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TO THE READERS 

We're late, we're late, we're late. And while that is not too unusual for 
The Northern Engineer, this time we feel we really owe you an explanation. Do you 
recall the Canadian postal strike? Well, it hit us, too, and caused some serious delays 
in getting this issue to press. One Canadian article, "Inuit Housing," did reach us in 
time to be included, but several others did not. We also lost a manuscript from the 
East Coast - the author sent the manuscript, but we never received it. Once again we 
were victims of the capricious mails. In additon, we've been working hard to get Dr. 
Rice's book, "Building in the North," to the printers. 

So thank you all for bearing with us. Hopefully, the Winter 1975-76 issue will be 
out a little sooner and you won't have to wait as long for your next copy of The 
Northern Engineer. Remember, too, that our subscription rates have increased to $10 
for one year, $15 for two and $35 for five. Keep that in mind when re-subscribing for 
the next year. 

Once again, we're sorry we're late. We hope that with this issue you will feel it was 
worth the wait. Included is the final installment on the Capital relocation process as 
well as a very interesting historical article on the Hess Creek Dam. So - good reading 
to you. 
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-Gina Brown 
Editor 
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FIGURE 1. Outer Continental Shelf Areas of Alaska and Proposed Lease Areas (shaded) 

The Outer Continental Shelf 

Energy Program in Alaslca 

INTRODUCTION 

In May 1974, the Bureau of Land 
Management (8 LM) requested that the 
National Oceanic and Atmospheric 
Administration (NOAA) initiate a 
program of environmental assessment in 
the Northeastern Gulf of Alaska in 
anticipation of a possible oil and gas 
lease sale in the region early in 1976. 
These studies, outlined in the document 
"Environmental Assessment of North· 
eastern Gulf of Alaska - First Year 
Program," were initiated in July 1974 
and were completed by July 1975. 

In October 1974, a major expansion 
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by Gunter Weller 

of the environmental assessment program 
was requested by 8 LM to encompass 
seven additional areas of the Continental 
Shelf of Alaska during the fiscal years of 
1975 and 1976 (Figure 1). In discussions 
between 8 LM and NOAA, it was agreed 
that the Alaskan studies should focus on: 

1) establishing an environ
mental baseline in the 
region, against which de
velopment-related impacts 
might be detected and 
assessed, and 

2) providing a basis for pre
dicting the primary impact 

5 

of petroleum development 
on the Alaskan marine 
environment. 

Three months prior to the requested 
expansion, NOAA had initiated a ~eries 
of planning sessions for the purpose of 
defining the scientific concept which 
should underlie marine environmental 
assessment programs related to energy 
development. The document which 
resulted from this effort, "Report of 
NOAA Scientific and Technical Com
mittee on Marine Environmental Assess
ment," issued in November 1974, 
formed the basis for subsequent planning 
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for studies of the Alaskan shelf, and 
ultimately for the structure and content 
of the research under way now. 

As the planning process continued 
through March 1975, over 300 scientists 
and other concerned individuals were 
directly consulted by NOAA and BLM on 
detailed questions of content and 
adequacy. 

In early January 1975, a workshop 
involving Federal, State of Alaska and 
university scientists were convened in 
Seattle for the purpose of defining first 
and second order objectives for programs 
in the Southeastern Bering and Beaufort 
seas. In mid-January a comparable work
ing session was held in Seattle to solicit 
recommendations from current investi
gators working in the Gulf of Alaska as 
to content of the second year program. 
Recommendations of these workshops 
were reviewed by NOAA and B LM, form
ing the basis for the document, "Draft 
Study Plan - Environmental Assessment 
of the Gulf of Alaska, Southeastern 
Bering and Beaufort Seas," issued in 
January. 

Public comment on the Draft Study 
Plan· was widely solicited by BLM and 
NOAA, through the auspices of the Uni
versity of Alaska Sea Grant Program. 
Under BLM sponsorship, a public 
symposium was convened in late Febru
ary 1975 to receive public criticism of 
the general plan. This conference was 
attended by approximately 130 indi
viduals representing the State of Alaska, 
local governments, Alaskan native 
corporations, environmental associations, 
Federal agencies, oil and gas operator's 
associations, as well as several universities. 

TECHNICAL PLAN 

The research program under way now 
is anticipated to require four to five 
years to complete. Very generally, within 
this period, our objectives are to: 

1) describe the distribution 
and general abundance of 
major biological compo
nents of the Alaskan 
marine ecosystem, as a 
basis for qualitative predic
tions of the possible 
impacts of major acci
dents; 

Vol. 7, No.3 

2) establish the baseline levels 
of major contaminants in 
the natural environment; 

3) provide improved circula
tion models for the 
Alaskan shelf, as well as 
new insights into the 
dynamics of ice movement 
and other pollutant trans
port mechanisms; 

4) fill some of the major gaps 
in our understanding of 
the systemic effects of 
t a r g e t pollutants on 
selected arctic and sub
arctic biota; and 

5) improve our capability for 
assessing special hazards 
the Alaskan marine envi
ronment presents t o 
development. 

Within this time period we do not 
expect to reach a definitive understand
ing of low-level chronic effects of oil
related pollutants on the critical life 
processes of many important marine 
organisms, or to completely understand 
the extremely complex food webs 
through which contaminants are passed, 
accumulated or concentrated. It should 
be clearly recognized from the start that 
these will require long-term efforts, 
extending well beyond the scope of this 

study. 
The entire program is structured to 

respond to the following five questions: 

A. What are the major bio
logical populations a n d 
habitats subject to potential 
impact by petroleum explor
ation and development? What 
are the existing distribution 
and concentration of poten
tial contaminants commonly 
associated with petroleum 
development? 
B. What are the 
effectiveness of 
chemical and 

nature and 
physical, 

biological 
processes which transport 
pollutants a n d other 
material? 
C What are the effects of 
hydrocarbon and trace metal 
contaminants on arctic and 
subarctic biota? What is the 
likelihood and timing of re-

6 

covery of populations from 
the effects of development? 
D. What hazards does the 
environment pose to the 
safety of petroleum explora
tion a n d development 
operations? 
E. What conclusions may be 
drawn regarding the impact 
of OCS petroleum develop
ment on the Alaskan marine 
ecosystem? 

Based on recommendations received 
from the public in February 1975, 
additional tasks will be undertaken in an 
early stage of the program to: 

1) estimate the potential re
coverable hydrocarbon re
serves for specific proposed 
lease areas (this informa
tion will be assembled 
from U.S. Geological 
Survey (USGS) and BLM 
sources); 

2) establish a best estimate 
time frame for develop
ment and production 
activities (this information 
will be assembled from 
BLM sources); 

3) determine the probable 
necessary support facilities 
to meet the above 
schedule, including pro
duction and transportation 
systems and onshore 
developments; 

4) determine the probabilities 
and amounts of various 
discharges into the envi
ronment; 

5) review and evaluate "the 
state-of-the-art" concern
ing spill prevention and 
clean - up operations, 
emphasizing conditions 
unique in Alaskan waters. 

Management of the program is under 
NOAA's Environmental Research Labora
tory in Boulder, Colorado and two 
regional project offices, the Juneau 
Project Office in Juneau and the Arctic 
Project Office in Fairbanks. Studies of 

-Continued on page 44. 
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by Leonard Lane 

Alaska Moves Its Capital 
Part II 

The Site Selection Process: An Engineering Viewpoint 

In the last issue of The Northern Engineer, an article entitled "Alaska Moves Its Capital- The Site Selection Process: An 
Engineering Viewpoint," presented a detailed rundown on the site selection process that is cu"ently underway. 

At the end of Phase II (there are a total of fjve phases to the process), the Capital Site Selection Committee had chosen seven 
development zones that were to be considered during Phase Ill: the Homer-Kenai area, the Matanuska Valley area, the Tyonek 
area, the Susitna Valley area, the Nenana area, the Dunbar area and the Big Delta area. Basically, Phase III screening of those seven 
areas was similar to the screening procedures used under Phase /1. However, since the Phase Ill screening was four times more re
fined than that under Phase II (it called for examination of nine-square mile "cells" instead of the 36-square mile townships used in 
Phase II), it was far more detailed and exacting. 

Although Phase Ill had been completed when the last issue ofTNE went to press, there was such a wealth of material covered 
under it and Phase IV that we felt another, separate article on these two phases was justified. In the following article, both the 
Phase III criteria by which these seven zones were further refined and the screening methods for Phase IV are presented. Also the 
final selection of the sites to be placed on the ballot was completed in time to make this issue. 

PHASE Ill SCREENING PROCEDURE 

The approach of Phase Ill screening 
was to select areas within the seven de
velopment zones (Fairbanks - Tanana, 
Matanuska-Susitna and Kenai Peninsula) 
which had the highest potential for 
development. The screening procedure 
for Phase Ill built upon the Phase II 
screening method and also incorporated 
additional considerations appropriate to 
the newer scale of analysis. It included 
the following steps: 

1. Using the natural and tech
nical factors criteria, the 
seven zones were analyzed 
for development potential. 
A separate map was pre
pared for each natural and 
technical factor according 
to the definitions of 
"high," "moderate" or 
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"low" potential. Also the 
factor rankings for each 
criteria were developed 
and approved by the Cap
ital Site Selection Commit
tee (CSSC). Each quadrant 
was given a "high," "mod
erate" or "low" potential 
score by multiplying each 
factor rating with its im
portance ranking. 

2. The second step in the 
procedure was to add the 
total natural factors scores 
by quadrant and to sepa
rately add the total tech
nical scores by quadrant. 
These data were then used 
to prepare natural factors 
and technical factors com
posite maps. 

3. In the preparation of these 
maps, the range of quad-

7 

-Editor's Note 

rant scores for each 
natural factor and for 
each technical factor was 
divided into thirds. These 
thirds were assigned a 
"high," "moderate" and 
"low" rating. These ratings 
varied between the natural 
and technical factors based 
on their potential scores. 

4. From these ratings, four 
composite maps were pre
pared on transparencies. 
There was a map for a 
high rating for natural 
factors; for a high plus 
moderate rating for 
natural factors; for high 
rating for technical fac
tors; and for a high plus 
moderate rating for tech
nical factors. These com
posites were used by the 
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Committee to define areas 
of high potential - areas 
in which "high" natural 
factors potential over
lapped with "high" tech
nical factors potential. The 
two natural factors com
posites were prepared 
using the color red to 
designate areas of "high" 
and "high' plus "mod
erate" potential. The two 
technical factors overlays 
were prepared in blue. By 
assigning different comple
mentary colors, areas in 
which both factors scored 
"high" or "moderate" 
were shown in a third 
color, purple. These areas 
of the third color were 
those with the highest 
development potential. 

5. If insufficient area was 
identified through the 
identification of high po
tential, areas of moderate 
potential were used to 
supplement it. In addi
tion, natural factors areas 
of high or high plus 
moderate potential were 
overlaid on technical fac· 
tors composites in various 
combinations to derive the 
most appropriate areas for 
development. 

6. An additional step in the 
screening process of Phase 
Ill was related to the land 
status'. analysis. Five land 
categories were designated 
by the esse as "no-build" 
areas during the Phase Ill 
screening: 

( 1) Areas designated 
as "no - build" 
during Phase II 
and carried over 
into Phase Ill 
when zone 
boundaries were 
drawn; 

(2) State Park areas; 

(3) 

(4) 

(5) 

State designated 
recreation 
Quadrants 

areas; 
with 

60 per cent or 
m o r e private 
ownership; 
Quadrants with 
75 per cent mili-
tary ownership. 

In addition, the Commit
tee reserved the right to 
incorporate quadrants fall
ing into one of these five 
categories if they were 
adjacent to other areas of 
high development po
tential. 

7. An additional considera
tion in Phase Ill screening 
was the land use planning 
analysis. Eight separate 
maps were prepared in 
Phase Ill, continuing the 
Phase II analysis in greater 
detail. These maps were 
used to indicate resource 
potential, amenity benefit, 
and potential land use con
flicts with new capital 
development. 

PHASE Ill LAND STATUS CRITERIA 

The evaluation of land status in Phase 
II screening was based on the probability 
that land would be available for site 
selection by December 1975. This evalu
ation dealt with five general categories of 
land: State (patented, tentatively ap
proved, selected); Federal (D-1 and D-2); 
Borough (patented, tentatively approved, 
selected) 1; overselections in National 
Regional Corporation land; and Native 
Village Corporation land. At the con,; 
elusion of the Phase II screening, the 
decision by the esse to exclude areas 
from further consideration I imited the 
remammg categories to State lands, 
Federal lands {D-1) and Borough lands. 
These areas were considered to be avail
able to the State within the period of 
time required by the Initiative. 

During the Phase II screening, the 
land status category was one of four 

Alaska, like New York State, has boroughs rather than the traditional counties. 
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factors which was given a "0" or "no
build" ranking. And during Phase Ill, the 
land status category was also given a "0" 
or "no-build" ranking in the five land 
categories mentioned earlier (i.e., areas 
designated as "no-build" during Phase II; 
State Park areas; State designated recre
ation areas; etc.). 

In addition, the land status evaluation 
in Phase Ill included a more specific 
analysis of land availability on a quadrant 
by quadrant basis. Recognizing that a 
significant portion of the remaining lands 
had private ownership within them, Phase 
Ill screening analyzed the a.mount of 
private land, as well as State, Federal and 
Borough land within nine-square-mile 
quadrants at a map scale of 1":250,000'. 
The analysis classified the land remaining 
according to percentage of ownership in 
these following categories: 

State {patented, tentative
ly approved, selected): 

60 per cent or more 
state ownership, 
30 to 60 per cent state 
ownership, and 
30 per cent or less state 
ownership. 

Federal (D-1): 

60 per cent or more 
Federal ownership, 
30 to 60 per cent Fed
eral ownership, and 
30 per cent or less 
Federal ownership. 

Borough: 

60 per cent or more 
Borough ownership, 
30 to 60 per cent 
Borough ownership, 
and 
30 per cent or less 
Federal ownership. 

Private: 

60 per cent or more 
privately owned, 
30 to 60 per cent 
privately owned, and 
30 per cent or less 
privately owned. 
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The "no-build" category eliminated 
certain areas from further consideration. 
This detailed classification of land owner
ship enabled a more specific analysis of 
land availability during later phases of 

work. 

PHASE Ill 
NATURAL FACTORS CRITERIA 

Phase Ill natural factors had been 
developed in accordance with areas of 
concern initially established by the Scien
tific Resources Team and was reviewed 
by team members at each phase of the 
work. In Phase Ill, natural factors screen
ing criteria included many of the factors 
considered in earlier phases. Some of the 
factors were identical to the ones in 
Phase II; however, in Phase Ill they were 
considered at a greater level of detail at 
a map scale of 1 ":250,000'. In some 
cases, the criteria were slightly revised to 
include information more appropriate to 
the Phase Ill scale of analysis. In others, 
Phase II criteria were eliminated because 
they didn't distinguish among sites in a 
meaningful fashion. In one case, "prox
imity to construction materials," an 
entirely new screening factor, had been 

proposed. 

Phase Ill natural factors were devel
oped by the consultant team in conjunc
tion with the Scientific Resources Team 
and ranked by them in combination with 

technical factors. 

NATURAL FACTORS 

Foundation Stability 

This factor categorized soil conditions 
with relation to load/bearing potential. It 
is based upon source data inputs on soil 
conditions, permafrost and groundwater 
conditions. Foundation stability requires 
that subsoils furnish longterm support to 
basic installations and facilities such as 
buildings, utilities and transportation net
works. Subsoils must retain their bearing 
capacity and undergo no objectionable 
settlement when subjected to structural 
loads, seismic loads or changes in thermal 
regimen. (Source Data Maps: Soils, 
Permafrost, Groundwater). 
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Proposed Screening Criteria 

High Potential: Adequate to 
high foundation 
suitability. 

Moderate Potential: Marginal 
foundation suit
ability. 

Low Potential: Poor founda
tion suitability. 

Earthquake Hazards 

The aim of this factor is to select a site 
where "seismic hazard" is minimal and 
"damage potential" is low. Although 
hazards due to seismic activity are de
pendent chiefly on the amount of energy 
released (magnitude) during an earth
quake, potential damage to structures is 
generally influenced by the type, thick
ness and strength of soils overlying 
bedrock, as well as groundwater con
ditions. (Source Data Maps: Soil, Seis
micity, Groundwater). 

Proposed Screening Criteria: 

High Potential: Low earth
quake hazard 

Moderate Potential: Moderate 
earthquake haz
ard 

Low Potential: High earth-
quake hazard 

No-build: Area designated as 
no - build for 
Phase II screen
ing. 

Hydrologic Hazards 

This factor identified areas where 
construction was not desirable due to 
the hydrologic hazards (e.g., floods, . 
extensive icings, significant channel ero
sion and channel shifting, and high 
density of surface or near-surface water 
conditions). (Source Data Maps: Surface 

Water.) 

Screening Criteria: 

High Potential: Low hydro
logic hazard 
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Moderate Potential: Moderate 
hydrologic hazard 

Low Potential: High hydro
logic hazard 

Surface Drainage 

This factor identified areas of poor 
groundwater drainage. Construction was 
deemed undesirable where foundations 
would be continuously or intermittently 
"wet." This factor combined information 
on permafrost, soil types, and depths of 
groundwater. (Source Data Maps: Soils, 
Permafrost, Groundwater.) 

Screening Criteria: 

High Potential: Well 
drained 

Moderate Potential: Moder
ately drained 

Low Potential: P o o r I y 
drained 

Climatic Suitability 

The areas in Alaska being considered 
for a new capital have a varying suit· 
ability with respect to climate. Some 
areas have more sunny days than others; 
some have more rainy and snowy days, 
while some have colder temperatures and 
consequently, more heating-degree-days. 
These factors relate to both the personal 
comfort of the people who will live 
and work in the new capital and to the 
ease or difficulty of building and main
taining the new capital. In order to quan
tify climatic suitability, two secondary 
maps showing climate comfort and 
climatic constructibility were produced. 
The latter included, by inference, cli
matic maintainability. These two maps 
were, in turn, derived from three source 
maps. (Source Data Maps: Annual Heat
ing Degree Days, Annual Sunny £?ays, 
Precipitation.) 

Screening Criteria 

High Potential: High climatic 
suitability 

Moderate Potential: Moderate 
climatic suitabili
ty 
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Low Potential: Low climatic 
suitability 

Wildlife Sensitivity 

Wildlife is an important social, recre
ational and economic resource in Alaska. 
The need to control use and disturbance 
of key wildlife areas is widely recognized. 
State and federal wildlife agencies provide 
the regulatory tools for management of 
wildlife and have generated the data 
used to carry out the analysis of wildlife 
sensitivity. 

Much of Alaska harbors important 
concentrates of wildlife at various seasons 
of the year. The relative tolerance of the 
different species to intrusion and dis
turbance by man has been estimated by 
those state and federal agencies respon
sible for management of these resources. 
Species selected for inclusion in the 
screening are ones for which habitat 
information is accessible and reasonably 
comprehensive. In this screening, the 
esse considered moose, caribou, bison, 
water fowl, and peregrine falcons (the 
only endangered species in Alaska). 
Other conspicuous species were deleted 
or deferred for various specific reasons 
relating to habitat conditions and infor
mation accessibility. (Source Data Maps: 
Mammals, Waterfowl and endangered 
species.) 

Proposed Screening Criteria 

High Potential: Low wildlife 
sensitivity 

Moderate Potential: Moderate 

wildlife sensitiv

ity 

Low Potential: High wildlife 
sensitivity 

Proximity to Construction Materials 

This factor established the location of 
potential aggregate sources which could 
be used for construction and enabled the 
planning of a capital in relation to those 
sources. The aim of this factor was to 
determine the availability of natural 
construction materials at reasonable haul 
distances from the capital site. The haul 
distances cited in the screening criteria 
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were based upon current haul distances in 
the Anchorage and Fairbanks areas. 
(Source Data Maps: Aggregate Sources.) 

Screening Criteria 

High Potential: 0-5 
Moderate Potential: 

miles 

miles 
5 - 15 

Low Potential: Greater than 
15 miles 

TECHNICAL FACTORS: 
TRANSPORTATION 

Phase Ill transportation criteria were 
developed around two basic areas of 
concern: 

Facilities requirements which 
would have important capital 
and maintenance cost impli
cations for government, and 

Service requirements which 
reflect the continued operat
ing costs borne by users of 
the capital and their repre
sentatives. 

Highway Construction Requirements 

Highway ties to major population 
centers have played a major role in the 
capital move issue. Year-round high
ways will be an important means of 
transportation for people (auto and bus) 
and goods (truck). Road access will also 
facilitate government support activities 
and other industries in the new capital 
complex. The cost of achieving good 
highway access will depend on both the 
proximity of the capital to an existing 
highway and specific construction prob
lems encountered (topography, geology, 
climate, soils conditions and other 
natural factors) as well as the availability 
of materials and the capacity of the 
existing highway system. In some cases, 
bridges or other expensive access systems 
may be substituted for substantial lengths 
of new highways. It is desirable to capi
talize on the existing state and federal 
investment in highway construction and 
also to minimize the need for new con
struction and maintenance. 

Screening Criteria 

During this phase, highway construc
tion requirements were conveniently 
expressed in terms of the relative amount 
of construction required to complete 
two-lane paved road connections. How-

The latter type of costs -user costs - ever, the simple distance measures used 
would be a function of both the facilities in Phase II were not alone in sufficient 
and services supplied and the relative measure at the Phase Ill scale. Construe-
amount of distance and travel between 
the capital and various Alaskan cities. It 
is possible that different sites may pose 
the need for a trade-off between "one
time" capital costs versus "continuing" 
operating costs. 

Construction conditions peculiar to 
Alaska have been recognized in develop

ing relative facilities requirements. Typi
cal Alaska transportation behavior has 
been recognized in determining service 
requirements. A consideration of trip 
making purposes, the cost of air versus 
ground transportation and the time and 
distance of trips have been used to de
termine acceptable performance criteria 
for rail, highway, and air facilities. 

These criteria were reviewed by the 
Scientific Resources Team and ranked by 
it in combination with natural factors. 

10 

tion problems due to natural factors such 
as soils conditions, topography and flood 

plains would affect total costs and 
would also have to be considered. It 
was proposed that an equivalent mile
age standard be used to measure these 
relative costs. In addition to "normal" 
construction requirements, "special" 
construction requirements were expressed 
in the number of miles of standard two
lane paved construction to which they 
were equivalent. 

High Potential: Locations 
within 30 miles 
equivalent 
construction dis
tance of an exist
ing two-lane (or 
better) paved 

The Northern Engineer 



highway.2 

Moderate Potential: Lo-

cations between 
30 and 60 miles 

equivalent con
struction distance 
of an existing 
two - lane (or 

better) p a v e d 

highway. 
Low Potential: Locations 

greater than 60 
miles equivalent 
construction dis
tance of an exist
ing two-lane (or 

better) p a v e d 

highway. 

Railroad Construction Requirements 

Railroad connections can provide an 
especially efficient· means of freight 
transportation. This can be important for 
both the construction of the new capital 
and its continued operating support. 
Also, with continued population growth 

in the railbelt, daily passenger service 
could become viable. Rail access would 
also facilitate the growth of other, non
government, industry in the new capital 

area, if desired. 
The further from the existing railbelt 

the new capital is located, the greater 

would be the cost of creating rail connec

tions, especially in more northern sites. 

Costs would also be affected by terrain, 
construction obstacles, materials avail
ability, weather, as well as the need for 
siding, loading, and freight handling 

requirements. 

Screening Criteria 

lent mileage measure was used under this 

criteria too. The costs of structures or 
other special construction requirements 
were expressed in terms of the number of 
miles of standard single-track construc
tion to which they were equivalent. 

High Potential: Locations 
within 30 miles 
equivalent con
struction distance 
of the Alaska 
railroad.3 

Moderate Potential: Loca
tions between 30 
and 60 miles 

equivalent con

struction distance 
of the Alaska 

railroad. 
Low Potential: Locations 

greater than 60 
miles equivalent 
construction dis

tance from the 

Alaska railroad. 

Airport Suitability 

The Capital Relocation Initiative iden
tified the provision of 24-hour year

round air service as a major site selection 
requirement. Given the intercity travel 

distances in the state and the importance 
of improved communications between 

Alaskans and their state government, 
high quality, convenient commercial air 
service is a critical capital site program 

component. In addition, Alaska, with a 
general aircraft population 12 times the 
U.S. average, must provide for a wide 
variety of aircraft at the capital. With 
minor exceptions, all sites must be 

During Phase II, railroad construction evaluated for their cost and suitability 

requirements were conveniently ex
pressed in terms of the relative amount 
of construction required. However, dis

tance alone was not sufficient measure 
si nee construction problems, obstacles 
and materials availability variations would 
affect total costs. Therefore, an equiva-

for airport provision. 
The exceptions are locations with 

convenient ground access distance of an 

existing major airport which may be 
considered without the new airport 
requirements, although operational impli
cations of using an existing major airport 

must be investigated. Convenient distance 
was considered to be not more than a 
45-minute drive which, with a 15-minute 
transfer and waiting time, would add an 
hour to most capital-related air travel. 

A new airport, sufficient in the short 

run and capable of expansion for future 

growth and aircraft requirements, must 

provide the following facilities: 

Minimum paved runway of 

8,000-10,000 ft. capable of 
handling 727 or 737 type jets 
currently in service flying in and 

out of Alaska. 

Parallel facilities for general avi

ation - wheeled, float and ski 

planes. 

Terminal facilities. 

Expansion space to add a 
second parallel runway. 

Expansion space to extend run· 
ways to 15,000 feet with 

associated clear zones, approach 

zones, and noise contour-related 

easements. 

Ground transportation connec

tion to the new capital. 

An option to new airport construction 

would be to establish a secondary air 

taxi facility and require all capital-related 

air travelers to transfer at an existing jet
port (Anchorage, Fairbanks) to a small 
aircraft. However, aside from the time 
and cost involved, considerations of 
convenience, all-weather capability and 
safety suggest this may appear to be 
inconsistent with the intent of the 
Initiative. 

Screening Criteria 

Slope for runway no greater 

than 2 per cent 

2 Note that 30 miles "equivalent construction distance" in many cases may be only 5-10 miles in actual driving distance. 

3 Note that 30 miles "equivalent construction distance" may only be 5-10 miles in actual distance in many cases. 
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FAA acceptable airspace, airway 

and clearance conditions (i.e., 

clearance from mountains for 

glide of 150 ft/mile for 5-10 
miles in opposite directions; no 

air space conflicts or restricted 
areas). 

Meteorological conditions for 

acceptable operations relating to 

ground and ice fog, ceiling, 
visibility, etc. 

Waterbody availability or poten
tial for creation. 

No major aircraft service opera
tions problems. 

High Potential: Sites within 

45 minutes driv

ing time of an 
existing jetport 

with a minimum 

7,500 foot paved 
runway (or po

tential for same) 

possessing mini

mum necessary 
airport location 

and conditions. 

Moderate Potential: S i t e 
meeting mini-

Low 

mum necessary 

airport site loca-

tion 
Potential: 

conditions. 
Sites not 

meeting necessary 
airport site loca
tion conditions. 

Accessibility to Alaska Population 

(User Costs) 

A major motivation for capital reloca
tion was to reduce the time, cost and 
inconvenience of travel between all 
points in the state and the seat of govern
ment. Accessibility of various potential 
capital sites to the people will vary ac
cordingly with distances between each 
site and other population centers and will 
be modified by the transportation con
nections that are available and appropri
ate for capital-related travel. Both ground 
and air access will be important for some 
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sites. The choice of mode of access to the 

capital wi II depend on the purpose for 

the trip, the time a trip-maker has avail
able for travel, trip distance, and the 

comparative availability of highway and 
air service. 

Screening Criteria 

Since access takes time and costs 

money, relative accessibility of various 

locations for a given amount of capital
related travel can be measured via the 

probable average cost of trip-making 
associated with any given capital loca

tion. Certain reasonable assumptions 

must be made about the future behavior 
of most of the average travelers to and 
from the capital. 

For official and business-related 
travel (which is most capital
related travel). it is assumed that 

the trip-makers would be likely 
to minimize overall travel time. 
Indeed, being able to make a 
one-day round trip to and from 
the capital is desirable. 

For people living over 3 hours 

driving time, it is assumed that 

most would fly to and from the 
capital. 

Air and ground travel costs (for 

the user) are derived from actual 

scheduled and non-scheduled 
costs in Alaska. 

For each major census division, 

the average user travel cost is 
derived from the applicable split 

of modes between air and 
ground travel. 

Average user travel costs to the 
capital from each census district 
are weighted by the population 
distribution. 

High Potential: Weighted av

erage user travel 
cost for one-way 
travel to capital 
less than $60 per 
t r i p (air and 
ground access). 
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Moderate Potential: Weighted 

a v e r a g e user 

travel cost for 

one - way travel 

to capital greater 

than $60-$70 per 
t r i p (air and 
ground access). 

Low Potential: Weighted av

erage user travel 
cost for one-way 
travel to capital 
greater than $70 
per trip (air and 
ground access). 

Capital Proximity to Regional Services 

In addition to the issue of access of 
Alaskans to their capital, another impor

tant transportation issue is the access of 

capital residents to regional facilities; this 

will effect their quality of life in the new 

city. A new site close to a large existing 
city offers substantial opportunity for 

avoiding the cost of creating a complete, 
new and independent set of city serv

ices and amenities for government 

employees and their families at the new 
capital. Capital residents near an existing 

major center can drive to the center for 

"big ticket" shopping, professional and 

medical services, entertainment, and can 
even live there permanently or while the 
capital is under construction. The near
ness of an existing city will also lower the 
cost of construction and construction 
support services. 

Locations far from a concentration of 
services have three (3) options: 

Go without the services -there
by decreasing the cost of living 
in the capital. 

Make longer trips at a cost to 
the trip-maker and resulting in 

higher costs of living and re
duced conveniences. 

Have the service provided, but at 
a high cost owing to the size of 
the capital population. 
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Screening Criteria 

High Potential: Within 1'12-
hours driving time of 

Anchorage or Fair
banks. 

Moderate Potential: Within 2%

hours driving time of 

Anchorage or Fair
banks. 

Low Potential: Beyond 2% 
hours driving time of 
Anchorage and Fair
banks. 

Freight Movement Costs 

Alaska is heavily dependent on food 
and manufactured goods from the lower 

48 states and abroad. These commodities 
arrive largely by sea and are transshipped 
to their final destination. The transpor
tation costs for foods from the main 

port-of-entry to a new capital location 
will also be reflected in the cost of I iving 
at that location. Anchorage is currently 

the major port-of-entry and would remain 

so unless a new, year-round ice-free port 

were developed at a location more acces
sible to the new capital. 

Suggested Criteria 

High Potential: Areas incurring 
a v e r a g e shipping 

costs less than 115% 
of Anchorage 

Moderate Potential: Areas incur
ring average shipping 
costs from 115 -
130% of Anchorage 

Low Potential:Areas incurring av

erage shipping costs 
o v e r 130% of 
Anchorage 

PHASE Ill THE END PRODUCT 

Using all these screening criteria, the 

Capital Site Selection Committee chose 
four areas located in the Nenana (Healy I 
Clear), the Matanuska Valley (Talkeetna 
and Willow), and Susitna Valley (Susitna) 
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FIGURE 1. 

HEALY/CLEAR 

Four smaller areas were selected from the Phase Ill zones for further evaluation 
in Phase IV. Within these general areas, the Committee identified a number of 
city-sized development sites. The Committee then narrowed these down further 
and drew 100-square mile boundaries around those remaining. 
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zones for further "site-specific" examina

tion under the Phase IV screening criteria 

(Figure 1 ). All of the remaining area in 

the seven developmental zones previously 

under consideration was withdrawn from 
further study for at least one of three 
primary reasons. Either land status, 

natural factors and/or technical studies 

Three Stages in Phase IV 

Phase IV was broken down into three 

stages so that identifying the areas with 
the best developmental opportunities 

could be accomplished. 

Stage 1 

(2) Area requirements 

PRODUCT: Identification of 2-5 devel

opment sites per zone 

proved these zones unavailable or less Identification of Development Sites 
desirable for settlement than the remain- Stage 2 

Analysis of Development Potential 
ing four areas. For example, excellent 

areas for a new capital site location in the 
Homer/Kenai zone were found to have a 
high incidence of private ownership. 
Although natural and technical evidence 
in certain quadrants rated high in the 
mathematical scoring, the Committee, 

due to this land status problem, decided 
to discontinue studies of the Peninsula 

zone. In contrast, prime areas in the 
Nenana and Matanuska and Susitna zones 

were listed as state-owned and of high 

potential from a land status point of 

view. 

PHASE IV SCREENING METHODS 

In early August, consultants from 

CCC/HOK and Dames & Moore proposed 

the screening criteria for Phase IV. A 

new, three-staged method of analysis was 

adopted by the esse in place of the 
numerical ratings which had been used in 

Phases I through Ill. This process in
volved looking for the best spot in which 
to place the capital city. Then, the 
remainder of the 100 square mile area 
around that spot would be selected. A 
composite of natural, technical and land 

status factors was done in an average 
ranking system. This was accomplished 

by using an acetate overlay technique of 
high technical plus high natural for a 
ranking of 5 (pink on the map); high 
moderate technical plus high moderate 
natural for a ranking of 4 (green on the 
map); and moderate/low techn·ical plus 

moderate/low natural for a ranking of 1 
(yellow). 

The consultants then took the quad

rants within the soft lines and did an 
average ranking, using the above scale of 

1 to 5, which indicated Willow as. 4, 
Talkeetna as 3.8, Susitna as 3.0 and 

Healy /Clear as 2 .1. 
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A. 

B. 

Identification of sites through 
map and aerial photography. 

Analysis of 1 "=1 mile, con

firmed by field reconnaissance. 
Confirmation of sites by en

vironmental analysis, land status 
analysis, technical factors and 

land use. 

1) Environmental analysis: 

(2) 

natural factors and seismic 

qualities. 
Slope gradient a n d 

aspect 
Micro-climate: wind di

rection and speed, 
snowfall, air quality, 

freeze-free days 
Hydrology: f I o o d 

p I a i n s , bogs, 

muskegs, p o o r I y 
drained soils, water 

bodies 
Wildlife sensitive areas 
Vegetation: type and 

variety 
Land Status: analysis of 

ownership patterns: 1" =;o 1 

mile 
State lands: patented, 

tentatively a p -

proved, 

Borough lands: 

selected 
pat-

en ted, tentatively 

approved, selected 

Private lands 
Federal lands 

(3) Technical Factors: general 

reconnaissance 
Road connections 

Rail Connections 

Airport site 

C. Refinement of capital city program 

( 1) State, federal employment 
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A. Environmental analysis of develop

ment sites 

( 1) Second stage analysis of 

natural factors and scenic 
qualities for development 

sites identified in Stage 1 
(2) Ranking of development 

sites: high, moderate, low 

in each factor. 

B. Land status analysis of development 

sites 

( 1) Second stage analysis of 

land-focused core area and 
balance of 100 square mile 

site 

C. Capital city cost analysis 

( 1) Costs based on refinement 
to capital city program de

veloped in stage 1. 
(2) Comparative unit costs 

analysis of three (3) ele

ments: 

facilities 
transportation 

utilities 

D. Land use analysis 

( 1) Second stage analysis of 
employment potential 

(2) Land use buffers 

(3) Recreation 
(4) Scenic open space 

(5) Existing land use 

PRODUCT: Identification of a lesser 

number of sites 
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Stage 3: 

A. Detailed analysis of development 
costs for each site: transporta

tion, utilities, facilities 

( 1) Comparative capital costs 
of construction 

B. Analysis of amenity values and 
opportunities 

(1) Scenicvalues 

(2) Recreational potential 
(3) Capital setting 

C. Impact analysis 

( 1) Growth 
(2) Short- term construction 

impacts 
(3) Housing and employment 

impacts 
(4) Public service impacts 
(5) Open space, agriculture 

impacts 
(6) Recreation and tourism 

effects 

PRODUCT: Recommendation of 2-3 
capital sites. 

STAGE 1, PHASE IV 

In late August, during Stage 1, the 
Committee selected 17 of the most 
promising city-sized areas for a new FIGURE 2. During stage 1 of Phase IV, the Committee selected 17 of the most promising 

city-sized areas for the new Capital. capital (Figure 2). These areas were 
chosen from the four larger zones con-
taining 1500 square miles initially desig
nated as the best sites for locating a 
capital city. 

The committee flew by helicopter 
over these 17 city-sized areas in late 
August and early September. Nine of the 
sites were in the Willow and Talkeetna 
regions and the other eight were in the 
Healy/Clear and Susitna Valley zones. 

In this visual analysis, each site was 
checked for its building suitability, its 
accessibility by car, train or plane and 
how a city might look in the setting. 
Besides studying the sites from the air 
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and on foot, the committee evaluated 
the areas with aerial and satellite photos 
at a map scale of 1" = 1 mile. Although 
the committee had narrowed its choice 
to a number of small areas, it also 
examined the natural boundaries around 
these areas. These included such features 
as mountains, steep slopes, wide rivers 
and drainage. It also investigated how 
nearby land was being used, what 
adjacent road and rail connections existed 
and how suitable each spot was for an 
airport. 

At the end of Stage 1 of Phase IV, the 
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Capital Site Selection Committee chose 
8 city-sized sites where a new capital 
might be built. Five of the possible sites 
lie between Mile 70 and Mile 120 on the 
Anchorage - Fairbanks Highway (A - F 
Hwy). Two are in the Susitna River 
Valley and the remaining site is in the 
Healy/Clear area. The locations of the 
eight 10-to 15-square mile areas being 
studied by the Committee are Willow 
South (on the Hatcher Pass Road near 
Mile 70 on the A - F Hwy); Willow 
North (slightly north of the Hatcher Pass 
Road); Sheep Creek (at Mile 88 on the 
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A - F Hwy. The possible site is about 2 
miles to the east of the road); Larson 
Lake and Talkeetna River (a combined 
zone about 5 miles to the east of Mile 99 
on the A - F Hwy. The area is some 7 
miles to the east and northeast of Tal
keetna.); Blair Lake (about 10 miles 
north of Talkeetna, bordering on the 
Denali State Park. The site under con
sideration is close to the A - F Hwy); 
Trail Ridge (where the lditarod Trail 
crosses a ridge about 7 miles north and 
east of Mt. Susitna); Mt. Yenlo (slightly 
north of Skwentna, midway up the Susit
na River Valley); Healy/Clear (on the 
north side of the Alaska Range, near 
Brown). The other 10 sites were elimi
nated because of a variety of reasons 
such as natural factors, developmental 
potential, proximity to the 30-mile 
Anchorage radius, land status and so 
forth. 

STAGE 2, PHASE IV 

During Stage 2 of Phase IV, the 
Committee and the Project Team de
veloped a more refined set of natural and 
technical factors criteria (Tables 1 and 2). 
These were examined at a scale of 1" = 1 
mile. 

In addition, the Committee examined 
each site in terms of land status. This 
consisted of a review of state lands, 
borough lands, private ownership and 
leases within the proposed "footprint" 
as well as the 100 square mile area. The 
Committee also studied the transporta
tion and utilities links to each of the 
footprint areas and looked at the pro
posed airport sites. The road, rail and 
utility links, as well as proposed airport 
sites, were developed primarily on the 
basis of natural factors considerations. 
Capital city development potentials were 
looked at for each of the proposed site 
areas. This examination included such 
things as how the employment in the 
capital city would change as a result of 

its distance from Anchorage and the 
projected presence of nearby natural 
resources. Projected population and em
ployment figures were then developed, 
based on a study of potential resource 
development, potential for non - resi-
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TABLE 1 

NATURAL FACTORS 

Desirable 
Moderately Desirable 
Undesirable 

Desirable:O- 5% 
Moderately desirable:5- 25% 
Undesirable: greater than 25% 

Vegetation 
Forested: birch/spruce 
Muskeg 
Unforested 

Hydrologic features 
Areas of lakes, swamps, high water 

tables 
Flood plain areas 

Types of streams 
Clear water 
Brown water 
Glacial water 

Climate 
January and July mean temperature 
Annual heating-degree-days 
Annual precipitation/snowfall 
Annual wind$ 

Visibility: number of days the ceiling is 
1,000 feet or more and visibility 
is 3 miles or more. 

TABLE 2 

TECHNICAL FACTORS 

Airports (Cost Assumption and Standards) 

Airport for light to medium aircraft, paved and lighted runway: 6,000 x 150 feet, paved taxi
ways and aircraft apron. 

A modest terminal building with two gates, control tower and separate airport maintenance 
building. 

Two-lane paved airport access road to footprint area. 
Assumed that there are no separate landing facilities for water aircraft. 
Right-of-ways costs (land costs) are not included. 

Railroad Capital Costs * (Assumptions and Standards) 

Design is based on single-track, a 50-foot right-of-way, and a 60 mph design speed with 40 
mph at a 1.5% grade. 

Maximum radius for curvature varies from 3° to 10°. The normal maximum grade of 1% and 
an absolute maximum of 1.75%. Costs are based on 3,200 ties per miles, 2,347 cubic yards 
per mile of top ballast, and 6,258 cubic yards per mile of sub-ballast, with side slopes of 
2: 1. 

The absolute minimum grade is 1.75% 
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dential development and proximity to 
Anchorage. This resulted in a total 
population rar~ge of 30,173 to 34,000 
depending on development potential. 

The Committee then selected five sites 
for further evaluation in Stage 2 (Figure 
3). They are Willow South, Willow North, 
Sheep Creek, Larson Lake and Mt. Yenlo. 
Analyzing the five sites, the Committee 
found the Willow South site, located in 
the Matanuska Valley south of the 
Hatcher Road Pass Road, had mostly 
desirable soils, slopes of 0-5%, good 
forest and some meadow area, a median 
elevation of 800 feet, modified conti
nental/maritime climate with a January 
average temperature of 10 degrees, and a 
July average of 57 degrees. It is free from 
hydrologic limitations and has a con
struction cost differential for public 
facilities of 119 over a base cost of 100 
(lowest cost area to build in the state). It 
has moderate land status problems and a 
high potential for development. 

Willow North, in the Matanuska 
Valley, north of the Hatcher Pass Road, 
has almost the identical soil and slope 
conditions as Willow South. It also has 
birch/spruce forest and a median foot
print elevation of 700 feet. It has the 
same temperature averages as Willow 
South. It is almost free from hydrologic 
limitations and has a public facilities cost 
differential of 119. It has moderate land 
status problems, good visual attributes 
and a high potential for development. 

Sheep Creek, in the Susitna Valley 
slightly east of Montana Creek, has de
sirable, well drained soils in the site 
area. The slope conditions in the site 
area· are generally less than 5-20%. It is 
mostly covered with birch/spruce forest. 
It has a median footprint elevation of 
1 ,000 feet, a January average temperature 
of 8 degrees and a July average tempera
ture of 56 degrees. The f o o t p r i n t 
area is relatively free from hydrologic 
hazards and has a differential construc
tion cost of 119 over 100. The site has 
no land status problems, moderate visual 
attributes and moderate development 
potential. 
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J TABLE 2 

TECHNICAL FACTORS (cont'd) 

Highway Construction Costs** (Cost Assumptions and Standards) 

Highways are two-lane paved facilities with a design speed of 70 mph,40% maximum gradient, 
500-foot minimum stopping sight distance and 420-foot minimum passing sight distance. 

A 300-foot right-of-way with a 24-foot paved surface and 16-foot shoulders were assumed. 
Railroad crossings are grade separated. 
Right-of-way costs are not included. 
Cost of interchange at connection to existing highways is not included since it would be ap

proximately the same for all alternatives. 

Water Source, Primary Distribution and Effluent Disposal (Assumptions and Standards) 

Ground water supply developed from a series of large capacity wells located in the flood plain 
of the nearest water course of sufficient size. 

Population of 30,000 and total water use of 100 gpcd. 
Water system will supply water approximately twice the av,erage daily flow rate or 6,000 GPM. 

Three large capacity wells were estimated at approximately 1.5 MGD. 
Waste water effluent after treatment will be discharged to a watercourse. 
Cost of sewage collection systems is assumed to be identical at all sites. 
Sewer line from footprint area of the site to the treatment plant is 36" diameter including 

necessary lift stations and/or drop manholes to accommodate the terrain. 

Power Transmission Construction Costs *"* (Cost Assumptions and Standards 

All costs based on 1975-76 costs. 
All transmission distances less than 100 miles to nearest existing 115 KV line. 
Transmission line construction less expensive than "new power" source. 
Existing system has sufficient capacity to absorb Capital power requirements. 
All substations, manpower and construction costs included in estimated line-mile cost of 

$150,000/mile. 

Construction Aggregate Costing (Cost Assumptions and Standards) 

Materials identified as potential construction aggregates are suitable for the purpose and are 
available in sufficient quantity to meet the needs of the community. 

Construction aggregate costs and hauling costs are based upon 1975 base prices (Anchorage) 
and increased by the labor and materials factors for the specific site. 

Where aggregate sources occur outside the footprint area, haulage distances are based on mile
age along existing roadways, proposed site access roads, or assumed pioneer roads where 
appropriate. 

Railroad costs are based on information from the Alaska Railroad and highway costs for similar 
earthwork. 

Highway cost information was developed on the basis of Alaska highway standards and infor
mation obtained from the Alaska State Division of Highways. 

Cost estimates were based on data provided by Golden Valley Electric Association and Homer 
Electric Association. The alignments of proposed transmission lines were based on a shortest, 
straight line distance which avoids obvious, unnecessarily expensive construction. 
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Larson Lake, near Talkeetna, has de
sirable to moderately desirable soils in 
the footprint area. It is covered with a 
well developed birch /spruce forest and 
has a median footprint elevation of 750 
feet. It has an average January tempera
ture of 9 degrees and an average July 
temperature of 57 degrees. It has 20% 
more snow load than the Anchorage area. 
The site is dominated by sloping, well
drained terrain with few hydrologic 
limitations. The construction costs are 
128 over a base of 100. The site has a few 
land status problems, excellent visual 
attributes and a high potential for de
velopment. 

Mt. Yenlo, on the west side of the 
Susitna Valley, has a majority of desir
able soils providing a good base for foun
dations. Slopes are from 5% to 15% in 
the footprint area and reach a level of 
60% in the northwest portion of the 100 
square mile area. Open forested birch 
and spruce are well developed in and near 
the footprint area. The site has a median 
elevation of 850 feet with an average 
January temperature of 10 degrees and 
an average July temperature of 56 de
grees. The site has some hydrologic 
limitations, but is mostly suitable for 
building. The area has a construction 
differential for public facilities of 125 
over 100. It has no land status problems, 
excellent visual attributes and a high de
velopment potential. 

On Friday, December 5, 1975, the 
Capital Site Selection Committee se
lected Willow South·, Larson Lake and 
Mt. Yenlo as the three final sites to be 
carried forward to the November ballot. 

In selecting these sites, the Committee 
capped an 11-month study described as 
the most "in-depth" site selection effort 
to take place in Alaska. 

Leonard Lane is the Executive Director of the 
Capital Site Selection Committee. 
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FIGURE 3. During stage 2 of Phase IV, these five sites were selected for further evaluation. 
In early December, the Capital Site Selection Committee chose Willow South, 
Larson Lake and Mt. Venlo as the three final sites to be placed on the ballot. 
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OUTLYING AREAS 

I 33.3 I North Pole - Eielson 

125.71 Chena Hot Springs 

~ Richardson Highway 

I 5.8 I Delta 

133.31 Nenana -Healy 

FIGURE 1. Per Cent of Responses Indicating a Groundwater Quality Problem with Iron 

(Fairbanks area). 

INTRODUCTION 

I ron in the water -has been a major 
esthetic problem for many Alaskans 
dependent on well water for their resi
dential water supply. Not only does it 
discolor and stain clothing, utensils and 
other household items, but it may also 
represent a sizeable financial loss either 
through this direct damage or from 
treatment costs to prevent such damage. 
In investigating this problem during 

research projects, I found that some 
homeowners have devised solutions to the 
iron problem which have been found to 
be effective and relatively inexpensive. 

IRON IN THE GROUNDWATER 

Several studies have explored the 
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quality of groundwater in permafrost 
regions. Williams (1965) collected the 
majority of the information available on 
groundwater in permafrost regions and 
presented it as an annotated bibliography. 
In 1970, he presented a paper discussing 
what was then known about ground
water in the permafrost regions of 

Alaska. 

The quality of groundwater around 
Fairbanks has been shown to be poor. 
The U.S. Geological Survey in 1973 
published a study of the groundwater 
conditions in the Fairbanks area 
(Cederstrom, 1973). Data were collected 
on 417 wells in the city area; water 
quality determinations were made on 40 
of the locations. The iron content varied 
from 0.01 to 43.0 mg/1 with an average 
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Deferrization 

Systems 

for 

Residential 

Water 

Supplies 

by Lawrence A. Casper 

of 5.97 mg/1. Seventy per cent of the 
samples exceeded the limits for drinking 
water set by the U.S. Public Health 

Service. 

In a more recent study, Smith and 
Casper (1974) showed that iron is identi
fied as a very serious problem by house
holds using groundwater in the Fairbanks 
area (Figure 1). Nearly 44 per cent of 

the survey respondants indicated that 
iron was a problem. Many households 
reported that iron staining was a signifi
cant source of cost because of the stain 
damage. One surveyed area in the city 
had over 80 per cent of the households 
reporting that iron was a problem. And 
50 per cent or more of the respondants 
whose groundwater supplies were drawn 
from the alluvium of- the Tanana River 

The Northern Engineer 



flood plain also showed iron to be a 
problem. 

DEFERRIZATION PROCESSES 

Due to the absence of oxygen, iron in 
groundwater is in solution in the reduced 
or ferrous (Fe+2) form. Like the other 
divalent ions, it is subject to removal by 
iron exchange units. Other removal 
methods generally involve two processes: 
( 1) oxidation (the loss of electrons 
brought about by an oxidant which 
changes Fe+2 to the relatively insoluable 
Fe+3 state) followed by (2) separation 
(by mechanisms such as sedimentation 
or filtration). Suitable oxidants used for 
this reaction (oxidation) include perman
ganate, chlorine, oxygen and ozone. 

An iron removal system which is 
commercially available for home use uses 
potassium permanganate 1 (KMn04) as 
an indirect oxidant with an "iron filter." 
These filters, also called "greensand" 
filters, use a zeolite for the filter medium. 
The zeolite becomes coated with the 
hydrous oxides of iron and manganese. 
This coating serves as an adsorbent for 
unoxidized iron and manganese in the 
raw water. When its adsorptive capacity 
has been reached, a solution of KMn04 
is used to oxidize the adsorbed material 
thereby restoring adsorptive capacity to 
the system. 

These systems operate best as a polish
ing step in pre-treated water or when 
there are relatively low concentrations of 
iron or manganese. With the high iron 
characteristics of many groundwater 
supplies in Fairbanks, such filters are 
prone to clogging and incomplete 
removal. Adequate greensand filters 
would, in many cases, be costly to install 
and operate. 

Where these conventional systems are 
inadequate or excessively expensive, 
other systems may be more feasible to 
construct and operate. Three such 
systems that have been used locally are 
described in this article. 

55 Gal. Drum 

other suitable 

Vessel 

or 

Feed 

Water 
Withdrawpl 

FIGURE 2. Batch Oxidation/Sedimentation in Large Tank 

Batch Treatment 

A simple expedient for water treat
ment is batch oxidation/sedimentation 
in a large tank (Figure 2). In its simplest 
operation, water is sprayed into the tank 
with a hose; this aerates the water and 
mixes it. Most of the ferrous iron is 
oxidized in 10 to 15 minutes (Sledge, 
1968) with only about 0.1 mg/1 or less 
remaining unoxidized. However, coagula
tion and sedimentation of the precipi
tated iron is a relatively slow process 
which requires 2 to 3 days if no further 
chemical treatment is used. The 
oxidation/sedimentation process may be 
retarded somewhat by the presence of 
organic material in the groundwater 
(Jobin and Ghosh, 1972). 

In actual practice, this method has 
worked well on the water from a shallow 
well which has a high iron content. The 
user found it required about 3 days of 
sedimentation to produce clear, palatable 
water which caused no iron staining. No 
problems were encountered in stirring up 
the precipitated iron when the water was 
withdrawn from the upper spigot. 
Further aeration with a fish-tank air 
pump and hypochlorite (the active in-

gredient in commercial bleach) oxida
tion did not influence the process signifi
cantly. 

As only 0.14 mg/1 of oxygen is re
quired to oxidize 1.0 mg/1 of ferrous iron 
(Fair and Geyer, 1956), saturation of 
the cold water provides adequate oxygen 
in most cases (at 2° C., saturated water 
would have sufficient oxygen for almost 
100 mg/1 of iron). 

Two 55-gallon containers used alter
nately provided an adequate treated 
water supply until an increase in water 
use eventually necessitated a higher 
capacity system. 

Benson (1966) employed a batch 
process which used lime treatment to 
supply water to Native villages. This was 
not attempted in the small batch system 
cited above, but might be successfully 
applied in such a system. The addition of 
lime, Ca(OHl2 or CaO, produces a thick 
green floc of ferrous carbonate and 
ferrous hydroxide which settles rapidly. 
In Benson's system, four hours were 
sufficient to settle the precipitate; after, 
the water was decanted for use. Aeration 
was also used in this process. Its primary 
purpose was to remove the carbon 
dioxide which would increase the amount 

KMn04 is a strong oxidant which may be used directly for water treatment. Proper dosage control of KMno4 is critical since 
under-dosing results in incomplete oxidation of the ferrous iron and over-dosing leads to the chemical's being carried through 
the system. Unreduced permanganate presents an esthetic problem since it produces a purple color in the water. 
Therefore, KMn04 as a direct oxidant is nonnally used in municipal water treatment plants rather than in the home. 
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of lime required for treatment. 
Lime treatment also has a desirable 

secondary effect: it reduces hardness. 
However, this procedure requires a large 
dosage of lime (200 to 500 mg/1) which, 
in turn, produces a large quantity of 
sludge. Also the procedure results in an 
alkaline pH and the water is more 
corrosive. 

Continuous Chlorine Oxidation 

Chlorine is a very effective and rapid 
oxidant. It has the additional benefit of 
being a bacteriacide. Sledge (1968) 
found that about 90 per cent oxidation 
of iron occurred in one minute; this 
process did not seem affected by temper
ature change. This rapid rate of oxidation 
and the ease of handling the solid and 
liquid forms of the chemical with com
mercially available feeders (priced around 
$100) make this an excellent treatment 
method. 

A chlorination system constructed for 
iron removal is shown in Figure 3. The 
chlorine solution is fed into the raw 
water line before it reaches the pressure 
tank. An 82-gallon tank serves as a sedi
mentation/reservoir unit, with the efflu
ent being passed through the cartridge 
filter. A drain at the bottom of the tank 
allows periodic withdrawal of the accum
ulated sludge. 

The large tank allows the water to be 
detained long- enough so that the iron is 
settled. Any residual iron is removed by 
the cartridge filter. The chlorine source 

is hypochlorite and is used at the rate of 
about 0.5 gallons per month. The filter 
cartridges must be replaced weekly dur
ing the high iron cycles2 of the ground
water supply. This is a major operating 
cost. Some bleeding of iron from the 
filter is experienced during pressure 
surges, but this has been regarded as a 
minor problem. 

The user indicated that the filter 
would be inadequate when a washing 
machine was installed. This would neces
sitate the installation of a conventional 

2 High iron cycles occur during periods of 
low surface water infiltration, i.e., winter. 

Vol. 7, No.3 

raw 
water 
from 
well 

Pressure 
Tank 

82-gallon Holding I 
Sedimentation Tank 

Chlori~e 
Feed '--~:l-----1~ By-pass 

FIGURE 3. Chlorine Oxidation System. 

sand filter to obtain adequate quantity 
and quality. 

Pressurized Aeration/Filtration System 

This system, as shown in Figure 4, 
has been in operation for about 24 years. 
It has been continually improved during 
its lifetime. The design is relatively 
sophisticated, yet can be constructed 
with readily-obtainable materials. 

Aeration is achieved in the aeration/ 
reservoir tank by feeding the water 

Compr.essed 

Air Supply 

A 

Backflow Check 
Valve 

i-- f-.-L!--_-_~1~-------"""j 
I 

Float 
Valve 

I 
I 
I 

Raw Water 

Feed 

Aeration I Storage Tank 

through a nozzle into a splash tray or 
pan attached to the top of the tank. The 
water is rapidly aerated as it is sprayed 
through the air in the head space and over 
the walls of the tank. The head space is 
maintained by a float-valve on the raw 
water intake on the side of the tank, with 
air pressure and air feed provided by a 
small compressor. 

The reservoir water is re-circulated 
through the injection nozzle by a small 
pump, providing a constant supply of 
oxygenated water to the reservoir. This 

Circulating Water 

Pump 

Backwash 
1--~&---'Do<:J---r-- -[><)-- Waste 

I 

~---
Backwash 
Feed 

Filter Tank 

Screen 

Charcoal 

Sand 

FIGURE 4. Pressurized Aeration/Filtration System 
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Visual quality of some Fairbanks area groundwater supplies. 

system provides sufficient capacity for 
residential needs, and the tank can be 
sized according to particular require· 
ments. 

Filtration is presently achieved 
through a charcoal bed about 4 feet deep. 
With a diameter of about a foot and a 
half, the filter tank charcoal costs about 
$90.00 and, for this residence, needs to 
be replaced annually. For certain water 
usage, like irrigation, for instance, .the 
filter bed is not used; the by-pass valve 
is opened and the water is drawn di
rectly from the reservoir. The drainage 
also includes piping/valving for a perma
nent backwash system for cleansing the 
filter. 

The builder of the system ~uggested a 
sand/charcoal bed to reduce the cost of 
charcoal replacement. It should be noted, 
however, that charcoal filters provide an 
excellent substrate for the growth of 
bacteria. It has been reported by Wallis 
et al. (1974) that charcoal filters con
centrate bacteria and nutrients, producing 
high growth rates where water in the 
filter is stagnant. Initial flow through 
such a filter may result in extremely 
high bacteria counts. 

This pressurized aeration/filtration 
system provides adequate treatment for a 
supply having several parts per million of 
iron. As a design study has not been done 
on this system, many specifics have been 
deleted here. Applying this design to a 
specific groundwater would be primarily 
a matter of providing adequate filter and 

Vol. 7, No.3 

reservoir capacity and installing bleed 
valves if degassing became a problem. 

Variations on this system include 
using a commercially available sediment 
filter for the home-built unit, or using an 
ambient pressure aeration tank with a 
feed pump to the pressurized filter. 

Other Systems 

Another oxidant, ozone, is finding 
increased use in water treatment. Some 
commercial ozone generators are avail
able for residential use. They range from 
large units adequate to treat a complete 
supply to small units designed to treat 
limited quantities for drinking and cook
ing. However, ozone units are fairly 
expensive and are sold by only a relative
ly few suppliers. This powerful oxidant 
is especially useful where organic 
materials in the groundwater cause taste 
or color, or where odorous substances 
are present. The use of ozone is not I ikely 
to gain widespread use except for special 
treatment problems such as these. 

CONCLUSIONS 

Three systems have been described 
which can be constructed by an in
dividual. Despite high iron concentra
tions, adequate units that are relatively 
inexpensive can be built and successfully 
operated by the homeowner. In all cases, 
careful planning and some trial-and-error 
experimenting are necessary. 

These by no means represent all the 
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possible systems which can be built but 
are examples to serve as guides to others 
venturing into this area. This article was 
written in response to frequent sugges
tions that such information be collected 
and disseminated. If readers have a 
system which they feel would be a 
further contribution to the state-of-the
art, the author would appreciate their 
correspondence. 
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HISTORICAL ENGINEERING 

Construction & Performance 

of the 

Hess Creek Earth Fill Dam, 
Livengood, Alaska 

FIGURE 1. 

INTRODUCTION 

The construction of dams in arctic and 
subarctic regions of the Northern Hemi
sphere has been rare. The Hess Creek 
Dam (Figure 1). located about 8 miles 
northeast of Livengood, Alaska, is one of 
the few known large earth-fill dams that, 
to date, has been constructed in the 
permafrost regions of North America. 
The effect of dams on the underlying 
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Hess Creek Dam vicinity. Watershed contributing to reservoir is outlined. 

permafrost as well as their settlement 
and stability characteristics in permafrost 
are generally unknown. 

The Hess Creek Dam was designed 
and constructed for Livengood Placers, 
Incorporated, San Francisco, California, a 
subsidiary of Callahan Mining Corpora
tion of New York. It was built to 
impound water from the Hess Creek 
watershed so that the water could be 
diverted through a tunnel and ditches to 
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hydraulic m1n1ng operations in the 
vicinity of Livengood, Alaska, south of 
the reservoir. Figure 2 shows the dam 
and the reservoir. 

The structure was designed in 1939 by 
W. A. Kraner, Goldfields Consolidated 
Mines Company, San Francisco. Special 
hydraulic and soil tests and design assist
ance were provided by Mr. Charles H. 
Lee, Consulting Engineer, San Francisco. 

Construction of the dam was started, 
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by Livengood Placers, Inc. in April 1940 
and continued through the construction 
season of 1941. Mr. Charles Lewis was 
Resident Manager of the Corporation. All 
work was suspended between 1942 and 
1946 because of World War II. Construc
tion was resumed in April 1946 under a 
contract with C. F. Lytle-Green Construc
tion Company, Des Moines, Iowa, and the 
structure was completed in August 1946. 

Engineering and inspection during the 
construction phase were accomplished by 
representatives of W. A. Kraner, the 
designer, and by representatives of Liven
good Placers, Inc. 

DESCRIPTION OF THE DAM 
(FIGURE 3) 

The Hess Creek Dam is a combination 
hydraulic fill and rolled-earth fill struc
ture containing about 479,000 cubic 
yards of earth fill. A steel sheet pile 
cut-off wall runs along the base center
line. A 48-inch diameter metal pipe outlet 
with a control gate was installed through 
the embankment at one end and a spill
way, 1300 feet long and 100 feet wide, 
was built to accommodate flood flow. A 
refrigeration system was installed at the 
base to insure the refreezing of the 
thawed soil. The upstream face was pro
tected with riprap stone. 

Following is a statistical summary of 
the dam (Figure 4): 

Elevation, top 
of dam 
Crest length 
Crest width 
Base width 

1,090 ft. 
1,600 ft. 

16ft. 
352ft. 

Average height above 
subgrade 80 ft. 
Volume fill 479,000 cu. yd. 
Watershed area 22,400 acres 
Reservoir area 380 acres 

Reservoir storage 
capacity 7, 700 acre ft. 

DESIGN 

Although other construction methods 
were considered - including rolled-earth 
fill, rock fill with timber face, and an all
timber dam - several important consider-
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FIGURE 2. Hess Creek Dam with full reservoir. 

ations made a hydraulic fill dam most And, finally, skilled and experienced 
feasible. The hydraulic fill method was labor for other than hydraulic work was 
the most economical since the equipment 
was already available in Alaska. Not only 
could the equipment be used during 
construction, but it could then be used 
for the actual mining operations after
ward. Bad weather would not affect a 
hydraulic fill placement, but it would 
endanger a rolled-earth fill. Concrete and 

scarce in Alaska. 

DESIGN CONCEPTS (FIGURE 5) 

According to the design specifications, 
the embankment fill was to be placed on 
frozen sub-surface sands and gravels and 
bonded to these materials by freezing. 

timber construction were considered The embankment design also included an 
prohibitive because of the site's remote
ness and the resulting high shippi~g costs. 

impervious central core averaging about 
15 per cent of the thickness of the dam 

FIGURE 3. General plan, Hess Creek Dam. 
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FIGURE 4. Profile of dam axis looking upstream. 
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FIGURE 5. Typical embankment section (Section D-D) 

at any particular elevation. A steel sheet 
pile cut-off wall was included along the 
centerline of the dam to augment the 
impervious core and to bind the embank
ment to the foundation. It was also 
known that the outer face of a hydraulic 
dam is more impervious than the outer 
face of a rolled earth-fill type dam and 
thus is less affected by frost action. The 
design included an artificial refrigeration 
system to assure a positive freeze-back 
and bonding at the interface between the 
frozen foundation gravel and the central 
core of the hydraulic fill. The operational 
procedure for the dam included annual 
draining of the reservoir just before 
freeze-up to promote refreezing of the 
summer thaw at the upstream and down
stream toes and at the upstream embank
ment face. 
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FOUNDATION SOILS 

Soils explorations at the site in 1939 
revealed that frozen black silt and ice 
overburden existed down to approxi
mately 20 feet. The material between 
the depths of 20 and 40 feet consisted of 
a variable mixture of frozen clay, silt, 
sand, gravel, and hard angular fragments 
of chert rock ranging up to 9 inches in 
size. Frozen coarse sands and gravels 
containing considerable ice existed be
tween 40 and 60 feet or more, at which 
depth fractured chert bedrock was 
encountered. 

MATERIAL AND 
LABORATORY STUDIES 

Extensive laboratory soil testing was 
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performed by the Pacific Hydrologic 
Laboratory, San Francisco, California 
under the direction of Mr. Charles Lee, 
Consulting Engineer. Tests were run on 
specific gravities, mineralogical composi
tion, gradation (both mechanical and 
hydrometer) and settlement rate. The 
shear strengths of representative shoulder 
and outer shoulder materials (beach and 
core) were tested, as were the densities of 
hydraulically deposited materials. The 
mineral composition of the soils in
cluded hard angular fragments of white, 
black, and yellow siliceous chert with 
grains of quartz, chalcedony, jasper, 
and other siliceous minerals, all with an 
adhering cover and admixture of yellow 
fines consisting of sand, silt, and clay 

sizes. 
The soils from the borrow pits ranged 

from silt near the surface to skip-graded 
silty sands and gravels. The sands and 
gravels were deficient between the 0.02 
mm and the 0.2 mm size. 

The laboratory tests were conducted 
to determine whether the existing soils 
were suitable for hydraulic type construc
tion; the drill tests proved that the silt 
overburden could supplement the fines 
in the skip-graded silty sands and gravels. 

Other extensive tests were made to 
ascertain relationships between hy
draulic discharge rates, core pool depth 
and size, flow distances, and settlement 

periods for hydraulic placement of 
materials. The tests revealed that an 
amount of fines equal to 16 per cent of 
the total volume of the dam was available 
at the site; this was sufficient to build a 
satisfactory central core for the dam. A 
side-stream sluiced the silt to the core 
pool at the same time the mainstream 
delivered the agitated and blended 
coarser material to the outer faces. 

The scheduled, rapid placement of 
hydraulic fill necessitated an extensive 
study of embankment slope stability in 
relation to the settlement rate of the fines 
forming the central core. Slopes i~itially 
adopted from the study were 2.3 to 1 on 
the upstream face, and 2 to 1 on the 
downstream face. 

HYDROLOGY 

A detailed report of the hydrologic 
studies made for the design is not avail-
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FIGURE 6. Hess Creek reservoir storage curve. 
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FIGURE 7. Mean daily flow measurements of South Fork, Hess 
Creek, 1.6 miles above dam ( 1943). 

able. In the 1939 design report, it was 
noted that precipitation data for Fair
banks were used for computing the run
off water at the site. Based on a projected 
water availability, an estimate of muck 
removal was made for the 1940 water 
season. Water use was based on strict 
conservation. In 1943, daily flow 
measurements were made during the thaw 
season (Figure 6). 

Peak discharge was estimated by 
assuming that 1 inch of water was equiva
lent to 1 foot of snow, and that 1 inch of 
snow melt and 1 inch of rain occurred 
every 24 hours for several days under 
100 per cent runoff conditions. 

The spillway design was computed 
for the 35 - square mile watershed. 
Curves showing storage capacity and area 
in relation to spillway crest elevation are 
shown in Figure 6. Design elevation of 
the spillway was based on a reservoir 
water storage of approximately 8000 
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acre-feet. A width of 150 ft. was recom
mended to accommodate the estimated 
peak discharge (Figure 7). 

DESIGN CHANGES 

Experience with the project during the 
1940 construction season resulted in 
several changes in design and construction 
procedures. 

Because of a water shortage, the spill
way stripping was re-scheduled for the 
1941 construction season and plans called 
for using tractors and scrapers instead of 
hydraulic methods. Test pits opened 
during the stripping operation had re
vealed high ice content in the sub
surface gravels. The embankment 
stripping was stopped, and instead of 
following the original plan to begin the 
hydraulic fill on the frozen gravels, the 
fill began several feet above the frozen 
gravels on frozen silt. However, placing 
the hydraulic fill on frozen silt raised the 
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question of the dam's stability against 
slide at the upstream and downstream 
toes. It was decided to install horizontal 
refrigeration pipes beneath the embank
ment toes to bond the fill to the silt 
subgrade by freezing, and to keep the 
subgrade frozen. 

The construction of the embankment 
toes on the frozen silt necessitated an 
additional study of the slope stability. 
The result was that the embankment 
slopes were changed from 2 to 1 to 214 
to 1 on the downstream face and from 
2.3 to 1 to 2.5 to 1 on the. upstream face. 
Artificially re-freezing the creek bed 
beneath the embankment foundation 
was considered essential, and vertical 
refrigeration pipes were installed to do 
this during the 1941 construction season. 
During the 1946 construction season, it 
was decided to change the crest width 
from 22 feet to 16 feet. The 16-ft. crest 
width was established by flattening the 
upper slopes to preclude any wave action 
from sloughing the original, steeper 
slopes. The elevation of the crest was 
raised from 1088 feet to 1090 feet and 
the entrance of the spillway was nar
rowed and re-located, which eliminated 
much excavation. The centerline of the 
spillway was changed on the dam axis 
from 17 + 90 to 17 + 67. 

COSTS 

The initial cost of the dam was ap
proximately $300,000. Final cost was 
estimated at approximately $700,000. 
The final, total project cost was estimated 
on the order of $1.25 million, which in
cluded the construction of the water 
diversion tunnel south of the dam. 

CONSTRUCTION SCHEDULE 

Site Preparation 

Camp construction, access road con
struction, and general mobilization of 
equipment began in early April 1940. 
The major preliminary activity was the 
installation of the pumps, pipelines, 
monitors, and other hydraulic equip
ment for the embankment and spillway 
stripping. Supplies and equipment were 
moved to the site with tractor-drawn 
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create difficulty in refreezing the founda
tion by artificial means. To provide a 

FIGURE 8. Embankment area at start of stripping operations. 

natural protective cover of frozen silt, 
stripping was discontinued at an elevation 
some feet above the frozen gravels. The 
soil left in place was inorganic silt that 
appeared stable and impervious, and 
could readily be refrozen. The stripping 
was completed; all massive ice forma
tions and vegetative matter, including 
trees, stumps, peat, and other organic 
material, were removed from the embank
ment foundation and the adjacent hillside 
abutment slopes. Figure 9 shows stripping 
in progress; Figure 10 shows it com-

sleds and skids. 

Stripping 

Figure 8 shows the embankment area 
at the start of hydraulic stripping opera

tions in early May 1940. 
Near the end of May 1940, the flow in 

the South Fork of Hess Creek was insuf
ficient to support hydraulic stripping 
operations. The water shortage was due 
to an early spring breakup and a rapid 
runoff, followed by a period of little or 
no precipitation. It was necessary to 
conserve and re-use water. Creek water 
used for stripping was collected and 
pumped back upstream through pipes 
extending 3000 feet upstream on one side 
and 2000 feet on the other side of the 
creek. Water was discharged through 
perforations in the pipes, and as the 
water drained from the discharge pipes to 
the creek, silt was deposited over the 
drainage area. This water conservation 
permitted the completion of the 
embankment stripping by hydraulic 
methods. 

Test shafts had been excavated in the 
foundation during the stripping and 
substantiated the character of the gravels 
underlying the muck overburden. The 
frozen gravel surface lay at an elevation 
of about 1010 feet, about 40 to 50 feet 
below the muck surface. Further studies 
of the frozen gravel samples for perme
ability and foundation support charac
teristics showed considerably more ice 
than had been previously indicated. Also, 
there was a lack of fines. Approximately 
50 per cent of the total volume was ice. 
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pleted. 
It was decided that exposing the founda- Hydraulic stripping of the spillway was 
tion gravels would cause excessive thaw- included in the original design, but the 
ing and would create a highly permeable water drained below the dam site and its 
condition in the foundation. This would recovery and re-use were impractical. 

FIGURE 9. Hydraulic stripping of embankment foundation ( 1940). 

FIGURE 10. Completed embankment stripping ( 1940). 
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Therefore, due to the water shortage, the 
spillway was stripped with scrapers and 
tractors in the 1941 season. 

It was estimated that 250,000 cubic 
yards of muck overburden were removed 
by hydraulic methods during 1940, 
primarily from the embankment founda· 
tions. The initial plan specified that the 
borrow pits be stripped by hydraulic 
methods, but because of water shortage, 
they were stripped mechanically . 

Cut-Off Wall 

The cut-off wall (Figure 11) consisted 
of interlocking steel sheet piles positioned 
along the centerline of the dam. The 20-
ft. sheet piles between Stations 2+54 and 
12+38 were driven between October and 
December 1940. On each pile, 7 to 10 
feet were left projecting above the ground 
surface so that the piles could be incor
porated in the impervious core of the 
dam . Tne piles provided an embankment 
cut-off wall to an elevation of 1042 feet. 
In 1941, the sheet piling was extended 
eastward to Station 15+52. 

Piles for the cut-off wall were driven 
in a pre-thawed trench and seated in 
underlying frozen material by several 
blows of a 4000-pound gravity-type 
hammer. Steam was used to pre-thaw 
the trench ahead of the driving operation, 
and effort was made to control the size 
and depth of the trench which was 
formed by thawing. No pile driving was 
performed until there was evidence that 
all thawing in the trench had ceased. 
There was a 48-hour interval between 
steaming and the cessation of thawing in 
the trench. Essentially, all work on 
installing the sheet piling was performed 
during the freezing season so that the 
cold winter air could dissipate the foun
dation heat which had resulted from the 
steam thawing. 

To complete the cut-off wall, trenches 
were excavated in 1946 between 2+54 
and 0+00 and between Stations 15+52 
and about 16+60. The trenches were 3 
feet wide and 10 feet deep, tapering to 
about 5 feet at the ends. The excavated 
material was replaced with a puddle of 
fines. 
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FIGURE 11. Early stages of pile driving with gravity hammer (1940). 

Foundation Refrigeration System 

Refrigerant pipe (Figure 12) was 
installed to ensure a positive frozen bond 
between the foundation soil and the 
hydraulic fill. It also assured the refreez
ing of the summer thaw which occurred 
in the upper level of the sheet pile cut-off 
wall trench . The refrigeration system 
consisted of 1% inch diameter steel pipe 
laid out in a horizontal pattern in shallow 
trenches along the centerline of the 
foundation . 
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Vertical refrigeration pipe was install
ed in the embankment foundation where 
the cut-off wall crossed the South Fork 
of Hess Creek. This was done to assure 
the re-freezing of the sheet piles driven 
into the creek bed. These vertical pipes 
were installed before the hydraulic fill 
operations began in the spring of 1940. 

Two radiators (Figure 13), composed 
of a system of parallel pipes 300 feet 
long, were built. One was located outside 
of each toe. A proprietary petroleum 
liquid, called "Stoddard Solvent," was 
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FIGURE 12. Refreezing system for cutoff wall. 
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FIGURE 13. Radiator heat exchanger for foundation freezing (1940). 
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Detail of outlet works pipe (Section B-Bl. 

Staal stop collar on core pool pipe (19411. 

circulated through the· pipes during the west end. A hydraulic lift type control 
cold weather and assisted in the re- gate was installed on the upstream end of 
freezing process. the pipe to regulate and control the pool 

Outlet Works 

An outlet (Figure 14) conSIStmg 
of a 48-inch diameter steel pipe was in
stalled through the embankment at the 
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elevation. A timber flume was construct
ed at the downstream end to prevent 
scouring at the embankment toe. Con
struction plans specified that the pipe be 
supported on wood piles through the 
puddle core or central portion of the 
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dam. A circular collar about 10 feet in 
diameter was welded to the outlet pipe 
at the cut-off wall to form a positive 
water seal (Figure 15). Additional collars 
were welded along the pipe to prevent 
leakage as was a gate-operating stem 
extending up the face of the embank
ment. A trash rack was installed over the 
gate. Work on this section was completed 
in 1940 

Embankment Toes (Figure 16) 

The upstream and downstream em
bankment toes were constructed during 
the summer of 1940, immediately fol
lowing the stripping operations. The toes 
were constructed of rolled earth fill 
from soil taken from borrow pits at the 
west end of the embankment. The 
material was transported and spread by 
LeTourneau scrapers pulled by Caterpillar 
D-B tractors. The earth-moving equip
ment compacted the material by varying 
the traffic pattern. 

Because the decision was made to be
gin the fill on the frozen silt above the 
underlying frozen gravel, the foundations 
width was overstripped. The space be
tween the embankment toe and the 
adjacent natural ground was back-filled 
with compacted earth fill as part of the 
toe construction. Thus, greater stability 
was provided against sliding. 

Slippage at the inter-face between the 
rolled earth fill and the underlying silt 
was considered a serious possibility. 
Both the embankment toes were stabil
ized by artificially freezing the soil at this 
interface. This was done by using a 
system of 1'!. inch diameter pipes (Figure 
17) installed in trenches running parallel 
to the embankment axis. The refreezing 
was performed from late December 1940 
until Spring 1941. 

It was computed that approximately 
43,000 cubic yards of material- were 
placed mechanically. 

Stream Diversion (Figure 18) 

A stream diversion structure· was built 
into the upstream toe during 1940 to 
permit the Spring 1941 run-off water to 
flow through the embankment founda-
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FIGURE 16. Completed upstream embankment toe ( 1941 ). FIGURE 17. Installing refrigeration pipe in foundation for 
Stream diversion works at left . upstream toe ( 1941). White line in photo is approximate 

embankment centerline. 

tion until the flow decreased to the point 
where it could be accommodated by the 
48-inch outlet works pipe. The portions 
of sheet pile of the cut-off wall were re
moved where the creek passed through 
the embankment and an opening was 
provided in the downstream toe . The 
diversion structure consisted of wood 
piles, 6 feet on center, driven into the 
creek bed . A curtain wall supported on 
the piles was extended down into frozen 
material in the creek bed to cut off the 
subsurface flow. In the Spring of 1941, 
when the creek flow had decreased 
sufficiently, stop logs were installed on 
the face of the piles to d ivert the flow 
into the pipe. The openings left in the 
upstream and downstream toes were 
then closed in with rolled earth-fill. 
Sections were welded back on to the 
steel sheet piles that had been cut off so 
that they could be restored to their 
proper height. A small dike downstream 
from the embankment was constructed 
to prevent backup of water into the 
foundation. 

Hydraulic Fill 

Approximately 338,000 cubic yards of 
hydraulic fill were placed during the 1941 
construction season, completing the 
embankment to an elevation of 1060 
feet. All hydraulic fill material was 
sluiced from the borrow pits at the west 
end of the dam. Between Station 13+00 
and the east end of the dam, material 
was placed using rolled earth-fill 
Most of the material used in this section 
was obtained from the spillway excava
tion. 

A 24-inch diameter pipe (Figure 19) 
for returning sluice water from the 
puddle pool to the pumping pool was 
installed through the upstream toe of the 
embankment core pool. Vertical sections 
of the pipe were added as embankment 
placement progressed. The pipe was sup
ported on wood piles and coarse granular 
fill. A steel stop collar was welded to the 
pipe to prevent water from seeping along 
the pipe. After the hydraulic fill opera-

FIGURE 18. Stream diversion structure in upstream embankment 
toe (1941). 

FIGURE 19. 
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tion was completed, the pipe was filled 
with mud. 

The pumping plant for hydraulic fill 
operations was mounted on a barge. 
This barge floated in a pool constructed 
at the west end of the upstream embank
ment where the South Fork of Hess 
Creek entered the dam site. Water filled 
in the pool up to an approximate eleva
tion of 1033 feet. The pumping plant 
consisted of four United Iron Works 
centrifugal suction pumps, 10 inches in 
diameter, powered by 90-hp, 2-cycle 
diesel engines through connecting cylin

ders. All pumps were connected to a 
common manifold, which in turn was 
connected to the main pipeline system 
leading to sluicing monitors installed in 
the west borrow pits. Three monitors 
were used to open the pits. When the 
pits were opened sufficiently, three ad
ditional monitors were added. All sluices 
were placed at a minimum grade of 5 
per cent. The sluices were directed to a 
common collection point which was a 
steel (hog) box located at an elevation of 

·•000 
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Detail of core pool pipe (Section C-G). 
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FIGURE 20. 

1088 feet. The box, which was provided 
with a Y-type discharge, was fitted with a 
gate control on each branch to permit 
the flow of water, and, as needed, sl~iced 
material either upstream or down. 

Deposition of the material was begun 
at the east end. Each lift was completed 
by removing the pipe section in a west
erly direction. The material that was 
deposited by hydraulic means at the 
outer limits of the embankment was 
leveled and shaped with mechanical 
equipment. 

The embankment fill level was 
maintained at a grade of 2 per cent 
from the outer edges toward the center. 
The water and the fines that were dis
charged from the pipe drained toward the 
center of the dam, permitting water 
grading of the soils and concentration of 
the fines at the center. Fine material, in 
addition to that obtained from the west 
borrow pit, was delivered, as needed, to 
the center of the embankment by sep
arate hydraulic pipeline. 

Rolled Earth Fill 

The earth-fill dam was completed 
during the Summer of 1946. Fill had 
been placed from an approximate eleva
tion of 1060 feet to a finished crest ele
vation of approximately 1090 feet. 
About 82,000 cubic yards of rolled earth
fill which had been measured in place, 
completed the fill. The soil was delivered 
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Spillway profile. 

and deposited in 6-inch lifts by tractor
drawn scrapers. Compaction was accom
plisheq by six passes of a sheepsfoot 
roller. The fill consisted of two types of 
material: (1) pervious or gravelly type, 
which was placed in the outer portions 
of the dam, and (2) fine-grained material, 
predominantly silt, which was placed in 
the center portion. Most of the pervious 
fill material was obtained from the spill
way excavation. 

Placement and compaction of the fine
grain material in the central portion of 
the dam ended approximately one foot 
from each side of the steel sheet pile 
cut-off wall. The intervening space was 
subsequently filled with water-deposited 

i 

i 
.... .... .... ... 
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fine-grain soil. The cost of this work was 
approximately $91,000. 

Over-Spillway (Figure 20) 

A 100-ft. wide overflow spillway was 
constructed at the east end of the 
embankment. Approximately 500 feet of 
approach channel, 570 of level section 
and 260 feet of discharge channel were 
excavated (Figure 21). 

The spillway discharge works (Figure 
22) consisted of a 20-ft. long timber 
apron supported on steel sheet piles. 
These were installed to a depth of about 
10 feet (extending about 10 feet to either 
side of the channel). The apron was 
also supported on wood piles driven into 
undersized holes augered to a depth be
low the apron surface. Five-foot high, 
wood abutments flanked the apron on 
both sides to prevent bank sloughing in 
the apron section. 

Embankment Protection (Figure 23) 

The upper elevation of the upstream 
face of the embankment was reinforced 
with riprap stone to protect it against 
wave action in the reservoir. The riprap 
stone varied in size from 6 to 18 inches, 
and it was placed manually. 

FIGURE 21. Typical cross-section of spillway channel looking upstream (Section M-M). 
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FIGURE 22. Timber apron of spillway (1946) . 

FIGURE 23. 
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FIGURE 24. 

Embankment protection stone (June 1963). 
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Profile of Dam Axis. Embankment settlement. 
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PERFORMANCE 

Operation 

According to the available records and 
comments of the operating personnel, 
Hess Creek Dam operated satisfactorily 
during the gold mining activity from 
1946 to 1958. 

Shrinkage cracks did appear from time 
to time during the operational period. 
These cracks generally appeared across 
the crest of the dam and extended down 
the downstream face. A small hole in the 
crest of the dam at about the center point 
was noted during an inspection in July 
1958. During routine maintenance, these 
cracks were repaired by manually exca· 
vating and backfilling with an impervious 
material . 

Small soil slides were evident at the 
toes. They were not considered detri
mental. Small water-filled sink holes 
were also prevalent. Representatives of 
Livengood Placers, Inc. stated that a 
7% gallon per minute leakage rate 
through the dam was continuous through 
the summer periods of operation when 
the reservoir was full. 

Wave action from the reservoir had 
developed berms on the upstream face 
of the embankment. The berms measured 
1.5 feet to 3 feet in width and were 
spaced 2 to 5 feet apart. Meteorological 
records indicate that extremely windy 
conditions prevailed in the valley and 
these caused extensive wave action in the 
reservoir. A log boom was shore-anchored 
and floated in the reservoir a short 
distance from the face to minimize wave 
act ion. 

Level observations (Figure 24) to 
ascerta in embankment settlement were 
taken in 1950, 1952, 1956, and 1964. 
The crest profile indicates a total 
settlement of 4 to 5 feet between 
1946 and Summer 1964, which is not 
excessive for an embankment of this 
size. The settlement was greatest between 
1946 and 1952 and has decreased sub
stantially since. No large changes have 
occurred in the embankment shape and 
cross-sect ion over the years, nor is there 
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any indication of any lateral deforma
tion that would suggest slope failure. 

In August 1964, people from the 
Alaska Field Station, USACRREL, drove 
a soils exploration hole through the dam. 
This was advanced to a depth of 75.5 feet 
below the crest of the embankment at 
station 8+00 and was terminated in the 
natural gravels underlying the dam. 
Frozen soil was encountered at a depth 
of 66.5 feet and established the existing 
permafrost table at an approximate 
elevation of 1020 feet. At station 4+82, 
the elevation for the stripped surface was 
established at 1021 feet. A thermocouple 
assembly was installed in the exploration 
well to ascertain ex1stmg thermal 
conditions in the dam and to monitor 
future thermal changes. Observations were 

started on 30 September 1964 and 
made twice yearly thereafter in May and 
September (Figure 25). 

The temperature fluctuations in the 
center of the dam at an approximate 
depth of 28 feet appeared negligible. 
The dam is·' approximately 120 feet in 
width at this point. There are no wide 
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seasonal fluctuations below the 28-foot FIGURE 25. 

depth. The gradient curves indicated that 

Hess Creek Dam soil temperature gradients 11965-66) with soil data from 1964 

exploration. 

the temperature gradually increased with 
depth from the 28-ft. depth to the mid
point of the hydraulic fill, while the 
temperature gradually decreased below 
that point to the top of the permafrost. 

Outlet Works 

There is no record of any serious 

malfunction or deficiency in the per
formance of the outlet works. 

Spillway (figure 26) 

Serious scouring of the spillway 
channel and the complete destruction of 

the spillway structure took place during 
the 1962 spring run-off when the reser
voir overflowed. The water scoured the 
spillway channel from an approximate 
elevation of 1083 feet to an elevation of 
1045 feet. Serious scouring also occurred 
in the spillway approach channel 

(Figure 27). 

FIGURE 26. Channel scour and spillway destruction (July 1964). FIGURE 27. Scourad spillway channel. Empty reservoir and dam 
in background (1965). 
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appreciation and acknowledgment for 
advice and assistance are made to Charles 
F. Herbert, Bruce Thomas and Carl 
Heflinger. 

The study yielded a Technical Report, 
TR 196, entitled, "An Earth Fill Dam on 
Permafrost, Hess Creek Dam, Livengood, 
Alaska," authored by Fred Kitze and 
myself in March 1971. 
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FIGURE 28. Plan and profile of diversion tunnel. 

Diversion Tunnel 

A tunnel diverting impounded water 
from the Hess Creek reservoir to the 
mining areas near Livengood was driven 
through the Hess Creek Divide at the 
upstream (south end of the reservoir in 
1939 [see Figure 1) ). The tunnel was 
3300 feet in length and all of it was 
driven through frozen silts and gravels 
(Figure 28). To do this, standard drift
mining methods were augmented by 
using steam points for thawing the 
ground and undercutting the frozen 
material. Three shafts were sunk from 
the surface to remove the muck during 
the tunneling operation. Mine cars were 
used to deliver the excavated material to 
the shafts. Timber shoring and bracing 
were used to support the tunnel. The 
tunnel section was 6 ft. x"S ft. measured 
outside of the timber. 

Water from the reservoir was carried 
through the tunnel in a 42-inch diameter 
wood pipe which had a gate at the up
stream end. The control gate was installed 
on a section of steel pipe which con
nected with the redwood pipe in the 
tunnel. 

Diversion Tunnel Performance 

wooden pipe in an effort to protect the 
upstream portal area and to keep the 
tunnel operational, but records indicate 
that it did not eliminate the structural 
difficulties at the portals. Stabilization 
of the portal slopes was done by 
embedding trees or logs in the soil sur
face. During the winter months, the 
tunnel was kept open to the atmosphere 
to refreeze what had thawed in summer. 
Such measures proved inadequate to keep 
the tunnel operational without sub
stantial and constant maintenance. 

CONCLUSIONS 

Available evidence, twenty years after 
completion, indicates that the earth fill 
embankment had little or no detrimental 
effect on the permafrost underlying the 
center-line of the dam. The spillway 
required a protective surface against 
scouring. 

The past performance and present 
condition of the Hess Creek Dam suggest 
that construction of earth fill embank
ments on permafrost is feasible and 
practical. 

AUTHOR'S ACKNOWLEDGMENTS 

This study of the Hess Creek Dam 
Throughout the operation, the diver- would not have been possible without 

sian tunnel had a history of malfunction permission from Callahan Mining Corpor-
and deficiency. Serious thawing con- ation for site access, for soils exploration, 
tinued during the summer months of 
operation and this caused portal slough
ing and cave-ins within the tunnel. Some 
concrete flume construction was per
formed between the control gate and the 

Vol. 7, N•,, 3 

temperature instrumentation, and sur
veys. I am also grateful to the Livengood 
Placers Corporation for its cooperation in 
furnishing data and permitting access to 
construction reports and records. Special 

34 

an arctic mining problem. Mining 
World, pp. 25-29, May 1942. 

Department of Defense. Unified soil 
classification system for roads, air
fields, embankments and foundations. 
MIL STD 619A, 1962. 

Kraner, W. A. Progress report on con
struction of Hess Creek Dam during 
1940 and proposed program for 1941. 
Unpublished report to Livengood 
Placers, Inc. 

Lee, C. H. Soil tests and studies, Hess 
Creek Dam, October 1939. Unpub
lished report, Callahan Mining Co., 
1939. 

Linell, K. A. and C. W. Kaplar. Descrip
tion and classification of frozen soils. 
U.S. Army Cold Regions Research 
and Engineering Laboratory (USA 
CAREL) Technical Report 150, 1965. 

Livengood Placers, Inc. Miscellaneous 
field books, sketches and drawings 
and notes (unpublished). 

Livengood Placers, Inc. General plan 
Hess Creek Dam. Drawing S-116, 
December 1939 corrected to Septem
ber 1946. 

Rice, E. F. and 0. W. Simoni. The Hess 
Creek Dam Proceeding International 
Conference on Permafrost, Purdue 
University. NAS - NRC Publication 
No. 1287, pp. 436-39, 1963. 

U.S. Department of Commerce. Climatic 
summary of Alaska - Supplement 
for 1922 through 1952. Clima
tography of the United States no. 
11-43. 

Olindo W. Simoni, P.E., is employed by the 
U.S. Army Cold Regions Research and Engi
neering Laboratory. He was with the Fair
banks CAREL office from 1960 to 1974 and is 
presently with CAREL in Hanover, New 
Hampshire. 

The Northern Engineer 



An aerial view of the ditch leading from the 

reservoir. 

FIGURE 2. The ditch after permafrost sloughing had again 
covered the exposed top of the old diversion tunnel. 

A look at Hess Creek Dam Today 

Tim Tilsworth and Gil Zemansky of the 
Institute of Water Resources recently 
inspected the Livengood/Hess Creek 
Dam area as a part of an on-going re
search project dealing with water quality 
and mining operations. They furnished 
The Northern Engineer with the follow
ing synopsis of their field report: 

In the spring of 1975, the Klondike 

Placer gold Corporation, which had 
acquired the Livengood Placers, Inc. 

mine and other claims in the Livengood 
area, attempted to place Hess Reservoir 
back into operation as a source of water 
for hydraulic stripping and sluicing oper

ations. The diversion tunnel was found 
to be damaged beyond repair and it was 
decided to hydraulically strip a ditch 

the ditch in September 1975 after strip

ping operations had ceased. Figure 1 is 
an aerial view showing the extent of the 
ditch leading from the reservoir. Figure 2 
was taken from the side of the ditch after 
permafrost sloughing had again covered 
the top of the old diversion tunnel. The 
hydraulic stripping operations resulted in 
siltation of Livengood Creek and the 
Tolovana River despite commendable 
efforts to remove the silt through sedi
mentation in ponds and filtration through 
tailing embankments. Significant discolor
ation of the Tolovana River was reported 

noticeable 25 miles downstream of the 
mouth of Livengood Creek (Fedeler, 

1975). Also, high turbidity values were 

recorded in Livengood Creek and the 
Tolovana River. Unless economical treat-

through the divide to the existing tunnel ment methods can be found to remove 

level. Use of a pump and pipeline system 

to move large volumes of water in prefer
ence to a ditch or mechanical excavation 
of the ice-rich permafrost was considered 

to be economically prohibitive. 
Figures 1 and 2 are photographs of 
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silt from the water prior to stream dis

charge, federal effluent guidelines pres
ently under consideration for mining 
may effectively prohibit hydraulic strip

ping operations. If that occurs, the reason 
for which Hess Creek Dam was con-
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structed - that is, to supply large 

volumes of water for hydraulic strip

ping as well as sluicing - will no longer 

exist. 
The Institute of Water Resources and 

the School of Engineering of the Uni
versity of Alaska are currently studying 
the impact of such mining operations on 
water quality in Alaska. They are plan
ning to sponsor a symposium on the topic 
in Fairbanks. Tentatively scheduled for 
April 9, 1976, this symposium will bring 
together governmental agencies, the 
mining industry and other interested 
persons to discuss how compliance with 
environmental laws can be achieved and 

the environment protected while still 
allowing the necessary extraction of 

minerals. 
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FIGURE 1 Early Inuit house, Povungnituk, Arctic Quebec. FIGURE 2. Interior of early Inuit house. 

In early 1973, the lnuksiutiit research 
team from Laval University, Quebec, 
Canada was involved in discussions on 
housing with a group of Inuit from 
Povungnituk. Having already amassed 
considerable experience on various re
search projects in the Canadian Arctic, 
the research team, headed by Bernard 
Saladin d' Anglure, was asked by the 
Inuit to do a study on housing adapted 
to their cultural and functional needs. 

As is so often the case, housing for 
most indigenous peoples is designed with 
a minimum of consultation with the 
future inhabitants. As a result, the early 
houses built for them, while most eco
nomical, had only a minimum of heating, 
hygienic facilities and square foot per 
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person space standards (Figures 1 and 2). 
The newer houses gave more attention 

to spatial, heat and, to a certain extent, 
hygienic requirements. However, the 
houses were still designed in the south 
by white men who, though they under
stood the economic, constructional and, 
to a degree, the climatic and technical 
constraints, were oblivious to the cultural 
and functional needs of the Inuit. 

In June 1973, the lnuksiutiit research 
group obtained funding from the Central 
Mortgage and Housing Corporation and 
the Ministry of Indian Affairs and 
Northern Development to do an initial 
study on housing adapted to the needs 
of the Inuit. 

The research team, which initially 
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consisted mainly of anthropologists, be
came an interdisciplinary group when a 
psychologist, Dr. John Berry of Queen's 
University and myself, the architect, were 
added to the project. In addition, the 
team was joined by the coordinator, 
Gilles Larochelle, an anthropologist from 
Laval; a masters student in anthropology; 
and an architectural student. 

OBJECTIVES 

The team set the following objectives 
for the study: 

1. To discover the socio
cultural needs and desires 
of the Inuit and to trans
late them into spatial 
arrangements in the design 
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of houses, 
2. To find a way of involving 

the Inuit directly_ in the 
design process, 

3. To discover the activity 
patterns which could serve 
as the conceptual base for 
a generic house design, 

4. To maximize local Inuit 
labor in the house con
struction process, 

5. To analyze different con
struction systems and to 
propose one or more 
systems which would not 
hinder objectives 1 and 3 
and fulfill objective- 4; to 
solve the technical faults 
in the existing houses, and 
compete economically 
with the current construc
tion system (prefabricated 
wood panels). and 

6. To build an experimental 
house, the concept of 
which would be based on 
the above objectives and 
to evaluate the house dur
ing a one year period as to 
its technical and socio
cultural performance. 

ON-SITE RESEARCH 

The research team spent the summer 
of 1973 gathering the basic data on socio
cultural and socio-economic conditions, 
the technical efficiency of existing hous
ing, and developing a scale model house 
kit that could be modified. As part of 
our data gathering technique to find 
activity patterns and the socio-cultural 
factors of using space, all members of the 
team took room and board with at least 
two different Inuit families representa
tive of different family structures and 
house types. (There exist 12 different 
types of houses). In addition to this 
"privileged" information, virtually every 
house in the village was drawn to scale, 
indicating where all household equipment 
was located and where the various activi
ties of sleeping, eating, washing and 
cooking were done. From this study, 
certain activity patterns began to emerge 
which aided in the development of the 
new house concept. 
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FIGURE 3. lnuk using the modifiable scale model. 

The scale model kit, which was 
developed and tested during that summer, 
proved to be one of the most important 
tools for directly involving the Inuit in 
the design process. It allowed the various 
Inuit families that were tested during the 
summer to "build" their "ideal" house. 
Twenty-three Inuit families, representing 
a sample of the various family structures 
and sizes, were asked to use the kit 
(Figure 3). The data gathered from these 
tests formed the basis for the new square 
foot per person per family size require
ments that were used in the second series 
of tests during the winter. 

Upon returning south, the team began 
to analyze the data and to develop, in 
plan form, a new house concept. At the 
same time, a performance criteria -
construction system matrix was elaborat
ed to evaluate and aid in the choice of 
compatible construction systems 
systems that would maximize the use of 
local Inuit labor in the construction 
process and be appropriate to arctic 
conditions. 

Socio-Cultural Spatial Analysis 

This analysis was based on the obser
vation of the activities in the household 
where each member was boarding. We 
noted that traditional food (seal meat, 
fish, caribou, etc) in its various forms 
(frozen, boiled, raw or dried) was eaten 
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on the floor near the stove. On the other 
hand, in most cases the Inuit ate white 
man's food (canned food, veal, beef, 
etc.) while sitting on chairs at the table. 

We noticed also that the Inuits' 
notion of crowding differed from that of 
white men's. For example, four or five 
Inuit could sleep comfortably in a bed
room in which three white people would 
find themselves crowded. In existing 
houses the Inuit have 86 square feet per 
person. (In Hong Kong the ratio is 80 
square feet per person.) In the scale 
model tests, the "ideal" houses were 
generally larger than existing houses; the 
Inuit tested proposed houses with 167 to 
187 square feet per person. There was, 
therefore, a definite trend toward larger 
houses with more room. 

A clothes closet and general storage 
area are a different concept, also. For 
example, clothes not actually being worn 
are generally stored in suitcases or boxes 
piled up in clothes closets or stored 
under beds. Thus, there is a need for a 
great deal of storage space as many 
unused or out-of-season small materials 
are stored in the room or left lying about 
outside the house. Snow-mobiles, sleds, 
canoes, and other paraphernalia are often 
left outdoors for lack of covered storage 
space. In the scale model tests, the 
number of storage spaces was doubled 
and clothes closets generally were 
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FIGURE 4. 

eliminated. 

Snow infiltration around a 
door. 

The "pulaarvik" - the central, large 
open space in the house - has a great 
many uses. It serves as a living room, 
dining room, kitchen, playroom, laundry 
room, repair shop and sculpture room. 
The latter two activities, which were 
classified in the psychologist's study on 
internal activities as the two most 
important ones, do, however, create con
flicts with the pulaarvik's use for eating, 
preparation of food and washing of 
clothes. In the scale model tests some 
families proposed a snow-mobile-general 
workshop and some proposed a sculpture 
room. 

The problem of hygiene was one that 
required improvement. At present, the 
"honey-bucket" toilets (a toilet with a 
removable bucket and a plastic bag in
side) are clearly an unacceptable solution 
as many of the plastic bags break before 
they are gathered by the garbage truck. 
The absence of running and hot water 
contributes to non-hygienic conditions 
in the houses. Bathtubs were installed at 
one period, but were removed when they 
were not used for bathing. (They became 
ideal places for the skinning of seal 
meat.) But certainly the lack of running 
and hot water greatly discouraged the 
bathtub's "proper" use. 
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Climatic Analysis 

Since no meteorc:>logical station exists 
in the village and the nearest station is at 
lnujjuaq (Port Harrison). 120 miles to 
the south, the research team gathered 
climatic data for 1972-73 from subjective 
records kept by the Austin Airways agent. 
There, the geographic situation and geo
logical formations are quite different 
from those at Povungnituk, and so it was 
felt that it would be worthwhile to 
gather and analyze the subjective data 
which gave temperature maximums, 
minimums and averages, the wind direc
tion frequencies and speeds. This data 
aided in establishing the limits for the 
best construction period, the orientation 
of the buildings and the temperature 
constraints for the construction system 
and housing envelope. 

Technical Analysis 

We constructed a technical question
naire from a 1969 Ministry of Indian 
Affairs questionnaire (from which no 
data could be found). translated it into 
the Inuit language and distributed it to 
as many families as would agree to fill 
it out. 

The data were analyzed and the fol 
lowing problems were noted: 

1. Instability of walls in high 
winds (prefabricated wall 
panels). 

2. Instability of foundations 
due to gravel pad moisture 
saturation from sink drains 
and from pad erosion 
under foundation blocks, 

3. Air and snow infiltration 
around doors and windows 
(Figures 4 and 5). 

4. Insufficient ventilation in 
summer and winter, and 

5. Malfunctioning door and 
window hardware. 

We also drew up maps of the village 
showing the situation of all the buildings 
during the evolution in the village from 
1952 to 1973. Since the houses are built 
on beams placed upon blocks or rocks on 
the ground, the older houses are moved 
from one place to another frequently. 
These maps helped us to understand the 
circulation patterns, poles of activities, 
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FIGURE 5. Snow infiltration around a 
window. 

and, most important at this stage, the 
location of preferred house sites. We also 
researched the following more general 
technical aspects: 

Transportation 

Transportation of construction 
materials in the Arctic is extremely 
important because it has represented 
approximately 1/3 of the total cost of 
the houses. According to an internal 
Indian Affairs document, the standard 
prefabricated wood panel houses (model 

455) that were used in arctic Quebec in 
1973 cost $7,900.00 delivered dockside 
in Montreal. It cost an additional 
$6,210.00 for their transportation to 
arctic Quebec and another $6,500.00 in 
labor for their erection and finishing. 

Transportation is provided to 
Povungnituk by boats in summer and by 
aircraft all year round. The ice-free 
season in Hudson's Bay extends from 
the end of June or beginning of July to 
the end of September. Thus, normally 
the boats leave Montreal at the beginning 
of June and arrive in Povungnituk near 
the end of August. This means space 
must be reserved on the boats in January 
or February and all material must be 
ready for delivery by the beginning of 
May. These dates impose an accelerated 
research program as the development of 
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any new construction system must be 

planned one year in advance. 

There are also unloading problems 
because of the lack of a deep water dock 
in Povungnituk and in most arctic 
villages. Therefore all goods must be 
unloaded into barges and brought to 
shore; unloading large heavy pieces of 
equipment becomes very difficult. 

Air travel poses other problems due 
mainly to the lack of acceptable airstrips. 
The airstrip at Povungnituk, accessible to 
the village only by 3 miles of permafrost
eroded road, is acceptable only in emer
gencies for the landing of the DC-3; 
otherwise only STO L aircraft, such as the 
Twin Otter, are able to land safely. 

During the summer, airplane access is 
by a World War II Catalina flying boat 
which lands close to the village, qut not 

. close enough. Supplies have to be un
loaded into boats and this limits the size 
and weight of the objects which can be 
unloaded, especially during periods of 
rough water. The access door to the 
Catalina, as well as its hull configuration, 
poses other limitations as to the size and 
weight of the objects that can be handled. 
During the winter, a ski-equipped DC-3 
lands on the ice in the river directly in 
front of the village. Thus, heavy material 
that can be carried by a DC-3 can be 
more easily brought into the village over 
the ice. At the time of this writing, the 
cost of shipping materials by DC-3 is 
$0.80 per pound unless the whole air

craft is leased. 

The Twin Otter can carry 2,000 to 
2,500 pounds, but because it is very 
narrow and has small loading doors, only 
certain sized packages can be inserted 
and extracted. It would cost approxi
mately $0.70 per pound to transport 
material if the plane were loaded to 
capacity, but the 3 miles of transporta
tion over terrible roads from the landing 
strip would have to be considered as 
additional cost and inconvenience. 

There is a period (up to a month and 
a half) during freeze-up and break-up in 
autumn and spring, respectively, when 
few aircraft can enter Povungnituk. At 
this time the Twin Otter and the 
occasional DC-3 which dares to land on 
the airstrip are the only means of com-
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munication with the south. 

Construction Materials 

Povungnituk is situated above the 
tree-line and therefore presents few pos
sibilities for using local materials. The 
only materials that exist are gravel, rocks 
and water. Moss and wild grass were 

experimented with in Alaska (Wik, Page 
and Shank, 1965), but were not satisfac
tory as insulation. As the time was too 
short to develop, test and train a local 
crew in the fabrication of light weight 
concrete panels, we eliminated the pos
sibility of using local materials; all the 
materials were to be imported from the 
south. The remaining step was the selec
tion of the best building system for an 

Inuit construction crew. 

Foundations 

Povungnituk is in a zone of continuous 
permafrost which presents problems for 
stable foundations. One solution is to 
place piles into the permafrost, but this 
method is usually too expensive for 
single-family dwellings. Since the village 
also has a layer of rock very close to the 
surface in many areas, this would require 
concrete foundations which are again too 
expensive for single-family dwellings. 

In two Alaskan studies (Wik et al., 
1965; Alaska State Housing Authority, 
1968). piles were used experimentally 
only and were not recommended as an 
economical solution for foundations. 
Discussions with an engineer from the 
Nordic Engineering section of the Ecole 

Polytechn ique de Montreal brought 
forth no new solutions either. 

It was finally decided to use wooden 
beams on wood block rafts with adjust
able wood wedges for leveling. These are 

placed on a 2-foot deep gravel pad and are 
the standard foundation for houses in 

arctic Quebec. 

Heat Economy 

Because of its location (above the tree· 
line). Povungnituk presently obtains its 
sources of heat from the south. Obvious
ly seal oil is no longer sufficient to heat a 
house to the temperatures to which the 
Inuit are now accustomed. Presently, the 
most economical fuel, considering avail
ability, transportation and basic cost, is 
still heating oil. But with the energy crisis 
making itself felt everywhere, this may 
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soon change and in the meantime there 

are few alternatives. 
Electric heat is not feasible because 

the generators producing the electricity 
run on fuel oil. This is also a less desir
able way of producing heat because 
converting oil to electricity for heating is 
less efficient than burning the oil directly 

for heat. 
After a preliminary investigation, solar 

heating was rejected. The cost of using 
water-circulating collectors was too high 
and there is the necessity of adding 
glycol so that the water does not freeze. 
Glycol, because it is a petroleum product, 
has risen in price; it is a poorer conductor 
of heat; it is more corrosive and its 
density requires a more powerful pump 

to circulate it. 
Even if an air circulating collector 

were used and all those other problems 
eliminated, the collector area becomes 
too large in proportion to the habitable 
floor space. It then becomes too costly 
to build so much collector surface. For 
example, in a house situated in West
brook, Connecticut, latitude 42° N., 50 
per cent of the habitable floor area must 
be exposed to the sun as a collector 
surface in order to furnish 50 per cent of 

the house's heating needs (Barber and 
Watson, 1974). If one applies such a 
system in Povungnituk at a latitude of 
60° N., the collector would reach un
realistic proportions. In addition, one 
would need even more room for energy 

storage for cloudy days. The normal 
methods of storing heat in water or in 
rocks would require extremely stable and 
costly foundations in a permafrost zone. 

Considering the average annual wind 
speed at Povungnituk is 14 m.p.h., wind
mills were investigated briefly for their 
suitability in an arctic context. Unfortu
nately, the commercially available models 
give insufficient energy for the normal 
household needs of an Inuit family and 
there is the problem of ice formation on 
the blades under arctic conditions. 
Hydro-Quebec has been doing some re
search on aerogenerators for isolated 
regions like arctic Quebec, and perhaps 
in the near future an efficient windmill 
may be developed for arctic conditions. 
For the present, we decided not to 
experiment with this source of energy in 
our houses given the short delivery dates 
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FIGURE 6. Section of house concept. 

floor or first level. The cold air, being 

more dense than warm, remains at the 
lower level. The warm air would flow by 
natural convection to the upper levels 
and force the cold air to the first level. 
The high winds of the Arctic necessitated 
an outside porch as a transition to this 
lower level entrance. The porch forms a 
trap for the main thrust of the wind. 

The homeowner would enter a general 

storage and mechanical area which would 
have only the ambient heat of the 
furnace but no direct heat. This space 

would be cooler than the other two 
levels of the house (Figure ~). Thus the 
drinking water in the tanks would remain 
fresh, cool and not change its taste. 

There would be an uninsulated, unheated 

but wind protected, space under the 

second level. This would provide space 
to repair snow mobiles and other equip

ment and would be the Inuit equivalent 

of the southern garage or basement. 

for the boat. 

Insulation 

Povungnituk has a high degree-day 
figure of 17000 and because the heat 

requirements are considerable, the thick
ness and efficiency of insulation in the 

buildings become important aspects. An 
Alaskan study (Wik et al., 1965) showed 
a deficiency in the insulation used in two 
of their four experimental houses. These 
two used 1 inch of Celotex and 2 inches 
of styrofoam in the walls. The two other 
houses used 6 inches of sawdust and 2% 
inches of foamed urethane which gave 
acceptable temperature levels in the 
houses. We explored using polyurethane 

foam insulation which needs a compres

sor, spray gun, and costs $223.00 for 
1,000 square feet as compared to 
$126.00 per 1 ,000 feet for 4 inches of 
fiberglass batt insulation. The cost of 

transporting a compressor to each village, 

the rising cost of all petroleum-based 
products as well as the present high cost 

of polyurethane foam were the factors 
for rejecting it in favor of fiberglass batt 

insulation in the floors and walls. We 

opted for styrofoam in the roof to 

eliminate the need for ventilating the 

roof space to carry away any moisture 
buildup. 

We also thought very seriously of 
using triple windows as suggested in a 

Manitoba study (Lansdown, 1 972), but 

the possibility of window breakage dur

ing shipping was too great and replace
ment too difficult. We were discouraged 

from using plastic instead of glass because 
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wind - blown sand would scratch the 
surface. Indian Affairs had not completed 

their study on different types of plastic 

to replace glass so we proceeded to use 
fixed double glass windows and recom
mended extra precautions for crating. 

Wind Protection 

The wind has an important influence 
on the cooling of a house. A three-level 
house was developed to conserve heat. 
The furnace was located on the entrance 

PORCH 

The house would have a single, sloped 
roof oriented with its lower edge toward 
the south-west since the dominant winds 
during the coldest seasons in Povungnituk 
are from the south and west. 

A door would be located at the first" 
level and an emergency exit at the second 
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Plan of level 1 and storage and work space. 
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FIGURE 8. Plan of levels 2 and 3. FIGURE 9. Section showing levels 1, 2 and 3 and storage-work 
space. 

level. These two doors, on opposite 
sides of the house, would assure that one 
of the doors would always be un
obstructed by snow. 

SELECTION OF A 
CONSTRUCTION SITE 

The architects developed a qualitative 
and a quantitative performance criteria 
matrix to evaluate 34 construction 
systems. The five following systemG 
proved worthy of further study: 

1. conventional wood frame 
construction 

2. wood panels prefabricated 
in the south 

3. fiberglass panels prefabri
cated in the south 

4. wood panels prefabricated 
in the north 

5. wood post and beam with 
fiberglass panels prefabri
cated in the south 

After evaluating these in the quantitative 
performance criteria matrix, three sys
tems were retained: 

1. conventional wood frame 
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construction 
2. wood panels prefabricated 

in the north 
3. fiberglass panels prefabri

cated in the south 

THEORETICAL HOUSE PROTOTYPE 

The family analysis revealed that the 
average family contains 6 persons; that 
there are 3 major family structures 
(nuclear family, two nuclear unit family, 
nuclear family with dependents); and 
that there are three major family sizes 
(4-5, 6-7 and 8-9 persons). We established 
square foot per person requirements on a 
sliding scale. As a family becomes larger, 
its square foot per person requirements 
are less since basic space requirements, 
such as in the kitchen, bathroom and 
mechanical areas, remain the same 
(Weber, 1973). Thus we arrived at 
figures of 170 square feet per person for 
the 4-5 person family, 140 for the 6-7 
family and 125 for the 8-9 family. These 
figures were developed from the scale 
model tested during the summer. 

As was mentioned earlier, a three-level 
house plan was developed. The entrance, 

41 

or first level with its exterior porch, 
creates a double cole! trap similar to the 
traditional "tursuuq" or porch. The 
second level is one large space - the 
"pulaarvik," where eating, entertaining, 
cooking, washing, and other similar 
activities take place. Also situated on this 
level is the "anarvik" or personal hygiene 
room (bathroom). The third level is 
devoted to the "sinivvik" or bedrooms 
which are all small with no closets (see 
Figures 7, 8 & 9). This concept had to 
be verified in the second series of tests 
in the winter. 

SECOND SCALE MODEL TESTS 

Funding for the construction of 3 
houses was obtained from the regional 
office of Indian Affairs and the team 
returned to the village to carry out more 
detailed and intensive scale model tests 
with three families that were to be 
elected by the village community 

council. 
A battery of 4 tests was carried out 

with each family. The first test set no 
limits on the form of the house or its 
volume, but, as in the subsequent 3 tests, 
was limited to the square foot area 
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FIGURE 10. Plan of fiberglass house. 

allotted to each family. The second test 
involved an imposed rectangular or 
circular form depending on which one 
was developed by the family in the first 
test. The first had turned out to be 
rectangular and we subsequently imposed 
a circular form for the second. The third 
test was the three-level house. The fourth 
test was the family's final choice of 
(1) one of the three different plans, 
(2) of a completely new plan, or (3) of 
modification of one of the three plans. 
Two of the three families chose the 
three·level house concept (Figures 7, 8 
and 9). The four people in the third 

family were too few to need a three· 
level house, and thus their third test 
(also their final choice) was a plan with 
angularly turned corners. (This was the 
form limitation imposed by the ·fiber
glass prefabricated panel system we had 
investigated and retained for experimen
tation under arctic conditions [Figures 
10and 11].) 

WORKING DRAWII\IG STAGE 

The team returned from Povungnituk 
with the three plans and the architects 
began with the working drawings. 

-
FIGURE 11. Elevation of fiberglass house. 
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Foundations 

The foundations for the three-level 
houses were wood beams and rafts of 
blocks on a gravel pad stabilized by 
perimeter rocks. The fiberglass house is 
to rest on a concrete slab on a gravel pad 
because its light weight requires firm 
anchoring to resist the high winds. 

Insulation 

Walls 

For the three-level houses, the walls 
are made up of 3% inches of fiberglass 
batt insulation plus 2 layers of %-inch 
insul board (one exterior, one interior) 
giving a U factor of 0.050. The fiberglass 
house has walls and a roof made up of 
two layers of fiberglass with a core of 
2 inches of polyurethane foam giving a U 
factor of 0.078. 

Roof 

The three-level houses have 3 inches 
of styrofoam between two layers of 
5/8-inch plywood giving a U factor of 
0.055. The shingles are nailed and glued 
to resist high winds. 

Floor 

The floor of the three-level houses 
have 6 inches of fiberglass batt insulation 
as suggested in the Manitoba report 
(Lansdown, 1972) giving a U value of 
0.045. The fiberglass house will have a 
6-inch concrete slab on 2 inches of styro
foam on a 2-foot gravel pad. The slab is 
covered with 1 Y, inches of styrofoam 
with wood sleepers on top and a 3/4-inch 
plywood sub-floor giving a U factor of 
0.069. 

Windows 

The windows are double glazed fixed 
glass with louvres above and a wood 
closing panel for ventilation. The panel 

closes on the louvre frame and not in it 
to avoid ice and snow buildup. 

Exterior Doors 

The doors were designed to close on 
the frame and not in the frame, again to 
avoid the ice buildup on the threshold 
and in the jambs. 

Heating 

The heating system is by hot water in 
all three houses in spite of our desire for 
testing other systems. We were overruled 
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by Indian Affairs who ordered the 

materials . 

Water & Sewage 

All houses have running water 
supplied by a pump. Again we were 
overruled by Indian Affairs when we 
proposed a gravity system. There is also 
an oil heated hot water system independ· 
ent of the furnace in the three·level 
houses and integrated into the furnace in 

the fiberglass house. 
The toilets in the three-level houses 

are an organic "humus" toilet that 
requires no water and needs emptying 
twice a year. The toilet in the fiberglass 
house is a "flush-o-matic" which requires 
only one quart of water per flush and 

drains to a heated septic tank. 
The used water from the sinks and 

bathtubs in the three-level houses drains 
to the collecting tank under the sec.ond FIGURE 12. 

Three-level house partially completed showing extension porch, the first and third 
levels and entrance to the unheated wori< space under the second level. 

level and overflows into a pit 75 feet 
from the house. The water flows out 
automatically when it reaches a certain 
level in order to supply a large quantity 
of water to keep the pipe to the well 

from freezing. 

CONSTRUCTION OF THE HOUSES 

The construction of the houses 
started at the end of September, 1974, 
due to the late arrival of the boat. The 
two three-level houses were finished at 
the end of February - beginning of 
March of 1975 (Figures 12, 13 and 14) . 
Indian Affairs is in the process of hiring 
a new contractor to finish the fiberglass 
house which should hopefully be com
pleted this autumn. (The previous 

contractor went bankrupt after pouring 
the concrete slab.) 

The two three-level houses were com
pletely built by an Inuit construction 
team of carpenters and electricians. Only 
the heating and plumbing were installed 
by a white team because of the absence 
of an Inuit heating and plumbing 
specialist, and because of the complexity 
of the heating system. (The Inuit refused 
to have a white foreman indicating that 

they could build the houses themselves.) 

Two of the families have moved in 
and the first analysis of the houses in use 
will soon begin. The cost analysis and 
evaluation of the construction will be 
determined from time sheets kept by the 

Inuit foreman . 
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In general, the work has been very 
well done and proceeded reasonably well 
considering the experimental nature of 
the houses, the Inuits' unfamiliarity with 
the construction system, the late delivery 
date and lack of certain materials. It will 
only be after we analyze the concept and 
the construction system as they are used 
by the families that we will be able to 
appraise the overall success of the 

project . 

Some Problems 

A setback was encountered when the 
wood panels prefabricated in the north 
had to be changed to the conventional 
wood frame. This was due to the lack of 
time, personnel, and budget to set up a 
local prefabricating shop and to train a 
crew in fabrication. This, along with 

FIGURE 13. Side view of the three-level house showing the three levels and the unheated wori< 

space. 
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-OUTER CONTINENTAL SHELF 

PROGRAM - continued from page 6. 

the Gulf of Alaska and Bering Sea are the 
responsibility of the Juneau office, while 

those in the Beaufort and Chukchi Seas 
come under the Fairbanks office. 

Of particular interest to readers of 
The Northern Engineer may be the ice
related projects which are presently being 

conducted . Ice is the dominant element 
in the Beaufort Sea year-round and, to 
study its behavior and characteristics, a 
number of projects were funded. At 
present, through a contract with the 
Nat ional Data Buoy Office, air-droppable 
buoys, which will be parachuted down to 
the ice, are being developed. These will 
be deployed this fall to report their FIGURE 14. View from the west showing second level, emergency exit door, stairs and plat· 

form for oil tank . positions in the ice shear zone along the 
Beaufort Sea coast via satellite, and some 
special buoys will also transmit meteor· 
ological data . A four·man camp is be ing 
built at the Naval Arctic Resea rch 
Laboratory at Barrow for installation on 
Narwhal Island , off Prudhoe Bay. A 
radar system at that camp will measure 
the deformation and movement of both 
the ice in the shear zone and the land -fast 
ice . Remote-sensing flights along the 
entire Beaufort Sea coast, to be carried 

out routinely by two USGS aircraft - a 
Mohawk with SLAR (side-looking air· 
borne radar) and a Cessna 31 0 with 
infrared scanner and mapping camera -

have begun . Field experiments on the 
creep of sea ice and the mechanisms that 
build pressure ridges in shore-fast ice 
have been conducted . The extent of land· 
fast ice is being mapped from satellite 
photos. 

Offshore permafrost is one of the 
greatest hazards facing offshore struc· 
tures. An early drilling effort in Prudhoe 
Bay, in which several holes were drilled 
into the ocean bottom in shallow water, 
showed distinct horizons between un
bonded and bonded permafrost . Core 
analysis and modelling of the offshore 
permafrost are progressing. Seismic 
refraction studies aboard the USGS ship 

Karluk supplement these studies. 

Dr. Weller is the Project Manager for the OCS 
Arctic Project Office. He is also a Professor of 
Geophysics, Geophysical Institute, University 
of Alaska , Fairbanks. 
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inability to complete the fiberglass house, 
has limited the validity of the total 
experience . Yet the two completed 
houses have had a positive affect on the 
population , not only because the Inuit 
were directly involved in the design 
process, but also because an almost 
totally Inuit team was used for the 
greatest part of the construct ion process. 

The project had other problems. 
Major among them was that the research
ers were catapulted into the construction 
phase without having been able to 
develop an appropriate construct ion 
system. However , all of the initial objec
tives were realized to varying degrees 
with the exception of the generic house 
des ign . The data exist for its develop
ment, but will have to wait for a future 
project for its elaboration. However, the 
construction of the experimental houses 
is a very important source of information, 
as much from the socio-cultural point of 
view as from the technical. 

The future holds great promise for the 
autonomy of the Inuit in the design, 
construction and management of their 
own houses . This experience has been, 
we hope, the first small step in this 
direction. 
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CORRECTIONS & ADDITIONS to the 

COPPER RIVER & NWRR STORY 

In the last issue of The Northern Engi
neer (Summer 1975) we incorrectly 
stated that all the photographs which 
accompanied Woodrow Johansen's 
article, "The Copper River & North
western Railroad," were reproductions of 
photos from the Alaska-Yukon magazine. 
Mr. Johansen informed us that several of 
the photographs were from the private 
collections of personal friends - Mrs. 
Phyllis Carlson, who is with the Loussac 
Anchorage Public Library, and Frank 
Burns, from Cordova, who is a retired 
employee of the CR & NWR R and the 
Alaska Steamship Company. We apolo
gize to these persons and to Mr. Johansen 
for not being more careful with the 
credits. 

As an interesting follow-up on Mr. 
Johansen's article, we invite you to ob· 

Bire's Book 
A"aila61e 

Long anticipated by readers of The 
Northern Engineer, Dr. Rice's book, 
"Building in the North," is now available 
for sale. The price of the magazine is $4. 
The booklet is a collection of Dr. Rice's 
articles on building the "Ideal Arctic 
House" which have appeared in TNE 
over the last three years. We will try to 
have the magazine placed in bookstores 
around the State, but for the moment, 
you may obtain a copy by writing THE 
EDITOR, THE NORTHERN ENGI
NEER, GEOPHYSICAL INSTITUTE, 
UNIVERSITY OF ALASKA, FAIR
BANKS, ALASKA 99701, USA. Please 
make your checks payable to the Geo
physical Institute. The booklet contains 
68 pages. 
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tain a copy of the U.S. Bureau of Mines 
Information Circular 8602 (1973) by 
R. P. Maloney and R. G. Bottge entitled, 
"Estimated Costs to Produce Copper at 
Kennicott, Alaska." The circular is full of 
pertinent information, but the conclusion 

is especially noteworthy: 

"If the Kennicott Mines near 

McCarthy, Alaska, were dis

covered today, they would be 

economically viable assuming a 

public road was provided from 

McCarthy to tidewater. The 

mine, mill and support complex 

costing $37.6 million would re
quire revenues of $20.5 million 

to maintain a 12 per cent dis· 

counted cash flow. The addition 

of a 148-mile private road would 

require an additional $53.3 mil

lion in capital and would require 

revenues of $33.9 million. 

"Copper - silver concentrates 

from the mine could be trucked 
over public roads from McCarthy, 

Alaska, to Valdez, Alaska, barged 

to Tacoma, Washington, smelted 

and refined for 34.7 cents per 

pound of copper and 104.0 

cents per ounce of silver. If the 

company is required to build, 

maintain and pay taxes on a 148-

mile private road from McCarthy 

to Valdez, the required price 

would increase to 57.4 cents per 

pound for copper and 172.0 cents 

per ounce for silver. Thus, in a 

day when the average grade of 

copper mined in underground 

mines in the United States was 

0.75 per cent, a mine having 12.8 

per cent copper could not be 

economically mined near Mc

Carthy without the benefit af a 
public road." 

-Editor 

Announ~eDient 
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German Society of Polar Research 

Invites You 

to the 

10th International Polar Meeting 1976 

in Zurich, Switzerland 

April 6-8, 1976 

CLIMATE & ENVIRONMENT 

OF GLACIATED REGIONS 

For additional information, please write: 

Deutsche Gesellschaft 

fur Polarforschung 
c/o lnstitut fur Geophysik 

D-44 Munster/Westf 

Gievenbecker Weg 61 
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Letters to the Editor 
(A copy of this letter was submitted as a Letter to the Editor.) 

Mr. Lewis Robertson 

Phil/eo Engineering and Architectural Service 
529 6th Avenue 

Fairbanks, AK. 

Dear Mr. Robertson: 

I found your article "We Can Use Our Wilderness and Have It Too: An 

Opinion On Building the New State Capital" in the Spring 1975 issue 

of The Northern Engineer very interesting. The opportunity to start a 

completely new community from scratch does not occur often and 
should be explored to the fullest. 

The objectives of your plan, concentrating development, maintaining 

most of the site in its natural state, minimizing private vehicular traffic, 

grouping activity centers and encouraging light industry, are commend

able. But they can only be accomplished in a situation such as this. 

Being an architect you are undoubtedly aware of the work Paolo Soleri 

has been doing in Arizona for many years. His arcologies (architecture 
+ ecology), single-structure cities for 3,000 to 3 million people, are 

certainly visionary. Unfortunately they have also been considered 
impractical and thus have been left untested. 

The parallel between your proposal for Alaska and Soleri's many 

proposals for everywhere is too close to miss. Your objectives are also 
his, although he refers to compactness and miniaturization. 

"We I iterally waste away inside (cities 

which are) gigantic pancakes of sluggish

ness and confusion, noise and pollution, of 
quite a flagrantly inhuman kind." 

"What I propose is the complete opposite. 
It is a relatively large, three-dimensional 
structure which is a fraction of the total 

bulk of an equivalent flat city. A Phoenix, 
which instead of encroaching on good farm 

land for 200-300 square miles, stands 
identifiable, positive, comprehensible, bold 

and efficiently performing on 3-4 square 

miles in a sea of public grounds and parks." 

The quote, taken from Soleri's book Matter Becoming Spirit, refers to 
Phoenix, but could as well refer to the new capital of Alaska. 

I admire the breadth of vision shown by your proposal, but feel that 
you have gone only halfway; your housing is still in rows which have 
greater heat loss than necessary and require venturing outside to go to 

the store or office; your transportation is underground and sheltered, 

but is still required to get to the covered plaza for shopping and 

socializing. Carrying your idea a few steps further would result in one 

weather-protection envelope for the entire town with much greater 

efficiency, one short walk to town center/neighbors/shopping, large 
interior spaces in which to enjoy "outdoor" activities in inclement 

weather, all this and in addition there would still be 98 per cent of the 
site in its natural condition only a few steps away. 
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No, this wouldn't be like living in an enormous apartment building, 

but rather like living in a huge circus tent, with private dwellings in 

one or several areas, public spaces in another, offices in another, etc. 
... all close enough to walk or bicycle to without a parka. 

The opportunity presented by the relocation of Alaska's capital is too 

great to let pass without exploring all possible choices. Knowing that 

Soleri was investigating a self-contained city at a hypothetical site in 

British Columbia (among others) I suggested that he contact Alaska's 

Capital Site Selection Committee. I hope this contact bears fruit. 

Sincerely, 

RALPH KRATZ 

Martens/Kratz & Associates 

Structural & Civil Engineers 

533 12th Ave. East 

Seattle, WA 98102 

Dear Editor: 

I have just finished reading the interesting article by Gil Zemansky 
entitled, "Waste Water and Alyeska: North of the Yukon River." 

Mr. Zemansky states that he was transferred and terminated in 

February 1975. He infers that he was fired because he was trying to 

enforce regulations in regard to waste water treatment. If this is true, it 

is certainly regrettable because we need all of the "fighters" we can 
muster for a good clean environment. 

It is understandable that Mr. Zemansky may be bitter toward cer

tain governmental regulatory agencies and oil companies in general. 

However, in our present over-regulated society nothing works as 

smoothly and as fairly as we wish it would. Most of us continue to try 

to make our system work in spite of its defects. Perhaps Mr. Zemansky 

has under-estimated the effect of political turn-overs on permit issuance 

and enforcement. He certainly hasn't given Alyeska any credit for hav

ing spent considerable amounts of money on the very best waste treat
ment facilities available_ 

I specifically take exception to Mr. Zemansky's 5th conclusion. He 
infers that environmental and health laws and stipulations have been 

set aside for the benefit of Alyeska's economic interest. This type of 

mis-information is designed to divide our people and turn popular 
opinion more and more against the oil companies_ His solution to 

problems and frustrations of our present day society is more legislation, 
public notices, mass meetings, etc. 

My response to Mr. Zemansky is that we would all be better off if 
we tried harder to make our system of government work than to be 
super-critical about its deficiencies. 

In closing, I want to say that I am an employee of the oil industry. 
I am also a member of the Audubon Society, Sierra Club and National 

Federation of Wildlife. I am equally proud of all the foregoing affilia
tions. 

Yours very truly, 

William P. Stokes 

3833 Colgate 

Dallas, Texas 75225 

The Northern Engineer 
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