ad
vanced Snow, Ice, Permafrost & Glacier 
Studies - may be substituted in the 
master's degree program for Ice Engineer
ing.) 

Arctic Hydrology & Hydraulic En
gineering (CE 683) - The hydrology of 
arctic and glacier-fed streams is a subject 
important to cold regions engineers. 
Hydraulic engineering problems related to 
high-latitude conditions are covered in 
this course, as well as moisture migration 
in frozen ground, aufeis and related 
topics. 

Arctic Utility Distribution (CE 684) 
- Design considerations for remote or 
isolated communities and installations in 
cold regions where high energy costs, 
permafrost and other environmental con
straints mandate nonconventional delivery 
systems. 

The actual content of these course 
offerings is continually being updated 
to reflect the advances in the state of the 
art in this new discipline. Further change 
is expected- and encouraged. + 

-John Burdick 
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Authors vindicated! - more or less. In 
their discussion of the Farmers Loop sink
hole (TNE Vol. 12, No.4), Larry Sweet 
and Billy Connor suggested that surface 
treatments - from insulation to painting 
the road white - probably wouldn't cure 
Fairbanks' Great Sinking Road. This year 
the highway folks painted the road white 
anyway, and doggone! It sank. 

However, it did not descend as fre
quently as it has in other summers. Fur
thermore, informal observations indicate 
that the paint job probably cut down 
complaints. For one thing, because of 
local winter-trained driving reflexes that 
insist white road = slippery road, drivers 
were proceeding more slowly over the 
sinkhole, thus sparing their vehicles. For 
another, the startling white road was 
announced to approaching motorists by a 
large notice saying it was a test sec
tion - and why bother to comment when 
any shnook could see that the highway 
flunked its test? 

* * * * 
Following up on our last issue: funds 

to continue work on design for the polar 
research vessel described by Robert Elsner 
and Jonathan Leiby were appropriated by 
the Alaska Legislature during this last ses
sion, but vetoed by the governor. The 
Alaska Energy Center, acknowledged by 
Michael Economides for its support of 
his research, wasn't around to receive his 
thanks: the Legislature wrote it out of 
existence during the same session. 

PUBLICATIONS 

One of the plagues besetting northern 
engineers is the feeling that elsewhere 
experts are up to something that could be 
useful to us here, if only we knew what it 
was; maybe this looking-over-shoulders 
sensation is a manifestation of the infa
mous cabin fever at a professional level. 
Well, there are always conferences - if it's 
been a good year so a fare to Geneva 
doesn't break the bank. For the rest of 
us, at least there are the international 
book lists. 

A comprehensive 48-page catalog re
ceived here recently was from England's 
Construction Press, a subsidiary of Long
man Group Limited. Some of the many 
titles therein would probably be useful 
only to British practitioners (such as 

A New Approach to the Planning Regu
lations), some might be enjoyable escapist 
literature (Building Design for Thermal 
Comfort in Hot Climates), and others 
do not quite fall in the field (Purpose 
Made Joinery, an arresting title to Ameri
can eyes, is described as "suitable for 
students taking CGLI examinations lead
ing to Advanced Craft Certificates in 
Carpentry and Joinery" and includes a 
section on "Dormers, Turrets, Spires, 
Domes and Pendentives"). However, there 
are titles that sound relevant and do pre
sent what is going on outside North 
America (Building Materials, for example, 
contains the edited papers from the 1980 
European Conference on Building Materi
als); some seem to have direct northern 
applications (Wind and Snow Loading, 
from the British Building Research Estab
lishment Current Papers series). 

We haven't seen the books, but we can 
certainly recommend the catalog. For 
yours, write The Construction Press Ltd., 
Lunesdale House, Hornby, Lancaster 
LA2 8NB, England. 

* * * * 
Heyden & Son publishers' new list 

contains a diversity of topics among the 
"Eleven outstanding engineering titles" 
billed on their brochure cover. Their 
titles include: Dynamics in Civil Engineer
ing, by A. Major, in four volumes at $35 
per volume or $124 for the set; Practical 
Reliability Engineering, by P.D.T. O'Con
nor, for $29; Acoustic Emission, by R.V. 
Williams, again for $29; Mechanical 
Properties at High Rates of Strain 
evidently the proceedings from the 
Second Conference of that name, held at 
Oxford in 1979- by J. Harding, for $90; 
Fractography and Microfractography, by 
G. Henry and D. Horstmann, for $175; 
Tables for the Design and Analysis of 
Stiffened Steel Plates, by N.W. Murray 
and G. Thierauf, for $40; Foundation 
Engineering: Soil Exploration and Spread 
Foundations, by K. Szechy and L. Varga, 
for $52; Proceedings of the 5th Budapest 
Conference on Soil Mechanics and 
Foundations, evidently edited by A. 
Kezdi and I. Lazanyi, for $40; Machine 
Support Design Based on Vibration 
Calculus, by M. Makhult, for $26; and 
Bracketing of Eigenfrequencies of Con
tinuous Structures, by A. Bosznay. for 
$55. 
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As the list hints, the Heyden folk are 
not only publishers but also are the 
North American distributors for several 
European technical presses - Akedemiai 
Kiado, Adam Hilger, Institute of Physics, 
Vieweg and Verlag Stahleisen. Heyden & 
Son Inc. probably would be happy to 
send more information on the books 
listed above; you can write them at247 S. 
41st Street, Philadelphia, PA 19104. 

* * * * 

Two DOTPF-sponsored manuals: 
We've already announced the impending 
appearance of these books from the 
Alaska Department of Transportation and 
Public Facilities, Research Section, so it's 
with some relief that we can tell you that 
they've been published - and they are 
good. 

First out was the Alaska Wind Energy 
Handbook, by Matt Reckard and Mark 
Newell. The Handbook is intended to be 
a companion volume to (and an expan
sion on) Tunis Wentink's Alaska Wind 
Power User's Manual, released a year ago. 
The preface to this new book explains 
that neither is a supplement to the other, 
but "in combination the two volumes 
represent a distillation of the best wind 
energy expertise in the State of Alaska." 

The Handbook concentrates on the 
mechanical aspects of wind power sys
tems, with a long hard look at economics. 
The authors completely avoid the com
mon tone of pie-in-the-sky enthusiasm 
that makes so much writing on alterna
tive energy subjects read like Cinderella 
stories instead of technical guides. They 
aren't afraid to discuss failures, but they 
do not need to leave the state to find 
successes; they concentrate on Alaska 
systems and situations. Though the book 
represents a thorough treatment of the 
subject, it is not exhaustive, and the 
authors insist that readers look elsewhere 
for appropriate essentials: "The type of 
soil the tower base is surrounded by is as 
important as the tower itself ... Founda
tion design in Alaska is much too com
plex to cover in any detail here. The 
reader is best advised to consult an en

gineer or soil mechanics textbook for 
more information." 

As the above quote indicates, the 144
page book is written to reach non-en
gineers. The authors are careful with the 
basics, down to including an illustration 
showing the difference between batter
ies connected in series and parallel - a 
worthwhile approach in a place where 
homesteaders and bush residents are the 
people most immediately interested in 
wind generators. 

Though also written in a readable and 
informal style, A Solar Design Manual 
for Alaska is aimed more toward pro
fessionals. This book introduces itself 
as "the first attempt to assemble all the 
Alaska-specific solar energy design infor
mation in a single volume," which may be 
misleading in its modesty. Author Richard 
Seifert covers his topic from basic termin
ology to computer simulations clearly 
and thoroughly; this "first attempt" could 
well be the last one needed until there are 
significant changes in solar technologies 
or economics. 

A strong point of the book is the step 
by step treatment of some typical solar 
design problems, such as that for deter
mining collector performance and opti
mum collector size for an active water 
heating system in Palmer, Alaska - which 
concludes with a discussion of why the 
results obtained from applying the best 
possible computer program disagree with 
those from the best hand-held calculator 
method. The example underlines that 
this is an Alaska-specific manual; it is 
also city-specific, not only in the numer
ous charts showing different sun angles 
and hours of sunshine for different loca
tions in the state, but also in such details 
as noting that payback periods will be 
longer in Anchorage because of the 
inexpensive natural gas available there. 
However, readers elsewhere in the north 
should be able to glean valuable material 
from the Manual. Some charts are given 
for latitudes rather than cities, and much 
of the discussion concerns differences 
between what works well in the boreal 
zone as opposed to the temperate; 

probably a Trombe wall would give simi
lar poor results in Churchill as in Bethel, 
and active space heating would show the 
same weak economics in Whitehorse as 
in Fairbanks. 

Both books are copiously and well 
illustrated; the Wind Energy Handbook 
even contains cartoons to take the sting 
out of some of the problems mentioned. 
Curiously, the artwork in the Solar Design 
Manual is not credited - though clearly 
someone with talent must have spent a 
lot of time on it. 

Some complaints: Reading the Alaskan 
Wind Energy Handbook is hard on the 
eyes - the type looks as if it were repro
duced from a carbon copy, and the paper 
stock is not opaque, so ghostly lines and 
pictures showing through from the fol
lowing page distract from the text. More 
elegantly produced, the Solar Design 
Manual is hard to open flat - an im
portant consideration for a working man
ual, especially one that includes work
sheets intended for further copying. 
(DOTPF consultants will receive copies 
with the regulation spiral binding, which 
does lie flat when open, and a handsome 
desert tan cover; copies for the public 
have a glued binding and - naturally 
a brilliant yellow cover.) 

The Alaskan Wind Energy Handbook 
is available at no cost (for this printing, 
at least) from the Energy Extension 
Service, Attn: Jack Spratt, Department 
of Commerce, Division of Energy and 
Power Development, 7th Floor MacKay 
Building, 338 Denali Street, Anchorage, 
AK 99501. The DOTPF Research Section 
has a few copies available (write them at 
2301 Peger Road, Fairbanks, AK 99701, 
or call at their office in 101 Duckering 
Building, UAF) but will not be distrib
uting copies of A Solar Design Manual 
for Alaska to anyone but their consul
tants, as noted above. The book must 
be ordered instead from the Institute 
of Water Resources, Duckering Build
ing, 306 Tanana Drive, University of 
Alaska, Fairbanks, AK 99701; ask for 
their Bulletin, Volume 1. It costs $12, 
plus $1.75 postage and handling. + 
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engineering - will be augmented by 
chemical engineering at the earliest 
possible date. 

As in all of our programs, the emphasis 
is, and will be, on the practical and on the 
development of Alaska. We will provide 
expertise in the subdivisions of the 
mentioned four primary engineering disci
plines. For example, areas in civil engineer
ing include transportation, structures, 
sanitary engineering, soils and water 
resources. Electrical areas include elec
tronics and communications, energy con
trols and computer engineering. Mechan
ical engineering has such diverse fields as 
equipment design, energy conversion, 
and process design. Chemical engineering 
requires options in biochemical processes, 
environmental areas, production manage
ment and all the fields aligned with petro
leum development. Throughout all of it, 
there will be engineering support for 
agriculture, forestry and fisheries in Alaska. 

To provide for the latest, newest and 
most applicable engineering efforts, it is 
imperative to have northern engineering 
research. A facility is being designed for 
this purpose; the proposed buildin~ would 
provide approximately 33,000 ft of net 
usable research space. (The School of En
gineering now has virtually no similar 
space.) Approximately two-thirds of the 
research space in this proposed Northern 
Research Center will have a controlled 
environment to allow low-temperature 
research. Major features include a 100-ft 
hydraulic flume with ice-making capabili
ties, an ice model basin, frozen soil hy
draulics laboratory, two materials and ice 
testing laboratories, mechanical equipment 
testing laboratory, large general structural 
testing laboratory, a computer facility, a 
calibration and standards facility, general 
electrical laboratory, and two general pur
pose wind tunnels. There will also be a 
remote permafrost field testing site for 
frozen ground engineering and electrical 
engineering with a data communications 
link to the major facility. 

The research facility described above 
would do more than provide the best 
tools and environment for studying and 
solving northern engineering problems. It 

would also serve as an ideal arena for 
furthering the education of the students 
who are our first concern. 

From its 1980-81 enrollment of 231 
students, the School of Engineering is ex
pected to increase to 600-800 students in 
the next five years. This does not include 
an influx of graduate students who will 
arrive as our research program grows. 
These students from outside of Alaska will 
need to bring their considerable education 
in line with the problems of engineering 
in northern climes. From within the state, 
of vital interest is the development of 
engineering talents and skills in Alaskan 
Natives. Special effort is being made to 
interest young Eskimos and Indians in a 
career in engineering, with the primary 
purpose of bringing their backgrounds to 
bear on our state's problems. Both these 
groups will place special demands on the 
faculty. By 1986, the faculty should have 
about 50 members in the four disciplines, 
conducting a wide variety of research and 
presenting educational programs on cam
pus and television. 

Another item of essential value to 
Alaska is the provision of statewide en
gineering education, including establishing 
a working rapport between the practicing 
professional and UAF's School of En
gineering. Distances and climate provide 
serious impediments to such an enterprise. 
Long-range plans include a series of tele
vision courses with two-way audio talk
back arrangements; these are being devel
oped so that classes can be conducted on 
the Fairbanks campus, providing practicing 
engineers with the latest information and 
access to the facilities of the School, and 
beamed directly to any site in Alaska. We 
are especially interested in the sites of 
Prudhoe Bay, Nome, Kotzebue, Kodiak, 
Anchorage, Juneau and Ketchikan. Class
rooms in the Duckering Building will be 
suitably modified to provide this extension 
effort. For interior Alaska, we have 
launched a program of videotaping courses 
to be presented for credit on television. 
In addition, a consortium of the leading 
universities in the United States, including 
Purdue, MIT, Stanford, and Georgia Tech, 
as well as many others, has already devel
oped audio-visual courses. The School of 
Engineering will join in this group to make 
the talents of this school available through
out the United States, and in return will 

draw on the expertise of other universities 
to provide videotape courses for Alaskan 
engineers. 

IMMEDIATE CONCERNS 

Long-term capital investments for 
equipment and facilities require immediate 
consideration. The need for support of 
these two items has become well recog
nized throughout the United States during 
the past two years. Estimates are that 
equipment in engineering schools averages 
over 14 years in age. While this may not 
sound old, it is twice as old as comparable 
equipment in industrial laboratories and 
represents three or more "half-lives" of the 
equipment. Some state legislatures have 
begun investing heavily in their engineer
ing schools to ameliorate the problem: 
Wyoming, for example has approved $18 
million for facilities expansion; New Mex
ico has promised $5 million per year for 
five years to improve scientific and en
gineering equipment; Arizona has ap
proved a $32 million, five-year program to 
expand facilities and equipment, with a 
63% increase in faculty. 

Faculty staffing is a major problem area 
throughout the United States; there are 
more than 2000 faculty vacancies. Too 
few young people capable of teaching 
are proceeding for their advanced degrees. 
Most schools are limiting engineering en
rollment, with a few, such as the Univer
sity of Illinois, reducing enrollment as 
much as 20% due to the shortage of faculty 
and facilities and to obsolete equipment. 

This school feels very fortunate in 
securing two new young faculty mem
bers this year who will apply their talents 
to mechanical and electrical engineering. 
Still needed are the positions and faculty 
to provide the orderly growth to permit 
the delivery of continuing education, 
short courses, research, classroom instruc
tion and industrial support. 

There is much to be done to match 
the challenges confronting us; we intend 
to do it. Given the support of Alaskans, 
the School can handle whatever the road 
to the future has in store. We are deter
mined to deliver an outstanding effort to 
meet Alaska's engineering needs. We 
invite all those involved in engineering for 
the northern climate to become an 
integral part of the School of Engineer
ing. + 

The Northern Engineer, Vol. 13, No.3 47 



99701 

THE 	 NORTHERN 
ENGINEER 
GEOPHYSICAL INSTITUTE 

of the 
UNIVERSITY OF ALASKA 


Fairbanks, Alaska 

99701 


Address Correction Requested 

Non Profit 


Organization 

U.S. Postage 


PAID 

Permit No. 2 


Fairbanks, Alaska 



