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Inspired by the Naske article beginning on p. 8, artist Jan Leone 
drew the motorist on this issue's cover in the garb (and with a vehicle) 
appropriate to the era of that particular highway rebellion. Still wary of 
rebellion, or at least protest, the people in charge of Alaska's roads con· 
tinue to try to make the system work (seep. 4 and p. 29), and Alaska's 
motorists continue to maintain the attitude of our cover character (see 

29 the letters column of any Alaska newspaper). 
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CATHODIC PROTECTION OF CONCRETE 

BRIDGE DECKS IN ALASKA 


by Matt Reckard 

Figure 1. Removal of delaminated concrete, Wendell Street Bridge, Fairbanks. (All 
photographs courtesy of Steve Powers.) 

INTRODUCTION 

Reinforced concrete is commonly used 
for bridge decks. In recent years there 
has been an alarming increase in delamina
tion and spalling of the concrete cover of 
these decks (Fig. 1). This deterioration 
not only makes travel over these bridges 
rougher, but eventually can damage the 
bridge structure. A great deal of effort 
has been made to understand the causes 
of this damage and prevent it, since deck 
repair or replacement is expensive. 

The principal cause of the delamina
tion and spalling of bridge deck concrete 

is galvanic corrosion of the reinforcing 
steel, although this was not widely recog

1nized for many years. One means of 
preventing such damage is to install 
cathodic protection systems on the bridge 
to stop the corrosion. The Federal High
way Administration has estimated that 
the use of these systems may be able to 
save billions of dollars nationwide. 2 

Two of these systems have been 
installed recently in Alaska. The first was 
placed on the upper vehicle ramp at the 
Anchorage International Airport domestic 
terminal building; it began operating in 
December 1981. The second was installed 
on the Wendell Street Bridge in Fairbanks 
and began operating in October 1982. A 
third system is scheduled to be installed 
next summer on the Cushman Street 
Bridge in Fairbanks. 

The corrosion of rebar in bridge decks 
is similar to what occurs in many types of 
galvanic cells, such as the lead-acid auto
mobile battery shown schematically in 
Figure 2. In a galvanic cell such as this, 
the material with the greater electro
chemical potential is called the anode; 
that with the lesser potential is called the 
cathode. The anode material undergoes 
reduction (corrosion), combining with 
elements in the electrolyte to form com
pounds which are chemically more stable 
than the original anode material. Electrons 
are released at the anode as part of this 
process, and the current flows to the 
cathode. In an automobile battery, the 

Matthew Reckard is a research engineer with the Alaska Department of Transporta
tion and Public Facilities, Research Section. 
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anode material (lead) combines with sul
fate ions from the electrolyte to form lead 
sulfate- The associated current flow travels 
through the auto's electrical system. 

In a bridge deck {Fig. 3) parts of the 
reinforcing steel are slightly anodic with 
respect to the rest of the steel because of 
differences in residual stresses and impur
ities in the steel, moisture content and 
aeration of the concrete, and other fac
tors.3·4 The chemical reduction of the 
anodic areas of steel is principally oxida
tion {rusting), and the current flow travels 
through the reinforcing steel itself. 

Concrete is normally a poor electrolyte 
due to its alkalinity, and therefore it pro
tects reinforcing steel from corrosion. 
When contaminated by chloride ions, 
however, an effective electrolyte is formed 
and corrosion begins. Chloride contamina
tion has long been a problem in concrete 
structures exposed to the salts in seawater. 
Chloride contamination, and thus corro
sion, can also result from the use of 
de-icing salts on roadways and bridges. 
Corrosion products build up at the anodic 
areas of the rebars and, because they 
occupy a greater volume than the original 
steel, they exert pressure on the concrete, 
which eventually cracks. Thermal expan
sion, water freezing in the cracks, and 
other factors can then extend the crack
ing, separating the cover layer of concrete 
from the rest of the deck {delamination). 
The delaminated concrete can eventually 
spall off, leaving the top mat of reinfor
cing steel exposed. 

This problem has grown worse in recent 
years with the increased use of de-icing 
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salts on highways and bridges. One means 
of preventing this damage would be to 
avoid the use of salts by substituting other 
materials such as sand, fly ash, or calcium 
magnesium acetate {CMA). Another means 
is to place an impermeable layer between 
the surface of the bridge deck and the 
reinforcing steel. In this way chloride 
penetration to the level of the steel is 
prevented or at least retarded, and the 
corrosion will not occur {or will progress 
much more slowly). Several methods have 
been tried to retard or halt chloride pene
tration to the level of the rebars, such as 
the use of dense, low-slump concrete, 
greater cover depth of concrete, polymer
modified concrete, or the application of 
waterproof membranes. Galvanized and 
epoxy-coated rebar has also been used. 
Some form of protection is required on 
all new concrete bridge decks built by the 
State of Alaska. 

Figure 2. Lead-acid corrosion cell. 

chloride contaminated 
concrete (electrolyte) 

Figure 3. Bridge deck corrosion cell. 

None of these methods will stop cor
rosion on existing chloride-contaminated 
decks, however. Removing and replacing 
all contaminated concrete or the entire 
deck is possible, but very expensive. Short 
of this, the only method known that can 
completely halt ongoing corrosion is 
cathodic protection. 

METHODS OF 
CATHODIC PROTECTION 

Cathodic protection has long been 
used for corrosion protection of buried 
and submerged structures such as pipe
lines, docks, and ships, and for the pro
tection of elevated water and fuel tanks. 
Cathodic protection of bridge decks, 
however, is relatively new and still some
what experimental. 

The principle behind cathodic protec
tion is to make all of the steel {or other 
material) to be protected cathodic with 
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respect to another material placed in the 
electrolyte to which it is electrically con
nected. This can be done by connecting 
the steel to a less noble metal (one with 
a greater electrochemical potential), such 
as zinc or magnesium. The less noble 
metal thus becomes the anode in a 
galvanic cell, and it, rather than the steel, 
corrodes (Fig. 4). This is known as "sacri
ficial-anode" cathodic protection. The 
anode material eventually corrodes com
pletely and must be replaced. 

Another method is to connect the steel 
and another material placed in the electro
lyte to a direct current power source. In 
this way current can be forced to flow to 
the steel from the other material, making 
the steel a cathode and the latter material 
an anode (regardless of their 'natural' elec
trochemical potential). This is known as 
"impressed-current" cathodic protection 
(Fig. 5). Corrosion of the anode in such 
a system will be negligible if the correct 
material is chosen, thus eliminating the 
need for anode replacement. 

IMPRESSED-CURRENT SYSTEM 

Impressed-current systems usually have 
been chosen for bridge decks for two 
principal reasons. The first is that the 
amount of protection can be varied easily 
by altering the voltage and current from 
the power source. In a sacrificial-anode 
system, the voltage is determined by the 
relative oxidation potentials of the anode 
and cathode materials, and the current is 

Metallic 
Conductor 

determined by the amount and location 
of the anodic material; once such a sys
tem is built, neither voltage nor current 
can be changed. The second advantage 
of impressed-current systems is that the 
anodes do not need replacement. Since 
the anodes must be placed in the electro
lyte (i.e., the bridge deck concrete), 
replacing them would be difficult and 
expensive. 

Current flow between an anode and a 
cathode will be greatest where the electri
cal resistance between them is the least. 
Thus if an anode is placed very close to 
any one part of the steel to be protected, 
nearly all the current will flow to that 
part of the steel, rather than take longer, 
less conductive paths to more remote 
locations on the structure. The more 
remote parts may then receive insuffi
cient current to protect them from corro
sion. Moreover, the areas receiving large 
currents may be "over-protected" which 
has been observed to weaken the bond 
between rebar and concrete. This may be 
due to an increase of sodium and potas
sium ions near the cathode (rebar) or 
because of the release of hydrogen 

5there.3· By moving the anode farther 
away from the structure, the distances 
between the anode and different parts of 
the structure will become more nearly 
equal and, if the electrolyte is homo
geneous, so will the electrical resistance 
and current density. 

On buried structures where the soil is 
the electrolyte, anodes can easily be placed 

relatively far from the structure. It may 
be possible, for example, to protect a 
buried cylindrical tank completely by 
installing three anodes, 120° away from 
each other, around the tank and perhaps 
half the tank's diameter away from it. On 
a bridge deck, however, the concrete is 
the electrolyte, and the distance between 
the anodes and the cathodes (rebars) can 
never be more than a few inches. 

One means of achieving even current 
densities over bridge decks is to place 
anodes in a highly conductive layer of 
breeze (tiny particles of coke) and asphalt 
placed over the entire deck. Care must 
be taken to ensure that the conductive 
layer does not contact any bridge steel, 
short-circuiting the system. A wearing 
course of conventional paving material 
is needed since the coke breeze mixture 
is relatively weak.3 Fairly even protection 
can be given to the top layers of rebar 
this way, although there is little protec
tion of lower rebar. Chloride concentra
tions decrease with depth, however, so 
the lower rebar rarely if ever requires 
protection. A disadvantage of this system 
is that the two overlay layers (typically 
5" thick) greatly increase the dead load 
on the bridge. 

Another method of anode placement 
has been developed which requires less 
overlay thickness. In this method, a series 
of parallel grooves are cut in the bridge 
deck, and anodic wires are grouted into 
them. The anodes themselves are thus 
widely distributed over the deck, and the 

Metallic 

Conductor 


Direct-Current 

Power Supply 


/ 

AnodeSacrificial Anode 

Figure 4. Sacrificial-anode cathodic protection. 5 Figure 5. Impressed-current cathodic protection. 5 
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Figure 7. Anodes grouted into deck, Wendell 

Street Bridge. 

Figure 6. Corrosion pitting on rebar, Wendell Street 

Bridge. 

conductive layer is eliminated, although 
a wearing course is still required. The 
cathodic protection systems recently in
stalled in Alaska have been of this type. 

INSTALLING THE SYSTEMS 

Repairs to these bridges were needed 
before the systems were installed; Figure 
1 illustrates the seriousness of the prob
lem. Pitting found on corroded rebar is 
shown in Figure 6. All unsound concrete 
was removed, the remaining concrete was 
chipped away from any partially exposed 
rebar, and the concrete and exposed rebar 
were cleaned. The decks were then patched 

with latex-modified concrete. 
After the deck repair, the cathodic 

protection systems could be installed. 
Anode wires for the systems were made 
of platinum-coated niobium with copper 
cores. These were grouted in grooves cut 
into the deck with a mixture of coke 
breeze and polyvinyl ester resin. Figure 7 
shows the Wendell Street Bridge after this 
was completed and before the final 
wearing course of concrete was placed. 

Electric power to energize the system 
comes from a control box where AC line 
power is first transformed to the desired 
voltage and then rectified to DC. The 
positive terminal is connected to the 
anode wires via header cables imbedded 
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in the deck; the negative terminal is con
nected to the reinforcing steel itself. 

The amount of polarization (voltage) 
impressed on the reinforcing steel must 
be kept within a certain range. Enough 
negative voltage is needed to ensure 
protection of the steel while avoiding 
"overprotection. "5 Reference cells were 
imbedded in the decks in order to moni
tor the steel polarization; in the Wendell 
Street system these are made of molyb
denum/molybdenum oxide, while at the 
Anchorage Airport they are zinc. Auto
matic voltage control is provided by a 
microprocessor in the control box, which 
monitors the voltage readings on the 
reference cells and adjusts the current 
flow as needed. The amount of power 
required by the systems is quite small; 
the larger (Wendell Street Bridge) system 
is expected to stabilize at about 60 

6watts.

MONITORING THE SYSTEMS 

These systems should stop corrosion 
of the reinforcing steel in bridge decks, 
avoiding the need for further expensive 
deck repairs. Corrosion probes have been 
installed in the decks to enable detection 
of any further corrosion, should it occur. 
The performance of these systems is being 
monitored by the vendor, Norton Corro
sion ltd., Inc., of Woodinville, Washing

ton. The data gathered should result in a 
better understanding of both the physical 
and economic effectiveness of these sys
tems, and may lead to improved designs 
in the future. 
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TROUBIA\E 
THE ALASKA ROAD COMMISSION 

VS. THE ALASKA RAILROAD 
by Claus-M. Naske 

From early in the Territory's history, Alaska's boosters had been expecting 

great things from this northern land; for years, Congress and the federal admin

istration had been dissatisfied with Alaska's slow and uneven development. The 
federal emphasis was on improving the bureaucracy to improve the pace of 

development. As early as 1913 Secretary of the Interior Franklin K. Lane had 

called for the creation of an Alaska development board. Subsequently, the 

'Dep'artment and its congressional friends urged a reorganization of the federal 

bureaucracy in the north. Many bills were drafted to establish a board 

comprised of major bureau and agency heads and other federal 

officials who could recast federal activities significantly and make 

other basic decisions subject to approval by the 

Secretary of the Interior. Misunderstand
ings on the part of Congress and 

infighting among bureaucrats always 

doomed these efforts, however, and 
while Congress struggled with 

the concept of development 
boards, the Department kept 
trying temporary solutions. 

One of tlie more dramatic 

was the consolidation of the Alas
ka Railroad and the Alaska Road 

Commission in the spring of 1923. James G. Steese, who had been head of the 
_Road Commission since 1920, was named to direct the merged agencies. 1 He 

Claus-M. Naske is an Associate Professor of History at the University of Alaska, Fairbanks, where he specializes in the history 
of Alaska and northern Canada. 
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thought the merger was a good idea; it 
would speed development according to a 
unified plan and, better yet, decisions could 
be made quickly in the field. His was not 
the only voice heard in Washington, how
ever. By May of 1923 the Railroad and 
the .Road Commission were using each 
other's men, equipment and supplies inter
changeably; in October of the same year, 
the consolidated operations ended. 

The Railroad had many problems. 
Probably the most important was the 
line's poor condition; continuing up· 
heavals in management seemingly pre· 
vented any worthwhile action on this or 
other difficulties until the appointment of 
strong-willed and industrious Otto F. 
Ohlson as general manager in 1928. In 
response to heavy congressional pressures 
for economy, Ohlson ran a tight opera· 
tion. He consolidated sections and dis· 
continued stations, bought used rolling 
stock and, most important, raised freight 
rates -to the ire of Alaskans. Soon Ohlson 
was fighting competing trucks, buses, 
boats and airplanes. The competition 
hauled almost entirely high-value perish· 
abies, first-class freight and passengers, 
mostly in the summer, because tough 
winters made operations for all but the 
Railroad nearly impossible. 

Competition started in earnest in 1931, 
after Congress mandated drastic rate 
increases designed to put the Railroad on 
a self-sustaining basis. Competition con· 
tinued despite the Railroad's charging low 
summertime rates. Only as a last resort, 
Ohlson accepted the idea of a toll on high· 
way tonnage, but despite a system of 
licensing and tolls on the Richardson 
Highway, the competition grew. The 
emotional context expanded until truckers 
became the heroes of Alaska transporta· 
tion, and Ohlson and the Railroad the 
villains. 2 

REGULATION COMES TO 

THE RICHARDSON 


The Department of the Interior re· 
ceived its authority to regulate traffic and 
impose license fees and tolls in 1932 when 
Congress transferred the Alaska Road 
Commission (ARC) from the War De· 
partment. This transfer, which Major
General T.H. Bliss had recommended as 
early as 1917 in the course of his investi· 
gation of the ARC, was consistent with 
the War Department's steady with· 
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drawal from Alaska. It had long recognized 
the desirability of placing transportation 
activities under one agency, and Congress 
wanted to centralize the authority of the 
Alaska Railroad and the ARC under one 
administrative head who would have the 
power to control the competition between 
traffic on the Richardson Highway, which 
effectively ran parallel with the railroad 
between Valdez and Fairbanks, and the 

Alaska Railroad. 
The Act also contemplated an equali

zation of rates between the Railroad and 
the highway transportation system so 
that passenger and freight traffic would 
not be diverted from the Railroad to the 
highway. Until the transfer in 1932, no 
formal regulations governed the speed, 
weight, or type of vehicle on Alaska's 
roads. Regulations were needed to 
protect the system against the ever more 
powerful and heavier cars, buses, and 
trucks, particularly during the soggy 
breakup season when roads became 
very soft. 

On February 15, 1933 the Secretary 
adopted regulations governing the use of 
the Richardson Highway. Subsequently 
amended on June 13, 1933, they were 
designed to accomplish three goals: 1) 
regulate the weights of vehicles, 2) regu
late the size of vehicles, and 3) set up a 
registration and license system requiring 
all vehicles to be registered and a license 
fee paid. The registration and license 
fees were to help pay road maintenance 
costs and reduce the use of the highway 
over which common carriers operated in 
direct competition with the Railroad. 
Failure to comply with the regulations 
established by the Secretary of the In· 
terior would perhaps have constituted a 
crime. However, since the Act contained 
no express language on the subject, the 
courts probably would not have sustained 
any attempt to make a violation the basis 
for prosecution.3 

GOVERNOR PARKS CONFUSED 

Alaska's Governor George A. Parks was 
confused by the Department of the In· 
terior's various proposals to issue new 
rules and regulations. Nobody had in
formed him, and whatever information 
he possessed had been obtained from press 
notices. Parks guessed, however, that 
these proposals were designed to equalize 
the rates of the Alaska Railroad and those 

charged by carriers on the Richardson 
Highway. The governor predicted that it 
would be difficult to fix tolls. For exam· 
pie, bus companies operating between 
Fairbanks and Valdez charged $10 for 
a one-way ticket at the height of the com
petition in 1932, while the railroad cost 
$47 from Seward to Fairbanks. Many 
Alaskans lived along the highway and 
traveled a great deal. Obviously, they did 
not compete with the Railroad. Addition· 
ally, several hundred individuals from 
Fairbanks and coast points made weekly 
trips along the highway for recreational 
purposes. Many Fairbanksans owned sum
mer cabins at Harding and Birch lakes 
some 60 miles south of Fairbanks, and 
others traveled for fishing at Paxon's 
Lodge, a point almost half-way between 
the terminals. All of these people did not 
compete with the Railroad, and therefore 
should not have to pay tolls. Furthermore, 
imposing tolls suggested that the govern· 
ment assumed the obligation to keep the 
road open at all times for traffic. Would 
claims accrue against the government in 
the event of washout or slides? Such 
events might delay traffic for several days 
and cause carriers who had paid tolls at 
Valdez to lose loads of perishables.4 

This was not all, however: How should 
tolls be collected? During the summer's 
practically continuous daylight, traffic 
was underway at all hours of the day and 
night. The law restricted employees to 
eight working hours per day. Since 
preliminary investigation revealed that 
tolls would have to be collected at two 
points along the highway, this would 
necessitate assigning at least three men to 
each station unless the road was closed 
for a certain period each day. In con· 
elusion, Parks recommended that Ohlson 
should direct his traffic manager to 
study the problem carefully and cooper
ate with the governor's office in pre
paring recommendations for approval 
by the Secretary of the lnterior.4 

THE INTERIOR 

DEPARTMENT CONFUSED 


If the governor was confused, so was 
the Department of the Interior. E.K. Bur· 
lew, administrative assistant to the Secre· 
tary, maintained that only buses and 
trucks acting as common carriers in com
petition with the Railroad should be 
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Colonel Otto Ohlson. (Photograph by Ray B. Dame, courtesy of the Anchorage 
Historical and Fine Arts Museum, Anchorage, Alaska.) 

charged, not local traffic, and tolls should 
be collected through a license system be
cause hiring a collection staff would be 
too expensive. 

Colonel Ohlson traveled the highway in 
early July and reported that the low rate 
of $10 in effect at the beginning of the 
season had been increased to $25 for a 
one-way Valdez-Fairbanks or Chitina
Fairbanks ticket. Since the Railroad 
charged $47.05 for a one-way trip from 
Seward to Fairbanks, the proposed toll 
had to be the difference of $22.05 to be 
effective. However, such a measure, he 
warned, would trigger serious protests 
and antagonistic feelings among northern 
residents. Echoing Governor Parks, Ohlson 
stated that Alaskans would argue that the 
imposition of tolls would obligate the 
government to maintain the highway in 
good condition. Ohlson asked that he be 
permitted to lower the freight and passen
ger rates to Fairbanks to a competitive 
level while the Richardson Highway was 
open during the warm season. 5 

INTERIOR RECOMMENDATIONS 

By the end of August 1932, Interior 
made the following recommendations as 

to the administration of tolls on the Rich
ardson Highway: 

1. The Department should proceed 
with due caution as to precedent regarding 
highway tolls, giving regard to present 
practice on toll highways and bridges. 

2. Pleasure cars on single trips, as well 
as residents along the highway, should 
not be charged tolls. 

3. Tolls should be charged on buses, 
trucks, or any type of common carrier for 
hire. 

4. Tolls should not be charged equal 
to the amount needed to make the Rail

road competitive with highway traffic 
or freight haulage. No attempt should be 
made to equalize rates between the Rail
road and the highway. 

5. Tolls, where charged, should be col
lected through a system of I icenses, elimi
nating the necessity for a collection staff. 

6. To make railroad haulage rates com
petitive with highway haulage, lower 
freight and passenger rates should be used 
during the season the highway was open. 

Both Governor Parks and Colonel Ohl
son considered these recommendations, 
but rejected all except the last one as im

practical. Instead, both men advocated 
regulations governing the size and weight 
of all vehicles and the speed of all traffic. 
Such regulations, properly enforced, 
would reduce maintenance costs and ren
der freight transportation from Valdez to 
the Interior unprofitable, except for cer
tain perishable goods. These traffic regula
tions, together with lower railroad freight 
and passenger rates during the warm sea
son, would solve the problem.6 

In early December 1932, Interior had 
decided to follow the suggestions of the 
two men to draft regulations governing 
vehicle traffic on Alaskan roads. But it 
also desired to include a schedule of regis
tration and license fees for commercial 
passenger cars and trucks operating on 
the Richardson Highway. In the prelimin
ary draft no wheeled vehicles exceeding 
10,000 pounds gross weight, including 
load, were allowed to operate on Alaskan 
roads. Vehicles were restricted to 7.5 feet 
in width and 20 feet in length, including 
trailers. This provision was to protect the 
roads, particularly during spring breakup 
when heavy trucks had caused serious 
damage. Alaskan bridges were none too 
sturdy, and therefore Interior restricted 
the moving load on any bridge to be no 
greater than 20,000 pounds for any 
vehicle 14 feet or longer. No more than 
two successive loads were allowed on any 
span bridge at once. In addition, motor 
vehicles were to be operated at a safe speed 
and in a safe manner. No truck weighing in 
excess of 6000 pounds was to drive faster 
than 25 miles per hour? 

VEHICLE PERMITS 

Every motor vehicle operating on the 
Richardson Highway was to obtain a per
mit for a nominal fee of $1. In addition, 
each vehicle was to pay a license fee, the 
amount depending on its classification. 
Class A vehicles, which included all 
conveyances used for commercial or 
pleasure purposes not listed in classes B 
and C, were exempt. Class B vehicles car
rying from five to 15 passengers were to 
pay license fees ranging from $100 to 
$175, depending on size. Class C vehicles 
up to 7000 pounds gross weight were to 
pay $150, and finally automobiles opera
ting as Class B up to a weight of 7000 
pounds were to pay the minimum charge 
for their class, plus an additional $100. 
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Shortly thereafter, the solicitor of the 
Department of the Interior discovered 
that there was no statute which provided 
penalties for violating these new regula
tions. He suggested that the Department 
draft a measure for Congressional approval 
correcting this oversight.8 

In the meantime, American voters re
jected the Republicans in the 1932 elec
tions and chose Democrat Franklin D. 
Roosevelt as the new chief executive. 
Roosevelt's Secretary of the Interior, 
Harold L. Ickes, inherited Alaska's prob
lems, including the regulations governing 
automobile traffic in the north and the 
imposition of license fees for use of the 
Richardson Highway. Ickes agreed with 
his predecessor's actions, and in reply to a 
protest from the Fairbanks City Council 
stated that American taxpayers for many 
years had paid the deficits incurred by 
the Alaska Railroad. He could see no 
apparent reason why the federal govern
ment should maintain a highway which 
further reduced railroad revenues. And 
although the fees to be charged did not 

ANTHONY J. DIMOND 

Dimond, a tall, powerfully built in
dividual, was born in 1881 and grew 
up on his father's farm near Palatine 
Bridge, New York. He finished high 
school in Amsterdam, New York, and 
completed an additional fifth year of 
schoolwork which qualified him as a 
teacher. Working on the farm, he 
taught an eight-grade country school 
during the winters, studied Latin and 
mathematics, and also read law for 
about three years under the super
vision of an Amsterdam attorney. In 
1905, Dimond came to Alaska where 
he worked as a prospector, miner, 
teamster and waiter. In 1911, a 
hunting accident which nearly cost him 
his life left Dimond with osteomyelitis, 

cover the maintenance of the highway, 
nevertheless the monies collected helped 
reduce the subsidy somewhat and above 
all would "show an effort on the part of 
the people of Alaska to share in the 
expense now carried completely by the 

"9taxpayers of the States. 

DELEGATE DIMOND 
UNHAPPY WITH TOLLS 

Alaska's newly-elected delegate to Con
gress, Anthony J. Dimond, was unhappy 
with the imposition of license fees or 
tolls for the use of the Richardson High
way. The new delegate told Secretary 
Ickes that the whole scheme of imposing 
registration and license fees should be set 
aside and "no further order or regulation 
made except such as may be necessary to 
prevent the use of the road by trucks or 
cars as might not be suitable for the type 
of road which exists." In fact, instead of 
trying to prevent the use of the highway 
through fees and tolls, the Department of 
the Interior should encourage the use of 

an infection of the bone that was then incurable. Realizing that his prospecting 
career had ended, Dimond resumed the study of law and was admitted to the 
Alaska Bar in mid-December, 1912. Appointed U.S. Commissioner at Chisana, 
center of a recent gold strike, he became a law partner in a Valdez firm in 1914. 
He participated in civic affairs in Valdez and eventually won a seat in the terri
torial senate. In 1932 he ran for the delegateship against James Wickersham and 
routed the incumbent in the Roosevelt landslide. 10 (Photograph from the 
Lulu Fairbanks Collection, courtesy of Archives, Alaska and Polar Regions 
Department, University of Alaska, Fairbanks.) 

the Railroad by lowering its passenger 

and freight rates. 

Ickes was nat moved by the delegate's 
arguments and ~epeated his belief that the 
federal government should not be required 
to build and maintain a highway to com
pete with its own railroad which operated 
at a loss. lnde~d. Ickes thought that the 
fees should be extended to cover private 
passenger cars, as well as privately owned 
trucks carrying merchandise for their 
owners. Accordingly, Ickes informed the 
delegate, he had amended the regulations 
to embrace private passenger cars and 
trucks. 11 

ICKES CHAStiSES TROY 

Ickes had consulted Alaska's new 
Democratic Governor, John W. Troy, on 
the automobile license fees for use of 
the Richardsdn Highway. Troy had op
posed the fee system, and on July 6, 
1933, Ickes rE!ad an editorial in the Daily 
Alaska Empire entitled "An Unjust 
Tax," criticizing the Department of the 
Interior and the Secretary. Ickes had been 
told that Troy owned the newspaper. As 
owner, Troy presumably controlled edi
torial policy, and Ickes wanted to know 
how the governor could reconcile this 
attack on the administration with the 
loyalty expepted of a presidential ap· 
pointee. The Secretary lectured Troy that 
as an employee of the Department of 
the Interior he was not permitted to 
criticize a federal policy once it had been 
established. Troy obviously did not 

understand the temper of Congress, "al
though it has been expressed frequently 
and emphatically, with regard to Federal 
appropriations for Territorial support." 
Congress no longer wished to subsidize 
Alaska, Ickes stated, and Alaskans had to 
realize that ''self-support and the indepen
dence that goes with it is more important 
to their welfare than Federal 'hand

outs'...." In fact, even those who believed 
that the federal government owed "Alaska 
a living must affirm that a liberal subsis
tence has been provided for many years." 
The time had come, Ickes concluded, to 
measure the rights of Alaskan citizens 
against those of the taxpayers in the con
tiguous states and establish a mean "that 
is not disprQportionate on either side."12 

The Secretary obviously had forgotten 
that northern residents were American 
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citizens and taxpayers, and not mere 
colonial subjects. 

Governor Troy quickly assured the 
Secretary that he no longer owned the 
newpaper referred to, and in fact had not 
read the offending editorial. And if ever 
he no longer could loyally support the 
administration, Troy stated, he would im
mediately submit his resignation. Ickes 
seemed to be satisfied with Troy's assur
ances, and that settled the matter. In the 
meantime, however, the Juneau and 
Fairbanks Chambers of Commerce vocifer
ously objected to the toll system, as did 
political and civic organizations and indi
viduals who all called for the revocation 
of the regulations, claiming that while 
law-abiding citizens paid the license 
fees, others deliberately avoided them 
without punishment. And indeed, without 
amending legislation regarding violations 
of the Secretary's regulations, the govern
ment could undertake no prosecu
tions.13 In the meantime, however, af
fected citizens complained. 

LICENSING SYSTEM UNWORKABLE 

Jack Warren, a homesteader near 
Fairbanks, was one such law-abiding 
individual who had paid the $101 license 
fee on his truck and $6 for his car. Living 
24 miles south of Fairbanks on the Rich
ardson Highway, Warren cut and sold 
firewood in the city. He did not object to 
paying the license fee - if everyone paid 
equally and the regulation was enforced. 
But he knew of 16 trucks which used the 
highway more than he did and yet their 
owners had avoided the required payment, 
enabling them to "profitably market their 
wood for less than I can, thereby getting 
all the business." Still other trucks traveled 
the entire length of the highway, com
peting with the Railroad by carrying 
freight from Valdez. They did not pay, 
either. "Thus I pay a high freight rate for 
everything I use coming over the Alaska 
Railroad and then a high tax to get mer
chandise just twenty-four miles out on 
the highway," Warren complained to 
Ickes. He demanded redress for this out
rage, for only a few had paid the fees 
"while the others laugh at you and your 
regulation and at us, the poor saps who 
did pay it.'' 14 And while most motorists 
ignored the license fee requirements, 
the Department also found that it was 

Governor Troy. (Photograph from the 
Lomen Family Collection, Courtesy of Ar
chives, Alaska and Polar Regions Depart
ment, University of Alaska, Fairbanks.) 

unable to enforce the provisions regard
ing weight, safety, and speed. 

In addition to all the dissatisfaction 
with the prevailing license fee system, the 
federal government collected very little 
money. For example, in 1933 some 113 
class A vehicles paid· a license fee of $6 
each for a total of $678, no class B 
licenses were taken out, and only four 
class C were paid, three at $101 each 
and one at $151, for a grand total of 
$1,132. Governor Troy readily admit
ted that the registered class A automobiles 
did not represent the total number of pri
vately owned cars using the highway 
because the majority of owners simply 
did not bother to take out licenses. Sev
eral of these individuals had been reported 
to the U.S. District Attorney, but he had 
advised that he could not prosecute under 
existing laws. The governor urged the 
Department of the Interior to obtain legis
lation providing penalties for violations of 
the regulations, because those who obeyed 
the law increasingly resented those cir
cumventing it. As a matter of fact, Troy 
thought that reducing railroad fares would 
do much more to divert passengers and 
freight from highway competition than 
license fees could ever hope to achieve. 

Although the governor opposed the 
licensing system per se, he realized that it 
appeared to be necessary to divert traffic 
to the Railroad. He therefore proposed 
that only trucks, buses, or passenger 
cars hauling freight and travelers from 
Valdez to Fairbanks or vice versa be 
licensed. Troy mentioned that all through 
traffic on the Richardson Highway had 
to use the ferry crossing the Tanana River 
some 73 miles southwest of Fairbanks. It 
might be practicable to establish a toll 
collection facility there to catch all com
mercial through traffic. Secretary Ickes 
liked the toll idea and asked the governor 
to work out a rate structure. 15 

TROY'S PROPOSALS 

Troy thereupon proposed that all 
vehicles using the Richardson Highway 
be assessed a $5 annual registration fee, 
while commercial vehicles pay $5 per 
passenger and $2 per 1000 pounds or 
fraction thereof for net loads. In the 
meantime, however, nothing could be 
done in collecting either licenses or tolls 
or in enforcing the regulations which had 
no enforceable penalty clause. The De
partment of the Interior appreciated the 
governor's suggestions, but had been un

able to persuade Congress to define an 

offense and provide a penalty for· the 

Richardson Highway situation. Further

more, changing from a license to a toll sys

tem probably would have to be approved 

by the President, and still would not 

cover the use of the road at either end. 16 


The question of the license fees was be

coming very complicated, indeed. 


TOLL COLLECTIONS BEGIN 

Early in 1935, Ohlson and Ike P. Tay
lor, the chief engineer of the Alaska Road 
Commission, attended a conference in 
Washington and, together with other de
partment employees, proposed to strike 
at the truckers where they could be hurt 
most. They adopted Governor Troy's 
scheme to collect a toll at the ARC
operated ferry across the Tanana River at 
McCarty, now Big Delta. Taylor recom
mended collecting a toll of 2.5 cents per 
ton-mile at the ferry. Thus the rate for 
one ton going the full distance was $9.27, 
a charge which they believed would return 
some traffic to the Railroad. Truckers 
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could refuse to pay, and they could not 
be prosecuted for nonpayment. But they 
could not cross the river until they paid. 
Secretary Ickes issued new orders gover
ning the "use of roads, trails, and other 
works" on March 25,1935. They included 
the new tolls and deleted the license 

fees. 17 

The Valdez Chamber of Commerce and 
a.sizable group of Fairbanks citizens pro
tested these new tolls. The Chamber 
denied that the Richardson Highway 
represented a threat to the Alaska Railroad 
since freight deliveries occurred only dur
ing the open season from June 15 to Octo
ber 15. Only 20 percent of the total ton
nage hauled over the highway during 
these short five months reached Fair
banks, while 80 percent was transported 

to Copper Center and 

while. The truckers could not evade the 
toll station, for they had to cross the river. 
Highway tonnage destined for Fairbanks 
slipped from 734 tons in 1934 to 304 
tons in 1935. 19 Regular ferry collections 
for the crossing at $1 per vehicle de
creased from $1,186 in 1934 to $967 in 
1935. The new toll brought in $2,856 
in 1935. Ohlson's hopes were shortlived, 
however, because with financial aid from 
interested parties in Fairbanks and 
Valdez, the truckers soon regained the 
tonnage they had lost. By 1939, the 
trucking business boomed; confident of 
public support, the truckers were pre
pared to evade the tolls by subterfuge if 
possible and force if necessary. 

In September 1939, a motor truck 
operator named Clyde Gordon reached 

Gordon was set free. He thereupon f\led 

a suit against the ARC asking that the 
judge issue an injunction to prevent col
lection of tolls on the highway, insisting 
that neither Ickes nor the ARC had the 
right to impose tolls which were "designed 
to annoy, harass, and penalize" those 
transporting freight over the highway. 
What Gordon had failed to mention in 
his civil suit was that he had parked his 
truck in such a fashion that it blocked 

all other traffic. He was arrested only 
after he refused to move the truck. 
On July 26, 1940, Federal District 
Court Judge Harry E. Pratt rejected 
Gordon's suit, stating that the Secretary 
of the Interior had the authority to level 
tolls and that he did not "act beyond 
the power delegated and that he did 

not act capriciously 

""",.,.,""'~""'~""'""'"'""""'"~"~~'~~""'"""""~'~'~~~""~~l'f'P'I~'"'"""""rPI"'.,.,...,.,.'I""'"I"""rPI"'"" and arbitrar i I y."other points adjacent 
to the highway not 
reached by any oth
er transportation. The 

Chamber of Commerce 
concluded that the 
tolls "are a rank dis
crimination entirely 
un-American and con
trary to the usual pro
cedure in the encour
agement of the devel
opment of a pioneer 
country as no tolls are 
assessed on any other 
highway in Alaska." 
The Chamber pointed 
out that there were no 
plans to collect tolls on 
the highway under con
struction from Anchorage to the Matanus
ka Valley which paralleled the Alaska 
Railroad. The Fairbanks citizens claimed 
that the tolls were confiscatory, not in 
the public interest, increased the living 
costs for interior Alaska residents, created 
unemployment, discriminated against cit
izens in the Interior, and were "un-Amer
ican and an unjust burden upon the 
pioneer people of Interior Alaska." Some 
92 petitioners asked President Roosevelt 
and Secretary Ickes to revoke the order 
"forthwith" and grant these residents 
"their accustomed right to the free use of 
the Richardson Highway... :·18 

But despite these protests, the new 
system seemed to work, at least for a 

-! ... ·· 
,I 

the McCarty ferry with a load of fuel 
oil. Toll collectors Lloyd Hansen and 

Charles Simmons denied Gordon use of 
the ferry when he offered to pay only 
the vehicle toll of $1. They demanded 
payment of the 2.5 cents per ton-mile 
from Valdez to Fairbanks. Gordon re
turned to his truck, which he parked 
200 yards south of the ferry landing, and 
within a short time a U.S. Deputy Marshal 
arrested him at the request of Frank Nash, 
superintendent of the ARC for the Fair

banks district. No complaint had been 
filed nor had a warrant for arrest been 
issued. The deputy marshal took Gordon 
to Fairbanks after forcing him to leave his 

truck south of the ferry. Once in the city, 

A month later Gor
don appeared in the 
U.S. Commissioner's 
Court on a charge 

1 ULJ.-..'-4-L......_U of disorderly conduct, 
based on his having 
again blocked the Rich
ardson Highway at the 
McCarty ferry crossing 
just a few days earlier. 
This time Benjamin D. 
Stewart, Jr., a civil en
gineer with the ARC, 
signed the complaint. 
Deputy U.S. Marshal 
Pat O'Connor made 
the arrest after Gor
don parked his truck 
diagonally across the 

road in front of the toll booth. He re
fused to pay, and did not do so until 

after he was arrested. Then the ferry took 
him across the river and he drove into 
town. The j:Ury listened to the testimony 
and shortly thereafter returned its verdict 
of "not guilty." The jury verdict proved 
that there was much support for the 
trucker's position. In fact, ARC officials 
were "somewhat up in the air as what to 
do in case the truck drivers try another 
such stunt, as it will apparently do no 
good to have them arrested and appears 
very doubtful if a jury could ever be 
secured in Fairbanks that would return a 

(Continued on page 26.) 

The Northern Engineer, Vol. 15, No. 1 
13 



ENERGY DEVELOPMENT: 
COMMUNITY NEEDS AN 

INTRODUCTION 

Much of the energy development in Alaska has occurred 
and will continue to occur in sparsely populated rural areas. If 
communities even exist near these sites, they often have 
limited or antiquated public services. The influx of construc
tion, permanent and secondary workers, plus their families, 
creates a need for services beyond the capabilities of such 
communities. The demand for housing far outpaces supply, 
producing several conditions: unavailability of and inflated 
prices for private homes, high costs and extremely low vacan
cies in rental housing, an abnormally high reliance on mobile 
homes as an inexpensive alternative, and a resulting sprawl of 
poorly-designed temporary prefabricated housing. While 
affected localities will frequently be the long-range beneficiaries 
of a vastly expanded tax base, they are confronted with 
serious short-run problems of planning and securing financing 
for expanded services at the outset of the project. 

Thus, a basic requirement for alleviating impacts from 
energy development projects is increased planning and finan

by Eugene Duvernoy and Ingrid Holmlund 

cing before construction workers and their families immigrate 
to the area. Local communities are rarely, if ever, able to 
meet the full burden of such "up-front" financing. Local taxing 
and bonding powers were not designed to accommodate the 
revenue-raising problems connected with rapid growth. Efforts 
to raise up-front revenues - funds obtained by the locality 
before the construction project is completed or the expected 
population influx occurs - are further hampered by state 
constitutional and other legal limitations. Much of the debate 
concerning energy projects therefore centers on how much of 
the necessary financing will be provided by the energy devel
oper, by the locality, and by the state. 

The energy developer generally has the widest range of op
tions concerning financing or direct provision of public facili
ties and services, and what the energy developer does or does 
not do will substantially affect the nature and severity of the 

social impacts. This article discusses the factors which influence 
an energy developer's decision whether to assist in providing 

Eugene Duvernoy holds a B.S. degree in civil engineering (Carnegie-Mellon University), an MB.A. degree (Cornell University), 
and a J.D. degree from Cornell University Law School As a research scientist he worked in the fields ofgrowth management, energy 
policy, and public administration, and is currently Director of Farmlands Preservation for King County in Seattle. Ingrid Holmlund 
(A.B., Stanford University) was a Battelle Research Intern concerned with energy and regulations. She currently studies law at the 
University of Washington. This article was written at Battelle Human Affairs Research Centers in Seattle, Washington, as part of a 
research project sponsored by the U.S. Department ofEnergy. 
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ORPORATIONS 


TABLE 1 


DECISION PROCESS SURROUNDING CORPORATE PROVISION 

OF HOUSING AND PUBLIC SERVICES 


ELEMENT 1. Internal Corporate Recognition 
of Interest in Infrastructure Supply and Housing 

FACTORS FREQUENCY OF IMPORTANCE 

Remoteness of site Almost always 

Economic benefits of providing public facilities 
and services and housing Almost always 

Location of corporate management Occasionally 

Corporate organization and history Occasionally 

ELEMENT 2. Planning and Negotiation for 
Housing and Infrastructure Impact Mitigation 

FACTORS FREQUENCY OF IMPORTANCE 

Regulatory framework Almost always 

Forum for exchange of views Frequently 

Importance of project to corporation Frequently 

Level of development activity within region Occasionally 

Community attitudes and values Occasionally 

ELEMENT 3. Implementation of Mitigation Role 

FACTORS FREQUENCY OF IMPORTANCE 

State legislation Frequently 

Type of population migration: permanent, 
temporary or mixed Frequently 

Existing infrastructure Frequently 

housing and public facilities and services, influence the decision-making process. 
such as schools, sewer and water systems, Although the exact process depends on an 
roads, and transportation. array of variables, there are three major 

elements: 
THE DECISION-MAKING PROCESS 1. First, the industry recognizes both 

Company towns in which corporations a local need for housing and public facili
provided all facilities, services, and housing ties and services, and the fact that it has an 
existed over a century ago. However, the interest in satisfying that need. Although 
decision whether to provide such things, many factors influence this recognition, 
and to what extent, is no longer made the most important are: (a) the remote
unilaterally by the industry. Rather, ness of the proposed site for the energy 
citizens, local government, and state project and (b) the economic benefit 
government also participate in and that the corporation understands it will 

enjoy for hll!lping fill the need. This 
recognition llY a corporation of an 
interest in providing services and housing 
is the most important element in the 
process. If a corporation does not recog
nize such a benefit, it will resist rather 
than cooperate in the process. 

2. The se~ond element is the process 
in which the corporation joins some or all 
of the other principal participants - state 
and local go~ernment, tribal councils, and 
community groups - and enters into a 
planning or negotiating effort concerning 
the impacts of the proposed energy de
velopment. At this juncture, information 
concerning impacts and mitigation pro
cedures is frequently exchanged and 
responsibility for the mitigation is allo
cated. This process can also reinforce a 
corporation's recognition of its interests 
in providing housing and public services. 
While virtually every proposed project 
studied for this article exhibited some 
variant of this element, its format and 
importance to the process depend on 
a series of factors, including the attitude 
of the corporation and other parties, the 
bargaining 'leverage of these parties, and 
whether this element is legislatively man
dated or volluntary. 

3. The final element of the process 
is the corporation's implementation of its 
mitigation role. The manner in which it 
executes its responsibility is varied and 
ranges from guaranteeing loans requested 
by a local government to constructing 
completely new communities. 

Table 1 lists the three major elements 
and the relevant factors in the decision 
process concerning industry's role in pro
viding housing and public services. The 
rating of the factors. is by frequency of 
importance, rather than degree of impor
tance. The three factors found to be con
sistantly most important were remoteness, 
economic benefits, and regulatory frame
work. Although the other factors were 
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not as frequently important as these 
three, they should not be discounted; at 
times each factor was found to be very 
important. 

ELEMENT 1: 

INTERNAL CORPORATE 

RECOGNITION OF INTEREST 


Remoteness ofa Site 

A major factor in determining whether 
a company will provide substantial housing 
and public facilities and services is the re
moteness of a site. 

When the location is very remote, as is 
the case with the Beluga coal fields in 
Alaska, there will generally be a strong 
initial recognition of the need for substan
tial corporate involvement in providing 
housing and public services. 

When a site is near a major population 
center, there appears to be a presumption 
that these existing communities will be 
able to provide a major portion of the 
needed increase in services and housing. 
As a rule, the corporation feels a substan
tially lower responsibility to provide 
housing and public services. 

When the sites are of intermediate 

remoteness, location will be a relevant 

factor, but not the main determinant of 

whether a corporation feels it should pro

vide public facilities and services. 


"Remoteness" has a rather special 
meaning for corporate planners. It is 
measured by commuting time, rather 
than strict mileage, to the site from a com
munity that has the capacity to absorb 
the workers required by the proposed 
facility. For example, the factthat Beulah, 
North Dakota, the site for Basin Power 

Cooperative development, is much fur
ther from the Bismark-Mandan metropol
itan area (more than 80 road miles) than 
the Beluga coal fields are from Anchorage 
(40 air miles) is, in itself, misleading. The 
key difference is that Beulah is accessible 
from Bismark by well-paved four-lane and 
two-lane highways and serviced by private 
bus companies, while Beluga is not linked 
to Anchorage by any year-round roads 
arid climatic conditions limit access by 
existing roads. 

Economic Benefits to the Corporation 

A corporation proposing an energy 
facility often realizes net economic bene
fits when there is adequate housing and 
public service within the region to satisfy 
the expected influx of workers. A corpor
ation that recognizes these net benefits 
has an incentive to provide housing and 
services voluntarily. These benefits can be 
subtle, however, and often are discerned 
only by a sophisti~ated management. 

This construction camp was one of 29 
new "cities" built along the trans-Alaska 
pipeline route. About 90 miles north of 
Fairbanks, it housed up to 1120 workers. 
(All recent photos by Steve McCutcheon, 
courtesy of Alyeska Pipeline Service 
Company.) 

In the isolated camps, recreation was an 
important part of workers' facilities. 

The majority of corporations that we 
interviewed which provided housing and 
public services, either voluntarily or 
cooperatively in conjunction with govern
mental groups, consistently referred to 
the expected economic benefits as a 
primary motivation for their efforts. 
These economic benefits are: 

Attraction of skilled workers. Corpor
ate management cites attracting and re
taining workers as a primary cause for 
voluntarily providing housing and pub
lic facilities and services. 1 Where these 
features are adequately provided, corpora
tions report relative ease in securing and 
retaining a sufficient supply of good, 
skilled workers. 

Reduction in construction and opera
ting labor costs. Construction costs, as 
well as operating costs, frequently escalate 
in intensely developed rural areas because 
of low worker productivity, excessive 
turnover, and absenteeism. Corporate ex
ecutives have reported significant reduc-
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tions in these problems where housing 
and public facilities and services have been 
supplied. The executives apparently con
sider the resulting cost savings as justifi
cation for voluntarily providing such 
facilities and services.2 For instance, 
Basin Power Cooperative expects a savings 
of millions of dollars over initial projec
tions because highly productive workers 
will complete the project several months 
ahead of schedule.3 Reduced costs are 
largely attributed to ( 1) the attraction 
and retention of high-quality skilled 
workers, rather than "boomers" or poor 
quality workers, and (2) the positive 
effect on workers' output from their 
residing in an established community 
rather than a boomtown. 

Community relations. The corpora
tion's image is enhanced by providing 
public facilities and services without 
formal demand from a government agency. 
There is less possibility that the entities 
involved in the state and local permitting 
procedures will become polarized, and 
the probability and speed of permit 
approval is increased. Expediting the 
required permit reviews can be of great 
importance to a corporation. The con
stant rise in construction costs can increase 
project costs by several million dollars 
for each month of delay. Servicing of 
outstanding debt is also a significant 
expense. For instance, depending on the 
specific terms, a one billion dollar bond 
issue at 20% interest yields a weekly 
debt service of three to eight million 
dollars. 4 

Corporate Organization and History 

Energy developers are frequently spo
ken of monolithically, as all one corporate 
actor with predictable motivations and 
behavior. Treating developers as largely 
identical is convenient, but inaccurate. 

First, though clearly the exception, 
some energy developers are not conven
tional corporations. For example, the 
3000 megawatt Intermountain Power 
Project (IPP) in Utah is owned by the 
Intermountain Power Agency (IPA), a 
joint venture of 23 Utah municipalities, 
and was financed almost exclusively by 
tax-exempt bonds. As an alliance of 
municipalities, IPA appears to be particu
larly sympathetic to impact and has 
agreed to pay for all unalleviated direct 

impact, whether on schools, hospitals, 
water or sewage systems, or police, with 
funds raised from bonding.5 

Even for conventional corporate actors, 
willingness to finance public facilities and 
services under substantially similar circum
stances will vary depending upon firm
specific characteristics. Most firms have 
been involved with prior projects. Knowl
edge of what has or has not worked before 
strongly influences a corporation's percep
tion of options, especially when past 
projects are sited in the same area as the 
present development. 

Thus, an accurate evaluation of prob
able corporate behavior in alleviating 
impacts requires some weighing of firm
specific characteristics, such as the history 
and, where known, management philoso
phies of the firm. 

Location ofCorporate Management 

Locating top management officials 
within the immediate area of the proposed 
development and surrounding communi
ties increases the corporation's responsive
ness to providing public facilities, services 
and housing. While this factor might 
partially reflect a corporation's existing 
commitment to a region, the management 
certainly becomes more accessible to the 
community and more aware of the 
impacts emanating from the development. 
Moreover, as residents, the corporate 
officials develop a particular commitment 
to the community. 

ELEMENT 2: 
PLANNING AND NEGOTIATION FOR 
SOCIAL IMPACT MITIGATION 

Regulatory Framework 

The legal environment in which a cor
poration operates is a major determinant 
of whether it will help provide public facil
ities, services and housing. A regulatory 
framework, the set of pertinent laws and 
regulations, can be quite structured, man
dating specific requirements or proce
dures, as under state siting acts or local 
siting regulations. Alternatively, it can 
merely provide the state with necessary 
authority and leverage to negotiate suc
cessfully with industry, as with Alaska's 
royalty interest in resource extraction. 
Many western states have implemented 
state siting acts. A short description of 
the various types of framework follows. 

Alaska has no statewide siting act for 
all energy facilities, but under the Alaska 
Coastal Management Program, the Alaska 
Coastal Policy Council has adopted guide
lines and standards that coastal resource 
districts must apply in establishing pro
grams to be followed in the development 
of coastal areas. Uses and activities sub
ject to these standards include the siting 
and approval of major energy facilities. 
Standards for such siting and approval 
include minimizing adverse environmental 
and social effj:!cts while satisfying indus
trial requirements, and siting facilities so 
as to be compatible with existing and sub
sequent adjacent uses and projected com
munity needs. (AS 46.40.040 et seq.; 
6 AAC 80.010 et seq. and 85.010 et seq.) 
For nuclear fuel production or nuclear 
waste disposal facilities, siting permits 
from the Department of Environmental 
Conservation are required by state law. 
These permits must be approved by the 
local government and the governor. (AS 
18.45.010 et seq.) 

Colorado has no statewide industrial 
siting legislation directly applicable to 
housing and public facilities and services. 
However, it does extend authority to local 
government to establish a regulatory 
framework. 

Montana has promulgated the Major 
Facility Siting Act to "ensure the loca
tion, construction and operation of power 
and energy conversion facilities, will 
produce minimal adverse effects on the 
environment and upon citizens of this 
state." A certificate of public need and 
environmental compatibility is required. 
Issues addressed during the certification 
proceeding include consistency with area
wide state and regional land use plans, 
alternative uses of the site, impacts on 
population already in the area, and popu
lation increases resulting from the con
struction ~nd operation of the proposed 
facility. (MCA 75-20-101 et seq.) 

New Mexico has no legislation direct
ly concerhed with the public facilities 
and services and housing issues connected 
with energy facility siting. However, New 
Mexico's Energy and Mineral Development 
Act requires the preparation of a state
wide plan for energy resources. The plan 
could potentially address the impacts of 
energy facility construction and opera
tion.. (N.M.S.A. 9-5-3.) 
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North Dakota has adopted the Energy 
Conversion and Transmission Facility 
Siting Act. The Act does not extend to 
energy extraction. A certificate of site 
compatibility is required. Issues addressed 
during the certification proceeding include 
direct and indirect economic impacts. 

Nevada has no specific siting act which 
addresses housing and public facilities 
and services provision, though these 
concerns could be addressed in State Pub
lic Service Commission reviews of pro
posed energy conversion facilities. (N. R.S., 
1973, 704.820 to 704.900.) 

Texas has state environmental stand
ards which are applicable to energy facili
ties, but it has no state-wide siting act. 

Utah has no siting legislation related 
to housing and public facilities and ser
vices supply. 

Wyoming has adopted the Industrial 
Development Information and Siting Act 
which requires a permit to construct cer
tain industrial facilities. The law applies 
to plants generating or converting certain 
amounts of energy in the form of electri
city, synthetic gas, liquid hydrocarbon 
products, or enriched uranium. The per
mit application must include evaluations 
of social, economic or environmental 
impacts which may affect local districts 
or governments. Such impacts must be 
determined acceptable by the Wyoming 
Siting Council before a permit is issued. 
The siting council is also authorized to 
attach conditions to a permit which 
require the industry to mitigate social 
impacts. (W.S. 35-12-101 et seq.) 

In some states regulations affect indus
trial siting. In Colorado, the oil shale 
counties of Rio Blanco and Garfield 
enjoy extensive state-delegated regulatory 
authority to facilitate negotiation with 
energy corporations. The Colorado Land 
Use Act of 1974 allows local governments 
to regulate areas around key facilities to 
prevent the demand for government ser
vices from exceeding the capacity of the 
community or region. The local govern
ment Land Use Control Enabling Act of 
1974 allows local regulation of activities 
and developments that may produce 
significant changes in population density. 
Finally, Colorado extends to its local 
governments extensive zoning regulatory 
authority. Both Rio Blanco and Garfield 
counties have promulgated special use 
permit provisions under this delegated 

FORUM SUBJECT PARTICIPANTS 

Mercer County, ND 
Energy Development 
Board 

Discussion and possible 
allocation of responsibil
ity for impacts from the 

Municipal governments, 
school boards, county 
government, and occa

development of county sional appearances by 
coal reserves corporate officials 

Citizen Task Force, 
Beulah, ND 

Discussion of impacts on 
Beulah, ND from the 

Company and members 
of the community 

proposed Basin Electric 
Cooperative projects 

Platte County, WY Discussion of impacts Basin Electric Power 
Task Force primarily in Wheatland, Cooperative officials, 

WY, caused by the Basin business leaders, county 
Power Project and local officials, 

farmers 

Local Impact Assis The Task Force addresses Local government offi
tance Team, Garfield the socioeconomic im cials, community mem
County, CO (Similar pacts potentially created bers, representatives 
Task Forces are pres by resource extraction from the energy mineral 
ent in other Colorado projects development industries 
counties.) planning to operate with

in Garfield County 

Colorado Task Force Identification of the Colorado state agency 
on Development of impacts and mitigation heads, principal staff to 
Energy Resources possibilities for energy the Governor, Industry 

development in officials 
Colorado, especially 
for oil shale efforts on 
the western slope 

authority and have utilized these permits 
to negotiate with corporations to mitigate 
the social impacts of intensive energy 
development. 

Resource ownership is another impor
tant factor. When a state owns the mineral 
resources, its leverage in its negotiations 
with an energy developer is technically 
distinct from the implementation of a 
regulatory framework. However, its func
tion and results are similar. For example, 
Alaska's oil and gas leases require that 
one-eighth of all oil and gas produced 
under lease be granted to the state as 
royalty. Alaska has used this property 
interest to assume an active role in ensur
ing corporate attentiveness to social and 
environmental impacts; the State has 

taken on the role of observer, planner, 
regulator, investor and manager. 

Alaska has used this bargaining leverage 
in Prudhoe Bay to secure favorable com
mitments from the Dow-Shell group con
cerning possible use of natural gas liquids 
for petrochemical production. It began 
by soliciting proposals for development 
of the Prudhoe Bay site, and then invited 
seven of these respondents to present their 
proposals to borough and municipal 
officials. The State finally arrived at a 
memorandum of understanding with 
Dow-Shell which included various conces
sions.6 The corporations agreed to provide 
a feasibility study including a full assess
ment of economic concerns, a discussion 
of developmental benefits and environ-
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LE 2 
S FOR EXCHANGE 

FUNDING 
OFFICIAL 

AUTHORitY 

imarily DOE grant admin
ered by the Farmers Home 
:lministration and state and 
vernment funds 

None 

extent required, supported 
Basin Power Cooperative 

None 

None 

rticipation in the forum is The State Local 
luntary and costs are indi Affairs Office re
~ually borne by the partici quested recommen
nts dations for distribu

tion of state funds 
for impact mitiga
tion within the county 

be completed None 

mental impacts, and planning and siting 
suggestions for petrochemical develop
ment in the region. 

State and local government entities 
have participated in a number of meetings 
and worked closely with Dow-Shell during 
its preparation of the feasibility study. 
Through both the meetings and the feasi
bility study, the State has (1) increased 
substantially the level of information 
shared, (2) analyzed impacts and mitiga
tion strategies, and (3) created the basis 
for choice among alternative develop
ment strategies. 

While existence of a regulatory frame
work for government ownership of energy 
resources greatly increases the possibility 
that a corporation will provide public 

UNOFFICIAL 

AUTHORITY 


The Executive Director of the board 
was a former member of the state 
legislature. Individuals representing 
their respective local governments 
were principal decision makers. 

Basin Electric Power Cooperative has 
strongly advocated corporate respon
siveness for community interests. The 
Task Force provided a conduit for 
public opinion and a mechanism to 
encourage corporate responsiveness. 

Task Force members included indivi
duals that were either local government 
decision makers or enjoyed consider
able influence within the community. 
Many of the Task Force individuals 
also were familiar with members of the 
state legislature. 

The Impact Board members were either 
principal corporate or local government 
decision makers or enjoyed significant 
influence within the community. 

All participants enjoyed considerable 
influence within the particular agencies 
they represented. Moreover, the Gov
ernor has requested this Task Force to 
prepare a report. 

facilities and services, it does not guarantee 
provision. To be effective, it requires ac
tive public and governmental support. For 
instance, the oil shale counties in Colorado 
have had special use provisions established 
since the early 1970s. However, it was 
not until the recent public support for 
the permit process that the county admin
istrations were able to negotiate success
fully with corporationsJ 

Forum for Exchange 

A forum for exchange among the spon· 
soring corporation, local government, and 
the public existed for the majority of 
energy development projects that we 
reviewed in which the corporation at· 
tempted to alleviate social impacts. 

Unless required by law, such as under the 
hearing process components of several of 
the regulatory frameworks discussed 
above, corporate participation in a forum 
requires th<lt management first recognize 
an interest in the supply of housing and 
public facili:ties and services. A successful 
forum, however, can refine a corporation's 
understanding of the impacts and help it 
recognize its interests in assisting the com
munity. 

The org~nization and conduct of the 
forums reviewed varied extensively. Table 
2 describes several such forums. These 
appear to be most effective where the 
members either (1) have experience in 
the investigation of impacts and the 
development of mitigation efforts; or (2) 
where planning, managerial, and financial 
expertise is provided to the forum. The 
forums also benefit if members have 
actual or political authority within the 
community. affected or the state at large, 
or they have developed relations with 
individuals who enjoy such authority. 

Importance ofProject to Company 

A corporation's willingness to finance 
public facilities and services will be related 
to its assessment of the project's ultimate 
importance. Although corporate officials 
may not a¢tually perform a cost-benefit 
analysis, their decisions often are based 
upon this type of evaluation. Accordingly, 
corporations are more likely to invest 
heavily in providing resources if the 
project is a long-term, highly profitable 
one that may increase the success of future 
projects. 

For exarnple, Alyeska, developer of the 
trans-Alaska pipeline, has been willing 
to engage in private industry's "most 
expensive construction project" and to 
spend a lar~e sum for workers' housing in 
expectation of enormous profits from the 
9.6 billion· barrels of reserves to be re
covered thtough the pipeline.8 The size 
of anticipated profits, together with 
remote Iodation and a relatively tough 
State policy, all contributed to Alyeska's 
decision to build 29 new "cities" for con
struction workers. Cities included residen
tial faciliti~s. dining halls, water systems 
and storag!! supplies, sewage treatment 
plants, ele~trical generating plants and 
back-up facilities, medical facilities and 
medical evacuation aircraft, recreational 
facilities alhd microwave stations. While 
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for a smaller-scale project these costs 
might have been viewed as exorbitant, 
for a project of this magnitude they were 
viewed as reasonable costs of doing 
business.9 

Thus, when a corporation has an 
especially strong interest in a project 
because of anticipated revenues, expected 
lengthy duration, or its leverage effect 
for a future project, it is more likely to 
help substantially and voluntarily in pro
viding housing and public facilities and 
services. 

Activity Level within a Region 

The number of energy projects within 
a region can have a significant effect on a 
corporation's willingness to negotiate with 
government and other entities for the pro
vision of facilities and services. Impacts 
caused by a development in a region 
where there is no other industry activity 
can be easily identified. Moreover, the 
corporation cannot look to neighboring 
corporate efforts to provide housing and 
services. 

Where there are many different energy 
development projects within a region, the 
responsibility of any single company is 
proportionally smaller. Companies share 
or at times attempt to avoid responsibil
ity. Much of the negotiation and discus
sion surrounding the supply of housing 
and information will focus on the alloca
tion of responsibility between corpora
tions. For example, in the Uintah Basin 

of Utah, the site of massive oil shale de
posits, preliminary meetings of industrial 
officials have concerned allocating respon
sibility for impact mitigation strategies 
and developing a proposal for joint action. 
However, there has been no consensus 
to date among the corporate officials on 
their proper role. The multitude of cor
porations active in Gillette, Wyoming, was 
also referred to as one of the difficulties 
in dealing with the energy development 
in the region. 10 

Community Attitudes and Values 

The attitudes and values of the com
munities supporting energy development 
will affect the position ofthe public repre
sentatives involved in negotiation with 
the industry. The greater the community's 
uncritical acceptance of growth, the less 
aggressive it will be in efforts to secure 
corporate involvement in providing hous
ing and public facilities and services. A 
community's overall attitude towards 
growth is usually the resu It or some com
bination of: ( 1) economic needs, (2) social 
values or ethos, (3) concern generated by 
direct experience or knowledge of can
celled projects, and (4) understanding of 
possible impacts. 

Many energy developments are sited in 
economically depressed or stagnant re
gions where people on fixed incomes, and 
the elderly in particular, are financially 
hurt by the inflation and increased tax 
rates that accompany projects. The com-

Rising expectations: It is a giant 
step from the tent camps used dur
ing construction of the Alaska High
way 1942-43, to the North Slope 
dormitories housing trans-Alaska 
pipeline workers in the 19805'. 
(Tent photo courtesy of the U.S. 
Army.) 

munity as a whole, however, can substan
tially gain from reduced unemployment 
and decreased emigration of its youth. 
These benefits can generate a very posi
tive outlook towards development. 11 For 
some communities, the choice is clear: 
Problematic growth is better than inexor
able decline or unrelenting stagnation. 

ELEMENT 3: 
IMPLEMENTATION 
OF MITIGATION ROLE 

State Legislation 

State legislation and constitutional 
measures can either limit or encourage 
a particular form of corporate involve· 
ment in the delivery of housing and public 
facilities and services. For instance, in 
many states the prepayment of taxes is 
legally precluded. 

Type ofPopulation Migration 

The type of population migration dic
tates the type of housing and public 
facilities and services that must be sup
plied. For instance, a temporary popula
tion may require only work camps that 
minimally impact the existing community 
and provide a satisfactory environment 
for the workers. By contrast, a permanent 
population may well require additional 
housing and services. For a mixed popula
tion of both temporary and permanent 
residents, the temporary facilities and 
housing can be coordinated to provide 
the foundation for permanent efforts. 

Existing Infrastructure 

The existing housing and public facil
ities can affect alternatives available to 
a corporation. For instance, the firm can 
determine whether supplementing the 
existing housing and services will be satis
factory or if completely new facilities are 
necessary. In some instances where a 
corporation cooperates in good faith with 
the negotiation and planning process to 
determine needs, it is found that only 
minimal efforts are required because of 
existing facilities. 

CONCLUSION 

This article has identified factors most 
consistently important to an energy de
veloper's decision whether to provide 
housing and services for its workers. An 
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During construction of the marine ter
minal of the trans-Alaska pipeline, some 
2800 workers were housed in these tem
porary modular dormitories at the ter
minal site, approximately two miles 
south of Valdez, across Port Valdez. Al
yeska Pipeline Service Company was 
responsible for all phases of the pipeline, 
including construction of temporary 
camps. 

evaluation of the energy development 
scenario in Alaska in light of these fac
tors indicates that developments in the 
state should be particularly attractive to 
corporate involvement in providing hous
ing and public services. Major factors such 
as remoteness, corporate recognition of 
its economic interest in participation, and 
a legal framework for state negotiation 
with industry currently exist in Alaska. 
The remoteness of many energy develop
ment sites in the state convinces compan
ies of the need to assist in providing·local 
housing and services. These corporations 
may also recognize their own economic 
interest in giving the kind of community 
aid that will attract workers to areas of 
sparse population and help retain them. 
Through Alaska's royalty interest in 
resource extraction, the State derives 
unstructured but significant bargaining 
leverage with companies. Various govern
ment institutions are making substantial 
efforts to encourage industry participa
tion in providing housing and services. 
For example, development in the southern 
mainland is being accompanied by aggres
sive state negotiations with the industries 
concerned. 

While many corporations have already 
become involved in the process of allevia
ting social impacts, the magnitude of 
energy development in the state suggests 
that there is still a potential for a shortfall 
in housing and public services. Additional 
measures could be taken in Alaska to 
encourage company participation. For 
example, attention to community needs 
could be ensured by establishing statewide 
siting legislation that would require 
consideration of the potential social 
impacts of energy development. Local 
legislation, such as laws requiring permits, 
could be enacted in municipalities or 
boroughs where energy development is 
anticipated as a means of negotiating with 
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corporations. In addition, improved rela
tions among the parties involved in energy 
development siting, and increased corpor
ate awareness of potential impacts, could 
result from the creation of forums to 
exchange views and information among 
the corporation, local government, and 
the public. 
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Collecting and Storing Solar Heat 

in a Water Cistern System 

by Jack Coutts 

INTRODUCTION 

Background 

Since there is considerable sunshine in 
the summer in interior Alaska, it seemed 
that it might be economical to collect and 
store some of the solar energy in a water 
cistern system. Our house, which was used 
for the solar collector project, is located 
15 miles west of Fairbanks, atop a 1700
foot hill. The roof has a one-in-eight slope 
facing south. For economic reasons, we 
use precipitation rather than ground water 
for our domestic water supply. Rainwater 
and snow melt are stored in an outside 
melter tank. The water is then filtered and 
chlorinated and pumped into a 1500
gallon water cistern in the basement of 
the house. The water supply system was 
described in the spring 1976 issue of The 
Northern Engineer. 1 

In 1980 I applied to the U.S. Depart
ment of Energy (DOE) for a grant from 
its Appropriate Technology Small Grants 
Program to build solar collectors, monitor 
their performance and figure out their 
economics. The grant, awarded in July 
1980, was jointly funded by the U.S. DOE 
and the Alaska Division of Energy and 
Power Development. 

Scope 

This project involved fabricating solar 
heaters, installing them on the roof and 
storing the heat in the basement cistern. 

Solar collectors under construction. 

The value of captured heat was to be cal
culated from temperature and flow meas
urements. The solar heaters were made 
from 2 x 20-foot sheets of corrugated alu
minum roofing panels painted with non
toxic waterproof black paint. Three panels 

each 8 x 20 feet long were covered with 
plastic and fiberglass glazing to capture the 
insolation and prevent water evaporation 
and contamination. 

The panels were to be mounted flush 
with the house roof giving them a south 
slope of one in eight. Originally, the plan 
was to have just one 20 x 20-foot panel 
with one manifold and solenoid valve to 
feed cold water to the assembly. An outlet 
collector would then take the hot water 
back to the top of the cistern. The cold 
water would be drawn from the normal 
water supply by a shallow well pump sys
tem and pumped to the top of the solar 
heaters. Thermal stratification would in
hibit the hot water from mixing with the 
cold water in the cistern. It was planned 
that the solenoid valve would be activated 
by a thermostatic switch inside the solar 
panel. The system would be set up to op
erate and record data for heat storage 
automatically. 

CONSTRUCTION 

Materials 

It was decided to build the solar heaters 
in 8 x 20-foot panels rather than one 
20 x 20 panel because an 8 x 20 panel is as 

Jack Coutts is a graduate chemical engineer and a professional civil engineer intrigued with the problems of living comfortably 
in the far north. 

The Northern Engineer, Vol. 15, No. 1 22 



they were too fragile to carry up if they 

had been ass~mbled on the ground. 
TABLE 1 To build the panels, four sheets of two


8 x 20-ft. Solar Panel foot wide by 20-foot long aluminum roof

Construction Cost 1982 FOB Fairbanks ing panels w~re nailed to eight-foot lengths 


of wiggle molding, which fit the corruga

ITEM 	 COST 

tions in the panel, to make up one 8 x 20
(4) 2' x 20' corrugated AL roofing 	 $ 90.00 foot panel. 'fhe wiggle molding was spaced 
(5) 2" x 4" x 8' lumber 	 15.00 about every 50 inches to allow4'x8'x 1Y:z'' 
Y. gal. waterproof flat black paint 15.00 insulating board panels to be put under 
48' wiggle molding 12.00 the aluminum between the molding strips. 
20' double batten joining (glazing) strip 12.00 Since the wiggle molding is only%" thick, 
50' of Y." PVC/POLY c2 pipe, inlet and manifold 20.00 a 1 %" x 2" x 8' runner was nailed under 
1%'' PVC DWV outlet collector w/fittings 15.00 the wiggle molding, such that when the 
4' x 40' - 25 mil fiberglass glazing 230.00 whole panel was laid against the roof, it 
Bimetal strip thermostat 11 0°F, 110 V AC 1OA 14.00 was continuously supported so it could 

2 solenoids 11 0 V AC 40.00 handle snow load or foot traffic. The water 
Water filter, cartridge type,'¥.." NPS IN-OUTLET 40.00 inlet header for the panel was Y:z'' PVC 
5 sheets 4' x 8' x 1 Y." plastic foam insulation 100.00 pipe. It was wired in place over the top 
Caulking, nails, screws and other fasteners 10.00 end of the panel and 1 /16" holes were 

drilled in it, placed to match each trough 
Materials total: 613.00 in the corrugated aluminum roofing. The 

Labor: 20 hours@ $20/hr = 400.00 roofing was then painted black and at its 

Total Materials+ Labor: $613 + $400 = $1,013.00 	 outlet end a ten-foot length of PVC DWV 
pipe was notched with a nine-foot s.lot

Total Materials without a charge for roofing, 
slightly over '¥.." wide such that it could

insulation and glazing+ Labor: $193 + 100 = $ 293.00 
be slid over the end of the aluminum 
roofing. The entire panel from inlet to 
outlet then was covered with the 20-mil 

large as one individual can handle physi lumber. The disadvantage to this was that fiberglass glazing. The glazing was held 

cally. The material cost for one 8 x 20 the collectors then did not face the sun onto the panels by screws through the 

solar panel is shown in Table 1. Notice directly; they were fixed to the roof angle. glazing gripping the aluminum roofing. 

that the fiberglass glazing material and The second and third solar panels were The edges were caulked with a material 

the plastic foam insulation are the two assembled on the roof of the house since suitable for use at temperatures up to 

most expensive parts of the solar panels. 
INLET TOP VIEWOne thermostat and one solenoid could 

serve all the panels if they are fed from 	 FIBERGLASS GLAZING 

the same pump. However, the extra sole	 112" PVC INLET HEADER 
1/18" BOLES DRILLED OVERnoid is designed to free-drain the inlet 
EVERY TROUGH 

water system for freeze protection for 
WIC~GLE MOLDING NAILED TO 

operation during May and September. The 1 114"112" BOARD WHICH IS 
NAILED TO ROOF water filter is required to keep particulate THERMOSTAT 

AGAINST UNDERSIDE OF 1 1/2"x4'J:8' INSULATING BOARDmatter, such as insects that might crawl 
CORRUGATED ROOFIN<!_. ==-' 

into the panels, from recirculating and 
clogging the inlet manifolds which con

CORRUGATED ALUMINUM ROOFINGtain small 1/16" diameter holes. It also 
PAINTED BLACK 

reduces the water supply contamination. 

FIBERGLASS GLAZING 

Assembly 
1 1/2" PVC DWV SLOTTED 

Three panels were built. Only the first COLLECTION HEADER 

was assembled on the ground; it was very 
difficult to drag it up onto the roof. In an 
attempt to make the solar panels as inex
pensive as possible, it was decided not to 
make the second two structurally strong, OUTLET SIDE VIEW 
but to use the roof for their structural 
support. That saved considerable labor and Figure 1. Solar panel construction details. 
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150°F. The construction details are 
shown in Figure 1. 

Two of the panels have a thermostat 
mounted about a third of the way down 
under the aluminum roofing, but in ther
mal contact with it. One thermostat is a 
typical snap-disc switch of the kind found 
in oil furnaces. The other is a bi-metal strip 
adjustable thermostat. They both turn on 
the water at 11 0-120°F and shut it off 
when they are cooled to about 80-90°F. 

The first solar panel was constructed 
on a 1 x 4 and 2 x 4 frame. It was strong 
enough to be moved around safely, but it 
had a high profile of about five inches a
bove the roof. The other two were closer 
to the roof, no more than three inches 
high. 

The first panel required about 40 man
hours to assemble. The last two panels 
were assembled with about 20 hours of 
effort each, because by then the con
structor was quite experienced at building 
the panels. 

OPERATION 

The solar panels were integrated into 
the water system by way of both the snow 
melter tank and the inside cistern. This 
was mainly because the DWV collector 
pipe was not perfect and there was some 
leakage which was collected in the rain 
guttering and returned to the snow melter 
tank. The leaking is partly attributed to 
the low roof slope which allows some of 
the water to wick far enough up the under
side of the roofing to escape the collector 
pipe. That there was no gradient on the 
collector pipe also contributed to leakage. 
Since the leakage rate was less than 5%, it 
was not considered worth the effort to 
control it. 

The melter tank collects rainwater dur
ing the summer. The layout of the collec· 
tion system is shown in Figure 2. One 
panel is directly connected to the inside 
cistern and another panel is directly con· 
nected to the outside snow melter tank. 
The third (#2) panel feeds water from the 
snow melter tank, after it is purified and 
heated, into the inside cistern to make up 
for summer's water use. When the inside 
cistern becomes completely full, the panel 
is put in parallel flow with panel #3. The 
thermostat on solar panel #3 causes the 
control solenoid to open when the panel 
temperature exceeds 110°F. Cold water 

ACTIVATED 
.-----------~ CARBON 

FILTER 

8x20 8x20 
SOLAR 
PANEL PANEL 

#1 #2 

THERMOSTAT SOLAR 

RAIN GUTTERING 

llOVAC 

DRAIN I 


SOLENOID I 
(N.O.) -,.L,24HR. 

--- ___l.J TIMER 

DOMESTIC 
SUPPLY 

Figure 2. Layout of collection system. 

from the inside cistern then trickles into 
the troughs at the top of the panel. From 
the outlet collector the heated water then 
flows back into the inside cistern. A 24
hour timer switch is used to open the drain 
(normally open, N.O.) solenoid for freeze 
protection at the end of each solar heat 
day -approximately 6 p.m. 

A minute meter keeps a running total 
of the time that the solenoid is open, for 
calculating the actual heat recovery by the 
one solar panel. When the flow rate 
through solar panel #3 is measured, the 
thermostat that controls the inlet water 
to the panel #2 is shut off so the reading 
is a true flow reading from the shallow 
well pump. In normal operation rainwater 
from the snow melter tank is run through 
an activated carbon filter, through solar 
panel #2, and into the collection manifold 
for panel #3, and to the inside cistern. 
The outlet from panel #1 and leakage from 
panels #2 and 3 are collected in the rain 
guttering and returned to the snow melter 
tank. 

Water in the snow melter tank is taken 
directly from a sump pump controlled by 
a thermostat under the skin of panel #1. 
Hence, its line is free-draining and does 
not need an additional solenoid to drain 
it for freeze protection, because as soon 
as the thermostat opens on panel #1 the 
entire inlet manifold system drains back 
down to the water level in the melter 
tank. That is the advantage of a sump 
pump over a tapped pressure system with 
a control solenoid (as in the inside cistern). 

Solar panel #1 is the only one that does 
not have the fiberglass glazing. It was the 
first one built, and due to the considerable 
weathering of its black paint, it will have 
to be repainted before it can be covered 
with a fiberglass glazing. It presently has 
clear polyethylene sheeting covering it. 
This sheeting is only suitable for about 
one summer's use because sunlight will 
cause it to become brittle and break. 

The solar heaters have nothing more 
than the fiberglass glazing between them 
and the ambient air, so the thermostats 
generally do not reach 11 0°F until the 
ambient air temperature exceeds 45°F in 
direct sunlight. However, if it is raining 
and temperatures are below 60°F, the 
solar heater thermostats do not close so 
there is no heat collection during rainy or 
overcast cooler days. 

DATA COLLECTION 

A dual-probe thermograph was set on 
top of the inside cistern to measure the 
water temperature at the water surface and 
the bottom of the tank. The thermograph 
did not work very well, but when it was 
working, it indicated that the surface 
temperature exceeded 90°F and the bot
tom temperature slowly increased from 
40 to 60°F - an indication of thermal 
stratification. 

The minute totalizer was installed on 
July 2, 1981 and data was collected until 
August 18, 1981. During that period, the 
solar panels collected heat for 14.6 hours. 
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It should be remembered that August and 
July of 1981 represented very poor sum
mer conditions since they were cool, rainy 
months. 

To estimate the heat recovery per panel, 
all that is required is an accurate bathroom 
scale, a large (five plus gallon) container, 
an accurate thermometer, and readings 
from the minute totalizer. The heat recov
ered is the product of the flow rate, flow 
time, temperature difference between the 
water entering the panel and the water re· 
turning to the cistern, and specific heat 
( 1 BTU/Ib°F). From July to August 18, 
1981' panel #3 captured 43 X 1o4 BTUs 
of heat. 

Data from the University of Alaska's 
Geophysical Institute (UAF) tabulation 
of solar radiation for Fairbanks according 
to their normal incident pyroheliometer 
was used to extrapolate estimated heat 
that could have been collected during 
the entire summer of 1981. Data from 
the months of May through September 
were used, when the average temperature 
was above 10°C. The total heat that could 
have been captured for 1981 was then 
found to be 1.7 million BTUs. 

ECONOMICS 

To consider the economics of the solar 
collector system, it is first necessary to 
calculate the heat recovery from the collec· 
tors, then compare its cost to the value of 
heat from #2 fuel oil or from electricity 
in the Fairbanks area. The cost of solar 
heaters is amortized against the value of 
heat recovered to estimate what the pay
back period would be. 

During the summer of 198.1 solar 
panel #3 collected 1. 7 x 106 BTUs. As· 
suming an oil furnace efficiency of 80%, 
there are 105 BTUs available per gallon. 
The savings from the solar panel was there· 
fore equivalent to about 17 gallons of fuel 
oil. At a 1981 price of $1.24/gal, that re· 
presents about a $21 savings per year. 2 

The electricity equivalent at 11.3 cents per 
kilowatt-hour re!)resents a savings of about 
$53.60 per year. 2 The only operating cost 
for the solar heaters was electricity for 
the solenoids and the pumps. For their 
operation, electricity cost 28 cents for 
1981. If only a sump pump was used, 
assuming 50% pump efficiency, the cost 
was 7 cents. Since the electricity costs for 
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pumping and controls are less than 
$1 /year, they can be neglected. 

To figure the annual cost benefit, as
sume half of the heat savings is electric 
water heating and half reduces the winter 
house heating system fuel oil load. There· 
fore, yearly estimated savings is 21 7 2 + 
56 7 2 = $38.50 per year. To calculate an 
annual cost for the system, assume that 
the capital cost for the system is at a lost 
interest rate of 10% and the solar heating 
system has a 20-year life. The capital re
covery factor for that interest rate and life 
is 0.1175. Therefore, the annual cost is 
0.1175 x 1013 = $119. That is 3 times 
the value of heat captured during 1981. 
Therefore, that summer the solar heater 
cost more than it saved. Even if people 
built the heaters themselves and so had 
no labor charge, and even if the summers 
turned out to be warmer and drier, the 
solar heater would still not be profitable. 

About the only way to make solar heat· 
ing in the Fairbanks area very economical 
is to do away with expensive glazing and 
the underlying plastic foam insulation. 
That would then cut the materials cost 
down to about $193 and a total cost of 
$293, assuming $100 for labor. In this 
case, it is assumed that the aluminum roof
ing is the actual outer roof skin and all 
one has to do is install piping and black 
paint and have a large heat storage system. 
However, in my case the heat storage re· 
servoir is the water supply cistern, so its 
cost is not charged to the solar system. 
Since the water probably cannot be heated 
to 120°F without the glazing, I will as· 
sume that only 75% of the prior heat 
recovery could be obtained. Therefore, the 
yearly savings would be .75 x 38.5 = $29. 
Assuming a 50-year life on the roof, the 
lost cost at 10% interest is 0. 1175 x 293 = 

$34. Therefore, with the sort of rainy 
summer that we had in 1981 the solar 
heaters would still not be worth installing. 
However, if summers were a little bit 
drier, then the solar heating might be 
worth the investment. When compared 
strictly to electric water heating ($53.60), 
the solar panels are less costly. 

CONCLUSIONS AND OTHER 
CONSIDERATIONS 

Based upon the poor economic showing 
of the glazed panels during 1981, they may 

not be worth the investment. The eco
nomics based on the warmer summer of 
1982 might look better. 

If the economics had been calculated 
for a warmer summer, the solar panels 
would have performed much better, be
cause besides heat gain from insolation, 
there is considerable heat transferred to 
the cold water from the ambient air. Also, 
summer temperatures on the Chena River 
plain at 440 ft ~elevation are 5 to 10°F 
warmer and rainfall is less than at this pro· 
ject location of 1700 ft. That difference 
might be enough to tip the economic scale 
in favor of solar heaters in Fairbanks 
proper, especially if the collectors are tilt
ed more to face the sun. 

If one can get materials at a much 
lower cost and provide one's own labor, 
then it is worth the effort, especially for 
the hobbyist or one who is committed to 
conserving natural resources. My recom
mendation in this case would be to design 
a house with a south-sloping roof painted 
black and install spray manifolds such that 
water can trickle down the hot roof, allow
ing heat to be captured for use below the 
foundation '(buried pipes), or in a water 
cistern. This is about the only way it can 
be economical. The disadvantage to this is 
that one has to maintain a large filtering 
system (such as a swimming pool filter) 
to remove tree debris, insects and pollen 
from the system or else they will plug the 
spray holes in the manifold or reduce the 
heat transfer in the piping under the base· 
ment or slab on grade. 

Ground heat storage is, of course, not 
to be considered if the house is built on or 
adjacent to permafrost. 

Other problems with the present system 
were: 1) there was some leakage, and 
make-up water was required; 2) the panels 
and controts constitute other pieces of 
equipment that have to be maintained. 
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TOLLS AND TROUBLE 
(Continued from page 13.) 

verdict of guilty, no matter how strong 
the evidence.'' 21 

TRUCKERS REBEL 

By the summer of 1940, truckers some
times unloaded their trucks at the river 
and shipped their loads across on a motor
ized, home-built scow defiantly waving a 
skull-and-crossbones flag. They then drove 
their empty trucks onto the ferry, paid 
the required $1 fee and reloaded after 
debarking on the north bank. The Fair
banks Daily News-Miner reported "Truck
ers Refusing Toll Pay; Richardson High
way Battle Flares as Freighters Buy 
Boats." Six Fairbanks trucking companies 
were determined not to pay the govern
ment tolls, and had hauled a number of 
large motor boats to Big Delta to tow 
their scows. Alaska's acting Governor E. L. 
Bartlett reviewed the situation for the De
partment of the Interior and suggested 
that an alternative toll station could be 
established at Shaw Creek, somewhat 
closer to Fairbanks than Big Delta. That 
would require the establishment of a 
separate organization there, however, and 
add to the costs. Bartlett warned Washing
ton that "the substantial and informed 
opinion at Fairbanks is that no matter 
where a toll station is established or how 
it is established no jury could be found 
locally to convict a man for failing 
to pay the toll." 

Before the Department responded to 
these latest incidents, six truckers belong
ing to the Tanana River Transportation 
Company arrived at the ferry crossing 
northbound in the early evening hours of 
September 15. The group lingered on the 
south side and made no attempt to cross 
the river on the ARC ferry or on their 
own boats and small barge. Shortly before 
midnight the ferry operator, Hansen, 
closed for the night and remarked that 
"anyone wanting to cross the river could 
go ahead, use the ferry and take them
selves across ...." The truckers took Han
sen at his word and ferried their loaded 
vehicles across. They then gave Doc 
Gordon, the individual operating the gas 
boat and barge at Big Delta for the freight
ers, $5 to pay the ferry charge. 22 

Superintendent Nash quickly replaced 
ferryman Hansen with Otto Bayles and 

instructed him to take along padlocks and 
chains to secure the ferry when it was not 
in operation. The truckers, however, con
tinued to use the ferry without paying 
the tolls. In the early morning hours of 
September 20, Gordon and a few other 
men hooked onto the ARC ferry with the 
trucker's power boat, the Paul Bunyan, 
and towed six trucks across the river; 
they then returned the ferry to the south 
bank. 

The truckers continued to use the ferry 
whenever they arrived at Big Delta, either 
loaded or empty. Bayless kept the steering 
wheel locked but made no attempt to 
lock the vessel to shore; it seemed likely 
that sooner or later violence would erupt 
and somebody would get hurt. Early on 
the morning of September 25, the Paul 
Bunyan broke down, so the truckers 
broke the chain and operated the ferry 
under its own power. A day later the 
Department of Justice dispatched Deputy 
U.S. Marshal O'Connor to Big Delta to 
restore order. Since the truckers had suc
ceeded before, O'Connor's presence did 
not intimidate them and they continued 
their assault on the toll system. Within a 
short time, the Deputy Marshal arrested 
14 truckers who refused to pay tolls. After 
each arrest, he allowed the individual to 
take his loaded truck across the river 
without toll payment and proceed to 
Fairbanks on his own recognizance. U.S. 
Marshal Joseph McDonald jailed the men 
for a few hours, and then Judge Pratt 
released them after the prisoners had 
applied for a writ of habeas corpus. 23 

THE TRUCKERS' TRIAL 

The joint trial of the 14 men accused 
of disorderly conduct for allegedly block
ing the ferry crossing lasted a day and a 
half. The jury of seven men and five 
women deliberated only one-half hour 
and returned a verdict of "not guilty." 
United States Attorney Ralph T. Rivers 
remarked in disgust that he had "just lost 
the first highway blockade case on an 
absolutely arbitrary acquittal by a local 
jury...." In fact, most Fairbanksans con
sidered the ferry protest against the toll 
as a type of "Boston Tea Party patriot
ism." With no legal provisions for pun
ishing toll evaders except the disorderly 
conduct statute, Rivers saw little sense 
in prosecuting additional cases. 24 

Rivers did not know it yet, but a day 
earlier, on October 14, a number of 
truckers seized Dennis Doyle, the Deputy 
U.S. Marshal stationed at Big Delta, took 
his shotgun and locked him into the ARC 

scale house. They then moved ten loads 
of freight across the river on the ferry 
without paying tolls. After the truckers 
had finished their work, they released 
Doyle and gave him back his gun. There 
were no arrests. As soon as Rivers heard 
of the incident he declared that "assault
ing an officer in the performance of his 
duty" constituted a felony with a maxi
mum punishment of three years in jail or 
a $5,000 fine or both. Rivers planned to 
present the case to the grand jury. The 
issuance of warrants for arrest and subse
quent trial in the district court, he stated, 
would depend on the return of indict
ments by the grand jury. A couple of 
days later, superintendent Nash ordered 
the ferry drydocked for the season because 
of low water and running ice in the river. 
Nash was relieved that his troubles had 
ended, at least for the time being.25 

GOVERNOR GRUENING IS ANGRY 

While the traffic on the Richardson 
Highway ended with the onset of winter, 
the paper war over tolls continued. Alas
ka's Governor Ernest Gruening was an
gered by this "latest carefully planned 
act of violence" and thought it essential 
"that justice be meted out to the culprits 
if the Department's highway regulations 
are ever to be enforced." He suggested 
that the Department of Justice act 
"promptly and vigorously," and, if neces
sary, station a force of U.S. Deputy Mar
shals "sufficiently great to prevent a 
repetition of this latest performance. " 26 

Qruening soon learned that the grand 
jury in Fairbanks had refused to return 
an indictment against the truckers because 
they considered the Richardson Highway 
toll discriminatory and retarding to the 
development of Alaska. He relayed the 
news to Secretary Ickes. Gruening clearly 
was unhappy about the action of the 
grand jury, but apart from the toll eva
sion -which had cost an estimated $7,633 
in 1940 - there had also been the persis
tent overloading of trucks, adding further 
to highway maintenance costs. Obviously 
there was a toll rebellion on the Richard-
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Fairbanks• 


Paper from the files of the Elmer E. Rasmuson Library, University of Alaska, Fairbanks. 

son Highway, and the governor suggested 
that in the 1941 season the Department 
should meet these challenges and enforce 
the regulations regardless of cost. Gruening 
had strong opinions on the subject, but 
throughout the winter of 1940-41 his 
superiors endlessly debated the question 
of what to do about the toll rebellion in 
far-off Alaska. Learned lawyers exchanged 
complicated opinions, and administrators 
simply scratched their heads. By April 
1941, Secretary Ickes, although loath to 
admit it, had to confess that the federal 
government was powerless to secure com
pliance with the regulations "issued under 
law by the Secretary of the Interior and 
approved by the President. " 27 

U.S. DEPUTY MARSHALS AT FERRY 

By May 1941, Ickes informed the gov
ernor that the Department of Justice had 
authorized the stationing of two U.S. 
Deputy Marshals at the Big Delta ferry. If 
these law officers were unable to control 
the situation, Gruening was to close the 

highway to all through traffic. The gover
nor thought that two deputies should be 
able to enforce the law, but warned that 
U.S. Marshal McDonald had connived 
with the truckers last year and should be 
informed that unless he performed his 
duties, he and his Deputy Marshals would 
be fired. 28 

Gruening was convinced that the toll 
rebellion would continue. Already, the 
truckers were constructing a large scow at 
Big Delta to haul their trucks across the 
river. The governor had looked into the 
possibility of having the government with
draw all the surrounding land from entry, 
thus making it impossible for a rival ferry 
to operate. Unfortunately, some home
steads already had been claimed and the 
competing ferry could operate from this 
privately held ground. Other locations 
for collecting tolls existed not far from 
Big Delta in places where the road was 
narrow with a cliff on one side and the 
river on the other. Abandoning highway 
maintenance was another possibility, for 

the road soon would become impassable. 
As a last resort, Gruening thought "a dis
charge of buckshot into one of the truck's 
gas tanks and tires would have a decided
ly deterrent effect upon the violators."28 

By June Marshal McDonald reported 
that all was quiet at Big Delta because the 
truckers used their own ferry to cross the 
river and then resumed their journey north 
to Fairbanks. He suggested that the ARC 
establish a toll gate at Shaw Creek bridge, 
12 miles north of Big Delta. At this point 
the road made a sharp descent to the river 
level, crossing Shaw Creek over a bridge. 
He offered to station his deputies there, 
but the ARC was unclear about whether 
it had the authority to proceed in the 

29matter.

COMPROMISE REACHED 

On July 18, 1940, Ickes adopted Mc
Donald's suggestion and revised the regu
lations. Any vehicle transporting freight 
was now prohibited from passing Shaw 
Creek bridge without proof of payment 
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of tolls. The ARC constructed a toll gate 

which, however, was pulled out and des
troyed (presumably by truckers). Before 
deputies could be stationed at Shaw 
Creek and a new toll gate be built, the 
truckers and the government reached an 
agreement. The operators agreed to pay 
the toll which was to be placed in escrow 
until the validity of the tolls could be 
tested in the Appellate and Supreme 
Court.30 

WORLD WAR II 

SOLVES THE PROBLEM 


On October 17, 1941, the district court 
in Fairbanks upheld the validity of the 
tolls. Two months later the United States 
was at war, and by the summer of 1942 
there was no doubt that the tolls on the 
Richardson Highway only added to the 
cost of supplies and equipment for federal 
wartime projects. Colonel Ohlson had his 
hands full moving an unprecedented vol
ume of military freight and keeping his 
railroad from collapsing under its weight. 
The small amount of truck cargo destined 
for Fairbanks civilians no longer mat
tered. On July 15, 1942, Ickes removed 
the tolls, and they were never restored. 
The demands of war had disposed of the 
dispute. 31 
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SETTING HIGHWAY LOAD LIMITS: 

A New Technique 

by Richard N. Stubstad and Billy Connor 

INTRODUCTION 

In interior Alaska, asphalt-surfaced 
pavements are typically frozen more 
than 10 feet deep for some five months 
of the year. The thawing process can 
be relatively long, lasting weeks or 
even months. In areas with these 
freeze-thaw conditions, it is important 
to determine the structural integrity of 
flexible pavements during the "thaw 
weakening" period which generally 
occurs between initiation of thaw in 
upper pavement layers and the time 
the tl:law has progressed 5-1 0 feet 

deep. 
It has been generally concluded 

that no significant load-associated pave
ment deterioration takes place when 
pavements are frozen. Indeed, deflec
tion measurements taken on pavements 
in a completely frozen state show very 
minute deflections. 

Traditionally, pavement deflections 
have been monitored in Alaska during 
the "spring thaw." Load restrictions 
were applied when Benkelman Beam 
measurements indicated a significant 
increase in deflection and continuing 
until iltter the deflections reached 
their peak value. It was strongly felt, 

Figure 1. Falling Weight Deflectometer. 

however, that a more accurate method 
of assessing the need for load restric
tions should be sought, since each day 
of load limits on Alaska state roads 
is costly for the trucking industry 
(approximately $140,000 per day in 
1980). It was therefore important to 
find a non-destructive test method 
which would more accurately pinpoint: 
a) whether a given section of roadway 
is, in fact, weakened during periods of 
thawing; b) if so, during what period 
load Iim its are necessary; and c) the 
level of load restriction required. 

THE FWD METHOD 

A method was developed using the 
Dynatest Model 8000 Falling Weight 
Deflectometer (FWD) Test System 
which can ascertain the extent of struc

tural weakening of the pavement sys
tem for any thaw depth from a few 
inches to over ten feet. 

The Alaska Department of Trans
portation and Public Facilities Research 
Section has recently purchased a 
Falling Weight Deflectometer to inven
tory the structural strength of Alaskan 
roadways (Fig. 1 ). The FWD simulates 
the load imposed on the roadway by a 
moving truck by dropping weight on 
the surface with a force of 9000 
pounds. The force can be increased to 
27,000 pounds so that aircraft landing 
loads can also be simulated. The 
deflection or bending of the roadway 
is measured and reported in much the 
same manner as the well-known 
Benkelman Beam Technique. How
ever, the FWD also measures pavement 

R~chard N. Stubstad is with Dynatest Consulting, Inc., Ojai, California. Billy Connor, P.E., is a research engineer with the Alaska 
Department of Transportation and Public Facilities. He holds a B.S. in civil engineering and an MS. in engineering management 

from the University ofAlaska. 
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movements at five points at various 1) the approximate thaw depth; 
distances away from the point of 2) the "corrected" center deflection 
loading, providing much more infor for a 9000-pound equivalent wheel 
mation about soil strengths at various load, had there been no frozen mater
depths. ials in the pavement structure, adjusted 

With the FWD, one person can make to a surface temperature of 70°F; and 
approximately 200 measurements in a 3) a "damage indicator," corres
day. While the Benkelman Beam test ponding to the approximate resilient 
method allows approximately the same vertical strain in the granular base 
production rate, it requires three or material, under the design 9000-pound 
four people, a dump truck and another load. 
vehicle. The operating cost for the FWD The latter "damage indicator" was 
is approximately 25% of that for the used in the FROST program since, in 
Benkelman Beam. Alaska, roadways are usually surfaced 

The new method involves collecting with a thin asphalt layer. Fatigue 
FWD data and processing this data cracking in the asphalt is generally 
through a computer program called preceded by distress in the weaker 

"FROST." The program uses the load unbound materials, in particular the 

and the deflection basin shape meas granular base, which may be subject to 

ured at each test point with the excessive loads during its thaw-weak

FWD to ascertain: ened state. 

LOAD 

Figure 2A. Schematic representation of an unfrozen asphalt surfaced pavement under 
a 9000 lb load. 

Figure 28. Schematic representation of a partially frozen asphalt surfaced pavement 
under a 9000 lb load. 

The proposed method allows the 
engineer to monitor the structural 
adequacy of the pavement at any time 
during the spring thaw. Such moni
toring is expected to reduce and pos
sibly eliminate, through rehabilitation 
of problem pavements, the need for 
the load limits that are so costly to 
the Alaskan economy. 

THAWING PAVEMENT SECTIONS 

A pavement section in an unfrozen 
state is shown in Figure 2A. Under 
load, the pavement will deflect accord
ing to the theory of elasticity with the 
magnitude of each deflection (from a 
point directly under the load outwards 
to a distance of, e.g., 4 feet) being 
dependent on the elastic properties 
of the materials in the section. 

The deflections measured furthest 
from the load roughly reflect the con
dition of the lower layers in the pave
ment system as depicted in Figure 
2A. The center deflection at the pave
ment surface is the sum of the change 
in thickness at the base and the deflec
tion at the top of the subbase. The 
deflection at the surface of the subbase 
is the sum of the change in thickness 
and the deflection at the top of the 
underlying layer. In general, the deflec
tion at the top of each layer is the sum 
of the change in thickness of that layer 
and all layers beneath it. 1 

The same pavement section is shown 
in a partially frozen state in Figure 2B, 
after the thaw has progressed 6" below 
the asphalt layer. All other parameters 
being equal, the center deflection is 
only about 1/3 of the value of the cor
responding unfrozen system center 
deflection. Nevertheless, a comparative 
analysis of these two companion pave
ment sections reveals that the horizon
tal strain at the underside of the asphalt 
and the vertical strain at the top of 
the base are approximately equal. 
Thus center deflection alone is a poor 
indicator of the potential for pavement 
distress. 

The asphalt strain, though, is still 
not critical due to the thin surface 
involved (approximately 1Y."). while 
the magnitude of vertical strain in the 
base is around 2600 X 10·6 just below 
the asphalt-base interface. 
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INTERPRETATION OF 
FWD LOAD-DEFLECTION DATA 

The FWD Configuration 

The FWD load-deflection configura
tion is variable in terms of the load 
radius, the magnitude of the applied 
load and the deflection measurement 
positions. The loading plate is circular, 
with a hole in its center for measuring 
the center deflection. The six other 
available deflection-sensing transducers 
may be positioned as desired from just 
outside the loading plate to a distance 
of some 2.25 meters (approximately 7') 

along the raise/lower bar. Due to the 
relatively thin asphalt-surfaced pave
ments prevalent in Alaska, it was 
deemed appropriate to use a relatively 
close sensor configuration (Fig. 3). 

A 300 mm (12") loading plate is 
used, corresponding to an equivalent 
82 psi, 9000-pound wheel load. Other 
features of the FWD have been de
scribed elsewhere. 2 •

3 

In accordance with the theoretical 
effect of frozen materials on the deflec
tion basin as shown in Figure 28, it 
was immediately noticed that the same 
tendency towards virtually no deflec
tion at large distances from the FWD 
load was occurring during the early 
spring of 1982. Such a phenomenon 
can only occur if the underlying layers 
have a very high stiffness or modulus 
of elasticity. It was therefore decided 
to uti I ize layered elastic theory to 
ascertain what the effects of thaw 
depth and other material characteris
tics would have on the shape of the 
deflection basin. 

Selection of Input Parameters 

Since the FWD is non-destructive, 
only the load and deflections, and per· 
haps some information of the likely 

range of layer thicknesses from con
struction or other records, are avail
able. The following likely range of 
conditions present in Alaskan road
ways were assumed to be appropriate: 

Thaw depth (below asphalt): 
50 mm-4200 mm (2"-14') 

Thickness of layer 1 (AC): 
20 mm-75 mm (%"-3") 

E-value (stiffness) 1 of layer 1: 
3000-6000 MPa(430,000-870,000 

psi) 

Thickness of layer 2 (granular base): 
300mm (12") 

E-value of layer 2 (thawed portion): 
25-450 MPa (3500-65,000 psi) 

Thickness of layer 3 (subbase/embank

ment): 
1500 mm (5') 

E·value of layer 3 (thawed portion): 
75-150 MPa (11,000-22,000 psi) 

Thickness of layer 4 (original soil): 

semi-infinite 

E-value of layer 4 (thawed portion): 
50-100 MPa (7000-15,000 psi) 

E-value of all frozen material: 

10,000 MPa {1,500,000 psi) 


A thaw depth of 4200 mm (14') 
was considered the equivalent of 
thawed or deep permafrost sections 
since the effect of the modulus of the 
materials below a depth of 14' under a 
9000-pound load is negligible. 

Processing ofInput Parameters 

Using various combinations within 
the range of parameters listed above, 
while eliminating some very unlikely 
combinations, about 350 computer 
runs of the Chevron N-Layer program 
were executed to predict the deflection 
basin as well as stresses and strains 
within the embankment. A kind of 

"solution table" was created, each line 
consisting of: 

1) The specific combination of in
put parameters associated with the 

output. 
2) The theoretical deflection basin 

for a 9000-pound FWD-applied load. 
3) The vertical strain at the surface 

of the thawed portion of the granular 

base. 
4) The horizontal strain at the 

underside of the asphalt-bound surface. 

Two examples from the Chevron 
runs were figuratively shown in Fig
ures 2A and 28. In Figure 28, it can 
clearly be seen how the deflection 
values rapidly approach zero as the dis
tance from the load increases, for a 
pavement having a shallow thaw depth. 
The FWD data gathered in early spring 
showed precisely the same tendency, 
so the next step became clear: compare 
the FWD data with the solution table 
data and find the best fit, or fits. 

THE FROST PROGRAM 

The FROST program was written 
in BASIC, adaptable for the HP-85 
micro-computer provided with the 
FWD by the manufacturer. The 
program first scales the FWD-measured 
deflection basin to the 9000-pound 
design load, since the measured FWD 
load varies perhaps between 8500 and 
9500 pounds. It then scans and 
compares the measured deflection 
basin with the three "best fit" theoreti· 
cal basins from the solution table. 
The best fit is based on a derived solu
tion index or "score" as described 
in the following paragraph. Each of 
the three are finally weighted in pro
portion to their "goodness of fit" to 
determine the required output param· 

eters. 
The score is determined partly on 

the basis of the absolute value of 
the offsets between each theoretical 
and measured deflection (in J.Lm) and 
partiy from the offset of the measured 
deflections from lying parallel to the 
theoretical curve. Additionally, the two 
offsets for each deflection position, 
i.e. the absolute offset and offset from 
being parallel, are weighted linearly 
in proportion to their distance from 
the center of the loading plate (in mm). 
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This is done in order to weigh more 
heavily the outermost sensors, since 
these deflection readings are affected 
to the greatest degree by the presence 
of frozen materials in the pavement 
structure. 

According to the above algorithm, 
the center deflection would receive 
a weight of zero. Therefore, it was 
arbitrarily assigned a weight of 50 
(mm). The other six sensor positions 
have weights of 200, 300, 450, 650, 
900, and 1200 (mm) respectively. 

Thus the lowest score represents 
the best fit. The three lowest scores 
from the measured deflection basin vs. 
the solution table basins are weighted 
proportional to the inverse square of 
their scores. The output parameters 
are determined through this weighted 
averaging technique. This may be 
mathematically represented as: 

3 

2::: 
Di 

i = 1 (1.)2
I 

t 
i = 1 (1.)2

I 

where Di = the depth of thaw for each 
of the three "best fits" in the solution 
table, and li =the "score" of the three 
"best fit" data sets. For example, if 
the three best fit curves had indices of 
4000, 6500 and 20,100 respectively, 
and their corresponding solution table 
thaw depths were 6", 3" and 12" in 
that order, the program would calculate 
a thaw depth of: 

6 3+ + 
(4,000) 2 (6,500) 2 (20,000) 2 <( 

:::!: 6000 
<( 

•c5.37 
II 

+ 1 + 1 w 
en 4000<((4,000) 2 (6,500) 2 (20,000)2 
ID 

~ 
It is recognized that this is at best z 

an approximation, so the FROST pro :;;: 
2000a: gram would print out an approximate l 

frost depth of between 3" and 9". en 
-.1 

Figure 4. <( 

The FROST Output () 

are associated with their own unique 
values of thaw depth, E values, layer 
thicknesses, etc. Since the solution 
table does not cover every conceivable 
solution, given the unmanageably huge 
matrix of possible solutions, only an 
approximation of the results can be 
expected for each individual output 
parameter. 

It was therefore decided that the 
most indicative and direct parameters 
in the FROST output would be: 

1) The approximate thaw depth. 
Since the FROST program heavily 
weighs the outermost deflections, this 
parameter can be fairly easily deter
mined to within approximately one 
foot at shallow thaw depths and two 
feet at greater depths. 

2) The adjusted center deflection. 
The solution table also predicts what 
the deflection would have been had 
no frost been present in the upper 
approximately 14" of materials, all 
other parameters being equal. This 
adjusted, no-frost deflection value is 
further adjusted for temperature to a 
standard 70°F, using the following 
equation:4 

d1, adj.70o = d 1, adj. (0.64 + 25.2/t°F) 

which was found to be suf
ficiently accurate for the 3" ........
., 

Ior less of asphalt thicknesses 
0 

involved. 
X 10000 .......
3) The "damage indicator." . 

a:This value is really tantamount 
0 

to the theoretical vertical 1
<( 

~ 8000 
z 

12 w 
(!) 

strain at the top of the gralll.llar base 
(under the load). This was deemed at 
the outset to be the most indicative 
measure of load-damage potential for 
springtime thawing conditions. It was 
found that this "damage indicator" 
or vertical base strain, no matter what 
the frost depth, was merely a function 
of the adjusted center deflection value 
(see output parameter # 2 above), re
gardless of the input parameters associ
ated with the given answer found in the 
solution table. However, this is under 
the constraint that the asphalt does 
not appreciably exceed 3" nor is it less 
than %'' thick. 

The derived d 1, adj. 70oFvs. verti
cal base strain (~2 ) relationship is given 
as: 

where d 1 is in mils (in. x 10"3 ). The 
2

r -value for the whole solution table is 
0.97. The valid range of ~ 2-values is 
between 400 and 10,000 microstrains, 
though the equation is naturally limited 
to the input parameter range covered 
by the solution table. Figure 4 shows 
how well the adjusted deflection pre
dicts the ~2-value, or the damage 
potential. 

o .75" A.C. 

6 1.5" A.C . 

o 3.0" A.C. 

Comparison of adjusted i= 00~----~~-----.1-------~-----....la:The three theoretical deflection center deflection and verti w 1000 2000 3000 

>
basins selected by the FROST program cal strain in the base. CENTER DEFLECTION, ADJUSTED (~m) 
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Figure 6. Comparison of actual and ad· 

justed deflections. 

Example 

An example of the FROST program 
output is shown in Figure 5. The ex
ample was taken from springtime 
measurements along the Parks Highway 
connecting Anchorage and Fairbanks. 
Note that the input quantities are in 
metric units derived from the FWD 

Figure 5. Typical FWD stations. 

Input File: PH#2 

Date: 82 04 26 Temp: 66 F 
Roadway: PARKS HIGHWAY; RUN#2 
Load Radius (mm): 150 
Sensor Positions (mm): 

0 200 300 450 650 900 1200 

Station: 292b 

Load-adjusted deflections [,urn] : 


632 433 306 178 74 16 0 
Approx. thaw depth: 3-5ft 
Thawed, adj. center deflection 

= 29.0 mils [@ 70 F] 

Damage factor = 1600 ,u in/in 


[Approx. vertical strain in base] 


Station: 292.2b 

Load-adjusted deflections [,urn] : 

1174 717 429 159 1 

Approx. thaw depth: 2-3ft 

Thawed, adj. center deflection 


= 56.4 mils [@ 70 F] 

Damage factor= 3900 ,u in/in 


[Approx. vertical strain in base] 
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Figure 7. Vertical strain in base. 

tests, while the output has been con
verted to standard American units for 
the user's convenience. 

Figures 6 and 7 compare the actual 
measured deflections at one test point 
with the vertical strain in the base and 
the adjusted deflection measurement. 
It can be seen that the adjusted deflec· 
tion is indicative of the vertical strain, 
and therefore the damage potential. 
The highest damage potential occurred 
on the same date as the lowest center 
deflection,. indicating that there have 
been gross errors in establishing load 
restrictions. Figure 8 clearly shows 

80 
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Figure 8. Predicted thaw depth. 

how the thaw depth increased with 

time. 

SUMMARY AND CONCLUSIONS 

Load restrictions have traditionally 
been based on Benkelman Beam data 
collected during the spring thaw peri
od. However, it has been shown that 
the shape of the deflection basin sig
nificantly affects pavement life. Use of 
the Falling Weight Deflectometer 
and the Chevron N-Layer computer 
program model has shown that the 
maximum damage potential may occur 
long before the peak deflection occurs. 

A method has been developed to 
adjust the measured center FWD de
flection so that the adjusted deflection 
can be used to design overlays and es
tablish load restrictions in a conven
tional manner. The method uses the 
vertical strain in the base course as a 
damage indicator. The center deflec
tion is then adjusted using the shape 
of the deflection basin to determine 
the deflection that would cause the 
same vertical strain in a completely 
thawed embankment. This adjusted 
deflection seems to be a better indica
tor of the damage potential to highway 
surfaces in areas where thaw-weakening 

occurs. 
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LETTER 

Regarding roofs 

Editor: 
I am writing about the "cold roof" article by Robert G. 

Albrecht (Vol. 14, No.3). Actually, he does not try to justify 
the choice of a low-slope shed roof with eaves for a deep-snow 
climate, but does give some valuable experiences with the 
"cold roof" technique. But does anything justify the cold roof 
except the eaves? I will not address whether either a low-slope 
shed roof or eaves is a good choice for a deep snow climate. 
But I do think some caution is needed in applying the cold 
roof technique. 

Several decades went by after the widespread use of insul
ation in walls and roofs without an adequate understanding of 
the use of vapor barriers (resulting in a huge amount of insula
tion damaged and destroyed by moisture). I hope designers of 
cold roofs don't have to repeat that experience. 

Inviting winter (and summer) air into the upper surface of 
the roof insulation may (due to daily thermal cycles which can 
be huge, and storms and/or wind) also invite moisture migra
tion and/or condensation into the insulation. Adding another 
vapor barrier may solve one problem and uncover several more, 
what with the realistic conditions of installation standards. 

Also, there is the problem of adequate ventilation, espec
ially if the north edge of the roof is buried under the snow 
pack. Here in the California Sierras we get snow packs several 
stories high, especially on hillsides. 

For eave ice-dam minimization you could invert the cold 
roof technique to get an equal-temperature-roof-plus-eaves. 
The roof insulation could also be extended into the eave zone 
(with corresponding insulation on the soffit). This is particu
larly appropriate in double-envelope buildings heated with 
convection loops where we need to lift the roof above the flat 
ceiling level anyway so as to get loop air around the corner. 

Thanks, 
Jim Berk 
Solar Clime Designs 
Stanford, California 

Troubled waters 

Dear Editor: 
A copy of the Stephen H. Kailing and Charles B. Green 

article "Water Treatment Alternatives for Placer Mining," 
(TNE Vol. 14, No. 2) recently reached my desk. Having read 
an earlier version of the same work by Mr. Kailing nearly two 
years ago and having listened to and questioned him on his 
testimony regarding it, I was quite interested in it. Consider
ing this information as a whole, I'm left with the impression 
that very little serious field work has been done in Alaska on 
the topic of wastewater treatment alternatives for placer mines 
(i.e., alternatives to settling ponds). Because the data clearly 
indicates that settling ponds by themselves are generally in
capable of complying with the requirements of the Clean 
Water Act established to protect water quality, it would be 

refreshing to see a thorough and well-done field study of waste
water treatment alternatives. The work reported by Kailing 
and Green is most disappointing in that regard. 

Perhaps the thing which is most unfortunate about the 
article is the conceptually flawed effort of the authors to 
"evaluate the recycling alternative" through what is purported 
to be a "laboratory method," after a field trial of 3 cycles 
found "there was no measurable increase in specific gravity of 
the recycled water." Not having been able to find a specific 
gravity increase in the field, the authors appear to have assumed 
from "jar tests" that a specific gravity buildup would occur 
which would be potentially capable of producing a recycling 
fluid having what can only be called an incredibly high specific 
gravity. The authors' questionable "laboratory method" and 
the wild extrapolation from it simply fails to provide any infor
mation of utility in consideration of recycling and promotes a 
line of thought which ignores fundamental principles relevant 
to the chemical and physical mechanisms of particle aggrega
tion and sedimentation. This is not unexpected in Mr. Kailing's 
case since nearly 2 years ago he expressed ignorance with re
gard to them under cross examination on this topic; however, 
I would have hoped that he would have subsequently learned 
more about the topic and, in any case, that The Northern 
Engineer would have done better than to print such material. 

To the authors' credit, despite their "laboratory method" 
and its implications as discussed above, they apparently recog
nized that recycling not only works in real life but concluded 
that it "is a promising alternative to chemical treatment" (and 
obviously also to settling ponds by themselves), would be ex
pected to be less costly than chemical treatment, and "would 
be certain to comply with effluent limitations, since there 
would be no effluent." 

Sincerely, 
G.M. Zemansky 
Seattle, Washington 

Author Kailing replies 

Dear Editor: 
I'd like to explain that I am primarily responsible for the 

research on water treatment and recycling published in The 
Northern Engineer (Vol. 14, No.2). Charlie Green represented 
Asamera Minerals (U.S.) and provided invaluable assistance 
during the field work, but he did not plan the work, analyze 
the results, or write the report. Thus I shall respond to Mr. 
Zemansky. 

At the time of our aborted field trial with recycling, I 
recognized that the material available for the trial was definite
ly not characteristic of any that had been encountered in the 
drilling program throughout the overburden. To continue the 
trial and give credence to the results would have been foolhardy 
indeed. Given the circumstances, a conservative estimate based 
on extrapolation of jar test data was entirely appropriate. 

Although he did not state it directly in his letter, Mr. 
Zemansky's thesis is that recycling is the panacea for all 
placer mining stream pollution problems. Where he talks about 
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my testimony, he is referring to an Environmental Protection 
Agency Hearing held March 17, 1981, on National Pollutant 
Discharge Elimination System (NPDES) permits for Alaska 
placer miners. Zemansky and others were trying to convince 
the administrative law judge that recycling should be Best 
Available Treatment for placer mining effluents. Based upon 
the Livengood results and more than ten years of water and 
wastewater treatment engineering experience, I argued against 
this unproven concept. Zemansky's side lost. 

By taking them out of context, Mr. Zemansky has used 
some of the conclusions of our work to support his thesis 
and has directly attacked the others, but he has not provided 
any engineering data, be it from the jar tests he despises or any 
other scientific method. The theory he espouses regarding 
"fundamental principles relevant to the chemical and physical 
mechanism of particle aggregation and sedimentation" is not 
understood well enough to predict what will happen in any 
given situation; that is why the water treatment industry relies 
heavily on jar tests. 

If "recycling ponds" work so well, why are miners unable 
to produce good quality effluents from settling ponds which 
are essentially the same thing? I have seen no evidence that 
aggregation occurs more rapidly or completely (with or with

out the addition of chemical flocculating agents) for the more 
concentrated placer mining effluents expected in a recycling 
pond. When soil particles repel each other, the number of colli
sions per unit time do not seem to be a factor. I believe that 
the kind of natural aggregation and sedimentation that Mr. 
Zemansky wants to rely upon will take too long in most 
cases to avoid an intolerable solids build-up. There is only a 
remote possibility that continued reuse of water would con
centrate dissolved solids to a point where they might enhance 
aggregation of suspended soil particles. 

Unfortunately, Mr. Green and I had neither the funds nor 
the direction from our respective employers to do the kind of 
basic research that Zemansky is chiding us for failing to accom
plish. If he wishes to make a real contribution towards solving 
the water pollution problems associated with placer mining, I 
suggest that he try to obtain funds for the needed research. 
State of Alaska, U.S. EPA, the Alaska Miners' Association and 
environmental groups all have a stake in this work. Such efforts 
would be far more productive than taking pot shots at the re
search that has been done to date. 

Sincerely, 

Stephen H. Kailing, P.E. 

Fairbanks, Alaska 


PUBLICATIONS 

Since the north seems to have more 
weather than most places, Engineering Me
teorology could be an appropriate item for 
northern engineers' bookshelves. Seven of 
the volume's 15 chapters present the fun
damentals of meteorology for engineers, 
with titles from "The Atmosphere" to 
"Atmospheric Boundary Layers Over 
Non-Homogeneous Terrain." The second 
part deals with specific applications, in
cluding "The Interaction of Wind and 
Structures" and "Ice Problems in Engineer
ing." Given that the book's list price means 
purchasers will be paying about $4.73 per 
page for its information (that's $162.75 
for 770 pages), you might want to check 
out a library copy before ordering from 
Elsevier Science Publishing Company, 52 
Vanderbilt Avenue, New York, NY 10017; 
in Europe, Elsevier's address is P. 0. Box 
211, 100 AEAmsterdam, The Netherlands, 
and they'd prefer you to pay with Dfl. 350 
on orders placed outside the U.S. or 
Canada. 

Also from the same publishers is The 
Journal of the International Association 
for Wind Engineering. Though topics cov
ered do include wind power generation, as 
the title seems to indicate, they also range 

through wind effects on transport systems, 
building heat loads and ventilation; wind 
loads and structural response; codification 
of wind effects; and almost anything else 
related to the encounters of moving air 
with technology. Editor is R.I. Harris, of 
the College of Astronautics, Cranfield In
stitute of Technology, Bedford, U.K.; 
price is $164 per year (six issues). 

* * * * 
The new edition of the World Energy 

Outlook has been released by the Interna
tional Energy Agency of the Organization 
for Economic Cooperation and Develop
ment, which advertises the book as "a 
veritable encyclopedia of international 
energy economics." It contains more than 
180 statistical tables, covering everything 
from energy production figures to gasoline 
taxation in selected countries, and short
and long-term forecasts based on scenario 
analyses. Though the scope is worldwide, 
the book concentrates on the concerns of 
the 24 OECD countries; similarly, though 
it considers all forms of energy, oil is 
treated as the most critical fuel. 

The Organization for Economic Coop
eration and Development compiles statis
tics, prepares policy information and 
formulates forecasts for the industrialized 

market-economy countries who are its 
members; much of their work is available 
to the public, as the World Energy Out
look illustrates. The book costs $45 from 
the OECD Publications and Information 
Center, 1750 Pennsylvania Avenue NW, 
Washington, DC 20006. 

MEETINGS 

A call for papers has been issued for 
the 5th International Conference on the 
Internal and External Protection of Pipes, 
to be held 25-27 October 1983 in lnns
bruck, Austria. The conference is intended 
to cover recent developments in materials 
and methods for combating corrosion and 
erosion associated with the transport of 
solids, liquids and gases in pipes; state 
of the art reviews and economic considera
tions will be included. An exhibition is 
also planned to allow manufacturers to 
display company literature and associated 
material. 

Prospective authors are invited to sub
mit titles and synopses as soon as possible. 
Further details are available from the 
Conference Organiser, 5th Pipe Protec
tion Conference, BHRA Fluid Engineer
ing, Cranfield, Bedford MK43 OAJ, 
England. + 
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