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ADVICE, CONSENT, CRITIQUE: 
the 1981 meeting of The Northern Engineer's Editorial Board 

In our Spring 1980 issue, this space held a little essay on The Northern Engineer's 
Editorial Board - who its new members were, what its functions were, what demands were 

put on it. One portion of the Board's duties not mentioned in that editorial was the annual 

review meeting, in which the group gathers to ascertain how things are going and where they 

should go from where they are. 

This year, the Board met on March 26. The executive session report approved of TNE's 
perform~nce to date, with several important qualifications; there were some areas in which 

the Board wanted to see changes made. Their wish is our command -or at least, we'll try. 

You may notice some of these changes being made over the next four issues, but accomplish

ing others will take your help. 

Editorial Advisor 

A change you might overlook appears on the facing page - Lee Leonard, who is now 

the chief of energy and buildings research for the Alaska Department of Transportation and 

Public Facilities, appears as Editorial Advisor rather than Technical Assistant. This change 

marks a case of the title catching up with the job; a "technical assistant" always sounded a 

bit like someone who fixed the typewriters, but what Lee actually has done is provide 

advice about the technical contents of this magazine. 

Graphics/Layout 

Another alteration that you may not notice begins with this issue: the Board has urged 

the editorial staff to improve layout and graphics, to show a little more imagination and a 

keener sense of style. That's the kind of challenge we enjoy. 

Circulation 

We'll also look forward to working on a Board suggestion that won't show up in these 

pages at all, but for this one we need your help: Please tell people that The Northern En
gineer exists. Board members have said they are exasperated with the magazine's small 

circulation and especially with the number of people in their fields who could use the maga

zine but who have not even heard of it. TNE is far from being a profit-making publication; 

its sole justification for existence is to be a medium to exchange and disseminate informa

tion. To succeed at that, it needs to be read - ideally, read by everyone who can make use 

of the information it contains. That means we have forty or fifty thousand more potential 

readers to reach ... So please, tell a friend about The Northern Engineer. 

Author, Author 

Our present subscription list, though small, is of very high quality. We think it makes 

an impressive roster of names well known in northern engineering, architecture, and applied 

sciences - and that brings up the final point on which we need direct help from our readers. 

Though the Board has approved our continuing to publish a broad range of topics and 

treatments, the members believe TNE's contents have been deficient in applied engineering 

and engineering design articles. The staff agrees. There's only one hitch, and that's getting 

the authors to write those useful problem-solving articles. But most of the people who have 

done the work, who understand the problems and can do the needed writing, are among the 

ones reading this right now ... Please think about becoming authors. You are needed. 

--Editor 
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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 pubtished 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 James W. Aldrich 

A Stochastic Analysis of Some 

Existing Ice Thickness Data 

4 

INTRODUCTION 

The occurrence and condition ofthe ice 
cover on rivers and lakes plays an impor
tant role in the lives of many Alaskans. 
For engineers in Alaska, the ice cover con
stitutes an important factor which must 
be taken into consideration in the design 
of many structures and most water re
sources developments. The forces related 
to ice jams, moving blocks of ice, the 
buoyancy or the abrasive action of ice 
can all cause damage and must be con
sidered during design. 

During the planning stages of many 
Alaskan projects, the engineer must con
sider the presence or absence of an ice 
cover. For instance, will the presence of 
an ice cover hinder or enhance the trans
portation of men and materials to and 
from the job site? Or can an ice sheet be 
expected to form at a particular location 
in time to prevent significant frazil ice 
problems at an associated water intake 
structure? 

THE PROBLEM 

Since ice is important to so many ef
forts, how then can the engineer sitting 
in Anchorage, Fairbanks or Tulsa esti
mate the timing of freezeup or breakup 
at some remote location within Alaska? 
How does he or she estimate the maxi
mum thickness of the ice, or when it will 

form? How does the engineer answer any 
of these questions for a particular year, to 
say nothing of answering them in terms 
of the life of a project? 

In general there are three ways of es
timating freezeup, breakup or ice thick
ness at a remote location or time. The 
first method involves the theoretical 
consideration of parameters influencing 
the thermal balance of water. However, 
of the parameters that affect ice accumu
lation (i.e. air temperature, water temper
ature, snow accumulation, water turbu
lence, albedo, wind speed, solar radiation, 
etc.), air temperature data are usually the 
only long-term data the designer can hope 
to obtain. Thus, most of the parameters 
involved in this type of analysis ultimate
ly must be estimated based on very limited 
data and/or experience. Due to the num
ber of parameters involved and their 
independent variations, it is difficult to 
estimate the probability of actually en
countering a particular ice thickness. 

The second method involves the use of 
empirical equations such as the degree-day 
formula for estimating ice thickness. One 
popular equation, a modification of the 
Stephen equation, is given as: 

Z=a~ 

where Z is ice thickness in inches, S is 
degree-days of frost (in °F), and a is a 
coefficient derived from experience. 1 As 

James W. Aldrich is presently the Arctic Hydrologist for the Alaska State Pipeline 
Coordinator's Office. He holds a Master's degree in Environmental Science from the 
University of Alaska. The work reported in this article was done while he was a senior 
hydrologist with R & M Consultants, Inc. 
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Figure 1. Locations of the ice measurement stations in Alaska and Canada. 

with the first method, the independent 
variation of the parameters makes it dif· 
ficult to estimate the probability of actual· 
ly encountering a particular ice thickness 
during a given period of time. 

The third method involves the statisti· 
cal analysis of existing ice accumulation 
data. Where possible, this method is pre· 
ferred since it utilizes existing data that 
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are a function of the interaction of all 
the relevant parameters. Because the in
dependent variations of all the parameters 
are considered, it is possible to estimate 
the probability of occurrence of various 
ice thicknesses. 

This paper explains the statistical 
analysis of ice observation data collected 
between 1958 and 1972 at various loca· 

tions in Alaska and at two locations in 
Canada. 

METHOD OF ANALYSIS 

The data for the analyses described in 
this article were obtained and published 
by the U.S. Army Cold Regions Research 
and Engineering Laboratory in semian· 
nual reports. 2- The reports contained 
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information on ice thickness measure
ments made at stations throughout North 
America. Often the ice thickness observa
tions started just prior to freezeup and 
thereafter were made once a week until 
breakup. Included in the reports were 
comments concerning visual observations 
made at the time of the actual measure
ments. 

The reports were reviewed, and infor
mation was abstracted concerning ice 
thickness measurements in or near Alaska. 
For a particular station the following 
information was obtained for each year 
of record: type of ice (i.e. river, lake or 
sea ice), date the first ice appeared, date 
the water body contained a continuous 
ice sheet, maximum annual ice thickness, 
date or dates on which the maximum ice 
thickness was observed, date on which 
open water within the ice sheet was first 
observed, and date on which the water 
body was reported to be ice free. Because 
some of the records were incomplete, 
information on each parameter was not 
obtained for each station each year. 

Once the data had been catalogued, 
stations with less than three years of use
able record were dropped. For stations 
with three or more years of record, the 
number of years of record and the maxi
mum and minimum annual maximum ice 
thicknesses occurring during the period of 
record were tabulated. The locations of 
stations with three or more years of record 
are shown in Figure 1. 

For stations with five or more years of 
record, calculations were made to deter
mine the average date on which ice was 
first observed, the average date on which 
a continuous ice sheet existed, the aver
age earliest date of maximum ice thick
ness, the average latest date of maximum 
ice thickness, the average date on which 
open water first appeared in the ice sheet, 
and the average date on which the water 
body was ice free. In addition, the stan
dard deviation associated with each 
parameter was calculated. 

For stations with five or more years of 
record it was also possible to predict the 
ice thickness associated with various re
currence intervals (for example, the ice 
thickness that would be equalled or ex
ceeded, on the average, once every two 
years). To do this, three statistical distri
butions similar to the normal distribu
tion (i.e. the "bell-shaped curve") were 
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considered. The three distributions in
cluded the Gumbel I, the Log Normal, 
and the Log Pearson Type Ill. Each has 
been used extensively in predicting ex
treme hydrologic events.9 

viation between each of the distribu
tions and the sample data was computed 
and compared. Specifically, the sample 
data for each station were ranked from 
largest to smallest and the Weibull plot
ting position was used to determine the 
recurrence interval of each sample point. 

To determine which distribution best 
fit the data, the mean absolute de-

TABLE 1 

Annual Maximum River Ice Thicknesses at 
Selected Locations in Alaska and Canada 

Number 
Location River of Years Greatest Ice Thickness (in.) 

of Record Maximum Minimum 

Allakaket, Ak. Koyukuk 11 42 32 
Arctic Village, Ak. Chandalar 4 52 27 
Bethel, Ak. Kuskokwim 11 60 42 
Bettles, Ak. Koyukuk 5 43 32 
Chalkyitsik, Ak. Black 4 57 31 
Ft. Yukon, Ak. Yukon 10 52 22 
Galena, Ak. Yukon 5 55 32 
Holy Cross, Ak. Yukon 10 53 35 
lnuvik, Canada Mackenzie 10 67 39 
King Salmon, Ak. Naknek 11 46 22 
Kobuk, Ak. Kobuk 8 59 33 
Manley Hot Springs, Ak. Tanana 3 43 34 
McGrath, Ak. Kuskokwim 11 52 30 
Norman Wells, Canada Mackenzie 11 77 52 
Tanacross, Ak. Tanana 9 45 26 
Talkeetna, Ak. Susitna 6 61 20 
Trappers Creek, Ak. Susitna 4 37 32 
Unalakleet, Ak. Kouwegok Slough 11 85 50 

TABLE 2 

Annual Maximum Shore-Fast Sea Ice and 
Lake Ice Thicknesses at Selected Locations in Alaska 

Type of Number 
Location Ice of Years Greatest Ice Thickness (in.) 

of Record Maximum Minimum 

Barrow Lake 3 74 71.5 
Barter Island Lake 7 85 62 
Chandalar Lake 3 45 35 
Fairbanks Lake 6 34 27 
Ft. Greely Lake 5 49 30 
Gambell La~e 7 59 40 
Kotzebue Sea 11 58 42 
Mankomen Lake Lake 7 58 37 
Nunivak Sea 11 65 28 
Port Alsworth Sea 11 51 26 
Point Hope Sea 4 72.5 40 
Snowshoe Lake Lake 9 38 27 
Wild Lake Lake 4 40.5 33 
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The Weibull plotting position is given by 
the formula 

PP = M/N + 1 

where PP is plotting position, M is the 
rank, and N is the number in the sample. 
Interpolation between sample points was 
used to obtain the sample value for the 
recurrence intervals used with each of the 
distributions. The mean absolute devia· 
tion was then computed for each distri· 
bution and the values compared to de· 
termine which distribution best fit the 
data. The specific recurrence intervals 
included in this analysis were the 1, 2, 5, 
1 0, 20, 50 and 1 00-year return periods; 
standard errors were calculated for all but 
the 1-year return period. 

RESULTS 

The results of the analyses concern
ing the minimum and maximum annual 
greatest ice thicknesses at selected loca
tions in Alaska and Canada are presented 
in Tables 1 and 2. Tables 3 and 4 contain 
the results of analyses concerning the 
average date on which: ice was first 
observed, the ice sheet was continuous 
across the entire body of water, the earli
est maximum ice thickness occurred, the 
latest maximum ice thickness occurred, 
water was first observed within the ice 
sheet, and the water body was ice free. 

As a result of the analyses of the 
Gumbel I, the Log Normal, and the Log 

TABLE 3 

Pearson Type Ill distributions, the Log 
Pearson Type Ill distribution was found 
to fit the data best. The specific recurrence 
interval ice thicknesses and their standard 
errors, for various locations and types of 
ice, are presented in Tables 5 and 6. 

DISCUSSION 

Tables 1 and 2 present the maximum 
and minimum values of the greatest an
nual ice thicknesses observed during the 
period of record at each station. Although 
some of these stations had too few years 
of record for further analysis, the station 
data is particularly useful when compared 
with the long-term stations. In comparing 
the data, the information on specific recur-

Average Date and Standard Deviation of Various Stages of Ice Growth and 
Decomposition on Selected Alaskan and Canadian Rivers 

Earliest Latest 

Location River First Ice Continuous Max. Ice Max. Ice First Water Ice Free 

Ice Sheet Thickness Thickness 

Allakaket, Ak. Koyukuk 10/6* 10/19 3/16 4/29 5/11 5/19 

8.2** 7.1 30.3 10.3 6.4 5.8 

Bethel, Ak. Kuskokwim 10/6 10/22 4/4 4/6 5/14 5/22 

8.1 5.3 23.1 23.6 6.7 5.9 

Bettles, Ak. Koyukuk 4/5 4/9 
22.5 25.4 

Ft. Yukon, Ak. Yukon 3/8 3/10 
35.5 36.4 

Galena, Ak. Yukon 3/13 3/16 
27.2 30.0 

Holy Cross, Ak. Yukon 10/17 10/23 4/2 4/6 

6.1 7.2 27.1 28.2 

lnuvik, Canada Mackenzie 4/21 4/22 5/11 
12.3 12.2 7.4 

King Salmon, Ak. Naknek 10/21 11/28 3/4 3/11 4/1 4/27 

18.2 15.2 16.8 20.1 16.4 19.4 

Kobuk, Ak. Kobuk 10/4 10/17 4/15 4/27 5/19 5/28 

9.3 9.4 17.6 14.1 7.0 3.8 

McGrath, Ak. Kuskokwim 10/11 10/26 3/9 3/12 5/9 

4.5 7.1 25.3 27.9 4.7 

Norman Wells, Canada Mackenzie 4/4 4/5 
20.5 20.3 

Tanacross, Ak. Tanana 10/26 3/19 3/19 
20.6 32.8 33.5 

Talkeetna, Ak. Tanana 10/27 11/25 3/4 3/21 4/29 

12.8 16.0 36.2 26.8 8.4 

Unalakleet, Ak. Kouwegok Slough 4/11 4/27 5/22 
28.0 17.3 2.9 

* Average date (month/day). 
* * Standard deviation in days. 
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renee interval ice thicknesses at long-term 
stations might be extrapolated to areas 
with little data. 

Tables 3 and 4 present the average 
dates for various stages in the formation 
and decomposition of the ice cover. The 
standard deviation associated with each 
of the averages is also given. Thus, the 
designer can not only determine the 
average date of occurrence, but also the 
bounds of various confidence levels. 

For instance, it can be seen from Table 
3 that on the average the Koyukuk River 
at Allakaket first begins to run ice on 
October 6. The standard deviation as
sociated with this average is 8.2 days. 
Thus, there is a 68% chance that the first 
ice will appear some time between Sep
tember 29 and October 14 (plus or minus 

U.S.G.S. stream gauging station, Kuparuk River. (All photographs by James W. 
Aldrich.) 

TABLE 4 

Average Date and Standard Deviation of Various Stages of Shore-fast Sea Ice 
and Lake Ice Growth and Decomposition at Selected Locations in Alaska 

Earliest Latest 
Location Type of First Ice Frozen Over Max. Ice Max. Ice First Water Ice Free 

Ice Thickness Thickness 

Barrow Lake 9/26* 
5.7** 

Barter Island Lake 4/13 4/20 
12.4 13.3 

Fairbanks Lake 4/3 4/16 
22.5 14.3 

Fort Greely Lake 3/24 3/25 
25.0 25.9 

Gambell Lake 10/17 3/23 4/16 
7.1 23.3 23.0 

Kotzebue Sea 4/28 5/7 
23.4 10.9 

Mankomen Lake Lake 10121 3/23 3/26 6/16 6/23 
4.9 10.5 11.7 9.7 5.1 

Nunivak Sea 10/20 11/30 3/20 3/23 5/7 5/14 
9.2 6.3 30.2 25.5 28.2 43.6 

Port Alsworth Sea 3/22 3/25 5/4 5/18 
25.7 27.2 15.2 8.6 

Point Hope Sea 10/25 11/24 
17.9 10.2 

Snowshoe Lake Lake 10/1 10/21 4/12 4/19 5/20 5/29 
11.0 3.8 11.8 10.2 7.4 5.8 

Wild Lake Lake 10/25 6/1 
7.0 1.3 

* Average date (month/day). 
** Standard deviation in days. 
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thicknesses have a 100, 50, 20, 10, 5, 2, 
1 percent chance of occurring in any 
given year (note that the 1-year return 
period with its 100% chance of occur
rence has been rounded from an actual 
1.005-year return period with a 99.5% 
chance of occurrence). Thus, when con
sidering transportation across a river and 
estimating the maximum ice thickness 
that might naturally occur, it would be 
prudent to assume the 1 or 2-year ice 
thickness. However, in designing a struc
ture to withstand ice forces it might be 
better to use the 50 or 1 00-year recurrence 
interval. 

Ice jam by same gauging station during spring breakup, 1980. Floating ice has hit a 
jammed piece of ice approximately 3ft thick. 

In conclusion, a word of caution 
should be suggested concerning the extra
polation of this information. The data 

one standard deviation)_ There is a 96% 
chance that the first ice will appear some 
time between September 21 and October 
22 (plus or minus two standard devia
tions). 

By reviewing the dates for "first ice" 
and "continuous ice sheet," or "first 
water" and "ice free," the information 
in these tables might also be used to de
termine the length of time over which 
freezeup or breakup generally occurs. 
This can be an important consideration 
when dealing with potential frazil ice 
problems, or when considering access. 
For instance, small planes can land on 
water or thick ice, but have difficulty in 
dealing with large ice floes coming down 
river. 

Tables 5 and 6 present the expected 
ice thickness at specific recurrence in
tervals. For the 2, 5, 10, 20, 50 and 1 DO
year recurrence intervals the standard 
error has been calculated and can be 
treated like the standard deviation in 
predicting confidence limits. The standard 
error associated with the 1-year return 
period can usually be assumed to be 
similar to that associated with the 1, 5 or 
1 0-year return periods. 

It should be noted that the recurrence 
interval ice thicknesses can be interpreted 
as the maximum ice thickness that will 
be equalled or exceeded on the average 
in a given return period, or they may be 
viewed as having specific probabilities 
of occurrence. Thus, the 1, 2, 5, 10, 20, 
50 and 1 00-year recurrence interval ice 
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TABLE 5 

Specific Recurrence Interval Ice Thicknesses and Standard Errors 
on Selected Alaskan and Canadian Rivers 

Return Period (in years) 

Location River 1 2 5 10 20 50 

Allakaket, Ak. Koyukuk 30.3 35.2* 38.3 40.3 42.3 44.8 
1.13** 1.53 2.10 3.00 4.48 

Bethel, Ak. Kuskokwim 37.3 48.2 54.2 58.0 61.4 65.7 
2.12 2.82 3.77 5.10 7.36 

Bettles, Ak. Koyukuk 29.1 36.2 40.4 43.0 45.4 48.4 
2.17 2.91 3.91 5.36 7.89 

Ft. Yukon, Ak. Yukon 18.9 39.5 48.0 52.2 55.5 59.0 
3.79 3.70 4.23 5.72 8.67 

Galena, Ak. Yukon 27.4 39.5 47.9 53.7 59.4 67.1 
4.23 6.23 9.02 13.3 20.9 

Holy Cross, Ak. Yukon 31.0 43.7 49.5 52.7 55.4 58.6 
2.27 2.62 3.21 4.10 5.63 

lnuvik, Canada Mackenzie 33.9 50.7 59.2 64.2 68.7 74.1 
3.18 4.14 5.34 7.11 10.1 

King Salmon, Ak. Naknek 18.2 34.5 41.5 45.0 47.9 51.1 
2.79 2.95 3.38 4.41 6.39 

Kobuk, Ak. Kobuk 28.4 47.0 54.7 58.8 62.1 65.7 
3.62 3.83 4.47 5.65 7.95 

McGrath, Ak. Kuskokwim 28.1 39.2 44.6 47.8 50.5 53.8 
1.96 2.41 3.06 3.99 5.54 

Norman Wells, Canada Mackenzie 48.4 64.4 71.1 74.7 77.8 81.4 
2.51 2.92 3.51 4.36 5.94 

Tanacross, Ak. Tanana 22.8 38.4 43.2 45.1 46.5 47.8 
2.65 1.99 2.35 3.58 5.59 

Talkeetna, Ak. Susitna 14.1 37.5 51.3 59.5 66.8 75.5 
6.60 8.62 10.9 14.6 21.7 

Unalakleet, Ak. Kouwegok Slough 46.8 64.1 72.7 77.8 82.2 87.5 
3.08 3.85 4.90 6.41 8.93 

* Estimate in inches. 
**Standard error in inches. 

100 

46.6 
5.87 

68.8 
9.43 

50.6 
10.1 

61.1 
11.2 

73.1 
28.1 

60.8 
6.93 

77.9 
12.8 

53.1 
8.23 

68.1 
10.1 

56.2 
6.91 

83.8 
7.29 

48.5 
7.13 

81.6 
28.5 

91.3 
11.2 
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TABLE 6 

Specific Recurrence Interval Lake and Shore-fast Sea Ice Thicknesses 
and Standard Errors at Selected Locations in Alaska 

Type of 
Location Ice 2 

Barter Island Lake 54.6 78.5* 
4.24 ** 

Fairbanks Lake 26.4 28.9 
1.16 

Ft. Greely Lake 25.6 39.0 
3.35 

Gambell Lake 35.4 49.2 
3.10 

Kotzebue Sea 39.7 49.1 
1.62 

Mankomen Lake Lake 32.5 47.4 
3.18 

Nunivak Sea 28.6 35.8 
3.01 

Port Alsworth Sea 23.1 41.2 
2.88 

Snowshoe Lake Lake 24.6 30.2 
1.30 

* Estimate in inches. 
** Standard error in inches. 

presented are reasonable for the rivers 
and the locations where the observations 
were made. However, extrapolation of 
this information to other rivers or to other 
locations on a river is a tricky business. 
The same applies to extrapolation of the 
lake and sea ice information, although 
possibly to a slightly lesser degree. 

Since the turbulence and size of the 
river play an important role in the thick
ness of the ice cover, it will be necessary 
to consider these parameters in extra
polating the river data, even within cli
matically similar regions. The size and 
depth of lakes must be considered in ex
trapolating that data. 

Return Period (in years) 
5 10 20 50 100 

84.5 86.9 88.4 89.7 90.4 
2.70 3.56 5.75 8.79 10.9 

31.1 32.7 34.3 39.4 38.1 
1.62 2.29 3.46 5.64 7.73 

45.0 48.3 51.1 54.4 56.6 
3.87 4.69 5.93 8.21 10.2 

56.0 59.9 63.4 67.6 70.5 
3.81 4.85 6.28 8.79 11.0 

53.5 56.0 58.1 60.7 62.5 
1.93 2.41 3.14 4.31 5.31 

54.2 58.0 61.3 65.1 67.8 
3.74 4.58 5.88 8.Q7 10.0 

43.8 50.4 57.7 68.8 78.4 
4.82 7.36 12.4 23.3 35.4 

47.2 49.8 51.7 53.6 54.6 
2.31 2.69 3.93 6.06 7.81 

33.5 35.6 37.5 40.0 41.8 
1.74 2.35 3.26 4.80 6.19 
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In a given region, however, it may be 
possible to use the maximum lake ice 
thickness as a maximum value towards 
which the river ice in the area tends. This, 
of course, would lead to a conservative 
design against ice forces but would lead 
to a very risky assumption for transporta
tion purposes. Finally, the designer may 
wish to check the reasonableness o"f any 
extrapolation of the estimates given in 
this paper by also examining temperature 
or degree-day information. River ice on Kuparuk River during spring breakup, 1980. 
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by Stan Justice 

Lead in Alaskan Village Water Systems 

St. Michael, 1975. (Photo by J.M. Antonson; courtesy of the Alaska Division of Parks, Office of History and Archeology.) 

High lead concentrations have been discovered in the water 

systems of the four remote villages of St. Michael, Birch Creek, 

Gambell and Shishmaref. This paper covers preliminary find

ings by the state, federal, and local agencies involved, for the 

purpose of alerting engineers to the problems and how they 

may best be avoided. 

The problem was discovered during a sampling program to 

assess water quality in rural Alaska, conducted jointly by the 

State Village Safe Water Program, the Alaska Department 
of Environmental Conservation (DEC), and the Federal 

Public Health Service (PHS). Under this program water sam

ples are collected by the PHS sanitarians and mailed to the 

DEC lab in Douglas. The lab analyzes the samples for 11 toxic 

elements (arsenic, barium, cadmium, chromium, lead, mer-

cury, selenium, silver, sodium, fluoride, and nitrate) and the 

13 aesthetic and operational parameters, including iron, 

manganese, calcium, magnesium, potassium, chloride, sulfate, 
carbonate alkalinity, total filterable residue, pH, turbidity, 

color and conductivity. The results are then distributed to the 

agencies involved in water programs. 

ST. MICHAEL 

St. Michael is a village of 206 Eskimo people on the south 
shore of Norton Sound, 125 miles southeast of Nome. The 

situation there best illustrates the problem, so this paper 

covers it in some detail. On July 20, 1979, Ray Van Ostran, 

PHS sanitarian, collected two samples in St. Michael. The 

raw water sample showed no lead, but the sample collected from 

Stan Justice is an environmental engineer who worked for the Alaska Department of Environmental Conservation for the past 
year, directing the regional drinking water program. He has an M.S. from the University of Alaska and spent two years as a Peace 
Corps volunteer constructing water systems in Nepal. 
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Figure 1. St. Michael water system showing locations of water samples and lead values. 

the Bureau of Indian Affairs school 
showed 0.18 mg/1, over three times the 
0.05 mg/1 limit set by the Environmental 
Protection Agency. 

The water source consists of a shallow 
lake located 3% miles from town across 
wet tundra. Attempts have been made to 
locate a ground water source for the 
village, but to date all test wells have 
produced salt water. The water transmis
sion line is four-inch diameter portable 
aluminum irrigation pipe. The line is 
assembled twice a year and gasoline
powered pumps are used to supply the 
water treatment plant. The treatment 
scheme consists of pressure sand filtra
tion, HTH (the trade name for calcium 
hypochlorite) chlorination and fluorida
tion. The treated water is stored in the 
100,000 gallon PHS wood stave tank 
adjacent to the plant and a 150,000 
gallon steel tank at the BIA school. The 
PHS distribution system consists of a 
watering point and a sink in the pump
house. The watering point is the primary 
source of water for the village. The BIA 
tank provides water to the school at 

12 

various taps, water fountains, lavatories 
and the kitchen. Both distribution sys
tems are constructed primarily of copper 
pipe joined by soldered joints. Water 
is heated by oil-fired boilers via heat 
exchangers and circulated by pumps. 

Additional samples were collected on 
various dates and locations to determine 
the source of the lead (Fig. 1 ). The raw 
water contained no lead, so we knew the 
lake was not the source. Lead contents 
in the samples from the storage tanks 
were low also, which eliminated tank 
coatings and the treatment process as 
the lead source. All the high lead samples 
were from various points in the distribu
tion system. The lead concentration was 
highest in the water taps with low use, 
such as the drinking fountains. We also 
noted a drop in lead concentration be
tween the initial water from the kitchen 
tap and a sample taken after flushing 
the tap for five minutes. All this indicated 
a possible corrosion problem in the dis
tribution system. Investigation established 
that the pipes had been joined with solder 
containing 50% lead, a standard construe-

tion technique, and inspection of some 
open pipes revealed a splattering of solder 
on the inside of the pipe. 

Water Pipe Co"osion 

Several indices are available for quanti
fying the tendency of water to corrode 
pipe materials, but one of the easiest to 
use is the Aggressive Index (AI). 1 •2•3 The 
formula for calculating the AI is 

AI = pH +log (Ca x Alk) 

where Ca is the calcium concentration 
expressed as mg/1 CaC03 and Alk is the 
alkalinity also expressed as mg/1 CaC0

3
. 

The scale below is used to interpret the 
figures: 

AI < 10 highly aggressive 
10 <AI < 12 moderately aggressive 
AI> 12 not aggressive 

Tests of the St. Michael raw water 
showed Als from 6.9 to 8.5, well within 
the highly aggressive range. This indicates 
that the source water is derived from rain 
and snow melt which has not contacted 
earth minerals. 
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Corrosion in a lead-copper-water sys
tem is similar to a galvanic battery. The 
copper acts as the cathode, lead the 
anode and water the medium for trans
porting the charged particles. Lead in this 
system is a sacrificial anode, releasing lead 
ions into solution. This will not occur 
with hard, non-aggressive waters due to 
the layer of calcium carbonate which 
builds up on the pipe walls.3 

Literature indicates that high lead his
torically has been a problem in soft water 
areas of the 'lower 48' (Boston), Scot
land and northern England. In some areas 
water is distributed in lead pipes and even 
stored in lead-lined cisterns. Other in
stances have been documented in which 
copper pipes joined with lead solder have 
raised lead concentrations in soft wa

ter. 4 •5 

Several factors contribute to the 
acuteness of the problem in rural Alaska. 

1 ) Soft surface water sources are often 
the only ones available due to the 
presence of permafrost or of saline 
aquifers. 

2) Water use is low, so contaminant 
concentrations build up instead of 
being flushed away. 

3) To prevent pipe freezing the water 
is usually heated and pumped 
through circulation loops. Heat and 
higher water velocity contribute to 
corrosion.3 

BIRCH CREEK 

Birch Creek is a small Athabascan vil
lage south of Fort Yukon, where the PHS 
has recently completed a new water 
system similar to that at St. Michael. The 
water source is Birch Creek, which has an 
A I of 10.3 to 11.6, or moderately aggres
sive. Again, the only lead found was in 
the distribution system, with the river 
source, water tank, added chemicals and 
even surrounding soils showing little lead. 
Literature indicates that new water sys
tems have lead values higher than do ones 
five years old; since the Birch Creek sys
tem was completed recently, lead values 
may decrease as the system ages. 

OliHER VILLAGES 

Gambell and Shishmaref have only 
recently been sampled, so little data 
are available. Check samples are being 
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collected to determine the extent of the 
problem in those villages. 

HEALTH IMPLICATIONS 

Lead poisoning is a disease long recog
nized for its ability to cause weakness, 
depression, constipation, anemia and 
paralysis. 5•6 Younf children are partic
ularly susceptible. For this reason the 
lead limit in drinking water has been set 
at 0.05 milligrams per liter by the Fed
eral Environmental Protection Agency.5 

Health aspects of the investigation 
have been conducted by the state epi
demiologist, Dr. John Middaugh. He 
collected blood samples from the resi
dents of Birch Creek and tested for 
erythrocyte protoporphyrin (EP), an 
enzyme which changes rapidly with in
crease in lead consumption. EP is used to 
indicate potential health problems friar 
to the onset of serious symptoms. All 
samples were well within acceptable 
limits, with the highest value being from 
Dr. Middaugh himself. The blood test 
results are inconclusive tests of the health 
hazard from the water system, because 
many of the people have reverted to 
drinking river water because of the lead 
reports. Further blood tests will be done 
to determine if the high lead concentra
tions are affecting human health. 

SOLUTIONS 

The solution to the lead problem is 
relatively easy for future installations. In 
planning for new facilities, water samples 
are commonly collected from possible 
sources to determine potability and 
palatability. It is a simple matter to check 
the Aggressive Index as well. When cor
rosive waters can not be avoided, pipe 
and fitting materials can be selected to 
prevent contamination. For example, 
copper pipe with threaded joints or cor
rosion-resistant plastic pipe could be 
used. 

For existing facilities it is usually not 
economically feasible to replace all the 
piping. Other possible solutions include: 

1) Install .a second distribution system 
made of corrosion-resistant materi
als and sized to serve only the drink
ing water needs. 

2) Install chemical addition equipment 
for adding lime, sodium hydroxide, 

phosphates, or other corrosion 
inhibitors. (The problem with this is 
that corrosion control requires care
ful analytical control, control which 
may be difficult to obtain in re
mote villages.) 

3) An alternate source of water could 
be developed to avoid extremely 
soft surface waters. 

CONCLUSIONS 

We know that lead limits are being 
exceeded in some village water systems. 
No high lead values have been noted in 
non-soft water areas. We are fairly certain 
that soft corrosive waters are attacking 
the lead solder at the copper sweat joints. 
Investigations are continuing to determine 
the extent of the problem and the effects 
on human health, and solutions are being 
tried to mitigate the problem. 
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by William C. Cummings, William T. Ellison 
and D. Van Holliday 

Environmental 
Noise Studies 

the Arctic • 1n 

BACKGROUND 

The living and physical environments of Alaska's 
far northern regions are feeling the impact of petro
industrial technology brought by this country's need 
for hydrocarbon energy. The exploration, develop-
ment, and utilization of arctic petroleum resources 
have also brought increasing pressures on the culture 
of the Alaskan Eskimo. The northern communities 
argue that these impacts have caused reductions in 
the availability of natural resources used for subsis
tence and undesirable intrusions into related ethno
logical and social factors. 

Dr. Ellison with field instruments at Station D. Equipment was left on 
the sled, tied to a snow machine, for quick departure 
breaking. (Photo courtesy of W.T. Ellison.) 

Although the federal government has undertaken some scien
tific investigations on man's impact on arctic wildlife and the 
physical environment, environmental noise pollution has only 
recently been addressed. 1 

An increase in man-made noise has occurred in the arctic envi
ronment as a result of new commercial and industrial activities. 

Noise accompanies many routine activities, e.g., transportation; 
power generation; waste disposal; oil exploration, development, 
production, and maintenance; construction; and even recreation. 
The effects of noise pollution on man himself have long been rec
ognized, but only in recent times are they being quantified_2,3.4 
The effects on humans range from permanent physical damage 
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and biology, and an MS. and Ph.D. in oceanography and marine biology. He has directed numerous oceanic cruises, published 
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to less easily quantified stress-related 
changes in behavior. There is little reason 
to believe that the impact of man-made 
noise on animals is any less complex or 
narrower in scope than with humans. 

The Alaska Eskimo Whaling Commis
sion (AEWC), in cooperation with the 
North Slope Borough (NSB), has inde
pendently taken steps to help remedy 
the lack of applied environmental data. 
Although the AEWC investigates numer
ous environmental concerns, emphasis 
here is on the threat of man-made noise 
to arctic wildlife and the research neces
sary to achieve an understanding of that 
threat. 

The first year of AEWC-sponsored 
research has seen the following scientific 
accomplishments in the area of environ-

• February, 1980: Organization and 
sponsorship of a scientific workshop on 
the impact of noise on arctic marine wild
life. This meeting, conducted in San Diego 
under the auspices of the Acoustical 
Society of America, involved the partici
pation of more than 80 scientists in
cluding representatives from various fed
eral and state agencies, as well as from in
dustry.5 

• May, 1980: Initiation of a work
study program in environmental acoustics 

lnupiat students under the tutelage of 
accomplished researchers. 

• June, 1980: Environmental noise 
studies at the North Slope Borough's 
solid waste treatment plant in Prudhoe. 

• May, June, 1980: Recording and 
analysis of underwater ambient, biologi
cal, and man-made noise off Barrow and 
Prudhoe. 

• September, 1980: Initiation of near
shore industrial noise monitoring near 
Prudhoe. 

• October, 1980: Establishment of an 
AEWC Scientific Advisory Committee to 
advise the AEWC on plans and conduct of 
environmental research including acous
tics. The acoustics member of the Stand
ing Committee is the Alaska Regional Rep
resentative of the Coordinating Commit· 
tee on Environmental Acoustics (CCEA) 
of the Acoustical Society of America. 

We are engaged in three separate 
aspects of research on arctic noise prob· 
lems. First is the characterization of noise 
from man-made sources and its ultimate 
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Propagation of man-made noise into the environment. 

transmission into the environment. Second 
is the naturally occurring background, or 
ambient, noise in the underwater environ
ment. And the third aspect is the sounds 
produced by the animals and their re
sponse to man-made noise. 

NOISE SOURCES 

Sources of man-made noise in the 
arctic environment were characterized in 
the San Diego Workshop report as: 

Industrial or commercial sources intro
duced by oil survey, exploration and 
production activities and by other 
industrial development; and 

Residential sources associated with 
local village activities, including power 
generation. 5 

These sources may be delineated fur
ther as being fixed or mobile, permanent 
or temporary. The important point is 
that the various noise sources must be 
catalogued in terms of season and geo
graphical location. The techniques of 
measuring or estimating the acoustic 
energy output of a given source vary 
with the medium in which the source is 
situated and through which it propagates. 

Air, water, ic€, and soil are all wave
bearing media. The acoustic energy in air 
and water is normally called sound, and 
the comparable energy in solids is called 
vibration. This energy can be effectively 
transmitted at the interfaces between the 

different media. Thus a vibrating surface 
or boundary in water will produce sound 
in the water and vice versa. For example, 
a diesel generator on a gravel island sur
rounded by shore-fast ice over shallow 
water will create sound in the air and 
water as well as vibrations in the ice and 
ground. 

AMBIENT NOISE 

The level of ambient, or background, 
noise in a given location ultimately deter
mines how far away a sound can be heard. 
It follows then that ambient noise is a 
natural environmental restraint on the 
ability of marine wildlife to utilize acous
tic means to communicate, navigate, 
pursue prey, and elude predators. There 
have been numerous measurements of 
ambient noise in the Arctic. However, 
they may not be applicable to the shallow
water regions of petro-industrial opera
tions. The past measurements have been 
principally in the deeper waters of the 
Canadian Basin from floating ice stations, 
or from shore-fast ice locations in the 
Canadian Archipelago.6 

Noise-producing mechanisms in arctic 
waters fall into six general categories: 

1. Noise originating at the ice-covered 
surface, including water-ice interac
tions, ice interactions (such as 
pressure and shear ridging, and 
rafting), snow grain saltation, and 
thermal stress cracking. 
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. 2. Ice-free surface effects, such as 
wind-, wave-, and rain-generated 
noise. 

3. Thermal noise caused by agitation 
of water molecules. 

4. Biological noise from soniferous 
marine animals. 

5. Human-generated noise from distant 
sources such as shipping. 

' 6. Very low frequency noises from 
earthquakes, microseisms, and stan
ding and propagating surface waves 
on ice-covered seas. 

measurements to date have con
centrated principally on low frequency 
sounds, less than 1 000 Hz. Before the 
work sponsored by AEWC, very few 
measurements were conducted in shallow 
water (less than 100 m depth), even 
though these depths characterize the 
areas planned for offshore development. 

·The timeliness and urgency of our 
need to establish a statistically valid 
data base for ambient noise. in nearshore 
arctic waters is forcefully illustrated by 
the evidence that today, in the deep 
oceans of the world, ambient noise from 
50 to 500 Hz is dominated by the sounds 
of distant shipping, the sole possible 
exception being the Arctic Ocean. 7 If 
this is true, the animals which used that 
frequency band in the pre-industrial 
age, especially for long-range communi
cation, must perforce have had to adapt 
in some way to this change in their en
vironment. Or, they suffered the conse
quences. 

Although some estimates are possible, 
we will never be able to know absolutely 
what those ambient levels were before 
the advent of machine-driven ships, or 

. what possible use animals such as the 
great whales made of this frequency 
band. Although our studies have shown 
that industrial and other man-made noise 
has already pervaded the shallow Arctic 
Ocean, we can still obtain data that is 
reasonably near a pristine baseline. At 
least in some cases, we can extrapolate 
below existing ambient levels for the 
natural environmental situation. 

"WHAT NOISE ANNOYS AN OYSTER" 

' To learn the effects of man-made 
noise on marine wildlife in the Arctic 
requires ascertaining first that the noise 

by the species concerned, 

and second, whether the noise decreases 
that species' ability to carry out functions 
essential to survival. For an animal to 
hear a sound, the intensity at that loca
tion generally must be greater than the 
ambient noise. Any interfering noise 
must exceed the animal's hearing thresh
old, the minimum detectable sound level 
at a given frequency. 

Hearing thresholds have been estab
lished for some marine species, typically 
those small enough to be kept in captivity, 
such as seals and porpoises. Audiograms 

· on animals require extensive behavioral 
expertise in experimental design. The 
goal is to train an animal to "tell" the 
experimenter when it has heard the 
sound. 

In the absence of measured thresholds 
we must rely on peripheral or anecdotal 
evidence that indicates threshold proper
ties. For example, one surmises that an 
animal can hear any sound that is greater 
than ambient as long as it is within the 
frequency band of its own vocalizations. 

The scientific literature on the effects 
of man-made noise on wildlife in general, 
and the sounds of the animals them
selves, 5•8-13 provides ample evidence of 
the importance of sound in the environ
ment. Unfortunately, much evidence is 
anecdotal, mainly because in the past 
there had not been a need for such infor
mation and the surge in recent interest 

is not well supported with research funds. 
Overall quantitative data regarding animal 
vocalizations, hearing, preferred or unpol
luted noise environment, and responses to 
transient or persistent man-made noises 
are few in number and difficult to obtain. 
Much of the information resides in un
published reports. 

The outward harmful effects of noise 
in the underwater environment may in
clude redistribution of animals in their 
habitat, exclusion from a previous habitat, 
restructuring of migration routes or feed
ing grounds, diminished reproductive 
capacity, and either enhanced or degraded 
productivity and population levels (stand
ing stock) for some species. 

Man-made noise in the marine environ
ment has the potential of changing the 
ecological and even social balance. How
ever, any assessment of the degree and 
direction of such changes will have to be 
based on quantitative baseline environ
mental, distributional, and behavioral 
studies, most of which have yet to be 
conducted. 

Besides our own efforts, research is 
being conducted by a handful of Ameri
can and Canadian scientists, most of them 
insufficiently funded. 

PROGRAM OF SELF HELP 

In planning for environmental acous
tics research on the North Slope it was 

Dr. Cummings explains the operation of the sound level meter to student Maria 
Brower, while Dr. Ellison and students Carl Kippi and Howard Patkotak observe. 
(Photo by W.C. Cummings.) 
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immediately apparent that local commun
ities should play an intimate role, not 
only as overseers and sponsors of the 
effort, but also through direct partici
pation. As visualized by former NSB 
Mayor Hopson and promulgated by the 
present Mayor, Jacob Adams, this co
operative participation must include a 
two-way flow of information. The scien
tific community should provide oppor
tunities for training the North Slope 
people in scientific data accession to
gether with educational programs to help 
them develop the basic concepts to un
derstand and apply the research effec
tively. Moreover, the lnupiat people 
must be given the opportunity to relate 
their unique knowledge of the region's 
ecosystem to the scientific community. 
In most cases there is no better source of 
information on seasonal variations in the 
physical environment, complex behavior 
of the subject animals, and historical 
habitats and migratory pathways of the 

. f. 14 spec1es o mterest. 
These were the precepts on which 

developed the lnupiat Marine Sci
Training and Research Program 

IMSTARP). At the outset we felt that 
e initial training program would be best 
ited to young people still in high school, 
recently graduated. 
Students participating in the 1980 

course were: Maria Brower (17), Nuigsut; 
Carl Kippi (16), Atqasuk; Howard Pat
kotak (20), Wainwright; and Kenneth 
Tagarook (19), Barrow. 

IMSTARP was designed to provide 
students with an understanding of the 
fundamentals of physical acoustics and 
bioacoustics through a combination of 
classroom instruction in underlying the
ory, hands-on operation of scientific 
equipment, and participation in a field 
expedition. The key , tenet throughout 
was to involve the students in a partici
patory way with each facet of instruc
tion. Their classrooms for learning, with 
us as instructors, were in the NSB build
ings of Barrow. We instructors began 
learning from the students our first day 
out on the ice. 

Each student had sufficient prepara
tion to handle all of the material presented. 
Each had taken high school math at least 
to the level of Algebra I. Their interest in 
all aspects of the course from classroom 
to field became readily apparent, and 
several have already inquired about a 
second course in 1981. 

The course material consisted of: 

• Acoustic Terminology 

• Airborne Acoustics 

Sound and Humans 
Physical Nature of Sound 

Velocity 
Pressure 
Periodic Nature 
Measurement Units 
Propagation 
Background Noise 

Measurement of Sound 

Students Kenneth Tagarook and Howard Patkotak checking out the field instrumen
tation hookup in the classroom. (Photo by W .C. Cummings.) 

The Northern Engineer, Vol. 13, No. 1 

• Underwater Acoustics 

Physical Nature 
Velocity 
Pressure 
Propagation 
Ambient Noise 

Arctic Underwater Acoustics 

We also provided the students with an 
introduction to bioacoustics - the study 
of hearing and sound production in ani
mals. Information summaries were pro
vided for the following species as part of 
the course notebook: 

Bowhead Whale (Balaena mysticetus) 
Gray Whale ( Eschrichtius robustus) 
Beluga Whale (Delphinapterus leucas) 
Ringed Seal (Phoca (Pusa) hispida 

hispida) 
Bearded Seal (Erignathus barbatus) 
Spotted Seal (Phoca largha) 
Polar Bear (Ursus maritimus) 
Arctic Fox (Alopex lagopus) 
Lesser Snow Goose ( Anser caerulescens 

hyperborea) 
Oldsquaw Duck (Clangula hyemalis) 

The fundamentals of the science of 
bioacoustics were introduced to the 
students, including the concept of hearing 
threshold, echolocation, phonations, and 
behavioral experiments. Recording, proc
essing and playback techniques associated 
with bioacoustic investigation were also 
described and discussed. 

We found that the most efficient tech
nique for teaching scientific experimenta
tion was the "hands-on" approach, where 
the student actually participates in setting 
up the equipment, checking out and cali
brating the many instruments brought to 
the North Slope, and actually taking the 
data in the field. This technique was used 
throughout every aspect of the students' 
training, both with their own instruments 
supplied by us and the extensive instru
mentation utilized in the research. 

Each student was given the following 
items: 

1. Toshiba SLC-8260 Scientific Cal
culator- The calculator was utilized prin
cipally in the theoretical portion of the 
course work in physical acoustics. All the 
students became adept at using the arith
metic and logarithmic functions, and 
were able to compute results required 
in the course examples accurately. 
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GE Portable Cassette Recorder -
These were used in, the classroom and 
during the field work. Students were in
structed in basic operation, power supply 
replacement, tone and volume control 
settings for reproduction quality, and 
interfacing with other sound production 
and recording instruments. 

3. Realistic 42-3019 Calibrated Sound 
Level Meter - Meters were introduced to 
the students in the classroom and used 
principally for illustrating propagation 
loss and the decibel scale. The actual field 
use of these instruments is planned for 
the next phase of instruction. 

Field instrumentation is shown in 
several of the accompanying illustrations. 
Prior to the field work all components 
were set up in the classroom and fully 
checked out. At the completion of this 
first stage the students had each developed 
their own instrumentation schematic, and 
were proficient in setting up each com
ponent with all the required signal and 
power connections. 

On Sunday, 4 May, the students as
sisted in packing all of the equipment. 
Transportation to the field was provided 
by two large sleds and two snow machines 
with two of the students as drivers. On 
Monday, 5 May, our study site was es
tablished near the hunting camps of Jake 
Adams' crew and Robert Aiken's crew, 
approximately five miles northwest of 
Barrow. The water depth in this location 
was approximately 150 ft. The ice was 
first-year coverage, about 4-5ft thick. 

The students participated in all aspects 
of the field expedition including logistics, 
camp maintenance, meteorological obser-

~·· 

vations, equipment operation, and data 
recording. As a final exercise each student 
created his or her own data file of ambient 
noise and biological sounds, including 
measurement of water depth, hydro
phone placement, air and water tempera
ture, and wind speed and direction. The 
students utilized their own cassette re
corders, making all connections with the 
field instrumentation and equipment set
tings. 

The students also helped to set up a 
sonobuoy bioacoustic FM radio link 
between our camp site and the AEWC 
Office in the Arctic Slope Regional 
Corporation (ASRC) Building in Bar
row. Subsequently sonobuoy deploy
ments were made in other offshore loca
tions by the students themselves. 

Left: Camp at Station B. (Photo by W.C. 
Cummings.) 

Below: Ice breaking away from edge at 
Station D. By June ice conditions had 
become somewhat marginal. (Photo by 
W. T. Ellison.) 

1 

The field expedition portion of the 
training program was terminated on Fri
day, 9 June, due to deteriorating ice 
conditions. 

In many aspects of the program we 
instructors turned out to be students. 
Such was the case in "reading" seasonal 
ice conditions with the accompanying 
effects of wind and current, all the prob
lems of camp logistics, identification of 
various species of wildlife, and general 
arctic lore. 

There were always several other young 
men from nearby camps at our campsite 
observing our operations and often as
sisting. They invariably showed an in
terest in participating in future courses. 

There was a feeling on the part of all 
the participants, students and instructors 
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alike, that the course somehow was not 
ready to end. Although we had finished 
most of the preliminary objectives, the 
interest and enthusiasm of the students 
to continue on into other areas, utilizing 
their new-found knowledge, was notably 
stronger than at the outset. 

Our present plans call for a continua
tion of this training program in 1981. We 
hope that we will be able to work with 
new students as well as some of our 
previous students. The students just 
starting will follow the course outline 
used in 1980, and our more advanced 
students will cover additional subjects 
particularly in the area of airborne 
acoustics and noise control measures. 
In this latter phase we will emphasize 
individual student projects. 

We will continue to work with small 
groups of students as this allows us to 
tailor the course syllabus to the needs 
and capabilities of the individual. 

1980 RESEARCH 

The authors also conducted an investi
gation of underwater sound at selected 
nearshore locations in the Alaskan Beau
fort Sea, off Barrow and Prudhoe Bay, 
May and June, 1980. The Barrow stations 
represent inhabited areas in which ex
ploration and development of oil resources 
have not yet made an impact. Another 
area, near Prudhoe Bay, was chosen for 
study because oil exploration and de
velopment were at a high level, though 
offshore activities were not in progress 
at the time of the measurements. 

Data were evaluated in three separate 
categories: ambient noise, bioacoustic 
signals, and man-made noise. Although 
not intended to be comprehensive, this 
study represented a limited array of 
unique environmental conditions. General 
features of the prevailing underwater 
sound were: 

1. At both Barrow and Prudhoe Bay 
ambient levels were appreciably lower 
than those measured by others in temper
ate coastal sites, especially in the fre-
quencies below 1.5 kHz. 

2. Ice fracturing noise off Barrow oc
curred as discrete transients, often minutes 
apart. Although the energy was widely 
spread, emphasis was in the lower fre
quency regions, below 3000 Hz. Ice 
thumping noise extended to beyond 
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Locations of nearshore stations in the area of Barrow, Alaska, during May (A, B) and June 

(C, D), 1980. 

10,000 Hz, but the larger bursts of energy 
(to 12 dB above ambient) 15 were mostly 
below 500 Hz. The effect of moving 
pieces of ice in the apparent rising swell 
in narrow leads produced overall increases 
of up to 10 dB. Overall levels were about 
6 dB higher in small leads as compared 
with locations of full ice coverage. 

3. The underlying rough surfaces of 
fringing ice ridges appeared to reduce the 
received level of distant sources of noise. 

4. Under conditions of full ice cover, 
there was very little correlation between 
wind velocity and ambient noise levels. 

5. In the Barrow area, bearded seal 
sounds usually dominated the noise in 
frequencies below about 3 kHz, often 
adding 10-15 dB above ambient. There 
was no statistical difference between the 
number of calls with or without the 
presence of helicopter noise, or between 
the number of calls at two nearby stations. 

6. Sounds believed to be from ringed 
seals and other sounds from gray whales 
were also recorded off Barrow. Although 
the gray whale was not seen, the presence 
of its sounds is the first reported evidence 
of such an early seasonal arrival '(7 June) 
of this species off Barrow. The most 

prevalent sounds from sea birds originated 
with large rafts of oldsquaw ducks, 
with much energy between 750 Hz and 
2.5 Hz. 

7. Based on measurements of a Hughes 
Model 369 D helicopter flying a prescribed 
pattern at known altitudes and speeds, 
this mode of transportation over the ice 
offers a significant contribution to man
made underwater noise. As typical of a 
turbine engine, the energy appears as a 
series of high-level narrowband spectra 
ranging in frequencies from 200 Hz to 
7 kHz as well as broadband energy be
low 500 Hz. The helicopter's noise could 
be easily detected in the water even when 
it was flying at 305 m (1 000 ft) above 
the ice at a distance of 457 m (1500 ft) 
away. 

8. Sounds recorded from other man
made noises included snow machines, 
footsteps on the ice, and line spectra, the 
latter presumably from rotating or re
ciprocating machinery associated with 
power plants, pumps, transportation, 
or other operations. Man-made line spec
tra, especially off Prudhoe, were often 
the dominant feature of the underwater 
noise. 
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Locations of nearshore stations (E, F) in the Prudhoe Bay, Alaska, area during June 1980. 

Our data on ambient background 
. levels (absence of man-made noise) agree 
reasonably well with information reported 
.bY, previous investigators for deeper 

·water sites under similar environmental 
conditions.16-20 
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Report: 

ENERGY CONSERVATION 
FOR CARPENTERS 
do little things mean a lot? 

Every fall the Vocational Carpentry Class at the Hutch

ison Career Center here in Fairbanks begins building a house; 

every summer they sell this newly-built house, ready to move 

to a lot, to someone eager to own a home. There are many 
limits on the kind of house the class can build: size, since it is 

constructed inside the (fortunately large) Hutchison carpentry 

shop and must be moved out through the shop's doors and 

along the local roadways; shape, for similar reasons; and 

standardization, both because it is a training project for 

inexperienced builders rather than a proving ground for 

architectural experiments, and because it must be geared 

to the needs of a hypothetical "average" homebuyer with a 
"typical" lot. 

Floor plan of the Hutchison house. 

The class project was well on its way to completion by 
February, when this photo was taken in the carpentry shop. 
(Photo by Teri Lucara.) 
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Finish Ceiling Height= 7 ft., 7% in. 

Insulation Baffle (between trusses) 

4" Loose Fill Cellulose Insulation 

6" Fiberglass Batt Insulation 

Foil-Faced F/G lnsul. 

1" x 3" Furring (16" o.c.) 
Full Thick F/G Insulation (R-13) 

Flashing --'"""""'-o;~~l~:::::::;lll 
x 4" Extended Jamb 

(to support insulated shutters) 

Redwood Siding ----.1 
Asphalted lnsul. Bd. ---""""H 

15 lb. Asphalted Felt Paper 

(between sheathing, wrapped ........-=llll~~~~~rr::::~ 
into rough openings'--~ 

Y:z" Asphalted lnsul. Bd. (plywood at 
corners and other stress points) 

Y:z" Particle Bd. Underlay. 
(Cont. beneath partitions) 

12" x 10" F/G Perimeter lnsul. 

6" Foil-Faced F/G Insulation 
(reflective up with air space) 

5/8" Gypsum Board Ceiling 

Y:.'' Gyp. Bd. Walls 

Y:z" Sound Board 

6-mil Cont. Vapor Barrier 

1" F/G Silllnsul. (compressed) 
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Right: Typical horizontal sec
tion through the Hutchison 
house. 

Left: Typical vertical section. 

For the 1980-81 school year, however, 
the Hutchison house is not average. Be
tween an ordinary-looking exterior and a 
fairly typical three-bedroom interior lies 
an impressive amount of insulation (cal
culated ceiling R-values will exceed 59, 
walls over 31) and a great many energy
saving details - all made possible by a 
$3400 grant from the Alaska Council 
on Science and Technology. The ac
companying drawings tell most of the 
story. 

The philosophy behind the details 
selected was spelled out in the grant 
application that carpentry instructor 
Bobby Cloyd submitted: "Students en
rolled and doing the construction will 
receive instruction on the desirability of 
incorporating these features into addi
tional houses that they might be involved 
in and they will be given the opportunity 
to make cost comparisons with more 
traditional construction methods . . . 
All materials which will be used in this 
building are standard construction items 
and readily available. Special and rarely 
used items are not planned into this 
energy efficient structure. The methods 
of construction are simple variations of 
general practices presently being used 
in the local building industry." 

The basic premises exemplified in 
the house are straightforward and thor
oughly established: the structure will 
be heavily insulated and carefully sealed. 
Among the details worth special note 
is the double-purpose fiberboard in 
the walls (see figures); as well as providing 
a further thermal break, the board 
is also intended to be an acoustical 
barrier - a potential plus if the house 
is erected in a city location, or near 
a snow machine trail. To maintain the 
integrity of the vapor barrier, all elec
trical boxes on exterior walls are sealed 
in 6-mil polyethylene "bags" that are 
in turn sealed to the main vapor bar
rier. Even the space under the bathtub 

Total Wall Thickness= 9% in. 

Y:." Plywood Sheathing {at corners) 

2" x 4" Studs {24" on center) 

---- Full Thick Fiberglass Insulation 
{R-13 each layer) 

Window Frame & Extensions 

Y:." Gyp. Bd. Walls {continuous) 

6-mil Vapor Barrier {continuous) 

Y:." Sound Board {also serves 
as a thermal break in the frame) 

2" x 4" Backup Blocking {horizontal 
at partition intersections) 

F/G Insulation & Vapor Barrier 
{1st stud space of partitions) 

most nonstandard detail in the house 
is one with a long history in the north: 
like a trapper's cabin, the Hutchison 
house will have a lower ceiling than 
does a conventional home. The finished 
ceiling height will be 7'-7%", reducing 
the volume to be heated by 380.6 cubic 
feet compared to a house of the same 
interior dimensions but with the cus
tomary 8' ceiling height. 

The proposal was first submitted to 
the U.S. Department of Energy Small 
Grants Program. The DOE rejected the 
proposal chiefly because the carpenter 

the project's value. The ACST review 
panel evidently decided that enough was 
known about the probable performance 
to make the grant worthwhile, both for 
training purposes and as an example. 
Certainly one of the best ways to popu
larize energy efficiency is through the 
outspoken happiness of a homeowner 
talking about the family's low energy 
bills, and the carpentry class members are 
confident their product will find just such 
an owner. 

has extra fiberglass insulation, for a training program could not promise to The report above was prepared by the 
editor with the help of Bobby Cloyd, 
vocational carpentry class instructor. + 

probable gain in comfort and saving monitor the actual performance of the 
in water heating costs. Perhaps the house, something that would increase 
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ALASKAN TRANSPORTATION: 
Research and Recommendations 

This is another of a series of special reports resulting from workshops held by the Alaska Council on 
Science and Technology to prepare brief statements of research priorities and recommendations in various 
fields of science and technology. This article on Alaskan transportation is a version extracted from the formal 
report forwarded to the Office of the Governor and the Alaska Legislature. That report was based upon results 
of an Alaskan Transportation Committee Workshop (February 1980) and a Subcommittee Meeting on Trans
portation Research (October 1980 ). 

INTRODUCTION 

This report incorporates knowledge of past research and 
development into its recommendations on how to improve and 
restructure traditional areas of transportation research. It also 
deals with new and neglected areas of research needed to solve 
Alaska's transportation problems. As a result, recommendations 
include all transportation modes, as well as the economic and 
social implications of transportation in Alaska. Both urban and 
rural transportation problems are considered. Since the role of 
transportation is to link the two, the report views the system 
holistically as it serves the diverse needs of a small population 
of 415,000, with annual recruitments of itinerant workers and 
tourists numbering about 300,000. 

The committee recognized that the state must find long
term energy sources and alternatives for its transportation sys
tems, but did not develop research priorities in this area. The 
group believes that the magnitude of the problem and the 
complex related technological questions stipulate a major state 
research and development effort in the near future. 

The transportation system incorporates different modes 
within its functional areas, and the committee's approach re
flects this. The report has been divided into three components: 
1) Aircraft, Automobiles and Freight Vessels; 2) Foundations 
and Soils; and 3) Technological Scale and Market Structure. 

BACKGROUND AND CURRENT ACTIVITIES 

Aircraft, Automobiles and Freight Vessels 

Aviation development in Alaska traditionally has been 
linked to federal funding patterns which tend to concentrate 
on airport surface improvements, field lighting, navigational 
aids and air traffic control. Little has been done on total system 
evaluation. If a community needs better air service, usually the 
response has been to lengthen the runway; if this cannot be 
accomplished, service is usually continued with obsolescent air· 
craft that can fit the field size. 
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The civil aviation system in Alaska has developed around 
the Boeing 737 and 727. These were the only commercial air
craft available to the larger Alaskan carriers in the late 1960s 
and early 1970s, but they are not ideally suited to Alaskan con
ditions. Thus, adapting these aircraft to the larger, passenger
supported markets and to the rural, freight-passenger markets 
has created high fleet utilization costs and capacity problems. 

Technical advances in aircraft design have been left to the 
military and to private industry; for example, most of the short 
takeoff and landing aircraft available today are offshoots of 
military programs. However, aircraft that fit Alaska's specific 
regional needs will not be developed from these bases. No 
technological breakthroughs in airfoil design or power plants 
are in sight. 

As with aircraft, motor vehicles are not designed and built 
to fit the specific regional needs of Alaska. Even automobiles 
with specific adaptations for operation in severe cold are not 
feasible within the market structure of the U.S. automobile 
industry. However, studies show that small attachments and 
changes could help alleviate the problem. 

One manifestation of the growing number of motor vehicles 
and expanding road network in Alaska is deteriorating air qual
ity because of carbon monoxide, which is produced mainly by 
the cold starts of light-duty vehicles. Research is needed to de
vise methods of incorporating carbon monoxide control strate
gies into the planning and designing of new highway and street 
systems. 

Another major vehicle-related problem in Alaska is ice fog. 
Although not a public health problem, ice fog does create safety 
and economic problems. Ice fog research has suffered from spot
ty federal funding. 

In western Alaska, increased demand for freight servi,ce by 
water requires a study of the relationship of the barge system to 
the container-ship service. Very little research has been con
ducted on existing new types of vessels and vehicles such as 
amphibious air cushion vehicles, hydrofoils, shallow-draft ACV's 
and surface-effect vehicles. 
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Fuel drums being hand loaded on F 27. (Photo courtesy of Jimmie C. Rosenbruch.) 

Foundations and Soils 

High transportation costs in Alaska historically have been 
due not only to the expense of initial construction but especially 
to the cost of system maintenance. Contributing to both costs 
are the problems of northern soil conditions and the challenge 
of designing foundations to match them. Construction of the 
trans Alaska pipeline created a great surge in applied technology 
which is still being absorbed into general applications through
out the state. Much of this new technology was possible because 
of basic research programs that had been going on since World 
War II at the University of Alaska and in federal and state 
agencies. 

Because of the importance of oil and gas development to 
the future of Alaska, special attention has been given to pipe
lines. Research is presently underway on metal stresses in cold 
temperatures, particularly for high pressure gaslines and pipe
lines subject to extraordinary stresses caused by foundation 
movement resulting from frost heaving, solifluction and perma
frost. 

Frost heave and permafrost have also had a major effect 
on roadway and railway construction and maintenance costs 
in Alaska. For the past ten years the Department of Transporta
tion and Public Facilities has conducted small-scale research on 
design and construction techniques to control heaving, and 

The Northern Engineer, Vol. 13, No. 1 

on surface remote-sensing of permafrost and ice. This limited 
research shows promise of future benefits, but major research 
efforts are needed. 

Technological Scale and Market Structure 

Alaska's transport market is such that a relatively large 
number of small economic activity centers are separated by con
siderable distance and rugged topography. Thus transport sys
tem development has followed regional and subregional patterns 
rather than integrating at the state level, a condition aggravated 
by the high number of carriers who compete for limited markets, 
even in remote areas. 

It is almost impossible to find transport systems specially 
designed for Alaskan conditions. Traditionally, the technologies 
used have been adapted from systems developed for large na
tional or international markets, such as the large jet aircraft 
discussed above, or systems in which Alaska has acted as a labo
ratory for initial development. The classic example of this labo
ratory effect was the shipping container system, initially devel
oped and implemented in Alaska during the 1950s. It quickly 
matured into an operational system which achieved its maxi
mum return when applied to larger markets outside Alaska. 
As a result, the rate of technology development far outpaced 
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the increases in Alaska's market size, and the state's carriers 
have found it increasingly difficult to justify the high capital 
costs of replacing their equipment with modern units for use 
in small-scale local markets. The pioneer marine carrier in this 
field dropped from the market in the mid-1960s, and firms 
now operating are finding high technology only marginally 
economical in Alaska. 

MAJOR ISSUES IN ALASKAN TRANSPORTATION 

Aircraft, Automobiles and Freight Vessels 

• Aircraft tailored to meet Alaska's needs can be produced 
by private industries. However, production will be 
tailored primarily to the needs of the producing coun
try unless some effort is made to influence design to 
suit Alaskan needs. Operators such as Wien and Alaska 
Airlines are large enough to have some effect, but 
they have concentrated their efforts on large jet air
craft. The operators that need specialized aircraft are 
not large enough to generate orders of any size by 
themselves. 

• The present financial configuration of Alaska's trans
portation industry does not permit maximum applica
tion of existing aircraft technology· or taking advantage 
of marginal upgrading through fleet replacements. The 
main problem is cost (capital and operating) rather than 
inadequate technology. 

• Motor vehicles that fit Alaskan needs are not forthcom
ing. However, current studies indicate that increased 
research to develop adaptive changes and attachments 
could help alleviate some of the problems. 

• Present research on the carbon monoxide problem 
falls far behind what is needed to develop the knowledge 
necessary to incorporate carbon monoxide control 
strategies into the planning and designing of new high
way and street systems. 

• Ice fog in Alaska is a problem involving safety and 
economic factors. Research has bogged down due to 
spotty federal funding. The ice fog problem can be 
alleviated or diminished only by finding avenues for 
continuous, uninterrupted research in this area. 

• In western Alaska, the demand for sea-going freight 
service will continue to increase. This requires a study 
of the barge system and container-ship services. Ad
ditionally, extensive research is needed on the new types 
of vessels and vehicles that have proven their worth in 
freight service outside Alaska. 

Foundations and Soils 
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• Present practice in structural earth embankments re
quires that they be constructed of free-draining, coarse-

grained material (sand and gravel) which is extremely 
expensive where it is not readily available. Lower-cost 
substitute methods and materials should be found that 
would still provide structural reliability. 

• Alaska's road and railway systems directly affect more 
people than any other transportation system in the state. 
Roadway and rail bed maintenance requires major annual 
expenditures; permafrost, frost heave, snow and ice add 
tremendously to construction costs. Major research ef
forts are needed to find accurate methods of predicting 
the long-term performance of roadways and railways. 
Some factors to be considered include: design features, 
cost information, frost heave prediction techniques, 
development of remote-sensing methods to detect 
permafrost and ground ice, snow avalanche prediction 
and ice removal. 

• The future of Alaska depends, in great part, on oil and 
gas development. Cost efficiencies in pipeline construc
tion will pay special dividends because of the magnitude 
of these projects. There are special problems that require 
continuous examination, such as metal stresses in cold 
temperatures and the difficulties with burying hot or 
cold pipelines in frozen and thawed soils. 

Technological Scale and Market Structure 

• Few transport systems in Alaska are designed specifically 
for the prevalent conditions. Civil aviation provides an 
example of the existing problems, but it only represents 
one of the more obvious sets of difficulties relating 
to Alaska's transport requirements and the scale of 
economic activity. Research definitely is needed on the 
conflicts engendered by Alaska's current transport 
systems. 

• Relatively little is known about the intricacies of market 
structure in Alaska. It is closely related to the effects 
of scale on technological efficiency. Defining the market 
structure involves identifying the causal elements of 
transport demand and the manner in which the trans
port market influences the scale and applicability of 
technology types. A good deal of research is called 
for, much of it in disciplines which emphasize economics 
or management rather than science or engineering. 

ANALYSIS AND DISCUSSION 

Because of Alaska's low rural population and great dis
tances from national transportation systems, the overall eco
nomic relationships and associated research needs of the system 
must be examined in light of operational scale and market 
structure. 

As Alaska's population continues to grow, an increase in 
service and efficiency is mandated. Because the federal govern-
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ment, through its various agencies, has had a strong research 
presence in Alaska and because that presence is fast disappear
ing, close cooperation between the state and federal government 
is essential to efforts for improving Alaska's transportation 
system. 

Aircraft, Automobiles and Freight Vessels 

Aviation will continue to be the dominant transport mode 
for more than 70% of the state's communities during the next 
25 years. The percentage of aviation use probably will increase 
due to greater energy efficiencies for long-distance travel. 

Little has been done on a total system evaluation of avia
tion in Alaska, and less on producing an aircraft specifically 
geared to Alaskan requirements. Aircraft production is tailored 
primarily to the national needs of the producing country. 

Aircraft design requirements should be developed suitable 
for Alaska's low-density routes, which would include: rela
tively low initial prices, low operating and maintenance expenses, 
ease of maintenance, repair and crew training, reliability and 
durability, independence from ground support equipment and 
facilities, short field takeoff and landing capacity and load 
configuration versatility. There are no inherent technical con
straints in meeting these design criteria. The aircraft design and 
selection issue essentially is one of trading off purchase and 
operating costs against weight and capacity limits. 

Alaska's expanding population means an increase in the 
number of motor vehicles on the road. As a result, carbon mon
oxide is fast becoming a major problem in Anchorage and Fair
banks. Carbon monoxide control strategies that would stress 
cold-start emissions are needed, as is the development and main
tenance of a relevant air dispersion computer model for the 
major centers of Alaska. 

A comprehensive ice fog research effort is also needed. It 
should include studies to control ice fog produced by open 
water and vehicles, study of aviation-related ice fog, study of 
large stationary sources such as power plants, and basic research 
directed toward a better understanding of the formation and 
nucleation of ice fog. 

Increased demand for freight service in western Alaska re
quires an examination of the relationship of the barge system 
serving that area to the container-ship service presently serving 
major ports. Access into western Alaska systems can be by the 
Alaska Railroad or by highway to the river port of Nenana, 
through a potential new river port at Yukon Crossing, or to 
Circle. New types of vehicles/vessels should be systematically 
analyzed for use under the economic and climatic constraints 
of Alaskan operation. 

Foundations and Soils 

There are popular misconceptions as to the amount of basic 
research being conducted in permafrost and frozen ground 
problems as they affect Alaska. The data from the enormous 
industrial research effort that went into the oil pipeline is 
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privately held. Federal permafrost research funding is at a low 
level and funding by the Federal Highway Administration 
that financed research on the pipeline and haul road has not 
been renewed. In essence, the present state and federal research 
programs are fragmented and funded at low levels. 

Permafrost and frozen ground have been problems beset
ting Alaskans for many years. Permafrost and frost heave condi
tions have a major effect on roadway and railway construction 
and maintenance costs in Alaska. Extensive research efforts 
are needed in methods of predicting the long-term per
formance of roadways and railways based upon known soil and 
climatic factors; benefits of different design features for per
formance on permafrost; benefit and cost information on winter 
versus summer construction scheduling; frost heave prediction 
techniques and effects of frost action on pavement system 
layers and the development of reliable methods of detecting 
permafrost and ground ice by remote-sensing methods. 

One of the most pressing needs in ice-related transportation 
is for short-range monitoring of ice distribution and motion on a 
real-time (immediate) basis to permit predicting areas of open 
water and thin ice for periods of several days. Development of 
this system also would make better prediction possible for 
the trajectory of oil spills, siting of marine structures, and the 
presence and possible migration routes of marine mammals, as 
well as having obvious transportation-related applications. 

Technological Scale and Market Structure 

Market demand and potential demand dictate the level of 
technology which can be utilized by the transportation system_ 
For example, the limited demand of communities on the Bering 
Sea coast has made it unattractive to construct even minimal 
deep-sea port facilities in the region. Likewise, channeling the 
railbelt freight demand through the Port of Anchorage has 
managed to create enough volume so midlevel container tech
nology can be used profitably there. 

Imaginative use of the demand generated over broad geo
graphic and economic sectors may allow more efficient utiliza
tion of transport technologies. Perhaps the most interesting 
example of this has been the White Pass and Yukon Railroad's 
use of a variety of container types for haulage of all commodi
ties, including bulk items. This permits a single technology type 
to serve a wide variety of demands much more efficiently than 
would normally be the case for so small a market. Similarly, the 
backhaul of seafoods between Kodiak and Seattle fills, to some 
extent, the otherwise empty tonnage moving south from the 

.rail belt. 
Changes in the structure of markets can profoundly alter 

the technology required to service those markets. The outstand
ing example of this phenomenon is in the petroleum distribu
tion system used in the state. The location of Tesoro's refinery 
in Nikiski provided a sufficient concentration of product move
ment to justify the construction of a pipeline from that point 
to Anchorage. This reduced the demand for tanker and barge 
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transport as well as converting an overcrowded petroleum ter
minal at the Port of Anchorage into one which sees a tanker 
only briefly once a month. It also caused a reorientation of the 
Alaska coastal distribution system away from West Coast 
tanker traffic to one based on local barges. 

Transport market structure is an area over which the public 
sector, through a variety of investment and regulatory mech
anisms, can exert considerable influence. Thus, public bodies 
have the power to grant carriers or classes of equipment entry 
to a market or to force exit from that market (e.g. with sub
sidized construction, shipping, aircraft sizings, truck weight 
limits). Public policy may also provide a variety of subsidies 
which influence technological viability in a market. Likewise, 
public investment in facilities can cause or dissipate economies 
of market concentration. 

The following would appear to be appropriate goals for 
research into Alaska's problems with technological scale and 
market structure. 

• Identify the cost structures of available technologies as 
they relate to market size and composition. 

• Determine minimum volumes of various traffic classes 
necessary to support the operation of technology types. 

• Identify and develop arctic variations of traditional 
technologies and determine their efficient cost levels 
and intermodal compatibility with existing systems. 

• Develop low-capital, efficient alternatives to present 
transport systems. 

• Develop methods for exploring capital-labor tradeoffs 
in technology design. 

• Investigate questions of benefit and equity in expendi
ture of public funds to support various service levels to 
remote, high-cost rural areas. 

• Investigate the effects of both intermodal and intra
modal competition on small market rate structures and 
the effects of regulatory policy on these areas. 

• Identify, catalog, and adapt work done in other polar 
nations (particularly Canada) which addresses these 
issues. 

PRIORITIES AND RECOMMENDATIONS 

Implement a Long-term Examination of the Market Structure 
Problems of the Alaska Transportation System 

This area has been almost totally ignored, yet examining it 
would make possible immediate returns in efficiency, cost, and 
safety, if addressed by competent researchers. The aim of the 
examination would be to establish a relationship between the 
capital programs funded by the state, the currently available 
technology that is not in use due to inadequate financing being 
available, and the market structure of Alaska. 

Specific Recommendation: The committee recommends 
that the Alaska Council on Science and Technology provide 
$25,000 to develop a proposal for submission to the Legisla
ture for funding this examination. 

Establish a Program to Investigate the Problems of Permafrost 
and Frost Action in Soils 

There is no strong state support in this area now. Present 
funding is inadequate to deal with the wide range of permafrost 
and soil freezing problems encountered in constructing high
ways, airports, buildings, port and dock facilities, and oil and 
gas pipelines. 

Specific Recommendation: A program should be funded 
at $250,000 annually over five years for applied research on 
permafrost properties and processes and on permafrost and 
ground ice detection. Further, a continuing position should be 
created, preferably at the Geophysical Institute of the Univer
sity of Alaska, Fairbanks, to organize and conduct a long-term 
permafrost research program. These problems are complex and 
will require continuing, long-term funding to develop solutions. 
Total costs over the next five years would be approximately 
$2,000,000. 

Auto-generated ice fog on a New Year's day in Fairbanks, Alaska. A car idling, 1500 hours (left); a second car goes by (right). 
Consider the effect of several hundred vehicles under these same conditions. (Photo courtesy of Carl S. Benson.) 
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Establish a Program to Further Efforts on 
Instrumenting Roadbeds and Other Structures to Obtain 
Long-term Performance Data on Permafrost and Frozen Soils 

Permafrost, frost heave, snow and ice add tremendously to 
maintenance and construction costs of roadbeds, railbeds and 
other structures. 

Specific Recommendation: FY 1982 funding of $200,000 
is recommended for a program to investigate the problem of 
heat and mass transport in freezing and frozen ground and 
especially the frost heave problem. This program would be 
especially timely in view of the present gas pipeline planning 
and pre-construction efforts. 

The committee further recommends that the research sec
tion of the Alas.ka Department of Transportation and Public 
Facilities should be designated the lead agency for allocation of 
these funds because that is the only state agency which has a 
broad range of experience and expertise in dealing with prob
lems of permafrost and frost action. This organization has 
worked since statehood in design and construction problems 
involving permafrost and frost action in soils. 

A Major Conference on Transportation Research and Tech
nological Development Should be Held in Alaska in August 1981 

There is a crucial need at this time to bring together experts 
in arctic transportation to help coordinate research efforts and 
facilitate communication within the scientific community. 

Specific Recommendation: The Council should request 
funding in the amount of $150,000 to sponsor a three- to 
five-day conference, bringing together experts in arctic trans
portation with experts in movement of massive resource flows, 
small scale passenger and freight movements, operations in dif
ficult terrain and a host of other factors. 

State of Alaska Loan Programs for .Aircraft Operators 

The chief difficulties for small air transport firms in the 
state are economic, though efforts must be made to influence 
design to meet Alaskan needs. 

Specific Recommendation: The State of Alaska should 
examine its loan programs to ensure that they are meeting the 
needs of aircraft operators. The State should work with Alaskan 
operators to replace their fleets as needed and to define specifi
cally which aircraft characteristics are most needed in Alaska. 
The State should communicate such information to the aircraft 
manufacturers as a vital component of an overall transporta
tion plan. 

Coordination of Transportation Efforts in the State of Alaska 

In addition to the Transportation Committee sponsored by 
the Alaska Council on Science and Technology, two other 
groups exist for coordinating transportation efforts in the 
state - the Federal/State Transportation Planning Organization 
and the Transportation Advisory Council of the Alaska Depart
ment of Transportation and Public Facilities. More coordination 
of information and communication is needed. 

Specific Recommendation: In addition to continuing 
the above organizations, a forum is needed to bring together 
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Ice fog below University of Alaska campus, Fairbanks. (Photo 

courtesy of Carol Anne Campbell.) 

private transportation interests with public planners. The 
above groups could possibly fill this role through either sub
committees or expansion of the parent bodies. 

Develop Carbon Monoxide Control Strategies 

The deterioration of air quality is one manifestation of an 
expanding motor vehicle transportation network in the urban 
areas of Alaska. Carbon monoxide, produced mainly from cold
starting of tight-duty motor vehicles, is now becoming a major 
problem. 

Specific Recommendation: The State should establish a 
research program to incorporate carbon monoxide control 
strategies into the planning and design of new highway and 
street systems. 

* * * * 
Walter Parker (Walter Parker and Associates, Anchorage), 

was the Committee Chairman for this Workshop. Contributing 
Group members were: Vera Alexander (Director, Institute of 
Marine Science, University of Alaska, Fairbanks); Robert 
Baldwin (Planning Officer, Federal Aviation Administration, 
Anchorage); Dennis Dooley (Division of Transportation Plan
ning, Department of Transportation and Public Facilities, 
Juneau); Robert Elsner (Institute of Marine Science, University 
of Alaska, Fairbanks); John Gray (Institute of Social & Eco
nomic Research, University of Alaska, Anchorage); George J. 
Grundig (San Francisco, California); Woodrow Johansen (Col
lege, Alaska); Virgil Keith (ECO - General Systems Analysis for 
Marine Navigation); Lee Leonard (Division of Research and 
Development, Department of Transportation and Public Facil
ities, Fairbanks); Giles McDonald (Anchorage); Tom Osterkamp 
(Geophysical Institute, University of Alaska, Fairbanks);William 
Sackinger (Geophysical Institute, University of Alaska, Fair
banks); Hank Saylor (Alaska Hovercraft, Anchorage); Capt. H.E. 
Stanley (U.S. Coast Guard); Larry Sweet (Division of Trans
portation Planning, Department of Transportation and Public 
Facilities, Fairbanks); and Richard Wien (Alaska Air Carriers 
Association, Anchorage). + 
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by Christine A. Ehlig-Economides and 
Paul Combellick 

Natural Gas Hydrates 
A Frozen Treasure 

INTRODUCTION 

In 1970 scientists in the Soviet Union 
announced the discovery of huge under
ground deposits of natural gas hydrates.1 

Since then, numerous additional deposits 
have been found. Crystalline solids re
sembling snow, gas hydrates form as mix
tures of water and natural gas, and are 
stable at temperatures well above the 
freezing point of water. 

The geological occurrence of natural 
gas hydrates is widespread: typically de
posits lie either within and below perma
frost regions, as in the Soviet Union, 
Alaska, and Canada, or in the seafloor, 
as off the coasts of Central America 
and Africa.2 

Efforts to exploit the massive conven
tional oil and gas deposits in the Arctic 
Slope and off the coast of Alaska under
score the need to assess the potential of 
natural gas hydrates as an additional, and 
perhaps extensive, resource. 

In order to assess the extent and use
fulness of the resource, it is important 
to know enough about the nature of 
natural gas hydrates to predict where 
they might be found and how they will 

behave. In this paper, the 
chemical and physical prop
erties of the gas hydrates 

Figure 1. Drawing of partial Structure I hydrate lattice 
(from Miller4 ), showing four tetrakaidecahedra ad
jacent to one dodecahedron (upper center). 

will be described. Then, experimental 
studies of gas hydrate formation and 
dissociation in a porous medium will 
be summarized. Finally, the practical 
implications for drilling through gas hy
drate formations, detecting hydrates in 
situ, and estimating the gas in place in a 
hydrate formation will be examined, as 
well as the use of gas hydrate as an arti
ficial cap for underground gas storage 
facilities. 

PROPERTIES OF 
NATURAL GAS HYDRATES 

The first gas hydrates were discovered 
in 1810 by Sir Humphrey Davy, who 
observed the formation of ice-like crystals 
in an aqueous solution saturated with 
chlorine gas and cooled to below 9°C. 
Gas hydrates became of practical concern 
about 100 years later when hydrates were 
found in natural gas transmission lines.3 

Although it was possible to prevent hy
drate formation in transmission lines by 

dehydrating the gas, hydrates forming in 
gas wells were plugging the orifices and 
chokes at the well head. Subsequently, 
several studies focused on determining 
what pressure and temperature conditions 
would avoid hydrate formation for typical 
natural gas mixtures. 5 

The crystalline structure of the natural 
gas hydrates is that of a clathrate com
pound. The term clathrate is applied to 
crystalline mixtures in which one constit
uent forms a molecular lattice with an 
ordered geometric pattern which contains 
voids that the remaining constituents 
can fill. In natural gas hydrates, or clath
rate hydrates, water molecules form a 
clathrate framework consisting of penta
gonal dodecahedra (with 12 plane sides), 
tetrakaidecahedra (with 14 sides), and 
hexakaidecahedra (16 sides). Smaller 
molecules, such as methane, nitrogen, or 
hydrogen sulfide, can occupy any of the 
three lattice shapes. Ethane and carbon 
dioxide can fit in the tetrakaidecahedral 
and the hexakaidecahedral structures, 

Christine A. Ehlig-Economides has a Ph.D. in Petroleum Engineering from Stanford University, and was Acting Assistant Professor 
of Petroleum Engineering at Stanford and Program Manager of Stanford's Geothermal Program 1978-80. She is currently Assistant 
Professor of Petroleum Engineering at the University of Alaska, Fairbanks. Paul Combellick earned a degree in chemistry from the 
University of Alaska, Fairbanks, and is in a Master's program in Petroleum Engineering. 
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while propane and isobutane can fit in 
the hexakaidecahedra only. Larger mo-
lecular components of natural gas mix- 1000 
tures cannot occupy any space in the 
crystal lattice. 

Two types of clathrate hydrates have 
been identified by X-ray diffraction. 
Structure I hydrates consist of 46 water 
molecules forming two dodecahedra and 
six tetrakaidecahedra. Hence, if all avail
able spaces are filled with methane, 
the chemical formula for methane hy
drate is CH4 ·5% H20. A diagram of a 
portion of the Structure I clathrate hy
drate framework is shown in Figure 1. 
Structure II hydrates consist of 136 
water molecules forming 16 pentagonal 
dodecahedra and eight hexakaidecahedra. 
The chemical formula for saturated ethane 
hydrates is c2H6 ·17H20, or c2H6 • 
2CH

4 
·17H20, if the smaller locations 

are filled by methane. The 16-sided hexa
kaidecahedron crystal is shown in Figure 
2; the entire Structure II framework can-
not be drawn in two dimensions. The 
larger guest molecules in the Structure 
II hydrate form a more stable lattice 
which can withstand lower pressures and 
higher temperatures than can methane 
hydrates. The presence of dissolved 
salts in the water, or nitrogen or rare 
gases in the natural gas, tends to lower 
the crystalline stability, and thus lowers 
the dissociation temperature. 

The actual molecular composition of 
gas hydrates can vary, depending on the 
conditions under which the hydrates 
were originally formed. Stability of the 
crystal lattice does not require that all 

Figure 2. A hexakaidecahedron from the 
Structure II hydrate lattice (from 
Miller4 ). 
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Figure 3. The phase diagram of methane hydrate (from Miller4). 

the available voids be filled with gas mole
cules. Gas hydrates found in nature 
typically contain fewer gas molecules 
than the maximum. 

Phase Diagrams for Natural Gas Hydrates 

The most concise way to represent the 
conditions under which gas hydrates 
can exist is with a phase diagram. The 
phase diagram for methane and water 
mixtures is shown in Figure 3. Each line 
in the figure corresponds to pressure and 
temperature conditions at which three 
phases coexist. At any point at which 
two lines intersect, there are four phases 
in equilibrium. Such pressure and tem
perature conditions are called quadruple 
points. 

The shaded region indicates the con
ditions for methane hydrate formation. 
Because the critical point for methane 
is in the interior of the pressure and 
temperature ranges for hydrate formation, 
hydrates can form in equilibrium with 
either liquid or gaseous methane, and 
there is no theoretical upper limit to the 
temperature at which methane hydrates 
can exist. Furthermore, since the slope of 
the vapor pressure curve is less than the 
slope of the line representing the three
phase equilibrium between ice, hydrates, 

and methane, methane hydrates can exist 
down to a temperature of absolute zero 
(0° K). 

Phase diagrams for methane gas hy
drates were experimentally determined 
by Kobayashi and Katz6 and Marshall 
et a/. 7 A full review of the phase behavior 
of natural gas hydrates was provided in 
1957 by Katz eta/. 8 

The conditions for formation of hy
drates of methane, ethane, and a .6 
gravity natural gas (gas gravity relative 
to air) are shown in Figure 4. As indicated 
in Figure 3, methane hydrates are theo
retically stable at all temperatures for suf
ficiently high pressures. However, pure 
ethane hydrates (Fig. 4) will not form at 
temperatures above 60°F where the 
equilibrium line for ice + ethane hydrate 
+ c2H6 (g) meets the vapor pressure 
curve for ethane, because at all pressures 
above the vapor pressure and the quad
ruple point temperature, liquid ethane 
and liquid water form two phases. Gaseous 
mixtures of 1 0% methane and 90% 
ethane form a 0.6 gravity natural gas 
with hydrate formation conditions shown 
in the f:gure. 

Schematic phase diagrams for the 
natural gas-water system with excess 
water and excess gas, respectively, are 
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shown in Figures 5 and 6. The lines 
forming the boundary of the pressure and 
temperature region represent three phase 
conditions: ice, hydrate, and gas are in 
equilibrium at the low pressure line; 
water, hydrate, and gas at intermediate 
pressures; and water, hydrate, and liquid 
hydrocarbon at high pressures. The 
remaining phase in equilibrium with
in the pressure and temperature regions 
where hydrates exist will be ice or liquid 
water if excess water is present, or a 
gaseous hydrocarbon mixture if excess 
gas is present. Flow properties of the 
excess fluid phase in equilibrium with the 
hydrates must be considered whenever 
hydrate formations are encountered. 
More will be said about this later. 

Gas Hydrates in Unconsolidated Sands 

Figure 4. Hydrate formation conditions 
for methane, ethane, and .6 gravity gas. 

The first attempt to form natural gas 
hydrates in a porous medium was a 
series of flow experiments by Evrenos, 
Heathman, and Ralstin.9 Their objec
tive was to develop a method for forming 
artificial caps for underground storage 
of natural gas, using gas hydrates as an 
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impervious seal against leakage of natural 
gas to the surface. Gas was flowed through 
a water-saturated core sample, 7 inches 
in length ana 3% inches in diameter, 
under conditions of constant inlet pres
sure and constant pressure drop across 
the sample. After establishing a constant 
gas flow rate, flow rate reductions were 
observed as the temperature was re
duced. The reduction in flow rate occurred 
at temperatures below those predicted 
by the published hydrate formation 
curves. More conclusive results were 
obtained when gas and water were simul
taneously flowed at constant tempera
tures through the sample. With the 
temperature held constant, increasing the 
pore pressure caused a dramatic decrease 
in flow rate at approximately the expected 
pressure for hydrate formation. Alternate 
injection of water and gas at constant 
temperature produced similar results. 

Baker 10 formed hydrates in unconsoli
dated sand by establishing a desired 
water saturation and leaving the sample 
attached to a pressure-regulated gas 
supply overnight or longer. In an effort 
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to determine the potential for gas pro
duction from hydrate formations, he then 
allowed the hydrates to dissociate by two 
methods. In the first, the temperature 
was held constant while the outlet pres
sure was dropped. The second method 
was to increase the bath temperature 
gradually while holding the pressure con
stant with a back-pressure regulator on 
the outlet end of the core holder. The 
first method failed to pinpoint hydrate 
decomposition, but results using the 
second method were more interesting 
(Fig. 7). The temperature in the sand core 
leveled off at the onset of gas production 
and remained below the bath tempera
ture until virtually the end of gas produc
tion. For the operating pressure, the 
temperature that initially held in the 
sand sample was the dissociation tempera
ture for methane. The temperature at 
which the sand core and the bath even
tually coincided again was the dissocia
tion temperature for ethane. Thus, ini
tial gas production was accompanied 
by sustained equilibrium conditions for 

methane + hydrate + liquid water, and 
final gas production corresponded to a 
brief presence of ethane, hydrate, and 
liquid water in equilibrium. The data 
suggest that the less stable Struc+ure I 
hydrate clathrates were dissociated first, 
followed by gradual warming and finally 
dissociation of Structure II hydrates. 

A third set of experiments by Sto11 11 

showed similar results upon dissociation 
of the hydrates. Stoll's experiments, 
however, were designed to measure 
physical properties of the rock-hydrate 
system such as acoustic velocities and 
thermal conductivity. The results of these 
measurements indicated that hydrate
saturated sands have compressional wave 
velocities approximately equal to wave 
velocities measured in solid sea ice (at 
lower temperatures). Both the compres
sional wave velocities and conductivity 
of the hydrate-sand system are markedly 
affected by the amount of free gas. Com
pressional wave velocities decrease with 
increased free gas saturation, but thermal 
conductivity increases. 

Hydrate Formation Temperatures 
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PRACTICAL APPLICATIONS 

The properties of natural gas hydrates 
in a bulk stream and in situ, as reviewed 
above, may be directed towards a num
ber of practical considerations. 

Drilling Through Hydrate Formations 

Conventional oil well drilling practice 
is to circulate drilling mud through the 
drill stem, the drill bit, and back up the 
hole in the annular space between the 
drill stem and the hole itself. Hydrates 
present a problem during drilling by 
causing kicks as they decompose and 
by exceeding the capacity of the mud 
<;legassing equipment. In the past, the 
technique utilized to overcome the prob
lem of hydrate decomposition during 
drilling has been to decrease the mud 
temperature and increase the mud density. 
However, to eliminate hydrate melting 
requires a very large pressure increase. 
Cooling the drilling mud at the surface 
is often ineffective as a means to prevent 
melting of hydrates because of (1) heat 
contributions from deeper formations 
and (2) countercurrent heat exchange 
between down-flowing drilling mud and 
returning annulus fluid. 

Surface cooling of mud and increas
ing mud density has met with less than 
satisfactory results. Melting hydrates may 
cause delays during drilling and can create 
pressure buildup under closed in blow
out preventer stacks high enough to cause 
formation damage below the casing shoe. 
Gas contamination of mud lowers the 
column density such that free gas from 
other exposed formations enters the 
annulus. 

A technique utilized by Panarctic 
Oils 12 has been to drill through hydrates 
at a rate such that the evolution of gas 
can be handled by existing equipment 
using a light drilling mud. When drilling 
is interrupted while changing a bit, log
ging, or installing a casing, the mud 
weight is increased. This resulting in
crease in downhole pressure raises the 
melting temperature of hydrates in the 
zone already melted and temporarily 
retards the evolution of gas from the 
hydrates. Since this is a dynamic process, 
it is only practical for short periods but 
does allow for times when circulation 
must be curtailed. 
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Detection of Gas Hydrate Formations 

As exploration and drilling extend to the far north and off
shore, the need for accurate detection of permafrost and hy
drate formations is paramount. Special completions are re
quired through the permafrost, and, as noted above, special 
drilling procedures are necessary as well. 

Goodman 13 reported that both permafrost and hydrate 
formations show a relatively high induction log resistivity and 
sonic log velocity, as well as an overgage hole. Gas hydrate 
zones can be distinguished from permfrost by an examination 
of mud gas logs, because a sharp increase in total mud gas 
occurs as hydrates are decomposed during drilling. 

Stoll 11 suggested that hydrate formations in the sea floor 
can be detected by acoustic sounding records. Reflections with 
the same profile as the sea floor, but cutting across clearly 
defined bedding planes, appear to be related to the presence 
of very large amounts of gas in the sediment. When accom
panied by records of exceptionally high compressional wave 
velocities, the data provide strong evidence of the presence of 
gas hydrates, since experimental data show that free gas 
sharply lowers the sonic velocity. 

Production of Natural Gas from Hydrate Formations 

Scientists in the Soviet Union believe that gas hydrates 
can be produced easily by reducing pressure or injecting 
methyl alcohol into the hydrate formation. In the U.S., no 
economic way of extracting the gas has been reported. How
ever, the economics of gas recovery from hydrate formations 
could be altered considerably by deregulation of natural gas 
pricing and by finding a means of transporting the gas from 
remote formations in the arctic or offshore. 

As pointed out by Baker, 10 an excess fluid phase in equil
ibrium with the hydrates is required for flow to occur. If the 
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excess fluid is gas, then production of the gas would cause a 
pressure reduction which could in turn cause further decom
position of the hydrates. Subsequent flow behavior would 
depend on whether the hydrates decompose into ice + hydrate 
+gas or water +hydrate+ gas. The phase diagram is helpful in 
predicting this behavior. However, if cooling or heating of the 
formation occurs, the process is even more complicated. Con
siderable more experimental work is needed to understand the 
physics of hydrate decomposition fully. 

Reserve Estimation 

A simple calculation indicates that the amount of gas 
stored in a hydrate formation may be immense. The density 
of the typical 0.6 gravity gas at the low pressures accompany
ing shallow hydrate formations is approximately 

0.6 • density of air= 0.6 (28.97 lb/mole) 

= 17.4 lb/mole 7 379 ft3 /mole 

= 0.046 lb/ft3 

The density of the natural gas in Structure II hydrates is de
termined as follows: 

Molecular weight of hydrate = 30.07 + 2(16.04) + 17 (18) 

= 368 lb/mole 

Weight of the gas alone= 30.07 + 2(16.04) 

= 621b/mole 

Density of hydrates == density of ice 

= 57.21b/ft3 
7 3681b/mole 

= 0.155 moles/tt3 

Density of gas in hydrates= 62 lb/mole·0.155 mole/ft3 

= 9.6 lb/ft3 

Thus, the gas density in the hydrate form is approximately 
200 times the free gas density. 

Katz 14 described a method for esti
mating the possible thickness of hydrate 
formations using the hydrate phase dia
gram. Assuming a pressure gradient for 
ice of .397 psi/ft, the hydrate formation 
curve can be converted from pressure 
versus temperature to depth versus 
temperature. The hydrate formation curve 
is then superimposed on the temperature 
versus depth curve to determine the 
depths at which hydrates could exist. 
Since the hydrates are stable at tempera
tures well above freezing, gas hydrate 
formations can extend for considerable 
depths below permafrost or in the sea 
floor. A diagram showing the application 
of this method is shown in Figure 8. 

Forming an Artificial Cap 
for Underground Gas Storage 

Figure 8. Method for locating hydrate zone (from Katz 14). 
An inventive but as yet untested 

application for gas hydrates was suggested 
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by Evrenos, Heathman, and Ralstin.9 By 
circulating cold water and gas under
ground, a hydrate barrier impermeable 
to gas flow could be formed. After hy
drates were formed, Evrenos et al. suggest 
that water circulation rates could be 
reduced to whatever level is required to 
maintain the necessary hydrate barrier 
temperatures. 

CONCLUSIONS 

Enough is known about natural gas 
hydrate formations to merit further 
study directed toward methods for pro
ducing the natural gas and for estimating 
the extent of this resource. In Alaska, the 
extent of the hydrate formations on the 
North Slope and offshore has not been 
fully determined. Since the conditions 
for hydrate formation are present through
out the northern regions, the develop
ment of technology for economical 
production of natural gas from hydrates 
may provide the state with yet another 
massive hydrocarbon resource. 
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MEETINGS 

The Canadian Society of Petroleum 
Geologists will be sponsoring the Third 
International Symposium on Arctic Ge
ology, 28 June - 1 July 1981. The sympo
sium has been designed to serve as a "re
view and forecast, not only for petroleum 
and natural gas, but also for coal and 
metallic minerals development," accord
ing to the Arctic Institute of North 
America Newsletter, our source of infor
mation about this meetrng. Presentations 
on arctic and subarctic geology will be 
supplemented by others covering environ
mental and technological aspects of arctic 
resources development. The AINA did 
not announce where the Symposium 
will be held, but they recommended that 
interested persons write to either the 
General Chairman, cfo Brunswick Re
sources Ltd., Suite 1401, 633- 6 Avenue 
S. W., Calgary, Alberta T2P 2Y5, Canada; 
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* * * * 

The Eastern Snow Conference, which 
bills itself as "an international organiza
tion in eastern Canada and the northeast
ern United States concerned with the 
origin, precipitation, accumulation, char
acter, melt, and runoff of snow," has 
asked us to announce their impending 
38th Annual Meeting. The Conference 
will gather at the Hotel Syracuse, Syra
cuse, New York, on June 4 and 5, 1981. 

Topics discussed at recent annual 
meetings have included remote sensing 
of snow cover, lake-effect snowfall, snow 
accumulation in the Arctic and sub-Arctic, 
runoff management, lake ice develop
ment, snow load criteria, and even the 
problem of snow accumulation on solar 
collectors. The 1981 meeting will feature 
a special session on snowpack/snowfall 
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chemistry. Papers typically stress prac
tical aspects; they are presented in 
English but French is acceptable in the 
published proceedings. 

At press time we had no further infor
mation about costs or registration pro
cedures. If you need to know more, the 
Conference program chairman (and vice
president of the organization) is Dr. 
Barry E. Goodison, Hydro-meteorology 
Division, Atmospheric Environment Ser
vice, 4905 Dufferin Street, Downsview, 
Ontario M3H 5T4, Canada; phone (416) 
667-4914. 

* * * * 

The Energy Bureau will host its fourth 
national conference on project financing, 
8-9 June at Stouffer's National Center 
in Arlington, Virginia. Projects to be 
examined this year include coal, cogenera
tion, synfuels, natural gas - and the 
Alaska Gas Pipeline. Invited speakers 
come from banking, finance, industry, 
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and law; the topics to be covered include 
the outlook for project financing under 
the Reagan administration, important 
legal and accounting aspects, and bond 
ratings in addition to individual projects. 
More information on Project Financing: 
New Times, New Directions is available 
from Robert W. Nash, Executive Director, 
The Energy Bureau, 41 East42nd Street, 
New York, NY 10017; phone (212) 687-
3178. 

* * * * 
News and reminders about a handful 

of ice-related meetings in Canada, gleaned 
from Ice News, the newsletter of Arctec, 
Incorporated (write them at 9104 Red 
Branch Rd., Columbia, Maryland 21045 
to get yourself on the Ice News mailing 
list) with no further detail available: 

June 16-18, 1981, Fourth Annual 
Marine Oilspill Program (AMOP) Tech
nical Seminar, Chateau Lacombe Hotel, 
Edmonton, Alberta. Contact: Mr. MF. 
Fingas, Research and Development Divi
sion, Environmental Protection Service, 
15th Floor, Place Vincent Massey, Ot
tawa, Ontario KIA JC8. 

June 16-18, 1981, ICE TECH 81, 
SNAME Spring Meeting/STAR Sympo
sium, Chateau Laurier Hotel, Ottawa; 
Ontario. Contact: Prof Bill Milne, Box 2, 
Engineering Bldg., Memorial University, 
St. Johns, Newfoundland AlB 3X5. 

July 27-31, 1981, International Sym
posium on Ice, Chateau Frontenac, Que
bec. Contact: Prof Bernard Michel, 
Universite Laval, Cite Universitaire, Que
bec GJK 7P4. 

July 27-31, 1981, Sixth International 
Conference on Port and Ocean Engineer
ing Under Arctic Conditions, Quebec. 
Contact: Prof Bernard Michel, Univer
site Laval, Cite Universitaire, Quebec 
GJK 7P4. 

* * * * 

The other end of the earth is the sub
ject of another third international sym
posium: the Third International Sym
posium on Antarctic Glaciology, to be 
held 31 August - 4 September 1981 in 
Columbus, Ohio. Sponsoring organizations 
are the Scientific Committee on Antarctic 
Research (SCAR), the International Com
mission on Snow and Ice, and the Inter
national Glaciological Society. Again ac
cording to the AINA, the general themes 
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for this symposium will include climate 
and glacial changes in Antarctica on time 
scales from 10 to 10 million years; mass 
and energy balances of the ice sheet and 
of sea ice; and physical and chemical 
properties of Antarctic snow and ice. Fur
ther information is available from the 
Institute of Polar Studies, The Ohio 
State University, Columbus, Ohio 43210. 

* * * * 

The overall theme for the 32nd Alaska 
Science Conference will be Life Sciences 
in the Service of Alaska, with specific 
agenda items including Agriculture and 
Forestry Research in the North, Adapta-

LETTERS 

tion to Northern Environments, Human 
Biology and Health, Research Applied to 
Northern Ecosystems, and Anthropology 
and Paleoecology of the North. Technical 
sessions at Alaska Science Conferences 
range over all possible fields, so readers 
whose interests do not fall into one of 
the categories above should not despair. 

Sponsored as always by the Alaska 
Division of the American Association for 
the Advancement of Science, this year's 
Conference will be held in Fairbanks on 
25-27 August. Detailed information is 
available from Dr. John Bligh, President, 
Alaska Division AAAS, Institute of Arctic 
Biology, University of Alaska, Fairbanks. 

Lord Kelvin, please say hello 
to Gabriel Fahrenheit, and this is Anders Celsius .. . 

Dear Editor: 

I would like to register a small complaint concerning the 

article on the organic Rankine cycle by Lee Leonard in Volume 

12 Number 4 of The Northern Engineer. 
' In one section of the article he uses temperatures in °F 

and later uses temperatures in °C. However, more importantly 

he never points out that the temperature used in his equations 

on page 23 and his T-S diagrams must be absolute temperatures. 

Technically the article is correct. However, I feel it is mis
leading since the improper use of the absolute temperatures 

results in vastly different results of the calculated efficiencies. 

I suggest you keep up the good work; in general your 

publication seems to improve as the years go by. However 

please suggest to your authors that they pay attention to what 

might seem trivial detail to them but can lead to false conclu

sions by those of us who are not as well informed in their fields. 

E. Staples Brown 

Director, Physical Plant 

University of Alaska, Fairbanks 

Letters like yours, sir, generate terrible tensions in editors. 
We are delighted to be producing well-read work, cheered to 
be praised, and horrified to have blown it yet again. Which 
of course we have, in this instance; you are right on all counts. 

One of the difficulties of writing (or editing) for TNE is the 
diversity of fields and backgrounds represented by the readers, 
so that any assumption that "everybody knows that" is certain 
to be wrong. (Another reader commented to us that he had 
been aggravated by the soil profiles in the Farmers Loop Sink
hole article, because he had not understood what the 'center-
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PUBLICATIONS 

For discovering who is doing what 
with which and to whom regarding 
research in and on Alaska, the Current 
Research Profile is an invaluable ref
erence. The Arctic Environmental Infor
mation and Data Center has released the 
1979 edition of the CRP, which they say 
lists 1674 research projects completed, 
continued, or begun in 1979. The list gives 
the project description provided by the 
principal investigator; the name, address, 
phone number and affiliation of the 
investigators; funding source and amount; 
project duration; and general location 

of the work. Projects are divided into 27 
subject areas; to guide readers to specific 
points of interest, there are also six in
dexes. Though most TNE readers may 
turn first to the last three sections (Tech
nology, Water Supply and Utility Systems, 
Transportation). potentially pertinent re
search appears in all sections of this en
cyclopedic volume. The $10 per copy 
price is a bargain. CRP, 1979 may be 
ordered from the Arctic Environmental 
Information and Data Center, Library 
and Information Group, 707 A Street, 
Anchorage, Alaska 99501. 

From the same address also may be 
obtained the Alaska Coastal Bibliography 

line' symbol was and had to look it up.) At the same time 
we do not want to force the authors to include basic introduc

tory courses on their fields in their articles: the style guide we 
send out to people preparing manuscripts for TN Estates " ... we 
presume that the typical reader has some experience with 

both northern conditions and a technical discipline - but not 
necessarily the one in which a given author is writing. We 
suggest that manuscripts be written so that someone outside 
the field can find the presentation comprehensible while some
one who is an expert within the field would find it accurate 
and informative." As your letter underlines, that principle 

is more easily stated than applied. We appreciate your help 
in catching glitches where the application failed, and apologize 

for the failure. 

Blue ice, big fish 

Dear Editor: 

Just finished reading Volume 12, Number 3 and as always 

enjoyed it. 

and Index - Statewide, a comprehensive 
update providing some 700 new citations 
beyond the total of the earlier regional 
editions. Most of the listed maps and 
reports are available from AEIDC for 
half the cost of reproducing them. Charge 
for the 400-plus page Bibliography and 
Index itself is $7 .50. 

* * * * 

The U.S. Geological Survey Water Re
sources Division has sent us a handful of 
releases since the first of the year, an
nouncing new open-file reports. Three of 
them are tied to Alaskan localities: Ef
fects of Artificial Recharge Experiments 

On page 36 I read about Phil Johnson's Guide regarding 

Floating Ice Sheets. 
We use the attached chart for pond ice but we have two 

problems - The ice is never clear blue and the chart doesn't 
show anything for a concentrated load so we are careful not 

to catch big fish the first part of winter. 

The following table, prepared by the Lum
berman's Safety Association, gives a general out
line of ice thickness and weight loads each can 
support. It should be remembered that these 
figures are for clear blue ice and should be 
doubled for slush ice. 

The birds are all in Florida. I don't know why we worry 

about the ice anyway. 
Doug Campbell 

Schroon Lake, N.Y. 

Reader Campbell enclosed the accompanying chart and 

(modestly enough) photograph, showing what must be a late

winter victim of his efforts on ice. 
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Ice Thickness 

2 inches 

3 inches 

7% inches 

8 inches 
10 inches 

12 inches 

Maximum Safe Load 

1 person on foot 
Group in single-file 

Car (2 tons gw), snowmobile 

Light truck (2% tons gw) 
Medium truck (3% tons gw) 

Heavy truck (8 tons gw) 
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at Ship Creek Alluvial Fan on Water Levels 
at Spring Acres Subdivision, Anchorage, 
Alaska, by William Meyer and Leslie 
Patrick; Geohydrology of the Delta
Clearwater Area, Alaska, by Dorothy 
E. Wilcox; and Surface Geophysical 
Data for Two Cross-Valley Lines in the 
Middle Eagle River Valley, Alaska, by 
Larry L. Dearborn and Donald H. Schaefer. 

The fourth publication covers more 
ground in Alaska and should have useful 
ramifications elsewhere in the north. 
Status of Knowledge of Effects of Placer 
Mining on Hydrologic Systems in Alaska, 
by Robert J. Madison, describes results 
of a literature review of studies that can 
provide useful hydrologic information to 
planners and managers. According to the 
U.S.G.S. press release, author Madison 
has concluded that information presently 
available is adequate to define the hydro
logic parameters affected by placer min
ing, but not to quantify changes caused 
in hydrologic systems because of mining 
operations or to predict the magnitude 
or duration of impacts from mining in 
new areas. More research, in short, is 
needed. 

All the reports are available for inspec
tion at the U.S.G.S. Water Resources 
Division Office in Anchorage (733 West 
4th Avenue, Suite 400) but only the 
Ship Creek and Delta-Clearwater reports 
may be obtained from that address. The 
Eagle River and placer mining reports 
must be ordered from the Open-File 
Services Section, Branch of Distribution, 
Box 25425, Federal Center, Denver, 
Colorado 80225. 

* * * * 

Coming in May 1981: Mountain Re
search and Development, a new quarterly 
to be co-published by United Nations 
University and the (also new) Internation
al Mountain Society. Many problems of 
high latitudes relate to those of high al
titudes, and the Mountain Society's of
ficers and advisors include engineers and 
at least one architect, so matters of par
ticular concern to most TN£ readers 
doubtless will be included. Since the 
preliminary information received here, 
however, states the Society will "demon
strate to the world at large that there is 
a strong international community dedi
cated to the wise management of moun-
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tain lands ... It is not too late to arrest 
the ongoing mountain environmental dev
astation, but sadly, it has become all too 
apparent that we can delay no longer," 
the journal itself probably will stress 
clear advocacy positions in its contents. 
Annual subscriptions cost $25 for in
dividuals, $45 for institutions and li
braries; students may subscribe for $18. 
Subscribers as well as would-be authors 
should write to The Editor, International 
Mountain Society, P.O. Box 3148, 
Boulder, Colorado 80307. 

* * * * 

The Institute for Northern Studies 
has announced two new publications: 
Canadian Arctic Recollections: Baffin 
Island 1923-1931, by J. Dewey Soper, 
an.d A Status Report and Bibliography of 
Cultural Studies in the Canadian Arctic to 
1976 by James F.V. Millar and Alexander 
F. Ervin. Dr. Soper's Recollections are 
of then-unexplored regions, where he was 
collecting flora and fauna for the Canadian 
National Museum; the book sells for $26 
(Canadian) in hardcover, $20 in paper
back. Drs. Millar and Ervin are members 
of the Department of Anthropology and 
Archaeology at the University of Saskat
chewan; they intend to keep the Bibliog
raphy up to date by issuing periodic 
additions. The Bibliography costs $6. Both 
volumes may be ordered from the Publi
cations Secretary, Institute for Northern 
Studies, University of Saskatchewan, 
Saskatoon, Saskatchewan S7N OWO, 
Canada. 

The Institute for Northern Studies 
also publishes The Musk-Ox, a journal 
presenting a wide variety of articles on 
scientific, cultural, economic, and his
torical aspects of the north. This publica
tion has been mentioned here before, but 
it's worth an occasional reminder. Em
phasis is on northern Canada, but not to 
the exclusion of other northern areas: the 
lead article in the issue most recently 
received here is The Lapps in Finland: 
A Regional Survey of the Current Accul
turation Process in Northern Lapland. 
The language is English, with French sum
maries; the tone is a nice balance between 
informal and scholarly (the author of 
By Canoe up the Yellowknife River in 
1932 is taken to task for lazy nomen
clature in an editorial footnote: "the 

term "gopher" is not an acceptable name 
for the marmot-sized Arctic ground 
squirrel") and the style is readable. TN£ 
readers may find some reports useful for 
their fields (e.g., Acid Rain in Saskat
chewan: Now and Tomorrow, or Baffin 
Intercommunity Air Passenger Travel) 
while others may seem purely entertain
ing (such as the short Soviet report that 
implies Alaska musk oxen do not take 
gracefully to being sent to Siberia). 

Normally The Musk-Ox appears twice 
a year. Subscriptions are $7 (Canadian) 
for individuals and $10 for institutions, 
companies, and libraries. Orders should 
be addressed to The Editor, The Musk-Ox, 
at the Institute for Northern Studies, as 
given above. 

NOTED 

There's something out there, but dril
ling wildcat wells probably won't find it. 
That seems to be one of the conclusions 
drawn in the March issue of Eastern Off 
shore News regarding hydrocarbon finds 
off northeastern Canada. The News, a 
publications of the Eastcoast Petroleum 
Operators' Association (TN£ V. 10, No. 
1) reports, "A very severe downturn 
in total drilling activity for 1981 will be 
experienced throughout the eastcoast ... 
Mobil and Petro-Canada are the only 
operators who have indicated a level of 
drilling activity for 1981 and their plans 
are not firm." 

As any cynical prognosticator could 
have foretold, the best petroleum pros
pects in the Canadian North Atlantic 
found so far are right where the fish are -
the Grand Banks. No one has explained 
satisfactorily why fish like to live over 
oil, but judging by the geologically-based 
hopes for Alaska's Bristol Bay, they seem 
to do it on both sides of North America 
at least. 

* * * * 

The first objective of the newly
formed International Mine Water Associa
tion is "to improve exploitation of min
eral deposits consistent with the desirable 
standards of safety against water hazards." 
From that sensible precept stems a range 
of related concerns, from protecting the 
environment against hazardous effects of 
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mine drainage to providing a forum for 
exchanging information on the field's 
latest developments. Given the current 
interest in finding and exploiting mineral 
deposits around the polar rim, it shouldn't 
be too long before this new organization's 
membership includes many northerners -
who no doubt will push for more investi
gation and exchange on the problems of 
mining and frozen water. Further infor
mation may be obtained from Dr. Rafael 
Fernlmdez-Rubio, Provisional General Sec
retary, International Mine Water Associa
tion, Department of Hydrogeology, Uni
versity of Granada, Apdo. de Correos 
556, Granada, Spain. 

* * * * 

North Americans are still dragging 
their heels over converting to the metric 

system (as TNE's pages indicate; usually 
we let our authors pick their measure
ment systems, with - as Staples Brown's 
letter elsewhere in this issue points out -
sometimes unfortunate results). The 
United States supposedly has been in 
the process of leaving English units be
hind since 197 5, when the Metric Con
version Act was signed into law. As of 
1980, the change in Alaska had pro
gressed at least as far as the I iquor stores, 
with liters and portions thereof replacing 
quarts, fifths, and pints, but no realtors 
were advertising land by the hectare or 
building lots by the square meter. 

According to The Alaskan Land 
Surveyor, a newsletter embedded within 
the Alaska Professional Design Council's 
regular publication, Canada's conversion 
to the metric system for describing land 
entitlements is a bit further along: 

Yukon and N.W.T. 
British Columbia 

Alberta 

Saskatchewan 

Manitoba 
Ontario 

Quebec 

New Brunswick 

Nova Scotia 

Prince Edward Island 

Newfoundland 

completely metric 
- 75% metric 

all except planning 

legislation and agen

cies 
100% metric 
conversion optional 
mandatory only for 
new subdivisions 
mandatory as of May 

1,1979 
mandatory by July 

1' 1979 
optional-someagen
cies will either not 
accept metric plans, 
or will accept soft 

conversions only 
no mandatory con

versions at present 
mandatory since Jan

uary 1, 1978 

Centimeter by centimeter, the metric 
system seems to be gaining ground . . . + 

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