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COVER 

For years some people have been convinced that one day Air Cushion Vehicles 
would take over Alaska, as our cover seems to suggest, but that day has not arrived -
yet. If Bob Thomas' views prevail, however, ACVs may soon play an important role in 

northern coastal communities. He presents those views and the evidence for them 
beginning on p. 12 of this issue. (Cover design after Department of Transportation/ 
Public Facilities original; ACV photo courtesy of Bell Aerospace Textron; composite 
rendered by Evelyn Trabant, Geophysical Institute Photographic Services.) 

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 William James and· Mark A. Robinson 

A COMPUTER PROGRAM 
FOR DESIGNING 
PIPE NETWORKS 
FOR ARCTIC SETTLEMENTS 

A version of this paper was presented at the Symposium on Utilities Delivery in 
Northern Regions, March 19-21, 1979, at the University of Alberta, Edmonton. 

INTRODUCTION 

The design of pipe distribution sys

tems (PDS) for arctic settlements is sub

ject to a number of environmental and 

economic constraints: intense cold for ex

tended periods, permafrost, space limita

tions, intermittent flows, a variety of 

special pipeline components, material 

availability, high energy costs and a wide 

range of interest rates . Any particular set 

of these constraints produces a unique 

cost for a system of pipes and pipeline 

components. Also, for a given set of en

vironmental and economic factors, only 

one combination of network components 
exists for which the system cost is mini
mum. 

Traditional methods for designing a 
PDS, including pipe sizes and pump capac-

ities, rarely lead to the optimum (i. e., 

least total cost, capital and operating). 

This is especially true where existing sys

tems are gradually expanded. As the de

mand for modernization and expansion 

of existing networks grows, designers are 

becoming more aware of the need to op

timize the supply systems. Distribution 

networks require considerable capital in

vestments to construct; i 11 -desi gned net

works increase initial investments and 

lead to excessive operating costs. 

With the computational facilities cur

rently widely available it is now easy to 
analyze a network accurately, subject to a 

given set of nodal demands, in a matter of 
seconds. A pipe layout which satisfies op

erating requirements could be designed in 
a day or two . 
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A number of sophisticated programs 
to find the optimum supply network are 

available that are computationally effic
ient but user inefficient, since they re

quire batch access to a computer. Such 

programs require a significant amount of 

input data that must be abstracted, coded 
and communicated from the design office 

each time the data is debugged or the pro

gram run. To find an optimal design de
mands a considerable investment of time 
by the engineer. 

Using_ programs operating in a time

sharing, interactive mode offers a solution 
to two problems found in batch mode 
computing: (a) long learning time, and 
(b) long design turnaround times. An in
teractive program saves time and effort; 

it provides the user with immediate re
sults to make decisions and to supply the 

additional input to complete the design . 
In addition, a supposedly final design 

may require modification during con
struction; e.g., a pipe shipment may arrive 

with shortages and excesses due to ship
ping error. An engineer supervising con

struction need only dial the proper tele

phone number, affix the receiver to a por

table terminal, and then devise and carry 

out a new design incorporating the modi

fications made necessary by the over/un

der supply. The construction delay is neg

ligible and the engineer can ensure that 

the system will still meet service needs 

and be cost-effective. 
In our FASTPIPE program package, 

a variety of algorithms, which individual
ly aid design of water distribution net

works, are combined and upgraded using 

interactive conversational software. The 
result is a fast, efficient, easy-to-use pack

age capable of computing an optimum 
PDS design for any climatic region. 

DESIGN ALGORITHMS 

In regions where the ground is perman
ently frozen, pipelines cannot be econom

ically buried deeper than a few feet. It 
·;, 

is necessary to use devices and materials 

which protect the pipelines from freezing 

and subsequent rupture during the winter 

months. 

A general design package requires an 

algorithm for computing the optimum 

layout of pipes, and also one for com

puting the optimal sizes for devices and 

materials providing thermal protection. 
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Common to both is the network analy

sis. An efficient, reliable algorithm capable 

of handling a variety of pipeline compon

ents is essential to a general design pro
cedure. The three algorithms are described 
below. 

Pressure and Flow Analysis in Pipe Dis
tribution Systems 

The program adopted for our package 
was originally developed by the Depart
ment of Civil Engineering at the Univer

sity of Kentucky. The procedure allows 
inclusion of a variety of pipeline compo

nents, described by nonlinear equations, 

without requiring a great deal of compu
ter memory or time. 

Any pipe system comprises a number 
of junctions, terminal energy points, pri

mary loops and pipes. For each junction 

a continuity equation can be written, and 

for each loop an energy equation can be 
written. If there are no pumps in the loop 

the sum of head loss around the loop is 
zero. If there are TE terminal energy 

points, (TE-1) energy equations can be 
written for paths between any two termi
nal energy points. 

All these equations constitute a set of 

simultaneous non-linear equations which 
yield a value of flowrate in each pipe. To 

handle the non-linear head loss and pump 
terms, a linearization procedure is used to 

set up simultaneous linear equations 
which may be solved by one of a number 

of available matrix methods. 

The algorithm developed to perform 

these calculations has a number of advan
tages over most traditional methods and 

many sophisticated solutions of the full 

set of non-linear simultaneous equations: 

(i) The algorithm can solve any sys

tem configuration (looping or 
branching). 

(ii) A variety of network components 
such as pumps, reservoirs and check 

valves can be dealt with, without 

altering the complexity of the 

equations to be solved. 
(iii) The reduction of the non-linear 

set of equations to a set of simul

taneous linear equations ensures 

convergence to a solution in all 
cases. 

(iv) Various units, English or metric, 

may be used. 

Optimum Design of Pipe Networks 

We used a collection of algorithms de
veloped by Nielsen & Rauschenberger, 
consulting engineers in Denmark, for op
timiZing water distribution networks 
(Rasmusen, 1976). The algorithms needed 
for the optimization procedure were ab
stracted and integrated with the previously 
described network analysis algorithm. 

Since flows through pipes in a network 
are highly dependent on one another, an 

optimal pipeline size cannot be computed 
separately from the rest of the network. 

Each pipe in the network connects a pair 

of nodes and has a known length, diam
eter and roughness coefficient. Each node 

in the network is associated with a de

mand, a required minimal service pressure 
and an actual service pressure. Each source 

of supply has associated with it a fixed 

flowrate and a natural pressure. 

Network costs are expressed as the 

sum of the initial investment in pipe ma

terial and the cost of operating the pumps 
over the expected service life. We assumed 

that all pipeline costs can be expressed as 

a capitalized present value which is a func

tion of the pipe diameter only. 

Similarly, the recurring energy costs 

for operating the pumps can be expressed 
as a capitalized present value representing 

the cost of lifting a unit volume of water 
a unit length per second continuously 
over the system's service life. For a given 
set of nodal demands the least-cost layout 
may be found by minimizing the above 

objective cost function with respect to 
diameter, subject to the following con

straints: 

(i) Continuity, i.e., the abstraction 

from a node must be equal to the 
difference between all flow into 

and out of the node; 
(ii) the minimum pressure require

ments; 
(iii) the conditions at the source of 

supply; and 
(iv) the physical relationship describing 

the flow in a pipe. 

This relationship is non-linear; pipeline 

costs are generally also non-linear. How
ever, the complexity of the problem is re

duced somewhat since only diameters 
having standard manufacturer's dimen

sions need be considered. 
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-Broughton Island, site of a test pipe distribution network design using the NETWORK

OPTIMIZE and ARCTIC programs. 

The problem breaks down into two dis

tinct components: (a) a hydraulic network 
analysis problem that can be solved for 
any fixed system and set of nodal de

mands; and (b) a problem in modifying 

diameters towards an optimal solutiof1. 
This implies an iterative solution where 

diameters are set, the hydraulic analysis 

carried out, and then diameters modified 

towards an optimal solution. By comput
ing a series of gradually improving feasible 
solutions, we arrive at the optimum lay

out. 
In carrying out several designs we found 

that the optimization procedure gave lay
outs that had a smaller total cost than the 

initial assumed layout, provided that the 
assumed layout was in the vicinity of the 
optimum layout . If the assumed layout is 
not in proximity to the optimum, the 

procedure often fails to converge to the 
optimum layout. In this case error 

messages are printed at the user terminal. 

Optimum Design of Materials and Devices 
for Protecting Utilities Against Freezing 

The package incorporates algorithms 
computing the best sizes of devices and 

materials to prevent pipe freezing. This 
is necessary for systems buried in perma-
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frost regions and for above-ground sys

tems operating in the winter. 

The pulsed supply system (PSS), or 

intermittent pumping, for water distribu

tion has been shown in a variety of re
ports (Grainge, 1965; Heinke, 1974; 
Suk, 1975) to eliminate many of the dis
advantages found in other systems. Pipes 

of % inch to 3 inch diameter are used to 
convey the water. Only small diameters 

are necessary in small communities be
cause the volume of water distributed is 
not great. The pipelines are insulated, 
fitted with heat tracing tape, and then laid 
in a shallow trench (e.g., up to 2 feet 
deep) . Fill is placed over them to protect 
against physical damage from vehicles. 

The PSS operates on a cycle each time 
a pulse of water is to be delivered to the 
dwellings in the community. Heat, in the 

form of electrical current, is supplied to 
the pipe surface through the heat tracing 

tape until the surface reaches a tempera
ture slightly greater than 32°F. Water is 
then pumped under pressure to storage 

tanks housed in each dwelling. After the 
tanks are filled, the pump is shut down 

and air compressed in special air vessels or 
other tanks blows through the system, 
forcing out the remaining water. Valves 

at drainage points in the system are opened 

after the pumping ceases. Once most of 

the water has been drained, the power is 
shut off and the empty pipe is left un

touched, yet in no danger of freezing, un

til it becomes necessary to refill the tanks. 

The PSS has several notable advan
tages. It provides an adequate supply of 
clean water. Shallow burial of the pipes 

is inexpensive, keeps the community's 

transportation system uninterrupted and 
allows easy access for repair and main

tenance. Since the system does not operate 
continuously, running costs are less than 

for continuous or utilidor systems. 
An optimum thermally-protected net

work design requires optimization of the 

following: 

(i) insulation thickness; 

(ii) heat tracing tape capacity; and 
(iii) warm-up time for the system. 

The three decision variables are inter

related such that altering one necessitates 
recalculating the others to ensure that in

service requirements are met. High-capac
ity heat tracing tape allows the system to 
be brought up to the operating tempera
ture in less time, producing shorter heat 
loss periods. High wattage heat tracing 

tape draws more power for a shorter dur
ation than low wattage tape; however, 
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low wattage tape requires less initial capi
tal investment. The optimum design re

quires a trade-off between the two ex

tremes. Thick insulation requires adding 

more heat and therefore power to bring 
it up to the system operating tempera

ture; however, thick insulation retards 
heat loss to a much greater extent than 

does thin insulation. Again, a balance 
between the two extremes must be sought. 
The correct heat tracing tape capacity 

and insulation thickness will let the whole 
network reach the desired system oper
ating temperature within the optimal 
warm-up time. To arrive at a system with 
a minimum annual cost, a balance must 

be achieved among the decision variables. 

The algorithm searches for the com
bination of system parameters producing 

the minimum total annual cost by trying 

all combinations of insulation thickness 

and design wattage for each pipe for each 

warm-up time. Two options have been 
provided in regard to warm-up time. The 

first considers each pipe in the network as 

being on a separate circuit. Pipes with the 

largest diameters require the longest 

warm-up time and must be activated first, 

then the pipes with the next largest di

ameter, etc. The activation series is timed 
so that all pipes reach the system oper

ating temperature simultaneously. Thus 
an optimum warm-up time is not com
puted; rather a "dummy" value is assigned 

in order to satisfy program requirements. 
The second option has all pipes begin 

warm-up simultaneously. In this case an 
optimum system warm-up time is com

puted. 

In general, the objective function is 

stated as "minimize the sum of annual 

cost of borrowed capital and annual op

erating costs". The initial investment is 
made up of the cost of the pipelines (with 

insulation) and that of the heat tracing 
tape. Operating costs include the cost of 
supplying power to the heat tracing tape 

and any pumps and of system mainte
nance, which is assumed to be a percent
age of the system's total capital cost 
(Heinke, 1974). The objective function is 

subject to the following constraints : 

(i) The rate of heat loss from the 
liquid in a pipe must not be greater 

than the wattage of the heat 

tracing tape for that pipe. 
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(ii) The time required to bring a pipe 

up to the operating tempera
ture must not be greater than the 
assumed warm-up time. 

Only the current optimal set of design 

variables is stored; each time an improved 
solution is found the previous solution is 
discarded. 

This approach to optimal sizing is novel 

in that optimization is based on total an
nual costs rather than total initial invest

ment. This is more relevant for small com
munities in the arctic because of the lim

ited budgets with which town councils 
work. A system that has been optimized 

on the basis of annual cost will provide 
an estimate of the cost to the town yearly 

and with it a council can decide more ef
fectively if it can afford the system. 

The algorithm is somewhat inefficient 
in that the cost of every combination of 
decision variables must be computed and 

checked . However, finding the best solu
tion by other methods is difficult since 
only discrete sizes are available for each 

material or device. 

USING THE DESIGN PACKAGE 

The Interactive Design Dialogue 

All results required for design action 

are presented in a form which is meaning

ful, easily comprehended and readily a

vailable at the terminal. The user is not 

exposed to the great amounts of data 
generated by the computer at the central 
site. Sufficient information is given at the 
terminal on which to base questions, make 
decisions and supply information. 

The man-machine dialogue leads the 
user through a PDS design by requesting 

at various stages or steps specific input 
while still allowing him, at any point in 
the design, to change the sequence. The 
user may respond with one of the follow
ing allowable inputs or commands: 

(i) Enter a number 
(ii) Enter YES or NO 

(iii) Enter one of the following com
mands: CHANGE, STATUS, END. 

The interactive dialogue has the fol

lowing features: 

(i) The correct method for entering 

data is illustrated before any 
prompts are displayed . 

(ii) Only a small amount of informa

tion is displayed at any one time. 

Prompts posed are made as con

cise as possible without sacrificing 
clarity. 

(iii) Responses required from the user 

are brief, thereby avoiding ambig
uity. 

(iv) The computer responds to all in

put. The user is made aware that 
the information input has been 

read and understood by the com
puter with a signal. 

The Broughton Island settlement, as viewed across Broughton Harbour towards the 
Baffin Island mainland from the nearby mountain. 
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(v) Error detection and correction 
procedures within the program are 
executed automatically to check 

each piece of input. 

Procedure for Design of Optimum Pipe 
Distribution Networks 

The entire design package comprises 

two distinct and separate programs : 

(a) NETWORKOPTIMIZE (NETOPT) 

-an interactive program to design 

a cost-effective pipe distribution 

network operating under steady 
state conditions. The total system 
cost represents the cost of pipe
line material, expressed as a func
tion of pipe diameter, plus the cost 
of installing and operating the 
pumps over the service I ife of the 
system expressed as a function of 
the pump power. The program 
computes the optimal diameter 

for each link in the network such 
that the total capital cost of the 

system is minimized. 

(b) ARCTIC -an interactive program 

to design an optimal continuous 
or pulsed water supply system. 
Given a specified network topology 

and set of link diameters, the pro

gram computes the optimum time 
required to raise the system to the 

operating temperature and the op

timum insulation thickness and 

capacity of heat tracing tape to 
maintain that temperature. The 

optimum values are computed such 
that the total annual cost (repay

ment of borrowed capital plus an
nual operating costs) is minimized. 

The user determines an optimum 
pumping duration by making re
peated runs of ARCTIC with a 
range of pumping durations and 
comparing the total annual costs 
of the optimum designs for each 

duration. 

Each program is designed to operate 
separately from the other; however, the 
manner in which the package is used is 
determined by the nature of the design 
problem to which it is applied. If a PDS 

is to be designed for a region where the 
pipelines can be buried economically to 
protect against freezing, the system may 
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be designed using NETWORKOPTIMIZE 

only. The pipecost function is determined 

by the material and installation costs of 
bare pipe. The optimal set of link diame

ters is computed based on this cost func

tion. 

If a PDS is to operate in permafrost re

gions or where the possibility of pipe 

freezing exists and the diameter of each 
link has been fixed, then only program 

ARCTIC need be used to determine the 

optimal insulation thickness and heat 
tracing tape capacity for each pipe as 

well as the optimum system warm-up 

time. 
However, if a new network in perma

frost regions is to be designed complete
ly (both link diameters and thermal pro
tecting devices) then it becomes necessary 
to interact ARCTIC and NETWORKOP
TIMIZE. The programs can interact in 
two ways. If the system warm-up time is 
not to be optimized, then the best sizes 

of materials and devices for thermally 
protecting the pipes, and the associated 

costs, are functions of the pipe diameter 
alone . In this case ARCTIC is used first 

to determine an optimum insulation 

thickness and heat tracing tape capacity 
for a specified diameter of pipe regardless 

of its length or position in the network. 
Next, NETWORKOPTIMIZE is used, em

ploying a pipecost function (comprising 

the unit capital cost of pipe material, in

sulation material and heat tracing tape, 
and the annual cost of providing power to 

the tape, reduced to a capitalized present 

value) to determine the optimum diameter 

set for the network. 

A second mode of interaction is one 

in which a specified network topology 
and a pipecost function determined by 
bare pipe cost alone are used as input to 
NETWORKOPTIMIZE to determine an 
optimal diameter set. Based on this op
timal set, ARCTIC is used to compute the 

optimum insulation thickness and heat 
tracing tape capacity for each pipe in the 

network. If an optimum system warm-up 
time is to be computed or spatial varia
tions in environmental conditions exist, 

the optimum insulation sizes and heat 

tracing tape are no longer functions of 
diameter alone. Thus, the approach using 
NETWORKOPTIMIZE before ARCTIC is 

the correct one. If an optimum system 

warm-up time is not to be computed, and 

spatial variations in environmental condi
tions do not exist, the situation would be 

identical to the first form of interaction. 
The approach using N ETWO R KOPTI M I ZE 

before ARCTIC would still be applicable 

if the possibility of feedback from the 
unit thermal costs affecting the pipecost 

function is accounted for. Based on an 

initial diameter set for the network, and a 
cost function determined by bare pipe 
cost, NETWORKOPTIMIZE computes 
the optimum diameter set used as input 

to ARCTIC. The optimum insulation 
thickness and heat tracing tape capacity 
are computed for each pipe. Associated 

with these optimum sizes are unit costs 
which affect the cost function used as in
put to NETWORKOPTIMIZE. Thus two 

or more iterations of the procedure must 
be made until the optimum set of diam

eters converge. 

Design of the Optimal Layout for the 
Broughton Island Network 

As a test of the programs, a pipe dis

tribution network for Broughton Island 

was designed to follow the street layout 

of the settlement. Locations of pipe drain

age points were selected and it was de
cided to design first an optimum network 

layout and then outfit the pipes in the 

layout with the optimum sizes of heat 
tracing tape and insulation thickness. In 

order to do this it was first necessary to 

run the NETWORKOPTIMIZE program. 

The network's source of supply is a 

storage reservoir. The network comprises 
31 pipes, 25 junctions and 6 primary loops. 

At only one location, the storage reservoir, 
is the elevatlon of the hydrau I ic grade I i ne 

known and fixed. Allowances were made 
for the school and nursing station, but 

laundry and shower facilities were not in
corporated into the de~ign as these ser
vices would probably be supplied by a 

separate line . 
It was decided to maintain a minimum 

service pressure of 75 feet (approximately 
32 psig) at each junction. The pressures 

and flowrates were not designed to meet 
firefighting standards. In case a fire oc

curred between pulses the system would 
be activated before it reached operating 
temperature because the flows would be 

sufficient to prevent freezing. 
A range of pumping durations (8, 10, 

12, 15 and 20 hours) were used to supply 
the nodal demands. An optimal system 
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was designed for each pumping duration 
and the optimum pumping time was 

chosen by selecting the system having the 
least annual cost. 

The pipe distribution system can be 
constructed of copper, plastic (PVC) or 
steel pipe . Each material has advantages 

and disadvantages. Copper will not cor
rode and is durable; however, it is the 
heaviest of the three and requires more 
heat to reach operating temperature. PVC 
is I ightweight and does not corrode, but 
it may suffer from a lack of durability es
pecially in a cold environment where it 
becomes brittle. Steel is lighter than cop
per but is subject to corrosion. Since it 
is often difficult to obtain money for re
placing worn-out pipes, it was decided in 

this example to use copper since it would 
have the longest life. The design life for 
the pipes was assumed to be 15 years. This 
limited design life is due to the severe en
vironmental conditions the pipes will have 

to withstand and is similar to Danish de
sign standards for Greenland. 

At Broughton Island the cost of elec
tricity was about 18 cents per kilowatt
hour in 1976. When operating costs are 

substantial because of power consump

tion, the actual value assigned to electric 
cost is critical. 

The interest rate paid on borrowed 

capital is another variable. A government
sponsored project such as this would be 
financed through a bond issue, and the 

interest rate, if the bonds were issued in 
1976, would be approximately 8.25%. 

This value was kept constant for all the 

designs in order to provide a valid compar
ison of alternatives. 

The difference in total capital cost be
tween the initial and optimal layouts for 
a 20-hour pumping duration was approx

imately $8,400, with the optimal layout 
costing approximately $19,900. 

Optimum Power and Insulation Require
ments for the Broughton Island System 

The final step in designing the water 
distribution system for Broughton Island 
was to use program ARCTIC to size heat 
tracing tape capacities and insulation 
thicknesses for each pipe for each pumping 
duration. Warm-up was timed so that each 

pipe reached the operating temperature 
at the same time. A "dummy" value of 

6.0 hours was included in the input data 
to satisfy program requirements. 

Per capita water consumption in the 
village was approximately 2.0 Imperial 

gallons per day in 1976. It was decided to 

upgrade the level of service to 10.0 Imper
ial gallons per person per day. 

A variety of molded insulations are 
available for pipe protection, including . 
polyurethane, fiberglass and styrofoam. 

An engineer choosing an insulating ma

terial should consider the following: 

(i) thermal conductivity of the insu

lation; 
(ii) the temperature range and condi

tions of the environment the ma

terial must withstand; 
(iii) the degree of thermal expansion 

and contraction the material may 

View of the Broughton Island settlement taken from a point northeast of the town. 
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be subjected to and its flexibility; 
(iv) the capital cost and ease of instal

lation; and 
(v) the design life. 

For Broughton Island we chose rigid 
polyurethane insulation. It has one of the 
lowest thermal conductivities of any in
sulating material currently available com
mercially. Polyurethane is lightweight, 
has high strength yet retains a good de
gree of flexibility when subjected to in
tense cold. The most attractive feature 
of this material is that it can be molded 
onto the pipe in the factory, which is 
considerably cheaper than applying the 
insulation in the field. The design life of 

the insulation was chosen to be 10 years, 
again based on Greenland experience. 

Each dwelling was assumed to have an 
average occupancy of five. The time re

quired to drain the system of water was 
estimated to be 1.5 hours. 

For: 0.5 inch diameter pipe, 0.75 inch 
polyurethane insulation, in 1.5 feet of 
sandy soil, an ambient air temperature 
of -50°F and a surface wind speed of 20 
miles per hour, the elapsed time before 
the water freezes solid is 2.1 hours; there
fore a 1.5 hour drainage time under nor
mal circumstances would be sufficient. 
For thermal purposes, it was assumed that 
10% of the pipe volume would contain re
sidual water. 

The design operating temperature was 

chosen to be 40°F; this 8° safety factor 
is much higher than that used in Green

land. Water delivered at less than 40°F 
would increase the risk of freezing valves 

and other fittings. 

In order to provide a design safety fac

tor for the house supply, it was assumed 
that only 80% of the water in the storage 
tank would be used before the next pulse 
supplied more. For the purposes of this 
study a nine-month winter period was used 
in which the average temperature ranges 
from -50°F to 17°F and during which 
heat tracing would be required. During 
the remaining three months of the year 

the system could operate as a recirculating 
water distribution system, probably draw
ing water directly from the Kuruluk River 

which flows by the reservoir site. 

The optimization was carried out with 

five trial insulation thicknesses (0.50, 

0.75, 1.00, 1.50 and 2.00 inches) and 10 
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trial heat tracing tape wattages (2.0, 3.0, 
4.0, 5.0, 6.0, 7.0, 8.0, 9.0, 10.0 and 12.0 
watts). Since it is not always possible to 
obtain the entire range of sizes commer
cially, the trial sizes used as input to the 
program had to be adjusted accordingly. 

The optimal pipe diameters, as found 
by the NETWORKOPTIMIZE program, 
were used to define the layout of the net
work. The original layout was designed 
so that a minimum pressure of 75 feet 
would be met under service conditions at 
each junction. The results of the analysis 
indicated that increasing the diameter of 
the supply link would reduce the head 
loss in the pipe; thus the service pressure 
could be increased throughout the entire 
network with only a small increase in cost. 
This option illustrates that a computer 
design package should always be supple
mented with engineering judgment. 

Typical topography within the settlement. 

A pumping duration of 10 hours gave 
the optimum balance between recurring 
energy costs and initial investments (Ta
ble 1 ). The optimum system required a 
supply pulse every four days to meet a 
demand of 10 Imperial gallons per person 
per day for an average occupancy of five 
persons per household. This system re
quired that insulation thickness be 0.5, 
0.75, or 1.0 inches depending on the pipe 
diameter. Design tracing tape wattages 
were 2.0, 4.0 or 5.0 watts throughout the 
network, except for the supply main which 
required 9.0 watt tape. Warm-up time 
ranged from 0.6 to 3.6 hours depending 
on the pipe diameter, insulation thickness 
and design tracing tape wattage. 

In addition to sizing the insulation 
thicknesses and tracing tape -capacities 
for the major pipes in the network, the 
analysis was extended to include the opti
mum design of house connections, i.e., 

the pipes which convey the water to the 
storage tanks. Each connecting pipe was 
specified as having a length of 15 feet and 
was assumed to be 0.25 inches in diameter. 
For 80 dwellings, this gave a total length 
of 1200 feet of 0.25 inch diameter pipe. 
It was found that the connecting pipes re
quired 0.5 inch thick insulation and 2.0 
watt tracing tape. 

Table 1 shows the relationship between 
system costs and pumping duration. There 
is an irregularity at a pumping duration of 
15 hours. Demands have increased by 50% 
over those for the 20 hour duration, hence 
larger diameter pipes are required. This is 
reflected by the increase in total capital 
cost. In addition, a 15-hour pumping dur
ation requires the heat tracing tape to be 
activated for longer periods. This is re
flected in the annual cost of power. The 
15- and 20-hour durations have compar
able costs but a large difference exists be
tween the 10- and 15-hour values. Thus, 

TABLE 1 

Effect of Pumping Duration on System Costs 

Pumping Total Annual Annual Total 
Duration Capital Cost of Cost of Annual 
(hours) Cost Capital Power Cost 

8 $86,349 $10,243 $7,788 $19,825 
10 84,404 10,012 7,784 19,550 
12 84,404 10,012 8,827 20,593 
15 84,337 10,004 10,265 22,022 
20 76,777 9,107 10,144 20,847 
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as a result of requiring larger pipe diam
eters and longer heating times than the 
20- and 10-hour durations respectively, 
the total annual cost for 15 hours pumping 
duration appears irregular. 

EVALUATION OF THE DESIGN 
PACKAGE 

The most significant measure of a pro

gram's efficiency is the total turnaround 

time, i.e., the time from preparation and 
submission of input data to the output of 
the final design details. Batch mode com
puting requires a substantial investment 
of time to refine a design to a satisfactory 
solution, but''by using this design package, 
an optimal water distribution network de
sign can be found in times ranging from 
15 minutes to one hour, again depending 
on the complexity of the system. This 
time excludes data abstraction off original 
maps and documents, of course. Time is 
saved by having computed values trans
mitted directly to the terminal so that de
cisions can be made immediately. Delays 
in obtaining essential output have been 
eliminated, so that time spent in searching 
through excess batch output has been 
reduced to the minimum. 

We have emphasized the design of a 
least-cost water distribution system. Thus, 
it is appropriate that the economics of 
interactive design be considered as well. 
It has been found that the cost of com
puting a complete water distribution sys
tem design for an arctic community ranges 
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from $5.00 to $10.00 depending on the 

network complexity and the unit com
puting charges of the computer system. 

It was also found that making on-line 
changes, as part of an on-going analysis, 

cuts computing costs significantly. Thus, 
if four or five trials were needed to achieve 

an acceptable solution using batch mode, 
the cost of interactive computing would 

be covered by the savings alone. 
More significant than computing costs 

is the cost of the designer's time. Using 
the program in batch mode may require 
one day's effort, depending on the de

signer's capability. It has been observed 

that savings of about 85% of turnaround 
time can be achieved using the interactive 
package. 

In summary, it was our experience that 

the design time, including user transaction 
time and program turnaround time, is 

greatly reduced with the interactive ap

proach to computing. We found that con
cise, unambiguous man-machine dialogue 

promotes a reduction in user transaction 

time, minimizes the potential for error, 

increases user confidence and encourages 
investigation of different design situations. 

We also found that transmitting only key 

output to the terminal enhances conver

gence to a final design. 

CONCLUSIONS AND SUMMARY 

Two new programs that operate in the 

interactive, conversational mode were de
veloped for the design of water distribu

tion networks. They appear to be more 
efficient, easier to use and less costly than 
similar programs operating in the batch 
mode. The interactive programs described 
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can be used for carrying out a series of 

water distribution network designs or for 
evaluating the effects on a previous re
sult of changing one or more design pa

rameters. In two design applications, the 
package was found to be capable of com
puting an optimum pipe distribution sys

tem for a locality in the Canadian arctic 

as well as one in southern Ontario, in both 
cases for any network configuration and 

for a wide variety of pipeline components. 
The integration of interactive, conversa

tional software with efficient programs 
carrying out hydraulic and economic an

alyses has evidently produced a reliable, 
versatile and easy-to-use package. How

ever, the complexity of pipe networks is 
not eliminated by the programs and users 

naturally must be competent hydraulic 
engineers. 

The package is locally available to dial
up terminals through a commercial com

puter network in most cities in North 
America. Enquiries are encouraged and 
should be directed to the senior author. 
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by Bob Thomas 

Lightering with 

AIR CUSHION VEHICLES 

12 

INTRODUCTION 

There is little in our everyday life that 

is not affected by transportation . We daily 
commute distances once considered ali
day journeys; we expect supermarket 

shelves to be stocked with limitless 
choices - oranges in Alaska in January 

when it is fifty below. Milk fresh daily 
from dairies in adjacent states and other 
such conveniences are no longer just con

veniences but necessities we take for 

granted. If shelves were empty tomorrow, 

most home larders would follow suit in 

an alarmingly short time. 
Fortunately, transportation systems 

serving most of us in Alaska are redun-
. dant and competitive; we can count on 

continued economical service. Unfortun

ately, this is not true for the whole state: 
arctic and western Alaska have only year 
round air service and annual marine ship

ments. For a number of reasons, all of 
which reduce to dollars to the consumer, 
the marine mode is used less and consum
ers depend more on the scheduled flights 
into their communities for nearly all their 
goods. This dependency has some good 
effects, since it promotes better move
ment of people, something the marine 
mode does not even attempt. However, 
there are also serious disadvantages in 
relying on a mode of transportation with 

extremely high operating expense, the 

highest accident rate, and highest energy 

consumption. Air strips in the area are 
sometimes marginal and the weather 

often is, especially since there are also 

minimal navigation and approach aids. Be
cause this mode is highly regulated and 

requires a great deal of expertise to oper

ate, the consumer is completely depen

dent on the government and usually the 
unions. 

These disadvantages make the system 

particularlv vulnerable. In short, day to 

day living in this area depends on a thin 

string of transportation. This string is 

being stretched even thinner as inflation 

and operating costs within the area have 

outstripped the local economy. 

This article explores the situation and 

takes a look at an alternative to strengthen 

an obviously weak link, that of moving 

goods from ship to shore. 

PRESENT SITUATION 

The area considered takes in the entire 

Alaska coastline north of Cape Newenham. 
It is influenced by both the Kuskokwim 
and Yukon rivers. 

The 1970 census placed the popula

tion of the Arctic Slope region at about 
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ACV (Air Cushion Vehicle) used for lightering. (Photograph courtesy of Bell Aerospace Textron.) 

3,450 of which 85% were Alaska natives, 
and that of the Nome and Kobuk census 
divisions, which roughly correspond to 

the southern portion of the study area, 

was approximately 10,180, with 82% 
Alaska natives. The North Slope Borough 

estimated a July 1976 population of 

12,600 but this figure reflects a large 
concentration at Prudhoe Bay. 1 

The population of the northwest re

gion is concentrated in numerous small, 
remote towns and villages, approximately 

140 of which are located in the coastal 
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zone or on inland waterways. Despite 
their geographic isolation, the residents 

of the region have been brought more or 
less into the mainstream of contemporary 
Alaska living by recent improvements in 

radio, telephone and television communi
cations networks and by the availability 
of air transportation to Fairbanks and 
Anchorage. Whereas these people once 
faced days or even weeks of travel to get 

to any of the larger Alaskan cities, they 
can now make the same trip in a matter 
of hours. Radio and television have raised 

health and educational standards consid-

erably in most of the villages. Emergency 

medical aid and evacuation, once unheard 
of in the bush, are now commonplace. It 

is fairly safe to assume that the people of 
northwestern Alaska will continue to be in

fluenced more and more by political, tech
nological and economic trends through

out the state, and will ·continue to de

mand more and more of a voice in deter

mining the directioo of those trends as 
related to their communities and gee

graphical region. This has already been 

demonstrated since the enactment of the 
Alaska Native Claims Settlement Act. 
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Commercial development and popula
tion growth in the northwest region, though 
far from stagnant, are geared to a relative
ly stable economy based on subsistence 
living, some commercial fishing, govern

ment service and tourism. In recent years, 
funds obtained under the provisions of 
the Lands Claims Settlement Act (and the 
administration of these funds by native 
corporations and the North Slope Bor
ough) have provided expanded opportun
ities for employment and promise to re

duce the area's reliance on state and fed
erally funded programs by replacing them 

with local, self-sufficient programs. 

The major population centers of the 
study area are Nome, Kotzebue, Prudhoe 

Bay and Barrow, with Barrow being the 
headquarters of the North Slope Borough, 

the only organized borough in the north

west region. The only other sovereign 

bodies are the various city and village 
councils. However, the area does lie with

in the jurisdictional boundaries of five re
gional native corporations (Fig. 1 ). These 

corporations already have had a direct 
and profound influence on the scope and 
trend of economic development within 

their respective areas. The most visible ex
amples of this are the new hotel and of
fice buildings in Kotzebue and Barrow. 
Other investments include construction 
companies, security companies and rein
deer herds. 

Northwestern Alaska has a growing de
mand for more, and more economical, 
transportation services. Existing transpor

tation systems in the study region range 
from non-existent through seriously un
derdeveloped to marginally effective. Most 

villages have rudimentary road systems 

which provide access to airstrips, river 
landings and, in a few instances, sanitary 
landfills. The only state highways in the 

entire region are the Nome-Taylor Road 
(108 miles), the Nome-Teller Road (71 
miles), the Nome-Council Road (73 

miles) and the northern segment of the 

North Slope haul road (approximately 
170 miles). 

Prudhoe Bay is the only sizeable popu

lation center in the northwest region with 
an overland link to the continuous high
way system of interior Alaska. The re

mainder of the study area relies exclusive
ly on air and marine transportation to ob

tain needed supplies from commercial 
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centers such as Fairbanks, Anchorage, 

and Seattle. 
Travel between villages is still to some 

extent by snow machine and dog sled. 

But these modes of transportation have 

largely been replaced by small charter 

aircraft or air taxi operations which, 
while more expensive, offer greatly in

creased speed and comfort over the avail
able overland modes. 

Ports and harbors as generally recog

nized are nonexistent in the study area. 
In the normal course of events a supply 
ship anchors some distance offshore and 

is unloaded by shallow draft vessels that 
can reach the beach. At times, nearly all 
available community equipment (including 

river boats) is pressed into the lightering 

effort to supplement commercial light
ering services. As the supply ship pro

gresses farther and farther north, the light

erage becomes more and more complicated 

and expensive. This is caused partially by 

the decreasing number of communities 

and associated decrease of freight, so that 

the lightering equipment is used less by a 

smaller number of people. For instance, 
over 30,000 tons of freight is generated 

from Bethel and the surrounding com

munities alone, while the farthest com

munity on the route, Kaktovik, generates 

about 500 tons, which must be delivered 
nearly 2,000 miles farther. The result is a 

substantially higher per unit lighterage 
cost, since equipment must be amortized 
and cost spread out accordingly. 

The northernmost communities such 
as Barrow must also endure extreme cli

matic conditions, further increasing cost. 
The pack ice at Barrow generally moves 

offshore for a short unpredictable time 
during late summer, when supply ships 

can get close enough to unload. The period 

may last from one to six weeks. During 

some summers the ice never goes out and 
Barrow is supplied only by air. Because of 
the ice, supply ships are usually accom

panied by icebreakers; often both the 

supply ship and icebreakers are anchored 
for long periods waiting good ice condi

tions. When this occurs, the flotilla runs 
for Barrow and a frenzy of unloading ac

tivity occurs, including he I icopters slinging 
loads from ship to shore. Meanwhile a 

close watch is kept on ice conditions; if 
they deteriorate, loading stops and the 

ships dash for safety. Such action may be 
necessary several times during the unload

ing process- not an efficient operation. 
Historically marine transportation in 

the study area has been vitally important. 

Prior to the entrance of aircraft upon the 

scene, communitites as far up river as 
Whitehorse on the Yukon River and Fair

banks on the Tanana River depended on 

river steam.ers to supply their needs. These 
river steamers met the ocean-going vessels 

at St. Michael on the coast. 

Completion of the Alcan Highway (now 

known as the Alaska Highway) ushered in 

a new era, and dependence upon the sea 

lessened. Communities, especially those 

up river, rei ied on river barges from 

Nenana (the transfer point for the Alaska 

Railroad) or from Fairbanks. Extension 

of the highway system from Fairbanks 

to Nenana in the late 1950s eliminated 

the need for barge service from Fairbanks. 
Presently, shipment for barge delivery 

comes by highway to Nenana from Anch

orage or the Lower 48 via the Alaska 
Highway, or from the ports of Whittier 

or Anchorage by railroad. Shipment from 
Nenana goes as far down river on the 
Yukon as Kaltag. From there, down

river communities are supplied by barges 

coming up river from the coast. 

Air transportation is the dominant 

people-moving mode throughout the study 

area and is rapidly becoming the dominant 
mode for cargo as well, the result of larger 
and more efficient cargo aircraft, im
proved airports, and a sharp increase in 
cost of sea shipments which stems primar
ily from the high lighterage cost discussed 
earlier. All movement of people into and 

out of the area is by air and nearly all 
freight is moved in the same manner, 
except for petroleum industry-related 
freight moved to Prudhoe Bay and points 
along the pipeline corridor by the North 

Slope Haul Road. Because this road does 

not connect to any community, residents 
of the adjacent area do not receive any 
benefit. 

In other areas of the world air trans
portation is used by people in a hurry or 

for priority freight items, but this does 

not hold true in Alaska. Here people use 

air transportation because nothing else is 
available. Due to the vast distances be

tween the area and major population cen
ters outside the area, this practice will 
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continue for the foreseeable future. 

People ship by air because it is more ec

onomical, even though a marine mode is 

available. 

A major factor encouraging air freight 

is air parcel post. 2 All mail is delivered by 

air; barring certain glass goods and alco

holic beverages, if freight can be kept 

within certain size limitations it can be 

mailed by parcel post at a fraction of the 

cost of air freight . In Barrow the mailer 

pays 3~ cents/lb. and the airline -c'&llects 

an additional 12 cents/lb. in the form of 

subsidy. As a result entire store stocks are 

ordered by mail. The U. S. Government -
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and therefore the U. S. taxpayer- direct

ly subsidizes the bush freight service and 

an improved passenger service is a spin-off 

benefit. The situation leads observers to 

make erroneous conclusions: first, that air 

freight is competitive, which in fact is 

only because it is heavily subsidized; and 

second, that the marine service is adequate 

since it is not being fully utilized. 

Small changes in air commerce regula

tions can significantly affect this area's 

transportation system. A case in point is 

the legislation created to make it illegal to 

transport flammable material by air. Wai

vers were granted for Alaskan areas where 

Study Area ······· I ... 

Figure 1 

no other mode was available, but on the 

western and northern sea coast the marine 

mode will have to be used even if it is 

more expensive . While people in the Low

er 48 might have been inconvenienced by 

this legislation, Bush Alaska itself was 

threatened. 

It should be recognized early in any 

transportation analysis of this part of 

Alaska that there is not enough people 

movement to justify a system exclusively 

to move people, nor is there enough 

freight to justify an exclusive freight sys

tem. Anything done to improve freight 

movement by a mode other than air like-
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ly will cause a lower level of service to 

travelers. 
Without doubt the most pressing trans

portation need in the area is economic re
lief. Even with a subsidized system, the 

cost is more than the locale can continue 
to bear. It has reached a point where a 

small increase in cost or a minor change 
in air commerce regulation would severely 

cripple northwestern Alaska. 

SYSTEMS ALTERNATIVES 

There are several technical possibilities 

to achieve at least partial economic relief. 

Central Ports 

Lightering could be eliminated by con
structing central ports and supplying 

smaller communities out of these ports 
by road, air, or barge. Logical potential 
sites narrow to two alternatives in the Lost 
River area to serve chiefly the proposed 
fluorite mining operation, but also the 

whole Seward Peninsula and perhaps the 
Kobuk Valley. These candidate port sites 
(40-foot depth) are near the mouth of 

Lost River, and at Brevig Mission inside 

Port Clarence.3 Other port sites (30 to 

35 feet deep) lie at the neck of the Bald

win Peninsula in Kotzebue Sound and at 

Wainwright. 

These potential sites challenge exist
ing technology. They would require in
novative port designs and improved ice

breakers, and possibly even submarine 
faci I ities. The expense of port develop
ment dictates that this alternative be as

sociated with the exploitation of natural 
resources. The logistics of serving the en

tire area from a few central ports pose 
some problems. The present transporta

tion system could not handle this increase 
without major modification. In addition, 

centrally located warehousing would be 
necessary. 

Improving the Present System 

The present system is heavily subsi

dized and cost to the direct consumer does 

not reflect the actual cost. Because the 
present system focuses on postal service, 
any substantial improvement must come 

in the form of postal reform. But if na

tional reform were to occur, probably its 
object would be to reduce overall cost, 
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and no doubt a review would call atten

tion to Alaska's unique use of the postal 
system. Reform could lead to the Alaskan 
consumer actually paying more. 

Improving Air Service 

Because of severe weather conditions 
in Alaska, especially near the west coast, 

an operator must adjust his rates to cover 
a high number of aborted flights since it 
costs just as much to operate an aircraft 

even if it does not reach its destination.
4 

If operators could count on completing 

more flights, they could charge less. 
Such an improvement calls for a com

plete new look at warrants for navigation

al aids. These warrants are established on 

a national level; to put an approach aid 

costing several million dollars into a com
munity with a population numbering in 

the hundreds is unthinkable. It is not likely 
that warrants will change in the near fu

ture. 

Therefore, improved air service depends 
upon both the consumer being able to 
pay for better service and improved navi

gational and approach aids. The lead time 
necessary to program, design and con

struct these new facilities, even if warrants 
were relaxed, means this is not the way 

to meet the immediate need . 

Using Lighter Than Air Craft (Dirigibles) 

The rather exotic method of moving 

freight by lighter than air craft has been 

suggested. These craft need low wind con

ditions, but high winds are common in 

the area. 5 

Do Nothing Alternative 

This obvious alternate would continue 

the deterioration of marine shipment and 
accelerate the shift to air, increasing the 

system's vulnerability. 

Roads and Railroads 

Constructing an overland facility, a 

road or railroad, is also a possibility. As a 
practical matter, the expense rules these 

solutions out for the foreseeable future. 

Roads cost about $600,000 per mile and 
railroads $1,140,000 per mile. 6 There 

would be over 500 miles of road or rail
road to build. Obviously it would take a 

tremendous amount of tonnage to justify 

expenditures of this magnitude. 

Marine Lash System 

Another possible solution would be a 

lash system using barges. They would be 

dropped off at various communities along 

the coast and picked up later on a return 
trip. One of the biggest drawbacks of this 

system is that many communities are too 

small for their freight to justify a full 
barge. Timing would also be critical since 
the fast mother ship would be picking up 
empties on the return trip; northern com

munities would have little time to unload 
and store their freight. Ice packs could lead 

to long delays. 

Air Cushion Vehicles 

Air cushion vehicles could be used for 

lightering. Since the bulk of this paper 

concerns their use and advantages, no fur
ther comment will be made here. 

In trying to pinpoint where economic 

rei ief can be best achieved, this study al
ways ended up with the high cost of light

ering. If this cost can be substantially re

duced through more efficient use of equip

ment, greater utilization of existing equip

ment, or even through the use of new 

technology, then immediate relief can be 

obtained . 

SYSTEM DEVELOPMENT 

The use of air cushion vehicles (ACVs) 

for lightering in northwest Alaska is a de
parture from past consideration for these 

vehicles . It has only been in recent years 
that ACVs with the capacity to serve 

this function were even available: Bell 
Aerospace Canada (Textron) now builds 

a 30 ton payload ACV that is specifica117 
designed to be used as a lightering craft. 

There are two basic scenarios that could 

be considered for ACVs. 

Scenario I 

ACVs could serve as delivery vehicles 
for cargo from a central port, or possibly 
several central ports, to the communities 

around them. The ports themselves would 

be serviced by ocean-going vessels. 

This scheme has several drawbacks: 

Initial investments for port(s) would be 
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large; the ACVs would have long travel 

distances, moving inventory from a central 

point out to communities; return trips 

would produce no revenue; inventories 
would receive an extra handling from ship 

to central storage and then from central 
storage to community; developing a port 

and ACV depot/operation and mainte

nance facility would require considerable 
lead time. Many of the arguments against 

central port development mentioned a
bove would apply. 

Such a scheme may be warranted at 
some fattrr£ ·date, especially if the operat
ing cost for ACVs could be reduced by 
developing a slower-moving vehicle that 
used standard marine components. 

Scenario II 

In this scheme two ACVs would be 

based on the ocean-going supply vessel as 

I ighterage crafts. When the supply vessel 
approached a community, the ACVs would 

be dropped overboard and loaded, and a 

shuttle would begin to that community. 
After loading the ACV, the supply ship 

would proceed on course. By this method 

the supply vessel would never need to 

hold for any extended time. While the 
ship was moving up the coast, ACVs would 

be shuttling back and forth between com

munity and ship . Because of the high op
erating speed of ACVs, communities some 

distance from the river mouths could be 
serviced directly from ocean vessels. 

This method has several advantages. In
vestment is relatively small and is primar

ily tied up in equipment that is market

able if the scheme proves unworkable. No 

capital investment in ports is required. 

Shuttle distances are kept short because 
the supply vessel can usually get within a 

mile or two of the coast. ACVs could be 
based in Seattle during off-season months 
wher-e repairs could be made, could be 
leased in:-another area, or could be stored 
and utilized nearly anywhere along the 

coast of Alaska if needed. Local people 
could operate the system. 

The primary disadvantage is the de

parture from normal operating methods . 
An operational learning curve would de

velop and considerable technical help 

would be necessary especially during the 

demonstration phase of the project. If 

ACV lighters were successful, passenger 
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service by aircraft could be adversely af
fected since it would no longer be a spin
off of high freight (mail) volumes. 

This scenario seems the best for re

solving northwestern Alaska's transporta

tion problem; it is at least worth more de
tailed analysis . 

Local Potential 

Figure 2 illustrates the minimum po

tential for lightering. Communities are 

shown on the vertical axis in the order 
they would likely be served by vessel along 

the coast. Distances are from Cape New
enham, the first point of delivery. Min

imum tonnage, based upon the most re
cent community populations available, is 
shown on the horizontal axis. The Man 
in the Arctic Program (MAPS) has shown 

that four tons8 per capita minimum is 
shipped into a community. This is the base 
for calculations here, though construc
tion can boost this figure substantially 
and the shift from a subsistence life style 
also increases freight. 

From Figure 2, an operation could 

count on 118,950 tons to be lightered 

Figure 2. Chart showing minimum potential for lightering. 
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to the various communities along the 
coast. Assuming 30 tons per trip, that 

would require a minimum of 3,965 trips. 

Operating Time 

Shallow seas and the fact that the sup

ply ship would be proceeding rather than 

stopping makes its coming much closer 

than two miles to the coastline improb

able. Therefore it was assumed that the 
average lightering trip would be two miles 

one way. 

While ACVs will operate at a speed of 
40 mph, for the purposes of this report a 
block speed of 30 mph is more practic

able; using that speed for calculations, 
each trip would average eight minutes. 

It was also assumed that once lightering 
had begun, there would be a delay at both 
ends (loading and unloading) of 15 min
utes. During this time the ACV would be 

idle; thus a total of one-half hour idle time 
per trip was assumed for cost calculation. 

Crew Cost 

From the above assumptions, it was 

calculated that each trip would consist 
of: 

8 minutes travel time 

30 minutes idle time 
38 minutes total time 

Total delivery time would be: 

3,965 trips x 8 min/trip= 528.67 hrs 
60 min/hr 

This was rounded off to 530 hours. 

Total waiting time would be: 
3,965 trips (.5 hrs/trip) or 1,982 hrs 

This was rounded off to 1,980 hours. 

Crew would consist of a pilot, navigator 
and two deck hands; crew time totals 
2,510 hours. 

Wages per hour were computed as follows: 

Pilot- $20/hr $20.00 hour 
Navigator- $15/hr $15.00 hour 

Deck hands- 2@ $10/hr $20.00 hour 
Plus fringe benefits of 

50% of wages, or 
Total crew cost 

$27.50 hour 

$82.50 hour 

In addition, mechanical support was cal
culated as three man-hours to each op

erating hour (not including idle time). 
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It was assumed that the ACV would op

erate for two shifts and then spend a 
shift being maintained. Thus, in 16 hours 

the ACV would make an average of 24 

trips, with approximately 3.2 hours in 

actual operation and 9.6 man-hours of 
maintenance by one mechanic and a half

time helper. This time was increased to 
12 hours to provide a 20% maintenance 
buffer. 

Wages for one mechanic and helper: 
Mechanic- $20/hr $ 20.00 hour 
Helper- $10/hr 

(%helper) $ 5.00 hour 

$ 25.00Total 
Plus fringe benefits 

of 50% of wages, or $12.50/hour 
Total mechanical cost $37.50/hour 

Note that one helper would service 

two ACVs. 
The cost of an eight-hour shift would be 
$37.50 x 8 or $300/shift. This must be 
prorated to 16 hours of ACV operation 
or $300/16 equals $18.75/hour. The ex

pense of board and room on the supply 
vessel must be considered also. This was 

done as follows: Assume that two eight
hour shifts would be carried for each 

ACV, making it necessary to house four 
crews. Total personnel would be 16 crew

men plus 3 mechanics or helpers, or 19 
people. It was assumed that crew mem

bers could be housed at $25/day per man. 

This results in $650 per day or approxi
mately $20/hour. 

Thus total personnel cost per hour is: 

Crew $82.50 
Mechanic support 
Board and room 

(use $125.00) 

Capital Investment 
Two Voyagers AL-30 

Spare parts and ground 
support equipment 

Total 

Annual Operating Cost 

18.75 

20.00 
$121.25 

$6,000,000 

1,000,000 
$7,000,000 

(Interest at 10%, all cost in equivalent 
annual cost) 
Fixed annual cost 

Insurance@ 4% 

capital cost 
Salvage value 

( 15% capital cost) 

Depreciation (1 0 years 
straight line to 15%) 

$ 280,000 

65,882 

968,333 

Investment credit@ 10% 113,921 

Total fixed 
annual cost 

Variable annual cost 
Crew@ $125/hr 

for 2,510 hrs/yr 

Parts and overhaul 

reserve based on 

260/hr for 530 hrs 
Fuel based on 180 

gals/hr for 530 oper

ating hrs@ $.50/gal 

Fuel based on 60 

gals/h r for 1,980 

idling hrs@ $.50/gal 

Total variable 

annual cost 

Total fixed and variable 

cost 
+ 30% Taxes and profit 

TOTAL COST 

$1,068,530 

$ 313,750 

137,800 

47,700 

59,460 

$ 558,710 

$1,627,240 
488,172 

$2,115,412 

Dividing the total cost by the number of 

tons to be lightered results in $17 .78/ton 
or less than one cent per pound. 

Bell Aerospace computations for di

rect operating cost for a similar operation 
with a 3.5 mile haul is $13.33 per ton? 

When adjusted for cost of operation and 
inflation, Bell Aerospace's estimate com

pares reasonably well with the $17.78 
per ton developed above. Residents cur

rently pay commercial lighterage firms 

$30 to $45 per ton for this service de

pending upon the location and commod
ity,9 which represents approximately half 

of the total shipping cost from Seattle. 

SYSTEMS MANAGEMENT 

In actual operation there are several 

areas that are sensitive to profit motive 
and provide management with areas for 

increased efficiency. In comparison cal
culations, all factors are identical to the 

basic calculation except the factor being 
tested for sensitivity. 

Areas for Improvement 

Economics for this scenario have been 
based on minimum amounts of freight. 
As an example, Figure 2 shows that Nome 

will generate at least 10,000 tons. Ac
cording to Corps of Engineers records, 
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Figure 3. Relationship of cost per ton to total freight. 

the actual average annual total tonnage 
for the port of Nome is around 28,000 

tons. 10 While total cost increases with 
more freight, the cost per ton decreases 
dramatically (Fig. 3). 

yond that would re
quire additional ACVs 

with an associated in

crease in fixed cost. 
Seasonal limitations 
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Figure 4 illustrates the relationship of 
haul distance to total annual cost; cost 
increases approximately $1.38 per ton or 

about 7% for each mile increase in dis

tance. This in itself is a reasonable haul 
rate; however, it is apparent that with only 

two ACVs an operator would run out of 

time if average hauls exceeded 14 miles 

round trip_. An increase in distance be-

to haul distance than Figure 4. Relationship of cost to haul distance. 
is cost. It is impor-
tant to recognize that the supply vessel 

and not the ACV is the restrictive link 

preventing year-round operation. ACVs 

can operate in virtually any season, major 

storms excluded; this capacity supports 
the idea of an eventual central port facility. 

Figure 5 illustrates the relationship of 

operating speed and cost. An operator 
could expect slightly less than a 1% sav

ings for each 10 mph increase in block 
speed, so varying operating speeds will 

not affect cost significantly. 

Figure 5. Relationship of cost to operating speed. Figure 6. Relationship of cost to loading time. 
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Figure 6 demonstrates that a 3% savings 

can be achieved for each 10 minutes de
crease in loading and unloading time. 

Fixed cost can also be affected. Fig

ure 7 demonstrates that a decrease of 
1% in interest rates decreases total cost 
by approximately 3%. Because this is 
a relatively untried but acutely needed 
system, it is probable that an operator 

could obtain low cost financing through 
interested governmental entities in the 
form of loans, grants, or demonstration 

projects. 
Figure 8 shows the effect of holding 

all other variables constant and varying 

the depreciation schedule; decreasing the 

schedule one year saves 4% in cost . 
Thu-s an operator would have ample 

oppOf·ft:lilities to improve operations. 
These are, in decreasing order of effi

ciency : increase freight; decrease average 

haul distance; decrease depreciation sched

ule; obtain lower interest rates; decrease 
loading time;and increase operating speed. 

Table 1 illustrates potential reduction in 
unit cost if an operator could achieve the 

described operating efficiency. All are 

reasonable expectations over a period of 
years. 

Obviously there is much room for var

iance in the $7.75 per ton cost, but it 
does demonstrate the dramatic opportun
ities to decrease I ightering cost to the 
consumer. 

Fuel Cost Sensitivity 

Since ACVs are considered high energy

consuming vehicles, it is important to con

sider the effect of changes in fuel prices. 

For the basic calculation, fuel was assumed 

to cost $.50 per gallon, totalling 5% of 

operating cost. If fuel cost doubled, total 
cost would increase by 6%. Therefore, the 

price of fuel would have a noticeable im

pact on the consumer but not enough to 
influence a decision to proceed with the 
project. 

SYSTEM EFFECT 

"There is no such thing as a free lunch" 
holds true here also. If ACV lightering 

proved successful, at least for the short 
term, passenger service by air likely would 

suffer, primarily because the existing air 

system is structured around a mixture of 
passengers and freight. If suddenly this 

freight went by a more economical and 
energy-efficient mode, the passenger mix 
would be hard-pressed to support the sys

tem. However, this lower air service qual 

ity could and likely will be caused even 
more dramatically by an act of Congress 
or an operator's decision. 

The long term effect is positive. A de
crease in long-range freight would prob

ably force the state's major airlines to 

seek other markets, probably by mergers 
with larger companies or by expanding 

routes to points outside the state . Empha

sis on the local market would decrease. 

This gap would be filled by a third-level 

carrier springing up from local charter 
companies. They would equip themselves 

with small, fast jets designed around mov

ing people. Initially passenger service 

would suffer, but when things settled 

down, all of Alaska would gain from in 

creased and competitive service to the out
side. Flights within the state would be 

catered to the comfort and needs of the 

passenger alone. 
The shift to moving goods by sea a

gain would also create the need for large 

inventories and warehousing in local com

munities. This would affect the cash flow 
of local entrepreneurs and in many cases 

create hardships. Warehouses in most com
munities are in rather poor condition; the 
incidence of fire or damage by weather 
could be high. Poor warehousing could 
jeopardize an entire season's supplies for 

a remote community . This problem could 
be minimized by building new warehouses 

where needed, construction which would 
boost the local economy . 

A third problem identified early in this 

research was that of the Jones Act, which 

prevents vessels with foreign hulls from 
servicing domestic ports in succession. 

They must put into a foreign port between 

domestic ones. ACVs are considered ma
rine vessels and all ACVs capable of per-

Figure 7. Relationship of cost to interest rates. Figure 8. Relationship of cost to depreciation schedule. 
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TABLE 1 

Potential Reduction in Unit Cost 

Base Calculation Achieved Efficiency 
(using preceding graphs) 

Freight (tons) 

Interest rates (%) 

Depreciation schedule (years) 

Haul distance (miles) 

Loading time (minutes) 

Operating speed (mph) 

Rate per ton 

forming this lightering service are built 

under foreign flags. However, this is no 

longer a problem since the 1979 Trans

portation Act waived the Jones Act for 
operators of ACVs in Alaska. 

RECOMMENDATIONS AND 

SUMMARY 

Theories have a way of looking decent 

on paper but never actually becoming re

ality for two basic reasons: the need is 

not acute enough to demand attention 

and there is no driving force behind them 

to provide financial and management sup

port. 

This topic is unique in that the need is 

acute and some support has been ob

tained, as demonstrated by the 1979 Trans

portation Act which waived the Jones Act 

for a project such as described herein . In 

this case the use of ACVs for transporta

tion in western and northern Alaska should 
be approached positively, yet with caution. 

Ultimately modified ACVs should be 

serving western and northern Alaskan 

communitites from centralized ports on a 

year round basis. These ports could be 

sup pi ied by either marine shipment, high

way, rail road or a combination of these. 

However, to provide immediate relief, 

create a learning curve, gain time to de

velop modifications, and substantiate the 

feasibility of ACV use, a scenario as 

described in this paper should be adopted. 

If lightering cost could be reduced to a 

reasonable level, the transportation system 

would immediately stabilize and state 

government would have the needed time 

to upgrade air support faci I ities to meet 

demand. Lowering lighterage cost would 
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provide breathing room for the in-depth 

system analysis needed to determine what 

direction improvements should take. 

The venture, if at all possible, should 

be carried out by private enterprise. How

ever, government should take the burden 

of risk until the economic feasibility is 

proven by experience. To accomplish this 

I suggest that a private entrepreneur re

ceive financial and management support 

from the state government. The state 

government in turn should receive sub

stantial financial support from the feder

al government since the regions served 

are predominantly federally owned. 
As the system matures and becomes 

profitable, the state's management role 

will decrease. Since it will have been inti 

mately involved in management, the state 

will be well-informed for its continuing 

regulatory role. 

A lightering system as described in this 

paper appears to be both feasible and ec

onomically viable. There is enough lati 

tude in operational and financial factors 
to promote efficient development, pro

viding the cost to the consumer is kept 

affordable. The high cost of transporta

tion in western and northern Alaska needs 

relief urgently, and developing such a 

system could significantly lower freight 

cost to the consumer there. 

The ACV method described here would 

provide for a keenly balanced system based 
on need and profit. 
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by Ron Metzner and Lewis Shapiro 

ICE CONDITIONS ON 
ALASKA'S BEAUFORT SEA COAST: 
Extending the Observations* 

Sea ice can help or hinder offshore 

petroleum operations, depending on the 
conditions; because of the proposed off

shore oil activity in the Beaufort Sea, 
there is great interest in ice conditions 

and motions along the arctic coast. 

The coastal ice along the Beaufort 
Sea coast of Alaska has been under in

tense observation since the Prudhoe Bay 
oil discovery ten years ago. The decisions 

that must be made in the very near future 
on the procedures for exploration and de

velopment on the continental shelf be
neath the Beaufort Sea will be based in 

part on the available information on the 

probable extent and location of potential 

major ice movements. Perhaps over the 
last several years we have seen the most 

severe conditions likely to be encountered 
during oil exploration, development, and 

production in the area, but given the local 
storms, severe weather, and variable ice, 

ten years appears to be a very limited 

sample. 

LOOKING BACK 

The further we can extend our obser
vations in time, the more certain we can 
be that we have enough data to be confi
dent in our understanding, and thus our 

predictions, of ice events. If there were 
50 years for more observations before the 
lease sale and activity began in the Beau

fort Sea, we would not have as many un
certainties to worry about. But we do not 

have those years before petroleum opera
tions begin. 

What we do have is a window into the 
past. The permanent residents of the North 

Slope have been observing ice conditions 
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there for many years. Among the I nupiaq 
(or Northern Eskimo) residents are people 

who have been actively hunting and trap

ping on the ice for years. Their livelihoods 

and often their lives have depended on 

their capacity to observe and understand 

the ice, but very little of their knowledge 
has yet been written down. We have at

tempted to sample this knowledge through 

a series of interviews. 

Oral histories often contain elements 

of myth, and that complicates interpre

tation - though it need not make factual 

interpretation impossible. As an example, 

the fliad is believed to be (or to be based 
on) very old Greek oral traditions that 

were not recorded in written form until 

between the 9th and 7th centuries B.C. 
Because of the epic's mythical content, 
most European scholars dismissed the pos

sibility of its having any historical validity 

and even denied the existence of Troy. 
Heinrich Schliemann did not agree with 

that view, and around 1870 h~s archaeolo
gical investigations revealed that Troy had 

indeed existed in Asia Minor at approxi
mately the location described in the fliad. 

This illustrates that it can be a mistake 

to disregard oral traditions. They contain 

fact as well as myth and the fact can be a 
guide to future successful investigations, 

as in Schliemann's case. We were aware 

of the problem of separating myth from 
fact before we began our study, and did 

not feel equipped to handle the older tra

ditions that were most likely to contain 
mythic elements. Therefore we limited 

our considerations to eyewitness accounts 
of events that the eight persons between 

the ages of 55 and 85 whom we inter-

*See also Author's Note, p. 35. 

viewed had seen in their own lifetimes. 

This sidestepped the problem of myth 

but limited the scope of our investigations 

to the last 60 years. It also restricted our 
sample observations of the coast, for al

though most hunters traveled extensively 
and lived in different places in different 
years, they could not be everywhere at 
once. Thus our sample is spotty and we 
only get glimpses of what ice conditions 

were like at a given location, depending 
on when the person interviewed happened 

to be there. 

PROBLEMS 

There are several difficulties associated 
with programs of interviewing like ours. 

One is that it is impolite in Eskimo society 

to go into someone's house and ask many 

questions. North Slope people are becom
ing somewhat accustomed to questioning, 

because anthropologists and Federal and 

State agencies have been doing it for years, 

but it still carries a negative connotation. 

Related to this is a lack of feedback to 

the community: information goes out but 

the participants never see a finished pro

duct, unless perhaps in the form of a paper

back book about their region from which 
they receive no royalties. 

That brings us to the second difficulty, 
which is a legal one. Under the new copy

right law, materials such as oral histories 
collected after 1910 belong to the origin

ators, i.e., the people interviewed. There 

has been no court case to date involving 
this aspect of law, but the implication is 
that one needs permission from the people 
interviewed to distribute the material, 

and that they are entitled to royalties 
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from any published work that uses their 
materials and makes a profit. 

The third difficulty is that the people 
interviewed are often very articulate in 
lnupiaq but not in English. The interviews 
must be conducted in lnupiaq and re
corded on tapes which are then translated 

into English. This requires that the person 

conducting the interviews be fluent in 
both English and lnupiaq, understand the 
type of information we are seeking, and 

be able to pursue a line of questioning 

should something of particular interest 

come up during the interview. The quali

ty of the information depends as much 

on the skill of the interviewer as it does 
on the knowledge of the person inter

viewed. 
The fourth problem with interviews of 

this sort is logistics. There are seven North 

Slope villages; they are widely scattered 
and can be reached only by air, snow ma

chine, or boat. The villages other than 
Barrow have only one telephone. Resi

dents are fairly settled now, but at one 
time they traveled extensively over the 
area. Thus a hunter who knows about 
Flaxman Island may presently live in An
aktuvuk Pass. The people still do a great 
deal of hunting, and may be away for 

weeks at a time in pursuit of caribou or 
ducks or in fish camp, depending on the 

season and the game movements; when 
game is in the area, hunting takes prece

dence over everything else. It is difficult . 
to let them know you are coming and if 

you arrive at the wrong time no one will 

be at home. That proves true for transla

tors and interviewers as well, and there 
are times when it is impossible to find 

anyone working on your project. The 

whole situation can be extremely frus

trating to someone thinking in terms of 

urban schedules with firm deadlines and 

regular working hours between 8 a.m. 

and 5 p.m. 

The final problem is related to a duty 

owed the future. The tapes should be 

copied and archived because they often 

contain information of historical and cul
tural interest that may be of use to other 

investigators. Our translations concentrate 

on the information related to ice and usu

ally paraphrase information in other areas; 
the people who were interviewed are 

growing older, and as they pass away the 

tapes become irreplaceable. 
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METHODS 

To overcome the first three difficulties 

we tried to get assistance from local people 
and agencies in doing the interviews. We 

contacted Kenneth Toovak, a lifetime res
ident of Barrow who worked at the Naval 
Arctic Research Laboratory for 19 years 
and is used to working with scientists. He 
speaks both English and lnupiaq, is a 
hunter himself, and is familiar with sea 
ice conditions. He agreed to conduct some 
of the interviews for us. We also contacted 

Molly Pederson of the North Slope Bor
ough lnupiaq Language Commission, who 

agreed to do some of the translating and 

also arrange interviews for us. We gave 

them a list of questions and discussed the 

sort of information we wanted. 

Since we were cooperating with the 

Borough we made the same financial ar

rangements that they use for their own 

interviews. The interviewer/translator is 

paid a consulting fee and the person inter
viewed is paid an hourly rate for his time 

and information. (Each of the eight inter

views took one hour or less.) Thus, inad

vertently we dealt with the legal issue by 

following North Slope Borough policy. 

This procedure may not work in other 

areas. For instance, in the lower Kusko
kwim and Yukon region, people are of

fended to be offered money. The accept
able method of repayment there is to 
send gifts that the persons being inter

viewed (or their households) need, via the 

interviewer or translator. (In a very dif

ferent situation, Eliot Wigginton, editor 

of the Foxjire book series, pays the people 

his high school classes interview with as 
many copies of the transcript, tapes, pub
lished books, and pictures as they want; 

he also buys anything they make for the 

interview at double the estimated fair 

market price. In return he has them sign a 

legal release.) So the procedures that work 
in Bethel and Barrow (and North Caro

lina) are all slightly different, and the 

method chosen must be tailored to fit 
the local conditions. 

The best way to provide feedback 
seemed to us to be by taking the com
pleted transcript to the interviewed per

son's house and having the translator ex
plain what the finished product said. This 

showed the participants that something 
had come of their effort and also helped 

catch mistakes in translation that had 

been missed. We later presented each of 
them a copy of the finished final report. 

We tried various methods to acquire 
and translate tapes. Self-dictated tapes 

proved to be least useful, while directed 

interviews brought out the most informa

tion about ice. These directed sessions 
were arranged a week in advance by the 
person conducting the interview, so the 

person contacted would have time to think 
about what he wanted to say. 

We found that it was not completely 
effective for the translator to translate 
a whole interview at once. It proved to be 

faster and more informative to have the 
translator listen to the interview in seg
ments and tell us what was said; if some

thing was not clear we could ask questions 
at that point. This could all be done in 

English and recorded on another tape, 
which a typist could then easily tran
scribe. 

We soon learned that it is also a good 

idea to have the person who conducted 
the interview involved in the translation 
process. It is very easy to lose information 
in the translation from lnupiaq to English, 
as for example, when the translator at
tempts to use a single term in English to 
express an lnupiaq term that may require 
a few sentences to be explained clearly .One 

example of such an error that arose during 
the translation of Bruce Nukapigak's in

terview was: 

"The ice between those islands is con
trolled by the ocean." 

Re-examination of the tapes showed 

that information had been lost in transla
tion. A more accurate translation was: 

"The ice between those islands is con

trolled by tidal currents that flow in and 
out through the channel." 

Most of the sense of the statement had 

been lost with the original phrasing. 
English idioms used by the I nupiaq 

people can also lead to misunderstandings. 
For example, North Slope people think of 
seaward as downward; they go "down to 

the sea." When they spoke of ice seaward 

of the barrier islands they used a phrase 

which translated as "ice below the barrier 
islands." This was perfectly clear to the 

translator, but not to us. As map-oriented 
people, we interpreted this to mean ice 

southward of the islands, on their inshore 
side. Fortunately we discussed an ice-piling 
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Figure 1. Map showing the region and location of the three insert maps (from the National Atlas prepared by the U.S.G.S.). 

event "below the islands" with the trans

lator and discovered the error, and the 
phrase has been written as "seaward of 
the barrier islands" throughout the final 

report . 
Overcoming the logistics problem re

quired patience and an adequate travel 
budget. We tried to minimize the difficul

ties by attempting to do interviews and 

translations only during the times between 

hunting seasons, and we soon learned that 
the project could not be conducted indi

rectly by phone from Fairbanks. Someone 
had to be able to spend periods of a week 

at a time in Barrow managing the opera
tion, and we had to be prepared to send 
the interviewer back to ask clarifying 
questions, even if that meant a return trip 

to one of the smaller villages. 
To preserve the material for future re

searchers, we copied tapes by means of 
the cassette duplicating machine in the 
University of Alaska's Media Services de-
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partment . The duplicates were then stored 

in the Geophysical Institute archives . 

We have gone into some detail about 
the interview method and how we used it 
because it is not a research tool often used 
by physicists, geologists, or engineers . 

RESULTS 

Some of the points most relevant to 
outer continental shelf problems that 

were made during the interviews are sum
marized below. Figure 1 shows the North 

Slope area with the location of the fol
lowing detailed maps of sections of the 
coast discussed by the people we inter

viewed. 

One of the people who agreed to help 
us was Mr . Harold ltta, who was 71 years 

old when we interviewed him. He had 
been born in Barrow but had lived on the 

coast at Esook near Cape Halkett for a 
number of years. The following paragraph 

from the transcript of his interview, 
though it contained information that was 

especially interesting to us, is typical. Par

enthetical comments are additions by the 

interviewer after he cla rified points with 

Mr. ltta. 

"I remember there was quite a lot of 

huge grounded polar ice in the summer of 
1930 in front of Esook , about three miles 

out. It never did melt all summer. It was 

still there when the ocean froze again. 

There was also large, grounded polar ice 
out in the ocean northeast of Cape Halkett. 
Pieces there never left all summer either. 
The open leads are usually very far out. 

In 1932, when I was going out, it would 
take me all day to get there. The lead is 
always about 20 to 25 miles out from 

Esook . This is in winter months where 
the ice usually opens and closes a little. 
Sometimes in fall the ice piles up on the 
shallows east of Cape Halkett. (There was 

an island there in his father's time which 
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Insert map #2,showingthe 
arctic coast from Barrow 
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Figure 3. 

Insert map # 3, showing the 
arctic coast from Oliktok 
to Herschel Island (from the 
U.S.G.S. 1:1000000 maps). 
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is gone now. He remembered this after 
the interview.) In 1928 (February), there 
was a one-mile-wide open lead in Harrison 
Bay, almost in a line from Cape Halkett 
to Thetis Island, but seaward of the ice 
pile on that shoal. The wind was from the 
west. I never traveled on ice very much 
after that, but this is what I remember 
seeing." 

The lead he describes opening from 
near Cape Halkett to Thetis Island par
ticularly caught our attention, since the 
motion involved a translation about one 
mile seaward of all the landfast ice sheet 
off Harrison Bay outside the approxi
mately 1 0-meter depth contour (Fig. 2). 

Mr. ltta and Mr. Herbert Leavitt both 
described an ice push of 4-ft thick ice up 
the beach at Esook in July of 1928. It 
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formed piles estimated at 20ft high along 
the beach. Over one part of the movement 

it did not pile up but advanced as a con

tinuous sheet for a distance of 200ft. 

Sarah Kunaknana, Elijah Kakinya, 
Henry Nashanknik, and Bruce Nukapigak 
all mention a tendency for a shear zone 

to form running from Cross Island to Bar

ter Island on the seaward side of those is
lands (Fig. 3). It is associated with a 

weather change from gentle winds from 
the south to very strong winds from the 

west. This can happen rapidly, as indi

cated by two stories of hunting parties 

attempting to reach safety after they had 

been trapped on the ocean side of the 

zon.e when such storms came up . Samuel 
and Sarah Kunaknana indicated that such 
events can happen any time of year, re
gardless of the first-year ice thickness 

seaward of the barrier islands, if the prop
er driving conditions prevail. 

Between March 16 and 18, 1979 a 
major storm produced a shear zone and 

ridge systems in the Beaufort Sea seaward 
of the barrier islands. The events fit a pat

tern very similar to the one just described, 

and the ice moved in an area where it had 

not been observed to move at that time 
of year during the past ten years. The de
scription of the ice motion is given by 

Kovacs 
1 

and the most spectacular ridge is 
described by Hanson 2. It is interesting 
that this storm and its associated events 
are different from the past ten years' ex 

perience but do confirm the lnupiaq re

ports, prior to the storm, of what kinds 
of ice events are possible. 

Kenneth Toovak reported an episode 
of ice overriding the beach on the Chuk
chi coast at Barrow in late February or 

early March of 1935 or 1936 (possibly 
the same event that Charlie Brower re
ported in his book, Fifty Years Below 
Zero, for which he gave the date as 1937). 

The ice advanced 250ft up the beach, ter
minating in piles about 20ft high. Though 

this event is not directly related to the 

Beaufort Sea coast, it is significant for 
two reasons. First, it indicates that the 

end of freezeup does not signal the begin
ning of inherent stability in the ice. Given 
the appropriate driving conditions, ice 

can move up a beach at any time of year. 

Second, this is illustrative of many ice 
pushes that have occurred at Barrow dur
ing the winter, suggesting that the ice in 
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the nearshore waters of the Chukchi Sea 

coast is less stable than that encountered 
along the Beaufort Sea coast. This is a 

point which requires study prior to leasing 

in the Chukchi Sea. 

We learned of other interesting events 
as well. Ice can pile up on all sides of the 
barrier islands in fall, indicating some 

motion in the ice sheet behind the islands 

before January. In late summer and fall 
storms, pieces of multi-year ice can be 

carried through the channel between the 

Midway and Return Islands and grounded 

just out from Prudhoe Bay (Fig. 4). Dur

ing the fall, bowhead whales migrating 

west sometimes use this and other deeper 
channels and have been seen swimming 

inshore from Cross Island. Pieces of ice 
have been washed up onto barrier islands 

during heavy storms in late summer or 
early fall. 

·None of the eight people we inter

viewed reported seeing ice overrides of 

barrier islands in winter. However, it does 

Figure 5. Tapkaluk Island override as it looked 1 May 1978, more than three months 
after the ice had been driven ashore. The ridge is 10 m high. The photog
rapher has his back to the salients shown in Figs. 6 and 7; his position in 
those photos is marked by arrows. (Gun was for defense against polar bears.) 

Figure 6. Tapkaluk Island override photographed June 1978 to show both salients 
across the island. The largest section of override was 120 m wide, with 
140 m forward thrust. View is from the Beaufort Sea side. Arrow points 
to man in photoS., looking left. (Photograph courtesy of Arnie Hanson.) 
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Figure 7. Aerial photo of Tapkaluk Island override 

1 May 1978. Elson Lagoon is to the left, the Beau

fort Sea to the right. Black streaks are dirt from 

exposed part of island, blown across lagoon ice by 

prevailing NE winds. 

Figure 8. lgalik Island override. By June 1978, when 

this aerial photo was taken, the middle of the 900-m 

long, roughly rectangular salient had melted away 
over the island. The island is the narrow arc curving 
down from upper left, with Elson Lagoon to the left, 

the Beaufort Sea to the right. North is approximate

ly upper right corner of the photo. (Photograph 

courtesy of Arnie Hanson.) 

happen. We documented three such events 

at Tapkaluk (Figs. 5, 6, and 7) , Cooper, 

and lgalik (Fig . 8) Islands that occurred 

in January of 1978.3 

The complete report, including tran

scripts of the interviews, has been pub

lished as Geophysical Institute report 

UAG R-268. Since the report was pub

lished we have learned of two more inter

esting events. One was an ice push up the 

beach on the east side of Camden Bay ; the 

other involves motion in the ice between 

Narwhal Island and the coast during a 
storm in November or December of 1924. 

The 'project is continuing. 
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by D. B. Hawkins 

ZEOLITES: 
Mineral '' Shmoos '' 

Readers of AI Capp's "Li'l Abner" 

will no doubt remember those endearing 
little creatures called "Shmoos" that had 

a variety of uses and, when eaten, tasted 
like fried chicken. Zeolites must be the 

mineralogic equivalent of shmoos. Cer

tainly no other group of minerals can be 
used as cracking catalysts, molecular 
sieves, gas sorbents, light-weight aggre

gate, water softeners, detergent additives, 

solar-energy devices, soil conditioners, 

dessicants, odor retardants and, finally, 

animal-feed additives. The uses to which 
this group of minerals can be put seem 
limited only by imagination although no 
one claims they taste like fried chicken. 

ION EXCHANGE 

The explantion for the utility of the 

zeolites lies in their composition and 

structure. Zeolites, along with quartz and 
the feldspars, belong to the mineralogic 

class of silicates called tectosilicates, so 

named because of their three-dimensional 
aluminum-silicon-oxygen framework (Fig. 
1 ). Using quartz (Si0 2 ) as an example, an 

equivalent composition is Si40 8, in which 

each silicon cation (Si+4 ) has an electro

static charge of plus four units and each 
oxygen anion (0-2 ) has an electrostatic 

charge of minus 2 units. In Si40 8, the 

plus and minus charges balance one a

nother and the structure is electrostatic
ally neutral. Aluminum ion JA1+3 ) is only 
slightly larger than the Si+ ion and can 
physically substitute for the Si+4 in the 

silicate structure. This results in a net 

ne~ative charge, as can be seen if the eight 
o- ions are held constant and one Si+4 

is replaced with one Al+3 to give AISi
3

0
8

-

with the single negative charge shown. For 
electro-neutrality this charge must be bal-
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anced by adding a monovalent (singly
charged) cation such as potassium (K+). 

Writing the equation for these substitu
tions produces KaAISi 30 8, the feld-

Figure 1. Three-dimensional arrangement 

of silicate tetrahedra in tektosilicates. 
Crystal structure of beta-tridymite. 

spar orthoclase. Substitutions of calcium, 
sodium and aluminum as well as potas
sium are possible, leading to the plagio
clase feldspars albite (NaAISi 30 8 ), and 
anorthite (CaAI 2Si 20 8 ). Compositionally 

albite can be formed by exchanging the 
K+ in orthoclase with a sodium ion, Na +. 

This is an example of cation exchange. 

Zeolites show similar substitutions 
but differ from the feldspars by having 
much more open crystal structures in 

which regular channels and cavities occur 

and by having water molecules as an 
essential part of their composition. The 

structural arrangement of zeolites is 
shown in Figure 2. The chemical com

position and properties of a number of 
important zeolites are given in Table l. 
The feldspar structure is dense relative 

to the zeolites and the alkali metals are 
tightly held, so that ion exchange occurs 
in feldspars mainly at high temperatures. 

Figure 2. Arrangements of simple polyhedra to enclose large central cavities. (a) Trun

cated cuba-octahedra connected by double 4-rings of oxygen in structure of syn

thetic zeolite A. (b) Truncated cuba-octahedra connected by double 6-rings of 
oxygens in structure of faujasite. (From Meier, 1968.) 

(a) (b) 
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-1 
TABLE 1 :::T 

Cll 

2 
0 

Typical Formulae and Selected Physical Properties of Important Zeolites (from Mumpton, I 978) .... .... 
:::T 
Cll .... 
:J 

m 
Habit in :J 

~. 
:J Crystal Void Specific Channel Thermal I on-Exchange Sedimentary Cll 
Cll 

Typical Unit-Cell Formula 1 System Volume 1 G . 6 Dimensions 1 Stability c 0 2 Rocks _ .... 
Zeolite rav1ty apac1ty 

< 
0 

..... ANALCIME Na 16(AI 16si32o96).16H20 Cubic 18% 2.24-2.29 2.6 ft. High 4.54 meq/g trapezohedra 

..... . 
2 

CHABAZITE (Na2,Ca) 
6

(AI 12Si 24 0 72) .40H20 Hexagonal 47 2.05-2.10 3.7 X 4.2 High 3.81 rhombs ? 
N 

CLINOPTI LOLITE (Na4 K4)(AI 8Si40o96).24H 2o Monoclinic 39? 2.16 3.9 X 5.4 High 2.54 laths and plates 

ERIONITE (Na,Ca.5,K)9 (AI 9Si 27o72).27H20 Hexagonal 35 2.02-2.08 3.6 X 5.2 High 3.12 hexagonal rods and 
bundles of rods 

FAUJASITE4 Na58(AI 58si 134o384).240H 20 Cubic 47 1.91-1 .92 7.4 High 3.39 N.A5 

FERRIERITE (Na
2

Mg
2

)(AI
6

Si
30

o72).18H20 Orthorhombic -- 2.1 4-2.21 4.3 X 5.5 High 2.33 laths and rods 
3.4 X 4.8 

HEULANDITE Ca4 (AI 8Si28o72).24H 20 Monoclinic 39 2.10-2.20 4.0 X 5.5 Low 2.91 laths 
4.4 X 7.2 
4.1 X 4.7 

LAUMONTITE Ca4 (AI 8Si 160 48) .16H20 Monoclinic 34 2.20-2.30 4 .6 X 6.3 Low 4.25 laths 

MORDENITE Na8(AI 8Si40o96)x24H20 Orthorhombic 28 2.12-2.15 2.9 X 5.7 High 2.29 needles and fibers 

NATROLITE Na 16(AI 16si 24o80)x 16H20 Orthorhombic 23 2.20-2.26 6.7 X 7.0 Low 5.26 
2.6 X 3.9 

PHILLIPSITE (Na,K) 1 0(AI 10Si 22o62).20H 2o Orthorhombic 31 2.15-2.20 4 .2 X 4.4 Low 3.87 rods and laths 

2.8 X 4 .8 
3.3 

WAIRAKITE Ca8AI 16si 32o96.16H20 Monoclinic 20? 2.26 -- High 4.61 

LINDE A3 Na 12(AI 12si 12o 48).27H20 Cubic 47 1.99 4.2 High 5.48 N.A. 5 

LINDE x3 Na86(AI 86Si 1 06o384).264H
2

0 Cubic 50 1.93 7.4 High 4.73 N.A. 5 

1 Taken mainly from Breck, 1974 ; Meier and Olson, 1971 . Void volume is determined 4 Faujasite is rare and not found in sedimentary rocks . 
from water content. 5N.A . = not applicable 

2Calculated from unit-cell formula . 6Taken mainly from Breck, 1974; Deer, Howie, and Zussman, 1963. Mostly deter-
N 3L.inde A and Linde X are synthetic phases. mined on crystals from amygdales in basalt. (g 



The sites of potassium, sodium and 

calcium in zeolites are much more ac
cessible because of the open structure and 
ion exchange occurs at low temperatures. 
An example of an ion-exchange reaction 
is shown by equation (1). 

. +2 +2 
Na 2zeol1te + Ca + M~ = 
(Ca, Mg)zeolite + 2 Na ( 1 ) 

In this instance, either because of a 

where the role of the zeolite is to take 
up calcium and magnesium in exchange 

for sodium. Zeolites discharged to the 
environment have no noticeable detri
mental effect. 

lon exchange is not as simple as 
pictured above because different zeolites 

select for particular ions. The high-silica 

zeolite clinoptilolite shows the following 

sequence of cation selectivity: 

in fish hatcheries for removing ammonia, 

which is both toxic to fish and a nutrient 
which can lead to eutrophication of the 

waters to which the wastes are dis

charged. ion-exchange systems using 

clinoptilolite or mordenite might be used 

in Alaska as emergency devices to reduce 
the ammonia content of hatchery water 

should the usual water supply fail. Walker 

(1979) has investigated this possibility. 

The results of his preliminary study 

structural preference of the zeolite 

for calcium and magnesium relative 

to sodium or because of a much 

Large size Small size 

Cs>R b>K>N H 4> Ba> Sr >Na>Ca>Fe>AI>Mg>Li 

suggest that for a salmon hatchery 

of average size, handling about 2 
million fry and requiring water 

rate of 150 gpm, an ion-exchange larger concentration of calcium and mag
nesium vis-a-vis sodium, the sodium is 
replaced on the zeolite by calcium and 
magnesium from solution. From the 
standpoint of the solution, calcium and 
magnesium are removed and sodium is 
added to solution. This is the process 
that occurs in water softeners. Hard 
water contains abundant calcium and 
magnesium which react with the soluble 
fatty acids and alcohols in soap to form 
insoluble compounds which leave the 
familiar ring around the tub. The anal
ogous sodium compounds of the fatty 
acids and alcohols are soluble. Removal 
of calcium and magnesium from solution 
and replacement with sodium "softens" 
the water and leads to better cleansing 
action. If sufficient sodium is present on 
the right side of equation (1 ), the sense of 
the reaction is reversed and calcium and 
magnesium are removed from the zeolite 
and replaced with sodium, or the ion 
exchanger is recharged. 

Detergents are less sensitive than 

soap to calcium and magnesium ions 
but the detergent's action is none the 
less inhibited by high concentrations 

of these ions. To enhance the cleaning 

action of detergents, soluble complex 
phosphates are added which combine 

with these ions and keep them from 
combining with the detergent molecules. 

Phosphates, however, are essential 
nutrients and discharge of waste waters 

containing large quantities of phosphate 
can result in increased algal growth and 

ultimately lead to eutrophication of the 
waters to which the wastes are dis

charged. Substitutes for phosphates are 

needed. Detergent manufacturers are now 
replacing high-phosphate detergents with 
low-phosphate detergents plus zeolites, 
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The large cations are preferred by clino
ptilolite. Selectivity means, for example, 

that if clinoptilolite in the calcium form . 

were in contact with a solution contain

ing equal concentrations of cesium and 

sodium, (Na/Cs = 1 ), clinoptilolite would 

preferentially sorb cesium, leaving a solu

tion that would contain calcium, sodium 

and cesium with a sodium/cesium ratio 

much greater than one. This selectivity 

makes clinoptilolite useful for several 
industrial purposes, such as treating 

sewage and radioactive waste. 

In the above sequence, notice the 
position of cesium and strontium (Sr) 

with respect to sodium and calcium. The 

radionuclides Cs 137 and Sr90 are two of 
the most dangerous fission products 

produced in a nuclear reactor. If a radio-
. I . . . C 137 act1ve waste so ut1on conta1n1ng s 

and Sr90 is passed through an ion-ex

change column containing clinoptilolite, 

the Cs 137 and Sr90 can be removed by 
ion exchange for the sodium and calcium 

on the · zeolite. Clinoptilolite is useful 

here because of its selectivity, especially 

for cesium, and because its high silica 

content makes it resistant to attack by 

acids. After it is saturated with cesium 

and strontium, the clinoptilolite can be 
incorporated in glass, concrete or asphalt 
and placed in a high-level waste resposi

tory. 

Look also at the position of 
ammonium ion (NH 4 ) with respect to 

sodium and calcium. Two processes 
which require the removal of ammonia 
and ammonium ion are sewage treatment 
and water treatment for fish hatcheries. 
Clinoptilolite is now finding use in 
tertiary sewage treatment for the removal 

of ammonia and toxic trace metals, and 

flow 
system consisting of about 3 tons of 

clinoptilolite could be installed for about 
$3000. This would give five days contin

uous emergency operation. 

HYDRATION PROPERTIES 

Consider now the property that 

gave these minerals their name . The name 
"Zeolite" was coined by Baron 

Cronstedt, a Swedish mineralogist, in 

1756 and is derived from the Greek 
"Zein" (to boil) and "lithos" (stone), 

i.e., a stone that boils. This is in allusion 

to the fact that zeolites froth and give 

off water when strongly heated. If not 

heated so strongly that the structure of 

the zeolite is destroyed, the zeolite will 

rehydrate when cooled, giving off heat 
in the process . This property of dehydra

tion and rehydration with noticeable 

heat production is used as a means of 
identifying zeolites in the field. The 
property also has numerous industrial 

applications. Dehydrated zeolites are 

powerful dessicants and are used in
dustrially for this purpose. An interesting 
use of this property is in the manufacture 
of multiple-pane windows. Here in Alaska 

with our cold winters, the air between the 
panes must be extremely dry to prevent 
fogging. This is accomplished in some 

instances by end osi ng dehydrated zeo

lites in the glazing material between the 
panes. 

A less mundane use of the hydra
tion-dehydration property of zeolites is in 

solar heating and cooling of buildings 
(Tchernev, 1978). Zeolites, unlike other 

dessicants, have a unique property in 

that their absorption isotherms show an 

extremely non-linear pressure depen-
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Figure 3b. Adsorption isotherms for water vapor on a zeolite. 

Figure 3a. Adsorption isotherms for water vapor on silica gel, 

showing quantity of water adsorbed as a function 

of the partial pressure of water vapor. ditions typical of solar 

applications. 

A solar cooling system has been 

designed by Tchernev ( 1978) and is 

shown schematically in Figure 4. Here 
the zeolite is sealed in an air-tight con

tainer and irradiated by the sun. During 
the day cycle (left side of diagram), the 

zeolite is heated to about 250°F. At 

about 100°F, water vapor starts de
sorbing from the zeolite and the partial 
pressure begins to rise. When the pressure 
reaches the value determined by the con
denser temperature, about 1 psia for 

100°F, the vapor starts to liquify, heat 
is rejected to the outside and liquid water 

dence. Other dessicants have almost linear 
pressure dependence. For example, 

Figure 3 shows the sorption isotherm for 

water on silica gel, a common dessicant, 

where it is evident that the quantity of 

water vapor absorbed is almost a linear 

function of partial pressure, i.e., the 

isotherm is linear. In a refrigeration cycle, 

from sorption at low temperature and 

low partial pressure to desorption at high 
temperature and high partial pressure, 

there is only a small change in the 
amount of absorbed vapor. With conven

tional sorbents such as silica gel, this leads 
to inefficient cooling. In contrast, zeolites 
saturate at low partial pressures (Fig. 3b) 

after which the amount of water sorbed 

is almost independent of pressure (non-

Figure 4 . Schematic diagram illustrating day and night cycles for zeolite-water system 

(from Tchernev, 1978). 

linear isotherm). When the zeolite is at 

ambient temperature it can sorb large 

quantities of water even at high partial 
pressures, corresponding, for example, 

to the high-temperature conditions in a 
condenser. The difference in the quantity 

of sorbed gas between high and low

temperature conditions is large and 
depends only slightly on condenser 

pressure. This makes it possible to 

achieve high efficiencies under con-
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is stored in a storage tank. During the 
night cycle (right side, Fig. 4), the zeolite 

is cooled by convection to ambient tem
perature and is ready to sorb water vapor 
even at low partial pressure. Liquid water 
from the storage tank is introduced to 
the evaporator where it absorbs heat from 
the space to be cooled and is converted 
to water vapor. Water in the evaporator 
will boil at 35°F if the partial pressure 
is 0 .1 psia. The zeolite functions by 
absorbing the water vapor produced, by 
maintaining the partial pressure below 
0.1 psia and by rejecting the heat of 
absorption to the atmosphere. At the end 
of the night cycle the zeolite is loaded 
with water at 0.1 psia and is ready for 
the day cycle. Obviously one can reverse 
the pr.e€ess to heat rather than cool, or 
to do both. Tchernev shows several such 
systems. 

GAS SORPTION 

Besides such applications as solar 

heating and cooling, dehydrated zeolites 

have the property of sorbing other gases 

selectively. Dehydrated mordenite, for 

example, selectively removes nitrogen 
from air, producing a product stream 
enriched in oxygen. In Japan this prop
erty produces up to 500 m3 of 90% 
0 2 per hour for use in secondary smelting 

operations (Mumpton, 1978). The system 
uses the pressure-swing sorption process 

and is competitive with air distillation in 

those situations where large liquifaction 
plants are not warranted. Portable and 
laboratory-sized units are marketed in 
Japan for use in producing ultrapure 0 2 
or N2, for 0 2 production for hospi_tal 

rooms, fish-breeding ponds and transpor
tation of live fish. Oxygen production 
using this same process and synthetic 
zeolites is used in Fairbanks, Alaska for 
producing 0 2 for sewage treatment. 

The gas-sorptive properties of zeo
lites also find use in stack-gas cleanup. 
Natural zeolites, such as mordenite, are 
able to sorb up to 200 mg so2 per gram 
of zeolite under static conditions and 
about 1/5 that under dynamic conditions, 
even in the presence of large quantities 
of C0 2 (Mumpton, 1978). Zeolite-based 
systems are being developed for removing 
so2 from the stack gases of oil and coal
fired power plants. The size of this 
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potential use can be appreciated when 
one considers that about 25,000,000 
tons of sulfur are discharged annually to 
the atmosphere by power plants in the 
U.S., and this quantity will double or 
triple in the next few years as the nation 
turns more to coal, even low-sulfur coal, 
to alleviate its energy problems. 

Among other application of zeolites 
to energy production is their use to re
move co2 and H2S from methane pro

duced over sanitary landfills. Figure 5 
shows a methane purification system used 
at the Palos Verdes landfill near Los 
Angeles, California. Methane enriched in 
C02, H20 and H2S is pumped from the 

landfill and passed through columns of 
the zeolite chabazite via the pressure
swing sorption process where the C0 2, 
H2S and H20 are removed. (Actually 

water is removed first by silica gel and the 
zeolite removes the other two gases.) The 

product, enriched in methane, is pumped 

into the natural-gas lines of the area. It 
is estimated that around 10% of the 
natural gas needs of the area can be met 
in this way. Other sources of methane, 
such as sewage, are amenable to similar 
treatment. 

An exciting innovation in energy 
storage has been announced by Fraen kel 
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Figure 5. Methane-purification scheme 
employed by Reserve Synthetic Fuels, 
Inc. at the Palos Verde landfill, Los 
Angeles. Natural chabazite from the 
Bowie, Arizona, deposit was used in 
a pressure-swing-adsorption process to 
adsorb co2 and other impurities (from 
Mumpton, 1978). 

Figure 6. Methane storage at elevated pressure on zeolite (sodium faujasite X) 

pellets (from Munson & Clifton, 1971 ). 
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and Shabtai (1977). Here, the synthetic 

A-type zeolite in cesium form is used to 

encapsulate hydrogen. The quantity of 

hydrogen sorbed is 65 cm3 (stp) per gram 

zeolite, corresponding to 0.6% H2 by 

weight, and is comparable to that con

tained on the metal hydrides. It should 

be possible to produce hydrogen during 

peak power production at wind and 

solar-power sites, and store the hydrogen 

on zeolites . Other columns of zeolites 

could be used to produce oxygen. The 

two gases could then be combined in a 

fuel cell to produce electricity during 

those periods when the primary power 

source is not functioning. 

Natural-gas storage on zeolites 

has been studied by Munson and Clifton 

(1971 ). As shown in Figure 6 and Table 

2, the same quantity of gas can be stored 

in an 8 ft3 tank containing faujasite at 

200 psig as can be stored in a 19 ft 3 tank 

at 2300 psig. The lower storage pressure 

and ease of handling make zeolite storage 

of gas attractive primarily from the point 

of safety. Such zeolite encapsulation of 

natural gas might be preferrable to 

storage of liquified natural gas at large, 

land-based faci I ities. 

MOLECULAR SIEVES AND 

CATALYSTS 

Before leaving the topic of selective 

sorption, we should consider another 

unique aspect of zeolite behavior, the 

molecular-sieve property. As mentioned 

earlier, the zeolite structure is typified 

by channels and openings of rather rigid 

dimensions. Because of this, molecules 

may be excluded from sites in the interior 

of the zeolite structure if the molecules 

are too large to pass through the openings. 

This process, called molecular sieving, is 

used for separating straight-chain from 

branched-chain hydrocarbons and is shown 

schematically in Figure 7. 

Zeolites also find extensive use in 

the petrochemical industry as catalysts. 

Space doesn't permit a discussion of 

zeolite catalysis here but those interested 

are referred to Rabo (1976). 

AGRICULTURAL USES 

Perhaps the largest quantity of 

natural zeolites is used in agriculture 

and animal nutrition. As discussed by 

Mumpton (1978), the high ion-exchange 

capacity and water retentivity of zeo

lites lead to their use in Japan as soil 

amendments. Japanese soils are deficient 

in clays and tend not to retain nitrogen. 

Adding clinoptilolite to paddy soils 

followed by surface application of nitro

gen has increased the available nitrogen 

content of the soil by 50-60% rei ative to 

nitrogen-treated soils without clinoptilo

lite. The zeolite increases the bulk ion

exchange property of the soil and retains 

other nutrients, such as Fe, Co, Ni, Mn, 

and Cu, in available form in addition to 

retaining nitrogen. 

Because of its moisture-sorbing 

properties, adding clinoptilolite to ferti 

lizers and animal feeds reduces caking of 

the material and inhibits mold formation. 

Zeolites have also been fed as 

nutritional supplements to swine, 

chickens and ruminants with beneficial 

results. The function of the zeolites is 

not well understood; however, adding 

zeolites to feed reduces the incidence of 

scours and controls the toxic effects of 

high NH 4 + concentrations, which result 

from certain feeding practices . Zeolites 
+ have been used to reduce the NH 4 con-

centration in the rumina! fluids of cattle, 

TABLE 2 

Fuel Storage Systems Comparison (from Munson & Gifton, 1971) 

Gasoline .. . ... . ............. . 
Methane gas at 2,300 psig ........ . 
Methane fully adsorbed at 200 psig .. . . 
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Fuel weight 
equivalent to 

20 gallons 
of gasoline 

lb 

106 
96 
96 

Tank 
weight, 

lb 

20 
1,350 
100 

Adsorbent System 
weight, volume, 

lb cu ft 

900 

2.7 
19 
8 

Figure 7. Schematic illustration of the 

entry of straight-chain hydrocarbons 

and the blockage of branch-chain hy

drocarbons at channel apertures (from 
Mumpton, 1978). 

sheep and goats fed non -protein nitrogen 

compounds such as urea and diuret 

(Mumpton, 1978, p. 191). Ammonium 

ions produced by these compounds were 

exchanged onto the zeolite and held until 

released by the regenerative action of 

sodium ions from saliva entering the 

rumen. Gradual release of the ammonium 

ions permitted micro-organisms in the 

rumen to synthesize cellular protein con

tinuously for easy assimilation in the 

digestive tract. 

Livestock production in the United 

States produces more than one billion 

tons of solid wastes and about 

400,000,000 tons of I iquid wastes a year. 

These materials pose a health threat and 

a pollution problem. They also contain 
undigested protein which is wasted, for 

the most part, because of our reliance 

upon chemical fertilizers. Zeolites are 

useful in several areas of manure treat

ment. Clinoptilolite is used in Japan to 

reduce the stench in chicken houses by 

sorbing ammonia and to provide a drier 

environment by sorbing water. As a 

result, egg and meat production are 

increased. An innovative use of zeolites 

is to mix chicken droppings with zeo

lites and ferrous sulphate . The ferrous 

sui ph ate inhibits fermentation and de

composition of the droppings, while the 

zeal ite stabilizes the hygroscopic nature 

of the compound and retains ammonia. 

The mixture is then dried and used as an 

odorless fertilizer or as a protein-rich 
feed for swine, poultry and edible carp 

where it substitutes for as much as 20% 

of the normal feed. 

NATURAL VS. SYNTHETIC ZEOLITES 

In the preceding discussion, no dis

tinction was made between uses primarily 
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for synthetic zeolites and those for 

natural zeolites. This was done purposely 

to stress the fact that the properties being 

used are common to both. As a general
ization, those applications requiring pre

cise, repeatable performance, such as 

catalysis, are better done with synthetic 

zeolites. Those applications that have less 

stringent quality control requirements 

but that require I arge quantities of zeo

lites, such as agricultural applications, are 

better met by natural zeolites. 

Extensive deposits of natural zeo

lites occur throughout the world. Zeolites 
are formed by the reaction of silica-rich 
material such as volcanic glass with 

ground water, saline-alkaline lake water 

or sea water. Some 40 natural zeolites 
are known but the most common are 
analcime, chabazite, clinoptilolite, eri
onite, mordenite and phillipsite (see 
Table 1 ). 

WHAT'S IN IT FOR ALASKA? 

In Alaska, deposits of mordenite 
and clinoptilolite have been found in 

the Talkeetna Mountains (Hawkins, 

1976) and in the Lake Iliamna area of 
the Alaska peninsula (Madonna, in press). 

Of these, the Talkeetna Mountains mor
denite has been more extensively studied. 
This deposit is large (6 km long and about 

30 m thick), comparable in size to the 
larger deposits in the western U.S. The 
upper few meters of the deposit are high
grade mordenite with excellent gas

sorptive and ion-exchange properties. 
For example, in terms of S02 sorption 
capacity, Sand and others - (personal 

communication) at Worcester Polytechnic 

Institute found the Alaska mordenite to 

be among the best of all the mordenite 

samples tested. It also has excellent 
abrasion resistance. Hayhurst and others 

at Cleveland State University (1978) 
showed that the Alaska mordenite in 

sodium form had better nitrogen-oxygen 
separation properties than either the 

mordenite used commercially for this 
purpose in Japan or the synthetic zeo

lite currently used for this purpose in 

the United States. In spite of these 
properties, the Alaska mordenite (al

though quite accessible by Alaska 
standards) can probably not be eco

nomically exploited at this time. Trans-
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portation costs are the major ones associ
ated with the use of natural zeolites. If 

a use for large tonnages of mordenite 
were to develop within a few hundred 
miles of the deposit, it probably would 

be developed. A possible, but purely 

speculative, way that this might be 

brought about would be to use mordenite 

to remove ammonia from Alaska fish 

hatcheries and instead of recharging 

the zeolite column by ion exchange, 

the ammonia-loaded zeolite could be 

sold to Alaska farmers and greenhouse 
operators as a fertilizer and soil con

ditioner. This would benefit the mining, 
fishing and agricultural industries of the 

state. 

Certainly these mineral schmoos 

should find many smaller-scale uses in 

making life in the north more com

fortable and possibly more economical. 
Some have been mentioned above: 

using zeolite dessicants in multipane 
windows, for example. Others require 

only a little imagination and engineering 

of existing technologies to adapt them to 
northern conditions : the city of Anchor
age might easily incorporate zeolite -based 

methane extraction into its sewage 
treatment facilities to extend its natural 

gas supplies. 
A homely example of an aggra

vating problem that using zeolites might 

alleviate is that of inflating automobile 

tires during periods of intense cold. 
Automobile drivers in Fairbanks and 

similar frigid areas are all too familiar 

with the difficulty of inflating a low tire 

at -50°F and having the tire valve freeze 

open. The problem is that the com
pressor for the air is housed inside a warm 

building and the compressed air is warm 

and moisture laden. At the very low 
temperatures outside the building, this 

moisture is released because of the greatly 
decreased solubility of water in air at low 

temperature. The released moisture then 
freezes and blocks the valve open. How

ever, by passing the compressed air 
through a tank of dehydrated zeolites, 

the air could be dried sufficiently to 
avoid subsequent freezing problems. 

Perhaps 20 years from now we will 

see Alaska zeolites used in pollution con

trol, sewage treatment, agriculture, aqua
culture and energy production ... an ex

citing future for these fascinating minerals. 
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AUTHOR'S NOTE 

Added in press for 

Ice Conditions on Alaska's Beaufort Sea Coast: Extending the Observations 

We include this note because our article may give the impression that an oral 
agreement and payment for information are sufficient from a legal point of view to 
protect the institution which acquired the tape from future litigation. This is not at 
all certain. Thus, since the work reported here, we have adopted the use of a simple 

deed of gift to the Geophysical Institute for the tapes received. It states the name of 

the person interviewed, the name of the person conducting the interview, the nature 
of the interview, the purpose for which the tape will be used, and what the Geophysi

cal Institute agrees to do in return for the tape. 

We tried to keep it as simple as possible, since too much paperwork becomes 
awkward during interviews and we want people to understand what they are signing. 

We got the idea for the deed of gift from a little book entitled Local History Collec
tions, A Manual for Librarians, by Enid Thompson. It is published by the American 

Association for State and Local History in Nashville, Tennessee. Below is a copy of 
the form we use; we have it filled out, dated, and signed by the person being inter

viewed at the time the tape is made. We pay them immediately after the tape is com

pleted, so it also serves as a cash receipt for our records, and we give a copy to the 
person who was interviewed. 

-- R . Metzner and L. Shapiro 

DEED OF GIFT DATE -------

Total time for the interview 

I agree to have this interview with ------------- ---------

------------------ tape recorded and give the tape to the Geophysical Insti-

tute of the University of Alaska to provide information about sea ice and 

related matters that I think might be of interest to them. This information 

will be included in a public report about sea ice hazards. In return they will 

pay me $ --------- for my time and send me a copy of the final report 

when it's completed. 

Signed --------------------------------
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