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MANY ODDS, SOME ENDS: Time Passing 

This issue of The Northern Engineer wasn't supposed to have a particular theme; it was going 
to be a typical summer issue, a little of this, a little of that. So, in a way, it is-but it also seems to 
have congealed around the central feature of time. 

Consider: our cover feature harkens back to one of the oldest buildings in Alaska, now recon
structed -by largely authentic period techniques -behind the University of Alaska Museum, one 
of the newest buildings on the Fairbanks campus. The old blockhouse was so cleverly put 
together that some Museum staffers think it could stand up to being rammed by an eighteen
wheeler; it would skid off its foundations, but not come apart. 

At the other temporal extreme, we have a predictive report of what Alaska's development 
patterns may be until well into the next century. On a slightly narrower frame, both for time and 
space, is an article discussing what may transpire in Norton Sound's future from petroleum 
development--if any. Another 'if any' is implicit in the study of coal liquefaction byproducts; 
the need to deal appropriately with these substances could affect how Alaska's coal may be 
processed in the future. 

The relation of the future to what is being done now is perhaps most clear in the articles on 
aspects of residential design. Economides and Seifert come to strenuously opposing views about 
how much insulation is enough, based largely on their differing views of calculating cost against 
time; they consider different durations as being appropriate for the real life of a home. 

The Ross article makes certain assumptions about the future--for example, that both village 
life and energy efficiency will continue to be important in the north--but comes to this issue with 
an interesting past. The design was part of a competition devised and sponsored by the Alaska 
Energy Center, and upon the Energy Center's demise, it joined the other entries in the Alaska 
Division of Energy and Power Development files. During this past session, the Legislature decided 
that the Division had also outlived its usefulness. The housing design competition portion of their 
files came to TNE and after we publish each design, it will in turn be transferred to the files of the 
Energy Specialist for the Cooperative Extension Service here at UAF. Thus the designs will be 
preserved for the immediate future, anyway. 

Those of you who like to think that time makes sweeping circles may note that reconstruction 
of the Russian blockhouse mentioned above was made possible by action of the same legislative 
session that closed down the Division of Energy and Power Development. 

Those of you who don't much care for considering sweeps and circles may note simply that 
time brings changes. On that point, we draw your attention to some new names on our staff listing 
and the absence of a familiar one. Teri Lucara has left The Northern Engineer to manage the firm 
of Campus Photography in Fairbanks. She has been replaced by two people, which is not only a 
tribute to her considerable skill and efficiency but also an indication of our wider workload. 
Barbara Mecum, our new subscription manager, is also chiefly responsible for the Geophysical 
Institute's Quarterly newsletter and the various brochures which we prepare for the Institute; 
Paula Jones is not only our typesetter, she is typesetting Neil Davis's new book on energy and 
helping with its layout-as well as continuing to see that Alaskan and Canadian newspapers receive 
their copies of the Science Forum articles. 

In some ways it is possible to see the past. From our office windows, for example, we can 
catch sight of the old blockhouse's new roof peeking through the trees. But no matter what the 
songs say, even on the clearest days you can't see forever. Tomorrow is hazy, and next week is 
downright vague. Many of our authors in this issue 
have come up with ways to improve our ability to 
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The still-unsheathed roof timbers of the Kolmakovskiy blockhouse as they 

looked early this past spring (article, p. 18). The Russian soldiers who first con· 
structed the blockhouse did not intend to build for the ages; that they seem to 
have done so is a mark not only of their skills and techniques, but also perhaps 

12 
of their wary respect for the Kuskokwim River peoples among whom they lived. 
(UA Museum photo by Barry McWayne.) 
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RESOLVING SOME PARADOXES AND 
MISUNDERSTANDINGS ABOUT 
NORTON BASIN OIL AND GAS LEASING 

by Arion R. Tussing, Kevin Waring, 
and Connie C. Barlow 

BACKGROUND 

In December 1982, the Rural Alaska 
Community Action Program (RurALCAP) 
and Nunam Kitlutsisti, Inc., engaged us to 
help the communities of the Calista re
gion (the Yukon-Kuskokwim delta, south 
of Norton Sound) develop plans for cop
ing with the social and economic impacts 
of federal offshore oil and gas leasing in 
Norton Sound. 

In preparing our recommendations, 
we had to confront a seeming paradox: 
According to the resource and economic 
analyses published by the U.S. Depart
ment of the Interior, the likelihood of 
commercial petroleum discoveries in 
Norton Basin was relatively poor; many 
oil-industry geologists also regarded the 
area as one of the least interesting of 
Alaska's Outer Continental Shelf (OCS) 
provinces. In an earlier study, we had 
concluded that the government's own re
source assessment implied that the 
prospective national benefits from the 
sale might not cover even the adminis
trative costs of holding it. 

However, the Interior Department's 
Environmental Impact Statement for 
OCS lease sale No. 57, scheduled for March 
1983, set out scenarios in which consider
able petroleum development would in 
fact occur, causing substantial economic 
effects on coastal communities around 

Norton Sound (either beneficial or ad
verse, depending on one's point of view). 
Concern about these impacts, as well as 
potential damage to marine life, gener
ated vigorous local opposition to the 
planned lease sale and a flurry of political 
uproar in Alaska over the attitude of state 
officials toward the sale. 

Despite the seemingly poor prospect 
of commercial discoveries, and despite 
the local protests and threatened lawsuits, 
the sale was held as planned. The Exxon 
Company U.S.A. (sometimes in partner
ship with a French company, Elf Aqui
taine) dominated the bidding, apparently 
winning 91 percent of the tracts sold with 
high bids of almost $300 million. 

The present article, updated to reflect 
the results of the March sale, is part of a 
report submitted to RurALCAP and 
Nunam Kitlutsisti a few weeks earlier, and 
sets out a framework for understanding 
the motivations of the government and 
the oil companies with respect to explor
ation of Norton Basin. 

WHY LEASE OR EXPLORE 
NORTON BASIN? 

The Norton Basin is a relatively un
promising area for oil and gas discoveries. 
Among the 18 planning areas throughout 
the United States Outer Continental 

Arion R. Tussing is professor ofeconomics at the University ofAlaska's Institute of 
Social and Economic Research, Anchorage, and president of ARTA, Inc., Seattle; 
Kevin Waring is an Anchorage community planner; and Connie C. Barlow is with 
ARTA, Inc. in Juneau. 
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Satellite view of Norton Sound, 18 February 1979, showing the severe ice conditions that oil and gas exploration companies will 
encounter. Nome is at upper left on the Seward Peninsula, the Yukon River delta at lower right. (Landsat 3 photo, MSS Band 5, 
#30350·21484, Landsat Library, Geophysical Institute, UAF.) 

Shelf which the Interior Department 
compared in its March 1982 Secretarial 
Issue Document,1 Norton Basin ranked 
15th in "estimates of expected hydrocar· 
bon resources." Because of the combina
tion of unpromising geology and relative 
inaccessibility, Norton Basin was tied for 
last place among the 18 planning areas in 

"expected net economic benefit per bar The SID cites a National Petroleum 
rel." It was likewise tied for last place in Council report which assigned only a 57 
"residual value per barrel."* percent probability that any hydrocarbons 

*In the Sl D, "expected net economic benefit" is the difference between the expected market value 
of oil and gas produced, and the expected cost of labor, capital, and materials needed to produce 
and deliver it to market. "Expected residual value" is the maximum potential gain to oil producers, 
i.e., 'net economic value' less royalties and production taxes. This figure therefore defines the 
maximum amount a producer could prudently bid to acquire a given lease. 
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It is possible - even probable - that the OCS lease 

sales in Norton Basin ... will never lead to any commercial oil 


or gas development or production. 


(whether economic to produce or not) 
would be found in the area. These early
1982 assessments, moreover, depended 
on assumptions about future oil prices 
that now seem unrealistically high. 2 

According to Interior Department 
Minerals Management Service personnel 
we interviewed in December 1982, the 
United States Geological Survey (USGS) 
had further downgraded its oil-resource 
estimates for Norton Basin relative to the 
USGS figures used in the SID. Oil-compa
ny authorities in Alaska that we consulted 
in December 1982 and January 1983 
agreed, at least in principle, with the 
Interior Department's pessimism about 
the crude-oil potential of Norton Basin. 

The outlook for production of natural 
gas in Norton Basin is even less promising. 
Gas resources may be present, but there 
seems to be a complete consensus in gov
ernment and industry that the high cost 
of building a pipeline or liquefied natural 
gas terminal precludes any natural gas de
velopment in the foreseeable future. This 
judgment does not necessarily rule out the 
discovery or development of small onshore 
gas fields capable of serving local demand 
(along the lines of the Barrow gas field). 
Such discoveries are not likely to flow from 
OCS leasing activity, however. 

Why Bother, Then? 

Norton Basin oil exploration is unques
tionably a long-shot venture. Why did most 
oil companies active in Alaska (including 
companies that did not bid in the March 
sale) and the Department of Interior none
theless argue that the Norton Basin sales 
should stay in the five-year OCS leasing 
program? 

One company official pointedly ex
pressed the industry view: "If we turned 
our backs on every low-probability pros
pect, we would soon be out of the oil 
business." From the federal government's 
standpoint, the greater the number of 
marginal areas it includes in its leasing 
schedule, the better is the chance that 

hydrocarbons will be found in at least a 
few of them. By holding 50 lease sales in 
areas having an average discovery expecta
tion in the 10 percent probability range, 
for example, the Interior Department can 
reasonably expect production from about 
five such sales. Thus, with the nation still 
concerned about dependence on imported 
oil, and the federal government grappling 
with huge annual deficits, it does not fol
low that the Interior Department should 
delete a sale simply because the odds of 
success are low. 

How Much Is the Ante, and Who's in the 
Game? 

Moving one step further, from the de
cision to support a lease sale in Norton 
Sound to the actual sale itself, how did the 
resource assessment affect who would play 
and the amount they were willing to bet? 

First, petroleum geology and petroleum 
engineering are not exact sciences. Even if 
geologists and engineers from the various 
oil companies had access to identical geo
physical and geological data, they would 
formulate different conclusions about the 
probable amount of oil and gas to be dis
covered on each lease tract, and on the 
probable cost of producing it. An individ
ual company's decisions on whether and 
how much to bid for a particular property 
also vary with its overall business strategy, 
commitment to the region in question, 
capital availability and cost, tax position, 
alternate investment opportunities, and 
expectations about long-term energy-price 
trends. The different companies differ in 
all these matters, which combine with 
their different resource estimates to pro
duce near-chaotic patterns in OCS lease 
sales (as happened, for example, in the 
recent Diapir Field sale in the Beaufort 
Sea). Different tracts not only tend to 
attract widely different numbers of bid
ders, but the dollar bids on a single tract 
frequently differ by one or even two orders 
of magnitude. 

Second, the bidding process awards 
leases to the most optimistic firms. Dif
ferent teams of geologists and engineers 
inevitably have very different assessments 
of a given area, so somebody may be will
ing to pay for oil-exploration rights even 
in areas about which the Interior Depart
ment and most of the companies are 
exceedingly pessimistic. 

Third, Norton Basin has some real at
tractions as an exploration target, not
withstanding its generally unpromising 
geology. It is one of the biggest unexplored 
sedimentary basins under United States 
jurisdiction, and geophysical data indicate 
that if oil is present in commercial quan
tities, it will probably be found in one or 
a very few huge, already-identified "struc
tures," rather than in "subtle" traps or 
in numerous disconnected reservoirs. Two 
geologists in different organizations, both 
of whom have specialized in Bering Sea 
petroleum-exploration issues for several 
years, told us that at least half of the 
crude oil reserves of Norton Basin were 
likely to be found in the single largest 
reservoir, and within the first two or 
three years of drilling. 

It appears, therefore, that the industry 
may be able to get a pretty fair picture of 
the region's total resource potential by 
drilling a few test wells on the most prom
ising sites. If nothing turns up in one such 
round of exploration drilling, the Norton 
Basin is likely to be abandoned until and 
unless new geological insights and new ex
ploration tools justify another try- maybe 
a decade or a generation later. 

Fourth, oil exploration is always a 
gamble, and exploration in rank "wildcat" 
areas (especially frontier areas like Nor
ton Sound) is almost always a long-shot 
gamble. Whether industry regards it as a 
"fair gamble," however, depends on both 
the probability of profitable discoveries 
and the cost of entering the game. (A 
"fair gamble" is one in which, repeated 
with the same stakes a great enough num-
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ber of times, the bettor is no worse off 
than when he began, i.e., two-to-one odds 
on a single flip of a coin, or 36-to-one 
odds on rolling "snake eyes.") 

The remoteness of Norton Basin and 
other arctic and subarctic frontier prov
inces, the extreme weather, ice conditions, 
and a host of unknowns will make the 
cost of mobilizing equipment and mate
rials, and then operating there, exception
ally high. There are, nevertheless, a number 
of ways in which the successful bidders can 
expect to limit their financial exposure 
sufficiently to make long-shot ventures 
appear to be reasonably good bets. 

Companies such as Exxon, Arco, Shell, 
and Sohio, which are contemplating any 
other prospect in the Bering Sea region 
(the St. George or Navarin basins, for ex
ample) must invest in a supply system, 
mobilization of rigs and manpower, and 
the know-how to operate in the region's 
horrible weather, ice, and sea conditions, 
regardless of whether they also decide to 
venture into another part of the region. 
For such companies, therefore, the added 
cost of mounting an exploration program 
for, say, Norton Basin may not be excessive. 

Each company has some direct influ
ence over one crucial exploration expense, 
namely the cost of lease acquisition, be
cause it never needs to bid any more for 
a tract than seems economically warran
ted, given the area's geology and expected 
operating costs. Thus, if all potential bid
ders had agreed with the U.S. Geological 
Survey that Norton Sound was a low
promise, high-cost region, no one would 
have ended up spending much on lease 
acquisition. Exxon's high bids, and the 
amount of money Exxon "left on the 
table" (the amount by which its high bids 
exceeded the second-highest bids) indica
ted, first, that no other company thought 
nearly as much of the area's potential as 
Exxon did, and second, that Exxon was 
largely unaware of the pessimism of every
body else, and spent far more than it had 
to spend to obtain the acreage. 

Finally, current practice is for two or 
more companies to form joint bidding 
ventures. Exxon was joined by Elf Aqui
taine in many of its successful bids, and 
several other combinations of companies 
participated in the bidding (albeit unsuc
cessfully in most cases). The successful 
combinations, in addition to Exxon-Elf, 

were Chevron and Sohio; Amoco, Shell, 
Murphy and Odeco; Arco and Union; and 
Arco, Placid, Texaco and Union. The suc
cessful bidders in OCS lease sales, more
over, often invite other companies (who 
may or may not have bid) to participate 
in joint exploration ventures. Subse
quently all of the groups of companies 
that plan to explore a given structure will 
form an "exploration unit" whereby ex
ploration activities are streamlined and 
costs are shared. All three levels of com
mon enterprise reduce the financial risks 
faced by any one firm in a high-cost, 
highly speculative exploration venture. 

Summary 

Overall, then, most government and 
oil-industry experts regard Norton Basin 
as a marginal prospect for commercial 
discoveries of hydrocarbons. The num
ber of companies and groups ofcompanies 
that bid were predictably fewer and the 
winning bids were, despite Exxon's rela
tive lavishness, far smaller than in a typi
cal Gulf of Mexico sale or in the 1982 
sale in the Beaufort Sea's Diapir Field. 
(Sale #57 did not attract any bids at all 
on 354 out of the 418 parcels offered.) 
But the nature of the oil business, the 
institutional arrangements for reducing 
financial risks, and the interest of the fed
eral government in lease revenues and 
domestic oil production, mean that both 
industry and government officials were 
convinced that Norton Sound was worth 
a try. 

From a strictly fiscal point of view, 
the March results seem to vindicate In
terior Secretary Watt's stubbornness in 
carrying out the lease sale despite the pes
simistic resource assessments published 
by his own subordinates. It will be some 
time before we know whether the opti
mism Exxon showed in its bids will be 
similarly vindicated. 

MISCONCEPTIONS 

Our findings about the probable effects 
of Outer Continental Shelf petroleum leas
ing in the Norton Basin contrast sharply 
with certain assumptions which may have 
sharpened the controversy over sale No. 57. 
Two potential sources of confusion seem 
to be (1) the Interior Department's Draft 
and Final Environmental Impact State
ments (DE IS and FE IS), and (2} precedents 

set by petroleum development on the 
Kenai Peninsula, the North Slope, and 
other areas in and outside of Alaska. 

Environmental Impact Statements 

Federal government Environmental Im
pact Statements deal with possible rather 
than probable impacts. For this reason, 
the "scenarios" they set out describe 
what might happen, given a set of assump
tions. This is also true of many of the 
source documents for the EIS, including 
the series of reports that Dames and 
Moore, Inc., prepared for the Interior 
Department on Bering Sea petroleum 
development. Since these documents are 
the handiest development scenarios on 
the proposed lease sales, people tend to 
assume that the events in them will hap
pen if the lease sales are carried out. 

Examples from Elsewhere 

It may be natural for planners and other 
interested parties to suppose that petro
leum development in Norton Basin will 
repeat the experiences of other areas in 
Alaska, say, the North Slope or Kenai Pen
insula. The combination of geological, 
geographic, economic, and social circum
stances in each frontier area is completely 
distinctive, however, and there is no other 
area, in Alaska or elsewhere, whose his
tory is very useful as a guide to predicting 
or planning for developments in Norton 
Basin. 

The following illustrate some of the 
key differences from other petroleum 
provinces in Alaska. 

Prudhoe Bay. Neither the state of Alas
ka nor any local government around 
Norton Sound will have the planning, 
regulatory, or taxing powers that the state 
and the North Slope Borough have had 
over operations in the vicinity of Prudhoe 
Bay. Nor will Norton Basin operations en
tail big capital investments like those 
associated with construction of the trans
Alaska pipeline (TAPS) and Prudhoe Bay 
field development, which created both 
temporary and lasting on-site jobs. Final
ly, Norton Sound communities will not 
become stepping stones, as the established 
onshore bases at Prudhoe Bay have been, 
to expanding operations in promising ad
jacent regions, both onshore and offshore. 

For these reasons, the Norton Basin 
will never generate the extraordinary pri-
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vate investments or local public revenues 
that account for the impact of North 
Slope oil development on that region's 
economy and communities. 

Kenai Peninsula. Norton Sound oil and 
gas will not confront the favorable eco
nomics that attracted a variety of petro
leum-based industrial plants to the western 
Kenai Peninsula. Further, the Norton 
Sound communities do not offer the hos
pitable business and living conditions that 
made the Kenai-North Kenai area attrac
tive to industry and its workforce. 

Gulf of Alaska. The past situation most 
parallel to Norton Sound may be that of 
the eastern Gulf of Alaska, where the In
terior Department conducted a lease sale 
that was followed by three seasons of 
exploratory drilling far offshore. During 
this time the activity was nearly invisible 
onshore (except at Yakutat, where the 
operators transferred personnel and ma
terials to helicopters and service boats). 
and after the companies found nothing 
worth developing, they disappeared al
most without a trace. 

Yakutat captured the limited role it 
did play only because it had a strategic 
monopoly of feasible shoreside base sites 
in an area where exceptionally heavy seas 
demanded shore-based supply operations. 
The companies do not have the same 
need for an onshore base in Norton Basin; 
and no site in the region has the special 
attractions that Yakutat had. Existing 
facilities at Nome, however, give it a size
able advantage in attracting whatever 
transfer or storage activities can or must 
be carried out on land. 

THE ECONOMIC IMPACT OUTLOOK 
IN BRIEF 

Oil-industry activity in Norton Basin 
will have almost no perceptible onshore 
economic or socio-cultural impact, good 
or bad, in the Calista or Bering Straits 
regions during an initial mobilization pe
riod that will last for about five years 
after Sale 57. 

Discovery Prospects 

It is possible -even probable -that the 
OCS lease sales in Norton Basin (Sales 57 
and 100) will never lead to any commer
cial oil or gas development or production. 
It is not clear, then, that these lease sales 

will cause any local social or economic 
disruption, or offer the people of the re
gion any significant local employment or 
business opportunities. 

Uncertainty 

Even if the scheduled and proposed oil 
and gas lease sales in Norton Basin do 
lead to commercial petroleum produc
tion, no one knows how much oil will be 
discovered, in how many different fields, 
or where. As a result, no one can predict 
with any confidence what facilities and 
how many workers will be required for 
development and field operations, what 
kind of crude-oil loading terminals will 
be built and where, or the size, kind, and 
location of onshore support bases, if any. 
Despite these uncertainties, we have con
siderable confidence making some gener
alizations. 

Natural-Gas Development 

Even if there are very large natural-gas 
discoveries in Norton Basin, high trans
portation costs will make the gas uneco

nomical to develop for production at any 
time in the foreseeable future. 

Labor Requirements 

Even if the scheduled and planned 
OCS lease sales did lead to commercial 
crude-oil discoveries, the workers directly 
involved in Norton Basin would number 
in the hundreds at most, even at the peak 
of development activity {perhaps 8 to 10 
years after the initial sale). The bulk of 
the workers would be skilled technicians, 
and would either be based on drilling rigs, 
platforms, and other marine vessels, or 
would be shuttled in from outside the 
region. 

For permanent jobs, however, the oil 
companies nearly always prefer to em
ploy people who are at home with the 
cultural, climatic, and other conditions of 
the area. Even so, the number of lasting 
local onshore jobs around Norton Sound 
probably never would exceed 5 to 10 per
cent of the maximum employment 
requirements. 

Service Bases 

Even if the scheduled and planned OCS 
lease sales did lead to commercial crude
oil discoveries, there may nevertheless be 
no need or practical use for onshore sup-

port-service bases in the Norton Sound 
region. If service bases are established, the 
probability is considerably greater than 
50 percent that they will be somewhere 
other than in the Calista region, probably 
at or near Nome. 

Crude-Oil Terminals 

Again, even if the planned and sched
uled OCS lease sales did lead to commer
cial crude-oil discoveries, it is most likely 
that all crude oil would be loaded into 
tankers at offshore terminals, and that 
there would be no onshore crude-oil stor
age or loading facilities. Even if such on
shore terminals were built, moreover, there 
is little chance that any would be located 
in the Calista region. 

Industrial Development 

It has not yet proved economic to 
establish export refineries, petrochemical 
plants, or other energy-intensive indus
tries using Prudhoe Bay oil or gas any
where along TAPS, despite the abundance 
of feedstock and a geographic situation 
far superior to Norton Sound. Thus, 
there is virtually no chance that Norton 
Basin oil or gas production would lead to 
major industrial investments in the fore
seeable future. 

There is one remote possibility worth 
mentioning: in the rather unlikely event 
that oil from Norton Sound wells was 
brought onshore for separation, condition
ing and/or storage, it might be economical 
to operate a small barge-mounted "top
ping plant" (a very simple refinery) to 
produce diesel and heating oil for local 
use, or to generate electricity for local 
distribution from waste products or from 
gas that would otherwise be flared or 
reinjected. 

REFERENCES 
1 United States Department of the In

terior, Office of the OCS Programs 
Coordinator. 1982. Secretarial Issue 
Document, Tentative Proposed Final 
5-year OCS Leasing Program, March 1, 
1982. 

2 For a detailed review of the resource 
and economic assessments in the SID, 
see ARTA, Inc., Economics of the Pro
posed Norton Sound OCS Oil and Gas 
Lease Sale. Prepared for RurALCAP, 
April 7, 1982. + 
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A HOUSE FOR RURAL ALASKA 

by John F. Ross 

The following article comes from the Energy Center-Division 
of Energy and Power Development contest discussed in this issue's 
editorial. Mr. Ross submitted two designs in the competition; this 
one was withdrawn when he learned that there was a limit of one 

entry per designer. (The other design, in 
another category, was a competition'iT 
winner.) The materials from which this 

~ 11 1 11 ~ 11 ~} 11 11 11 n article was taken are now available for 
inspectionat the office of the Cooperative ... 1 .... II 
Extension Service Energy Specialist. 

For p eople living in the Arctic, an en
ergy-efficient home becomes extremely 
important. One such home, specifically 0 :1 /; 
planned with straightforward energy con~ 	 servation features, was designed for 
rural areas in Alaska and could be built 
even on permafrost. The roughly cubical 
shape minimizes exterior surface areas to 
reduce potential heat loss. The largest 
wall, wh ich contains the biggest window[]0 	 rn area, faces south to take advantage of 
passive solar heating. The smallest wall, 
which is windowless, faces north, since 
winter winds come from this direction '~ 4 x 8 Sheets of Plywood, Stained Dark } 
in many of the northern and coastal rural 1x4 Cedar Trim Boards Cover Horizontal 

Plywood Joints areas of the state. The sloping metal roof 
also allo ws wind scour, so there is little 
snow aceumulation.v "'< [Y ~v "'< 

SOUTH ELEVATION 

John F. Ross, AlA, is the principal of the firm J.F. Ross architect/planner in Anchorage, Alaska. He holds a Bachelor's ofArchi
tecture degree from the University ofCalifornia Berkeley and a Master's ofArchitecture degree from University ofBritish Columbia, 
Vancouver. From 1972-77 Mr. Ross worked for architectural firms in Fairbanks, and as Facilities Planner for the State 1977-81, he 
has conducted building evaluations in over 80 towns/villages throughout Alaska. 
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12 

18" Roof Trusses 

4" Cold "Attic" Air Space 

to Vent Insulation 

14" Fiberglass Insulation 


4 
LIVING/DINING 

Roof Vent~ 3 
Blowing Snow SLEEPING ROOMSPrecipitates Out 

2 
WORK ROOM 

1 
SHELTERED 
STORAGE/ENTRY 

The house contains 864 square feet in 
several half levels. The modular size of 24 
ft by 24 ft is based on a 12 ft by 12 ft 
support grid, which lends itself to prefab· 
rication for easy transportation and con· 
struction. 

INTERIOR 

Activity areas are in the coolest parts 
of the house-the lower floor and ground 
level. Bedrooms are at the intermediate 
level, which is also cool. The living/dining 
room, kitchen and bathroom are at the 
warmest level, which also has the warmest 
floor. 

A sheltered space is provided for cold 
storage, snowmachines, 3-wheelers, etc., 
on the ground level. This sheltered area 
helps reduce heat loss from the bedroom 
floors. Entry to the house is from this 

BUILDING SECTION 

(SIDE) 


sheltered storage area, to minimize cold 
air infiltration at the entry door, which is 
about four feet above ground level. 

Both Level 2 and Level 4 face south to 
gain full benefit from passive solar heat. 

Heating Systems 

Heat comes from a furnace or wood 
stove and from passive solar gain. The fur
nace or wood stove is. located at the 
lowest level so that the hot air will 
rise and benefit the upper levels, while the 
radiant heat warms the lower level. The 
type of fuel would vary from one area to 
another depending on the availability of 
wood, coal, oil or gas. The exhaust stack 
from the heat source passes through the 
house to help heat the living spaces. 

Passive solar heat gained through the 
south-facing windows heats the interior 
surfaces in the living/dining areas. The 

Warm Air Redistribution 
Intake 

Hinged Insulated Interior 
Window Shutters 

1•..---Winter Reflective Shutter 
for Lower 1' of Windows 
Eliminates Moisture Build Up 
at Base of Windows on Inside 

Active Layer 

TP"m•fm<t 

heated air in the house rises to the upper 
part of Level 4, where a duct with a fan 
sucks the warm air down to the lower 
floor spaces. This recirculated air can be 
filtered, then used to warm both the work
room floor and the bedroom floor, and 
then filtered into the bedrooms along the 
north wall. 

Plumbing 

A gravity-feed water system using solar 
heat, sensible room heat, and radiant 
stack heat tempers cold water for use as 
domestic hot water, and can be used to 
melt ice, which is still used for drinking 
water in many rural areas of Alaska. The 
water tanks are made of 55-gallon drums 
mounted high enough in Level 4 to allow 
gravity flow to the sinks. The heat stored 
in these tanks also provides warmth for 
the living area. 
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Many rural areas do not have water and 
sewer facilities, so this house is designed to 
accommodate alternative plumbing meth~Warm Air Return 

at Floor ods as well as conventional ones. As drawn, 
Insulated Interior 

this house might be built. Plumbing and 

BEDROOM 
8 4 X 11 

Window Shutters ......., Winter Exterior 
f4- Window Base 

it includes a composting 
toilet which sits on the up

LIVING/DINING Shutters per level, with the kitchen 

11 X 14 garbage disposal chute on 

LEVEL 4 theoppositesideofthewall. 

Closet 

Closet 

Down 

~

...-~ 

~~

r-= \ I 
lce Melt Tank _,0 

Stack/Duct ~ VD: 
Down Hot Water _, t /I / I " 

South Solar 
Radiation 

Tempering Tank -=

uo- : 
Electrical System 

Access to electricity 
through a village utility or 
individual generator is as
sumed for all sites where 

wiring should be surface mounted to avoid 
KITCHEN I

LEVEL 3 	 penetrating the vapor barrier and to allow 
8 4 x6 6 

access to either system in case of problems, 
BEDROOM such as frozen pipes. 

8 4 x 11 

EXTERIOR 

The largest south-facing windows have 
24'-0" 

folding insulated shutters to reduce heat 

FLOOR PLAN 	 loss during the winter when there is negli
gible solar heat gain and scant daylight. 
These shutters are located on the inside 
so they are easy to use; they bifold up 
out of the way at ceiling level. The south 
windows also have small one-foot high-------~---------

Snow Machine/Vehicle shutters on the outside. These exterior 
Repair & Storage shutters have a reflective inside face to 


bounce interior heat back onto the win

WORK AREA dow glass at the sill level, reducing con


OR densation and moisture buildup during 

BEDROOMS 

the coldest months.
LEVEL 2 

Floor trusses are used for the greaterr-w•~ 
.... depth needed for increased insulation andCOLD STORAGE II \,1~1-~ Up r-:J?
ARCTIC ENTRY ~ Furnace 	 recirculated air. The open webs allow the 

LEVEL 1 L _r;:::::~d 	 warm air to recirculate freely in all direcwocxfstoveLJ~ 
tions as it passes from the south side toI Ent~\
,__ 	 the north side of the building.:·· 

Wall construction is of staggered 2x4 
Thermal Mass _j studs. The ten-inch wall cavity has nine 
W/Redistribution and a half inches of fiberglass insulation 
Air Duct with a 6-mil polyethylene vapor barrier 

on the inside. 
Up Siding is 4 x 8 ft sheets of dark-stained 

plywood with 1 x4 cedar trim strips cov
ering the horizontal joints. 

Because the most probable sites on 

1	
which the house might be constructed are ----~==~~-------~<---12'- 0"--~>~i<---12'- 0"--~~ 
 underlain by permafrost, it is designed to 

IE-<::..__________ 24'- 0"-----------=1~ rest on a piling foundation, with warm 
living spaces raised so heat does not transfer 

FLOOR PLAN 	 into the ground and cause thawing. + 

The Northern Engineer, Vol. 15, No.2 11 



A STRATEGY FOR 
ENVIRONMENTALLY 
ACCEPTABLE 
TECHNOLOGY 
DEVELOPMENT 

by Robert H. Gray 

Robert H. Gray is manager of the Coal Liquefaction Environmental Research Pro
gram at the Battelle, Pacific Northwest Laboratories in Richland, Washington. For the 
past three years he has directed studies to evaluate potential health and environmental 
impacts of coal liquefaction processes and to identify those chemical components of 
complex mixtures responsible for potentially damaging effects. Dr. Gray has authored 
more than 80 journal, symposium and book articles and over 50 technical reports. 

Perhaps because of the fame of its petro
leum, Alaska's enormous coal resource has 
received little publicity outside the state. 
Geologists have estimated that as much as 
60% of the total U.S. coal reserves lie 
within the state's boundaries (Fig. 1), but 
there is presently only one operating coal 
mine in Alaska. This lack of development 
partly reflects the fact that I iquid fuels are 
more useful and more valuable than solid 
fuels. If it were not for increasing energy 
demands and costs, unstable world politics 
and markets, constraints on burning high
sulfur fuels, and a national policy encour
aging less dependence on imported petro
leum, Alaska's coal reserves could proba
bly remain underground. However, the 
above factors as well as technologic ad
vances that can convert coal to more valu
able products do exist. Hydrogenation of 
coal under high temperature and pressure 
produces a variety of gaseous, liquid and 
solid products that may serve as substi
tutes for coal or oil. 

Four major direct coal liquefaction 
processes are being developed in the U.S., 1 

and one or more of these may be available 
for large-scale use in the future. These in
clude two solvent refined coal processes 
(SRC-1 and -II), Exxon donor solvent 
(EDS), and H-coal. Although all produce 
liquid fuel products, the SRC-1 process 
also creates a low-sulfur, low-ash solid fuel 
for use in industry and in electric power 
generation. 

Both SRC processes have been evalu
ated at a 30- to 50-ton/day pilot plant at 
Ft. Lewis, Washington. A two-stage varia
tion of the SRC-1 process is currently 
being evaluated at a 6-ton/day pilot plant 
at Wilsonville, Alabama. The H-coal pro
cess was studied at a 200- to 600-ton/day 
facility at Catlettsburg, Kentucky, and the 
EDS process was evaluated at a 250-ton/ 
day pilot plant at Baytown, Texas. Al
though large-scale coal liquefaction facili
ties initially were considered for south
eastern U.S. coal regions, Alaska, with its 
vast coal reserves, offers an interesting 
alternative.2 

Along with the engineering design and 
development, the U.S. Department of 
Energy (DOE) established a program to 
evaluate the environmental accegtability 
of these liquefaction processes.3 .4 Epi
demiological studies and toxicological re-
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Figure 1. Alaska coal reserves. 
(Adapted from Energy Resource 

Map of Alaska, 1977.) 
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search on coal Iiquefaction, gasification 
and coking process materials had indicated 
that constituents of coal tars and heava 
coal liquids were carcinogenic.5,6,7, 

More recent studies on direct coal lique
faction processes support this conclu· 

sion.3A Additionally, the high phenol 

content and complex nature of coal liq· 
uids imply that these I iquids have greater 
acute and chronic toxicity, if they are re
leased to the environment, than that ob
served for crude petroleum. 

DOE selected several organizations to 
study the health, environmental and safety 
aspects of direct coal liquefaction pro· 
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SUBBITUMINOUS 
AND LIGNITE - BITUMINOUS AND 
ANTHRACITE -

cesses. Objectives of the research programs 
were to: 1) identify and evaluate long-term 
health and environmental issues associated 
with direct coal liquefaction; 2) evaluate 
options to permit environmentally accept· 
able design; and 3) assess risk to people 
and the environment from the operations 
of a large-scale industry. Battelle's Pacific 
Northwest Laboratory was assigned re· 
sponsibility for evaluating SRC materials 
and initiating comprehensive health and 
environmental effects research pro· 
grams.9•10 Similar programs were initiated 
by the Oak Ridge National Laboratory 
(ORNL) for the H-coal process11 and by 

Exxon Research and Engineering Company 
12for the EDS process.

BATTELLE'S RESEARCH STRATEGY 

Although DOE's objectives focus on 
assessing potential health and environ
mental effects of a large-scale industry, 
currently no such coal liquefaction facili· 
ties exist. Therefore, Battelle researchers 
utilized materials produced at small-scale 
facilities (bench and process development 
units [PDU], and pilot plants) that were 
generically representative of larger opera
tions. In this effort, environmental research 
has accompanied engineering development 

13 



a) RESEARCH STRATEGY 
b) PROCESS DESIGN AND DEVELOPMENT 

BENCH-SCALE UNIT 

u 

PROCESS DEVELOPMENT UNIT 

u 
PILOT PLANT 

u 
DEMONSTRATION/COMMERCIAL

SCALE FACILITY 

c) HEALTH AND 

ENVIRONMENTAL RESEARCH 


d) ENVIRONMENTAL FATE 

CAUSATIVE AGENTS DETAILED 
COMPLEX MATERIAL 

! 
PHYSICAL/CHEMICAL ~ 
CHARACTERIZATION I 

PRELIMINARY 

PHYSICAL/CHEMICAL CHEMICAL/PHYSICAL 
 L 	 l 

CHRACTERIZATION FRACTIONATION 	 ATMOSPHERIC FOOD CHAIN 
CONVERSIONS UPTAKE/METABOLISM 

BIOLOGICAL SCREENING l 
AQUATIC TERRESTRIAL(-) (+) 

STOP ~----------' '-----------------------' 
Figure 2. Linking health and environmental research with technology development. a) Health and environmental studies are inte
grated with early process design and development. b) Complex organic materials produced under various stages of process design 
and scale are c) screened in a variety of chemical, health and environmental assays. Materials showing potential biological activity 
undergo more detailed analysis to identify causative agents. d) Evaluation made of the environmental fate of agents responsible 
for biological activity and of their potential food chain transfer to man. 

(Fig. 2) so that results may influence final 
process designs. For comparative purposes, 

other fossil-derived materials and selected 
chemicals have also been evaluated. These 
reference materials, which include shale 
oil, crude and refined petroleums, and 
pure forms of known chemical mutagens 
(substances that cause mutation) and car
cinogens (substances that cause cancer). 
help to place in clearer perspective results 
obtained with coal liquefaction materials. 

Battelle's research has been conducted in 
chronologically overlapping phases.9,l0,13 

Initially (Phase 1), materials from existing 
coal liquefaction facilities were screened 
using a battery of short-term health and 
environmental assays (Table 1 ). Chemical 
fractionation and detailed chemical anal
yses were performed on those materials 

showing biological activity, to identify 
components responsibleforeffects. Results 
of the short-term screening assays indic
ated the environmental properties and 
potential effects of coal liquefaction mate
rials, identified materials that may require 
special handling or additional processing 
to minimize environmental risk before 
they are widely distributed, and aided in 
the design of longer-term, more expensive 
studies. 

Longer-term research (Phase II) is eval
uating materials that are considered most 
representative of a potential large-scale 
industry. These materials are studied in 
whole-animal systems to evaluate their 
potential carcinogenicity and teratogen
icity (ability to produce birth defects). 

and in more complex ecological systems 

to evaluate their toxic effects and environ

mental fate (Table 2). Again, chemical 
fractionation and detailed chemical anal
yses are used to identify components of 

these materials that are of greatest concern. 
Results of longer-term experiments are 
being correlated with those of shorter-term 
studies to provide a firmer basis for assess
ing health and environmental risks. 

A third phase of research is evaluating 
the influence of process or operational 
modifications and control technology 
options on the potential health and envi
ronmental effects of coal liquefaction 
materials. Those short-term health and 
environmental assays used in Phase I that 
correlate with longer-term assays used in 
Phase II are being used in Phase Ill. As in 
Phases I and II, integrated chemical frac-
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tionation and detailed analytical methods 
are being used to determine which com
ponents affect biological activity. Results 
of these studies provide a basis for deter
mining the efficacy of process or opera
tional modifications and control technol
ogy options to minimize potential health 
and environmental effects. 

Finally, data from Phases I, II and Ill 
may be used to select methods with which 
to monitor the workplace and local envi
ronment at a large-scale facility. This effort 
is needed to validate laboratory predic
tions of environmental risk and to ensure 
a safe environment for the work force and 
general populace. 

FINDINGS 

The DOE-sponsored efforts to evaluate 
the potential health effects and environ
mental fate and effects of various coal liq
uefaction materials have been documented 
in numerous publications.3 .4 Briefly, re
sults include the following: 

Health Effects and Causative Agents 

Coal-derived materials are chemically 
complex and to analyze them requires 
sophisticated methods and techniques. 
Compared to crude petroleums, coal liq
uids are enriched in polynuclear aromatic 
hydrocarbons (PAH), basic, acidic and 
insoluble constituents. Materials with a 
higher boiling range are enriched in both 
basic nitrogen-containing and highly polar 
materials that are believed responsible for 
the biological activity observed in coal 
liquids. 

Higher-boiling-range COCII liquids such 
asSRC-1 process solvent (PS).SRC-11 heavy 
distillate (HD). and PDU-derived H-coal 
distillates are mutagenic in microbial test 
systems; lower-boiling-range coal liquids 
such as SRC-1 light oil (LO) and wash sol
vent (WS). SRC-11 light (LD) and middle 
distillate (MD). and PDU-derived H-coal 
materials are not. Studies with distillation 
cuts show that the mutagenically active 
constituents of coal liquids (e.g., SRC-11 
HD) occur in those liquids boiling above 
371°C (700°F). The latter make up about 
20% of the full-boiling-range material. 
Chemical fractionation and analysis, 
coupled with microbial assays, suggest that 
the highest specific mutagenic activity of 
coal liquids is associated with polycyclic 
primary aromatic amines (PAA). However, 

TABLE 1 


SHORT-TERM PHASE I HEALTH AND 

ENVIRONMENTAL SCREENING STUDIES 


Assay Test Organism(s} Detects 

Health 
In Vitro Bacteria (various Mutation, chromosome 

species and strains) damage, chromosome 
recombination, toxicity 

Cultured mammalian Cell transformation, 
cells mutation, chromosome 

damage, toxicity 

In Vivo Rodents Acute oral and dermal 
toxicity, teratogenicity, 

carcinogenicity 

Environmental 
Aquatic Algae, invertebrates, Acute and chronic 

fish toxicity, behavior 

Terrestrial Plants Acute and chronic 
toxicity 

genetically active fractions are also enriched 
in azaarenes and polar-substituted aroma TABLE 2 
tics that may affect genetic activity. Other 
studies indicate that materials showing LONG-TERM PHASE II HEALTH 

mutagenic activity in microbial assays also AND ENVIRONMENTAL STUDIES 

cause transformation (biochemical and 
morphological changes) in cultured mam Health Studies (whole animal, rodents) 

malian cells. 
Skin Carcinogenicity 

When coal liquids were applied to the 
Inhalation Toxicology

shaved backs of mice, the higher-boiling
Reproductive Effects 

range coal liquids (SRC-11 HD, PDU
Teratology and Developmental

derived H-coal distillates, EDS liquids) and 
Toxicology

shale oil and benzo[a] pyrene, a known 
Neurobehavioral Toxicology 

carcinogen, produced high incidences of 
skin tumors. Lower-boiling-range coal liq

Environmental Studies 
uids do not appear to possess this tumor
igenic activity. Model Ecosystems 


Studies to evaluate potential teratogen
 Biological Fate 
icity, where pregnant rats were exposed Bioconcentration 
to coal liquids (SRC-11 LD, MD and HD, Biomagnification 
SRC-1 LO, WS and PS) either orally or Biodegradation 
through aerosols, showed that fetal growth Chemical Fate 
and survival were decreased. Administra Mobility 
tion of SRC-1 PS and SRC-11 HD also Persistence/Degradation 
increased the incidence of fetal malform Environmental Concentration 
ations, primarily cleft palate, hypoplastic Food Chain Transfer 
(immature) lungs and herniated dia Environmental Pathways Modeling 
phragms. Coal-derived materials have also 
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been shown to be teratogenic in amphibians 
and insects. 

Ecological Effects and Environmental Fate 

Toxicity studies with a variety of aqua
tic test species (phytoplankton, inverte
brates, fish) show that coal liquids (SRC-1, 
SRC-11, and H-coal as a raw distillate or 
fuel oil blend) may be several hundred 
times more toxic than comparable petro
leum products (i.e., No. 6 or No. 2 fuel 
oil or Prudhoe Bay crude). Acute toxicity 
of coal liquids reflects high concentrations 
of low molecular weight, easily degradable 
phenolic compounds. Chronic toxicity 
(effects on growth, reproduction, etc.) 
appears due to higher-molecular-weight 
and more persistent compounds which 
may also include phenols. Although some 
fish species avoided lethal concentrations 
of an SRC-11 liquid in water, they did not 
avoid concentrations causing chronic ef
fects. 

When coal liquids were released into 
experimental ponds or streams, extensive 
changes occurred in the structure and 
function of the biological community. 
Many zooplankton species were elimi
nated, and diatoms were replaced by blue
green algae. Patterns of ecosystem metab
olism were also affected (i.e., a food web 
based on plant production was replaced 
by one based on detritus). However, when 
toxic input ceased, the system partially 
recovered. In simpler test systems exposed 
to concentrations of a coal liquid causing 
chronic effects, algae recovered once the 
toxicant was removed. 

Studies in which barley was exposed 

to an SRC-11 liquid in soil indicated signif

icant toxicity. However, toxic effects were 

reduced following overwintering. Similar 
studies showed that the SRC-1 solid prod
uct was nontoxic, although layering the 
material under a soil overburden retarded 
root growth. These results have implica
tions for selecting cleanup options if an 
accidental spill of coal-derived material 
occurs in a terrestrial habitat. 

Higher-molecular-weight components 
of coal liquids appear to be the major 
agents responsible for health and some 
longer-term ecological effects; however, 
lower-molecular-weight and therefore 
more readily mobile constituents are also 
of environmental concern. Studies to eval
uate the long-term fate of coal liquid con
stituents in the environment suggest that 

in the event of an accidental spill (e.g., 
during transportation), migration of or
ganic nitrogen bases will be retarded in 
some soils, whereas phenols are relatively 
mobile. Thus, phenols may be the first 
compounds to affect ground waters, while 
anilines may enter food chains through 
plants and be transferred to higher trophic 
levels. 

Because phenolic compounds may 
eradicate the microbial communities that 
metabolize and degrade heavier hydro
carbons, coal liquids may remain in soils 
longer than petroleum or shale oils do. 
Studies with barley confirm this conclu
sion. Although barley germinated during 
the second growing season following con
tamination of soils with an SRC-11 liquid, 
grain production was significantly reduced. 

Other studies with plants showed that 
aniline was more persistent than phenol. 
Although the plant absorption rate for ani
line was significantly lower than that for 
phenol, aniline tended to bind to cell-wall 
materials. Also, less aniline was metabo
lized to higher-molecular-weight com
pounds. Related studies showed that 
anthracene, a PAH, was taken up by either 
roots or foliage, translocated, and catab
olized to compounds of lower molecular 
weights. Thus, certain components (e.g., 
aniline and anthracene) of coal liquids may 
accumulate in vegetation. 

Hydro treatment 

Hydrotreating (a process which cata
lytically stabilizes liquid hydrocarbon 
products and/or removes objectionable 
elements by reacting them with hydrogen) 
is one potential method of refining or up
grading raw coal liquid products prior to 
marketing. Hydrotreating also reduces the 
mutagenicity and carcinogenicity of coal 
liquids. For example, hydrotreating re
duced the mutagenicity of the SRC-11 
2.9:1 MD:HD blend by more than 100
fold. Hydrotreating also reduced the con
centrations of two genetically active 
chemical classes, the PAHs and PAAs. 
Concentrations of benzo [a] pyrene, a 
known mutagen/carcinogen, were reduced 
at least 75% by hydrotreatment. The PAAs 
detected in the distillate blend were below 
the limits of detection in hydrotreated 
materials, and were thus reduced at least 
350-fold. Minimal hydrotreatmentreduced 
the carcinogenicity of PDU-derived H-coal 

materials. Removal of nitrogen com

pounds by hydrotreating may also reduce 
teratogenic activity. Finally, hydrotreating 

reduced the concentration of phenols and, 
therefore, toxicity to aquatic organisms. 

IMPLICATIONS 

Results ofthese studies have significant 
implications for coal liquefaction process 
designers and developers who are con
cerned with minimizing risks to the work 
force, the general population and the en
vironment. Coal-derived materials with a 
high boiling range are mutagenic, terato
genic and carcinogenic in laboratory test 
systems. Additionally, coal liquids cause 
acute and chronic effects in organisms 
representing various ecological trophic 
levels. However, knowledge of the poten
tially detrimental health and environmen
tal effects, and their causative agents, can 
be used to design environmentally accept
able coal conversion processes. 

For example, recent studies with PDU
derived materials representing a two-stage 
liquefaction process suggest that process 
variables (residence time in the liquefac
tion reactor, reaction temperature, catalyst 
condition, etc.) contributing to extraction 
severity may be modified to minimize the 
biological activity of coal-derived pro
ducts.14 Also, if mutagenic activity of coal
derived materials is due primarily to PAAs 
that are found only in materials boiling 
above 371°C (700°F), distillation cuts 
might be adjusted so that the commercial 
product contains littlemutagenicpotential. 
Alternatively, distillation cuts could be 
selected to concentrate mutagenically ac
tive compounds in a relatively small process 
stream, which might then be hydrotreated, 
recycled to extinction within the plant, or 
gasified. Although engineering and eco
nomic factors must also be considered, 
the growing health and environmental 
data base can now be incorporated into 
the decision-making process. If process 
modifications, adjusting distillation cuts, 
and/or hydrotreating are not technically 
or economically feasible, research into 
other alternatives should be initiated. 
Additionally, process designers can begin 
now to develop special handling and acci
dent prevention procedures to minimize 
health and environmental risks. 

Accidental spills of coal liquids and 
other coal-derived materials during trans-
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port are a potential threat to the environ
ment. Aquatic organisms exposed to coal 
liquid components for long periods will 
experience a constantly changing spectrum 
of organic compounds, and different spe
cies will experience different toxic effects. 
Some constituents of coal-derived mate
rials will be taken up and translocated 
through food chains leading to humans. 
Low-molecular-weight compounds, such 
as phenols, which are responsible for acute 
effects, degrade rapidly. Higher-molecular
weight compounds are more persistent 
and bind to soils and sediments, causing 
chronic effects at low concentrations. Al
though some species of fish avoided acute
ly toxic concentrations of SRC liquids, 
they were unable to detect and avoid con

centrations causing chronic effects. Thus, 
spill prevention becomes a major consider
ation. Assuming that accidental spills of 
coal liquids will occur, cleanup procedures 
should be developed to minimize poten
tial chronic effects in aquatic and/or ter
restrial systems. Some aquatic populations 
(e.g., algae) can recover after they have 
been exposed to toxic concentrations of 
coal liquids in water if the material is 
removed. 

SUMMARY 

Potential health and environmental 
risks associated with developing a large
scale coal liquefaction industry are being 
assessed during the early design stages of 
technology development. Chemists, biolo
gists, ecologists and engineers have been 
involved in a cooperative interdisciplinary 
effort to solve environmental problems 
before process designs are finalized and 
facility construction begins, rather than 
waiting until regulatory agencies require 
studies or until after construction when 
costs are higher. These efforts have pro
vided guidance for identifying marketable 
products, and for selecting process modifi
cations, control technology options, miti
gative strategies, accident prevention, spill 
cleanup and solid-waste disposal proce
dures to minimize adverse human health 
and environmental risks. This can only be 
achieved through a cooperative, interdisci
plinary effort. 

Although the example given above is 
related to developing a coal conversion 
industry. the research strategy or approach 
is equally applicable to development of 

other energy-related processes that pro
duce organically complex materials (petro
leum, shale oil, etc.). The concepts des
cribed can be applied to the development 
of any technology or the environmentally 
safe exploitation of any resource. In 
Alaska, this includes the exploitation and 
development of energy (i.e., coal, gas, 
petroleum). mineral, fisheries, wildlife, 
timber and other resources. 
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THE KOLMAKOVSKIY BLOCKHOUSE 


by Dinah W. Larsen 


INTRODUCTION 

The oldest structure on the University 
of Alaska-Fairbanks campus is a 142-year
old blockhouse. An octagonal building of 
logs with three gunslits and a small door, 
it was built in 1841 as part of Kolmakov
skiy Redoubt, a Russian American Com
pany trading post on the Kuskokwim 
River in southwestern Alaska. The block
house was re-erected last fall on a site 
behind the University of Alaska Museum. 
It is the oldest surviving Russian-built 
structure in interior Alaska. 

The university would not have the 
blockhouse except for the sense of his
tory and foresight possessed by AI Walsh, 
a miner at Crooked Creek, a small mining 
village some 60 miles upriver from the 
site of Kolmakovskiy Redoubt. In 1929, 
Walsh visited the then-abandoned site The reconstructed blockhouse on its new site behind the University of Alaska Museum. 
and decided to save the blockhouse, (All recent photos are courtesy of the University of Alaska Museum.) 
which was in relatively good condition. 
He dismantled it, numbered the logs, and North Collegian, the school newspaper. many other factors, the blockhouse logs 
shipped them to Dr. Charles Bunnell, "College Secures Old Blockhouse of spent the next 50-odd years sitting in a 
president of the Alaska Agricultural Col Russian Days" 1 read the headline, and university warehouse. 
lege and School of Mines (which became the article went on to discuss some of 
the University of Alaska in mid-1935). At the history of the redoubt with informa BACKGROUND: 
that time, Walsh found that it was not tion received from Walsh and from Hubert KOLMAKOVSKIY REDOUBT 
possible to save the floor, the bottom H. Bancroft's book, History of Alaska. 2 

three rounds of logs and most of the roof. It also mentioned that campus officials The Russian American Company was 
A long article on the arrival of the hoped that the blockhouse could be set founded in 1799. For the next few years 

blockhouse on campus appeared in the up somewhere on campus the next spring. of its existence, the Company concen
January 31, 1930 issue of the Farthest Due to lack of money, a suitable site, and trated on establishing coastal trading 

Dinah W. Larsen is Coordinator of Ethnology at the University of Alaska Museum, Fairbanks, where she has worked since 1966. 
She holds an M.A. degree in anthropology from the University of California, Los Angeles, and her interests include material culture 
and culture change. 
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barracks, and a guest house for visiting 
Natives. In later years, a chapel, a priest's 
house, a church, and several small storage 
buildings were constructed. A stockade 
was built around the site in 1843.4 Despite 
statements to the contrary in both Baker5 

and Orth 6 (who picked up on Bancroft's2 

reports of troubles on the Kuskokwim), 
the redoubt was never attacked by the 
local people.4 Relations between the 
redoubt residents and the local Natives 
were noticeably peaceful and post per
sonnel had only a few firearms. 

Kolmakovskiy Redoubt remained an 
active trading post until 1866, when the 
Russian American Company ceased activ
ity in anticipation of the coming sale of 
Alaska to the United States. 

The assets of the Russian American 
Company were bought by a group of San 
Francisco businessmen who formed the 
Alaska Commercial Company which took

The store and blockhouse at an unknown date. This photo clearly shows the method 
over the management of the various Rus

of pegging the bracing for the sod roof. The logs to the right show evidence of much 
sian trading sites, including Kolmakovskiy 

sporadic target practice. All of the lead was carefully dug out so that it could be melted 
Redoubt. Later on, various independent 

and recast. (Photo courtesy of University of Alaska Archives, Fairbanks.) 
traders used the site. By 1870, the stock

stations and collecting sea otter pelts. Work on the site began in 1841. Named ade was gone and several other buildings 
A decline in this resource soon led to in honor of Kolmakov, the redoubt was had been built. The blockhouse was used 
the search for other sources of fur. 2 Vari located on the south bank of the Kusko mainly as a storage shed for dried fish, 
ous expeditions into the drainages of the kwim across from the mouth of the Kwik and sometime in the early 1880s, the 
Nushagak and Kuskokwim Rivers led to River. Buildings constructed at that time second story was removed. By 1917, the 
the founding of Aleksandrovskiy Redoubt included a store, the blockhouse, two redoubt was no longer in use. 
on Nushagak Bay in 1819. Fedor Kolma
kov, a Siberian employee of the company, 
became manager of this post in 1820.3 

Several small trading parties explored 
the Kuskokwim during the next few years 
and, in 1832, a group led by Kolmakov 
established a small post near the junction 
of the Kuskokwim and Holitna Rivers. 
Another trading site was founded the next 
year by Kolmakov at Kwigiumpainuka
miut, a small Yupik Eskimo village located 
near the meeting point of the Kwik and 
Kuskokwim Rivers. 

Beaver and land otter were the major 
fur resources sought by the Russians in 
this region. Trade was carried on with 
both the Eskimos and the Athabascan
speaking Indians. Trade activities were 
good enough to encourage Kolmakov to 
seek permission to build a large trading 
post somewhere on the middle Kusko
kwim. Kolmakov died in August of 1839 
before he could act on the company's 
permission to go ahead with the construc
tion of the new post. The blockhouse reassembled in the warehouse in the fall of 1982. 
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A missing corner piece clearly shows the inner notching. 

RECONSTRUCTION 
OF THE BLOCKHOUSE 

Over the years, a number of people 
felt that it would be good to have the 
blockhouse on exhibit but, until very 
recently, this was not possible for reasons 
of space and money. In 1982, a direct 
appropriation was obtained from the 
Alaska Legislature, through the efforts of 
the Friends of the University of Alaska 
Museum and local legislators, to recon
struct the missing portions of the block
house and to erect it as an outdoor exhibit 
in the wooded area behind the University 

Museum. 
Gareth Andrews, a local artist who 

works in bronze and in wood, was hired 
to do the reconstruction. A major factor 
in his hire was that he knew how to use 
a broadax, which was the major tool used 
in the original construction of the block
house and the other buildings at the 

redoubt. 
The first task was to sort out the logs 

and establish exactly which parts were 
missing. The Alaska National Bank of the 
North allowed use of a warehouse where 
the logs were laid out and the blockhouse 
assembled for the first time since 1929. 
Since no two logs of the blockhouse are 
exactly the same shape or size, replicating 

missing parts was a little easier than it 
sounds. Seasoned spruce logs were ob
tained and shaped for the bottom three 
rounds, smaller missing pieces in the upper 
rounds, and for missing roof supports. 
Andrews used a broadax, an adze, draw
knife and a slick (large chisel) in repro
ducing the missing parts. 

A concrete pad with a gravel overlay 
was prepared behind the museum and, 
during the fall of 1982, the blockhouse 
was erected there and covered for the 
winter. This spring has seen completion of 
the project. Andrews was joined by 
Douglas Otto; together they built a roof 
of peeled spruce poles chinked with moss 
and covered with peat and sod, closely 
replicating the original roof as shown 
in old photographs. A layer of plastic 
sheeting between the poles and the sod 
was added to protect the poles from 
accumulated moisture. The original 
builders probably used layers of birch 
bark for the same purpose. 

With the roof on, the entire structure 
stands a few inches over 16 feet high. The 
14 rounds of two-sided logs stand 1 0 feet 
11 inches without the roof and its sup
ports. Built entirely without spikes or 
pegs, the eight interlocking sides vary in 
length from 74" to 79". The logs were 

'scribed chinkless', meaning that each log 
conforms to the shape of its immediate 
neighbors. The corners use dovetailed 
self-locking notches. The noticeable lack 
of truly straight lines testifies to the "by 
eye" measurements of the original 
builders. The three gunslits, which once 
had closing shutters, are 69" ·from the 
ground inside the blockhouse, but of 
course would have been lower when 
the original flooring was in place. 

In the Collegian article, Walsh is 
quoted as saying that there was once a 
cannon in the blockhouse. This is not so. 
Among other things, the blockhouse has 
no cannon ports, making it impossible to 
fire a cannon from within the building 
unless an enemy obligingly dawdled in the 
doorway. 

The replicated parts of the blockhouse 
were painted with pentachlorphenol as a 
preservative and then with weathering 
stain to make them less glaringly new. 

With the addition of a wooden walk
way, a label, and some landscaping, the 
Kolmakovskiy blockhouse will be ready 
to receive visitors who wish to see this 
historic structure. 

COMMENTS 

The blockhouse can be viewed in 
several different ways: first, simply as a 
surviving relic of Alaska's not-very-distant 
historic past, and second, as a physical 
reminder of what men can do with the 
materials at hand and a few simple 
tools. Perhaps most important, this little 
building stirs the imagination into think
ing about the people who built it, and of 
those who lived or traded at Kolmakovskiy 
Redoubt. During the Russian era, com
munications with the company were 
slow, trade goods were sometimes limited, 
and occasionally food was hard to obtain. 
On the other hand, supplies of fur were 
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good, the company was pleased with 
the efforts of post personnel, and rela
tions with the local Natives were good. 

It was such a different era that we can 
perceive only parts of it through photo
graphs, drawings, maps, and written 
records. However, standing by the block
house and touching its walls makes one 
wonder and think, which is, after all, one 
of the purposes of preserving history. 
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INTRODUCTION 

Formal long-range planning has become 
accepted as a major element in forming 

CAPITAL PROJECTS, 
ALASKA'S INDUSTRIES, 
AND STATE POLICIES 
FOR DEVELOPMENT 

by Ted G. Eschenbach 

and George A. Geistau ts 

policy for both government and the pri
vate sector. However, before people can 
plan for the future, they must first predict 
it. Such predictions provide the underlying 
assumptions on which any plan is based; 
in some cases they can identify undesirable 
future conditions which a plan could help 
alter. 

The State's long-range planning and 
forecasting should be one element of plan
ning for engineering and construction 
firms. A firm's aim for a larger fraction of 
successful bids or for carving out a partic
ular market "niche"can be more successful 
if its plans are also based on the overall 
flow of the economic activity in the state 
and on the timing of large-scale capital 
projects. 

In Alaska, long-range planning of re
source development and economic growth 
cannot simply consist of extending trends 
into the future. The forecasting method 
has to be able to identify probable break
through events and changes in trends that 
could result from economic, political, and 
technological developments both internal 
and external to Alaska. Thus in September 
1982 a contract to "conceptualize, imple
ment and report on a Delphi-type study 
of Alaska's energy, economy and resource 
development future" was awarded to Alas
ka Pacific University by the State's De
partment of Commerce and Economic 
Development (DCED). The Delphi panel, 
which is listed in Figure 1, included former 
and current: governors, legislators, corpo
ration presidents, consultants, engineers, 
city leaders, prominent advocacy group 
leaders, and university professors. Panelists 
who completed all three rounds generally 
donated between 6 and 20 hours to help 
forecast the state's future. A very large per
centage of the panel completed all three 
rounds. The attrition rate was lower than 
the 26% indicated in the table, because ten 
round-three questionnaires were received 
too late to be included in the computer 
processing. This article presents some pre
dictions from that study that appear to 

Ted G_ Eschenbach is an associate professor of engineering management at the University of Alaska, Anchorage. He earned a 
Ph.D. in industrial engineering from Stanford University and is a registered industrial engineer in Virginia. George A. Geistauts is an 
associate professor of management at Alaska Pacific University; his B.S. in electrical engineering and his Ph.D. in management are 
from Rensselaer Polytechnic Institute. The authors were the principal researchers in a team that included Gene Rutledge, Dr. Raghbir 
Basi, Karen Yaworski, and Stephanie Kesler. 
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FIGURE 1 

THE DELPHI PANEL 

This study was made possible by the dedication and patience of the members of 
the Delphi Panel listed below. It is their collective knowledge and insights that form 

the basis of the predictions outlined in this report. 

Dr. Vera Alexander Former Governor Jay Hammond Lloyd Pernela 
Robert Atwood C.C. "Chuck" Hawley William R. Perry 
G. "Sam" Best David Heatwole Thomas R. Peterson 
Alvin 0 Bramstedt, Jr. R David Herrnsten Blaine D. Porter 
Dr. Max Brewer Dr. Arthur Hippler Dr. Peter Probasco 
Eugene Brower Lloyd Hodson Dick Randolph 
William Chabot Barney Hollembaek Bill Ray 
Fred Chiei Roy Huhndorf Dr. David Reaume 
Bill Coghill Celia Hunter Robert W. Retherford 
Dennis Cook David Hutchins Robert Richards 
John Cook Linda Lord Jenkins Brian Rogers 
Mary Lou Couch Leland A. Johnson Ilene Sackett 
John Dapcevich Dennis Juren Robert Sanders 
Dr. T. Neil Davis George Krusz John W. Schaeffer 
George Day Mark Lewis Harold Schmidt 
H. Noble Dick Byron Mallott Thomas R. Stahr 
E. "Gene" Dickason Joe Marks Arliss Sturgelewski 
Charles H. Dickey Amos "Mo" Matthews Eric Sutcliffe 
Larry Dinneen Former Governor Keith Miller Robert Swetnam 
Dick Dworsky Ernst Mueller Lowell Thomas, Jr. 
George Easley Dr. Claus-M. Naske Peg Tileston 
Paula Easley Mark Newell Frank Turpin 
Kent Edwards Paul Norgaard Arion Tussing 
Dr. Richard Ender Dr. Pat O'Brien Joseph Usibelli 
Tom Fink Dr. Glenn Olds Anthony "Tony" Vaska 
Walt Furnace Dr. Dean Olson Richard Weaver 
Ron Garzini John O'Neill Dr. Tunis Wentink, Jr. 
O.K. "Easy" Gilbreth William Pargeter Lew Williams 
Dr. 0. Scott Goldsmith Walt Parker Don Wold 
Lloyd Hames Don Penner Dr. William R. Wood 

Hon. Don Young 

have significant implications for the future opinions solicited from members of a 
direction and scale of engineering and de carefully selected panel. The method 
velopment activity in Alaska. utilizes a series of structured question

naires usually mailed to panelists, com
DELPHI bined with feedback of interim results as 

Originally developed by the Rand Cor part of each round of questionnaires. 

poration, Delphi is a technique for sys Individual panelists are thus aware of 

tematically combining individual expert emerging panel positions, including areas 

of significant consensus or polarization. 
When compared to other forecasting meth
ods, and in particular to those based 
solely on expert opinion, Delphi seems to 
have the following advantages: 

• Large panels are possible and rela
tively inexpensive. 

• Logistic and cost problems associ
ated with panelists' travel are eliminated. 

• Feedback is based on total panel 
responses, not just the verbal response of 
a few members (as in a meeting). 

• Follow-up questions can be designed 
with great care. 

• Anonymity eliminates status and 
ego problems which could bias panelists' 
predictions. 

• Because informed opinion rather 
than mathematical modeling is the basis 
for prediction, Delphi can deal with break
throughs and discontinuities. 

Delphi is not without limitations, how
ever: 

• The process tends to be slow and 
thus influenced by changing events and 
trends. 

• Generally it cannot provide high de
grees of quantitative precision. 

• Problems can arise in maintaining 
panel membership, because attrition rates 
can be quite high. 

• A consensus could be manipulated 
by members of the research team, or their 
biases may affect the results. 

• Finally, simply having a consensus 
does not in itself make the prediction more 
accurate. 

The specific Delphi research design 
shown in Figure 2 was supplemented with 
guidance from a Delphi working group 
established by DCED, pretesting of 
questionnaires, and suggestions from the 
panel itself. The three questionnaire 
rounds were sent to panel members dur
ing a four-month period from December 
1982 through March 1983. The first round 
provided an overview of the probable 
course of Alaska's economic development 
and identified major issues and events that 
merited further analysis. The second 
round focused on refining first-round 
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predictions and further exploration of 
issues. The final round integrated the pre
dictions into a coherent future scenario. 
Because rural Alaska has such a crucial 
role in the state's economic development, 
a supplemental series of structured oral 
interviews was conducted in five rural 
communities as a crosscheck on the for
mal panel's predictions. 

Because the original Delphi studies 
did emphasize technological forecasting, 
they relied primarily on technical experts. 
However, as 'Policy Delphi' has evolved, 
a broader mix of panelists has become 
necessary, in this case including decision 
makers and advocates as well as technical 
experts. This panel design also empha
sized geographical balance, so that the 
panel would include expertise on the di
verse areas of Alaska. As shown in Table 
1, the mix of decision makers, advocates, 
and technical experts shifted slightly for 
each round, but the geographical balance 
remained stable at approximately 13% 

TABLE 1 

PANELSTRUCTUREBYROUND 


DESIGNATION 

Advocates 
Decision Makers 
Technical Experts 

TOTAL 

Advocates: 

Decision Makers: 

Technical Experts: 

PANEL 

POSITION 


CONVERGENCE 


ROUND I ROUND2 ROUND3 

Number % Number % Number % 


34 37 30 39 26 39 
22 25 17 22 13 19 
35 38 30 39 28 42 

91 77 67 

Those directly involved with special interest groups 

that have taken a social or political stand on energy, 

economic, environmental, or resource development 

issues. 

Current or former state governors, members of the 

Alaska State Legislature, city managers and mayors, 

other city officials, Native leaders, and corporate 

administrators directly involved in strategic decision

making processes concerning Alaska's future. 

Economists, engineers, university professors, scien

tists, and others with education and expertise in the 

resource and environmental history of Alaska. 
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rural Alaska, 13% southeastern Alaska, 
37% extended railbelt, and 37%statewide. 
(Panel members were classified as state
wide if their responsibilities and interests 
were not primarily identified with one of 
the regions.) 

Many different question formats were 
used, since the questionnaires averaged 
more than 20 pages for each round. Both 
open- and closed-ended question formats 
were used, but even in closed-ended ques
tions, panelists could usually enter and 
explain an "other" category or make com
ments. In several question areas, panelists 
were asked to indicate their personal level 
of expertise as a guide to interpretation, 
but all answers were processed and inter
preted without reference to a panelist's 
identity. Since the study focused on long
range planning, most predictions were for 
the period from 1990 to 2020. 

Panelists were asked to predict what 
they expected to happen, not what they 
preferred. Some question formats included 
a desirability rating scale or asked what 
"will be/should be" to emphasize this dis
tinction. Analysis of the responses indic
ated that panelists did in fact make such 
distinctions- a number of response areas 
had predictions that differed significantly 
from what the panel indicated would be 
desirable. Thus, the results should reflect 
expectations of the future and should con
stitute a forecast. 

As the completed questionnaires were 
received, they were coded, keypunched, 

TABLE 2 

and then analyzed using the Statistical 
Package for the Social Sciences (SPSS). 
The final report was completed and printed 
by the end of June, 1983. 

GOVERNMENT POLICIES 
AND ACTIONS 

Any state's development is influenced 
by a complex mix of federal, state and 
private-sector decisions as well as inter
national market forces and trends. In the 
case of Alaska, the panel indicated that 
state government now has and will con
tinue to have somewhat more influence 
on Alaska's development than will either 
the federal government or the private sec
tor; the panel also predicted that the fed
eral role would decline and the private
sector influence would increase over the 
next 20 years. Planning and control of 
development will be the major issue for 
state policy determination. 

In terms of federal influence through 
theyear2000, the panel believes that major 
U.S. emphases on mineral and energy in
dependence are more likely than not. Less 
than a quarter of the panel expects a major 
relaxation of environmental standards and 
only a third expects Congress to impose 
substantial taxes on resource-producing 
states. 

The State of Alas
ka can influence 
these potential fed
eral actions, but vol
atile oil prices are 

POSSIBLE TREND OF OIL PRICES 

FROM 1983 TO 2000 


Percent Checking Each Possible Trend 

26% Will stabilize, then rise substantially above the present 
level. 

25% Will continue to drop, but then will rise substantially 
above the present level. 

18% Will continue to drop, but then will return to about 
the present level. 

10% Will have stabilized at about the present level. 

8% Will continue to drop to a low level and stay there. 

7% Will fluctuate wildly. 

7% Other pattern or combination of the above as specified 
by panelists. 
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unfortunately outside of its control. While 
the State can always issue regulations to 
encourage or discourage specific kinds of 
development, its ability to fund develop
ment is currently dependent on oil reve
nues. Only a third of the panel expects 
other sources to make up for the expected 
decline in oil revenues to the State, and 
virtually all panelists expect petroleum re
sources to remain the dominant driving 
force in the Alaskan economy. A majority 
of the panel expects a decline in oil prices 
in the short run, and a majority also ex
pects prices to rise substantially above the 
current level in the long run (Table 2). Even 
if unforeseen events result in an outcome 
the panel felt was less likely, these predic
tionsdo provide a basis for modifying other 
panel predictions as future oil prices are 
"revealed." 

While what the State can accomplish is 
constrained by available oil revenues, the 
State can formulate goals and policies to 
guide development. For example, 95% of 
the panel expects that State-supported 
construction projects will be used to create 
jobs. The panel expects the State goals to 
emphasize rapid development, but would 
prefer that the goals be oriented toward 
economic stability. While no panelist ex
pects preservation of Alaskan lifestyles and 

TABLE 3 
STATEBUDGETANDPERMANENTFUND 

Percentage ofPanelists Selecting Each Category 

During the next 20 years, the Major Thrust in Alaska state 
budget spending (beyond the operating budget and those 
capital expenditures required to maintain minimal public 
facilities) will be: 

45% Local public works project support 
39% Resource development infrastructure support 

7% To build up the Permanent Fund 
3% Loan programs to reduce interest rates 
6% Other 

During the next 20 years, Permanent Fund income generally 
will be: (more than one could be checked) 

48% Put into development and infrastructure projects 
44% Put into the general state budget 
15% Re-invested in the Fund 
13% Distributed to individual Alaskans 

2% Other 

25 
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30% 20% Stabilizing or reducing resource YEAR 
taxes. 

The panel generally The most important current issues 
23% 58% Making land available for private selected development were: 

development. related issues as the economic diversification 
9% 20% Reducing subsidies of selected in- most important ones resource exploration 

dustries. facing State policy protecting the environment 
makers. The panel transportation to resource sites 
also overwhelmingly tourism development. 

environment to be emphasized over eco indicated that "transportation and access 
nomic growth, two-thirds of the panel The issues increasing the most in imcorridors" was the major land issue; what 

portance by the year 2000 were:members expect that a balancing of these Alaska Natives will do with their land was 
objectives will lead to moderate growth developing foreign markets the second major land issue. The panel also 
based on a sequence of large-scale industrial analyzed the current and future impor - increasing coal production 

and infrastructure projects. Table 3 indi tance of 26 specific development issues - increasing hard-rock mining. 

cates the split of the panel for various op and the split in responsibility for resolving The issues for which the State has a 

tions for State budget spending and use them between the State and the private majority role were: 

of the Permanent Fund. sector: 


FIGURE 5. 
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assuring cheap and abundant electric 
power 
determining optimal land use 
protecting the environment 
transportation to resource sites. 

Because of the expected State involve
ment in development, the panel was asked 
to evaluate specific State actions that are 
generally felt to encourage development. 
The responses, shown in Table 4, indicated 
that expanding the transportation network 
is the most important and most likely ac
tion, and that making land available for 
private development is among the least 
important-but is the second most likely. 
While many panelists expect increased in
vestment and financial incentives to be 
effective, a small fraction of the panel be
lieves these are counterproductive. When 
asked which industries would receive State 
support, 70% of the panel selected fisheries 
and about half of the panel indicated oil 
and gas, tourism, and coal. 

ALASKA'S ECONOMY 
AND POPULATION 

The future size and structure of Alaska's 
economy is important to virtually every 
Alaskan. The availability of jobs, the rate 
of population growth, the timing and feas
iblity of capital projects, the demand for 
energy, and the size and policies of state 
government are all dependent on Alaska's 
economy, which-in an endless feedback 
loop-is in turn dependent on them. For 
example, many projects are considered 
necessary because of expected population 
growth, yet these same construction pro
jects also encourage people to move to 
Alaska. In fact, when asked to describe 
separately the factors influencing popula
tion and economic growth, many panelists 
responded "see previous list." 

Figure 3 shows the panel's predictions 
of average annual population and economic 
growth rates through 2020; also shown for 
reference are past U.S. and Alaska popula
tion growth rates and the Census Bureau's 
projections of future U.S. growth rates. 
Note that Alaska's population growth rate 
is predicted to be much higher than the 
national rate. This population growth will 
be distributed throughout the state, al
though the "extended Railbelt" and An
chorage in particular will grow at a slightly 
higher rate than the rest of the state. The 
panel estimated that the "extended Rail-
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FIGURE 6 

MAJOR EVENTS 

YEAR OF EVENT'S OCCURRENCE (COMPLETION) 
EVENT 

1980 1990 2000 2010 2020 %NEVER 

North Slope oil is shipped to Japan 	 15% 

North Slope gas reaches market 	 NA 

First Susitna dam on line 	 27% 

Both Susitna dams on line 	 19% 

Commercial production of Beluga coal-+--+--..,11 	 2% 


Synthetic fuel production from 

Alaska coal 37% 


World-scale petrochemical plant 

in Alaska 46% 


Completion of Pacific Alaska 

LNG plant 22% 


Aluminum processing plant in Alaska -!--11---i--11-• 	 35% 

Electrification grids around most 

major rural communities 24% 


Most major rural communities tied 

into statewide electrification grid 46% 


Large-scale marine mining of nonfuel 

minerals offshore close to Alaska 27% 


Quartz Hill molybdenum 

commercially produced 3% 


5% 

Alaska Railroad extended to 

Brooks Range 21% 


52% 

Knik Arm crossing is completed 	 17% 


Road connects Nome to main 

highway system 41% 


Key: 	 The length of the shaded pentagon shows the mid-range (middle 50%) time estimates given by 
those panelists who believe the event would happen; the peak shows the median date. The per
centage of panelists who felt the 50% probability point would not be reached is shown in the 
"Never" column. 

belt" will grow from its current 71% to In addition to predicting aggregrate lev
75% of the state's population by the year els of population and economic activity, 
2000. Figure 4 shows the mid-range ofthe the panel also predicted levels for different 
panel's estimates for the population of sectors of the Alaskan economy. As Figure 

Anchorage and for the state as a whole. 5 indicates, the oil and gas industry is not 

27 



expected to grow as rapidly as the mining, 
tourism, or coal industries, but neverthe
less petroleum will remain the driving force 
of Alaska's economy. Figure 5 is based on 
the first two rounds, while in the third 
round only the "smaller/newer" sectors 
were included in a differently formatted 
question. This most recent data suggests 
two modifications to the results shown in 
Figure 5. First, coal mining is expected to 
grow more rapidly than tourism from 2000 
to 2020; and second, agriculture is expec
ted to grow more slowly than timber (rath· 
er than almost as rapidly as fisheries) for 
the entire period from now until 2020. 

MAJOR EVENTS, CAPITAL 
PROJECTS, AND ENERGY 

Much of Alaska's history and projected 
future can be described by major "events" 
that are "turning points" in Alaska's devel
opment. A major resource discovery, the 
completion of a large capital project, or a 
piece of landmark legislation may alter or 
dramatically accelerate established devel
opment trends. In comparison to other 
states, Alaska's economy and population 
are small enough that the effects of major 
events are magnified in importance; for 
that reason, events were stressed in the 
Delphi questionnaires. Fortunately, the 
Delphi methodology is particularly useful 
for the prediction of discontinuities in es
tablished trends and the timing of events. 

The panel predictions of the most likely 
completion times for capital projects are 
shown in Figure 6, including the percent· 
age of the panel who felt the event was 
more likely never to occur. Although not 
presented here, in most cases the panel also 
predicted earliest and latest times of com
pletion. Besides the capital projects shown 
in Figure 6, some other predictions were: 

• The State personal income tax would 
be reimposed as early as 1987 and before 
1992. 

• Two-thirds expect that the capital 
would not be moved from Juneau. 

• 80% predicted that Alaska will never 
be a major exporter of agricultural prod
ucts. 

• The consensus was that in the next 
15 to 25 years most Alaskans will no longer 
characterize our economy as" Boom/Bust." 

Because of its significance and the 
number of options, the use and transpor-

FIGURE 7. 

NORTH SLOPE GAS: TRANSPORTATION OR USE 
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tation of North Slope natural gas were 
treated in more detail than other events. 
As shown in Figure 7, the panel felt that 
a pipeline to tidewater was the most likely 
option. 

Although continued reinjection was 
selected as the most likely option by a 
quarter of the panel, an overall ranking of 
the options would place a pipeline through 
Canada as the second most likely option. 
The panel estimated that the gas would 
reach market in 1993 (midrange of 1992 
to 1995) and that there is a 50% chance 
of export to foreign markets (midrange of 
20-60%). 

Panel predictions of energy use and 
production extended beyond major events. 
The panel predicted that improved insula
tion in new buildings and more fuel-effi
cient vehicles would be the most significant 
trends operating to decrease energy de
mand. Changes in population density and 
rural electrification were predicted to be 
the most significant trends increasing ener
gy demand. 

Figure 8 is based on projections of 
power production from each fuel relative 
to current use. The panel expects oil
powered generation to remain at about 
current levels, gas and coal use to undergo 
moderate growth, and hydro (with or 
without Susitna) to grow the most rapidly. 
Although the panel expects that by 2000 
alternative energy sources- particularly 
wind and geothermal-will be used to 
generate electricity, their contribution as 
a percentage of power generation in the 
state will be small. Solar use for generating 
electricity will be negligible, and less than 
half of the panel expects even experimental 
use of tidal power. Only 15% of the panel 
expects any use of nuclear power in Alaska 

TABLE 5 

PERCENT OF HOUSEHOLDS 


HEATING WITH WOOD, 

COAL OR SOLAR 


Cu"ent 2000 

Anchorage 0 10% 
Fairbanks 20% 26% 
Southeastern 20% 31% 
Mat-Su Borough 6% 17% 
Yukon-Koyukuk 6% 14% 

by the year 2000. See 
Table 5 for details. TABLE 6 

While alternative SOLUTIONS TO HIGH ENERGY COSTS 
fuels are not expected 
to play a large role in Percentage ofPanel 
the production of elec Indicating Use ofSolution In 1990 2000 
tric power, panelists 
predicted that wood, Better insulation in buildings 83% 50% 
coal, and solar energy Substitution of other energy sources 52% 67% 
will be used for resi Price subsidies 53% 25% 
dential space heating Let prices limit demand 42% 38% 
in a much larger frac Solved by new technology 20% 58% 
tion of Alaskan homes Regional power grids 17% 64% 
by 2000. Other options offered by the panel 5% 5% 

This is in part a 
reaction to the state
wide problem of high energy costs (current 
and/or expected). that is particularly se
vere in rural Alaska. In fact, when panelists 
evaluated a list of rural problems identified 
by a 1981 Delphi study conducted by the 
Alaska Council on Science and Technology, 
"energy systems" was second only to 
"employment opportunities" as the most 
important problem area in rural Alaska. 
Table 6 indicates which "solutions" are 
expected to alleviate this very significant 
problem. 

CONCLUSIONS 

Most panelists commented favorably 
on their experience in this Delphi study, 
and initial reaction to the final report has 
mostly been positive. However, its value 
cannot be judged now, but rather it must 
be judged as two kinds of benefits occur. 
First, through a structured communication 
process, the Delphi panelists themselves 
have expanded their view of Alaska. This 
increased knowledge will be used as they 
make decisions or advocate policies over 
the next decade. Second, the State can 
accelerate or "go with the flow" of these 
predictions, or it can consciously choose 
to turn portions of the Delphi study into 
self-defeating prophecies; the study makes 
such conscious decisions possible. 

In the last round, the panelists described 
technological developments that may sig
nificantly impact Alaska during the next 
20 to 40 years. These possibilities will re
quire further research and development
both to accomplish and to forecast. Some 
of these potential developments were: 

- Transportation developments, such 
as improved icebreakers, roll-on/roll-off 
barges, and lighter-than-air or undersea 

transport for resource development or for 
rural supply. 

- Major energy production break
throughs (fusion, for example) or use pat
tern changes (electric cars, nuclear power 
generation in Japan) and their impact on 
demand for Alaska's resources. 

- Aquaculture, automation of fish 
processing, new ways of at-sea processing, 
and faster air transport. 

- Computers and telecommunications 
technology that may allow more people 
to combine rural lifestyles with a "cash" 
job. 

- Ocean mining, chemical mining, ter
tiary oil recovery techniques, and slurry 
pipelines. 
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THE BASICS OF PROPER DESIGN 
FOR RESIDENTIAL BASEMENTS 
IN ALASKA 

by Richard D. Seifert 

Basement, crawlspaces, and pads are all 
used in residential design in Alaska. Mate
rials for basements and floors vary sub
stantially in cost and availability through
out the state and include: masonry (block 
and/or concrete) for full basements, AII
WeatherWood (a chemically- and pressure
treated plywood system), piles used with 
open crawlspaces, and wood framing and 
metal sheathing for crawlspaces. 

WHY BOTHER WITH A BASEMENT? 

Residences built on permafrost should 
not include normal basements, of course. 
Buildings on permafrost soils should have 
open crawlspaces to minimize heating of 
the permafrost and possible thawing. 
Thawing of the permafrost might cause 
uneven settlement of the soil and founda
tion, and could cause failure of the build
ing. If permafrost is suspected at the 
building site, have a soil core drilled by a 
testing company or excavate the site to 
investigate the soil conditions. Several 
valuable publications on the subject are 
available, including "Permafrost-A Prob
lem of Building in Alaska.'' 1 

If soil conditions at the construction 
site are found suitable for a basement, the 
builder will need to decide which type of 
basement to construct. How do the choices 
compare? A ranch-style home with a living 
area of 1,536 sq ft (24' x 64') with a warm 
plenum crawlspace cost $67,458 in 1980, 
or $43.92 per sq ft. In the same study, a 
24' x 32' two-story house with an insulated 
masonry basement (one inch of polysty
rene) was found to cost $42,158. This is a 

difference of $25,300 for the same useful 
living space. Also important is the fact 
that the house with a basement provided 
a substantial savings in fuel oil costs over 
the ranch-style house (-30%).2 This strik
ing difference in cost for the same useful 
floor space shows why basements are a 
very effective building component: they 
are less expensive while providing more 

space, with lower fuel costs. This is certain
ly an incentive to consider a basement 
when building. This article focuses on the 
cost evaluation for both constructing and 
heating different types of basements in 
Alaska. It is assumed that the builder will 
use all appropriate caution to ensure the 
basement is not installed in a permafrost 
soil area, and that proper construction, 
sealing, and backfilling techniques are em
ployed. These will be described later. 

COMPARISON OF BASEMENT/ 
FOUNDATIONS 

The basement types considered here are 
varia.tions of the All-Weather Wood (ply
wood and studs) system for building below 
ground, and the standard masonry (con
crete and cement block) basement and 
foundation systems commonly used in 
Alaska construction. Each basement's an
nual heating requirement was obtained 
using a computer program known as 
F-Load,3 which enables a detailed account
ing of the annual energy use of each type 
of basement. In the comparison, each 
basement option was modeled as underly
ing identical first floors. The basement was 

the only part of the "model" residence 
that was changed. Therefore, the basement 
heating costs and thermal losses are direct
ly comparable among the examples. 

For each of the basement types, a de
tailed bill of materials was prepared in 
order to determine the cost of each base
ment option fairly accurately. Fairbanks 
labor and material costs were used. The 
labor costs were obtained from the Winter 
1981 issue of the Community Research 
Quarterly of the Fairbanks North Star 
Borough Information Center.4 The wage 
rates are based on the journeyman scale 
for carpenters($24.86) and cement-masons 
($19.98) and include fringe benefits. Ma
terials costs are averaged from three Fair
banks commercial building supply com
panies in April, 1982. 

The purpose of this comparison of 
basement/foundation options is to deter
mine the most cost-effective combination 
of material, labor and heating costs for the 
homeowner/residential builder. 

WHICH BASEMENT IS BEST? 

This study indicates that the most 
energy-efficient and cost-effective base
ment option is the All-Weather Wood, 
daylight basement, with 12-inch walls of 
double-stud construction. This is described 
as basement type 06, the "base case" in 
Table 1. The second option listed, type 07, 
is also All-Weather Wood and has a larger 
amount of insulation than the base case: 
18 inches of fiberglass in an 18-inch wall 
cavity. This option has a construction cost 

Richard D. Seifert is Extension Energy Specialist with the Cooperative Extension Service, University ofAlaska, Fairbanks, and 
holds a research appointment at the Institute ofWater Resources, UAF. His special interests are energy conservation and technologies 
ofalternative energy. 
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TABLE 1 

1982 Costs Basement Heat Loss First- Year Heating 
Basic Description 
(all are 28' x 48') Materials Description 

Materials 
(%) 

Labor 
(%) 

Total 
Cost 

Above 
Base 

Avg./Yr. 
(Millions ofBTUs) 

Cost@ $1.25/Gal 
65% Efficiency 

TYPE 06 Y2' All-Weather plywood walls $8,902 $6,215 $15,117 32.2 $151.66 
Base Case with double 2" x 4" studs, (59%) (41%) 

Treated All-Weather Wood 16" O.C., 12" wall cavity, 
4 Feet Below Grade fiberglass insulation to R-36, 

poured concrete pad with 
2" Styrofoam insulation. 

TYPE 07 Same as above except 18" wall 9,382 6,418 15,800 $683 28.7 135.18 
Treated All-Weather Wood cavity with R-56 insulation, (59%) (41%) 

4 Feet Below Grade poured concrete pad with 
2" Styrofoam insulation. 

TYPE 08 Concrete block construction 11,141 6,985 18,126 3,110 43.1 203.00 
Full Masonry Basement with 2" Styrofoam insulation (61%) (39%) 

4 Feet Below Grade on walls (exterior), poured 
concrete pad with 2" Styro
foam insulation. 

TYPE 09 Top half is All-Weather Wood 12,532 9,281 21,814 6,696 34.0 160.14 
Full Basement; with 12" fiberglass insulation (57%) (42.5%) 

Half All-Weather Wood (R-38). Lower half is concrete 
(4 Feet Above Grade) block with 2" Styrofoam 

and Half Masonry insulation (R-15). 

TYPE 10 Same as above except 12,003 9,015 21,019 5,902 40.0 235.01 
Full Basement; Same as All-Weather Wood Wall is (57.1%) (42.9%) 

Type 09 Except All Walls 6" with R-19 insulation. 
Are All-Weather Wood 

TYPE 11 Concrete block walls with 8,370 6,960 15,330 213 90.5 426.00 
Full Masonry Basement poured concrete slab, (55%) (45%) 

4 Feet Below Grade 2" Styrofoam under pad, 
no insulation on walls. 

$686 above the base case, but only achieves crete block, with a 12-inch wall cavity and Wood) and with at least 2 inches of poly
a $16.48 first-year saving in heating costs. 2 inches of Styrofoam on the concrete wall styrene foam, or its equivalent, in the case 
The long payback of this option makes it below-grade, performs well from a heating of a masonry basement below-grade, is in 
less economical to build the thicker wall cost standpoint. The first-year heating cost the economic best interest of the home
(18 inch versus 12 inch). is only $8.48 above the base case, but the owner or commercial developer. 

Types 08, 09 and 11 all include large building costs are much higher: $6,696. 
amounts of concrete block masonry. In Type 11 is a full concrete-block mason KEEPING BASEMENTS DRY 

the insulated all-masonry basement, type ry basement. It has uninsulated walls, and All basement types mentioned here, 
08, the material cost of concrete block is included in this analysis to demonstrate and virtually all conceivable basements, 
construction is a disadvantage. The ratio the value of insulation. Although the build require extra care with respect to sealing 
of materials cost to labor cost for this con ing cost is only $213 above the All-Weather against water penetration. This problem is 
crete basement is 61% materials and 39% Wood base case, the increased heating universal and must not be overlooked. It 
labor, compared to 59% materials and 41% costs are dramatic. This uninsulated base is becoming ever more important, as more 
labor for the base-case All-Weather Wood ment costs more than twice as much to people recognize the economic value of 
system. The concrete masonry basement, heat as the base case ($426 compared to basement space, and some even consider 
with 2 inches of Styrofoam™ insulation, $151). These high heating costs would underground homes. 
costs $3,110 more than the base case, and only increase with inflation during the 

All-Weather Wood Construction the first-year heating cost is 34% more life of the building. Insulating a basement 
($203 compared to $151, Table 1). with as much as R-38 equivalent insulation In the case of All-Weather Wood con

The type 09 basement, which is essen above-grade (and also using that much in struction, the All-Weather Wood Founda

tially half All-Weather Wood and half con- sulation below-grade with All-Weather tion System Manual provides an excellent 
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description of the proper building and 
sealing techniques to use in this type of 
construction.5 Included here are elements 
of the recommended steps to ensure dry
ness in below-ground (grade) construction: 

• Adjacent ground surface should be 
sloped away from the structure with a gra
dient of at least Y:z-inch per foot for a dis
tance of 6 feet or more. Provisions should 
be made for drainage of accumulated sur
face water (see Figure 1). 

• A porous layer of gravel, crushed 
stone or sand should be placed to a min
imum thickness of 4 inches under the base
ment floor slab and all wall footings. Pro
visions should be made for automatic 
draining of this pad. 

• A 6-mil thick polyethylene moisture 
barrier should be applied over the porous 
layer and a 4-inch thick (thicker if required 
by local code) concrete slab poured over 
the film. 

• Where there is habitable space below 
grade, a sump should be installed to assure 
proper drainage. It should be 24-inch dia
meter or 20-inch square, and extend 30 
inches below the basement slab. The sump 
should have positive drainage to remove 
any accumulated water. Drainage may be 
by gravity to a sewer or to daylight 
(unless winter freeze-up precludes 

gravity drain to daylight), or a sump 
pump may be provided. 

• In basement construction, plywood 
panel joints in the foundation walls should 
be sealedfulllengthwith appropriate caulk
ing compound. 

• A 6-mil thick polyethylene film 
should be applied over the below-grade 
portion of exterior basement walls prior 
to backfilling. Joints in the polyethylene 
film should lap 6 inches and be sealed with 
adhesive. The top edge of the polyethylene 
film should be bonded to the sheathing to 
form a seal. Protect film areas at grade lev
el from mechanical damage and exposure 
by a treated lumber or plywood strip at
tached to the wall several inches above 
finish grade level and extending approxi
mately 9 inches below grade. The joint be
tween the strip and the wall should be 
caulked full length prior to fastening the 
strips to the wall. Asbestos cement board, 
brick, stucco or other covering appropriate 
to the architectural treatment may also 
be used. The polyethylene film should ex
tend down to the bottom of the wood foot
ing plate but should not overlap or extend 
into the gravel footing. 

• The space between the excavation 
and the plywood wall should be backfilled 
with the same material used for footings, 
up to a height of one foot above the foot-

mm Pressure treated wood 

Flashing 

Plywood may overlap field-applied 
f====~~~::i~~~-r-top plate for shear transfer 

2x_top plate 

Caulk 
Finish grade slope 1/Z' per foot 

in. 6' from wall 
1x-or plywood strip protecting 
top of polyethylene film 
2 x -stud wall 

~--Plywood 

....,..~-- Asphalt or polyethylene film strips 
~..,.,..___ 3" or 4" concrete slab 

4" gravel or crushed stone fill 

Polyethylene film 
----_x_bottom plate 

2 X-footing plate 

Below frost line 

Figure 1. Basement wall with All-Weather Wood construction. 5 

ing for well-drained sites, or half the total 
backfill height for poorly-drained sites. 
This porous fill should be covered with 
strips of 30-pound asphalt paper or 6-mil 
polyethylene, to permit water seepage 
while avoiding infiltration of fine soils. 

• If a continuous concrete footing 
rather than a composite wood and gravel 
footing is used with the All-Weather Wood 
Foundation, the concrete should be placed 
over a 4-inch thick layer of gravel, crushed 
stone or sand to allow drainage of water 
from outside the footing to the sump un
der the basement slab. Alternately, drain
age across the footing may be provided 
by pipes or drain tiles embedded in the con
crete every 6 feet around the foundation. 

Masonry Construction 

Many of these same design features 
apply to masonry construction. Sealing 
the exterior of masonry construction 
with a waterproof, asphaltic sealant is the 
first step, assuming the basement floor has 
been sealed from below with a 4- or 6-mil 
polyethylene plastic vapor barrier (as in 
the All-Weather Wood foundation). This 
asphaltic sealant should be covered with 6
mil polyethylene on the exterior as an 
additional exterior sealant. The polyethyl
ene should be taken to the ground level 
and sealed to the wall with waterproof 

caulking. The same precaution for drainage 
of accumulated surface water should be 
made as in point 1 of the above steps to 
ensure dryness. 

If the concrete is still uncured (green), 
it may give off moisture in quantities large 
enough to cause water to accumulate be
hind the basement's interior vapor barrier. 
To avoid this, the basement can be left 
unfinished until curing is complete, or a 
moisture-breathing strip can be placed on 
top the foundation wall. This is a plywood 
strip that is saw-grooved every inch. Tech
nically the best solution is to insulate the 
foundation wall on the outside (Fig. 2).6 

There are three major advantages in in
sulating the basement wall on the outside: 
First, it avoids moisture problems just dis
cussed. Second, the concrete is no longer 
exposed to severe temperature fluctua
tions and thus is less likely to sustain dam
age. Third, the concrete is inside the warm 
envelope of the house and thus acts as 
thermal storage; this tends to smooth out 
the daily temperature swings.6 
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Figure 2. Basement wall insulated 
on the outside.6 

Leave enough spare 
material to join to stud 
frame later. 

Fold vapor barrier and 
..!..l:::.l=.~w_,~~~- seal to concrete. Attach 

r-G-r-an_u_l_a_r-B-ac_k_f_il_ln::r-~~ 
in Problem Soils 

Figure 2 shows a basement insulated 
on the outside with two layers of rigid in
sulation. Note that the vapor barrier has 
to end in such a way that the airtightness 
of the house is maintained. The procedure 
shown creates a permanent airtight seal a
round the top of the foundation wall, and 
it allows continuity of the vapor barrier 
when the basement is finished at a later 
stage. This procedure should be used when
ever the basement is left undeveloped.6 

Waterproofing 

Many products are available which claim 
to be suitable for below-grade (ground) 
applications. An appropriate coating 
should perform the following waterproof
ing functions:7 

• It must be waterproof-not vapor 
proof or damp proof or any other euphem
ism. 

• It must retain its flexibility, its abil
ity to expand and contract without crack
ing. 

• It must be either very tough or self
sealing in order to counteract the likeli
hood of the occasional puncture. 

• It must be chemically or mechani
cally resistant to acids and salts in the soil. 

• It must be capable of forming a 
monolithic, contiguous, uninterrupted 
envelope around the building. 
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with nailed plywood strip 

Either vapor barrier or 
low-permeance rigid 
insulation 

• If it should fail for some reason, it 
should be simple to repair and should not 
complicate the identification of the point 
of failure. 

BUYING A BETTER BASEMENT 

The prospective homebuyer should in
spect a home with a basement for signs of 
inadequate waterproofing or sealing. The 
following are good indicator items to 
check: 

• Try to determine the presence of ex
terior below-grade polyethylene sheeting. 

• Inspect the basement for dark 
"damp" spots, especially at the edge of 
the floor. These may indicate lack of a 
vapor barrier below the concrete floor pad. 
Pull up any carpeting, if it is present, in 
an inobtrusive location near a wall. 

• Look for direct signs of water seep
age damage. These include stained framing 
or paneling, warped or buckled paneling 
or sheetrock, floor stains, warped floor 
coverings, or a damp mildew odor which 
may indicate moisture accumulation in 
walls where it may not yet have become 
visible on the wall surface. 

A FEW CONCLUSIONS 

Basements are worth whole books in 
themselves; this brief article has touched 
only a few important points. Essentially, 

a good basement for Alaska, like good 
boots for the north, should be warm and 
dry-and help keep everything from there 
on up comfortable. 

A basement makes fiscal sense every
where but on sites underlain by perma
frost. If carefully installed and properly 
insulated and waterproofed, All-Weather 
Wood basements are competitive with 
standard masonry construction in ther
mal performance and are less costly. It is 
possible to overinsulate a basement so that 
the savings on heating costs will not reason
ably pay back the initial expense, but it is 
also possible to use too little insulation 
and suffer unnecessarily high fuel bills for 
the life of the structure. 
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OPTIMAL WALL INSULATION 

by Michael J. Economides 

Prospective home buyers are often be
wildered by claims about the benefits of 
extra insulation. How much in heating 
costs will more insulation really save? How 
long will it take for the savings to pay back 
the costs for the extra insulation? How 
much insulation is too much? Several 
techniques comparing the amortization of 
construction costs with future heating fuel 
costs may identify the optimum insulation 
thickness. 1 The following article is intend
ed to calculate and compare the relative 
benefits of larger insulation thicknesses 
for a typical home in Fairbanks. Such a 
comparison can be useful to the prospec
tive home buyer in any cold area, however. 

HEAT LOSS CALCULATIONS 

For any house, the total heat loss 
(excluding ventilation) may be written as: 

0 1oss = 0 windows +Owalls +Qroof+Qfloor 

(1) 

Each of the individual components in 
equation 1 may be evaluated by using an 
expression for the rate of heat loss: 

A(T -T.) 
q= 0 I (2) 

where h
0 

, hi are the outside and inside free 
convection heat transfer coefficients re
spectively, x1, x2, ... are the thicknesses 
of the various layers of construction and 
insulation materials, and k1, k2, ... are 
the corresponding thermal conductivities. 

Assuming a typical wall consisting of 
the construction and insulation materials 
shown in Figure 1, we can evaluate the 
appropriate "resistances" (the summed 
expressions in the denominator of equa
tion 2). Table 1 presents typical values of 
the thicknesses and thermal conductivities 
of various wall building materials and their 
resistances to heat loss. 

The free convection coefficients are in 
the order of 1 to 2 BTU/hr/ft2/°F and, 
hence, the resistances range from .5 to 1. 
Obviously, insulation provides the control
ling resistance. One may neglect all other 
resistances within 6-7% error. Hence, 
equation 2 may be approximated by: 

(3) 

A similar expression may be written for 
the roof. For the purposes of this study, 
the heat losses through the floor are con-

PLASTERBOARD 

W~~~SIDING j 
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e:,'b 
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PLYWOOD 
Figure 1. Typical wall section for a 
Fairbanks house. 

sidered negligible (assuming construction 
is not on pilings). 

Finally, the heat loss through windows 
may be calculated using the overall 
heat transfer coefficients provided by 
ASHRAE.2 For a double-paned window, 

Michael J. Economides is assistant professor of petroleum engineering at the University ofAlaska, Fairbanks, and holds degrees 
in chemical and petroleum engineering. Dr. Economides has industrial experience as a process chemical engineer and a petroleum 
reservoir engineer. 
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TABLE 1 


TYPICAL CONDUCTIVITY AND RESISTANCE VALUES FOR 

3STANDARD BUILDING AND INSULATION MATERIALS

Typical Thennal 
Thickness Conductivity Resistance 

Item (in) BTU/hr/tt2/°F/in hr/tt2/°F/BTU 

Wood siding .5 
Plywood .5 
Sheetrock .5 
Insulation 3.5-10.5 

(fiberglass) 

the overall heat transfer coefficient is 
approximately .6 BTU/hr/ft2fF. Hence, 

qwindow = ·6Awindow(T o · Ti) 14 ) 

In most houses, windows occupy 
roughly 10% of the total wall area. Hence, 
the total heat loss, as implied by equation 
1 (and written for a year), may be ex
pressed as: 

0 1oss = (.6)(.l )Awall (To· Ti)t 

+ .9(Awaii)(To· Ti)t/(~).
msul. 

+Aroof(To-Ti)t/(~) (5)
roof 

The expression (T 
0 

- Ti)t, when t is 
equal to 1 year, is recognized in the heat
ing index, 1/J (in degree days). Values of 1/J 

are tabulated for a variety of locations in 
the Environmental Atlas of Alaska.4 

ECONOMIC OPTIMIZATION 

The ensuing annual heat losses as des
cribed by equation 5 result in an annual 
heating cost using 

QCH = K1fp (6) 
c 

where CH is the annual heating cost ($), 
He is the heat of combustion (BTU/gal). 
T/ is the furnace efficiency, and P is the 
price of the fuel in $/gal. 

Installation costs for the various insul
ation thicknesses (Table 2) were deter
mined by personal communication with 
Fairbanks builders. 

A traditional optimization scheme re
quires amortization of the construction 
costs over a set period of time, assumin~ 
an interest rate (or time value of money). 
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1.04 .481 
.755 .662 

5.64 .089 
.246 14.2-42.7 

From the summation of heating and con
struction costs, an optimum insulation 
thickness may be indicated. 

Instead of the capital recovery approach 
presented by Rice1, the present worth val
ue is used in this paper. This approach is 
more meaningful to a consumer who is con· 
templating the purchase or the construc
tion of a new home. In the capital recovery 
approach, the amount expended for some 
beneficial item -in this case, additional 
insulation-is weighed against some sav
ings that the item will provide its purchas
er -here, it would be heating costs. Thus if 
someone spent $1000 on insulation which 
saved $100 worth of fuel oil per year, that 
person would have recovered his capital 
outlay in ten years; that would be the "pay
back period" for the insulation. However, 
that approach overlooks the other pur
poses to which the money can be put, in
cluding the amount of interest it could ac
crue if it was invested. The present worth 

approach takes this earning capacity into 
account, which provides a more accurate 
estimate of the actual cost involved with 
construction expenditures. 

The uniform series present worth 
(U.S.P.W.) factor is a finite series sum that 
depends on the growth factor for money 
(interest rate) and the number of time pe
riods of cash flow, e.g., how often interest 
is compounded. 

Decision makers are used to dealing in 
terms of cost per unit or profits per unit 
time.5 The cash or cost flows are treated 
as a series of identical sums. Formally, the 
relationship between the present worth 
(P.W.), the identical annual cash or cost 
flows (R), and the growth factor (i), is: 

n 1
P.W. = R ~---=--n- (7)

1 (1+i) 

where n is the number of time periods that 
the cash flow occurs (normally the time 
unit is a year). 

The expression within the summation 
sign in equation 7 is the uniform series 
present worth expression and may be eas
ily evaluated. The formal expression is: 

(l+i)n-1U.S.P.W. = (8)
i(1- i)n 

Figure 2 presents the values of the 
U.S.P.W. for a range of interest rates and 
uses 8 years as the time of the economic 
analysis. 

The uniform series present worth ap
proach, allowing the evaluation of future 
costs at present time, offers a technique 
for comparison between these costs and 
the initial investment outlay. 

TABLE 2 

INSTALLATION COSTS (PER FT2 OF 
WALL AREA) FOR VARIOUS 
INSULATION THICKNESSES 

Wall Thickness 
(in) 

2 
4 
6 
8 

10 
12 

Installation/ 
Material Costs 

($/t?J 

.24 

.48 

.72 

.96 
1.20 
1.44 
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Figure 2. Values of the uniform present worth series calculated Figure 3. Suggested optimization scheme for a new house in 
for various interest rates over an 8-year period. Fairbanks, assuming 8-year occupancy and 12% interest rate. 

Figure 3 is a sample optimization 
scheme for a house in Fairbanks, Alaska, 
with a wall area of 2300 sq. ft (230 sq. ft 
of windows) and a roof area of 2600 sq. ft. 
We shall assume an interest rate of 12% 
and an average occupancy of 8 years. This 
last figure varies with the location, yet 
the practice of amortizing the costs over 
30years-the normal mortgage duration
is not relevant to the prospective buyer. 
The national average duration of home 
occupancy, which is relevant for assessing 
an appropriate payback period, is between 
7 and 8 years. In Fairbanks, this is even 
shorter.6 

Equation 5 becomes (using the Fair
banks standard, e = 14600 degree days): 

Gloss= (.6)(.1 )(2300){14600){24) 
+ (.9)(2300)(14600)(24)(.246)/x 
+ (2600)(14600)(24)(.246)/x 
+ 4.84 107 + 4.02 108/x (9) 

Taking approximate values for He = 
145000 BTU/gal, 11 = . 75, and P = 1.1 
$/gal, equation 6 yields: 

CH = 490 + 4066/x (10) 

Finally, the annual heating costs indi
cated by equation 1 0 may be brought to 

present using the U.S.P.W. Hence, for the 
8-year, 12% assumption, the present value 
is: 

CH = 2435 + 20208/x (11 ) 
present 

RESULTS AND CONCLUSIONS 

Based on the assumptions used in this 
paper, comparison of the total present 
costs (taking into account heating and in
suIation "front" costs) indicates that the 
"optimum" fiberglass insulation thickness 
is 6 inches (Fig. 3). Of greater interest is 
the relative difference in the actual total 
costs. There is less than $1200 difference 
(in present-worth value) between a 4" wall 
and a 12" wall, although the construction 
costs may vary by several thousand dollars. 

Optimization schemes similar to the 
one shown in Figure 3 were done for a 
variety of growth factors of money. All 
indicated that an insulation thickness of 6 
inches of fiberglass or equivalent is the 
optimum. These results assume a fuel price 
of $1.1 /gallon. In view of the national 
forecasts on the availability and pricing of 
fuel oil, the optimization presented here 
is expected to be valid over the next 
several years. 

Deciding the size of the wall may de
pend not so much on total present worth 
as on the present cash flow situation and 
the resale value of the house. Since "super
insulation" does not seem to pay off, a 
consumer with a set amount of funds as 
down payment and a certain future earn
ing capacity might consider the purchase 
of a larger house with less insulation. 
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MEETINGS 

Right around the calendar's corner is 
the American Association for the Ad
vancement of Science 34th Alaska Science 
Conference, to be held 28 September
1 October 1983 in Whitehorse. Right; 
that's Whitehorse, Yukon Territory, 
Canada, and there are several good reasons 
why the 'Alaska' Science Conference 
should be held there. This year's confer
ence title is"Alaska/Canada North: Neigh
bors in Science " which puts the under
lying vision succinctly. Clarifying futher, 
the First Announcement stated: "In 1982, 
the AAAS-Aiaska Division changed its 
name to AAAS-Arctic Division in order 
to acknowledge the continual participa
tion in the Alaska Science Conference of 
researchers from Yukon and Northwest 
Territories. The 1983 conference will fol
low up on this initiative by returning its 
activities to Whitehorse for the first time 
since 1968. The program focus is intended 
to be very general while still reflecting 
trans boundary topics in Northern science." 

There are indeed many transboundary 
topics, as the number of planned special 
events and symposia make clear. Of spe
cial interest to some TNE readers will 
likely be "Science and Frontier Hydro
carbon Exploration -the Beaufort Sea 
Experience;" others may find "Wood as 
Fuel- Uses and Problems" more appl ic
able; and anyone who lives in the north 
might pick up some valuable pointers from 
"Human Performance in the Cold." 

Further information on program topics, 
registration, and housing is available from 
Art Pearson, Conference Chairman, Box 
4580, Whitehorse, Yukon Y1A 2R8; or 
phone the Conference office at (403) 
667-4288. 

* * * * 

Also coming in Canada: the 6th Sym
posium on Wastewater Treatment, to be 
held 16-17 November 1983 in Montreal. 
Subtitled "An International Exchange of 
Technology," the theme of the Sympo
sium this year will be Design and Opera
tion of Wastewater Treatment Plants; pre
sentations will feature new developments 
and case studies. The Canadian Section of 
the International Association on Water Pol
lution Research will sponsor one session. 

Further information is available from 
A. Jolicoeur, P. Eng., Chief. Technology 

Transfer and Training Division, Environ
mental Protection Service, Environment 
Canada, Ottawa, Ontario K1A 1C8, 
Canada. 

* * * * 

A call for papers is issued by the Fifth 
Alaska Alternative Energy Conference, to 
be held 11-13 February 1984, at the Uni
versity of Alaska, Fairbanks. This confer
ence, which will offer separate sessions 
tailored to the interests of design profes
sionals and the general public, will provide 
seminars on energy technology and energy 
strategies specific to northern climates. 
Persons interested in presenting a paper(s) 
to the General Conference are invited to 
submit an abstract by 31 October 1983, 
sent care of Judy Zimicki, Alaska Alter
native Energy Conference, S.R.A. 4007-A, 
Anchorage, AK 99502. 

Priority items for the conference in
clude General Interest: Energy Education; 
Residential Use of Coal/Wood; Building 
Energy Conservation; Community Energy 
Planning; Photovoltaics; Heat Exchangers; 
Micro-hydro;Giazing,Shutters and Shades; 
Northern Climate Sunspaces; Professional 
Interest: Stirling Engines; Lighting/Ener
gy Management; Computer Design Tools; 
and Financing Energy Conservation. 

All entries will be acknowledged. Au
thors of accepted papers will be notified 
by 15 November 1983, and will also be 
sent further instructions. 

* * * * 

New Orleans will be the site of the 7th 
annual Energy-Sources Technology Con
ference and Exhibition on 12-17 February 
1984. According to the conference an
nouncement, "ETCE will feature engi
neering authorities from more than 20 
countries .... To complement the technical 
program, an exhibition will be held fea
turing leading U.S. and international firms 
displaying the latest equipment, compo
nents, instrumentation, and services for 
the energy-sources industries." One fea
tured event among those offered at the 
ETCE will be the International Offshore 
Mechanics & Arctic Engineering Sympo
sium. Judging by the list of sponsors for 
this symposium, it will be truly interna
tional and interdisciplinary: American 
Society of Mechanical Engineers (who are 
the overall sponsors for ETCE); Canadian 

Society of Mechanical Engineering; Society 
of Naval Architects of Japan; London 
Centre for Marine Technology; Italian 
Association for Offshore & Marine Engi
neers; and Norwegian Society of Chartered 
Engineers. Other symposia within ETCE 
will include Drilling & Production; Pipe
line Engineering; Diesel & Gas Engines; 
Synthetic Fuels; Fluids Engineering; Hy
drocarbon Processing; Equipment Design, 
Development & Testing; Industrial Pollu
tion Control; Ocean Engineering; Wear & 
Corrosion; and Wind Energy. 

More information on the 1984 ETCE 
is available from Frank C Demarest, ETCE 
Information, P.O. Box 59489, Dallas, TX 
75229; phone (214) 247-1747. 

* * * * 

It's been some time since we've listed 
any of the many meetings sponsored by 
The Energy Bureau, Inc., but they are 
still filling TNE's box with interesting mail 
announcing what seems to be a full catalog 
of conferences. Forthcoming on their fall 
roster will be The Outlook for Feedstock 
and Petrochemicals (Houston, TX, 12-13 
September); Utility Financing (Arlington, 
VA, 26-27 September); Resource Recovery 
(Arlington, 12-13 October); and The Out
look for Natural Gas (Arlington, 17-18 
October) --among others. For information 
about any of these conferences (or to find 
out what the others are). write The Energy 
Bureau, Inc., 41 East 42nd Street, New 
York, NY 10017; phone (212) 687-3177. 

PUBLICATIONS 

The National Research Council of Can
ada has sent word of the publication of 
The Roger J.E. Brown Memorial Volume: 
Proceedings of the Fourth Canadian Per
mafrost Conference. The volume contains 
65 papers presented at the conference held 
in Calgary, Alberta, on 2-6 March 1981; it 
is dedicated to the memory of Dr. Brown, 
first Research Advisor for the Permafrost 
Subcommittee of the Associate Committee 
on Geotechnical Research. Major sections 
in the book include Climate and Perma
frost; Hydrology in Permafrost Regions; 
Geophysics and Subsea Permafrost; Gas 
Hydrates and Permafrost; Laboratory 
Testing of Frozen Soils; and Engineering 
Applications in Permafrost Areas. 
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The 594-page book is available for $50 
Canadian from Publications, Sales and 
Distribution, National Research Council 
of Canada, Ottawa, Ontario KIA OR6, 
Canada. Checks or money orders should 
be made payable to the Receiver General 
of Canada. 

* * * * 

The United States Geological Survey 
Water Resources Division has been steadily 
adding to the supply of available knowl
edge on Alaska's fresh waters. Some recent 
reports have been very specific for both 
geographic area and practical application: 
Hydrologic Information for Land-Use 
Planning, Badger Road Area, Fairbanks, 
Alaska, by A.P. Krumhardt, notes that 
the heavy development in this growing 
residential area has not yet degraded well 
water quality, but homeowners would 
be advised to keep their septic systems 
"downstream" --in this area, to the north
west--of their wells; Vertical Movement 
of Ground Water Under the Merrill Field 
Landfill, Anchorage, Alaska, by Gordon 
L. Nelson, suggests that it may be decades 
or even centuries before the landfill leach
ate affects the water quality of the local 
aquifer. Another report covers more terri
tory: Floods from Small Drainage Basins 
in Alaska, by Stanley H. Jones, has been 
compiled from data collected since 1963 
at approximately 125 sites. A fourth re

cJport has a title indicating geographic spec
ificity but with far reaching implications: 
Geodetic Trisection, Altitude, and Ice
Radar Techniques Used at Knik Glacier, 
Alaska, and Summary of 1979, 1980, and 
1981 Data, by L.R. Mayo and D.C. Tra
bant, summarizes both the glacier's chang
ing characteristics and the new long
distance methods used to survey them. 
Knik Glacier lies in the Chugach Moun
tains east of Palmer; in the past, its occa
sional advances have created Lake George. 
Outburst floods from this glacier-dammed 
lake once deluged the area, and though 
the last of these occurred in 1966, only a 
slight advance would be needed for the 
glacier to create the lake -and the danger 
of flooding--again. 

Any of the reports above may be pur
chased from the Open-File Services Sec-

A lot of the younger folk we see tour
ing the Elvey Building seem quite inter
ested in (and not at all awed by) science 
and technology. Here William Whipple of 
Anchorage examines a helicorder in the 
Geophysical Institute Seismology Labora
tory, right next to TNE's office. Whipple 
was a winner in the Science Fair in Anchor
age, and in April he and 12 other winners 
spent a day at the University of Alaska
Fairbanks visiting with scientists and 
researchers. While on campus, the students 
toured the Geophysical Institute and the 
Museum, and visited the Permafrost Tun
nel (off campus). (UAF photo by Sabra 
McCracken.) 

tion, US. Geological Survey, Box 25425 
Federal Center, Denver, CO 80225. Inspec
tion copies are available at the Survey of
fices in Fairbanks (101 12th Avenue) and 
Anchorage (both the Public Inquiries Of
fice, 108 Skyline Building, 508 2nd Ave
nue, and the Water Resources Division, 
1515 E. 13th Avenue). 

NOTED 

Recently, a friend routed an old maga
zine through the office commenting that 
even if it didn't concentrate on cold
regions technology it might bring back 
memories. Sure enough: featured in the 

January 1983 issue of Sports Afield was 
an article on yurts--rather more colorful 
and less northern-oriented than the one 
that appeared in TNE Volume 7, No. 1, 
Spring 1975, but just as enthusiastic. Yurt 
technology seems to be still progressing; 
the newest thing in yurts may be a return 
to the oldest, for the article featured a 
portable one (rather like a tent slung over 
an unfolded trellis, but reportedly inex
pensive, comfortable, and extremely wind 
resistant). The top expert in the field is 
still given as Dr. William Coperthwaite, 
who wrote our 1975 article. Plans for var
ious permanent yurts are available from 
him at The Yurt Foundation, Bucks Har
bor, ME 04618, for about $10 per plan. 
A 25-page booklet plus plans for a modern 
portable yurt are available for $5 from 
C & L. Cox, cjo Frog Pond Publications, 
The Meeting School, Rindge, NH 03461. 
Also noted in the Sports Afield article 
was a book by Len Charney, which gave 
"very detailed instructions" for building 
a yurt somewhat closer to the Mongolian 
origil)al though still permanent. Let us 
know if you build one-and be sure to 
report how well it works. 

* * * * 

Back in June, we were sent quite timely 
notice of the formation of the Alaska 
Chapter of the American Water Resources 
Association; since this hasn't been one of 
our more timely years, however-the edi
torial for this issue not withstanding- it's 
only now that we're getting around to tell
ing you about it. The initial announce
ment stated the goal of the new Alaska 
chapter, as "to present a forum for the 
discussion of all aspects of water resources 
investigation and development in Alaska." 
Toward this end, the chapter is holding 
monthly meetings in Fairbanks, Anchor
age and Juneau, with an annual statewide 
meeting. This year's annual meeting will 
take place at Chena Hot Springs, near 
Fairbanks, on 10-11 November. For de
tails about it, or information about local 
meetings and officers, write A. W.R.A., 
Alaska Section, P.O. Box 101184, Anchor
age, AK 99510. Annual dues are a reason
able (and potentially tax-deductible) $10 
per year. + 
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