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ABSTRACT

This report gives a.geheral description of the Beluga coal deposits
on Cook Inlet, Alaska, and evaluates mining and transport costs to move
the coal to a potential steam-electric plant site in norfhern Washington
as a marine slurry.

A surface mine site is chosen 15 miles from tidewater, and the coal
is mined, washed, slurried, and transported by pipeline to tidewater
where it is loaded aboard ship as a settled marine slurry. The coal is
carried by ship to northern Washington, reslurried and pumped off the ship
to dewatering facilities.

Costs for‘mining, washing, preparation, transport, and dewatering are
developed per ton of clean coal and final costs per million BTU's.

Production rates are evaluated to fuel 1000 and 2000 MW plants with
80% annual output factor. Slurry pipelines are evaluated for 24 and 30
inch diameters., Ship sizes evaluated are 70,000; 79,000; and 100,000

deadweight tons.
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CHAPTER I

INTRODUCTION

Declining production of domestic crude oil and recent escalation in
cost of foreign oil coupled with increasing domestic energy demands are
currentiy shifting emphasis to coal as the domeétic/energy source %or the
United States.

Current federal standards on 802 emissions ﬁave brought the Weste;n
low~-sulfur coals into an increasingly larger share of the market, displac-
ing Eastern coal where the high cost of removing sulfur is a significant
factor.,

The states of Washington and Oregon have almost exhausted feasible
hydro-electric sites and are now turning to steam-electric generation to
fill future power needs. With the exception of Centralia and other potential
fields in Washington, both states are limited with respect to future energy
sources and are faced with the prospect of importing energy from states
better endowed with fuel resources. Portland General Electric is now
planning a coal-fired plant at Boardman, Oregon, on the Columbia River; for
this plant coal will be transported by rail from Gillette, Wyoming, a dis-
tance of approximately 1200 miles. The cost of rail transport exceeds the
mining cost of the coal by more than a factor of 2,

The high cost of rail transport plus increasing federal pressure to
shift to coal as an energy sdurce are bringing Alaskan coals into a poten-
tially competitive position in the energy market.

On northern Cook Inlet there exist large deposits of low-grade coal

within close proximity to tidewater. These deposits include the Beluga

River area and are generally referred to as the Beluga coals.



These deposits are unique in that they are the only large reserves of
low-sulfur strippable coal In the United States which are close to tide-
water and ﬁherefore close to a low-cost form of transport, maritime
shipping. It is this possibility of shiﬁping that places the coal in a

potentially compétitive position for tranéport to the West Coast.

History

First observations of coal in the Beiuga area date back to 1900,
Interest increased in the 1950's as a possible mine-mouth power source for
Anchorage but was dropped after oil and gas discoveries ih the Cook Inlet
area.

Maloney summarizes reconnaissance work done in the Beluga coals in 1957
by the Bureau of Mines to determine areas favorable for surface miﬁing.
Barnes describes work done by the U.S. Geological Survey in 1961 and 1962 on
the Beluga area as part of an effort to appraise the coal resources of
Alaska.3 Warfield evaluates Bureau of Mines investigations from 1959 to
1962 of one of the Beluga fields suitable for surface mining.

In more recent years Placer Amex has started an exteﬁsive evaluation
éf Beluga coals for possible mine-mouth generation and for possible
export.s‘ Stanford Research Institute, under contract with the Office of
Coal Research, has studied the feasibility of an on-site coal conversion

plant for solvent refining of Beluga coal for clean export fuels.

Purpose and Scope of This Report

The purpose of this study is to investigate the cost feasibility of
extracting Beluga coal by conventional surface mihing methods and transport-

ing the coal as a marine slurry to a potential tidewater power plant site



in northern Washington. Costs are developed per toh for all phases of the
operation from extraction through transport and dewatering at the power
plant and per million BTU's as a final figure.

Produétion rates are evaluated for 1000 and 2000 MW plants at 807%
yearly output factor, using the efficiency standard of 10,000 BTU's to pro-
duce 1 kilowatt-hour of électrically generatéd energy. At 8,000 BTU's per
pound of clean coal this requires production rates of 4,380,000 short tons
of clean coal annually for the 1000 MW plant and 8,760,000 tons for the

2000 MW plant,

Transport systemSAare evalurted using slurry pipeline diameters of 24

-and 30 inches and ship sizes of 70,000; 79,000; and 100,000 deadweight tons.

Costs are developed as selling prices per ton of clean coal for each
phase of the oberation in 1975 dollars. Capital costs are equity financed
based on a 15% discounted cash flow rate-of-return after Federal income
taxes of 50%. Capital costs are straight-line depreciated over a 20-year
period. Depletion allowance of 107% of the selling price of the coal is
applied to all phases from mining through the slurry pipeline and the
ioading pier, which are considered part of "loading for shipment" in this
report.

To account for cost increases for Alaska, capital construction costs

are increased by a factor of 1.68 and operating costs are increased by a

factor of 1.74.7



CHAPTER TI

BELUGA COAL DEPOSITS

Location and Extent

The Beluga coal fields lie 50 to 60 miles west of Anchofage,Aacrosé
Cook Inlet. Two areas, Capps and Chuitna, are bresently under exploration
by Placer Amex, tﬁe former lying approximately 20 miles from tidewater and
the latter approximately 14 miles from tidewater.
The Chuitna field is chosen for purposes of this study as the location of
the mine. This area covers approximately 24 square miles and has at least

six coal beds ranging up to 40 feet in thickness.9

Strippable Reserves

Accurate figures on total strippable reserves of Chuitna are not pre-
sently available, but the reserves are reported to be extensive, and for
purposes of this report the supply is considered adequate for the proposed

operation to last for at least twenty years.

Average Coal Quality

The Beluga coals are sub-bituminous "C" in rank. Average quality is
shown in Table ldlo For purposes of this report we will consider average
BTU value to be 7500 with upgrading by washing to 8000.11 Moisture runs very
high in this coal, and drying would upgrade the quality greatly, however,
for transport as a marine slurry suéh techniques cannot be used to advantage.

Sulfur is véry low, averaging less than 0.27%, low enough to meet
Federal regulations for direct burning and minimizing problems of acid mine

waters. Current regulations allow 1.2 pounds SO2 per million BTU's; Beluga

coal will average approximately 0.5 pounds SO2 per million BTU's.
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Table 1

Average Quality of Beluga Coal

As Received Dry

Moisture 287 -
Ash ' . 10 13
Volatile matter 32 44
Carbon 30 43
Sulfur 0.15 0.2

BTU ' 7550 10500

Overburden and Interburden

The overburden and interburden are soft siltstones and mudstones with
. . .12
some unconsolidated sands and gravels at a favorable strip ratio. For
purposes of this report and in the absence of more complete information, an
average ratio of no more than 3 to 1 is assumed with a little blasting and

occasional ripping to break overburden.

Topography

The Chuitna area is situated on a plateau approximately 1500 feet in
elevation. Relief is generally low, with the exception that the plateau is
cut in some areas by deep stream valleys. The plateau slopes in fairly

1
uniform rate to tidewater. 3

Climate

The climate of the area is simllar to Anchorage with the possibility of
more average annual precipitation than Anchorage (20 inches) receives.

There is no known permafrost in the areca. Average January temperature for



Anchorage 1s 13°F. and average July temperature is 570F.l‘

Vegetation
There are timber stands in the area of birch, spruce, and alder with

thick brush undergrowth..15 However, much of the coal is above timberline

underlying open lands and tundra.

Labor Supply

Though less than 60 air miles from Anchorage, the Beluga coals lie in
an undevelopéd region of Alaska and will require an entire infrastructure

for supporting a labor source. This will include a townsite and access to

.Anchorage.
The proximity of Anchorage suggests a labor pool to be drawn upon, and

it i1s assumed that qualified personnel are available at standard Alaskan wage

rates.

Power Supply

There is no readily available power source in the area. The most
apparent economic source of power 1s steam-electric generation at the mine
to'supply the mine, preparation plant, pipeliﬁe, and town. Use of coal from
the mine is probably the most economical method of power generation. For
power costs we will use $0.02 per kilowatt~hour, and no other allowance will
be made for costs of generation;16 If coal is used, no allowance will be
included in mine production as all costs are included in the cost of power

and in operating costs. There is a possibility that fines from the washing

plant may be used for generation and dollar savings could be realized.



Accessibility

Harbor facilities at North Foreland and a road to the mine will be
required for reguiar uée by light vehicles and occa§ional access for heavy
equipment. The proposed pier will include a‘trestle which will carry light
vehicles. Boat service into Anchorage can be arranged, and a light air
strip at the mine will be necessary for easy transportation into Anchorage.
Heavy equipmeﬁt wiil be barged to North Toreland and moved up the road to
the mine site.

The road is to be gravel and will approximately follow the slurry pipe-

line route. Road length of 16 miles is allowed to the initial mine site.



CHAPTER III

THE MINE

Operation

Detailed aspects of mining the deposit have not yet been carefully
studied. Conditions are favorable for conventional open pit extraction
methods.17 The coal occurs in relatively thick beds of 20 to 40 feet, and
therefore will require that relatively small amounts of acreage will have to
be disturbed on a yearly basis to alléw mining. Mining.characteristics are
assumed to bé similar to those of a large strip'mine in the Northern Great
Plains provinceo1

The mine will operate on a year-round basis since it is considered
feasible to operate through the winter in this area. Climatic conditions
should not interrupt on more than an occasional basis, and conditions.are
really not more severe than conditions on the Northern Great Plains where
surface coal mines operate throughout the year.19 The Evan Jones Mine
operated year-round nearby, and the Usibelli Mine presently operates through-
out the year in conditions more severe than the Beluga area experiences.

Coal loading will occur 240 days per year on a 2 shift basis and
stripping will occur 345 days per year on a 3 shift basis as in the model

. R , . L, 2
after which this mine is fashioned.

Location

Actual location of the mine,.townsife, and preparation plant will have
to be determined through careful evaluation. For purposes of this report
the location is considered to be in close vicinity to the mine end of the

slurry pipeline route shown in Figure 2.
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FIGUﬁE 2. MAP OF CHUITNA COAL AREA AND PIPELINE ROUTE
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Costs

Mining costs are assumed to be similar to those for a Northern Great
Plains province strip mine with appropriate increases to modify for Alaska.
For the larger production rate (9,636,000 tons raw coal per year) capital
costs are taken at $8.54 per ton with 45% of capital costs deferred half of
the project life, or 10 years..21 Mobile equipment is considered to account
for 65% of the capital investment which is increased’by a factor of 1.1 to
allow for delivery to mine site and assembly.22 Construction is considered
35% of the capital investment and is increased by a factor of 1.68 for the
area.

Operating costs are taken at $2.22 per ton for the Northern Great Plains
province and increased by a factor of 1.74 for Alaska.

For the smaller operation (4,818,000 tons raw coal per year) costs are
taken at six-tenths those of the larger operation,

Capital and operating costs are computed for tons of raw coal actually
mined and distributed over téns of clean coal. An increase of 10% of clean
coal tonnage is allowed to acc0uﬁt for weight losses in washing and prepara-
tion.

Cost of the townsite is figured as a simple ratio of employee numbers
for a similar townsite proposed nearby,z3 A‘total of 250 employees is
allowed for the mine, plant, and facilities.

Costs for the road and airstrip are taken from the same source as the
townsite costs. All costs are updated to 1975.

Mining costs are given in Appendix A,



CHAPTER 1V

COAL WASHING AND SLURRY PREPARATION

ﬂ§§hing

Coal will be delivered by truck from the mine to the preparation plant

for washing and slurry preparation.

Washing is to be by jig with average upgrading 7500 to 8000
BTU's. An additional 10% of clean coal tonnage is allowed for raw coal ton-
nage to account fqr Joss in the washing and preparation process.

The general flow will be through crushing, cleaning, grindiﬁg, slurry

mixing, and into storage to await transport by pipeline to the ship.

Capacity

Due to the remote area and large capital investment required, this

plant will operate on a continuous basis allowing time for maintenance only.

The plant will operate 3 shifts per day .360 days per year but at 757 avail-

ability. A capacity of 1500 tons per hour raw coal will be sufficient to
produce 8,760,000 tons élean coal per year and half that (750 tons per hour)

for the smaller production rate.

The wash water system will be closed circuit, minimizing pollution

problems from wash water discharging into local streams.

Slurry Preparation

Coal cleaning and slurry preparation will occur in the same plant as an

integral operation, thereby saving on both capital and operating costs for

the entire operation.
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Grinding

A combination of cage mills and rod mills is used for the Black Mesa
pipeline. A thorough study of the coal, however, will be necessary to

-determine the proper combination to produce the desired effects.

Storage

The slufry will be mixed and pumped into agitated storage tanks to await
transport to the ship. Tanks are agitated to keep:the slurry from settling
in storage and to allow slurry to be fed into fhe pipeline at fairly uniform
concentration at the high rates desired.

Storage tanks should be enclosed in the plant or heated in some manner
to avoid freezing during severely cold weather. If power generation is
done through a steam~electricvplaht, low pressure steam might be used in

pipes in the skin of the tanks for heating purposes.

Washing Costs

Capital costs of the washihg plant are taken at $12,000 per ton of
raw coal per hour capacity for the first 500 TPH capacity and scaled by a
six~tenths factor for additional capacity over 500 TPH. This sets capital
inveétment for the 1afger plant capacity at $14,000,000 and for the smaller
capacity at $8,000,000. Capital costs are then increased by the factor of
1.68 for Alaska.

Operating costs are scaled In a similar manner taking $0.85 per ton of
clean coal for the first 500 TPH capacity and scaling costs down by a six-
tenths factor.25 The average operating cost for the 1500 TPH capacity is
$0.66 per ton of clean coal and for the 750 TPH capaclity the average cost

is $0.76. Operating costs are then increased by the 1.74 factor for the area.
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Slurry Preparation Costs

Slurry preparation costs include all grinding beyondbthe washing stage,
plus mixing, and étorage before entering the pipeline to be loaded aboard
ship. ' _

Costs of slurry preparation are not published but generally average more
than coal cleaning.26 To allow for savings realized by integrating washing
and preparation into one process in one plaﬁt, siurry preparation is con-
sidered equal to wéshing, and washing costs are doubled to account for the
entire process.

Washing and slurry preparation costs are given in Appendix B.

Water Supply

Water consumption for the washing and slurry preparation plant, pipeline
flushing, mine, and town will be approximately 240 gallons per ton of clean
coal requiring a system capable of delivering approximately 4500 gallons per
minute, 24 hours per day, 365 days per year at 90% availability for a pro-
duction rate of 8,760,000 tons clean coal per year. A capacity of 2,250
gallons per minute will be required for the smaller production figure.

No information i1s available on ground water sources, and, though deep
wells may be the best source for water, a supply system from the Chakachatna
River is proposed. The small lakes and streams in the vicinity of the mine
are probably not capable of supplying the necessary water for this opera-
tion, though there is a possibility that a number of sources spread over
the area ﬁay be able to supply the required quantity. Since no accurate
information is available, the Chakachatna River will.be used.

The water will have to be moved a distance of approximately 6 miles

against a static head of about 1100 feet. The proposed water system
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includes 4 pumps (3 operating, 1 on standby), 6 miles of buried pipeline
(18 inch diameter for 45003 P and 14 inch diameter for 2250 GP1), power

line from the mine to the river, and installation coéts.

Water Costs

Cost of water. will be about $0.50 per thousand gallons for the 4500 ¢ ™M
system and about $0.60 per thousand gallons for the 2250 3P system. Water
costs are already allowed in the operating costs of the plant and mine at
approximately $0.20 per thousand gallons. At‘QMO gallons per ton Qf clean
coal this means an additional $0.07 per ton of coal for the larger production
- figure and $0.10 per ton fbr the smaller production figufe to allow for total
water costs of $0.50 and $0.60 per thousand gallons.

Water costs are given in Appendix C.



CHAPTER V

SLURRY PIPELINE

Since the 1950's,use of slurry pipelines has accelerated as an economi-
cal method for transporting bulk solid minerals. In times of rapidly cliﬁb»
ing costs, slurry pipelines offer an acceptable alternative for companies
seeking to stabilize ﬁineral transport costs.

Coal slurry pipelines offer significant advantages:

1) Low operating cbsts. Low cost escalation follows as a result of
low operaéing costs.-

2) Dust control. This includes lack of dust nuisance, no loss of
product, and safety from coal dust explosions.

3) No danger of quntaneous combustion.

4) High reliability. Long distance slurry pipelines show availability
factors in excess of 95%.27

5) Ease of handling of bulk materials.

Some disadvantages of coal élurry pipelines are:

1) Large consumption of water. In aridvregioné this can be a signifiw
cant disadvantage and has drawn much opposition to the construction of major
slurry pipelines from irrigation interests in the Rocky Mountain Stat%s.'

2) Transportation of the water. For each ton of coal transportéd by
slurry, close to a ton of water is also transported, thereby reducing the
efficiency of the process. This disadvantage can be partially reduced by
using the water at the terminal end of the pipeline, thereby saving on con-
sumption of local water at the terminal end;

3) Dewatering costs. If the coal is to be burned in a steam-electric

plant the coal must be either dewatered or burned as a slurry with loss of
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BTU value. Either manner of use represents an additional cost over dry coal

transport.

4) Possible attrition of the solid product during transport. This can

be a disadvéntage if attrition is undesirable. If a finer product is desired -

it can possibly be an advantage.

8) Corrosion, With higﬁ sulfur content this cén'be a sufficiently
great problem to preélude use of a slurryApipeline.

6) Inflexibility of the system once installed. The capacity of an in-
stalled slurry pipelihe cannot be varied significantly without complete re-
construction of the pipeline.

7) Possibility of freezing in cold climate.

8) Pipeline wear.

Advantages of Slurry in this Application

1) Lack of dust hazard and nuisance. This is a great advantage in any
coal-slurry application,

2) No danger of spontaneous combustion. Spontaneous combustion is
considered a problem with the Beluga coals,28 and, as a coal-water slurry,
possibility of spontaneous combustion is eliminated.

3) High reliability. High évailability in a remote area such as this
with severe weather conditions in winter is considered a strong édvantage.
Heavy snowfall which could seriously hamper rail or truck operations will
have little effect on the operation of a slurry pipeline.

4) Invulnerability to cost escalation. Being a capital-intensive

rather than labor-intensive form of transport, the pipeline is relatively

{mmune to increasing labor costs. This advantage 1s particularly

R U
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important in énvarea such as Alaska wherellabor costs are high. Pipeline
availability is also less likely to be affected by labor disputes.

5) Low shipboard loading and unloading costs. The capital investment
for dry shipboard loading and unloading is much greater than that necessary

for slurry loading and unloading, given comparable rates of loading.

Disadvantages of Slurry in this Application

1) Water coﬁsumption.‘ Though wafer is plentiful in the area it will
add to the cost, and the subsequent shipboard £ransport of water will add
significantly to costs. Use of the water at the‘power plant may diminish
this disadvantage. |

2) Possibility of freezing; As discussed later the pipeline can be
operated in severely cold conditions without freezing, but precautions will
have to be taken.

Corrosion should not be a significant problem here due to the very low
sulfur content. Attrition of coal particles has not been significant in
coal-water slurries to date and none is anticipated here. Pipeline wear has
not been f0uﬁd to be significant in coal slurries in currentluse, and pipe-
iine wear is not expected to be a problem.29 Some flexibility in capacity
will be available due to over design of the pipeline and the intermittent
operation planned. By increasing the number of ships, the pipeline can be

operated for a higher percentage of time, allowing increased capacity.

Slurry Characteristics

Slurry. technology has not yet reached the stages of an exact science.
“Extensive testing is required in the design of a slurry system including

construction of a test loop of pipeline to determine operating parameters.
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Such testihg will determine optimum particle~size range, solids concentra-
tion, pumping vélocity, apd pﬁmping head loss. Testing of this sort is

far beyond the séope of this report, and such operating parameters must be
assumed frém examples of operating pipelines, théory, and assumptions based

upon the information available.

Solids Concentration

Solidsbconcentration.is assumed to be SSZ coal By weight. Normal cost
concentrations for coal-water slurries is 45-557 by weighta30 Above 55%,
slurry viscosity inéreases drastically with increasing coal concentrations,
and consequently head losses become severe.Bl_ In this application, due to
the comparatively short distance the coal is ﬁoved by pipéline and the long
distance of transpoft by ship in a settled state, conditions favor a maximum
concentration of coal. Pipeline inefficiency could be favorably traded for
increased concentration of coal on board ship and decreased volumes of
water. This might make coal concentrations in excess of 55% feasible. Such

determinations can only be obtained through careful testing.

Optimum Particle 8ize Range

Particle size range is an important consideration for slurry character;
istics, dewatering, and ultimate uée. \
Maximum size for éoal slurries in long distance pipelines is normally
14 mesh or 20 mesh due mainly to head loss considerations,32 In this appli-
cation a coarser slurry will aliow better settling characteristics aboard
ship, less fines, and better dewatefing characteristics. - Careful testing may
show that a larger barticle size is heré desirable;‘product size range 1is

assumed to be ~1/8 inch; average size can only be determined by testing.
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Pipeline Velocity

Pipeline velocity is largely dependent upon solidé concentration, par-
ticle size, and pipeline diameter. Optimum velocity will have fo be deter- |
nined through testing. For the 24 inch diameter pipeline 7 feet per second
is used as the velocity énd for the 30 inch pipeline 8 feet per second is
used. At gréater velocities head loss and pipeline wear become significant.
At lower velocities, critical'velocity may be reached causing deposition of

coal in the pipeline.

Head Loss

. The flow regime will be a combination of homogeneogs and heterogeneous
flow regimes, finer particles in a homogeneous suspension and larger par-
ticles in a heterogeneous suspension. Head loss has been calculated from

the following equation for heterogeneous flow:33

"" l) R l 105

. D (s
i =1 [1+8.c (& a2 7e)
im = hydraulic gradient of slurry in feet of water per
100 feet of pipe.
iw,=’hydraulicagradient of water in feet of water per
100 feet of pipe. |
Cv = concentration of solids by volume, decimal
fraction
g = acceleration due to gravity, 32.2 feet per

second per second.

D = inside diamcter of pipe, in feet.
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s = specific gravity of solid.
V = slurry pumping velocity in feet per second.
CD = drag coefficient, dimensionless.

Head loss for a homogeneous flow regime would be considerably less
than fof a heterogeneous regime. Since the flow will be a combination of
both regimes, actual head losé should be less than the calculated loss, so
this figure will be aésumed adequate to include anybshock losses and all
friction loss. Total head loss 1s not great due largely to the static head

developed by the drop in altitude of 1150 feet.

Horsepower Calculations

. 34
Horsepowexr was calculated from this equation:

gpm x head x specific gravity x 8.33

Brake horsepower =
33,000 x efficiency of pump

Pump efficiency is taken at 90%Z and efficiency of the pump motors is
taken at 90%. Brake horsepower is 75% of installed horsepower to allow for

3 pumps on line and one on standby.

Pipeline Description

The pipeline will be approximately 16 miles long from the coal prepara-
tion plant to the end of the pier. A route has been proposed as shown in
Figure 2 and has been selected due to its relatively even grade (as shown
in Figure 3) and lack of obstructions. Present information is inadequate to
pick a definite route, and a more thorough study with on-site examination

will be required before a specific route is actually selected. However, the
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Table 2

Siurry Pipeline Data

Nominal diameter,'inghesv

Inside diametef, inches

Solids cpﬂcentration, by weight
Specific gravity of slurzy
Pumping velocity, feet pér second
Slurry capacity, cubilc féet per second
Slurry capazity, galions per minute

Slurry capacity, sﬁort’tdns per hour

Coai cépacity9 shovt tons per hour"

Head loss, feet watevr per iOO feet pipe
Head loss for 16 miles of pipe, feet water
Altitude loss, feet’

Net loss for pipeline, feet water

Slurry horsepower required a

Pump effipiency

Brake horséquer required

Efficiency of motor

24
23.25
55%

1.186
7
20.64
9263

2748

1512,

1.60
1352
(1150)
202
560
907
622

90%

Installed brake horsepower (3 pumps cperating, 1 standby)830

Energy required per yecr, kilowatt-hours

for 4,380,000 tons coal per year

for 8,760,000 tons coal per year

1,453,600

2,987,200

36.69
16466
4888

2688

907%
1055
90%

1400

1,424,900

2,849,800
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route proposed is sufficiently accurate for cost analysis.

It is assumed that right-of-way can be obtained for this or any alter-

nate route.

Pipeline Opération

Loading of the Shipsvshall occur directly from storage at the prepara-
tion plant, through the pipeline, and aboard ship. Once the ship is loaded
the pipe will be flushed with water to clear slurry from the line. This will
require an allowance for slurry in the pipeline when flushing begins. Since
the pipeline will hold a given capacity, it should be easy to accurately
predict when to cut off slurry and commence flushing. This will require good
communicgtions from pier to plant. When the flushing water reaches the ship,
loading will cease and a low-point valve will be opened allowing the water to
drain., The border between slurry and flushing water should be very abrupt so
that dilution of slurry by flushing water will be negligible. Any par-
ticles of coal migrating into the flushing water would be larger particles
which would sink eaéily causing no environmental damage. The amount of coal
migrating into the flushing water should be so miniscule as to be of no con-
cern, Water left in the pipeline should precede the slurry with a rather
abrupt border and can be drained by low-point valve before loading commences.

Dilution should be negligible.

Pipeline Grade

Average grade for the pipeline will be 1.4%Z. A profile of the proposed
pipeline route is shown in Figure 3; the grade will be held as even as pos-—

sible.

Two optioné are available on construction. The pipeline can be buried

from the preparation plant to the pier. It will have to be buried deep
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enough so that water trapped in low points will not freeze in severe
weather., Since thefe is no permafrost in the area the pipeline should not
require more than a few feet of burial to avoid freezing. Where exposed on
the pier 1t will have to have a constant grade of at least 0.5% to clear
water after loading so that the line does not block with ice.

The pipeline could be held to no less than 0.5% grade for the entire
length and no low point traps By alternately burying the line in cuts and
suspending above ground on pilings. This would allow.water to completely
drain from the pipe to avoid ice blockage.

Burial of a pipeline is generally prefetable if conditions permit, for
protection and aesthetic purposes. Burial is desirable where a pipéline
might interfere with migrating animal herds, but that is not a concern in
this area. Barring unforeseen circumstances, pipeline burial is the more

desir?ble method of installation.

Pipeline Construction

Pipe will be standard weight steel pipe, unlined, of 24 or 30 inch
nominal diameter. Joints will be welded and the pipeline will be of rela-
tively simple construction. Some allowance must be made for expansion and

contraction of the pipeline, particularly for any pipe exposed above ground.

Installation

Due to a considerable amount of bog in the area, pipeline installation
might be best accomplished during winter if freezing makes better ground

conditions.
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Pipeline- Availability

Pipeline availability is assumed to be 100% for purposes of calcula-
tions. Due to the non-continuous oberation proposed, there will be time
available between loadings for equipment maintenance, so that'availability
during loading periods should be enhanced. Considering this and the high
availability of continuously operating pipelines, it is felt that 100% is

justified under these conditions.

Pumps

One pump station is sufficient and will be in the slurry preparation
plant. Positive displacement reciprocating pumps will be used with three
pumps operafing and one on standby. An emergency power supply for the pumps
should be available to prevent prolongedvshthOwn of the pipeline with slurry
inside. This will avoid possible freezing and plugging of the line during
a power failuré. The mine and townsite should have an emergency power system
available, and the pipeline should receive priority if in operation during

power failure.

Freezing
If the pipeline is exposed above ground, the possibility of freezing
in severely cold weather becomes an important consideration. \
According to calculations done‘by a taconite company in northeastern
Minnesota,35 the slurry could be pumped in an uninsulated pipe exposed to
an air temperature of ~40°F and a 20 mile per hour wind for a time period
in excess of 10 hours before freezing, due to the latent heat of fusion

of the water alone. This does not include an allowance for heat due to

friction nor beginning slurry temperatures above 33°F.
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Since the pumﬁing time to reach the ship is less thén 3.5 hours and
the pipeline would not be exposed for its entire length, insulatioﬁ of the
pipe should not be necessary. The temperature of ~40°F 1is quite severe for
this area, and conditioné colder thén this are not anticipéted.

Prolonged shutdown of the pipeline would constitute a danger of freezing
in severe temperatures, and precautions must be taken to avoid this situa-
tion, including one pump on standby, emergency power supply for the pumping
station, and an emergehcy dump valve in the pipeline., This dump valve should
be located on laﬁdvabove the pier so that the pipeline can be cleared with-
out discharing the 1oéd of slurry into Cook Inlet. An open discharge pond

would be suitable for this without provision for immediate recovery of the

slurry.

If possible, the pipeline should still be buried beyond freezing depth,
thereby eliminating freezing problems everywhere but on the pier. The

exposed pipeline on the pier could be insulated with little problem if

desirable,

Costs
Capital costs for the pipeline are taken from the following equation

and modified for Alaska:

Cost/mile = 314239, ~ 67266.41(D) + 5543.78(D°) — 160.46(D°)

+ 1.64065 (0%

D = nominal pipe diameter in inches.

Cost is in dollars per mile.

Capital cost for the pumping station is taken from the following

equation:
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Cost/HP = 5536.4 — 12.8674 (HP) + 0.01411(HP?) - 0.722 3 x 107> r)
+ 0.1402 x 1078 e
HP = installed horsepower.

Cost is in dollars.
Operating costs are taken to be power costs plus 157 of yearly capital

costs.38

The depletion allowance is included on the pipeline and the pier which
will be considered the point of loading for shipment.

Slurry pipéliﬁe costs are given in Appendix D.



CHAPTER VI

LOADING PIER

Location

North Foreland has been chosen as the location for the pier for several
reasons:

1) DNorth Foreland is thé closest suitable tidewater loading point to
the mine.

2) North Foreland is closer to water sufficienfly deep for deep-draft
vessels than any_other points in the area.

3) North‘Foreland is rélatively ice free in the winter due to prevail-
ing winds which cleaf-the ice.

4) There afe less navigational hazards in this immediate area than
other suitable sites.

A proposed 1ocatiop‘and orientation for the pier is shown in Figure 2.
Actual positioning of the pier will require very careful examination and
consideration of local navigational problems, and properxr orientation is
gritical in docking operations;' It is to be noted that a shorter pier in

the area is oriented in the same approximate manner as suggested for this pier.

Navigational Problems in Cook Inlet

Cook Inlet has several navigational problems of real concern to shipping:
' 40

1) Large tidal range. The tidal range is approximately 24 feet.

2) Strong currents due to large tidal range.’

3) Ice. Ice largely consists of brash ice with small pans. The ice
is generally weak, causing little possibility of ship damage, though high

41
frictional resistance.
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Water Depth at Berth

Draft of the proposed vessels will be up to 47 feet. Allowing 8 feet
clearance, 55 feet of water will be required to accommodate the vessels at
mean low low watér. Lowest tides are approximately 5 feet below mean low

low water, so the 10 fathom curve has been chosen to -allow for 100% avail-

ability of the pier during all. tidal ranges.

Berth

The berth will be approximately 1200 to 1300 feet long depending on the
vessel size selected. Only one vessel will be accommodated at thé‘berth
at one time.b This does not inclﬁde Smali support vessels for connections to
Anchorage which will use the pier for docking.

The entire pier will sit approximately 40 feet above mean low low water
to allow for tidal range. The berth will include all necessary mooring
facilities, navigational aids such as lights, and support systems. The pier

will be used for supplies and water-borne transportation to Anchorage.

Trestle

There will be a trestle approximately 3500 feet in length connecting
the berth to shore. This is of sufficient length to allow the berth to be
{
placed at the 10 fathom line. The trestle will support the slurry pipeline

and be large enough to also accommodate light equipment and vehicles.

Pier Availability

As previously mentioned, the berth is set in water sufficiently deep to
allow ships alongside at all tidal ranges. The pier is assumed to have 100%

availability for purposes of calculations. Docking problems due to severe
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weather conditions are included in the delay time allowed for ship round-

trip schedules.

:

Capital costs of the pier include all mooring facilities, support

. . , . . 2 :
utilities, pipeline manifold, and accessories. =~ The costs are updated to

1975 and increased by the factor of 1.68 for céﬁstruction in the area.
Trestle cost is chosen for an average depth of 40 feet of wéter in an un-
protected area.43 Operating and maintenance costs for the pief include labor
based on 3 shifts per day, 7 days per week.44 Operating costs are updated
for time and increased By a facfor of 1,74 for the area.

Depletion is included on pier éosts, the pier being considered part of
the loading system.

Pier costs are distributed over the coal tonnage to arrive at a cost per

ton of clean coal.

Loading pier costs are given in Appendix E.



CHAPTER VII

SHIPS

General Description

The sﬁips chosen for this evaluation are lafge selfnpropelléd marine-~
slurry carriers ofl70;OOO; 79,000; or 100,000 deadwéighf tons. These ships
will resemblg tankers of similar sizes with the exception théf they will be
equipped ﬁb.haqdlé,coal slurries rather than éfude'oil; Ship sizes‘were'
vselected fo?aliow the number of ships necessafy;to.be close to an'iﬁtegral ‘
numﬁer. 'The ships will fravel loaded and return in ballast. No cémbination
capabilities are included to allow for transport of other commodities. Table

3 shows characteristics of these vessels.

Marine Slurry Sys tems

Marine slurry systems are currently in use for transport of irén ore and
are.under_investigation for use with other bulk minerél commddities. Such
systems allow solid_minerals to be slurried aboafd éhip;‘the slurry to -
'SEttle, excess water to be drained off, and the mineral td be reslurfiédland
pumpéd off'fhé ship at destinétion.‘ |

The ease of handling, 1ncreaéed loading and unloédiﬁg rates;'and sub-
sequent dollar‘Savingé from such systems make marine slurriesAQerybéttfac~
tive. | |

Though no coal marine slurry systems are‘cutrently in use,-éoal ig
presently receiving a lot of attention for use in éﬁch‘a system.

{ Inbthis application tﬁe coal is élurried aboard ship ét:é’éolids'éonm
centratiqn éf 55% b&'weight. Excess water is allowedlfpid?éin aﬁt:thrbugh_
Bcreené in the bottom of the holding taﬁks. :Experimehts show £haﬁ wéter

aque'the settled coal will contain too much fine cbal‘to_décant%ﬁhe water
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overboard,45 However, the settled coal filters thg fine coal from the
water as the water 1s allowed to drain through the bottom of the tank. An
excess of clay in the coal could interfere with this process, and removal
of clay in the cleaning plant can be a critical factor. In the experiments,
pumping water that had drained through to a sump below the tank showed fine
coal fof the first few minutes and ,han a clear liquid after a filter of
coal was established in the ténk.46

it is propqsed that the liéuidvbe circulated back to the top of the
tanks for a'few.minutes until clear water has been attained and then the
ciearvwatér caﬁ be discharged or returned to the pier. Results of the ex-
periments.are not conclusive, bu: it is felt that an overall slurry density'
of 60-65% solids can be achieved tﬁrough the above method while loading. This
must be studied thoroughly as it will be a critical factor in design of the
system, The.final settled concentration‘used for calculations is 60%.
Additional settling will occur while the ship is underway, but this will not
allow additional coal to be takén on board.

At destination the coal will be reslurried by water jets which are

located in the bottom of the tanks. The reslurried coal will then be pumped

off the ship.,

Ship Capacity

The capacities of the ships are shown in Table 3 in short tons. Allow-~
ance is made for bunker fuel and fresh water capacity. The ships are filled

to capacity.

Round Trip Schedules

Average speeds of the ships are shown in Table 3. Total round trip
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distance is 2800 nautical miles. Time is allowed for round trip at average
speed, time for docking, time for 1oading; and an additional day is allowed
on each trip for deiay due to adverse conditions. During good weather this
day will probably not be needed, but during adverse conditions more than an
extra day may bé necessary. One day per trip should be. adequate allowance

- for lost time. To assure that time is not lost for loading bunker fuel and

supplies, these will be loaded at the destination pier while the coal is off-

loaded.

Ship Availability

Most tanker operators allow a dead time of 15 days each year in drydock

and a 350 day work year. Ships will be assumed to have 100% availability

for 350 days per year.47

Loading Time

The ships will load directly from the pipeline, so loading time is con-
trolled by pipeline capacity. Pipeline gize, either 24 or 30 inch diameter,
is matched to ship capacity to keep loading time to approximately a 24 hour
period. Unloading time is the same as loading time. An additional 1.5 hours
is allowed for the slurry to reach the ship at the loading pier. Since the
slurry must start from the plant, a distance of 16 miles, it will take 3
to 3.5 hours for the slurry to reach the ship. With practice, it should be
possible to predict docking and hook~up time (depending on conditions) so
that the slurry can be started in time to reach the ship when ready. An

average of 1.5 hours should be adequate to allow for waiting time.

Bow Thrusters

Bow thrusters are rapldly becoming standard equipment on large tankerxs



Ship sizes, DWT
Averagé speed, knots
Length, feet |
Beam, feet
Draft, feet
Horsepower
Capacity, short tons
Allowance for bunker fuel
and fresh water, short tons
Slurry capacity, short tons
Dry coal capacity, 607% coal, .
short tons 7
Diameter of slurry
pipeline, inches
Round-trip time, days:
sailing
docking, both piers
wait for slurry
load
unload
delay allowance
Total
Round-trips per year per ship
Number ships for:
4,380,000 tons coal per year
8,760,000 tons coal per year
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Table 3
Ship Data
70,000 79,000
16.5 16.5
810 820
116 121
42 43
19,000 19,400
78,400 88,480
1,800 1,850
76,600 86,630
45,960 51,980
‘24 30
7.07 7.07
0.17 0.17
0.06 0.06
1.27 0.81
1.27 0.81
1 1
10. 84 9.92
32.29 35.28

100,000
16.5
890

128

47
23,000
112,000

2,000
110,000

66,000

30

7.07
0.17
0.06
1.0z
1.02
10. 34
33.85
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and bulk céfriers due to the increased control at low speeds,>turning
ability, énd the docking ability afforded by such equipment. Bow thrusters
are of particular value where docking conditions may be difficult and tug
usage would ‘be expensive; they can be considered a necessity under these

conditions.

Ships Versus Barges

Self-propelled ships were chosen over barges.for several reasons:

1) Mariné slurry systems have not yet been reported to have been in-
stalled on barges, and no information is presently available concerning
feesibility of such systems.

2) Bargé siées for an operation of this magnitude would be excessive,
involving sizes for which there is little information available,

3) Barges are particularly attractive where travel time is short and

port time is lengthy. The detachable power unit in this case is of economic

advantage where it can be used for other hauling purposes while the barge
is loading or unloading; Under the proposed system port time is compara-
tively short and travel time long so that no greatly increased utilization

can be achieved.

4) Barge speeds are generally several knots slower than ship speeds
and would result in longer travel times.

5) Two hulls are less efficient in the water than a single hull.

6) Coupiing systems between barges and tugs are inadequate for the
heavy seas that can be expected in the North Pacific. A change from push-
ing to towing would be required for the open sea and back to pushing for

adequate control in Cook Inlet or the Straits of Juan de Fuca. This would
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cause extra delay and inconvenience. To use the Inside Passage would

‘require approximately 200 nautical miles additional distance each direction

and somé open sea through the Gulf of Alaska.

Barges might have an advantage as shallow draft vessels for a destina-
tion where deep~water port facilities do not exist and cannot be feasibly
developed. However, deep~water port facilitiles are developgd in this

application and barging is not considered.,

Environmental Considerations

0il spills have caused increasing cpnéern among environmental interests
and consequentiy tanker traffic in confined waters‘ié drawing heavy critic-
ism due to danger of 611 spills. It should be pointed out that coal dbes
not constitute a serious environmental hazard if spilled. Unlike oil, the

coal will sink and being non-toxic will minimize environmental problems.

Costs

The ships are U.S. flag as required by the Jones Act for domestic
shipping. Capital investment includes installation of marine slurry systems
and bow.thrusters, The ships afe to be new and designed for this one pur-
pose., Capital cost for a 100,000 DWT slurry carrier is quoted.48 Costs

for the other size ships are obtained as a ratio of published costs for

49

tankers of the same sizes.

Operating costs are assumed to be equal to those for tankers of the

same size and are updated to 1975.50

The ships are depreciated over a 20 year period with no salvage value.

Ship costs are given in Appendix F.



CHAPTER VIII

DESTINATION

Location

The exact location of the power plant is not defined in this report.
Choosing the actual location of such a plant would be a lengthy and highly
controversial task involving many considerations. It should be possible to
find a sufficient location on the Straits of Juan de Fuca or the southern
end of the Straits of Ceorgia. A siting study for Washington Public Power
Supply System showed these areas as potential sites for coal-fired steam~
electric plants, and it is felt that an adequate site can be found In the

51
area.

The main requirement is sufficiently deep Water in a protected area to
accommodate a deep draft vessel close to a potential site for generation.

Grays Harbor is presently not deep enough for vessels of the proposed
size, and would require extensive dredging to be considered a potential site.

The lower Columbia River could be cbnsidered a potential area but would
not have the navigational gdvantages that the Straits of Juan de Fuca and
the Straits of Georgia afford.

Sufficient transport distance has been allowed to place the site on
the southern end of the Straits of Georgia.

It should be pointed out again that the environmental effects of spill-
ing a coal slurry are minimal and that the ship traffic should not generate

the concern that oil tanker traffic has caused.

Pier
The berth will be quite similar to that described for the pler at North

Foreland. Cost will be the same without the factor of Alaskan prices.
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A trestle length of 1500 feet will be allowed to reach thé_lO fathom
line. Due to the less severe weather conditions this trestle will be
designed for a protected area at about 2/3 the cost of a trestle designed
for an unprotected area.

Off~loading pier costs are given in Appendix G.

Pipelines

A slurry pipeline of 24 or 30 inch diameﬁer‘(depending on ship size)
will run off the pier and to fhe dewatering plant. One half mile of pipe-
line will be aliowed from the end of the pier to the dewatering plant at
nominal head. If a significant head exists due to altitude or increased
‘distance a pumping station may be required. If it is desired to move the
coal several miles inland to a site, the additional costs will not be
great,

A return line of 12 inch diameter pipe will return fresh water from the

plant to the ship for initial reslurry of the coal.

Dewatering Plant

The slurry will be delivered to storage tanks and fed at a uniform rate
into the dewatering facilities.

In the terminal end of the Black Mesa pipeline at Mohave the coal is
delivered as a slurry to centrifuges and pulverizer-dryers right at the
boiler front.52 This simplifies handling because the coal can be moved by
pipes and pumps right to the boiler front. Such a system is envisioned
here, though only‘careful study and consideration can determine how the

case should actually be handled.
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Plant capacity will be similar to that of the preparation plant, 24
hours per day, 360 days per year, at 75% availability.
Water removed from the slurry will be stored and recycled to reslurry

the coal aboard ship. Excess water will require treatment and can then be

used for plant purposes. A closed system will be used to minimize environ-

mental discharge problems.

Costs of dewatering are normally less than slurry preparation costs.
For this report costs for dewatering the coal are taken to be equal to

slurry preparation costs without the increased factor for the Beluga area.

Dewatering costs are given in Appendix H.

Emergency Storage

A storage pile will be necessary for emergencies and should be suf--
ficient to supply the plant for at least several weeks. It might be advan-
tageous to use a settled slurry storage system similar to that aboard ship.
This would have the advantage of easy handling when needed through existing
slurry facilities and would alleviate the possibility of spontaneous com-
bustion,

Emergency storage 1s a generation plant cost necessary to any coal-

fired plant, and since generation plant costs are not considered here, no

allowance will be made for those costs.



CHAPTER IX

CONCLUSTIONS

The systems and appropriate costs are summarized in Table 4. Economy
of scale is quite evident in the sharply declining costs from System I
through System V.

System V is obviously favored due to the lower cost. Figure 5 shows
a percentage breakdown of costs for this system, indicating the areas where
significant cost féductions would have td be made, namely mining and ship-
ping costs.’

If Beluga coal is to be transported to northern Washington the opera~
tion will have to be large, in the neighborhood of 10 million tons per year.
Larger ships are preferred for the éorresponding reduction in shipping costs.

Calculations show that for System V, the coal can be delivered to
northern Washington for $1.32 per million BTU's.

The cost of shipping is high, largely due to the excessive amount of
water which must be transported with the coal. At $8.37 per ton of coal,
the cost to transport coal is $5.02 per ton of coal, and the cost to trans-
port water is $3.35 per ton of coal. Coupled with the high inherent moisture
content of the coal itself, the cost of transporting water becomes a dis-
tinct disadvantage,

Dry transport would increase transport costs to tidewater and loading
and unloading costs substantially, but these may be offset by cheaper ship-
ping and elimination of slurry preparation and dewatering costs.

The extremely low sulfur content will have to be a major consideration
in final determination of feasibility. Since sulfur content is approxi-
mately half of that allowed by KPA standards, as the emission standards are
tightened, this coal will have considerable leeway, thereby reducing future

generation plant costs.,
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Table 4

t Summary

Costs in dollars per short ton of clean coal

and final cost per million BTU's

System

Coal tonnage per year,
millions of shoxrt tons

Slurry pipeline
diameter, inches

Ship size, DWT
thousands of tons

Number of ships

Costs:

Mining

Washing

Slurry preparation

Water

Slurry pipeline

Loading pier

Shipping

Off-loading pier

Dewatering

Total

Per million BTU's

1 11
4,38 4.38
24 30
70 100

3 2
7.80 7.80
1.95 1.95
1.95 1.95
0.10 0.10
0.46 0.57
1.94 2.04

10.37 8.37
0.94 1.00
1.27 1.27
26.78 25.05
1.67 1.57

I1T

8.76

24

70

1.70

0.07

10.37

1.10

23.04

1.44

v

30

79

Lo

1.70
0.07

0.29

0.48

22.12

1.38

8.76

30

100

6.40
1.70

1.70

0.29
1.02
8.37
0.50
110

21.15

1.32
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FIGURE 5. COST BREAKDOWN FOR SYSTEM X,
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The average cost of all crude oll received in U.S. refineries in July,

1975, was $1.75 per million BTU'S.SG Low sulfur crude oil goes as high as

$2.00 per million BTU's. In 1975 the cost of finding and developing

natural gas was estimated at $1.19 per million BTU'S.55 Given the price in-

creases expected in the future, Beluga coals may become an economical energy

source in the not too distant future.
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APPENDIX A
MINING COSTS

Production rate, millions

of tons raw coal per year

Capital costs:

Presentbvalue of total mine cost

Townsite

Road

Airstrip and facilities

Total

Annual operating cost

4.818 -

42,540,800
8,896,800

2,371,600

56,616,800

22,333,100

9.636

70,901, 300
14,828,000

2,371,600

90,908, 500

37,221,900
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Discounted cash flow analysis, mine, 4,818,000

tons raw coal per year

15 percent - 20 years

Annual cash flow = 56,616,800 x 0.15976 = 9,045,000
less depreciation 2,830,000
Depletion + net profit = 6,214,200

Depletion = 10 percent of sales

Federal income téx = net profif

Depletion + net profit = cash flow - depreciation

Sales = 1.0/0.55 [1/2 (operating cést_+ depreciation) + depletion

+ net profit]

Revenue* e Ceeescesnes S e o e v eancesoeseesacsanen s as eesesos 34,174,800
Operating coSt.eiveivenscs. Ceesaenn cereveseeroatanenns veoseassss 22,333,100
Subtotal..oeeveeasnn ceseeanas N .. 11,841,700
Depreciation......oceen. seseeneanenas ceeceanans creeeseseanans . _2,830,800
Gross profite.evcoccocons seoecoesanse cooeasvans weeas tooscsescae 9,010,900
Depletion......v... cessseasoe coeonans Caracessesasesesenren s 3,417,500
Taxable INCOME. .cvovssenotcceeoscconanasessos Wocemsvocecesacas 5,593,400
Federal income taX....... Veeorsnnsos sreadsenseeas seseesns ceess 2,796,700
Net profit..cieceonecenn seesensn cesooea ehosomrasaranens cerasas 2,796,700

%
Revenue per ton = 34,174,800 * 4,380,000 = 7.80 per ton

*
Costs are developed for each individual phase of the entire operation as

revenue required per ton of clean coal.
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'Discounted cash flow analysis, mine, 9,636,000

tons raw coal per year

i

Annual cash:flow = 90,908,500 x 0.15976 14,523,500

less depreciation 4,545,400

il
el
el
~
2]
j
Q.
o

Depletion + net prdfit

Revenue...oeeass coesaece e voossecaacans cesosaees Chesesseaa . 56,112,300
Operating cost...ecoceosn ceoensa seesansean Cetececsanaaas . 37,221,900
Subtotal...... ;n ...... Ceeseecesesecscanancassn o cnesceas . 18,890,400
Depreciation..veeveosss Gt ieaecnaesecastennaa ceasene eeeoes 4,545,400
Gross profit.ivec.oces. ceeresoasacsesesaansea ..,....,....; 14,345,000
Depletion..... S Creeas 5,611,200
Taxable income....c.co.. c s o e o s ueeoocessasaeces as hesacesae 8,733,800
Federal income tax....... . cesees . ceessceenseos eeo. 4,366,900
Net profit.. aesssecana . tecesecnsenassaanas eocsaanse 4,366,900

Revenue per ton = 56,112,300 + 8,760,000 = 6.40 per ton



APPENDIX B

COAL, WASHING AND SLURRY PREPARATION COSTS

Coal Washing Costs

Plant capacity, tons per hour 750 . 1,500
 Capital cost . 13,440,000 23,520,000
Annual operating cost ‘ : 5,792,000 10,060,000

Slurry Preparation Costs

Slurry preparation costs taken to be identical to coal washing costs.
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Discounted cash flow analysis,

coal washing, 750 TPH plant

Ammual cash flow = 13,440,000 x 0.15876 = 2,147,200

less depreciation 672,000

Depletion + net profit = 1,475,200

Revenue........ceuvunns ceeseesseacsrsnansessana ceecasesaneas 8,558,600
Operating cost.na..;., ....... ftesccieesraseaarsatsacaan o ees 5,792,100
SUDEOLAL s 4 v et usssvnssresernnarnnnnsenen e, 2,766,500
Depreciation..... EERRERS A ceretieraeaeas cerenaesess 672,000
Gross profit...eeeeceenes veresena etesonenes cosecennsessnases 2,094,500
Depletion..... heesaase Ceceanaecee I - 1 1 L0 o]
.Taxable income......... e cesenreeesns veraes 1,238,600
Federal income tax.......... Gaeeeens B cecereonns ... _ 619,300
Net profit......... ceeee beae e caeersaeen tesessecrssanesan .o 619,300
Revenue per ton = 8,558,600 + 4,380,000 = 1.95 per ton
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Discounted cash flow analysis

coal washing, 1500 TPH plant

Annual cash flow = 23,520,000 x 0.15976 = 3,757,600

less depreciation 1,176,000

Depletion + net profit = 2,581,600
REVENUE. s s oscsvsvaonossooossoosansas sevenssascs s esoecvoos ee.ws 14,908,400
Operating cost..... Sesceaccnonnans beseeesiaasatanons Cereenes . ;g;ggglggg
Subtotal.r .................. Ciecaaa EERRETRRP seesaaun s cerness 4,848,400
Depreciation........>....,..;......q, ............... ....;n,.. _1,176,000
GroSs Profite.eeeseueneensns e e, e .. 3,672,400
Depletion..... ;...._ ............... tcososcasessreaa cecosenssas 1,490,800
Taxable income...c.vicosesecroonnssas ceeesaaaan ereneneaaan 2,181,600
Federal income tax............. ....;.au.u...f... .......... w.. 1,090,800
Net profit...cioovcoaces voseosooese s teessansna theasosssssona 1,090,800

Revenue per tom = 14,908,400 + 8,760,000 = 1.70 per ton



APPENDIX C

) WATER SUPPLY COSTS

System capacity, GPM | 2,250 4,500
Capital costs:

Pumps, installed 955,500 1,114,800
Power line | ’ 144,000 144,000
Pipeline, installed 824,700 1,370,900
Total ‘ 1,924,200 2,629,700
Anrual operating cost | : 219,000 438,000
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Discounted cash £low analysis,

water supply, 2250 GPM

Annual cash.flow = 1,924,200 x 0.15976 = 307,400

less depreciation ~2§L299

Depletion + net profit = 211,200
REVENUE .« v o v veovnrananns G eereeencaseesnenas ceoaasas Ceeeaas .. 670,500
Operating cost....... cesserssaseaae Cerensercesnasaans coueias 219,000
Subtotal...ooeercsenocnns ercevescsasensanone Ceeesan ctccoacans 451,500
Depreciation.... ....... secettnesaaancas Cecevanancas v..,..,;.. 96,200
Gross profit...cevvcacccoss D R . 355,300
Depletion...ceeess .,..,...o........' ......... P cereence .o 07,100
Taxable income.‘..n ........ ..ﬂ; ..... chcaso s cesoanconencues .. 288,200
Federal income tax,....,; ............. cererraeceraetnaaaetas 144,100
Net profit...eeceecovancss Ceeriresenusaaos tesesecssssasaaoos 144,100

*
Revenue per ton = 670,500 + 4,380,000 = 0.15 per ton

%
Including water cost of 0.05 per ton of coal already in operating
costs of mine and plant, incremental cost of watexr per ton of coal
is approximately 0.10 per ton.
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Discounted cash flow analysis,

water supply, 4500 GPM

Annual cash flow = 2,629,700 x 0,15976

= 420,200

less depreciation 131,500

Depletion + net profit = 288,700
Revenue..;....,.,.. ..... s esasscascasasievosseanue ...,...;.., 1,042,600
Operating CoSt.ee.eeeesss.. e, Cieeenens ...;....nae m_ﬁ§§2999
Subtotal....esse ceceonea ....a..f...........n.....;...;....., 604,600
Depreciation.ﬁ.;...,..,. ................... ceersessesne eoeae 131,500
Gross profit..;..... ....... Ceeetenana ceeeaeueecas ereneneaan 473,100
Depletion ....... e, ....;...1..... .......... vesaseans oo 104,300
Taxable income....voeas e eessavseaesaaea Ceosassscaa cecneas cena 368,800
Federal income taX...... tesseaenneaons cesecaaa veesressrane .. _ 184,400
Net profit..... snaonae .un..,...a.;.... ........... cescseonns oo 184,400

I
Revenue per ton = 1,042,600 :+ 8,760,000 = 0.]12 per ton

%

Including water cost of 0.05 per tom of coal already in operating costs
of mine and plant, incremental cost of water per ton of coal is approxi-
mately 0.07.



APPENDIX D

SLURRY PIPELINE COSTS

Coal tonnage per year,
millions of tons 4.38

Slurry pipeline diameter

inches 24
Capital cost of pipeline
and pumping station 7,442,700

Anmual operating cost 208,200

4.38

30

9,333,400

252,200

8.76
24

7,442,700

238,100

8.76

30

9,333,400

280,700
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Discounted cash flow analysis, slurry pipeline,

24 inch diameter, 4,380,000 tons per year

Annual cash,flow = 7,442,700 x 0.15976 = 1,189,000

less depreciation 372,100

Depletion + net profit = 816,900
Revenue....... s eascacesernsessavssseusoe cessesven tesseccansnco .
Operating cOStoeesesnsss seeseesses cecenansens Veweans Ceenns vesnas
Subtotal.. ...... crinenes Ceeaeesasan ceasasonrsens ceseeccecanecas .
Depreciation.ceevesss covosesaseas s s aseas Geecacnsuan seoersen
Gross profit.......... T Cevercecaanns ceearssae seseas
Depletion..eeeeass coatsecacassacaane sesesesns cavansesones vesson
Taxable INCOMEeoeeevsrteonnsasnss Weessacoaneseeas Ceeasasaaresncs
Federal income taX..seeesceecsvsscens seieoae Peeesesasaas creoacs
Net profit.iieeevocs a.u;...., ............................... ceee

Revenue per tom = 2,012,800 + 4,380,000 = 0.46 per ton

2,012,800
208,200
1,804,600
__372,100
1,432,500
201,300

1,231,200



Discounted cash flow analysis, slurry pipeline,

30 inch diameter, 4,380,000 tons per year

Annual cash flow

Revenue..ocovoe

Operating cost..
Subtotal....... ;..
Depreciation...f...
Gross profite.ciiiecenesns
Deplefion,......
Taxable income..
Federal income tax

Net profit.......

Revenue per ton = 2,516,100 + 4,380,000

il

9,333,400 x 0.15976 = 1,491,100

1

less depreciation

i

Depletion + net profit = 1,024,400

ooooooooooo

nnnnnnnnn

0.57 per ton

iee. 2,516,100

chaene 252,200

......... 2,263,900

eenor 1,797,200

cee... 251,600

ee.. 1,545,600

....... oues 772,800

ceee 772,800
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Discounted cash flow analysis, slurry pipeline,

24 inch diameter, 8,760,000 tons per year

il

Annual cash' flow = 7,442,700 x 0.15976 1,189,000

i
[u
~
)
‘;._.
o
o

less depreciation

- Depletion + net profit

it
e}
=
=)
»
\D
o
o

Revenue..cooevcesos sseesesossesse Cetsesrsanns vova cesdss
Opefating €COSteeocenoonnnss oeesseacns “eensanan cesnsones .

Subtotal..cicvvencnosaos vesacanas PN teoccassseno ceasasanas

Depreciation. ceeecinseoncossscnsoncons Ceoseasas cecocsnossenna
Gross profit..cccoveniaces cheenas cresaassen ceessuonsa heossnsn
Depletion.cioeavevnacn seebesserasacsaons csrnessons teeesaans oo
Taxable income........ e esecscaesnasens cesaene cesens checessscaa
Federal income LAX. s ooossoasassoanosconassssas chenesasonasess
Net profit..... teenaeas sesecessaone Seeteeeeicesiteenione e

Revenue per ton = 2,040,000 + 8,760,000 = 0.23 per ton

. 2,040,000

_238,100
1,801,900
1,429,800
204,000

1,225,800
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Discounted casgh flow analysis, slurry pipeline,

30 inch diameter, 8,760,000 tons per year

Annusl cash flow = 9,333,400 x 0.15976 = 1,491,100

| less depreciation = 466,700

Depletion + net profit = 1,024,400
Revenue..... e et etae e e e aaaen C e eeeareiaeeeaaoaeoen
Operating cost.,.,...........; ............... e seseaerosnns
Bubtotal, et ieiieiesssssesasnsocnoccoronosossonsssnsossrsaesens
Depreciation...... e G s e aaneasebesanatesoassavasanonos
GT0SS PrOfiteseereesennrenenns ek eraassesseenoeasanaseenoa sy
Depletion...cooue.. seecessuesersoe s enans Ceoesseensasaassanen
Taxable incCoOmMe...oviveiovssscncsoaossassss B, Ceieso e
Federal income $aX.. . eeinneoressosssossnoossssnssssooassnss
Net profit.cieerircnerccanscvconsnocncs heoesaososecesns et an

Revenue per ton = 2,542,000 + 8,760,000 = 0.29 per ton

2,542,000

280,700

[ ———

2,261,300

466,700

1,794,600

254,200

et o

1,540,400

770,200

770,200



- Shilp size, DWT
Capital costs:
Berth

Trestle

Total

Annual Operatihg cost

APPENDIX E

LOADING PIER COSTS

70,000 79,000 100,000
12,936,000 13,406,400 14,817,600
12,348,000 12,348,000 12,348,000
25,284,000 25,754,400 27,165,600
2,496,900 2,509,100 2,533,400
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Discounted cash flow analysis,

loading pier, 70,000 DWT ship

Annual cash‘flow = 25,284,000 x 0.15976 = 4,039,400

less depreciation 1,264,200

Depletion + net profit = 2,775,200
REVENUL: s v sosttoscanse T Gdaecaaaceseo s eon ss sesovesesse 8,465,000
Operatiné cost..... terrecesanane Cereesoeseassseensasnans coevene 2,496,900
Subtotal...... ceeeeene ecenraenaces beoaeeee eescarrsesaseesasaan 5,968,100
Depreciation.......... Veeeens e eeaeoresenoan Checereenann ceeeaas 1,264,200
Gross profit........ teeoaiesecaotnas Veieaceaseasanaranos fossan . 4,703,900
Depletion..cieesrineoonuoisesnsnssans raseeesessoas Ceesseaes veo 846,500
Taxable INCOME. cu ot osonorsoasenosssossosossosoconsoasnasasssass 3,857,400
Federal income tax.......... cecessoanasorasan ceteesoaaas cesasos 1,928,700
Net profit.........;,.,.n ........... casaecansascessessaa q..:.,. 1,928,700

Revenue per ton = 8,465,000 + 8,760,000 = 0.97 per ton for 8,760,000
tons per year

= 1.94 per ton for 4,380,000 tons per year
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Discounted cash flow analysis,

loading pier, 79,000 DWT ship

Ammual cash flow = 25,754,400 x 0.15976 = 4,114,500

less depreciation 1,287,700

‘Depletion + net profit = 2,826,800
Revenue ......... Cecoeooesobesee e esec e Ceevene cesea . 8,591,300
Operating cost......... vereebasoas ceseans ceceesacaas . 2,509,100
Subtotal..... s ee e e s sataecoesccaetrnaeeco o0 an s . veecenas 6,082,200
Depreciation......... e, P . . 1,287,700
Gross profit......' ..... Mecesanenns Ceasascesans ceeneee . 4,794,500
Depletion. coeeecessas e Mo resecesssconsscane . __ 859,100
Taxable income........ eeosecsenceaas Ceeeecccennsennes .. 3,935,400
Federal income taX....coeoveeees cecvoonane ceeeens 1,967,700
Net profit..eioeeseceeccnsaose . . ceso o cecsna eeevesas 1,967,700

Revenue per ton = 8,591,300 + 8,760,000 = 0.98 per ton
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Discounted cash flow analysis,

loading pier, 100,000 DWT ship

Annual cash flow = 27,165,600 x 0.15976 = 4,340,000 )

less depreciation -+ ;Jééglggg

Depletion + net profit = 2,981,700
ReVenUe..oovsooranaosonsss R LR TP seroeasreas .o.,b8,959,200
Operating COSt.ieuieievevessnosncosnanonnnns caeseseanno veeneseesss 2,533,400
Subtotal. . veeivie it ieiiiiiiiiiniiiiiiiriaeea, traesessecasenn s 6,425,800
Depreciation........ Ceceans Ceeeseecaas Cececanbaesesans veeeoens 1,358,300
Cross profit.......... e e eeeee et e e eeee 5,067,500
Depletion....c.co.. veesoeeseneean teeseeaeaas Sheterccasae s a0 _ 895,900
Taxable income....... tesceseasaenes b..u., ..... s eaecnesesstsasna 4,171,600
Federal income taX......... vevsane seseceeas cevssoscnon teenas .. 2,085,800
Net profit ........................ cesoees sessesesnene Cesoevoa 2,085,800

8,959,200 + 8,760,000 = 1.02 per ton for 8,760,000

i

Revenue per ton

tons per year

it

2,04 per ton for 4,380,000 tons per year



APPENDIX F

SHIP COSTS
Ship size, DWT ' 70,000
Capital cost per ship 36,500,000
Annual operating cost per ship 5,298,150

Number ships used for analysié | 6

79,000

100,000

40,800,000 45,000,000

5,464,500 6,192,850

5

4
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Discounted cash flow analysis,

70,000 DWT ships

Annual cash flow = 219,000,000 x 0.15976 = 34,987,400

less depreciation 10,950,000

| net profit = 24,037,400
Revenue....oovevoscaneoas csoevaos seesacenan . ceeace oo .
Operating CoSt.eer oo e eccscecoscaccoanes aaa seesosasencsso
Subtotal....... seeses ;.,... .......... s escesesessesesennsnae r
Depreciation....... R R R R R heccasscevscacnsesasan e
Taxable income .............. savo e [T teaesacesesesrasoaa
Federal income taxX.......... fesaeanen vesso teseaneasesasos veas
Net: profit...............,.......,........;; ..................

Revenue per ton = 90,813,700 + 8,760,000 = 10.37 per ton

59,024,800
10,950,000
48,074,800
24,037,400

24,037,400



64

Discounted cash flow analysis,

79,000 DWT ships

Annual cash. flow = 204,0Q0,000 x 0.15976 = 32,591,000

less depreciation 10,200,000

net profit = 22,391,000
Reﬁenue.; ...... ettt et b eee et aatae et et anaasenn essoanne
Operating coSt.v.veveroaacaos Ceaccsisessesoasan o cssececccauon v
éubtotal ................. ...... tactarueacases cetssecsasersnans
Depreclation. cvecesesccsss Weeseesccassesacoanas veeanns secaceaa
Taxable income....asececvnonsssoss casseseasssacsssseases cevoee
Federal income tax.......... coearnanes creocesssacesea ;‘ ..... .
Net profit....... Ceveseno ‘.; ....... cecnssesnaas cecebsseesass ose

Revenue per ton = 82,304,500 + 8,760,000 = 9.40 per ton

82,304,500
27,322,500
54,982,000
10,200,000
44,782,000
22,391,000

22,391,000
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Discounted cash flow analysis,

100,000 DWT ships

i

Annual cash. flow = 180,000,000 x 0.15976 28,756,800
less depreciation 9,000,000

net profit = 19,756,800

Revenu@......o... cecnaasas tnvessans ¢seeccevacossscacsosanaaa
Operating cost....ovceeeneersnconn ssessescensasisasoasenan
Subtotal...cveecaneas csecaeenas @ eeeeeee et ene e
.Depreciation ......... sesssesanacaaa teerccaveersean s Cheessans
Taxable INCOmME.cvsvsanaons e eeaac Cisecossseas cvorcssessosans
Federal income tax........ reoesaos cososeansa cedcoacasasaos
Net profiteceevecesss s esteneanencesaesas sssossenssoacs e

Revenue per ton = 73,285,000 * 8,760,000 = 8.37 per ton

.. 73,285,000
.. 24,771,400

.... 48,513,600

. 9,000,000

39,513,600

... 19,756,800

ve.. 19,756,800



Ship size, DWT
Capital costs:
Berth

Trestle

‘Total

Amual operating cost

APPENDIX G

OFF-LOADING PIER COSTS

70,000 79,000 100,000
7,700,000 7,980,000 8,820,000
2,100,000 2,100,000 ' 2,100,000
9,800,000 10,080,000 10,920,000
1,435,000 1,445,000 1,456,000
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Discounted cash flow analysis,

off-loading pier,‘70,000 DWT ship

Annual cash‘flow = 9,800,000 x 0.15976 = 1,565,600

less depreciation __4%0,000

net profit 1,075,600
ReVENUe. ¢ votecvoass cravans coecen beesosaseaesaaneo s teeecaanas 4,076,200
Operating coSte....... Ceevecenaans Centeaaans ceeratacanas veo.. 1,435,000
Subtotal........ Ceeresraseaeasenan Ceeeasecssenressenreaaenas . 2,641,200
Depreciation........ reeeeceeans Caceesetenasereensesancanes vooo 490,000
Taxable.income ........... e easeveossescacecaconaenasseons eees 2,151,200
Federal income taX....ieovecaenn. cesenee tereaseseseacsonane .. 1,075,600
Net profit.cceeeeessonocnnsansns et esssaecoenansesonceseneons 1,075,600

1l

Revenue per ton = 4,076,200 + 8,760,000 = 0.47 per ton for 8,760,000 tous

per year

il

0.94 per ton for 4,380,000 tons per year
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Discounted cash flow, analyis,

off-loading pier, 79,000 DWT ship

Annual cash flow = 10,080,000 x 0.15976 = 1,610,400

less depreciation __ 504,000

net profit = 1,106,400
REVeNUC .. v eoencennacen t e esciceseareanneaanas cecterseatesaas 4,161,800
Operating cost........ ceeans R R E PR R PR PR 1,445,000
Subtotal..cc.evenrenosas teeeesesoenan Sesoesesodcecesaana cencsn 2,716,800
Depreciation.......... Ceesecreeeriocncrsosoasaensetanots cevewe 504,000
Taxable incéme.....;;... ........... s eeaneansasos s oeacae oa e 2,212,860
Federal income taX........... P Peesasannae vesoas 1,106,400
Net profit........ veeanes cescoanenn Veeceseuesiaanes cevasassaa 1,106,400

Revenue per ton = 4,161,800 + 8,760,000 = 0.48 per ton for 8,760,000 tons

pér year
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Discounted cash flow analysis,

off-loading pier, 100,000 DWT ship

Annual cash flow = 10,920,000 x 0.15976 = 1,744,600
less depreciation 546,000

i
=t
—
O
o

v

(Y
o
o

net profit =

Revenue.....eeeeree Seecanecneeei v as ot sesnasenooraraseen e .. 4,399,200
Operating cost..... e Ce e s aasecsascscssasaseananae s 1,456,000
Subtotal............. e et eee e ... 2,943,200
Depreciation....... Ceese e aeisaseenaans cheeereserascenaane _ 246,000
Taxable 1nCOME..txtueenereenernenns e e 2,397,200
Federal inéome [oF: 5 SN Ceeeaen Veveaenan cebeesaernenaans 1,198,600
Net profiteesieceanse Cesoseno e e e easoseaaaso e 1,198,600

Revenue per ton = 4,399,200 + 8,760,000 = 0.50 per ton for 8,760,000

tons per year

= 1.00 per ton for 4,380,000 tons per year



Coal tonnage per year,
millions of tons

Slurry pipeline diameter,
inches

Capital costs:

Pipelines:
Slurry
Water retum

Dewatering plant

Total

Annual operating cost

APPENDIX H

DEWATERING COSTS

4.38 4.38 8.76 8.76

24 30 24 30
175,325 225,725 175,325 225,725
49,675 49,675 49,675 49,675
8,000,000 8,000,000 14,000,000 14,000,000
8,225,000 8,275,400 14,225,000 14,275,400
3,328,800 3,328,800 5,781,600 5,781,600
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Discounted cash flow analysis, dewatering,

24 inch diameter pipeline, 4,380,000 tons per year

Annual cash flow = 8,225,000 x 0.15976 = 1,314,000

less depreciation __411,300

net profit = 902,700
REVEIIUC . « v e v o vaevenennennsnseoannnns ceseees beeneasoaons Cocar e
Operating cost..... P o ceeeaeane Checenneacanenan .
Subtotal..o.vieveeiennsss teereessananeas fesetcmenesneanenasnans .
Depreciation .............. te s asenscsaasesosaennansn a0 Cewesbas
Taxable income...s.... et eteneneene Coeeoncsasseace e “Cessaeoesanao
Federal income faX....ooeevuoos S eiescesteestesneassoanas cecssnan
Net profit............ O ceseroes teeene

Revenue per ton = 5,545,500 %+ 4,380,000 = 1.27 per ton

5,545,500
3,328,800
2,216,700
411,300
1,805,400
902,700

902,700
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Discounted cash flow analysis, dewatering,

30 inch diameter pipeline, 4,380,000 tons per year

Annual cash flow = 8,275,400 x 0.15976 = 1,322,100

less depreciation 413,800

net profit 908,300
Revenue. .ccvousanscancons ...- ............................ . 5,559,200
Operating coSteecievesanneocao Goecesasesssesasasave o tcescasans . 3,328,800
Subtotal....veeeen Gt e et e eenaanessaanaceneeen sanaoacescannooaan 2,230,400
Depreciation.....ocevucncesoaase Ceeevessecaanannan ceerecaecss 413,800
Taxable income...... cbeseoscans faasasnetceecnaasenesosancan s 1,816,600
Federal income taX...oveeeesosoosssos tevesason teseassassensns _ 908,300
Net profit....... e e, ceeerieee. 908,300

Revenue per ton = 5,559,200 %+ 4,380,000 = 1.27 per ton
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Discounted cash flow analysis, dewatering,

24 inch diameter pipeline, 8,760,000 tons per year

Annual cash flow = 14,225,000 x 0.15976 = 2,272,600

less depreciation 711,300

net profit = 1,561,300
REVENUE ¢ 4 4t o vsvusssoacovosaocasaaoasoanssooossoeonoasseseaas sees 9,615,500
Operating cost...... Cesesesccescsassanasano Ceesennssassacoas e 5,781,600
Subtotal....... Cesotastecacasane e caeasarvanesecrsenranaassana . 3,833,900
Depreciation...... everesreaeasane becoscraranesrena teerossoesnas 711,300
Taxable Income...eevessoscases ceaeoas ceeane teessenassanssena e 3,122,600
Federal income taX....evoaeeeass Ceetesceecsanos thesasetececiaas 1,561,300
Net profit...... sesaao Ceeeean ‘ ............ b o ceneentresenases ... 1,561,300

Revenue per ton = 9,615,500 + 8,760,000 = 1,10 per ton
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Discounted cash flow analysls, dewatering,

30 inch diameter pipeline, 8,760,000 tons per year

Annual cash flow = 14,275,400 x 0.15976 = 2,280,600
less depreciation 713,800

net profit = 1,566,800

Revenue..ceeesoness tecesans teoseseesosesaa e sesnaoseccceasna e 9,629,000
Operating cost...... beseranneas S st e saecsacasesesesacaenen s s 5,781,600
SUDBLOLAal. .vveeeceenoossoaseansossscnosossnans teveesesssones eas 3,847,400
Depreciation,.coeveeesss. P ceessecearneannaans ees. 713,800
Taxable income...coeesas feesiaanas Ceeecasiascons Ceeasessens ... 3,133,600
Federal income taX..esveeeacococson Ceiieereienarnaceearessasesas 1,566,800
Net profit.iecececeennccnnsass s eeeasasesecevtocsacn e oe ey 1,566,800

Revenue per ton = 9,629,000 ¢+ 8,760,000 = 1.10 per ton



BIBLIOGRAPHY

Armbruster, F. E., Candela, B. J., Research Analysis of Factors Affecting
Transportation of Coal by Rail and Slurry Pipeline, Vols. I and II,
Hudson Institute, New York, New York, 1976.

Aude, T. C., et al., "Slurry Piping Systems: Trends, Design Methods,
Guidelines,'" Chemical Engineering, June 28, 1971, p. 74.

Bain, A. G., Bonnington, S. T., The Hydraulic Tramnsport of Solids by Pipe-~
line, Pergamon Press, New York, New York, 1970.

Barnes, F. F., Geology and Coal Resources of the Beluga-Yentna Region,
Alaska, U.S. Geological Survey Bulletin 1202-C, 1966.

Beebe, R. R., et al., Evaluation of Basic Slurry Properties as Design
Criteria for the Marconaflo System, Marcona Corporation, San
Francisco, California, 1971.

Black, R. W., Offshore 0il Terminal Design Considerations for United States
Waters, U.S. Department of Commerce, Maritime Administration, 1974.

Bottge, R. G., "Changing Economics of Alaskan Coals," Focus on Alaska's

Coal '75, University of Alaska, MIRL Report No. 37, 1975,

Bottge, R. G., Comparative Porphyry Copper Mining and Processing Costs--
Alaska and Arizona, BuMines IC 8656, 1974.

Branch, A. E., The Elements of Shipping, Chapman and Hall Ltd., London,
England, -1970.

Bureau of Mines, International Coal Trade.

Campbell, T. C.: Katell, S., Long-Distance Coal Transport: Unit Trains
or Slurry Pipelines, BuMines IC 8690, 1975.

"Can Alaska's Coal Be Competitive  on the World Market?" Alaska Construc-
tion and 0il, June, 1971.

Chﬁang, K. C.; Nichols, D. G., A Cost Model for Coal Slurry Transport,

°y

Department of Chemical Engineering, West Virginia University,
Morgantown, West Virginia, 1975.

Clark, P. R., Transportation Economics of Coal Resources of Northern Slope
Coal Tields, Alaska, MIRL Report No. 30, University of Alaska,
Fajrbanks, Alaska, 1973.

Coles, N. G., Hemmings, S. K., Proceedings of Hydrotransport 3, Third Inter-
national Conference on the Hydraulic Transport of Solids in Pipes,
Golden, Colorado, British Hydromechanics Research Association, London,
England, 1974,




76

Colorado School of Mines Research Foundation. The Transportation of
Solids in Steel Pipelines, Golden, Colorado, 1963.

Cowper, N, T., et al., "Processing Steps: Keys to Successful Slurry-
Pipeline Systems," Chemical Enginecring, Feb. 7, 1972, p. 58.

Davis, J. C., "Long~Distance Slurry Transport--Finally in the pipeline?"
Chemical Engineering, April 12, 1976, p. 67.

Eaton, H., Jacques, R., "Transport of Coal as a Slurry," Focus on Alaska's
Coal '75, University of Alaska. MIRL Report No. 37, 1975.

Frawley, J. F., "1975-85 Coal industry's Capital Requirements," Mining
Engineering, May, 1975, p. 38.

Geer, M. R., Fennessy, F. D., Washability of Coals from the Matanuska Valley
and Beluga River Fields, Alaska, BuMines RI 6017, 1962.

Heaver, D., The Economics of Vessel Size: A Study of Shipping Costs and
their Tmplications for Port Investments, National Harbours Board,

Ottawa, Canada, 1968.

Hinman, G., et al., Energy Projections for the Pacific Northwest, Environ-
mental Research Center, Washington State University, Pullman,
Washington, 1975. ’

Katell, S., et al., Basic Estimated Capital Investment and Operating Costs

for Coal Strip Mines, BuMines IC 8703, 1976.

Kendall, P. M. H., "A Theory of Optimum Ship Size,'" Journal of Transport
"Economi¢s and Policy, Vol. VI, No. 2, May, 1972, p. 128.

King, A. L., et al., Proceedings of Hydrotransport 1, First International
Conference on the Hydraulic Transport of Solids in Pipes, Coventry,
England, British Hydromechanics Research Association, London, England,

1970.

Kirshenbaum, N. W., Wise, T. R., "Determinants in Selecting Slurry vs. Con-
ventional Shipping Systems," Skilling's Mining Review, Jan. 25, 1975,
p. 6.

Kirshenbaum, N. W., Argall, G. O., Proceedings of the First International
Symposium on Transport and Handling of Minerals, Vancouver, British
Columbia, Canada, Oct. 20-23, 1971, Miller Freeman Publications, 1972.

Kirshenbaum, N. W., The Application of the Marconaflo Slurry System to
Mineral Processing and Extraction, Marcona Corporation, San Francisco,

California, 1973,

Leonard, J. W., Mitchell, D. R., Coal Preparation, The American Institute
of Mining, Metallurgical, and Petroleum Engineers, Inc., New York,

New York, 1968,



77

Maloney, R. P., Bottge, R. G., Estimated Costs to Produce Copper at
Kennicott, Alaska, BuMines IC 8602, 1973.

Maloney, R. P., Reconnaissance of the Beluga River Coalfield, Alaska,
BuMines RI 5430, 1958.

Marcona Corporation, Litton/MARAD Coal Study, Marconaflo Test Center,
Development Division Report No. S§F-259, San Francisco, California,
1972,

Maritime Administration, Relative Cost of Shipbuilding, U.S. Department of
Commerce, 1976.

Maritime Administration, The Economics of Deepwater Terminals, U.S. Depart-
ment of Commerce, 1972,

Matson Research Corporation, Transocean Tug-Barge Systems, U.S. Department
of Commerce, Maritime Administration, 1970,

Miller, C. D., "Economics of Superbarge Operation," Marine Technology, Vol.
4, No. 3, 1967, p. 277.

Munro-Smith, R., Merchant Ship Types, Marine Media Management Ltd., London,
England, 1975, '

Mutschler, P. H., et al., Comparative Transportation Costs of Supplying Low~
Sulfur Fuels to Midwestern and Eastern Domestic Energy Markets, BuMines
I1C 8614, 1973.

Oceanographic Institute of Washington, Offshore Petroleum Transfer Systems
for Washington State, A Feasibility Study. Oceanographic Commission
of Washington, 1974. ' ’

Patsch, B. J. G., "Exploration and Development of the Beluga Coal Field,"
Focus on Alaska's Coal '75, University of Alaska, MIRL Report No. 37,
1975. '

Quinlan, R. M.; Venkatesany S., Economicsvof Coal Preparation, AIME Preprint
No. 76-F-108, Energy Sources Division, Kaiser Engineers, Oakland,
California, 1976.

Rao, P. D., Wolff, E. N., Focus on Alaska's Coal '75, Proceedings of the
conference held at the University of Alaska, Fairbanks, Oct. 15-<17,
1975. University of Alaska, Mirl Report No. 37, 1975, :

Schmirler, D. J. Transportation of Alaska Coal, Presented to the PLM/
Stanford Coal Conference, San Francisco, California, April, 1976.

"Slurry Handling Techniques Will Lower Ore Transport Cost," Shipbuilding
and Shipping Record, Dec. 4, 1970, p. 33. '




78

Soros Associates Incorporated, Offshore Terminal System Concepts, U.S.
Department of Commerce, Maritime Administration, 1972.

Stanford Research Institute, The Potential for Developing Alaskan Coals for

Clean Export Fuels, Office of Coal Research, R and D chort No. 108
1974,

Stephens, H. S., Thornton, W. A., Proceedings of Hydrotransport 2. Second
International Conference on the Hydraulic Transport of Solids in Pipes,
Coventry, England, British Hydromechanics Research Association, London,

England, 1972,

Thomas, T. B., Beebe, R. R., Ocean Transportation of Iron Ore Slurries,
Marcona Corporation, San Francisco, California.

U.S. Army Corps of Engineers, West Coast Deepwater Port Facilities Study,
1973. |

U.S. Department of Commerce, Construction Review, Vol., 22, No. 3, April,
1976.

U.S. Department of Transportation, Federal Energy Administration Project
Independence Blueprint Fingl Task Force Report, Vols. I and II, 1974.

Wasp, E. J., et al., "Initial Economic Evaluation of Slurry Pipeline Systems,
Transportation Engineering Journal, Vol. 97, No. TE2, May 1971.

Wasp, E. J., et al., Terminal Facilities for Western Coal Slurry Pipelines,
AIME Preprint No. 76-F-115, Bechtel Incorporated, San Francisco,
California, 1976.

Woodward~Clyde Consultants, Siting Study, Prepared for Washington Public
Power Supply System, 1975.

Zandi, I., Advances in Solid-Liquid Flow in Pipes and Its Application,
Pergamon Press, New York, New York, 1971.




79
OTHER REFERENCES

Personal communications with:

Bechtel Incorporated, San Francisco, California

Max Geer, Seattle, Washington

L. R. Glosten and Associates, Incorporated, Scattle, Washington
Marcona Corporation, San Francisco, California

Placer Amex Incorporated, San Francisco, California

Reserve Mining Companya Siiver Bay, Minnesota

Seattle City Light, Seéttle, Washington

U.5. Bureau of Mines

Maps:

U.S. Department of Commerce, National Oceanic and Atmospheric Administration:

Nautical Chart 16660, Cook Inlet, Northern Part, 1975. 'y

U.S. Geological Survey Alaska Quadrangles:
Tyonek (A-4), 1958

Tyonek (A-5), 1958



