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THE CHANGING FACE 
by Lynda M. Berge 

TrtE APOSTLE PAUL once said" ... old 
things are passed away; behold, all things 
are become new ... " (II Corinthians 
5: 17). While Paul was not speaking of 
professional liability insurance, his words 
give us a perfect description of what is 
happening within the insurance industry 
today. 

The first stage of the metamorphosis 
has been marked by extraordinarily high 
prices and declining availability of profes
sional liability insurance. More changes 
are coming very soon-in the "twinkling 
of an eye," as Paul would say. 

UNDERSTANDING THE CHANGE 

Understanding the changes that have 
been made is not difficult. However, it is 
necessary to take a few steps backward to 
do so. Without an understanding of what 
insurance is-or was meant to be-and how 
insurance companies function, we cannot 
explain the transformation that is cur
rently underway. 

Insurance, as originally designed, is one 
of several methods of treating "risk," 
which the insurance industry defines as 
the possibility of (financial) loss. Specifi
cally, insurance allows us to transfer our 
chance of loss to the insurance company 
in exchange for a specific premium 
charge. These charges are designed to 
produce enough income to pay not only 
losses, but also overhead expenses and, or 
so the companies hope, a profit to the 
insurance carrier. 

While the probability that a loss will 
occur on any single policy is difficult to 
assess, as more and more policies are writ
ten, the probability that a loss will occur 
on one of the policies increases until it 
becomes absolute. For this reason, the 

government requires the insurance com
panies to set aside large portions of their 
premium income for loss expenses. Addi
tional income must be set aside to refund 
premiums in the event a policy is cancelled 
prior to its normal expiration date. 

As loss and premium reserves grow, the 
insurance companies use these funds to 
produce investment income. The invest
ment income is used to supplement 
premium income for paying losses and 
overhead expenses. As investment income 
grows, the companies are able to reduce 
rates, allow premium credits, and offer 
more coverage at higher limits. As more 
policies are written, the funded reserves 
grow and the cycle continues. Whenever 
investment income drops, the cycle re
verses itself: rates are raised, credits are 
disallowed, policies are underwritten more 
carefully, and both the scope of coverage 
and the limits available are reduced. 

THE YO-YO SYNDROME 

This cycle of profit and loss repeats it
self every few years. Charted on a graph, 
the cycle looks like the repeat action of a 
yo-yo. While this cycle has served the in
surance companies well in the past, the 
stress of combined underwriting losses and 
investment losses has caused the string of 
the yo-yo to snap. Table 1 gives under
writing profits and losses for all U.S. prop
erty/casualty stock companies for the 
period from 1971 through 1984. Instead 
of reversing the cycle as they should have 
done in 1981, the insurance companies 
continued to reduce rates, allow large 
credits and offer high limits of coverage 
throughout 1981, 1982, 1983, and most 
of 1984. By the time the insurance com
panies realized how financially troubled 

Lynda M. Berge, CPIW, CPCU, is an insurance broker for Ferguson and Company, 
Inc., Anchorage, AK. She has worked in the insurance industry since 1968 as both 
company underwriter and licensed broker, and has taught at the University of Alaska
Anchorage Business School. 
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FINSURANCE 

Table 1. Underwriting Profits 
and Losses for 1971-1984 

Year Profit Loss 

1971 $ 694* 
1972 919 
1973 219 
1974 $1,763 
1975 2,899 
1976 1,399 
1977 793 
1978 1,284 
1979 1,000 
1980 2,770 
1981 6,351 
1982 10,389 
1983 13,272 
1984 21,000 

*In millions, U.S. dollars. 

they really were, it was too late. Some 
companies have already declared bank
ruptcy. 

prices since the volume of his work had 
decreased significantly in the previous 
year. A few months after receiving his 
renewal quote, he decided to request a 
new quote. The result? His own insurance 
company refused even to consider issuing 
him a policy. A second carrier was willing 
to quote the coverage, but their price was 
$23,540 in September and $33,186 in 
December-both quotes were for a limit 
of $1,000,000 with a deductible of 
$10,000. The cost savings for increasing 
the deductible to $10,000 was less than 
$1 ,500 per year. 

Engineer No. 3 was very happy with 
his quotes since he had actually purchased 
a three-year policy in 1983 with a guaran
teed rate. Unfortunately, the insurance 
company withdrew from Alaska in 1985. 
Engineer No. 3 has not yet replaced his 
policy. 

SHARING THE BLAME 

The profit-loss cycle of the insurance 
companies is only partially responsible 
for the changes we see today. Equally 

culpable are those who buy insurance, 
those who initiate insurance requirements 
for others, and those who interpret or 
otherwise adjudicate insurance policies. 

Those of us who buy insurance often 
do so only when absolutely necessary. And 
when we do buy insurance, we "shop 
around" until we find the least expensive 

policy available, usually without regard to 
actual coverage afforded by the pol icy. 
Such negative impetuses introduce "ad
verse selection," which means that only 
those most certain to suffer a loss will buy 
insurance. Adverse selection, in its turn, 
drives up loss expenses which cause rates 
and premiums to rise proportionately. 

Frequently, we pass on our responsi
bility to purchase insurance to others, 
most commonly in the form of contracts. 
The major oil companies and our state 
governments offer us prime examples of 
such transfers. Their contracts not only re
quire us to provide numerous insurance 
policies but also include hold-harmless 
agreements, indemnity agreements, and 
waivers of subrogations. 

In addition to raising rates and reducing 
credits in 1985, the insurance companies 
are now drastically reducing the number 
of policies written in an effort to reduce 
projected losses. They reduce their num
ber of policies by withdrawing from cer
tain geographic areas, such as Alaska, and 
by withdrawing specific types of cover
age,such as professional liability insurance. 
Further, the carriers are beginning to de
cline both new and renewal business as 
well as cancelling many policies in mid
term, sometimes just a few weeks after 
agreeing to bind coverage. 

Table 2. Liability Insurance Premiums Cited for Anchorage Engineers 

As an example of rising prices, consider 
the professional liability insurance premi
ums on Table 2, all of which were cited 
by three consulting engineers based in 
Anchorage. The engineers prefer to re
main unidentified at this point, since two 
of them were unable to purchase renewal 
coverage in 1985 and 1986. Engineer No. 
2 was unhappy with his 1984-85 renewal 
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Engineer No. 1 

Engineer No. 2 

Engineer No. 3 

Years 

83-84 
84-85 
84-85 

82-83 
83-84 
84-85 
84-85 

81-82 
82-83 
82-83 
82-83 
82-83 
83-84 
84-85 

Limit offered 

$250,000 
250,000 
500,000 

1,000,000 
1,000,000 
1,000,000 
1,000,000 

250,000 
100,000 
250,000 
500,000 

1,000,000 
250,000 
250,000 

Deductible Premium 

$5,000 $5,343 
5,000 5,436 
5,000 7,928 

5,000 7,647 
5,000 7,902 

10,000 15,500 
15,000 14,338 

1,500 1,980 
1,500 2,280 
1;500 2,850 
1,500 3,724 
1,500 4,484 
1,500 2,850 
1,500 2,850 
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The lawyers who draw up the contracts 
add to our load. In an effort to make the 
contracts as comprehensive as possible, 
they ask us to provide many coverages 
that are either not appropriate or do not 
exist. Recommended or required limits of 
coverage are frequently out of proportion 
to the degree of risk. (And what the law
yers miss, the legislators add in, by way 
of environmental and other public safe
ty regulations and statutes.) 

Once a loss occurs, the court systems 
become involved. Not only do they deter
mine who is liable, but they also interpret 
policy conditions and coverages. Since 
policies are written by the insurance com
panies, the courts generally construe pol
icy provisions in favor of the insured. Once 
liability and coverages have been estab
lished, juries determine the awards, many 
of which far exceed the actual loss sus
tained and include punitive damages. 

CHANGES TO COME 

Everyone, it seems, has had a part in 
the current metamorphosis of insurance. 
We must all, then, work together to pro
vide the solution. The solution itself will 
mean many more changes. 

In an effort to simplify policy interpre
tation and to lessen the impact of losses 
not meant to be covered by insurance (e.g., 
punitive damages). the Insurance Services 
Office (ISO) developed two new liability 
policies which were to be put into use as 
of January 1, 1986. (ISO is a nationwide, 
nonprofit organization that develops both 
rates and policy forms for its subscriber 
companies. Membership in the ISO is 
strictly voluntary; however, those com
panies that do not subscribe to ISO must 
develop and file their own rates with in
dividual insurance departments within 
each state. ISO limits its services to "stand
ard" lines of insurance such as property, 
general liability, automobile and workers' 
compensation. The "nonstandard" cover
ages, which are not governed by ISO, 
would include umbrella or excess liability, 
earthquake and flood coverages, and many 
of the professional liability insurances.) 

Alaska did not approve the proposed 
policy forms until late spring 1986. Even 
with this approval, many of the insurance 
companies are delaying use of the new 
format. A representative listing of some 
of the companies and the date they expect 
to use the new forms follows: 
Fireman's Fund July 1, 1986 
Providence Washington October 1, 1986 
Alaska Insurance January 1, 1987 
Umialik Insurance January 1, 1987 
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Subscriber companies must adopt and use 
the new forms no later than January 1, 
1987, if they intend to retain the assis
tance of ISO. 

The new coverage forms, titled "Com
mercial General Liability," will be offered 
on both an "occurrence" basis (as they 
are now) and on a "claims-made" basis 
(similar to the current professional liabili
ty policies). Along with the new format, 

By the time the 
insurance 
companies realized 
how financially 
troubled they 
really were, it 
was too late. 

the companies will implement new rating 
systems to ease the burden of insurance 
accounting. 

Although the new rating system will 
cause fewer accounting problems for 
many, it will not ease the burden of in
creasing premiums. While the general lia
bility premiums will be restricted to a 
maximum increase of 25 percent, the 
companies will continue to withdraw 
available credits. Additionally, no such 
ceiling has been set for the professional 
liability policies, which are not governed 
by ISO. The rates and premiums for this 
latter coverage are subject to the whim of 
the underwriters. 

The new rating systems for both the 
occurrence form and the claims-made 
form will not greatly affect those enter
prises that offer services, such as architects, 
attorneys, and engineers. The largest 
impact will be felt by those who receive 
the services of such companies: road con
tractors, building contractors, manufac
turers, wholesale and retail stores, and sup
pliers. For these concerns, the new rates 
will offer both simplicity and confusion
simplicity in that fewer rates will be re
quired to determine their final premium, 
confusion in that the method of develop
ing the rates will bear little, if any, rela
tionship to the systems now being used. 

The "good news"? Architects, attor
neys, and engineers are already familiar 
with the claims-made formats being intra-

duced: they are very, very similar to the 
forms now being used for professional li
ability policies. In addition, th~rules guid
ing the use of retroactive dates will be the 
same. Because of these similarities, it may 
become easier to obtain one policy that 
provides both general liability and profes
sional liability, thus eliminating potential 
gaps in coverage. 

In addition to the changes relating to 
rates and policy format, the policies will 
bring several other changes. Policy con
ditions, definitions, endorsements, and ex
clusions have also been transformed. Some 
of the differences are outlined below. 
These differences become especially im
portant when both the general liability 
and professional liability coverages are 
combined into one policy. 

DEFINITIONS AND EXCLUSIONS 

General liability policies are not inten
ded to provide coverage for automobiles, 
which traditionally are insured by a sep
arate policy. Until the advent of the new 
policy format created by ISO, however, 
limited automobile coverage was provided 
whenever Contractual Liability coverage 
was added to a general liability policy. 

For example, when contracting to pro
vide consulting services for the oil com
panies, engineers are frequently allowed 
the use of oil company vehicles. Under 
the Contractual Liability coverage, the 
general liability policy would pay for 
claims that relate to the use of such vehi
cles; a separate automobile policy is not 
required. This "loophole" is no longer 
available as ISO now absolutely excludes 
any and all automobile coverage(s) from 
the general liability policy. 

Engineers may find it difficult to re
place the automobile coverage formerly 
provided by the Contractual Liability 
coverage. Automobile policies do not in
clude coverage for vehicles that are pro
vided for occasional (or frequent) use un
der a contract for professional services. 
The insurance companies are unwilling to 
provide this coverage because they do not 
know which vehicle might be borrowed 
(contracts typically indicate that "a vehi
cle" will be provided), who will be driving, 
or where the driving will be done. In 
short, the companies are unwilling to pro
vide the coverage, because to do so means 
to provide insurance for an undefined, 
uncontrollable risk. 

Mobile equipment, now covered by 
the general liability policy, presents a sim
ilar problem. Geophysical exploration 
and servicing equipment is currently rec-
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ognized as mobile equipment. In the fu
ture, when that equipment is mounted in 
a vehicle, a problem will present itself. 
While the vehicle is moving under its own 
power, coverage will be provided by an 
automobile liability policy. While the ve
hicle is stationary, and the geophysical 
equipment is in use, coverage is provided 
by the general liability policy. But what 
happens if a loss occurs while the explora
tion/servicing equipment is in use and the 
vehicle moves, or simply sits idling? Is the 
loss covered by the automobile policy or 
the general liability policy? No one-not 
the agent or broker, not the underwriter 
or adjustor-knows the answer to this 
question. 

Another major change concerns itself 
with pollution coverage. Under the cur
rent liability policies, such coverage is 
provided whenever the pollution is sudden 
and accidental. The new policies now 
specifically exclude all pollution, even if 
it is sudden and accidental. Where the risk 
of pollution is of concern, a separate policy 
will be required-assuming that an insur
ance company is willing to issue such a 
policy at an affordable price and for the 
limits desired. 

Not all the changes are designed to take 
coverage away, however. Both the occur
rence and the claims-made policies will 
now automatically include coverages for 
which the insurance companies formerly 
made an additional premium charge. These 
coverages include most of the features 
now provided by the Broad Form Com
prehensive General Liability (CG L) en· 
dorsement. 

For example, the new policies will 
automatically include Fire Legal Liability 
coverage up to $50,000 for no additional 
charge. This coverage applies to fire dam
age done to the building structure in which 
office space is leased. (Note: for this cov
erage to apply, the damage must be a 
direct result of the fire and the tenant 
must be legally liable for the damage. Ad
ditionally, the coverage will apply only to 
building damage; no coverage is provided 
for contents belonging to the building 
owner or other tenants.) 

As another example, consider the open 
houses and celebrations frequently held 
for new projects. A loss may occur after a 
guest has had a drink or two and then 
leaves in his car. Responsibility for the loss 
may be judged to rest with the person or 
business hosting the open house. The new 
general liability policy will automatically 
include this type of loss under the Host 
Liquor Liability coverage. 
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For those engineers who work in con
junction with contractors (or operate their 
own contracting business). there is more 
good news: the new policy forms now in
clude coverage for the Explosion, Collapse, 
and Underground (XCU) hazards. Briefly, 
the Explosion hazard relates to blasting 
operations, Collapse hazard relates to the 
collapse of structures within or near a job 
site and the Underground hazard relates 

Since policies are 
written by the 
insurance companies, 
the courts generally 
construe policy 
provisions in favor 
of the insured. 

to damage done to underground cables, 
pipes, or utility lines. If these coverages 
are not needed, they may be deleted from 
the policy at the insured's request. A re
duction in premium is allowed for each 
such deletion, which means the insured 
only pays for those coverages that are 
needed or desired. 

ENDORSEMENTS 

The major changes in endorsements ap
ply to the new claims-made policy format. 
This policy responds to claims brought 
against the insured during the policy term 
regardless of when the event causing a loss 
occurred. Special endorsements are needed 
to deal with events occurring both before 
the policy is in force and after the policy 
has expired. 

Occasionally, an event will occur that 
can be expected to result in a series of 
claims over several years. For example, the 
mezzanine floor of a building may be 
poorly designed or constructed. As a result 
of the structure's imperfection, the mez
zanine collapses and several people are in
jured, disabled, or killed. 

Those people with minor injuries can 
be expected to make a claim immediately 
against the building owner, the contractor, 
or the architect or engineer for their im
mediate medical expenses. Those who are 
disabled may delay their claims until the 
extent and duration of the disablement is 
known. Minor children may make addi-

tional claims upon reaching the age of 
majority. 

Under the new policy form, it may be 
possible to exclude coverage for many of 
these claims. To illustrate, assume a claims
made liability policy is purchased from 
ABC Insurance Company for the period 
January 1, 1986, to January 1, 1987. 
The mezzanine collapses on May 15, 1986. 
A renewal policy is issued by XYZ Com
pany for the period January 1, 1987, to 

January 1, 1988. 
Claims immediately made (prior to 

January 1, 1987) for medical expenses are 
paid by ABC Insurance Company. Claims 
for disablement made prior to January 1, 
1987, are also paid by ABC. Claims made 
after January 1, 1987, are not paid by ABC 
Insurance Company because policy terms 
state that all claims must be made prior 
to the expiration date. 

When XYZ Company agreed to issue 
the renewal, the underwriter was aware of 
the mezzanine collapse. The underwriter 
was also quite certain that not all claims 
for injury had been made or would be 
made by January 1, 1987. XYZ, therefore, 
issues a "laser" endorsement which ex
cludes all claims made for injuries arising 
out of the mezzanine collapse of May 15, 
1986. At this point, due to the peculiarity 
of the claims-made policy, there is no cov
erage available for additional claims made 
for injuries suffered at the time the mezza
nine collapsed, even though coverage was 
in effect at the time the loss occurred. 

This illustration has been drastically 
simplified to point out the potential loss 
of coverage that may occur once the new 
policy forms are putto use. Full treatment 
of this new type of exclusion needs more 
room than this article permits. 

The new general liability format is 
much like the current professional liability 
policy now in use. It is only a matter of 
time before the companies that provide 
professional liability coverage begin to 
use these same exclusions. (Such an event 
may actually be a blessing, since the height
ened control of losses should make wofes
sional liability insurance more readily 
available and affordable.) 

Endorsements may also be used to ex
tend coverage. The claims-made policy 
automatically provides a "tail" of 60 days 
in which to report claims for "bodily in
jury or property damage that occurred 
before the end of the policy period." In 
our previous example, a disabled person 
would have until March 1, 1987, to make 
his or her claim against ABC Insurance 
Company. Additional time extensions are 
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available for reporting claims for an addi
tional premium charge that is not to ex
ceed 200 percent of the expiring policy 
premium. 

SOLUTIONS 

The changes instituted by the Insurance 
Services Office represent a partial solution 
to the current high prices and unavailabil
ity of insurance in all areas. However 
there is much more ·that can be done t~ 
break the chrysalis of insurance that exists 
today. 

The first thing that we can do is im
prove our ability to handle risk-the un
certainty of loss. Insurance is only one 
way. We can also avoid risk, reduce risk, 
and transfer risk through noninsurance 
means. 

One of the simplest ways to avoid risk 
is to cease operations and let someone else 
take the risk inherent in doing business. 
However, this alternative is one of the 
least attractive. A modified form of avoid
ing risk is to narrow operations to a single 
product or activity. A less drastic approach 
is to maintain a wide range of operations 
while avoiding those areas that the in
surance companies consider extrahazard
ous, such as waste treatment, projects in
volving installation or removal of asbestos, 
or corrosion engineering. 

Reducing risk is a far more acceptable 
alternative to many businesses. Risk may 
be reduced by implementing more strin
gent safety standards (e.g., carrying a fire 
extinguisher in each vehicle assigned to 
remote sites). by stepping up research, 
development and testing procedures, and 
by increased education. 

A prime example of the need for in
creased testing of products and increased 
education involves the use of urethane in
sulation. When urethane was first tested, 
the ease with which a flame could spread 
was not examined on both horizontal and 
vertical planes. Several lives were lost be
fore it was discovered how volatile ure
thane really could be. 

Underwriters and insurance companies 
consistently shy away from any project 
that involves urethane. However, the insu
lation may be safely used in many ways, 
provided the proper coatings and sealants 
are applied. It is not enough to be able 
to cite the advantages of a recommended 
product. One must also be able to cite the 
disadvantages and know how to mitigate 
potential damages. Increased education is 
the only way to accomplish this goal. 

Risk may be transferred to others 
through hold-harmless agreements, indem-
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nity agreements, or waivers of subroga
tion, all three of which are usually found 
in contracts. The problem with contracts 
is that they are usually the product of the 
more "powerful" party and we find our
selves accepting more risk than we have 
transferred. 

Any risk that cannot be avoided re
duced, or transferred through noni~sur
ance means may become a proper object 
of insurance. When faced with the need 

It is not enough 
simply to learn 
how to cope with 
risk. We must 
also use our legislative 
and other regulatory 
bodies whenever and 
wherever possible. 

for insurance, we must keep several 
guidelines in mind. 

• Buy the most important insurance pol
icies first and let the others wait. Each of 
us must determine which policy is "most 
important." However, it would be wise to 
buy at least those policies that may be re
quired by law, such as worker's compen
sation. 

• Insure against the unexpected. Some 
losses occur so frequently that their oc
currence and cost may be included within 
management forecasts. Examples of such 
losses include minor damage to equip
ment, broken windshields and burned-out 
lightbulbs. Carrying spare parts that need 
frequent replacement will save delays and 
avoid trivial claims which may cause an in
surance company to decline future cover
age. (Note: this method does not work 
well with professional liability policies 
since such losses are usually quite expen
sive.) 

• Insure against large losses that can put 
you out of business. Smaller losses, expec
ted or not, may be included within the 
operating budget for daily operations. Or, 
you may set aside a special fund to cover 
such losses. 

• Increase or modify the deductibles on 
your insurance policies. Do not insure 
any loss that does not exceed a specified 
level, whether it is $100, $1,000, or 
$10,000 or more. The premium savings 

realized may be used to start your own 
insurance reserve. 

• Read your insurance policies carefully. 
Review business property, equipment, and 
vehicle schedules at least once a year. 
You may find yourself insuring items that 
have been sold or destroyed by a loss if 
you do not keep up with your insurance 
renewals, or you may fail to insure new 
property secured during the policy term. 

• Finally, buy insurance through a broker 
or agent who is willing to take the time to 
review your policies and coverages with 
you. Once you have selected your repre
sentative, let him or her do your insurance 
shopping for you. Don't waste your time 
by moving from broker to broker-or by 
spreading your policies among several 
agents-unless the person you have selec
ted tells you honestly that he or she can
not do the job. 

It is not enough simply to learn how 
to cope with risk. We must also use our 
legislative and other regulatory bodies 
whenever and wherever possible. When 
proposed statutes and regulations are un
fair or excessive, it is up to us to block 
them or change them so that they are ac
ceptable and do the most good for the 
most people. For example, thanks in part 
to public pressure, the recent mandatory 
automobile insurance law exempts vehicles 
registered in many of the bush areas of 
Alaska. Then too, it is a simple matter to 
maintain a head office in another state, or 
even another section of our own state, 
where insurance is more available or more 
affordable, and then conduct actual opera
tions elsewhere as usual. 

Where the laws are silent, it is up to us 
to change them so that their true intent 
may be heard. Where actual losses can be 
proved, indemnification should be limited 
to those losses as much as possible. The 
recent tort reform activity in the Alaska 
State Legislature is a good first step toward 
breaking out of the cocoon that now traps 
us all. 

We can use the network systems with
in our professional organizations to share 
both problems and solutions. We can 
work toward reasonable statutes of limi
tation on liability for bodily injury and 
property damage claims as well as equit
able awards for losses actually sustained. 

By taking the responsibility for change 
upon ourselves, we can assure ourselves 
that the metamorphosis now underway 
will result in a revised system that is ef
fective rather than one that no longer 
works. + 
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Living with Electricity 
from Sunlight 

by Ed and Claudia Edmondson 

NESTLED AMONG the birch trees on 
a south-facing slope north of Fairbanks, 
Alaska, sits our 2800-square-foot home, 
electrically powered by sunlight. By using 
a photovoltaic system we operate lights, 
televisions, pumps, fans, stereos, tools, 
and a host of other appliances including a 
VCR and an Apple lie computer system. 
Batteries charged during the day by photo
voltaic modules power most of the 12-volt 
appliances, and an inverter that converts 
12-volt de battery power into 120-volt, 
60-Hz ac current operates the other appli
ances. 

The term photovoltaic is sometimes 
mispronounced, often confused with solar 
heating, and usually thought of as describ
ing space-age technology. Although they 
promise much more for the future, photo
voltaics can provide an alternative means 

of producing electricity now. They are es
pecially useful and cost effective in rural 
areas where no utility-grid power is afford
able or even available. Unlike diesel or gas 
generators, photovoltaic modules are silent, 

Left: Front view of the Edmondsons' house 
showing the solar array panels. Below: Interior 
of the home, made all the more liveable by 
their photovoltaic electrical system. (Eric 
Muehling photos, courtesy of Fairbanks Daily 
News-Miner.) 

have no moving parts to break, do not 
produce any waste at the point of use, re
quire little maintenance, actually work 
better in cold weather, and operate on free 
fuel-sunlight. 

Ed and Claudia Edmondson have lived in Alaska for 11 years. Ed is a fire management forester in the State Division of Forestry 
and Claudia works for the Alaska Railroad Corporation in customer relations. They have lived in their present home, along with 
their two sons, since 1983. 
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PHOTOVOL TAICS: A TECHNICAL 
OVERVIEW 

The term photovoltaic (pronounced 
fo'to-vol-ta'ik) is a combination of the 
words "photo," from the Greek word for 
light, and "voltaic," referring to electricity 
developed through contact, defined as the 
direct conversion of sunlight into electri
city by the use of solar cells. The photo
voltaic (PV) process was discovered in the 
mid-1800s by E. Basqueral,1 but inherent 
inefficiencies prevented cost-effective pro
duction. Their development aided by the 
introduction of microchip technology, PV 
systems became commercially available in 
the mid-1950s. PVs really celebrated their 
birthday on 31 March 1958 when they 
generated solar electricity for the Van
guard I satellite,2 at a cost that was, well, 
let's say astronomical. 

To understand better how solar cells 
work, it may be helpful to know how they 
are made. There are several processes used 
in production, but the process described 
here gives the basic idea. (More detail and 
depth can be gained from the book Prac
tical Photovoltaics. 3 ) Quartz and carbon 
are ground and blended together. The 
mixture is smelted in a vacuum and the 
impurities are removed to the parts-per
million range (although tiny amounts of 
specific impurities must be added for the 
finished cells to generate a current). The 
hyperpure molten silicon is then poured 
into a mold where it forms a crystal ap
proximately 4 inches across and 18 inches 
long. The resultant crystal is sliced into 
extremely thin wafers, which are then 
treated in a diffusion furnace so that phos
phorus atoms are added in a microscopi
cally thin layer at the top of the wafer. 

Radiated I ight energy, either direct from 
the sun and diffused through the atmos
phere or from an artificial source such as 
a light bulb, contains streams of energy 
units called photons. When light strikes the 
solar cell, the photons generate free posi
tive and negative charges in different por
tions of its surface, creating voltage that 
will drive a flow of de electricity. By con
necting wires to each side of the wafer, the 
current produced can be used in an electri
cal circuit. The electrical characteristics of 

Figure 1. Typical electrical characteristics of a 
solar cell: as indicated, the cell produces more 
voltage on a clear winter day than on a warm, 
clear summer day, due to the decreased operating 
temperature of the cell. However, the current 
(amperes) is decreased due to the amount of 
available sunlight. The dots on each curve show 
the approximate points of maximum power.4 
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Solar panels placed on the south-exposure hill "soak up the sun" and produce enough energy for 
lights and other electrical needs. (Eric Muehling photo, courtesy of Fairbanks Daily News-Miner.) 

a typical PV cell are shown in Figure 1. 
There are two major influences on the 
characteristic solar current-voltage (1-V) 
curve-sunlight intensity (insolation) and 
the operating temperature of the solar cells. 
Basically, the greater the insolation and 
the lower the operating temperature, the 
higher will be the electrical output of a PV 
cell. For any given set of temperature/in
solation, there exists a unique operating 
voltage that will maximize the power 
output of a solar cell: this is called the 
maximum power point and will change as 
often as the cell temperature or insolation 
changes.5 

The maximum power output of a typi
cal solar cell, rated at an insolation level of 
1000 watts per square meter (peak sun
light) and a cell temperature of 25•c 
(77.F), is on the order of 1.0 watt at 0.5 
volts. 6 A PV module, the building block 
of an array, typically contains 30 to 40 or 
more individual cells. The cells are electri
cally connected in both series and parallel 

clear summer day 

clear winter day 

~ cloudy summer day 
~ ~--~------~-
u 

Voltage (V) 

to obtain a maximum voltage of 14 to 16 
volts, and a current of 2 to 4 amperes, 
which is adequate to charge a 12-volt bat
tery. The total voltage of the solar module 
or array must exceed the battery voltage 
to "push" the charge into the battery. 
Voltages less than the state of charge of 
the storage system will do nothing toward 
charging the battery, but may provide 
enough power to run some 12-volt appli
ances. 

The current module efficiency is on the 
order of 10 to 12 percent. That is, each 
individual cell is capable of converting 
about 10 percent ofthe available light into 
electrical current. As research and devel
opment in producing different types of 
cells continue, this efficiency rating is go
ing to increase. Cells are now being pro
duced that are 17 to 24 percent efficient 
under laboratory conditions. 

WHY WE CHOSE SOLAR 

Seven years ago we purchased a cabin 
and five acres of land approximately ten 
miles outside of Fairbanks. We lived in the 
cabin for more than three years without 
electricity or plumbing while we construc
ted a new home on the site. By using pro
pane for lighting, cooking and hot water, 
a wood stove for heat, and a gas generator 
when necessary, we found we not only 
could survive but could live comfortably 
virtually without electricity. However, in 
our new home we decided we would like 
at least a few more amenities, such as run
ning water and better lighting. The esti
mate from our local utility to run power 
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erably due to the lack of available sunlight. 
This is not to say that in midwinter the 
array does not produce electricity-it does, 
but not enough to meet our demands. The 
demand we place on the system is high in 
comparison to what most users of PVs re· 
quire. We have a pressurized 12-volt water 
pumping system for the kitchen and two 
full baths, we operate three televisions 
(one color and two black and white). 
each room has at least one overhead light, 
and we operate a computer and VCR plus 
several small appliances. 

Although the electric lights, color television, and computer are solar powered, the oven and refrig
erator are fueled by propane. (Eric Muehling photo, courtesy of Fairbanks Daily News-Miner.) 

During the months of low sunlight, the 
first basic rule of living with PV, or any 
alternative energy system, comes into ef
fect: the system will work if you are 
energy conscious, willing to conserve elec
tricity and to use it creatively. To put this 
rule into effect we simply watch less 
color TV which is a big energy consumer, 
use the computer less, and watch fewer 
movies on the VCR. During the period of 
low energy production, we rely on the 
black and white television, and even find 
time to read, play scrabble, and talk to 
one another. 

lines approximately three-quarters of a 
mile to our new home was a grand total of 
$18,750! Faced with an initial cash outlay 
of this astonishing magnitude plus a month
ly charge per kilowatt-hour estimated to 
increase at approximately 7 percent a year, 
we decided to investigate the alternatives. 

After considerable research, we decided 
against fossil fuel generators, because of 
the associated noise and maintenance, and 
ruled out wind generators because our site 
lacked adequate wind. We decided that 
photovoltaics would be the logical choice, 
but the decision did not end the problem. 
Most inquiries into the subject were met 
with, "Photo-what?" After amassing and 
attempting to digest all of the information 
we could possibly find on the subject, we 
designed a photovoltaic system to suit our 
needs and invested $10.000 in the necessary 
components. With a 40 percent tax credit 
from the federal government, our purchase 
price was reduced to around $6000, one
third of the amount required to install con
ventional power- plus, we received no 
monthly utility bills. The system is virtu
ally maintenance free and the life expec
tancy of the solar modules is approximate
ly 20 years or more. Other components of 
the system, such as voltage regulators, 
meters, batteries, and the inverter may have 
shorter lives than the modules, but most 
have few moving parts, such as switches 
and relays, and are modularly constructed 
for easy part replacement. 

After careful calculation of what our 
electrical needs would be in our new home, 
Ed designed the system to meet our require-
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ments. He wired the house and installed 
everything himself, following what meager 
electrical codes could be found on 12-volt 
residential systems. Our PV array consists 
of 22 Arco Solar modules that have a peak 
output rating of 35 watts and approxi
mately 2.2 amperes each. In the spring, 
summer, and early fall, about nine months 
of the year, the system operates at about 
55 percent of peak output. However, even 
at this rating, more electricity is produced 
than can be stored in our battery system. 
From mid-November until mid-January, 
the system's effectiveness falls off consid-

Even with our conservation methods, it 
is difficult to maintain a high state of charge 
in the battery system. To compensate 
for this, we use two additional methods 
of battery charging. We run a gas-powered 
generator once a week to pump water from 
our 320-foot well into a holding tank lo
cated inside the house. While the generator 
is running, we do the vacuuming and 
charge the batteries with an industrial-type 
high-output charger. The other method 

Ed Edmondson displays the line of batteries that are charged by the solar panels. The batteries 
provide current for the household lights and electrical appliances. (Eric Muehling photo, courtesy 
of Fairbanks Daily News-Miner.) 
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actually complements our PVs to form a 
hybrid system. With the recent introduc
tion of small thermovoltaic (ThV) modules 
for residential use, wood-fueled space heat
ing stoves can augment the limited electri
cal power available from a PV system 
during the winter months. We bought and 
installed one of these modules. The PV 
portion of our hybrid system is designed to 
optimize the use of the extensive summer 
insolation we have in Fairbanks, and the 
ThV portion can provide a majority of our 
winter energy needs, using wood as a fuel. 

The ThV module we installed is rated to 
produce a maximum sustained power of 
around 50 watts. The module, a Thermo
voltA, incorporates a series of semiconduc
tor thermoelectric junctions mounted in a 
special heat transfer plate exposed to the 
flame in the stove. These thermoelectric 
junctions produce power for our 12-volt 
system proportional to the temperature 
difference between the hot and cold junc
tions. One junction is kept cool by pumping 
cold water through the module. As the cold 
water passes through the system, it is heat
ed and stored in a hot water tank and used 
for domestic purposes. The efficiency of 
converting thermal to electrical energy is 
low, about 5 percent. However, since the 
system provides useful heated water, the 
overall ThV module efficiency approaches 
99 percent and costs only the energy need
ed for pumping the cooling water. 4 Since 
we use the woodstove as our primary heat 
source, it seems like a gift that not only 
does our necessary wood supply provide 
heat, it provides electricity and hot water 
too. 

An annual PV-ThV energy profile for 
the Fairbanks area is shown in Figure 2. 
The profile shows our PV energy output 
to be generally constant between March 
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Figure 2. Annual thermovoltaic-photovoltaic 
energy use profile for Fairbanks, Alaska. 4 
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The visual control monitors for the battery banks are located on the first floor. 

and September and to break off sharply 
in October to a low in December and 
then to increase in January and February. 
The ThV output picks up where that from 
the PV decreases, which allows for a more 
constant charging rate for our battery 
storage system. 

Battery charging is the weak link in any 
alternative energy system. Discussion 
about batteries and their capabilities can 
become extremely complicated, but there 
are some important items that should be 
covered. 

If our use of electricity coincided with 
the sunlight available for powering the 
solar generator, there would be few prob
lems. However, in general we need the 
most power when there is the least sun
light, going by both time of day and 
time of year. Thus, we need a battery bank. 
Similar to an expansion tank on a plumb
ing system which smooths out the oper
ation of the pump and provides a constant 
pressure, the battery bank smooths out 
the supply of electricity during cloudy or 
dark periods and provides for a constant 
"pressure," i.e., voltage. 

Many types and styles of batteries have 
been produced for de electrical storage 
systems. About the only thing they have in 
common is their ability to change electrical 
energy into chemical energy in a reversible 
chemical action. For photovoltaic and all 
other alternative energy systems needing 
storage, only deep-cycle batteries should 
be used because oftheir ability to take and 
give up charges repeatedly. Ordinary car 
batteries, on the average, can be charged 
and discharged about 20 times before the 
plates that cause the chemical action be
come worn out. Deep-cycle batteries, 
with plates that are thicker, that are made 
:>f different alloys, or that contain differ
ent chemicals, are capable of as many as 
3000 cycles depending on the type and 
condition. 

Our system contains 16 Delco photo
voltaic-type batteries, each rated at 105 
ampere-hours. This gives us about 1600 
ampere-h~urs of capacity, or about 10 
days' worth of power. This 10-day assump
tion is on the conservative side, to ensure 
that we don't dip too deeply into the stor
age capacity and cause permanent damage 
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A small "square wave" inverter in the kitchen can be used to operate appliances such as the 11 0-volt 
blender. This inverter has been installed for convenience, so that the user doesn't have to travel to 
the basement to turn on the larger inverter. 

to the batteries. But even on cloudy, 
snowy days, as long as the array is kept 
free of snow, enough trickle charge will 
be produced to keep the chemical action 
going. 

There are energy costs involved in re
trieving stored power and getting it to the 
point of use, and monetary costs because 
of the batteries' limited life span. Our 
Delcos will probably last somewhere be
tween 5 to 1 0 years before they have to 
be replaced-and that will be a major ex
pense; presently, batteries suitable for 
photovoltaic systems cost from $600 to 
$1000. There are many batteries being 
produced that reputedly have longer life 
spans; even some older systems, such as 
telephone exchange batteries, have lasted 
20 to 30 years. Research into the develop
ment of better batteries is continuing, 
and the super battery may be constructed 
within the next decade. 

So far the PV system has required only 
simple, routine maintenance. Generally it 
includes checking for loose connections 
and corrosion on the batteries. During the 
winter months, snow must be brushed off 
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the array to allow for a peak system per
formance. 

Living with PV has been a learning and 
experimenting process. We learned the hard 
way, for example, that solar panels have a 
bit in common with sails when our array 
blew over in a windstorm. Two panels 
were damaged. The panels are now well 
secured, as they should have been from the 
first. If we were starting from scratch to
day, we would allow for more wiring for 
additional outlets and light fixtures; we 
would also take advantage of the improved 
equipment now available. Yet although 
there are some things we would now change 
if we could start again, we feel that photo
voltaics have been the correct choice for 
our electrical needs. It is always enjoyable, 
on a bright sunny day when the battery 
bank has been fully charged by midmorning, 
to say, "Hey, let's turn on the television 
or something; we are on free electricity!" 
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The large modulated sine wave inverter llower 
right) is used for large appliances such as the 
VCR, computer, and vacuum cleaner. The charge 
control panel (upper right) monitors the bat
teries by giving back signals to the solar panels 
to decrease or increase the electrical charge. 
Circuit breaker switches are on the boxes, with 
individua110-ampere fuses below. The battery 
bank is on the left. 
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MARINE 
TRANSPORTATION 
AND RESEARCH 
IN ALASKA'S 
ICE-INFESTED 
WATERS 

by Larry Sweet, Richard Voelker, 
and Frederick Seibold 

-, 

Figure 1. The Revenue Cutter Bear. For 40 years, beginning in 1886, the Bear made an annual 
voyage to western and arctic Alaska. 

ONE HUNDRED YEARS AGO marine 
explorers began studying the ice condi
tions and current patterns of the Arctic in 
a concentrated fashion. The discovery and 

exploitation of natural resources in the 
arctic regions has given impetus to further 
development of the technology necessary 
to operate marine vessels in ice-covered 

Larry Sweet is chief of Special Research Projects with the Alaska Department of Transportation and Public Facilities (DOTPF). 
His experience includes 5 years in the administration of university research, and 10 years in basic research in the field of upper at
mospheric physics. Richard Voelker is president of ARCTEC, Incorporated, a firm specializing in cold regions technology. He has 
been responsible for the management of the Polar Class Trafficability Program since its inception and annually participates in field 
data collection in the Arctic. Frederick Seibold is a research program manager with the Maritime Administration's Office of Advanced 
Ship Development and Technology. He is responsible for the marine science program which includes research in the areas of ship 
powering, structures and propeller performance, and arctic technology. 
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waters for extended periods of the year. 
During the last eight years the Maritime 
Administration's Trafficability Program, 
utilizing U.S. Coast Guard Polar Class ice
breakers, had added greatly to our knowl
edge of vessel operations in these areas. In 
1986 the first ice-strengthened commercial 
cargo vessel since the historic voyage of 
the SS Manhattan will deliver cargo to 
Prudhoe Bay. 

EARLY NAVIGATION 
IN ICE-INFESTED WATERS 

One of the first voyages of exploration 
into Siberian and northern Alaskan waters 
was the fateful trip of the Jeannette. The 
Jeannette was a bark-rigged steam yacht 
of 420 tons, with an engine capable of 200 
horsepower (hp), and a wide spread of 
canvas. The American Arctic Expedition, 
commanded by Lieutenant George W. De
Long, U.S. Navy, left San Francisco 8 July 
1879. Lt. Delong's plans were to reach 
Wrangel Island the first season, spend the 
winter exploring there, and then push on 
northward as far as possible. He was pre
pared to go where the currents took him: 

"I shall go to the extreme limit of possible 
navigation that I am able to attain. If the 
current takes me to the west, you will 
hear of me through St. Petersburg; but if it 
takes me eastward and northward, there 
is no saying what points I may reach; but 
I hope to come out through Smith's or 
Jones's Sound."1 

In the decade prior to De Long's voyage, 
over 60 whaling vessels had been crushed 
or had disappeared in the arctic pack ice. 1 

When the Jeannette also failed to return, 
searches were launched for the missing ves
sel in 1880 and 1881, but she was not 
found. An international search was being 
planned for 1882 when, in late December 
1881, word came from Yakutsk that 11 
survivors from Delong's crew had made 
their way up the Lena River to lrkutsk.1 
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The Jeannette had been stuck fast in the 
ice on 6 September 1879 and had drifted 
in a northwesterly direction for two years 
before being crushed 12 June 1881.2 

Although many vessels met a similar 
fate, this voyage was significant because in 
1884 wreckage from the Jeannette was 
found on the southwest coast of Greenland 
near Julianehaab, far from where the ship 
was beset in the ice.2 This discovery gave 
Fridtjof Nansen the idea that a drift cur
rent existed that could cause a vessel to 
circle the North Pole in what is now called 
the arctic gyre. 

Nansen planned to construct a ship es
pecially designed to deal with the crushing 
pressures of the ice, to become purposely 
trapped in the ice, and to drift where the 
currents took him. Nansen's vessel, the 
Fram, was 128 feet long with an extreme 
breadth of 36 feet. Its displacement when 
lightly loaded was 530 tons, and with a full 
cargo of coal and provisions of 380 tons it 
would displace about 800tons. The vessel's 
steam boiler could produce 220 hp. The 
Fram carried 6000 square feet of sail and 
the craw's nest was 102 feet above the 
waterline for optimum observation of open 
leads in the ice.2 

Nansen left Norway in June 1893 for 
what was to be a three-year trip, which 
included sailing, drifting with the ice, and 
travelling by sled. Nansen's explorations 
confirmed the drift patterns of the arctic 
gyre. 

Subsequently, in August 1913 the Kar
luk, chartered by the famed arctic explorer 
Vilhjalmur Stefansson, became trapped in 
the ice off Camden Bay, Alaska, and began 
a slow drift toward the west under the in
fluence of the arctic gyre. The crew of the 
Karluk, headed by the experienced arctic 
navigator Captain Bob Bartlett, were aware 
of the drift patterns of the Jeannette and 
the Fram and therefore were prepared to 
abandon their vessel when it was crushed 
north of Wrangel Island. 3• 
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ALASKA'S FIRST MARINE PATROL 
AND RESUPPLY 

Probably the most well-known resupply 
vessel to operate in Alaskan waters was the 
steam barkentine Bear (Fig. 1 ). The ship, 
whose keel was laid in 1873, was 190.4 
feet long with a beam of 29.9 feet. The 
Bear first saw arctic service when it was 
purchased by the United States govern
ment to rescue survivors of the Greely expe
dition from Cape Sabin west of Greenland 
in 1884. From the Bear's first service in 
Alaska in 1886, the vessel sailed to Alaska 
each year for 40 years, excluding only 
1906 and 1907. In 1914 she rescued sur
vivors of the Karluk from Wrangel Island. 
Nearly every coastal resident from Una
laska to Barrow became familiar with the 
first U.S. Coast Guard cutter to patrol 
these areas. 5 

TUG AND BARGE OPERATIONS 

Gold mining exploration and opera
tions in the Nome area caused a flurry of 
excitement from time to time but, until 
military construction in the Alaskan and 
Canadian Arctic commenced, many resi
dents along the western and northern 
coast of Alaska had to rely on only one 
resupply vessel per year. 

During construction of the Defense 
Early Warning System (DEW Line) across 
northern Canada and Alaska in the mid-
1950s, tugs pulling barges carried materials 
to the arctic coast. For many years after
ward, the annual Cool Barge operations 
resupplied those military installations. 
Subsequent to the discovery of oil at Prud
hoe Bay in 1969, much larger tug and barge 
combinations carried massive loads in an 
annual race during the few weeks per year 
when ice conditions allowed this type of 
operation. The ice-strengthened oil tanker 
SS Manhattan made a historic transit of 
the Northwest Passage in 1970, but this 
method of transporting oil in the Arctic 
has not been repeated. 
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Figure 2. Principal features of a Polar Class icebreaker. 6 
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COAST 

SHIP STATISTICS 

Length overall .................................. 399 feet 
Length at waterline ............................... 352 feet 
Beam . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 83.5 feet 
Draft . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 31.8 feet 
Displacement, capacity load ....................... 13,190 tons 
Range (maximum) ............................. 28,174 miles 
Sustained speed (open water) ........................ 17 knots 
Propulsion ........................ diesel electric or gas turbine 
Shaft horsepower ....................... 18,000 diesel electric 

· · · · · ............................. 60,000 gas turbine 
Number of screws . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 
Complement ........................ 14 officers, 126 enlisted 
Scientist accommodations ............................... 20 
Height of bridge above waterline . . . . . . . . . . . . . . . . . . . . . . 55 feet 
Height of aloft conn above waterline .................... 104 feet 

ARCTIC MARINE TRANSPORTATION 
RESEARCH 

As the demand for energy increased 
during the 1970s, interest in developing 
new oil and gas supplies also rose. How
ever, resource development in remote re
gions of the world is governed by several 
crucial factors. One of the most significant 
is the capability to transport resources to 
market. In many cases, transportation is 
the single most costly element of develop
ment and can dictate whether resource 
development will proceed. 

Because knowledge of arctic marine 
activities was severely limited to the "ex
ploits" and "adventures" of a few brave 
heroes, decisions related to year-round 
marine transportation in ice-covered wa
ters were fraught with high risk. From a 
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business point of view, the risk and dollars 
involved for marine transportation of 
Prudhoe Bay oil exceeded those of the 
pipeline system.lf future resource develop
ment were to include marine transporta
tion, the risk needed to be reduced. These 
economic risks continue to exist today as 
important lead and zinc deposits north of 
Kotzebue, at Red Dog, are planned for de
velopment, and investigation continues on 
the petroleum resources off the shores of 
the Arctic Ocean and on the High Arctic 
Canadian islands. 

Development of far- northern marine 
transportation systems has been inhibited 
by a lack of information on ice conditions, 
and ship performance under those condi
tions, along the routes in which commer
cial vessels would operate. [Since such 

factors affect how and whether the routes 
can sustain regular traffic, as if they were 
oceanic highways traversed by seagoing 
trucks, the studies together are often re
ferred to as dealing with trafficability, a 
possibly ugly but certainly useful catch-all 
term.- Editor.] In 1978the U.S. Maritime 
Administration, in cooperation with other 
government agencies of the United States 
and Canada, the State of Alaska and sever
al private companies, began a series of 
studies to collect the needed information. 

This research was performed aboard the 
United States' two Polar Class icebreakers, 
Polar Star and Polar Sea, which are operated 
by the U.S. Coast Guard. These are the 
worid's most powerful nonnuclear-powered 
icebreakers and are designed to ram through 
ice up to 21 feet thick and to operate con-
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Development of far-northern marine 
transportation systems has been inhibited 
by a lack of information on ice conditions ... 

tinuously through 6 feet of ice at a speed 
of 3 knots. They can maintain an open
water speed of 17 knots. A powerful split
mode propulsion plant has been installed 
in the ships to provide this capability 
through three shafts. A diesel-electric plant 
can deliver a total of 18,000 shaft hp while 
a separate gas turbine plant can deliver 
60,000 shaft hp. Each shaft is connected 
to a four-bladed, controllable pitch pro
peller 16 feet in diameter. The ships are 
399 feet in length, have a beam of 83.5 
feet, and a draft of 31.8 feet 6 (Fig. 2). 

Marine transportation research focussed 
on three major activities: 

• Development of design criteria. Studies 
in this area of the research program have 
been carried out on hull structures, power
ing requirements, vibration, and hull-fric
tion coatings. 
• Environmental data collection. This 
effort is directed at collecting data on the 
characteristics of ice in the Bering, Chuk
chi, and Beaufort seas. 
• Development of operation guidelines. 
Trafficability tests have been conducted to 
demonstrate the feasibility of operating 
commercial icebreaking ships along arctic 
marine routes and to identify the guide
lines under which such operations may be 
carried out. 

IMPROVING SHIP DESIGN 
Ice Loads 

In the summer of 1982, at least 11 ships 
were damaged in the Arctic; some of them 
presumably had been designed to the best 
possible standards. Therefore, it was con
sidered imperative that some knowledge of 
extreme ice loads be obtained for arctic 
areas. A panel on the port bow of the Polar 
Sea was instrumented to measure ice loads. 
Since1982, data from this system have been 
obtained from a variety of ice conditions, 
including multiyear ice and ice greater than 
6 feet thick. 

Ice forces measured by the Coast Guard 
increased with increasing ice thickness and 
then decreased in yet thicker ice, possibly 
because the skipper voluntarily reduced 
speed in ice that he perceived to be more 
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severe. Peak pressures, however, appeared 
to be relatively independent of ship speed 
and ice thickness. No significant correla
tion of pressures with ship size was found 
in these voyages nor in comparisons with 
measurements taken in other studies. The 
peak pressure recorded was 1640 psi in 
Beaufort Sea multiyear ice as measured 
over a 1.63-square-foot area of the instru
mented panel. The total panel, 100square 
feet total area, recorded a significantly 
lower average pressure (about 43 psi) dur
ing this ice impact. 

Forces and pressures measured in this 
project were compared and are compatible 
with other published data. They correlate 
well, especially for pressures on smaller 
areas, with the data on which current 
Canadian Arctic Shipping Pollution Pre
vention Regulations and Soviet rules have 
been based. 

Ice-Induced Vibration 

Ice-induced vibration causes damage to 
both machinery and structures in ships 
travelling through sea ice. In order to deter
mine the form and magnitude of hull vi
bration during icebreaking operations, a 
project was planned to obtain full-scale 
vibration data during one of the Polar Class 
icebreaker deployments. The objectives 
were to record and store measured vibra
tion data for later analysis and to identify, 
characterize, and develop a mathematical 
model for the icebreaking forces that ex
cite hull vibration. These goals were met. 

One interesting fact uncovered in this 
study is that during open-water operations, 
the level of vertical vibration at the stern 
was usually an order of magnitude higher 
than that at the bow. During ice-crossing 
operations, the opposite end showed more 
vibration. 

Steering Systems 

The objectives of the steering systems 
project were to measure the steering gear 
response under icebreaking operations and 
to examine design criteria to ensure safe 
and reliable operation of steering systems 
on icebreaking vessels. The instrumenta-

tion consisted of sensors to measure strain 
due to torque and also the bending mo
ment in the rudder stock, operating rams, 
and the foundation of the steering gear. It 
was established that ice impact loads can 
exceed by 500 percent the loads on a 
rudder in ice-free waters. 

Hull-Ice Friction 

Since ice resistance and ice forces are 
highly dependent upon friction, several 
tests were performed in 1980 and 1982 
to measure the coefficient of friction be
tween the ship's hull and the ice. Results 
from tests with lnerta 160 (made by Inter
national Paint Co.) have shown that this 
low-friction, nonsolvent epoxy hull coat
ing has a friction factor of less than 0.1. 
This value is approximately 50 to 75 per
cent lower than the friction factors of 
paints and uncoated hulls. This and several 
other low-friction hull coatings appear to 
be very durable, are readily available (al
though expensive), and are recommended 
for use aboard all future ice-transitting 
ships. 

Maneuvering 

When naval architects design ships for 
ice-infested waters, it is essential that they 
have some understanding of maneuvera
bility in both ice and open water to assure 
proper control of the ship. Since very little 
experimentation has been done on maneu
vering in ice, a project was initiated to 
study the maneuvering characteristics of 
the Polar Class icebreakers. The Antarctic 
was chosen as the test location because 
there it is easy to find a consistent level of 
ice conditions. One conclusion from this 
set of maneuvering tests is that a minimum
threshold ahead speed of 1 knot in 5-foot
thick ice is required before the ship will 
turn, regardless of rudder angle. 

ZONES OF ENVIRONMENTAL 
SEVERITY 

The ability of any ship to operate in far
northern seas depends upon the conditions 
in the intended area of operation. When 
this research program began, little or no 
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data existed that would allow a ship de
signer or operator to gauge the relative 
severity of conditions in different offshore 
areas of Alaska. As an example, could one 
operate a ship equally well in regions north, 
east, south, and west of StLawrence Island 
during the winter season? After several 
years of operations, some conclusions con
cerning environmental severity can be 
made. 

Figure 3 depicts the primary areas of 
data collection during the Trafficability 
Program's studies. Each of the four winter 
transits through the Bering Strait has 
been successful and uneventful. The first 
marine winter trip into the Chukchi Sea 
to Barrow, Alaska, was accomplished in 
1981 and was followed by a second winter 
voyage in 1983 to Wainwright. Ice condi
tions along typical marine routes have been 
documented by an intensive data collec
tion and analysis program. 

Pictorial representations for ice condi
tions in the Bering, Chukchi, and Beaufort 
seas are presented in Figures 4, 5, and 6, 
each of which depicts zones of environ
mental severity. These zones are based on 
relative degrees of difficulty for marine 
transportation in average or representative 
winter conditions. The winter season in 
the Bering Sea is considered to be six 
months (December through July). Winter 
in the Beaufort Sea is considered to begin 
in October and end in July, a total of ten 
months. 

Figure 4 depicts the zones of environ
mental severity for winter marine transpor
tation in the Bering Sea. The higher the 
number, the more severe the zone: for ex
ample, zone 0 is open water. Typically, in 
the Bering Sea, zone 0 extends to a point 
just north of the Pribilof Islands. Zone 1 
represents the ice edge (marginal ice zone) 
where broken ice pieces are numerous and 
the pack is normally loosely bound. Zones 
2 and 3 are landfast ice while zone 41ies in 
the shadow zone of land masses. Ice con
ditions in zone 4 regions are usually less 
than 1 foot in thickness during prevailing 
northerly winds. Zones 5 and 6 contain 
highly dynamic ice that drifts at an average 
of 0.5 knots and ranges from 1 to 4 feet in 
thickness. Pressure ridges, rubble ice floes, 
and pressured ice as well as open leads can 
be expected through zones 5 and 6. The 
predominant ice motion is dictated by the 
wind, and ice flow is from the northern 
region of zone 6 to the south (zone 5). 
Zone 7 contains severe ice conditions and 
normally should be avoided by marine traf
fic. Ice in this zone has moved through the 

0 Summer 

c=:> Winter 

Figure 3. Primary 
areas of data 
collection during 
the Maritime 
Administration's 
Trafficability 
Program 
(1979-1986). 

Bering Strait and is compacted on the Figure 4. Zones of environmental severity for marine transportation in the Bering Sea during winter. 
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Figure 5. Zones 
of environmental 

severity for 
marine transpor

tation in the 
Chukchi Sea 

during the winter. 

north coast of St. Lawrence Island. The 
resulting ice conditions are the worst for 
seagoing transport in the Bering Sea and 
compare closely with conditions found in 
the north Chukchi Sea. 

As shown in Figure 5, only three zones 
have been assigned to the Chukchi Sea. 
The common and prevailing ice conditions 
in this geographical area cover much larger 
expanses than in the Bering Sea. Since only 
two midwinter transits have been made by 
the Polar Class vessels into the north 
Chukchi Sea (1981 and 1983), a further 
refinement of zone definition may be re
quired as experience is gained. Zone 8 in
cludes the landfast ice along the entire 
Chukchi Sea coast of Alaska. This ice is 
stable and grows in thickness as the winter 
progresses. Zone 9 in the south Chukchi 
Sea contains more severe ice conditions 
than can be found anywhere in the Bering 
Sea except for that portion just north of 
St. Lawrence Island. Pressure ridge sail 
heights are greater, rubble ice fields more 
compacted, and pressured ice conditions 
more severe. Zone 10 in the north Chukchi 
Sea is similar to zone 9 except for the 
drift of Beaufort Sea ice into this region. 
Drifting floes may consist of first-year 
level ice 6 feet thick and multiyear ice 
more than 30 feet thick. 

Both thick first-year and multiyear ice 

ALASKA 

area of all the Alaskan offshore regions. 
Figure 6 depicts zone 11 as consisting 
primarily of landfast ice out to a depth of 
10 fathoms. This zone contains a variety 
of ice features, including pressure ridges 
and multiyear ice. It is also a reasonably 
stable ice region. Zones 12 and 13 contain 
highly dynamic ice and therefore can be 
areas with major impediments to marine 
transits. Both zones have multiyear floes 
throughout; these vary in size from 10 feet 
to several miles in diameter. First-year ice 
can grow to 6 feet in thickness, but it is 

11ze Ul8" 184° 1eo-

frequently crushed to form pressure ridges 
and rubble fields during periods of high 
wind and field motions. Zone 12 is believed 
to have a greater frequency and intensity 
of pressured ice conditions because of its 
proximity to the north coast of Alaska. 
These conditions frequently produce shear 
ridges which predominate in zone 12. As a 
result, winter voyages in zone 13, rather 
than in zone 12, may be more desirable 
during prolonged periods of high winds 
from the north and northeast. 

ICE IMAGERY 

In 1983, real-time (simultaneous) satel
lite ice imagery was received aboard the 
Polar Class icebreakers for the first time. 
Automatic Picture Transmission (APT) 
units were installed to receive, process, and 
display visible and infrared imagery from 
polar-orbiting meteorological satellites. 
The shipboard APT system proved invalu
able during the historic 1983 winter transit 
from the Bering Sea to Wainwright, Alaska. 
The images allowed visual interpretation of 
many important features such as the Ber
ing Sea ice edge, ice concentrations north 
of St. Lawrence Island, leads through the 
Bering Strait, and a lead along the coast
line from Cape Lisburne to Wainwright. 
Since the ice conditions remained fairly 
stable and the leads were maintained dur
ing the entire transit, the Polar Sea was 
able to use the images as strategic tools to 
improve sailing time and save fuel. 

The initial use of the APT system during 
this test program showed the value of the 
strategic applications of real-time, low
resolution imagery. In the future, enhanced, 
high-resolution systems such as satellite 
and aircraft synthetic aperture radar 

158" 144° 140° 

exist throughout the Beaufort Sea and Figure 6. Zones of environmental severity for marine transportation in the Beaufort Sea during the 
make it the most difficult winter operating winter. 
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Figure 7. The German icebreaker /cebird. The lcebird made its maiden voyage November 17, 1984, 
and sailed in antarctic waters in 1984-85.7 

SHIP STATISTICS 

Length overalL ............................... 109.6 meters 
Moulded depth ................................ 9.8 meters 
Beam ..................................... 19.09 meters 
Draft .................................. 5.5 I 7.65 meters 
Gross tonnage. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4,378.03 

without module. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3,923 
Net tonnage ................................... 2,505.09 

without module. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2,074 
Engine .................... 5,400 shaft horsepower, 4,000 kw 
Bowthruster . . . . . . . . . . . . . . . . . . . . . 500 shaft horsepower, 380 kw 
Total deadweight (without module) .................. 6,436 tons 
Weight of module . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 310 tons 
Speed ...................................... 14.7 knots 

(SAR) will greatly aid tactical support to 
icebreaking vessels throughout the Arctic. 
Projects are currently being formulated to 
have processed satellite SAR imagery down
linked (broadcast directly from satellite 
to shipboard receivers) directly to ships 
by the early 1990s. The use of remotely 
sensed ice imagery to aid navigation 
through ice-infested waters is likely to be
come extremely important. 

AN ICE-STRENGTHENED 
ARCTIC CARGO VESSEL 

During the summer of 1986, for the first 
time an unescorted commercial cargo ship 
will be delivering cargo to Prudhoe Bay. 
The /cebird (Fig. 7) introduces a new con
cept in bringing cargo to arctic Alaska.7 

The ship Vilas designed and built in Ger
many without knowledge of the research 
results acquired in the Maritime Traffica
bility Program, which was intended to aid 
U.S. and Canadian companies. However, 
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the operational knowledge gained from the 
Maritime Administration program gives 
the charterer (SOH 10) confidence that the 
ship has a chance to make the voyage. In 
effect, the perceived risk has been reduced. 

SUMMARY 

Considerable progress has been made in 
the last 100 years regarding marine navi
gation in the ice-covered waters of Alaska. 
For most of that period it was a risky busi
ness to make one trip per year. New ves
sel designs and new navigation technology 
have made it possible to extend greatly the 
period during which vessels can operate. 
Further development of natural resources 
in the north will lead to demands for the 
better technology that is necessary to ex
tend shipping seasons in arctic Alaska. 
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Phreatic Water Levels 
and Lawyers 
by Dennis Nottingham and Leslie Griffiths 

~E TITLE ABOVE may seem an un
likely one to head a technical paper, but 
it is serious indeed: the tricks played by 
phreatic water levels near Alaska's coast 
are keeping many lawyers employed. The 
title is intended to attract attention to a 
coastal phenomenon not well understood 
by many engineers. That lack of under
standing has led to difficulties. Many cases 
of litigation related to phreatic water levels 
have taken place or are pending, and some 
are undoubtedly on the drawing boards. 
The following discussion is based on 
actual cases or problems, but names and 
places will be omitted in an effort to draw 
attention to problems without debate 
over other issues. 

"Phreatic" is derived from the Greek 
word phrear, meaning "well." The water 
surface one sees in a shallow well is really 
the top of free water or the ground water 
table. This surface level is relatively stable 
in inland wells, but it can fluctuate in the 
ground near coasts affected by tides. 

Alaska's coastal tides range from those 
near 1 foot in the Arctic to some of the 
highest in the world near Anchorage with 
an extreme of almost 40 feet. Some south
east Alaska areas experience tide ranges 
approaching extremes of 30 feet. The tides 
are a response to gravitational forces ex
erted by the sun and moon, and vary cy
clically as the earth rotates. Because the 

have an effect that is at times stronger and 
at others weaker, a series of tides with 
higher or lower total variation will result. 

Since tides are cyclic, the element of 
time is introduced into this complex, dy
namic situation. The periodic variation of 
water heights introduces changing water 
pressure against coastal shorelines, forcing 
water into the bordering soils in variable 
amounts, depending on the permeability 
of the soil. A phreatic water level is thus 
established in coastal soils in accord with 
tidal variations and soil permeability. 

A common belief among engineers is 
that the phreatic water level follows the 
tide closely. Nothing could be farther from 
fact, and so problems develop. Several ex
amples are presented here to illustrate the 
engineering problems associated with de
sign and construction of coastal projects 
affected by phreatic water levels. 

CULVERT INSTALLATIONS 

We became intensely interested in this 
interesting phenomenon in 1974 while 

shifting interplay of all these forces will Sheet flow: phreatic water emerging from a stable, coarse gravel slope at low tide. 

Dennis Nottingham, with a B.S. and M.S. in civil engineering, is president of Peratrovich, Nottingham & Drage, Inc., an engineering 
consulting firm in Anchorage, Alaska. He has over 25 years experience as a structural and civil engineer in Montana, Washington, 
and Alaska; his emphasis has been in arctic engineering, in work involved with structures in ice (both onshore and on gravel islands) 
and with driven piles in permafrost. Leslie Griffiths is a hydrologist with the same firm; her background includes a B.A. and graduate 
studies in geology. As a geologist specializing in hydrology and geomorphology, her experience includes analyses of coastal environ
ments, large rivers, and small streams throughout Alaska. 
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CULVERT 

EMBANKMENT 

/-PHREATIC WATER TABLE 

ZONE OF PERMANENT SATURATION 

TYPICAL ROADWAY SECTION 

Figure 1. Coastal culvert installation 
subject to phreatic hydrostatic pressures. 

A typical roadway section is above, and 
a culvert cross section is below. 

TYPICAL CULVERT SECTION HARBOR SLOPE STABILITY 
investigating the failure of 
large-diameter culverts on a highway 
construction project in an area subject to 
tidal influence. The culverts had failed in a 
most unusual manner: both ends had been 
uplifted. Entrance uplift was fairly well un
derstood then as being related to buoyancy 
forces caused by culvert headwater and par
tially full flow, but the exit section uplift 
had everyone baffled. The owner's lawyers 
found it convenient to blame the failure on 
contractor operations; the contractor re
fused to believe this simplistic explanation 
and approved a detailed investigation. 

Wells were dug at various locations 
across the road bed to identify a phreatic 
water level. From the field measurements, 
we projected that the water level would 
vary only between Elevation 10 and 14 
within the central prism area, subject to 
the effect of various tide cycles; the tidal 
extremes ranged from Elevation +23 to -5. 
The lower-elevation water table would be 
established during a high low tide/low high 
tide series and the higher elevation would 
be reached during a low low tide/high 
high tide series. 

Since the culvert inverts were several 
feet below this water table, low tide cre
ated an unbalanced upward pressure when 
tidal flow through the flat-bottomed cul
verts decreased. Culverts simply failed by 
bulging upward chiefly as a result of these 
forces, as well as hydrodynamic and lique
faction effects. Typical roadway and cul
vert cross sections are shown in Figure 1. 

DOCK DESIGN 

After numerous docks in southeastern 
Alaska showed distress or were failing by 
simply sliding out to sea, one agency con-
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tracted with our engineering consulting 
firm to design several docks that would 
avoid these problems. A detailed investi· 
gation revealed two primary elements as· 
sociated with past problems. One was a 
marine silt surface layer a few feet thick 
with a soil friction angle of about 18 de
grees, relatively common in southeastern 
Alaska. The other problem was the phre
atic water level. During periods of low tide, 
fill behind bulkheads will often retain a 
water level that is close to mean sea level. 
Structurally this means greatly increased 
wall pressures, and numerous events occur 
that decrease overall stability. These in
clude increased weight and seepage forces 
that reduce factors of safety against slope 
failure. Figure 2 is an idealized representa
tion of the elements of failure. 

Many engineers think weep holes cut 
in bulkheads will relieve the water pres
sure built up behind them. However, this 
method is not reliable and can cause other 
problems such as accelerated corrosion. 

PHREATIC WATER TABLE 
DEADMAN • TIE 

Uncertainty about what constitutes a 
stable slope for the side of an artificial har
bor provides a favorite legal plum ready 
for the picking on many projects. Numer
ous books cite suggested slope angles for 
constructed harbors, and although engi
neers and lawyers love to debate these 
suggestions, few discuss the various forces 
to be considered. Again, phreatic water 
surface level is a potential contributor to 
problems of construction and function. 

Here the perched phreatic water table 
tries to drain seaward during low tide cy
cles. This can be visualized using net flow 
procedures, as illustrated in Figure 3. 
Water draining from slopes tends to exert 
uplift forces on soil particles that, in turn, 
can cause instability and slope erosion. 
"Quicksand" and dam piping are parallel 
conditions well known to many. 

There are ways of controlling this action 
such as by flattening slopes and using 
filters and riprap stabilization. However, 
from an engineering point of view, the key 
is to recognize the problem. 

BULKHEAD 

LOW TIDE S7 

TYPICAL DOCK BULKHEAD SECTION 

The Northern Engineer, Vol. 17, No.4 



Observed nonreinforced slopes in Alas
kan boat harbors are commonly built to 
3:1 slopes. In the phreatic slope exit zone, PHREAnc 

WATER TABLE Y_s=- -
which also coincides with the area affected =.:..::.:;:....:..:::..::..::.::.,_~--==:......:::..__~-:::::~=~ 

by the wash from the wake of boats leav
ing or entering the inner harbor, gravel 
slopes commonly flatten to 5: 1. In the 
process the slope assumes an S-shape, as 
shown in Figure 4. 

Attempting to compact soils in the 
phreatic exit zone has led to frustration 
and conflict for contractor and engineer 
alike. Structures such as launch ramps for 
small boat trailers, often constructed of 
precast concrete planks, are specified to 
be placed on highly compacted bedding, 
as if they were being built on dry land. If 
by some chance the contractor is able to 
achieve the required compaction at low 
tide, the exiting phreatic water will loosen 
soils during subsequent tide cycles (Fig. 
5). Repeated compaction will produce no 
better results, and delays and conflicts 
often develop. The solu-
tion to this problem is 
similar to that for slope 
stabilization, where fil-

CONCRETE 
PLANKS 

TYPICAL SLOPE SECTION 
UNARMORED GRAVEL 

sz LOW TIDE 

Figure 3. Typical harbor slope as designed without protective riprap reinforcement. 

ERODED SLOPE "S" SHAPE 

,_:I ~ bd I, i""::':":-:-FJmTF=rc:;=,..,.,.,.-=. 
TYPICAL SLOPE SECTION UNARMORED "l~lllifE'· 

GRAVEL EROSION 

Figure 4. Typical harbor slope without protective riprap, after a period of use. 

ters and coarser-grained ~'ll~''l'==''ili§::'l' _
11

,, ~ 
bedding are used to con- ~AT~~~AB~ · ~ ·co----,'· c , , 

/WATER FLOW WITH SOIL LOOSENING 

trot the forces exerted 
by moving water and to 
confine less stable under- TYPICAL BOAT RAMP SECTION 

lying soils. Figure 5. Phreatic conditions that affect boat ramp construction. 

COASTAL 
FOUNDATION 
DESIGN 

A knowledge of coast
al tide-induced phreatic 
water action can provide 
savings for shoreside 
construction projects, if 
that knowledge is prop-

BUILDING 
CONTROLLED BACKFILL 

BASEMENT ·· .. ·.,· .. : 

· .. ··. 

COARSE FILL 

TYPICAL BUILDING SECTION 

erly applied. An example 
of this is building a base
ment that lies below 
high tide levels. By the 
proper use of controlled 
permeability backfill in 
combination with knoovn 
or measured phreatic 
water level fluctuation 

Figure 6. Building construction featuring methods used to control tidal water infiltration. 

with time, it is possible to design and con
struct a relatively dry basement-even 
under seemingly difficult conditions (Fig. 
6). 

CLOSING COMMENTS 

As innocent as the preceding conditions 
seem, many have led to litigation for huge 
amounts of money. Our legal system op-
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erates on an adversarial basis, and present
ly this mentality is beginning to permeate 
construction and engineering. It is unwise 
of us all to let this happen. Coastal engi
neering and construction are at best diffi
cult, and to solve problems such as the ones 
discussed above demands cooperation, not 
adversarial relationships. All sides must 
acknowledge that there can never be 

enough soils investigations to define all 
problems, and construction costs will in
crease if the conditions encountered dur
ing construction require more effort or 
more complex treatment than expected. 

Cooperation among the owner, engineer, 
and contractor in dealing with difficult 
coastal problems is the only reasonable 
way to accomplish many projects. + 
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A Warehouse 

by Russell H. Sackett 

OLD ST. JOSEPH'S Catholic Church in Nome, 
Alaska, was designed and built in 1901 to serve 
the Catholic portion of the goldrush town's pop
ulation. An extraordinary structure among the 
slapdash buildings of its day, its longevity makes 
it unusual even now; after 40 years of use as a 
warehouse, the building is in sound structural 
condition and maintains its interior integrity. 

There were approximately 30,000 residents in 
Nome in 1901, the time the church was planned, 
and the size and elegant design of the structure 
reflect the optimism of the Jesuit Mission that 
Nome would retain that population; By 1920, 
however, the number of people in the city had 
declined to 852, By 1927 the Jesuits decided 
the church could no longer be supported finan
cially, and from 1927 to 1945, the church was 
used only for special occasions such as Christmas 
Mass. In 1945, a new, smaller church was con
structed and Old St. Joseph's was sold to the 
United States Smelting, Refining and Mineral 

Original architect's drawing of St. Joseph's Catholic 
Church. (Courtesy of Oregon Province Archives, 
Gonzaga University, Spokane.) 

Russell H. Sackett is an archeologist/architect graduate ("an expert on old stuff") employed by GDM, Inc., an architectural 
and engineering firm in Fairbanks, Anchorage, and Juneau; he has a bachelor's degree in sociology/anthropology and a master's in 
architecture. The article is abstracted from the historic structures report on Old St. Joseph's Catholic Church prepared by GDM for 
the city of Nome. The Carrie McLain Museum administered the project, with Department of the Interior historic preservation funding, 
to document the history and architecture of the church as a first step in its restoration. 
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Worth Saving 

Company. During the winter of 1946, the company moved the old church building 
from its original location at Fourth and Steadman to Sixth and Steadman and used 
it for storage. Today, as part of the Alaska Gold Company's complex, it continues to 
function as a warehouse. 

DESIGN AND CONSTRUCTION 

Designed in the gothic style by Seattle architect J.B. Randall, St. Joseph's Church 
was the only monumental piece of architecture in the city of Nome at the time of its 
construction. (Later, its sole rival was the Holy Cross Hospital which was built next 
to it.) Until it was moved in 1946, Old St. Joseph's was the hub of the Jesuit Mis
sion in the Nome region. Today, it is the only church and building of its size that 
survives from the pre-1930s era of Nome. 

Exterior Structure 

The church is 40 feet by 60 feet with the long dimension ori
ented north -south. Standing 40 feet high (finished floor to 
ridgeline). the church has a steep gabled roof with 15-foot-high 
inside walls. A two-story bell tower (40 feet high and 12 feet 
square) is set 8 feet into the church's southeast corner. 

Originally a 48-foot octagonal spire was placed on top of the 
bell tower, and it in turn was topped by an 8- by 6-foot illumi
nated cross. It became apparent from the first occasion the cross 
was lit that it was a good guide for travellers. With seven light 
bulbs on the seaward (south) side and three on the tundra (north) 
side, the cross was visible for at least 25 miles in the relatively 
flat, treeless area around Nome. The lights were turned on for 
continuous use 17 January 1902, and the cross became known 
as the "whiteman's star" by the region's Eskimo population. 
Contributions from miners and funds from the city of Nome 
paid the expenses of keeping the cross lit during the long, dark 
winter months. The spire and top third of the bell tower were 
removed in 1944 after they had become loose from lack of 
maintenance and were in danger of falling. 

Old St. Joseph's Church as a well-kept warehouse in 1985. The original 
double-door entry on the south side (top photo) was walled in and 
parishioners used the bell tower door for some years. The east elevation 
(bottom) also shows the bell tower, the top of which was removed in 1944. 
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The church originally was placed on a post foundation 
with the finished floor approximately 3 feet above grade. 
The crawl space beneath the church was enclosed by 
wooden skirting on the perimeter of the building. This 
skirting, from the finished floor down to grade level, pro
duced the appearance of a solid base. When the building 
was moved to its present location, the wooden skirting 
was removed and never replaced. The church now stands 
on a temporary post foundation on a gravel pad; the posts 
do not penetrate the pad. The only visible problem with 
this present foundation is the row of posts supporting 
the south end: the lumber that was placed on the gravel 
as bearing pads for the wood posts has deteriorated, and 
the gravel beneath has also settled and slumped to the 
south. As a result, approximately the first 8 feet (length
wise) of the building have settled, causing the south wall 
to separate from the floor system. 

The floor system of the church consists of rough-cut 
3x11 joists, doubled along the exterior ends, 20 inches 
apart on center. These, in turn, are supported by rough
cut 8x8s, one under each side wall and others approxi
mately 10 feet in from the ends of the joists. The 8x8s 
rest on the temporary post foundation. A floor of 1 x4 
hardwood lies on top of the floor decking of 1 x6s, 
which rests on the joists. 

The church walls are frame construction of rough-cut 
2x6 studs on 20-inch centers. The exterior of the stud 
wall is sheathed diagonally by 1 x 11s with the direction 
of the diagonal changing at the center of each wall. The 
diagonal sheathing is overlain with 1 x6 shiplap siding. 

The floor, walls, and roof are not insulated and this 
contributed to the church's minimal use during the 
winters after 1927 when it was not kept continuously 
heated. One of the responsibilities of the altar boys was to 
chip the ice off the holy water before the church services, 

Left, Old St. Joseph's in about 1910. 

Below, the city of Nome, Alaska, in about 
1907. (Photos courtesy of the Carrie Mclain 
Museum, Nome.) 

FRONT ELEVATION 
(STEEPLE) DOOR 
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and although two cannon ball coal stoves were fired up two weeks prior to each service, 
the priest had to wear mittens when he served communion. 

When first built, the main entry into the building was through the most ornate side 
of the church, on the south. The double doors, flanked by side panels and with two 
arched windows above (now covered by sheet metal), were permanently closed some· 
time before the 1920s. Thereafter, churchgoers used the double doors in the south side 
of the bell tower as the main entry. Today a raven's nest adorns this entrance (see cover 
photo). 

Over the original main entry, a large eight-petal rose window is centered within the 
gabled portion of the wall. The window, 12 feet in diameter, was designed mainly for its 
exterior effect, since its original clear glazing admitted light only to the garret. Some 
of the missing panes now have been replaced by sheet metal. 

Daylight entered the main church primarily on the east and west sides through 
two-pane double-hung sash windows, 3 feet wide and 7 feet high, each surmounted by 
a fixed arched pane. These windows are centered within the bays formed by buttresses 
placed at each of the church's corners and at 20-foot centers along each side. 

A five-sided sanctuary with storage rooms on the east and west sides originally 
protruded from the church's north wall. The sanctuary was removed in 1946 when the 
church was relocated. The arched opening in the wall, corresponding to the arches 
found presently in the nave, has been framed in with a double door that opens out onto 
a loading dock. Also removed was an enclosed corridor that had connected the parish 
house to the center of the church's west wall. 

Interior 

With the exception of the missing sanctuary and the walled-
over south entrance, the interior spaces of the church are un
altered. The church has an open floor plan that uses columns to 
define the various areas. Along the south wall is a foyer measur
ing 8 by 23 feet. A row of 4 columns supports the choir loft, 
separating this area from the nave of the church. On the east 
side is the portion of the bell tower that cuts into the church's 
southeast corner, and on the west is a confessional. This enclo
sure is divided by a confessional screen into two compartments, 
each approximately 3 feet square. The stalls are partially tucked 
under the L-shaped stairway that leads to the choir loft. The loft 
over the foyer is open to the main church. There is an area for 
an organ and a doorway to the second floor of the bell tower. 

To the north of the foyer is the main area of the church: the 
nave and two side aisles. Two rows of structural rough-cut 6x8 
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East window of the bell tower. The exposed 
siding of 1 x12 diagonal boards is covered by 
1 x6 shiplap. 
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FRONT ELEVATION DOORS TYPICAL WINDOW 

The original main entry was closed permanently sometime before the 
1920s; there is no sign of it on the interior wall. Sheet metal now fills in 
some of the areas of the rose window that were clear glass. 
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As part of the architectural documentation of Old St. Joseph's Church, 
author Sackett and Lisa Kinn made the drawings on these pages from 

measurements of the surviving portions of the structure, early and 
present-day photographs, and the architect's 1901 conception of 

the finished church. 
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These plans, done to Historic American Buildings Survey standards, 
may see some future applications. A resurrection of the church does not 
have to be limited by the present structure; it should include a new bell 
tower and sanctuary space, for instance, that follow the original intent 
and historic precedents but that could be adapted to the modern uses 
intended for the building by the organizations in Nome working for 

the preservation and eventual restoration of Old St. Joseph's . 
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columns-12 feet high, placed on 20-foot centers and about 10 
feet in from the side walls-run the length of the church; they 
separate the nave from the two side aisles and support the two 
beams that hold the ceiling joists. These columns are connected 
by a series of arches that enclose the beams. 

The 20-foot-high ceiling supports the equally high garret. The 
ceiling is constructed of rough-cut 2x6s placed on 20-inch cen-

The choir loft stair
case. The confessionals 
are behind the wall at 
the left of the stairs. 
The organ stood be
hind the existing 
railing. 

ters. The underside of the joists is sheathed by 1 x 9s covered with 
cheesecloth and wallpaper. The garret side of the joists is un
sheathed. 

The roof joists, rough-cut 2x6s on 20-inch centers, are sup
ported by the church's interior ceiling structure. Mid-support is 
provided by built-up beams held in place by extensions of the 
6x8 columns. The joists are topped by 1 x12 exterior sheathing, 
covered with building paper and cedar shingles. 

Interior Finishes and Furnishings 

Even though the church has been used as a warehouse since 
1946, its interior finishes are relatively intact. The great majori
ty of the damage is due to age, lack of any serious maintenance, 
and weather. 

The interior face of the wall studs is sheathed horizontally 
with 1 x9s, and the lower 5 feet are covered by a 1 x3 beaded 
board wainscotting painted a tan color. Above the wainscot, the 
walls and ceiling are all finished with cheesecloth covered by 
wallpaper. At some time, the wallpaper was painted with white 
calcimine paint, presumably to brighten the interior. People re
member that the original paper on the walls was a three-color 
floral print dominated by bright red. Prior to the painting, the 
interior is remembered as being dark and mysterious, with "for
bidding" confessional stalls tucked under the choir loft stairs. 

The choir loft had a solid 2%-foot-high railing made of 1 x3 
beaded board around its exposed perimeter. The original railing 
remains only in the area where the organ was located, above the 
confessional stalls. The remainder was removed so that pipe 
could be stored in the loft area. 

CONFESSIONAL SCREEN 

Interior of the church as seen from the choir loft in 1985. The sanctuary was removed in 1946 when the building 
was moved; the opening was filled in with a wall with freight doors. The metal chimney in the center of the photo 
served two cannon ball coal heaters that were placed on either side of the nave, in the side aisles. 

CHOIR LOFT COLUMN AND RAILING 

30 The Northern Engineer, Vol. 17, No. 4 



Memory of the total furnishings for the church is poor-people 
recall distinctly only the two cannon ball coal heaters near the 
center of the building. With the exception of what appears in a 
single photograph of the interior and what is on a 1901 purchase 
order for pews and altar rails, not much can be established with 
any certainty. When the church was sold in 1945, the furnishings 
were disposed of because they were either in too poor shape to 
save or too large to be used in any church existing in Alaska at 
that time. Most of them were removed and buried in the city 
dump. 

Thirty-six 15-foot pews and kneeling benches made of red
wood and white cedar were evenly spaced the length of the church, 
allowing for an aisle along each side, with a wider aisle down the 
center. An altar rail extending the entire 40-foot width of the 
church separated the congregation from the sanctuary. A statue of 
Mary stood on the left side and one of Joseph with the Christ 
Child stood on the right, with redwood and cedar panels used as 
frames for each. There were an altar, sanctuary light, and paintings 
on three of the five walls of the sanctuary area. Six evenly spaced 
light bulbs in each of the arches in the nave supplied electric 
lighting. The photograph suggests that the side aisles were also 
illuminated by hanging fixtures. 

THE STRUCTURE SURVIVES 

Basically the church today is in sound condition. The only 
structural problem is the settling and separating of the south wall 

from the floor system, as mentioned earlier. The damage is not 
irreversible. A minor problem, resulting in the deterioration of 
the interior cheesecloth-wallpaper finish, stems from a leaky roof; 
the original roofing is no longer weathertight. 

There are three explanations for the survival of the church. 
First, unlike Nome's other early structures, Old St. Joseph's 
continued to exist because it was used for another purpose after 
the Jesuit Mission no longer had any need for it. Although its 
adapted use as a cold-storage warehouse brought about some 
changes in its appearance, the building's continued use provided 
it with basic maintenance. Further, the building has not fallen 
prey to the vandalism so often besetting vacant buildings, nor 
was it torn down as were the other early Nome churches. 

Second, although moving the structure to its present location 
has destroyed its historic setting, the move saved the building 
from probable destruction in fires that affected its original 
neighborhood and from near-certain destruction from rotting. 
By placing the church on its present piling foundation and by 
not replacing the original wooden skirting, the building was lifted 
off grade and air was allowed to circulate underneath. The lack 
of contact with the ground along with the free circulation of air 
beneath allowed the underside of the structure to remain dry 
and not susceptible to rotting. 

The third major reason for the preservation of the structure 
is its lack of insulation. Perhaps because the Seattle architect 
was not aware of the need for insulation for the parishioners' 

The sanctuary and north wall of Old St. Joseph's Church. The age of the photograph is unknown, but it probably dates from the 1920s. 
The furnishings were discarded the same year the building was moved. (Photo courtesy of the Carrie McLain Museum.) 
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comfort, and probably because the builders wanted to keep the 
cost of the building down, the church was never insulated. When 
it was built, the most common form of insulation was sawdust; 
over the years sawdust settles and absorbs moisture which in turn 
causes rotting at the base of walls. In addition, soggy or not, saw
dust also becomes a major fire 
hazard over time. 

The city of Nome hopes to 
acquire the building from the 
Alaska Gold Company and to 
have it restored to its original 
exterior condition. The city 
plans to rehabilitate the interi
or, maintaining or restoring 
as much of the original interior 
as feasible, to house the Carrie 
McLain Museum and possibly 
a visitor's center. As steps 
toward this goal, a National 
Register Nomination was pre
pared for the building as part 
of the Historic Structures Re
port, with the ultimate goal 
of having the building listed 
on the National Register of 
Historic Places. In late March 
1986 the State Historic Preser
vation Office determined that 
the building was eligible for the National Register and the nomi
nation was passed to the State Historic Sites Commission for 
review. This Commission unanimously passed the nomination in 
April 1986, and it will now be submitted to the Keeper of the 
Register in Washington, D.C., for final determination of the 
building's eligibility as a National Register property. In addition 

The southwest corner today shows where the 
buttress and foundation skirting had been prior 
to their removal in 1946 when the church was 

to the steps taken to have Old St. Joseph's placed on the National 
Register, the Carrie McLain Museum has established "Friends of 
Old Joe's" to promote interest in the restoration project. 

Of primary concern in this project will be finding a new home 
for the building; the restorers must remove it from the Alaska 

Gold Company's Nome com
plex and relocate it so that it 
will be more a part of the city. 
Besides bringing the building 
closer to the city core, restor
ation efforts will also have to 
bring the building up to pres
ent code requirements for its 
intended use, including handi
capped-access codes, as well 
as to provide necessary mech
anical equipment to make the 
building environmentally effi
cient. The objective of the 
restoration project is to accom
modate modern needs with
in a historic structure while 
maintaining the building's his
toric integrity. If this can be 
done according to the Sec
retary of the Interior's stan
dards for such projects, then 
the city of Nome could take 

advantage of special federal and state funding programs as they 
are made available. 

Despite, and because of, its use as a warehouse for the past 40 
years, Old St. Joseph's Church has survived. Although weathered 
and in need of restoration, it could easily be rescued and refin
ished to serve as a monument to Nome's past. + 

moved. Area from which a buttress was removed. 

The "temporary" foundation at the southwest 
corner is beginning to fail-the only structural 
problem. 
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MODERN WOODSTOVE 
TECHNOLOGY AND LEGISLATION 

by Richard Myers 

RecENT LEGISLATION enacted in 
several states, coupled with pending fed
eral regulations, has led to a modern 
revolution in an old technology: manu
facturers are now offering clean-burning, 
high-efficiency woodstoves. The legisla
tion regulating wood burning was a 
logical successor to laws controlling indus
trial and automotive emissions, once the 
research conducted over the last decade 
demonstrated that residential wood com
bustion ( RWC) significantly lowers air 
quality in specific localities. 

A number of local governments, in or
der to meet the mandates of the Clean 
Air Act, have imposed regulations on 
wood combustion; these have generally 
taken the form of restricting wood burning 
during times when air quality problems are 
likely, e.g., during inversions. Larger polit
ical divisions have taken a different ap
proach. In Oregon, starting 1 July 1986, 
statewide legislation will ban the sale of 
woodstoves that have not passed emissions 
standards. Colorado has announced plans 
to follow Oregon's lead. 

While individual states have initiated 
the move toward reducing pollution from 
woodstoves, national concern is the major 
motivation for woodstove manufacturers 
to produce low-emission units. This con
cern was summarized last year in the Fed
eral Register: 

The EPA [Environmental Protection 
Agency] has concluded that a pro
gram to establish a Federal standard 
for RWC units is warranted and has 

Anatomy of a modern woodstove. Air enters through (1) adjustable spindraft and (2) air ports 
which create an updraft through burning logs; (3) primary and secondary venturi pressure combus
tion systems extract heat; (4) the resulting smoke and combustible gases enter (5) a catalytic com
bustor where additional heat is extracted. (Rendering from Hearthstone brochure.) 

begun gathering existing information 
on emissions, control technologies, 
test methods, certification proce
dures, and costs. The Agency is 
considering an expedited standard 
development approach based on the 
available data.1 

The EPA announcement indicates that na
tional woodstove emissions standards are 
very likely to be enacted by the end of 
the decade. Woodstove producers have 
reacted to the writing on the wall even 
before it has been written into law, and 

have responded by producing clean
burning, highly efficient woodstoves. 

WOODSTOVE USE AND EMISSIONS 

Increased interest concerning pollution 
from woodstoves has been stimulated by 
the tenfold increase ·in stove use during 
the last 15 years. In 1972, 228,000 wood
stoves were sold, and in 1975 this figure 
had increased to 603,000.2 A 1980 esti
mate put the number of woodstoves in
stalled annually at 1.5 million.3 The most 
recent figure cited is 1 million units in-

Richard Myers is Associate Professor of Natural Science at Alaska Pacific University and is Director of APU's Technology and 
Liberal Arts Program. Professor Myers holds master's degrees in Environmental Quality Engineering and Physical Oceanography from 
the University of Alaska and is the author of several recent papers on the impact of residential wood combustion on air quality. 
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Two woodstoves that have passed Oregon's emissions standards tests. The Woodcutters Blaze 
King KEJ1101 (right) is a catalytic woodstove, and the Kent Tile Fire Mark II (below) is a 
noncatalytic woodstove. 

stalled annually with an approximate total 
of 11 million such stoves in use during 
1983.1 

The rejuvenation of wood as a heating 
source has resulted in concomitant air 
quality problems in certain areas. Poilu· 
tants produced when wood burns include 
particulates, carbon monoxide, and poly· 
cyclic organic compounds such as benzo
(a)pyrene. A general comparison of the 
amount of pollution produced using vari
ous heating sources is given in Table 1. It 
should be emphasized that figures given 
in Table 1 are for residential heating and 
do not refer to large-scale power genera
tion. While the values for coal combustion 
are alarming, it must be remembered that 
residential coal combustion is no longer a 
prevalent heating method. It is also appar
ent from Table 1 that both particulates 
and carbon monoxide emissions from 
wood-burning devices are 100 times greater 
than those from oil or gas combustion. 
Conversely, wood combustion produces 
fewer sulfur compounds. In comparison 
to fireplaces, woodstoves produce several 
times the quantity of certain pollutants. 
This occurs because woodstoves are gen
erally operated under air-starved condi-

tions in order to enhance slow burning, 
which in turn increases organic emissions. 

Legislation on woodstove emissions has 
focussed primarily on particulates, be
cause woodstove emissions are likely to 
exceed the National Ambient Air Quality 
Standards for particulates-260 J1g/m 3 

for a 24-hour period, not to be exceeded 
more than once a year. Particulate emis-

Table 1. Comparison of Pollutants 
from Residential Heating Sources 

Carbon Sulfur 
Source monoxide Particulates compounds Benzo(a)pyrene 

(lb/106 btu) (lb/1 0 6 btu) (lb/106 btu) (~tg/106 btu) 

gas 0.02 0.02 0.0006 80 
oil 0.04 0.07 0.5 900 
coal 3.5 0.6 0.6 2,500,000 

wood 
(fireplace) 3 1.3 n.a. 45,000 

wood 
(stove) 22 1.2 0.03 135,000 

Source: J. A. Cooper4 
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sion from woodstoves is difficult to quanti
fy due to the numerous factors that can 
affect this emission- such as species of 
wood burned, size of wood, moisture con
tent, and type of wood-burning device. 
In addition, most figures given in the litera
ture for particulate emission are in grams 
per kilogram of wood burned while the 
standards presently being promulgated 
are in grams of particulates released per 
hour. Using a wide range of figures for 
various conditions, the approximate par
ticulate emission from a traditional wood
stove is 35 grams per hour. 

STANDARDS 

Since Oregon has taken the lead in reg
ulating woodstove emissions, many gov
ernment agencies are taking a "wait-and
see" attitude, anticipating results as Ore
gon's program goes into effect. Many of 
these agencies, including the EPA, are 
likely to adopt several aspects of Oregon's 
program. Oregon standards for wood
stoves as of 1 July 1986 will be 15 grams 
of particulates emitted per hour for non
catalytic stoves and 6 grams per hour for 
catalytic woodstoves. After 30June 1988, 
the standards for noncatalytic and cata
lytic stoves will drop to 9 and 4 grams per 
hour, respectively. The lesser change in 
the standards for catalytic stoves repre
sents an attempt to take into account the 
fact that the catalyst in these stoves be
comes less effective with age.· 

MODERN WOODSTOVES 

Heeding the increasing attention and 
legislation given to woodstove emissions, 
the woodstove industry has responded by 
designing and producing low-emission, 
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The Hearthstone II Catalytic has met Oregon's 
emissions standards. 

high-efficiency burners. The anatomy of 
one such woodstove is illustrated on page 
33. One of the most energy-efficient fea
tures incorporated into many of the mod
ern stoves is the catalytic combustor. 
Catalytic combustors are designed to pro
mote the ignition of hydrocarbons and 
other flammable gases that would normal
ly be lost in the flue. These combustible 
gaseous products have ignition tempera
tures in excess of 1000°F, and tempera
tures in a woodstove's main combustion 
chamber are not high enough to ignite 
these gases. The combustor utilizes metals 
such as platinum or palladium as catalysts 
to allow the exhaust gases to ignite at a 
reduced temperature of approximately 
500°F. This secondary combustion ex
tracts more energy from the fuel and 
hence there is less creosote buildup and 
lower particulate emission. 

Several woodstoves have been certified 
by the Oregon Department of Environ
mental Quality as meeting the 1986 stand
ard, with many of these also meeting the 
1988 standard. Testing woodstoves for 
particulate emission is difficult. and there 
seems to be a fair amount of concern over 
the adequacy of the "Oregon method" 
used in the state's tests. According to Paul 
Tiegs, who is president of the OMNI Envi-
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ronmental Services firm that has done 
practically all of the testing to date: 

... the most difficult aspect of per
forming the Oregon method (and 
any other proposed method so 
far) is the practical operation of 
the test stove. The test has multi
ple prescribed burn rates (or heat 
output categories) that must be 
tested with standardized fuel load
ing, test environment, and opera
ting conditions. 

This requirement cannot be avoid
ed-unless you have a single burn 
rate stove. Even then, there will be 
some stringent operating require
ments. Attaining the sought-after 
and required burn rate is a matter 

of infinite patience and a dash of 
magic.5 

As of 4 February 1986, 25 models of 
woodstoves have passed Oregon's 1986 
standards. Of these, 1 0 have been certified 
within the past six months, indicating 
that between the time this article was 
written and its publication date, several 
more will have been certified. Basic data 
on woodstoves that have met Oregon's 
emissions standards are given in Table 2. 
The average overall efficiency in the last 
column of Table 2 indicates the degree to 
which the potential heat of the wood is 
transferred to the heating space; it is a 
product of the stove's combustion efficien
cy (how completely the wood is burned 

Table 2. Woodstoves Certified as of 4 February 1986 

Emissions Average overall 
Model Manufacturer (grams/hrl efficiency (%) 

Catalytic 

ATS-11 5000 Arrow Tualatin 2.5 75.6 
1000C ES01 Earth Stove 3.5 74.9 

Catalytic Fir 
AK-18 Sweet Home 2.0 76.2 

Leopard U246 Or ley 2.5 73.0 

Blaze King 
KEJ1101 Woodcutters 1.6 76.9 

Fisher Tech IV CESCO 2.5 79.1 
Timber Eze 477 Timber Eze 2.0 75.8 
Panther F246 Or ley 2.5 73.0 
3C Jotul 3.9 73.0 
8C Jotul 6.0 75.0 
Turbo 10 WC Burning Log 3.1 76.0 

Noncatalytic 

Tile Fire Mark II Kent 14.2 64.5 
Answer A3 Lopi 14.8 62.1 
Regent 1000 Osburn 12.5 65.2 
Bosca TM500 Brugger 13.5 64.8 
1002-0 ES 02 Earth Stove 5.6 68.7 
Bosca FS 500 Brugger 13.5 64.8 
Answer A1 Lopi 14.8 62.1 
Answer A2 Lopi 14.8 62.1 
Rawhide I Rh861 Martenson 13.8 59.8 
Pelletier FS 1 Collins Bio-Energy 0.7 79.4 
Vista 640 Stack Mfg. 5.4 61.8 
3A Jotul 7.8 70.5 
SA Jotul 7.7 65.2 
Turbo 10 NC Burning Log 13.4 67.7 

Source: Oregon Department of Environmental Quality.6 
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Figure 1. Certified Test Performance of Blaze King woodstove. 6 
Figure 2. Certified Test Performance of Timber Eze woodstove. 6 

in the firebox) and its heat transfer ef
ficiency (what proportion of that heat is 
transferred from the firebox to the room). 
More complete information on the stoves 
listed in Table 2 and on others that have 
been certified since the time of this writ
ing is available from Oregon's Department 
of Environmental Quality. 

The fact that a woodstove has passed 
Oregon's standards represents only the 
"tip of the iceberg" in terms of the stove's 
overall performance. For example, because 
emissions and performance data are aver
aged over a range of heat outputs in these 
tests, one must look carefully at the de
tails in light of the stove's probable use. As 
can be seen in Figure 1, for instance, the 
Blaze King maintains relatively high ef
ficiencies and low emissions over a wide 
range of heat outputs; its average efficiency 
is 76.9. The Timber Eze has a similar over
all efficiency of 75.8, but its performance 
test (Fig. 2) indicates high efficiency at 
low heat output with the efficiency drop
ping significantly at higher burn rates. 
The point is that when one compares ef
ficiencies, the intended use must be kept 
in mind. If owners intend to operate stoves 
over a wide range of heat outputs, they 
should focus their attention on those 
stoves that have relatively flat performance 
curves, demonstrating a fairly constant 
performance. Conversely, it may be that 
an operator will use the stove only or 
chiefly over a limited heat output range 
and should then be most concerned with 
maximum performance over this limited 
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range. In the latter case, the fact that a 
stove has an efficiency curve that drops 
quickly beyond the needed range may be 
of little consequence. 

While modern advances in woodstove 
technologies have given consumers an 
abundance of options in the selection of 
clean-burning woodstoves, it remains to 
be seen how effective these woodstoves 
will be in improving air quality. The caveat 
"performance may vary from test values 
depending on actual home operating con
ditions" at the bottom of a page of test 
results is an often-overlooked qualifier, 
and the production of clean-burning stoves 
should not be seen as a panacea for im
proving air quality. The use of these stoves 
must also be coupled with public educa
tion on related factors such as the proper 
operation and maintenance of stoves and 
their ancillary equipment, fuel character
istics, and meteorological conditions that 
intensify the impact of RWC air pollution. 

Carl English, president of Homestead 
Stove Co. in Camas, Washington, has called 
for a comprehensive approach to reducing 
pollution.7 According to English, factors 
that must be considered in addition to the 
use of clean-burning stoves include a 
wood moisture content rule, a chimney 
standard, a thermal efficiency standard, 
recommended chimney draft levels, educa
tion programs, and an inspection/mainte
nance program. English states that 
government agencies "have taken a near
sighted approach to a problem that re
quires a far-sighted solution." 

SUMMARY 

An increasing bulk of legislation seeking 
to meet the goals of the Clean Air Act has 
led to the accelerated production of wood
stoves that create fewer emissions. Trends 
suggest that the air-affecting properties of 
woodstoves will be regulated on a national 
level in the near future. Whether wood
stove legislation will be effective in im
proving air quality in specific areas remains 
to be seen. In any event, many consumers 
should benefit from having a wider selec
tion of more efficient, clean-burning 
wood stoves. 
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The 456-page book was written by 
William H. Middendorf and published by 
Marcel Dekker, Inc., 270 Madison Avenue, 
New York, NY 10016. List price is $35 in 
the U.S. and Canada, $42 in all other 
countries. 

***** 

Reminder: it's still possible to find 
copies of the second edition of the Envi
ronmental Atlas of Alaska, which presents 
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a physical description of the state, includ
ing its fresh and marine waters (frozen and 
liquid). light, climate, and geography. The 
book is a standard reference for architects 
and engineers working in Alaska, but its 
maps and discussions are useful for anyone 
with personal or professional interests in 
the land once known as Seward's Folly. To 
purchase a copy, send $22.50 (plus $2.50 
postage and handling) to Publications, In
stitute of Northern Engineering, University 
of Alaska-Fairbanks, Fairbanks, A K 99 775-
1760. 

***** 

Highly recommended: The New England 
Builder, a newspaper- format periodical 
published monthly out of Montpelier, 
Vermont. It's readably written, clearly 
illustrated, and amounts to a continuing 
no-frills course for anyone with hands-on 
involvement in building, especially resi
dential building, from subdivision devel
opment to Victorian-cottage restoration. 
True, even Maine at its meanest doesn't 
qualify as the Arctic or subarctic, and any 
reports in the Builder related to heating 
or insulation amounts must be read with 
the appropriate far-northern fudge factors 
in mind. The only other warning we'd give 
Alaskans considering subscribing to this 
publication would be to skip the ads-the 
diversity of high- and low-tech fads and 
widgets, from insulating panels to aged 
hardwoods, is likely to remind northern
ers painfully that we still aren't quite in 
the economic mainstream. 

The New England Builder costs $16/yr 
( 12 issues). Its address: P. 0. Box 278, 
Montpelier, VT 05602. 

***** 
New from Canada is the Wastewater 

Technology Centre Newsletter. This free 
quarterly serves to publicize the Centre's 
work and provides serial articles of general 
use. No. 1, November 1985, contained a 
brief but detailed report on WTC's research 
project to produce oil from sewage sludge, 
the beginning of a series on statistics in 
environmental engineering and one on 
toxic trace contaminants, a short summary 
of the activities at a workshop held in 
Texas on water industry instrumentation 
and controls, and a list of forthcoming 
conferences on water quality and pollution 
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controls. To add yourself to the mailing 
list, write Dave Chapman, Editor, WTC 
Newsletter, P.O. Box 5050, Burlington, 
Ontario L7R 4A6, Canada. 

***** 

A colleague here at the Geophysical In
stitute gave us a copy of The Avalanche 
Review, a tabloid newspaper with a lively 
tone that belies its heavy title and serious 
subject matter. "Designed as a liaison be
tween researchers and practitioners," its 
advertising material states, "we have read
ers who span a wide range of interests, 
from backcountry skiers to academic sci
entists, including ski patrollers, forest 
rangers, mountain guides, environmental 
lawyers, city planners, avalanche forecast
ers and educators." It's a believable claim, 
for features in the issue we saw were wide
ranging indeed. Yet, whether articles dis
cussed avalanche beacons or mountain 
precipitation mechanisms, each was clear, 
appropriately technical, yet comfortably 
informal. If there were such a thing as a 
reader-friendly technical publication, The 
Avalanche Review would qualify. 

Subscriptions are $8 per year (6 issues, 
one a month from November to April). 
Canadian subscribers pay $11.50 (US) per 
year, and "overseas" subscriptions cost 
$16. The Review's address is P.O. Box 
510904, Salt Lake City, UT 84151-0904. 

• Noted 
Among the awards given in Alaska 

Construction & Oil magazine's 1985 Top 
Alaska Construction Projects competition 
was an honorable mention for the Ketchi
kan North Wharf replacement. We cite 
this one of the several winning projects 
in particular because Peratrovich, Not
tingham & Drage, Inc., was the engineer
ing firm for the project, which makes us 
feel quite smug about the timeliness of 
the article appearing on p. 21 of this issue. 
Top winners in the competition were Area 
Oil and Gas Company's Oliktok Point sea
water intake and treatment plant; the U.S. 
Forest Service Begich- Boggs Visitor Cen
ter at Portage Glacier; and Anchorage Sand 
and Gravel Company's block plant. De
tails are available from AC&O, 109 W. 
Mer.cer, Seattle, WA 98119. 

***** 
While we have you paging back through 

this issue, please note the photograph of 
the Bear on p. 14. The original is a prized 
possession of author Sweet, and he was 
worried about risking it in the mails; he 
even worried about its being removed from 
its protecting glass-covered frame. We 
asked this Institute's Photo-Graphics shop 
for best effort with careful handling-and 
Evelyn Trabant was able to provide our 
illustration without touching the fragile 
old print. What you see is a photograph 
of a photo, frame, glass, and all. Skillful, 
those Photo-Graphics people. 

***** 
The fourth annual Arthur Lubinski 

Award for the Outstanding Mechanical 
Engineering Paper at the 1986 Offshore 
Technology Conference was presented to 
Ronald E. Frismuth, who is president of 
Cortest Applied Mechanics, Inc., in Cy
press, Texas. 

The winning paper, "A Fracture Mechan
ics-Based Inspection Criterion for Internal 
Walls of Offshore Wellhead Equipment," 
presents an inspection criterion, based on 
the application of principles of fracture 
mechanics, that is less restrictive than ex
isting limits set by the American Petroleum 
Institute. The author says his paper offers 
an objective engineering solution to the 
problem posed by components having di
mensions off by more than the prescribed 
1/32 of an inch: "Why throw out a per
fectly good component which happens 
to be up to a half-inch off? By using some 
rational engineering judgments, the piece 
can be used." 

The runner-up paper, "Design and Op
erational Considerations for Unsupported 
Offshore Pipeline Spans," proposes that by 
evaluating the sensitivity of key design 
parameters, it is possible for an engineer 
to come up with a realistically safe design 
that works within operating constraints, 
budget, and schedule. Authors of this pa
per are B.C. Shah, Lummus Crest, Inc., 
Houston; C.N. White, Conoco Inc., Hous
ton; and I.J. Rippon, Dubai Petroleum Co., 
Dubai, United Arab Emirates. 

Further information is available from 
Petroleum Division, American Society of 
Mechanical Engineers News Bureau, P.O. 
Box 59489, Dallas, TX 75229. + 
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