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COMMENT: A Point of History 

The historical articles in this issue touch on the two events that most integrated 
Canada's northwest and Alaska with the rest of North America. World War II, which 
brought the north into the twentieth century with a vengeance, is comparatively just 
a few pages back on the calendar. American (and Japanese) veterans of the Aleutian 
campaign may read Woodman's report on the planned clean-up ( p. 16) with amuse
ment; in the fear and fury of those months, the last thing any of them would have 
worried about was tidying up afterwards. 

McCrackin's reports (p. 29) are from the other side of the first significant event, 
the Klondike gold rush. Gold in the north was not news by the time the Pinta's party 
landed at what would briefly be Dyea a decade later; there had been the strike at 
Juneau in 1880, discoveries in the northern Panhandle, and substantial finds in Alas
ka's interior. The lieutenant knew where he stood when he confronted sub-chief 
Claanot; late in 1880 miners had appealed to Sitka's naval commander for a show of 
force to subdue the Chilkats, and the 20 armed men sent had only to show they pos
sessed force for the tribe to agree to let - even help - miners over the pass the Chil
kats had controlled for generations. And McCrackin was confident he knew where he 
stood when he reached the summit of Chilkoot Pass; that was simply the high point 
of a difficult but passable route for the few prospectors to take on their wanderings 
into the interior. 

It is easy for us now to marvel at Lt. McCrackin's innocence. If he could have 
seen the suffering human caterpillar crawling up the face of the Chilkoot in 1898, 
would he have been tempted to confine Klondike discoverer Carmack to the brig? 
If he had known that one of Claanot's tribe had won a bet by packing a 350-pound 
ba"el to that summit, would he have been confident that the Indians could be kept in 
"absolute subjection"? And what would he have made of today 's Native lawsuits to 
maintain control of their traditional areas? 

Now we seem to be in the midst of another great event pushing the north for
ward, a petroleum boom in which the most important elements are technology and the 
people who understand and can use it. But can we be sure we are in the thick ofour 
generation's great event, like the Aleutian soldiers, and not merely on the brink, like 
McCrackin on the still-quiet shores of Taiya Inlet? Good books have been written 
about those earlier northern upheavals, but not while they were going on. We too will 
need time to see whether by now we have weathered our black gold rush or are still 
innocently on its leading edge. We may think we know, but - One of the anecdotes 
of the Klondike stampede came from Circle City, which in the fall of 1897 was the 
metropolis of the Yukon valley, supported by healthy gold revenues from the sur
rounding district. When reports of the new strike reached the best saloon in town, the 
barkeeper ran for the door. 

"Help yourself to the stock, boys," he said. "And all bets are off" 
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COVER 

Bombs fall on Dutch Harbor, June 1942. The Japanese invasion led to sudden 
development in the north, but the war's last souvenirs on the Alaska Peninsula and 
Aleutian chain now amount to innumerable tons of litter. Lyman Woodman's article 
beginning on page 16 reports on reasons and costs for picking up after a war. (U.S. 
Army photo.) 

THE NORTHERN ENGINEER is a quarterly publication of the Geophysical 
Institute, University of Alaska - Dr. Juan G. Roederer, Director. It focuses on engin
eering practice and technological developments in cold regions, but in the broadest 
sense. We will consider articles stemming from the physical, biological and behavioral 
sciences, also views and comments having a social or political thrust, so long as the 
viewpoint relates to technical problems of northern habitation, commerce, develop
ment or the environment. Contributions from other polar nations are welcome. We 
are pleased to include book reviews on appropriate subjects, and announcements of 
forthcoming meetings of interest to northern communities. "Letters to the Editor" 
will be published if of general interest; these should not exceed 300 words. Subscrip
tion rates for THE NORTHERN ENGINEER are $10 for one year, $15 for two years, 
and $35 for five years. Some back issues are available for $2.50 each. Address all 
correspondence to THE EDITOR, THE NORTHERN ENGINEER, GEOPHYSICAL 
INSTITUTE, UNIVERSITY OF ALASKA, FAIRBANKS, ALASKA 99701, U.S.A. 
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by G.A. Jensen 

CHEMICAL SENSORS 
FOR GEOTHERMAL SYSTEMS 

BACKGROUND 

People have used geothermal energy 
. 1234s .for centunes. ' ' ' ome anctent peop1es 

used hot springs for cooking, for baths 

and health resorts, and occasionally to 
heat buildings. Sulfur deposits near 
fumaroles served a variety of purposes 
over the centuries, as did the clays 
formed by decomposed rocks, and to a 
lesser extent the mercury and alum also 
found near fumaroles. 

The first use of geothermal energy 
for electric power production was at 
Larderello, Italy, in 1904; in 1913 a 
250 kW plant began the continuous 

generation of geothermal electricity there. 
Since World War I the concept of using 
steam produced within the.- earth for 
power production has been carried 
throughout the world (Fig. 1). In the 
United States test borings were drilled 
at the Geysers and Niland, California, in 
the 1920s. Low-pressure steam was found 
in abundance but wells were abandoned 
for lack of a market for electricity. Other 
holes were drilled in the 1920s and 1930s, 
most notably in Yellowstone National 
Park. It was not until 1960 that utilities 
began to exploit the Geysers area in Cali-

Figure 1. Major regions of geothermal activity. 

fornia, when Pacific Gas and Electric 
Company installed the first turbine. 
Producer companies in the area purchased 
steam and converted it to electricity by 
condensation at the rate of 9 kilograms 
per kilowatt-hour. In 1972 some 2.75 
million kilograms of dry steam were con
sumed hourly there to produce 302 
megawatts of electricity. Since then other 
plants have come into production at the 
Geysers, and the operation is now pro
ducing an equivalent to nearly all of the 
electricity used by San Francisco. It is 
estimated that by 1980 this field will 
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produce approximately 1200 megawatts 
of electricity, when it would be the largest 
producing geothermal complex in the 
world. Since the development of the 
Geysers field, a number of other areas of 
the United States and Alaska have been 
identified as having geothermal potential 
(Figs. 2 and 3). 

Geothermal energy has been used 
locally for medicinal, recreational and 
agricultural purposes for many years in 
Alaska. One notable example is Manley 
Hot Springs. The first commercial use of 
geothermal energy for agricultural pur
poses in Alaska occurred here during 
1902-1913.5 Although the enterprise was 
short-lived and was all but abandoned by 
1917, it may have been a success until the 
gold paid out. 

Goddard Hot Springs (near Sitka) is 
also notable because it is the site of the 
earliest recorded use of geothermal ener
gy for medicinal purposes in Alaska. 
Lisianski is quoted as having visited the 
springs during his 1803-1806 cruise 
around the world aboard the Neva. 6 

Subsequent reports by others show con
tinuous use of Goddard Hot Springs 
for medicinal and recreational purposes 

since this time. Chena, Circle, Pilgrim, 
Tenakee and Bell Island are other hot 
springs which have been used for medici
nal-recreational purposes as well as heat 
sources for local populations over the 
past 80 years and many other hot springs

7are reported. 

The geothermal energy potential in 
Alaska is large, particularly along the 
Aleutian chain and in Southeastern Alaska. 
Work is under way to define the resource 
more accurately. Additional resources 
probably exist on the Seward Peninsula 
and in central Alaska. Test wells have 
been drilled at Pilgrim Springs and water 
flow rates of 400 gallons/minute at 
90°C are reported.8 

Although exploitable resources are 
being examined, their remoteness will 
probably limit their use in major popula
tion centers. Heat is a valuable commodity 
in the arctic and sub-arctic and potential 
applications include:9•10 

· Home or space heating 
· Greenhouse heating 
· Local power generation 
·Snow removal from roads 
· Agricultural and hatchery operation. 

More exploration and evaluation in 
Alaska are required before data are suffi
cient to make reliable estimates of re
sources and reserves, but the potential 
appears to be very good. 

GEOTHERMAL ENERGY SYSTEMS 

Geothermal systems may be classified 
into two categories according to the phys
ical state of the pressure controlling 
phase? In hot water systems, the most 
common category, liquid water is the 
continuous pressure controlling fluid 
phase; vapor may be generated as discrete 
bubbles as the pressure drops, but gener
ally the temperature is so low that liquid 
predominates. A few geothermal systems 
including Larderello (Italy), Matsukawa 
(Japan). Cerro Prieto (Mexico), the 
Geysers (California), and the Hawaiian 
areas being developed are in the second 
category, characterized by dry, super
heated steam with little or no associated 
liquid, and known as dry steam systems. 

Because of these differences, two types 
of generating equipment are used. Nor
mally, condensing steam turbines with 
either direct contact or surface conden· 

Figure 3. Geothermal resource potential in Alaska . 
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sers exhausting below atmospheric pres
sures are used where dry steam is avail
able. The system is very similar to that 
used in conventional power plants (Figs. 
4 and 5), and works reasonably well if the 
steam is of good quality, has a relatively 
small permanent gas content and is 
relatively noncorrosive. 

The vapor-turbine cycle has been de
veloped to reduce or eliminate the in
herent disadvantages where liquid-domin
ated systems, the most common kind in 
North America, or corrosive steam are 
found. In this process, the hot water is 
brought to the surface at sufficient pres
sure to maintain it as a liquid and passed 
through a series of heat exchangers where 
it gives up heat to boil and superheat 
a high density vapor (Fig. 6). This vapor 
is expanded through a turbine to produce 

Figure 4. Flash steam geothermal power. 

power and then flows to another heat advantages of this process are believed to 
exchanger where it is cooled and returned be significant because the largest share of 
to the boiler. Practical and economic the United States (and world) geothermal 

Figure 5. Typical high-temperature geothermal power cycle. 
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resource is in systems which have temper
atures below 200°C. A schematic of the 
vapor-turbine cycle is shown in Figure 7. 

A variety of working fluids can be used 
in the vapor-turbine power cycle. lsobu
tane has the right thermodynamic charac
teristics and promising economics for 
power generation in binary cycle systems 
operating below 325°F. Freon and pro
pane have been used at lower tempera
tures. The working fluid usually does not 
present a corrosion problem, but the geo
thermal liquids can present severe corro
sion and scaling problems. Unwanted 
flashing and premature gassing are also 
problems. 

GEOTHERMAL BRINES 

Geothermal brines in the United States 
are heavily loaded with a variety of chem

ical species which can accelerate or de
press corrosion. These chemical species al
so can precipitate in the system, causing 
fouling, decreased flow rates, gas forma
tion, and other undesirable effects. 
Table 1 shows the ranges of. important 
species in common geothermal brines 
based on data accumulated by a number 

11of authors. The table should be viewed 
with caution since many of the data come 
from older wells where analyses were 
limited to only some of the major species, 
such as sodium, potassium, calcium, 
chloride, and sulfate. Earlier sampling 
methods also were not reliable, so many 
of the data are suspect. 

Nevertheless, data taken from a vari
ety of wells show that there are clearly 
major differences in composition. Those 
in Idaho may contain a minimum of dis

solved salt (approximately 500 parts per 
million) whereas wells from the Salton 
Sea area may contain more than 300,000 
ppm. Idaho liquids contain primarily 
sodium and calcium chlorides with some 
silica, while Salton Sea brines have high 
concentrations of many elements, includ
ing transition metals, heavy metals, sul
fur, boron and arsenic. Often brines from 
different wells within a given field vary 
in composition. (If the brine is flashed 
before analysis, the composition can 
change dramatically, so comparisons be
tween various wells may be somewhat 
questionable.) Compounds that precipitate 
are usually found as scales and may not 
show up as a major component in solution. 

Calcium carbonate and silica scales 
are common. Calcium precipitation is ex
tremely sensitive to fluid acidity and car-

Figure 6. Vapor turbine- binary cycle geothermal power. 
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TABLE 1 
11

Typical Geothermal Brine Compositions 

Species Range, ppm Maximum, ppm 

Total Dissolved Solids 1 ,000 - 1 0,000 360,000 

Chloride 100- 1,000 260,000 
Sodium 100- 1,000 87,000 

Sulfate 50- 500 84,000 
Calcium 10- 100 65,000 
Magnesium 1 - 10 40,000 
Potassium 50- 140 30,000 
Aluminum 0.5- 5 7,200 
Iron 1 - 10 4,600 
Silica 50- 500 1,060 
Ammonium 0.5- 5 1,050 
Nitrate Not estimated 1,020 
Carbon Dioxide 0.5- 5 500 
Lead 0.5- 5 110 
Hydrogen Sulfide Not estimated 75 
Silver Not estimated 2 

Figure 7. Typical medium temperature vapor-turbine cycle diagram. 
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bon dioxide concentration, as well as to 
brine pressure and temperature. Other 
common brine precipitates include bar
ium compounds, basic iron chloride, and 
metallic sulfites. Careful analysis is re
quired for these species as are evaluations 
of the effect that pH, carbon dioxide, 
temperature, and pressure have on their 
solubility. Unfortunately, for most anal
yses a sample is obtained from the source 
and then the analysis completed in the 
laboratory. Usually it is unclear what 
precautions were taken to insure the 
integrity of the sample, how the sam
ples were collected and analyzed, and 

what methods of calculation were being 
used. Thus, we do not know whether the 
data truly represent the resource being 
investigated. 

We must have accurate knowledge of 
the geothermal fluid chemistry at op
erating temperatures if we are to optimize 
operation, prevent corrosion, increase 
equipment service life, and maximize 
profit and use. Available electrochemical 
sensors do not survive at the temperatures 
encountered in geothermal fluids. To fill 
this gap in technology, the Pacific North
west Laboratory (PN L), which is operated 
for the U.S. Department of Energy by 
Battelle Memorial Institute, has a pro
gram to develop electrochemical and 
other sensors for measuring various 
ionic species and corrosion-related char
acteristics of geothermal fluids in situ. 

Figure 8. Methodology. 
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Figure 9. Project organization. Figure 10. Project identification. 

METHODOLOGY 

The United States Department of 
Energy (DO E) requested that the Nation· 
al Research Council appoint a committee 
to identify the sensors required to measure 
chemical and physical properties of geo· 
thermal fluids. Findings ofthe committee, 
The National Materials Advisory Board 
(NMAB), have been published 11 and are 
used to focus developments at PN L and 

elsewhere. Figure 8 presents a schematic 

of the basic methodology used in de· 
veloping electrochemical and electrical 
probes for downhole and inline chemical 
analysis with hi~h pressure, high temper· 
ature geothermal fluids. 

The program organization is shown in 
Figure 9. The various assignments indi· 
cate the variety of operations underway. 
Each assignment will be discussed later. 

Chemical sensors developed in this 
program will be offered commercially 
for uses other than those required for 
evaluating geothermal systems. Corrosion 
engineers and system operators should 
be aware of these developments because 
the unique temperature characteristics of 
these devices will be a valuable tool in 
analyzing causes of corrosion and there· 
fore increasing service life and optimizing 
operation of high-temperature process 
equipment. 

SENSOR DEVELOPMENTS 

Specific sensors and equipment needed 
for measuring chemical and other factors 
affecting corrosion, scale formation and 
gassing in geothermal fluids were identi· 
fied in the NMAB report and the prior· 
ity for their development was tentatively 

11outlined. Figure 10 illustrates the sys· 
tern used to refine the priorities further; 
personnel in DOE, PNL, and others iden· 
tified several projects to be conducted 
both in-house and by contract-research 
external to the laboratory. Tables 2 and 
3 list instruments being developed. 

PNL DEVELOPMENTS 

Nearly all of the devices mentioned 

in this section will be field tested. The 
field test program will be discussed 
briefly later. 

Reference Electrode 

The function of a reference electrode 
is to maintain a constant potential at 
each temperature so that the potential of 

TABLE 2 

PN L Projects 

Sensor Status 

Reference Electrode Complete 
Conductivity Cell Complete 
Scaling Rate Meter Designed, not tested 

other electrochemical devices can be re· 
ferred to it. Any change in potential be
tween the two devices is then due to the 
electrochemical device rather than the 
reference electrode and would indicate 
some change in chemical environment. 
For example, change in pH and/or the 
concentration of a specific ion would be 
indicated by a potential difference be· 
tween the reference electrode and the pH 
and/or specific ion electrode. No reference 
electrode had been designed for use in 
the highly contaminated hot geothermal 
environment until PN L com~leted this 
project in November 1977.1 This de· 
sign is based on a silver chloride electrode 
protected by a salt bridge (Fig. 11). The 
unique feature of this design is internal 
zirconia (Zr02) sand saturated with a 
0.01 MKCI solution. The sand prevents 
liquid convection, and consequently 
linear diffusion conditions prevail so that 
the outside contaminants must slowly dif· 
fuse through the sand before reaching the 
vicinity of the Ag/AgCI. 

The system is not disturbed by the 
geothermal environment, and electrode 

TABLE 3 

Commercial and University Projects 

Contractor Sensor 

Leeds and Northrup pH Sensor (glass) 

Owens and Illinois pH Sensor (glass) 

Leeds and Northrup co2 Sensor 

Beckman Sulfide lon 

University of Pennsylvania Chemically Sensitive 

Status 

Laboratory testing under way 

Laboratory testing under way 

Design complete 

Design complete 

Development started 
Semiconductor Devices September (1979) 
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Figure 11. 	 Silver · silver chloride refer· 
ence electrode. 

life at 250°C is expected to be measured 
in weeks. This electrode has been com
pletely laboratory-tested throughout the 
temperature and pressure range expected 
in geothermal systems (250-300°C at 
pressures of 5000 pounds per square 
inch). The electrode response is linear 
and for practical purposes is reversible. 
Carbon dioxide does not interfere with 
the electrode; its response is indepen
dent of the chemical species in geothermal 
fluids; it is not affected by hydrogen 
sulfide, the major component of geo
thermal systems which would give a sig
nificant reaction. Some field tests are 
completed and further tests should be 
complete within one to two years. Pre
liminary field tests at East Mesa, Cali
fornia, indicate that the reference elec
trode is reliable and rugged. 

Conductivity Cell 

The solution conductivity is a useful 
measurement because it can indicate 
the amount of dissolved solids in a solu
tion or salinity differences from differ
ent aquifers (when used in well logging). 
Continuous monitoring of the conduc-

The Northern Engineer, Vol. 11, No.4 

tivity can indicate when changes occur 
in the plant water chemistry, well flow 
conditions (two-phase flow in the bore 
hole, earthquakes), scale deposition, 
piping leakage, or oxygen entering the 
system. Many of these factors, particu
larly salinity, scaling, and oxygen con
tent, contribute to corrosion and affect 
plant operation; therefore, the corrosion 
and operating engineers find these data 
useful. 

Two- and four-electrode conductivity 
cells are available but are not suitable 
for geothermal and other contaminated 
or scale-producing systems because they 
must make direct contact with the solu
tion to measure its conductivity. Elec
trodeless models do not require electrical 
contact with the solution and will operate 
where scaling is probable. 

The PNL conductivity cell (Fig. 12) 
is the only unit of its kind which is oper
able in the temperature ranges needed 

12(250°C) for geothermal measurements. 
Basically, the probe consists of two to
roidally-wound coils, one driven by a 
pulsing de voltage and the other acting 
as a receiver. The electromagnetic cur
rent from the driven coil is coupled 
through the solution and induces a cur
rent in the receiver coil. Induced current 
is proportional to the solution conduc
tivity. There is an air gap between the 

spool and support ring of about 0.0004 
inch, which prevents the electromagnetic 
current in the driver coil from coupling 
through the cage of the probe into the 
receiver coil and acting as a short circuit 
to the solution conduction path. The 
electronics associated with the probe are 
available from commercial manufacturers. 

The peak voltage response of the to
roidal coil is independent of tempera
ture so any change in output will be due 
to changes in solution conductivity. 
Initially, ferrite toroids were used, but 
their curie point, the temperature at 
which the magnetic properties changed 
rapidly, was about 240°C, too low for 
this project. Tap core toroids were tested, 
found to have a curie point above 250°C, 
and are now used in all probes. Recent 
PN L efforts have been devoted to solving 
seal problems, assessing temperature prop
erties of the coils, and determining the 
device's accuracy and reliability for 
measuring high temperature conductivi
ties. 

These devices were tested at East 
Mesa, California, in 1976 and 1979. The 
early tests showed that seal improvements 
were required and the results of the latest 
field tests 	are still being evaluated. Pre
liminary indications are that the conduc
tivity cell worked well and reproducible 
data were obtained. 

Figure 12. High-pressure, high-temperature electrodeless conductivity cell. 
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Scaling Rate Meter 

Scale formation can seriously decrease 
the power generating capability of geo
thermal plants. Scale can also reduce the 
usefulness of geothermal energy for 
space heating and other purposes as well 
as producing locations where crevice or 
related corrosion can occur. The scaling 
rate meter monitors the decrease in heat 
transfer capability because of scale and 
fouling on heat transfer surfaces and can 
be used to predict cleaning frequency and 
materials life in geothermal environments. 

PNL has devised a scaling rate meter 
based on principles studied in the Ocean 
Thermal Energy Conversion Program. 
Figures 13 and 14 show the preliminary 
design. This meter is basically a heat 
exchanger in which the heat is transferred 
from the internal flowing fluid through a 
metal shell to a cooling fluid. Because 
the device is designed to very close toler
ance and the method of measurement is 
the thermal difference between two points 
in the metal, it provides a very accurate 
measurement of fouling. 

The scaling rate meter has not been 
built or tested yet, but we hope that a 
prototype model will be available for 
testing in the near future. It would have 
to be used external to a heat exchanger 
in a bypass system. It probably will be 
able to measure scale thickness of 1 mil 
or less; scales this thick produce losses 
in heat transfer capability in geothermal 
systems on the order of 10% or more. 

CONTRACTED DEVELOPMENTS 

Four sensors and a new class of sensing 
elements called Chemically Sensitive Semi
conductor Devices (CSSDs) are being de
veloped on contracts with industrial or-

COOLANT 

CHANNEL 


Figure 14. 	 Thermocouple locations scal
ing rate meter (SRM). 

ganizations and universities. The follow
ing subsections will discuss each of these 
sensors. The need for each sensor was 
identified in the NMAB report and pri
oritized relative to the program require
ments. 

pH Electrode 

The most important variable measured 
in water chemistry is pH, the relative 
acidity or alkalinity. Changes in pH affect 
corrosion, scaling, gas formation, and the 
activity of ionic species. Corrosion en
gineers use in situ and other pH measure
ments to help them evaluate construc
tion materials and predict materials per
formance in operating equipment. High 
temperature glass pH electrodes are being 
developed under contract with Owens
Illinois at Toledo, Ohio, and with Leeds 
and Northrup, Inc. at North Wales, Penn
sylvania. Conventional technology is 
being extended to provide devices to op
erate in geothermal systems, with a min
imum temperature of 250°C and 5000 
psi pressure. In addition, the electrode is 
to be relatively free of interferences from 

Figure 13. Proposed scaling rate meter. 
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ionic species within the geothermal fluid, 
be designed to withstand hazards (fluid 
hazards, rocks, etc.) for a reasonable time, 
and be compatible with a variety of elec
trical transmission systems. 

Contractors have completed the design 
phase of each project and are proceeding 
with laboratory testing. Their designs are 
shown in Figures 15 and 16. 13•14 Tests 
completed show that the electrodes can 
survive in the geothermal environment at 
the temperatures specified, but additional 
work is required to determine whether 
the electrodes respond in geothermal 
fluids and can withstand operating pres
sures and pressure fluctuations. Results to 
date are encouraging. 

Once the laboratory tests are completed 
the electrodes will be tested in the field. 
The electronics for downhole use are 
being developed at Sandia Laboratory. 
Their program is to develop electronics 
operable at 250°C and 5000 psi, which 
can be used to amplify signals from flow 
meters, pressure sensing devices, tempera
ture sensors, and electrochemical sensors 
so that interferences in the measurement 
are minimized. Sandia personnel are con
sidering simply converting sensor output 
to a digital signal and transmitting this 
signal to the surface where it can be 
measured. 

C02 Sensor 

Carbon dioxide is present in all geo
thermal fluids. When pressures decrease, 
carbon dioxide gas is produced, resulting 
in scaling, pH change and corrosion. In 
addition, C0 2 emission can cause severe 
loss in turbine and heat exchanger per
formance unless properly controlled. Cor
rosion engineers and plant operators need 
these data to choose construction materi
als properly, to evaluate equipment life 
and performance, and to predict upset 
conditions during operations. Leeds and 
Northrup, Inc. is developing a C02 
sensor; a conceptual sketch is shown in 
Figure 17. 

A Stowe-Severinghouse type C02 elec
trode is being considered for this applica
tion. This electrochemical approach uses 
a carefully designed pH and reference 
electrode combination to compensate for 
H2S interference. The technology required 
to develop this system is closely related 
to that required to measure C02 in more 
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moderate applications. The electrode will 
be encased in a rugged, chemically-re
sistant Kryton body with a sealed, non
refillable, long-lasting KCI gel diffusion 
reference electrode and a central measur
ing electrode. It must make accurate, 
continuous measurements in the presence 
of high potential gradients, streaming 
potentials or high solution currents. The 
electrode design is not complete, but lab
oratory testing should begin in early 1980, 
with field tests in late 1980. If all goes 
well the electrode should be commercially 
available shortly after the field testing 
program is completed. 

Sulfide Ion Electrode 

The third most important chemical 
component in geothermal fluids is dis
solved sulfide. This component plays a 
significant role in sulfide scaling, con
tributes to corrosion, and poses environ
mental hazards if it is released into sur
face waters or the atmosphere. In addi
tion, sulfide content may need to be con
sidered in making other measurements. 
Beckman Instruments of Anaheim, Cali
fornia, is developing this electrode (Fig. 
18). They have chosen silver mixed with 
silver sulfide powder for the sensor ele
ment; similar elements have been used to 
measure sulfide concentration in the 
laboratory and in other low-temperature 
environments. There has been little or no 
application or design experience with 
sulfide ion sensors at the high tempera
tures and pressures of geothermal wells. 

Design work on this electrode is com
pleted. Laboratory testing begins in early 
1980 and should be complete by late 
1980 when the electrode will be field 
tested. This electrode also could be avaii
able commercially by late 1980. 

Chemically Sensitive 
Semiconductor Devices 

CSSDs are a new and considerably 
more rugged class of devices for measur
ing the chemical properties of geothermal 
fluids. These devices will be small, possibly 
no larger than the ordinary chip used in 
hand calculators, could be incorporated 
into a variety of configurations for both 
above-surface and downhole measure
ments, and may be more versatile, provide 
more data and be less costly than com
mon sensors used today. The additional 
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INSULATION (TEFLON) STEM GLASS 

COPPER WIRE POTTING 

WELD JOINT pH GLASS 
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STEM GLASS *SEAL-4 

6SILVER WIRE WASHER 

Figure 15- Leeds & Northrup pH electrode. 
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Figure 16. Owens Illinois pH electrode. 
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Figure 17. Preliminary conceptual design, H2S compensated pCo2 sensor. 

data should help to identify the more digital mode for simple data transmission. 
subtle nuances of solution chemistry While they have obvious advantages, 
affecting materials performance. CSSDs they need considerable research and de
can also be designed to operate in the velopment before they can be used widely 
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Figure 18. Sulfide ion sensor prototype design. 

for field measurement of pH, pC0 ,
2

calcium, sulfide ion and other chemical 
species. 

Work is just starting to develop these 
unique devices for geothermal use at the 
University of Pennsylvania. The basic 
configuration for a CSSD is shown in 
Figure 19; Figure 20 shows a block dia
gram for required circuitry and electronic 
components. Notice that CSSDs also re
quire a reference electrode. Other elec
tronics include a power supply, phase 
change detector, and other minor com
ponents. A multipurpose CSSD could be 
constructed in a fashion similar to that 
used in fabricating calculator chips. 
Because of the large effort required to 
complete the research and development, 
we would not expect these devices to 
enter the market before 1982. When avail
able they could provide an accurate, re· 
liable, and convenient means of measur
ing several ionic species in situ in geo
thermal brines and other systems. 

Densitometer 

Density measurements could provide 
valuable data for operators and corrosion 
engineers on phase changes and changes 
in brine composition in geothermal sys

terns. Unwanted phase change can cause 
erosion and corrosion at interfaces where 
the phase change occurs. Work on a densi
tometer is not expected to start until 
1981 when a Request for Proposal will 
be issued for its development; the device 
requirements will be specified at that 
time. Several concepts have been dis
cussed, including the use of gamma radia
tion or ultrasonics to measure the fluid 
density and detect phase changes. While 
the measurement of these characteristics 
is desirable, to provide the location of 
gas release or flashing, they will not dis

place the need for the chemical sensing 
devices. 

FIELD TESTING 

All devices successfully tested in the 
laboratory are expected to be field tested 
above ground in plant systems, or below 
ground in wells, as described below. 

In-Plant Tests 

We plan to test the chemical sensors 
at the Magma Corporation 1 0 MW geo
thermal power plant under construction 
at East Mesa, California. Pipe taps and 
bypasses, etc., have been incorporated 
into the piping and other equipment at 
appropriate locations for inserting the 
devices into the brine. In a concurrent 
program, corrosion studies will follow 
the effect of the brine from the beginning 
of operation for at least two years. In 
addition, there will be an intensive mater
ials evaluation program to ascertain the 
suitability of a variety of metals and 

other materials for geothermal use. 


The program should provide consider
able background and new information 
on materials performance and the corres
ponding chemistry of brines used in 
power production. Because the devices 
will be thoroughly field tested, their 
reliability should be very high. 

Additional efforts are in progress to 
test the devices at other sites such as the 
Oregon State Institute of Technology at 
Klamath Falls. Niland and the Geysers in 
California, Pilgrim Springs in Alaska, and 
others in Colorado, Utah, and Alaska are 
also being considered. 

Figure 19. Basic configuration for CSSD, Chemically Sensitive Semiconductor Device. 
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Downhole Test Program 

Downhole tests are being planned in 
Colorado, Utah, California, Alaska, and 
Hawaii, but before these tests can be 
made, the downhole probe (tool) contain
ing the sensors and accompanying elec
tronics must be developed. Sandia Lab
oratories at Albuquerque, New Mexico, is 
developing electronic components for 
converting the analog signal from the 

electrochemical sensors to a digital sig
nal, so data representing system tempera
ture and pressure can be transmitted to 
the surface. Field testing will begin as 
soon as these tools are available, we hope 
by the mid-1980s, at one or more sites in 
the continental United States. Because of 
the costs, we will attempt to piggyback 
as much of this testing as possible in 
work under way in other organizations. 

SUMMARY 

DOE and PNL have a methodology 
and plan for providing electrochemical 
sensors for geothermal use. Some of these 
prototype sensors are now in laboratory 
testing and soon will be field tested. In 
addition, new sensor concepts have been 
evaluated, research is beginning to pro
vide the data necessary for their manu
facture, and we anticipate that some will 
reach the market by 1982. 

These high temperature sensors will 
provide the corrosion engineer and plant 
operator with a new set of tools for identi
fying, evaluating, and reducing the ad
verse effects of harsh environments. 
Though these devices are being developed 
for geothermal systems, they have appli
cations in other process equipment as 
well, such as petroleum production re
fining, nuclear reactor power plants, 

Figure 20. 	 A circuitry and equipment 
block diagram for Chemically 
Sensitive Semiconductor De

vices. 

chemical processing, pulp and paper pro
duction, and many others. In particular, 
the chemically sensitive semiconductor 
devices offer a means of monitoring a 
wide range of chemical species and identi
fying synergistic ionic effects which ac
celerate corrosion, or otherwise alter the 
performance characteristics of materials 

and processes. 
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by Lyman L. Woodman 

CLEANING UP AFTER A WAR 


Abandoned Pacific huts of World War II, Amchitka Island, 1969. In June of 1945, 1,873 of these 
huts were in use on this island. (Photograph by the author. All other photographs in this article are 
courtesy of the U.S. Army.) 

On Alaska's Aleutian Islands, that 
rather wild necklace of geograpliy stretch
ing westward toward Siberia, lies a clut
ter of deteriorating World War II remains. 
All this debris on the landscape is the 
weatherbeaten, vandalized, and cannibal
ized aftermath of the frantic scramble, 
more than three decades ago, to defend 
Alaska and to develop airfields from which 
the Army's 11th Air Force could attack 
Japanese islands. 

A report now being reviewed in Wash
ington addresses this unusual problem: 
cleanup of World War II debris in the 
Aleutians. That work could benefit people 
in a sparsely populated and remote sector 
of America; it would impact directly on 
the environment and wildlife; and it in
volves a lot of money. But should it be 
done at all - and if so, how should it be 
done in the best interest of the public? 

The pros and cons are detailed in the 
recently completed Draft Environmental 
Impact Statement (DEIS), "Aleutian Is
lands and Lower Alaska Peninsula Debris 
Removal and Cleanup." Prepared by Tetra 
Tech, Inc., of Pasadena, under a contract 

from the Alaska District, Army Corps of 
Engineers, the document responds to a 
Congressional directive to the Corps to 
investigate the impact of a cleanup project. 
The DEIS is a 270-page compilation of 
many diverse and interrelated facts and 
figures and much historical information; 
it may well become a valuable resource 
document on the Aleutians. 

HISTORY'S TRASH 

The catch-all word "debris" covers 
such things as the deteriorated, wind
wracked remains of wooden barracks and 
thousands of Quonset and Pacific huts; 
messhalls; power plants and their rusted 
machinery; garages and workshops; ware
houses; gun emplacements; radio and 
weather station buildings; hospitals; gym
nasiums; a battered chapel; fuel depots; 
ammunition magazines and bomb dumps; 
and hangers and runways. The term in
cludes also wrecks of vehicles and heavy 
equipment; communications cables and 
poles, pipelines, pierced steel aircraft land
ing matting, live and detonated ordnance, 

barbed wire, aircraft wrecks, antisubma
rine nets, fuel tanks, bedsprings, reinforced 
concrete bunkers and foundations, and of 
course 55-gallon steel drums. 

Hundreds of millions of dollars were 
spent on World War II military installa
tions in Alaska, mostly in the Aleutians 
during 1941-45. The work was done under 
the exigencies of war, cost-be-damned, 
the only goal then being to prevent the 
enemy from conquering and occupying 
this part of America. Under the circum
stances little heed was paid to protection 
of the environment. As one veteran has 
put it, 'When attacks threaten, dig any
place, and quickly." There was a tremen
dous amount of digging, filling, and con
struction along the Chain. 

As the threat to Alaska declined after 
the Battle of Attu and Japanese evacuation 
of Kiska, thousands of military left for 
other battlegrounds. When the conflict 
was over, many of the trappings of war 
were left behind as being uneconomical 
to dismantle, remove, or relocate. When 
the troops left there was no manpower to 
handle these leftovers. 
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U.S. and Canadian troops landing on 
Kiska Island, August 1943. 

Japanese bombing of Fort Mears, 
Dutch Harbor, Alaska, June 3, 1942. 

Army tractor "gassing up" at fueling 
station near Massacre Bay, Attu Island, 
May 1943. 

The Northern Engineer, Vol. 11, No.4 17 



... CIO
 

..;,. 
.,,

. 
.....

 
.... 

.... 
.... 

..,. 
.... 

..,. 
.... 

.... 
.... 

.,...
an

• 

B
E

R
IN

G
 

S
E

A
... 

P
O

II
T

H
E

I'
;!

!'
N

./
 

. 
~
 

.,.
 

N
 

S 
U

 
L

 
I'

 

A
 

l 
E

 
u 

T
 

A
 

N
 

s 
l 

A
 

N
 

D
 

s 

S
E

G
U

A
.M

 I
, 

E
I
~
G
O
S
L
O
F
 I

. 
C

A
N

: 
IA

R
IC

H
E

F
 

a 
IS

L
A

N
D

S
 O

F 
F

O
U

R
 M

O
IJ

I\I
T

A
IN

S
 

D
U

T
C

H
 H

A
R

e
O

II
IA

II
A

K
N

A
K

) 
A.

MU
~T

P
. 

I.
 

0 
...

...
.. 

~
 

FT
 M

E
A

II
I)

 ;
?

 

...

,.
..

... 
0 

° 
c;

:::
) 

0 
0 

..
-

C
F

T
.G

L
E

-1
 

~ 
~
~
 

IA
M

)I
'O

IN
T

 

Y
U

N
A

S
K

A
I,

 
oa

v 
<1
~~
-

~
if-

•=
 

U
N

G
A

I.
 
~
 

_ 
.
.
.
 

U
M

N
A

K
I.

 


N
IK

O
U

IU
 


SA
NA

K~
:T

ON
 

ur
P;

,.o
l._

F
O

X
 

IS
L

A
N

D
S

 

S
H

U
M

A
G

IN
 

IS
L

A
N

D
S

 ~
 

P
A

C
IF

IC
 

O
C

E
A

N
 

c:>
 (

j 
O

s
,M

E
O

N
O

F
" 

1 

.,.. 
,.,..

 
.... 

.... 
.... 

.... 
.... 

.... 
I 

.,,
. 

.... 
.... 

.... 
.... 

.._.. 
.,.

. 
..,,. 

,.,..
. 

..,.. 
.;.• 

.~
· 

.... 
.,.. 

11
1°

 
1;

4•
 

...
·-· 

~
T
~
I
.
 

L
E

G
E

N
D

lv-
-.T

TU
 I

II
Z

IU
-A

L
A

IO
 

A
L

A
II

.:
;;

,.
,.
_

_
A

 
• 

PR
IM

A
R

Y
 C

L
E

A
N

U
P 

8
1

T
H

 

N
IL

K
I 
-
=
~
:
:
.
-

• 
SE

C
O

N
D

A
R

Y
 C

L
E

A
N

W
 l
iT

H
 

A
G
A
T
~
 

B
E

R
IN

G
 

S
E

A
MA

TTU
 

N
E

A
R

 
IS

L
A

N
D

S
... 

.u
L

II
II

I 
... 

~
D
U
L
O
I
R
I
.
 

A
 

l 
E

 
u 

T
 

A
 

N
 

s 
l 

A
 

N
 

D
 

s 

~
~
~
0
 

S
E

M
IS

O
P

O
C

H
N

O
I 

I
~

..
··

o 
R

A
T

 
"~.!

,. 
IS

L
A

N
D

S
 
~
 

. 
T

A
N

A
G

A
 1

 
G

R
E

A
T

 S
IT

K
IN

 
G

II
E

A
T

II
T

K
IN

... 
AMC

HIT
K~I

. 
--

G
A

R
E

L
O

II
O

 
~

K
A

N
A

G
A

I.
 

~
 

• 
~

A
T

K
A

 
... 

:;
!.

 
'b

~ 
A

T
K

A
I 
~
 

A
II

C
H

IT
K

A
 

«!
G

L
IU

G
A

 T
M

M
A

 
ltA

N
A

C
IA

r 
A

O
M

 
~
 • 
~

-
A

M
L

IA
 1

-1
 .. 

;4
/h

~
 

~
 

• 
A

D
A

K
 1

• 

z 
0 

0 
Q

 
A

N
O

R
E

A
N

O
F

 
IS

L
A

N
D

S
 

I 
IN

IT
A

T
U

T
E

M
IL

E
I 

• 

:::1


0 
IN

 K
IL

O
II

IT
E

R
I 

• 
~
 

,,. 
.....

 
,,,

. 
,.,

. 
.,.. 

,,.
 

.... 
,,.

 
n

a•
 

,.,. 
..,.. 

n
s•

 
n•

• 
.,,

.
~
 

:I
 m
 

:I ... :;·
 ~ 

P
ro

po
se

d 
si

te
s 

fo
r 

cl
ea

nu
p 

o
f 

W
or

ld
 W

ar
 I

I 
de

br
is

. 
<

 
~
 z 0 ~
 



A number of years ago a private firm 
attempted a minor salvage operation; the 
cost and the transportation headaches en
countered made it unattractive to con
tinue. 

Widespread growing concern for pro
tecting the environment and wildlife, and 
for correcting conditions that injure or 
threaten them, has generated interest in 
the undesirable eyesores and sometimes 
hazardous junk in this area of Alaska. A 
result of this concern has been two as
signments from Congress to the Corps of 
Engineers to examine the situation. 

An "inventory" of debris in the 
Aleutians appeared in a study which the 
Alaska District submitted to Congress in 
1977. That document identified things 
remaining from the war, locations, and 
proposed methods of demolition, removal, 
and disposal. There would be no dumping 
at sea or removal by barge; items not 
burnable would be reduced to manageable 
size and taken to disposal sites (borrow 
pits, quarries, etc.) for burial, and the sites 
would be graded over and seeded. The 
present DE IS is a follow-up of that study, 
emphasizing the impact associated with 
cleanup of the "inventory." 

In the DE IS, 14 "primary targets" are 
listed: Port Heiden and Cold Bay (Fort 
Randall) on the Peninsula, Amaknak 
(Dutch Harbor). Unalaska (Fort Mears), 
Chernofski Bay, Umnak (Fort Glenn). 
Nikolski, Atka, Adak, Amchitka, Kiska 
and Little Kiska, Shemya, and Attu. These 
are in areas that are populated or visited 
and have substantial debris, some of it 
hazardous. 

One form of hazard is airborne debris. 
Robert Oenbrink, Aleutian Study Project 
Manager for the Alaska District, recalls 
his visit on Great Sitkin Island when he 
had to duck into a wartime hanger to get 
out of the wind. "For a while there were 
planks, sheets of steel from old Ouonsets, 
and pieces of plasterboard flying through 
the air, heading south. A few minutes 
later it all came back as the wind reversed 
direction." 

The strong and frequent Aleutian winds 
have produced many stories. Another 
comes from the history of the 18th En
gineer Combat Regiment on Adak Island. 
A diary entry reads: "April 7, 1943 was 
the Day of the Big Wind. At breakfast 

Crumbling dock in the Aleutians. 

World War II vehicle in abandoned garage. 

Derelict steam shovel, Umnak Island. 

The Northern Engineer, Vol. 11, No.4 19 



Army units landing on Shemya Island, 
1943. 

Left: Housing area, Adak, 1944-45. 

Below: Amchitka supply dump, 1943. 
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a man emerging from the mess tent with 
hotcakes in his messkit saw them take off 
and gain altitude." 

Another 14 locations have second pri
ority in this project. These are Port Moiler, 
Sand Point, Caton, Amak, Cape Sarichef, 
Scotch Cap, Great Sitkin, Kanaga, Tanaga, 
Ogliuga, Buldir, Nizki-Aiaid, Agattu, and 
Semisopochnoi (at 52°N, 179.35°E, the 
easternmost place in the United States). 

The Tetra Tech report concentrated 
on environmental damages; air, water, 
ground, and noise pollution; safety haz
ards; erosion; military history; past and 
future disturbance of archeological sites; 
and socioeconomic involvements. Both 
positive and negative impacts are de
scribed. 

The team of Tetra Tech scientists and 
professionals discussed the area's geology, 
climate, water quality, biology, archeology 
and history, and land use (Federal, State, 
and private). It noted also the effects of 
the Alaska Native Claims Settlement Act 
in the project area, identifying the various 
native village corporations, the five incor
porated municipalities (Unalaska being 
the largest), and the self-governing villages. 

It is not the function of an EIS to rec
ommend a course of action. Rather, it 
discusses the problem or situation and de
scribes the effect, the impact resulting 
from work done in various ways, or the 
result if no action at all is taken. It is ap
parent from the Statement, however, that 
at least a partial cure to the debris and 
derelict conditions is called for in the in
terest of human safety, pollution control, 
and the general well-being of the environ-

World War II naval shell, Attu Island. 

Gasoline barrel, Attu. 

ment and wildlife. Any action has both 

advantages and disadvantages and any ac

tion will cost millions. 


CLEANUP POSSIBILITIES 

The DEIS suggests three cleanup pos
sibilities: total, alternate, and minimum. 
These levels of effort differ with respect 
to the sites affected, the logistics involved, 
the estimated labor required, materials 
and equipment, conditions encountered, 
and costs. 

Total cleanup would restore all 28 sites 
to their prewar condition. This effort 
would eliminate roads and airstrips, fill 
excavations, and remove concrete struc
tures and foundations. The use of heavy 
equipment to do this would be limited 
to areas within existing road networks; 
remote areas would be cleared by hand. 
Total restoration may take 37,590 man
days of direct labor and cost about $145 
million. The gains attributable to this ef
fort are questionable in view of the cost 
and expected severity of adverse impacts 
to soil, vegetation, wildlife, and sites of 

Pierced steel planking 

potential archeological or historical im
portance. 

An alternate or intermediate level of 
cleanup effort could cost around $98 mil
lion, requiring 24,260 man-days of direct 
labor. It would reduce the adverse impacts 
while providing much human and environ
mental benefit at considerable savings 
over total cleanup. It would emphasize 
removal of pollutants and safety hazards 
and dispose of most major debris concen
trations, affecting 14 of the original 28 
proposed cleanup sites. More than 6,100 
Quonset and Pacific huts, 2,100 wood 
frame buildings, 20,000 POL (petroleum, 
oil, lubricants) drums, and much scattered 
debris would be removed and buried. 
Where situated within existing road net
works of the 14 sites, heavy or difficult 
remains such as concrete structures, ve
hicles, supply depots, and obsolete fuel 
and water supply systems would be dis
posed of. Debris in remote locations would 
not be affected. 

This alternate level of effort would re
move almost all hazardous and polluting 
debris near existing human populations 
and achieve major aesthetic improvements. 
Derelict structures which impede imple
mentation of development plans (as at 
Unalaska) would be cleared, making build
able land available. Disturbances to vege
tation and wildlife would be confined 
mostly to areas where human activities al
ready occur and to roads which are, for 
the most part, already used by local resi
dents. 

Minimum cleanup would remove haz
ardous and polluting debris from 10 in-

for aircraft landing strips, now weed
choked and abandoned. 
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Amchitka Island debris. 

Japanese gun, Shemya Island, 1975 . 

.. 

Abandoned World War II build
ing, Unalaska, 1977. 
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An old plane wing and other debris clutter both sides of a road at Cold Bay. 

habited areas. It would occur in the im
mediate vicinity of human habitation, re
moving safety hazards such as undetonated 
ordnance or structures in imminent dan
ger of collapse, polluting materials such as 
leaking POL drums, and easily retrievable 
light debris such as sheet metal sections 
and lumber capable of becoming wind
borne at high velocity during storms. AI· 
most no aesthetic improvement would be 
achieved in this operation, but it would 
significantly contribute to human safety. 
Minimum cleanup would cost approxi
mately $28 million and require about 
3,272 man-days of direct labor. 

The additional alternative of taking no 
action at all recognizes the likelihood that 
over a very long period of time- 100 years 
or more - most visible evidence of World 
War II military operations will disappear. 
In this case, however, certain safety and 
pollution hazards attributable to World 
War II debris would persist and, in some 
places, intensify. In populated areas, wind
borne debris creates a serious safety risk 
during storms, and this problem may in
crease with time as structures continue 
to deteriorate. Much of the debris, Tetra 
Tech points out, has reached a point at 

further deterioration will begin 
accelerate, producing even more severe 

1m1Jacrs relating to human safety and pol
on. 

The process of deterioration is too slow 
some people. Bob "Sea Otter" Jones, 

o lived on the Chain for years as a rep-
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resentative of the U.S. Fish & Wildlife 
Service, had a particular antipathy for a 
structure on Agattu Island. "That little 
island is one of the better ones from the 
ecological view," says Jones. "It had only 
one monument to the war, but it was big 
and it offended me. It was a tall commun
ications tower at Cape Sabak that simply 
wasn't in harmony with the landscape. I 
wanted to knock it off the cliff into the 
ocean. Trouble was, it was big, made of 
heavy steel angle iron, and they wouldn't 
give me enough dynamite to let me clean 
up my pretty island." 

In the DEIS Appendices are 51 letters 
from various governmental agencies, other 
organizations, and individuals carrying 
suggestions, counsel, and offers of assis
tance and advice aimed at making any 
cleanup a proper operation. The corres
pondence stressed the need to involve 
archeologists and historians at various 
places and stages of activity. Those letters 
resulted from Tetra Tech's wide distribu
tion of notices of the impending study 
and invitations to submit information and 
comments. 

The 960-page Appendices contain a 
lengthy bibliography and detailed ac
counts of geology, climate, water quality, 
biology, land use, archeology and history, 
and socioeconomics. In the 180 pages de
voted to the last subject alone, the popu
lation of military members and their de
pendents in the area is spelled out, and 
much information is given concerning 
the 3,200 permanent nonmilitary-related 

residents, many of whom might become 

employees in a cleanup program. 


By mid-November 1979, the Corps 
Alaska District was awaiting results of 
departmental and State reviews of the 
DEIS. A Final EIS will follow, and addi
tional public comments will be invited. 

* * * * 

Lyman L. Woodman is the Public 
Affairs Officer for the Alaska District, 
Corps of Engineers. 

World War II debris, Umnak Island, 1977. 
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by Carol E. Lewis 

Alternate Uses of Tree and 
Moss Cover on Agricultur 

There may be benefits from burning 


A typical black spruce stand in interior Alaska. In the Delta-Clearwater area, 

approximately 90% of the forest is black spruce. 

INTRODUCTION 

On August 5, 1978, 60,680 acres of 
agricultural land in the Delta-Clearwater 
area of interior Alaska were sold, by lot· 
tery, to 22 farmers. By 1980, one·half 
of this acreage is projected to be pro· 
ducing small grain crops. Full production 
is planned for 1983. Additionally, the 
state has proposed to release 140,000 
more acres in the Delta-Clearwater area 
between 1980 and 1990. Preparing the 
land for production will require clearing 
native vegetation, largely a tree cover of 
black spruce and aspen with occasional 
white spruce, and a forest floor cover of 

1 
moss up to 14 inches deep. The tradi· 
tiona! method of clearing involves knock· 

ing down the trees, shearing off the moss, 
piling debris into berm rows, and burning 

the residue. 
Some people regard burning the resi· 

due as a wasteful use of a resource, and 
alternative uses of the native vegetative 
cover have been proposed. These include 
fuel wood from the tree cover, and pressed 
products either for providing energy, such 
as fuel pellets, or for building materials, 
such as pressboard. These alternatives to 
burning would appear quite attractive if 
an apparent goal is to maximize the use 
of resources from Alaska lands. However, 
before burning is discarded as wasteful, 
we must consider its value in terms of 
nutrients released to the soil which would 
not be available if the ground cover were 

not burned. 

When alternatives for the use of a re· 
source are suggested, all possible efforts 
should be made to optimize its value. The 
usual method is by calculating the cost of 
getting the product into the market, 
determining the market price, and calcu
lating the net return. Production costs for 
products manufactured from clearing resi· 
due have not been quantified for interior 
Alaska. However, market values are avail· 
able for a limited number of such products. 
Therefore, to compare potential products 
which might be obtained from clearing 
residues, the market value of the product 
or a replacement product will be used. 
This type of analysis does not indicate 
the net return to the producer, but it 
does indicate the gross value of the prod· 
uct and the dollars which could flow into 

The Northern Engineer, Vol. 11, No. 
24 



ands in Interior Alaska 


the Alaskan marketplace. The ultimate 
choice of products to be produced will be 
left with the prospective entrepreneurs 
who must consider net returns. 

Three end products which could be 
manufactured from clearing debris will be 
considered: nutrients for agricultural pro· 
duction, cords of fuel wood, and pressed 
fireplace logs. These products were 
chosen because they either are readily 
available in the interior Alaska market· 
place or will be required for agricultural 

QUANTITY OF THE RESOURCE 

Although the vegetative cover in the 
Delta-Clearwater area contains some aspen 

TABLE 1 


Tonnages of Material Available in Black Spruce and Moss Cover 


Material 

Forest Floor 
Total Treesb 
Total Available (Trees & Floor) 

Dry Weight (Tons/Acre)a 

32.9 +/- 7.6 
3.32 
38.0 +/- 7.6 

aTonnage estimates are an average of eight forest sites in interior Alaska. Weights 

bTog::~~r::e :;Je~~s~t~::::~mfir:: ~~ ~v~: ~;~~;;_:~
0

~v:~:g~~~sft~~: ~~~~~~-ree. 
The average material available from the tree boles alone is 1 .15 tons per acre. 

and white spruce, approximately 90% of 
the forest is black spruce. Table 1 indi
cates the tonnage per acre in the forest 
floor, whole trees and tree boles for inter
ior Alaska black spruce forests. 2•3 ,4 

This farm in the Delta-Clearwater area shows how native vegetation was cleared to 
allow for agricultural development. 
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QUALITY 

The quality of the biomass in a black 
spruce forest was determined by 1) the 
amount of nutrients released after burning, 
and 2) the caloric content of the tree 
boles. Nutrient values for black spruce 
and the forest floor have been com

5 6
piled. • Table 2 shows the major nutri
ents available after burning black spruce 
stands. The values are the maximum avail
able if all the material is incinerated. lni· 
tial estimates of wood energy content for 
black spruce indicate that the wood in 
these forests will yield roughly one-half 
that which can be expected from a white 
spruce forest on a per acre basis. White 
spruce will yield an average of 1,183.8 x 

6
10 BTU/acre in a one-time cut while 
black spruce will yield 507.1 x 106 BTU/ 
acre? These estimates are for the whole 
trees. If only the tree boles are used, as 
would be the case for cord wood, an aver
age of 175.7 x 106 BTU/acre could be 
expected for black spruce. This assumes 
the energy distribution is the same for all 
portions of the tree and 34.5% average is 
in the tree bole (see Table 1, footnote b). 
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PRODUCT VALUE 

The market value of the three products 
to be considered can be obtained from 
current market prices. The quantity avail· 
able per acre can be obtained from the 
tonnage estimates. With this information, 
we can calculate an estimated product 
flow into the marketplace at an anticipated 
price now accepted by the consumer. 

Nutrient Value 

Nitrogen, phosphate, and potassium 

which would be available if clearing de· 

bris were burned would directly benefit 

the farmer who would otherwise purchase 

fertilizer and apply it before cultivating 

the ground for sowing the first crop. There· 

fore, the product value will include both 

the purchase price of the fertilizer and 

the cost of application. Based on 1979 

fertilizer price averages in Fairbanks and 

Delta Junction8•9 and the cost of appli· 

cation for farms 2,000 to 3,000 acres in 

size,10 the value of the nutrient released 

by burning was calculated and is shown in 

Table 3. 
The available nutrients shown in Table 

3 will not satisfy the total requirement 
for producing crops on new lands. AI· 
though nutrient requirements will vary by 
crop, additional nitrogen will have to 
be applied each year a crop is grown. The 
nutrients released by burning, on the 
other hand, will provide a carryover level 
of phosphates (P) and potassium (K). thus 
reducing the application requirement of 
these elements at least in the first few 
years of crop production. 

Fuel Wood Value 

The value of the BTUs obtained from 
fuel wood can be calculated by first de· 
termining the annual heating requirement 
for an average home in Fairbanks. A fig· 
ure typically used is based on the con· 
sumption of 1,000 gallons of # 2 fuel oil 
containing 137,249 BTU/gallon, an aver· 
age of Venezuelan and mid-continent 
cracked distillate~ 1 to heat a 1,500 to 
1,800 ft2 home. 1 This implies an annual 
requirement of 96,074,300 BTUs if the 
oil burner efficiency is 70%. 

Not all persons may wish to burn wood 
for their total home heating requirement. 

TABLE 2 

Average Distribution of Major Nutrient Elements in the Forest Floor 
and Vegetation of Two Black Spruce near Fairbanks in Interior Alaskaa 

Forest Floor Trees, Shrub, Moss Total 

lbs/acre lbs/acre lbs/acre 

21 137Elemental Phosphorus (P) 116 
47 313Phosphorus Oxide Equivalent (P20 5)b 266 

Fertilizer Equivalent (triple 
105 695super phosphate)c 590 

Elemental Potassium (K) 93 55 148 

Potassium Oxide Equivalent (K2l 112 66 178 

Fertilizer Equivalent (potassium 
sulphate)c 223 131 354 

282 136 418 
1,044 

Elemental Calcium (Ca) 
Calcium Carbonate Equivalent (CaC03)b 705 339 

21 186Elemental Magnesium (Mg) 145 

Magnesium Carbonate Equivalent 
(MgC0 )b 449 71 570 

3

Limestone Equivalent (CaC03 and 


MgC0
3
lc 1,024 410 1,614 

a Adapted from data compiled by Keith Van Cleve, Forest Soils Laboratory, and Frank J. Wooding, 

Agricultural Experiment Station, University of Alaska, Fairbanks. 


bConversion factors: P 0 ;_P_; Kp ;__!5.._; CaC03 ; ~; MgC03 ; ~ 

2 5 0.437 0.83 0.40 0.29 


cTriple super phosphate is 45% P 0 , potassium sulphate is 50% K20.

2 5

TABLE 3 

Product Value of Nutrients Released during Burning 

Value/AcreAmount Available 
lbs/acre 

Nutrient 

Floor TotalTrees Floor Trees 

P (as P o ) 0-45-0 
2 5

590 105 $ 91.57 $16.30@ 15.52/cwt 

K (as K 0) 0-0-50
2 $ 28.18 $16.55@ $12.64/cwt 223 131 

Ca and Mg (as CaC03l 

1,024 410 $104.27 $35.50
Limestone @ $8.66/cwt 

$Fertilizer Applicationa 

TOTAL VALUE/ACRE 

a Includes annual owner costs allocated to the fertilizer operation on percentage of total machine 

time, and annual operating cost per acre in 1979 dollars. 
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Table 4 shows the value of black spruce 
as well as propane, coal and # 2 fuel oil 
to offer a comparison. Wood burner 
efficiencies are highly variable. Forty and 
60 percent were used here for illustration. 

Depending on the efficiency of the 
burner used, the average home would re
quire from 8 to 13 cords of wood annual
ly for heating. A black spruce forest can 
yield from 2.4 to 16.9 cords per acre, an 
average of 9.6. Using the average yield, 
the acreage required to supply this heat 
would range from .83 acres to 1.35 acres 
per year. 

Press Log Value 

Press logs could be manufactured from 
both forest floor and whole tree material. 
Press logs of the type sold in interior 
Alaska are generally not classified as fuel; 
they are used for aesthetic purposes. In 
fact, using such logs in closed wood stoves 
is not recommended. Table 5 indicates 
the amount and market value of press logs 
which could be manufactured from an 
acre of black spruce forest. 

MARKETS 

When market value is considered, press 
logs would appear to be the appropriate 
product choice. As has been indicated, 
however, the calculations presented do 
not consider the cost of manufacturing 
the various products, the cost of bringing 
the products into the marketplace, and 
the size of the market. 

BTUs Available 
Fuel Source per Unit 

Propane a 2.15 X 104/lb 

Bituminous Coalb 2.40 X 107IT 

No.2 Fuel Oilc 1.37 X 105/gal. 

Black Spruced 1 .83 x 10 7/cord 

TABLE 5 

Press Log Quantities and Market 
Values from One Acre of Clearing Debris 

Weight per Case 38 lbs (6 logs) 

Available Material 
Forest Floor 32.9 T /acre 
Total Tree 3.3 T /acre 

Cases per Acre 
Forest Floor 1,731 cases/acre 
Total Tree 174 cases/acre 

Case Price $13.00/casea 

Total Market Value/Acre $24,765 

a Average of Fairbanks stores, November, 1978. 

Both press logs and fuel wood must be 
marketed to persons other than the own
ers of agricultural lands. Table 6 indicates 
the quantity of fuel wood and/or press 
logs which would be available if 140,000 
additional acres were brought into agri
cultural production at the rate of 14,000 
acres per year over a 10-year period. 

Estimates indicate that 10,000 to 
12,000 cords of fuel wood are used an
nually in the Fairbanks area, enough to 
supply 1,028 homes heated totally with 
wood. The supply of fuel wood from 
140,000 acres of agricultural land on a 
one-cut basis, using the average yield of 
9.6 cords per acre, could supply 125,607 
homes. This is 122 times the estimated 
Fairbanks demand. 

TABLE 4 

Values of Selected Fuels for Use in Home Heating 

Annually 640 cases of press logs are 
sold in the Fairbanks area and probably 
no more than 1 ,000 in the whole interior 
region. If the demand pattern is similar 
in Anchorage where the population is 
near 200,000, the market size would be 
between 3,000 and 5,000 cases. The press 
logs manufactured from the tree residue 
alone would supply about 16 million cases, 
approximately 4,000 times the interior 
Alaska demand. Obviously additional 
markets outside the Fairbanks and interior 
Alaska area would have to be found for 
both products. 

CONSIDERATIONS 

A product choice cannot be made with
out a thorough consideration of produc
tion and marketing costs. However, some 
observations can be made from the in
formation presented. The particular case 
of press logs was used to illustrate a major 
concern for anyone wishing to produce 
a wood residue product - the size of the 
market. Press logs from 140,000 acres 
would saturate the Alaska market. It may 
be possible to export the excess. 

Fuel wood may not present as great a 
problem, although markets outside the 
greater Fairbanks area would certainly 
have to be developed. As an example, 
Delta Junction, with a population of ap
proximately 5,000 people, ( 1,250 families 
estimated) could represent a potential 
market. Based on the Fairbanks demand 

Burner 

Efficiency 


70% 

55% 

70% 

40% 

65% 

BTUs Released 
per Unit 

1.5 X 104/lb 

1.3 X 107IT 

9.6 X 104/gal. 

7.32 X 1 06/cord 

11.90 X 1 06/cord 

Units Required Value ofFuel for 
Annually Annual Home Heating 

6,2641bs. $1,503.48 

7.3 ton 374.37 

1,000 gal. 619.00 

13.2 cords 858.00 

8.1 cords 526.50 

:$24.00 per 100 lb. bottle (Samson Hardware, Fairbanks, April, 1979). 
$51.50/T stoker coal in Fairbanks city limits with 2T minimum (Peter's Express, Fairbanks, April, 1979). 

~$.619/gal. in Fairbanks city limits with automatic fill (Peter's Express, Fairbanks, April, 1979). 
Average price of $65.00 in Fairbanks during January and February, 1979. 
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TABLE 6 


Marketable Products Available from 140,000 Acres of Agricultural Land 


Total Potential Production 
from 140,000 Acres 

Annual Potential Productionb 
Each Year for 10 Years 

Household Suppliedc Annually 

Fuel Wood 

Tree Boles 

1.3 x 106 cords 

1.3 x 105 cords 

13,542 

Tree Residue Onlya 

.16 X 1o8 cases 

.16 x 107 cases 

72.5 X 10

Press Logs 

Forest Floor & Tree Residue 

82.58 x 1 o cases 

2.58 x 107 cases 

40.3 X 107 

aTree residue implies boles have been removed, only branches remain. 

b Assumes that 14,000 acres are brought into production each year. 

cBased on an average use of 9.6 cords of wood per household. Press log demand is based on the Fairbanks average of 640 cases per year. Using a popu
lation figure of 36,000 or approximately 10,000 households, each household uses .064 cases per year. 

of approximately 1% of the households 
burning wood, the market would be 50 
families. The rural nature of the commun
ity may increase the demand market 
somewhat. At this rate, 2,511 such mar
kets would have to be developed. The 
market scenerio presented here could 
change if outlying communities could 
economically generate electrical power 
using fuel wood or if the price of fuel oil 
were to increase to make wood burning 
more advantageous. 

From the market point of view, burning 
for nutrient availability would appear to 
be most advantageous. A ready market 
for a necessary product is available. Fur
thermore, no stock-piling requirements 
must be met. As increasing demands are 
made on non-renewable resources such as 
oil, gas and coal, market demand for fuel 
wood may increase. In this case, consid
eration should be given to a dual use of 
agricultural clearing debris. Tree boles 
could be harvested for fuel wood. The re
maining residue could be burned to re· 
lease nutrients for agricultural fertilizers. 
The final choice of product mix, as stated 
earlier, will be left to the entrepreneur 
who will rely heavily on the quantification 
of the production cost (net return) of the 
various products. 
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Carol E. Lewis is Associate Professor 
of Resource Management at the Agricul
tural Experiment Station, University of 
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(Copy) 

U.S.S. Pinta. 4 Rate 
Portage Cove, Chilkoot Inlet. 

Alaska. 
May 31St 1887.!7:: 

It is desirable to ascertain the condition of the trail leading into the interior from 
the head of Taiya inlet, for this purpose you are detailed as the Chief of a party to go 
over the trail and return by the same route. 

The party will consist of yourself as the senior member, Ensign C. P. Plunkett, 
John Blake, Master-at-Arms, and David Sam, Coal Heaver. 

The trip will not be extended beyond the boundary line between Alaska and 
British America and, it is thought, will not consume more than five days. 

Upon the completion of the duty you will return and resume your duties on 
board this vessel. 

You will report to me in writing, in duplicate, the result of the trip together with 
your observations and such opinions as you may desire to express. 

Respectfu II y, 

J. S. Newell. 
Lt Com'dr Com'dg 
Senior Naval Officer 

Present. 

Lieutenant 


A. MCCrackin, U.S.N. 
U.S.S. Pinta. 


A true copy 

Alexander MCCrackin. 

Lieutenant. 

The U.S.S. Pinta in natural dry dock 
at Sitka, Alaska. (This illustration, 
like others accompanying the article, 
is of a slightly later date than McCrackin's 
expedition. Photograph courtesy of the 
Mrs. Rufus Rose Collection, Univer
sity of Alaska Archives, Fairbanks.) 
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Copy 
U.S.S. Pinta, 4th rate. 

Head of Taiya Inlet, Alaska. 
June 2, 1887. 

$anot Chief of the Chilkoot Tribe, make the following statement. 
Mr. Haley wished to take away our road or trail to the Yukon -which my tribe 

does not like- as we made it long ago- and it has always been in my tribe. 
We fixed the road good so that the miners would not get hurt - and Mr. Haley 

is putting sticks or logs on it, so he can get pay for people going in over our trail and 
we do not want to see that. 

When the miners come here I talk kindly to them - but some of them begin to 
swear, and then they say I began the quarrel. 

I always treat the miners kindly and when they do their own packing- I tell them 
that they had better let the Indians do their packing- so the miners will not hurt 
themselves on the trail - and some of the miners tell me that it is not my business, 
which hurts my feelings. 

When the miners treat me right, I will and do treat them as my children. 
I am glad Mr. MCCrackin went over the trail with me - to see our work on the 

trail - and what we did and how we treated the miners. 
Not long ago I was nearly killed by a white man "John" [Wilson], who has since 

gone to Juneau. "John" made Haley's house, and then did packing over the trail. 
My tribe had borrowed lots of money from Haley - and were going to make 

money by packing to repay Mr. Haley. 
We had arranged to pack for some miners when "John" rushed in, and took one 

of the packs, and said he was going to do the packing. 
"John" had been doing lots of packing and I asked him kindly, saluting him at 

the same time, to please not to pack this time - but to let my men do so - so that 
they could get some money to repay Mr. Haley. "John" replied by calling me a "Son 
of a bitch" - and I then called "John" the same name. "John" then rushed and took 
one of the miner's guns and wished to shoot me, when the miners took their gun from 
"John". These miners were very good friends of mine, and they said they were going 
to tell Captain Newell the real facts of the affair. "George" Carmack - and a lot of 
my tribe saw the affair. 

Packers and oxen on the Dyea Trail. 
The packers earned about $18 a day 
at the time this picture was taken. Laden 
animals could go no further than the 
base of the last ascent, a flat ledge called 
The Scales because here all loads were 
weighed again; from that point up to the 
top of the Chilkoot, packers earned 
$1 per pound in the autumn of 1897. 
Oxen such as these were taken over 
the mountains in summer, then slaugh
tered and sold for meat. (Photograph 
from Historical Photograph Collection, 
University of Alaska Archives, Fair
banks.) 
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~he miners go in - I would like them to arrange with me instead of the 
other men of my tribe- so as to save time and misunderstanding- as the Indians 

come to me anyhow as Chief. 

My tribe claims the Winter trail over by the River "Schkat-Ouay". - We have 
three trails to the Yukon, and we claim all of them. 

I do not object to miners doing their own packing, but I hate to see them doing 
work they are not used to. 

I like to see white men such as "George" pack for miners, and have no objection 
to their packing. 

I have no objections to Stick, Chilcat, or any other Indian -or white persons 
packing over our trails - but I and my tribe do object to Haley or any other person 
claiming our trails and monopolizing the packing. 

We used to get all the furs from the Stick Indians- but they now trade with Mr. 
Haley -which ought to satisfy him -without taking our trail. 

I ask ($1Q.oo) ten dollars for a halfpack to pay me for my general supervision 
and responsibility of the packing, as I feel myself bound to see every man and pack 
through safe. 

I never have asked or demanded toll from any person and do not do so. 

(Signed) Claanot his 
Witnesses: X 

(Signed) C.P. Plunkett mark 
Alexander MCCrackin. 

A true copy, 

Alexander MCCrackin, 
Lieutenant. 

"Duplicate" U.S.S. Pinta, 4th rate. 
Schulze Cove, Alaska. 

June 11,1887.Lieut. Com'dr 


John S. Newell. U.S. Navy 

Commanding 


!7:: 
I have the honor to make the following report of the trip over the Chilkoot trail 

leading into the interior from the head of Taiya Inlet, Alaska; which was made in 
obedience to your order of May 31, 1887 - a copy of which is enclosed, marked 
"Exhibit A." 

The party, consisting of Ensign C.P. Plunkett, John Blake (M. at A.), David Sam 
(C. H.), and myself, left the "Pinta" then lying at anchor at the head of Taiya Inlet, 
and reached the Indian village about 3 P.M. on May 31. 

This village is about one mile from salt water, and is situated on the Taiya River; 
it consists of over one hundred tents, brush huts, and log houses; and is inhabited 
during the packing season by the Chilkoots, although there are now in the village a 
few Stick indians who have come out from the interior. 

There are two stores kept by white men - J.J. Healey and George Dickinson 
who both kindly offered us the use of their houses, the hospitality of the latter was 
accepted. 

The Taiya River has several mouths; the delta consists of low sand flats which are 
uncovered at low water, and then extend out for at least one-half mile. 
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Sheep Camp was a flat, dry spot in the trail in 1887, then (as for years previously) the last comfortable camp site 
before the mountains. By the time this picture was taken of Sheep Camp Post Office, the place was occupied by 
1500 people, nearly all transients housed in tents, shacks, and even Polynesian wattle huts, or one of the 15 hutlike 
"hotels". (Photograph courtesy of the Frank Barr Collection, University of Alaska Archives, Fairbanks.) 

Some of the 22,000 stam
peders who made it over 
the Chilkoot Trail to Lake 
Lindemann during the Klon
dike gold rush, a decade 
after McCrackin's expedition. 
Before 1887, only some 200 
prospectors had wandered 
over the pass, unencumbered 
by the Mountie-enforced re
quirement to pack in a ton 
of supplies; that requirement 
meant that it took an average 
of three months for stam
peders to complete the move 
over the pass. (Photograph 
from Historical Photograph 
Collection, University of Alas
ka Archives, Fairbanks.) 
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At high tide the village may be reached by the river, but at low water this is im
practicable for ship's boats. 

The river is navigable for canoes at this stage of water for about six miles above 
the village. 

~n our arrival at the village we found the indians seated in a ring in the open air 
having a council; upon asking for the Chief he left the ring, and was soon followed 

by the others who took part in our talk. They would not start over the trail at once, 
but the second Chief, the future chief - a large handsome boy named Paul - and 
another indian agreed to do so the next morning 

Wednesday, June 1. 

Our party left Dickinson's store at 630 A.M. and reached the junction of the 
Nourse and Taiya Rivers, called the "Forks" or "Canon", at 101§ A.M. where we 
took lunch. 

Distances are approximate, as no two people agree, but the white packer 
Carmack- gives them as below. 

The trail to the Forks, ten miles from the village, is over the level land lying 
between the mountains through which runs the Taiya River. This level land is about 
one mile wide and extends from salt water to the Forks; it has the general appe-arance 
of having been a river bed, and is covered with sand, rocks, and boulders, with oc
casional groves of cottonwood. 

Besides our party, there started from the village about the same time five white 
men and twenty three indian packers -two of the latter being Chimsyans. 

Only two or three indians used canoes; which they poled, not tracked, up stream 
about as fast as the other packers walked. Packing appears to be easier work than 
poling a canoe, but no doubt the prospect of a quicker return trip in the canoe caused 
its use. 

3. la~or expended on the trail as far as the Forks is not great - through the 
cottonwood groves the trees have been felled so as to have a clear smooth path 

about fifteen feet wide; over the old river-bed the path is very stony and nothing more 
has been done than to mark the trail with an occasional stone placed on a boulder. At 
this stage of the river, the Taiya is a shallow, very swift-running stream, winding back and 
forth over the level land - no difficulty was experienced in wading the numerous 
fords, the water at the deepest ford being about thirty inches deep. About a year ago 
a young Englishman was drowned near the Forks, the river was higher then than now, 
and he lost his footing in attempting to wade the river with a pack. 

At the Forks was camped a party of four white men who were doing their own 
packing. They said that the indians did not interfere with them in the slightest degree. 
Each man of this party had to make seven loads, that is, go over the trail thirteen 
times! -so that the incentive to go to the Yukon must be great. 

Mr. James Chapman from Seville, Ohio, who was having his goods packed over, 
told me that he would not pack to the summit for one dollar a pound. Mr. Chapman 
is a very intelligent man, and has already gone over this trail three times; he spent 
winter before last on the Yukon, and went in this spring, but came out again for more 
supplies. He says he has never had any difficulty with the Chilkoot indians; and that 
they earn every cent they ask for packing. He says the indians of the interior are not 
numerous, and that they are a timid race, very much afraid of a white man, and that 
prospectors have nothing to fear from any indians. 

The trail above the Forks follows the general course of the Taiya River (which 
from its source to that point runs through a gorge). going up the mountain side three 
or four hundred feet, then down to the river-bed, then up and down until the "Sheep
camp" is reached. This part of the trail is very much rougher than from salt water to 
the Forks; it is through woods of cypress and hemlock. As the mountains are rock, 
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covered to the depth of three or four inches with moss and with very I ittle soil, the 
trees are very easily blown over, and there is a great deal of fallen timber through 
which a path has been cut. 

A little work has been done by Mr. Healy, who is not working on the trail now, 
but the indians have done the greater part- some of the work being very old. 

Just above the Forks there had been a forest fire, which was started by white 
men. Claanot said the best trail passed through the burnt district, but the fallen 
dead trees had filled it up. 

In the winter the indians follow the river-bed to its source, walking on the ice and 
snow. 

~the Forks at 130 P.M. and reached Sheep-Camp at 530 P.M., the distance 
being seven miles, where we camped for the night, sleeping in Claanot's shelter tent; 

most of the indians slept in the open air, not even taking the trouble to get under a 
tree. 

Sheep-Camp is about thirty feet above the Taiya, which is nothing but a creek at 
this point. 

Claanot here keeps snow-shoes and a small supply of provisions. Last Spring, a 
large number of miners collected here, waiting for the season to open, so they could 
cross the divide, and some of them stole Claanot's provisions. 

At Sheep-Camp there is a large log house, not yet completed, reported to belong 
to Mr. Healey, and intended to be used as a store. 

Thursday, June 2. 

We left Sheep-Camp at 44Ii A.M., having taken breakfast before starting. 
The trees began to get smaller soon after leaving camp, and there are no trees 

or vegetation above the "Stone-houses" - which are about a mile from Sheep-Camp. 
These so-called "Stone-houses" are nothing but high rocks, which make a wind-break 
or shelter. Soon after passing the Stone-houses we came to some large rocks by the 
Taiya where we put on moccasins. From this point we travelled to the Summit on 
snow, which in some places is said to be one hundred feet deep. The Taiya is soon 
lost to view, although one can hear the water running under the snow for some dis
tance higher. Up to these rocks the indians had brought their snow-shoes from Sheep
Camp but, as last night was cold and clear, it was apparent that the snow would be 
hard enough to bear the weight of a man and pack, so most of the snow-shoes were 
left here. From here to the Summit the path is very steep, in some places the slope 
must be 45°. 

The walking is very difficult on the smooth snow; in places there had been snow 
slides, which made the surface rough, but gave a firmer foot hold. 

We reached the Summit, three miles from Sheep-Camp at 7 A.M., and here the 
indians deposited the packs, and received their pay from the miners, who intended 
to leave their supplies while they went to Lake Lindeman for sleds. 

cy 
t..../"r_om Sheep-Camp to Summit very little work has been done - but very little 

could be done. 
The Chilkoot Pass of the Kotusk Mountains is given as 4,100 feet above the level 

of the sea, by Schwatka - who calls it Perrier Pass. A few hundred yards north of the 
Summit is Crater Lake which is said to be the head of the Yukon River; it was covered 
with ice and snow. 

As this summit is the highest land on the trail between the Taiya Inlet and the 
Yukon River, it is probably on the boundary line between Alaska and British America; 
so the party did not go beyond it except to look at Crater Lake which is not all visible 
from the very summit. 

On the Summit it was cool with a gentle breeze; the sun was shining, but we got 
back to Sheep-Camp before it had gotten over the mountain tops to melt the snow 
very much -the snow was softer on the return, but only one indian used snow-shoes. 
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We left the Summit at 7~ A.M. and 
reached Sheep-Camp at 9 A.M. 

The descent is more difficult and 
dangerous than the ascent; where the 
snow was smooth a person would slide 
down a hundred yards or more. 

Took lunch at the Sheep-Camp and 
left there at 1o30 A.M., arrived at the 
Forks at 1245 and left at 11...Q P.M. 

The four miners camped here yester
day were still in camp at the Forks - but 
they had commenced to pack to Sheep
Camp. 

We reached the head of canoe navi· 
gation at 2~ and took a canoe at 2~ P.M. 
- there were five men in the canoe. The 
two indians were very expert in handling 
the frail canoe in the swift rapids, using The Packer's Restaurant, Chilkoot Pass. Structures at the 
poles or paddles as they were needed. lower right and upper center are towers for the aerial tram· 

We reached the village at 345 P.M., way opened in the spring of 1898. The tram could move 
and reported on board the "Pinta" then nine tons of freight an hour to the summit. (Photograph 
lying at anchor at the head of Taiya Inlet. courtesy of the Paul J. Cyr Collection, University of Alaska 

Archives, Fairbanks.) 

~gard
 to packing over this trail, which is claimed by the Chilkoot tribe of 
indians. Formerly, the Chilkoots would not permit any other person to use it, 

and they acted as middle-men between the white traders on the coast and the indians 
of the interior. Now, the Stick Indians bring their furs over the trail, and one of their 
chiefs told me that the Chilkoots did not interfere with their trading with the white 
men; but he said that the Sticks did not feel free to pack over the trail without the 
permission of the Chilkoots. 

The first Chief of the Chilkoots is Donawok who is quite old. The second Chief 
Claanot is a young man and has pushed himself into the first place in the tribe, and 
all seem to be afraid of him. Enclosed, marked "Exhibit B ", is Claanot's statement. 

There is one white man - George W. Carmack - engaged in packing over the 
Chilkoot trail; he told me that he had no trouble with the indians, who do not inter· 
fere with his packing. 

Another white man- John Wilson -had been packing, but he is now in Juneau. 
Wilson had some difficulty with Claanot. Carmack, who was a witness, said that 

Wilson was to blame for the whole trouble, and his version of the affair agreed with 
Claanot's, which is enclosed. 

Carmack says the Stick indians came to him very much frightened when the 
"Pinta" came up the Taiya Inlet, as some busy-body had told them that they were all 
to be arrested and put in irons, on account of the alleged shooting of white men in the 
interior by indians. 

The Stick chief told me that he did not feel that Claanot's statement, that any 
person was at liberty to pack over the trail, was intended to last longer than the 
"Pinta" was in sight; and that he would not now undertake to pack without first 
getting Claanot's permission; but in all my talks with Claanot, he expressed himself 
as he -has done in his statement. 

~rowbridge,
 of the party the "Pinta" took from Sitka to Portage Cove, and 
who had come out for more supplies, said that the party that preceded his had 

paid Claanot ten dollars for a full pack (i.e. 100 lbs) to the Summit, and thatthey could 
have made the same bargain, but that they paid Claanot ten dollars for a half pack in 
order to keep on friendly terms. A Stick indian came out with Mr. Trowbridge, and 
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this indian was willing to take a pack to Lake Lindeman for ten dollars, but was afraid 

to do so on account of Claanot. 
However, Mr. Trowbridge and all the other miners who were questioned, said that, 

while they thought the Stick indians ought to be given a chance to pack, they had 
nothing to complain of Claanot who "acted like a man whenever he was so treated." 
In ascending the steepest part of the trail, I saw Claanot, who had no pack, take the 
pack of a white miner and carry it to the Summit out of pure kindness, as he received 

nothing for it. 
In regard to the rumor of toll being asked by Claanot, I believe there is no truth 

in it, for I could find no person who had paid toll, or of whom it had been demanded. 
Pack animals could be used on the greater part of the trail in its present condition 

but, on account of the shortness of the season during which it is feasible to go into 
the interior, it is not probable that they will be used until the travel is largely increased. 

$ m~ney value of the labor done on the trail is not great, but what has been 
done is due to the Chilkoots (Healey's work being comparitively nothing), who 

have claimed the trail and the sole right to use it, and their claims have always been 

acknowledged and respected until lately. 
Of course, the development of the interior - even if it is British Territory 

cannot be retarded by this ownership of the trail by the Chilkoots; but the present 
needs of transportation are filled by those indians, whose prices for packing to the 
Summit- the probable extent of our territory -are not exhorbitant. 

The Chilkoots do not appear to be anxious to pack beyond the Summit, and it 
would seem proper for the Stick indians - who are British subjects -to do the pack
ing on their own territory, and confine themselves to their own side of the mountains. 

In case of a demand for increased facilities for transportation, it seems just and 
proper that the Chilkoots should be paid for their trail - either a lump sum, or so 
much for each pound that goes over the trail. 

If it be found that Claanot's statement was not made in good faith, the Civil 
authorities with Indian police, could easily preserve order and enforce that statement. 

If the indians became ugly, a vessel stationed in Taiya Inlet, or a company quartered 
at the village would have no difficulty in keeping the trail open, and the Chilkoots, 

who are a littoral tribe, in absolute subjection. 
In conclusion, my thanks are due to Ensign C.P. Plunkett for his co-operation, 

also to John Blake (M. at A.) and David Sam (C.H.) - the latter being a very good 

interpreter. 
Very respectfully, 

Alexander MCCrackin. 
Lieutenant. 

View of Sitka, Alaska, around the 
turn of the century. (Photograph 
courtesy of the Frank Barr Collec
tion, University of Alaska Archives, 
Fairbanks.) 
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N210 U.S.S. Pinta, 4th Rate -
Sitka, Alaska 

June 16- 1887. 
Sir: 

have the honor to enclose the report of Lieut. A. MCCrackin upon the indian 
trail leading from tide water at the head of Taiya inlet into the interior; being the 
route generally traversed by miners, prospectors and traders that enter the valley of 
the Yukon. 

It is my intention, at the request Claanot 2nd.Chief of the Chilkoot indians and 
with the knowledge of the civil government, for the information of the Civil author· 
ities and the benefit of the indians, to present Claanot's statement with such portions 
of Lt. MCCrackins report as bear upon the subject to the authorities here as Claanot is 
desirous to obtain an opinion as well as to present the views of the indians on the 
trails leading into the interior. 

In my letter to the Department No 7 of May 18th 1887, I referred to my inten
tions to send a party over the trail to obtain a report upon the same 

With the hope that my action will meet with approval 

I remain, very respectfully 
J.S. Newell 

Lt. Com~ Com<!a 
Hon. 

Secretary of the Navy 
Navy Department 


Washington 

D.C. 

We have been faithful to the form and spelling of the original McCrackin documents, which were 
found by Claus·M. Naske in the National Archives. Neither McCrackin nor Claanot are mentioned in later 
reports from the area, but aaanot's witness George Carmack has gone down in history as the co-discoverer 
of the Klondike gold fields. (For further comments on this article, please see the inside front cover of 
this issue.) 
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