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INTRODUCT | ON
This report is in response to a need to have geologic information about
the Federal-State-Cook inlet Region Incorporated proposed land exchange
consolidated under one cover.
The report is divided into three parts.
| Coal Resource Appraisal of the Beluga-~Capps Glacier area (McGee)

[l Potential Revenues from Coal Royalties in the Capps Glacier area (Dobey,
Welch, and 0'Connor)

bl Resource Appraisal of Land Exchanges Outside of the Beluga-Capps Glacier
area (DGGS staff)

For completeness, | have included '"The Potential for DeQe]oping Alaskan
Coals for Clean Export Fuels'' by the Stanford Research (nstitute. This study
uses the Beluga area as a model for a feasibility analysis of a coal conversion

facility and contains much statistical data about the coals of this region.

Part |, Coal Resource Appraisal of the Beluga-Capps Glacier Area, by
Don McGee, is a summary of the known geology of the region. A
geologic map accompanies the report (pocket) and several
stratigraphic sections are included. Coal reserve estimates
are based on this work.

In order to avoid semantic confusion, a brief glossary of
terms defined as they are used in this text is included in the
report.

Conclusions reached by McGee begin on page 9. Of the
known coal reserves in the 8eluga-Capps land trade area, approxi-
mately 95% are located in the Capps Glacier lease block.

Hypothetical reserve estimates in the Beluga-Capps land trade

area by their very nature are elusive quantities owing to



information gaps. It is estimated that approximately 2 billion
tons of hypothetical coal lie outside the proven coal areas but
within the land trade area, Hypothetical coal reserve estimates
vary from author to author for obvious reasons. in this report,
the hypothetical coal estimates within the boundaries of the
Beluga-Capps land trade area were based on an average of 10 feet
of commercially extractable coal. A simple doubling of the
extractable coal footage doubles the total hypothetical coal
reserve estimates.

Known coal resources within the Beluga Mental Health lands
are 1.6 billion tons and are not considered in this report.

Physical and chemical qualities of the coal, if needed, may

be found in tabulated form in DGGS OFR #5!| by McGee and 0'Connor.

Part (|, Potential Revenues from Coal Royalties in the Capps Glacier
Area, by Dobey, Welch, and 0'Connor, is an attempt to project
direct royalty dollar losses to the State from relinquishing
these tands. Dollar losses related to land sales, rental losses,
etc., are not considered. tLease rentals become $1.00/acre at
the beginning of the 6th year (1976). However, with initiation
of production the royalty paid offsets the lease rental and
presumably the latter declines to zero. Variables such as Initial
production rates are difficult to anticipate because of other
variables and must be considered as arbitrary.

Regardless of total recoverable coal quantities, royalty
income to the State will be a function of production rates within
a given time period. Theoretical production schedules reflect
a low of 6 million tons per year and a high of 21 million tons

_2_



Part

e,

per year. |t should be noted that the largest coal mine today,
the Navajo Mine, New Mexico, produces 7.4 million tons/year
(USBM). The economic analysis projects royalty income to the
year 2025 with readjusted royalties in 199!. Discount factors
of 8% and 10% were applied to bring projected revenues to present
dollar values.

The assumption is made that the State's present policy of a
fixed royalty (10¢/ton with 10 or 20 year adjustments) will
remain in effect until 1991. Scenario I{ assumes a percentage

royalty exists thereafter of 1/10, 1/8, and 1/6.

Resource Appraisal of Land Exchanges Outside of the Beluga-Capps
Glacier Area, by the DGGS staff, is provided for the sake of
campleteness inasmuch as these lands were a part of the three-way
exchange. Known mineral and energy resources are plotted on
regional maps and a brief summary of the geology and developmental
activities is provided. A bibliography accompanies the text of

each region.

Ross G. Schaff
State Geologist



Part |

CCAL RESOURCE APPRAISAL OF THE
BELUGA-CAPPS GLACIER AREA

D.L. McGee

1976



Part |

COAL RESOURCE APPRAISAL OF THE BELUGA-CAPPS GLAC{ER AREA

B8y Don L. McGee

INTRODUCT ION

Purpose of Report

This investigation was completed to review the coal resources within the
boundaries of the area proposed for a three-way land trade between the State
of Altaska, Cook fnlet Region Inc., and the federal government. Map compilation
was limited to areas underlain by the coal-bearing Kenai formation of Tertiary
age that lie within the area of proposed trade lands.

Because the coal deposits of this region (fig. 1) are undeveloped and are
largely covered by surficial deposits, a thorough understanding of thelr
stratigraphy and structure can be obtained only with the aid of a large amount
of subsurface exploration. The primary purpose of this report is to indicate
the areas where coal outcrops are sufficiently dense to enable a determination
of measured and Indicated coal resources and to also indicate where the most

favorable areas are for probable future coal resources.

Location

The area selected for the land trade (fig. 2) is outlined on the attached
map, and includes about 18 townships, from which the Cook Inlet Region Inc.
will be allowed to select 13-1/2. Nearly the entire area is underlain by

either middle or lower Kenai Tertiary sediments.

Geology

Rocks within the trade area include an undifferentiated assemblage of

metasedimentary rocks of Jurassic and Cretaceous age, intrusive medium to

_5_
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coarse-grained granitic rocksvpresumably intruded into the older bedded rocks,
Tertiary sedimentary rocks (the Kenai Formation) which Barnes (1966) has
divided into a lower and middle group, tuff and volcanic breccia south of
Capps Glacier, and rocks of Quaternary age consisting of glécia\ deposits,
alluvial deposits, talus, colluvium, and landslide masses.

Nearly all the coal deposits are in rocks of the middle Kenai Formation.

Coal Resources

The major known coal resources within the trade area afe located south
of Capps Glacier, where approximately 13 square miles are under coal )leases.
Resources based on known geological parameters and a section-by-section
examination (from cross sections constructed from the geologlical parameters)
are 550 million short tons. Much of this coal can be considered as measured
and indicated, and a large part of it has a stripping ratio of less than 10
to 1.

A single area of about 1 square mile on Drill Creek, east of Belugé Lake,
has proven resources of about 20 million tons of coal. This area was driltled
by the U.S. Bureau of Mines in 1959-~1961.

There are four other areas which appear favorable for coal extraction

based on sections measured by Barnes (1966) :

1. An area of about 7 square miles south of the leased area at Capps Glacier.
2. About 6 square miles east of the leased area at Capps Glacier.
3. A small area underlain by the Beluga coal depésits, which lies within

the proposed trade area east of Felts Lake.



4. The area along Coal Creek extending from Coal Creek Lake as far east as
the Drill Creek lease area which has outcrops of middle Kenai Formation
with known coal sections. This area of about 50 square miles contains
hypothetical coal deposits of 500 million short tons (based on a

predicted 10 feet of coal and consistent low-angle dips).

CONCLUSIONS

Coal resources in much of the proposed land trade area are unknown. The
two areas of greatest interest and where geological data are available, the
Capps Glacier and Drill Creek areas, contain 570 million short tons of coal.
The four other areas indicated on the map probably contain an equal amount of
coal listed as hypothetical. The corridor area south of the Chuitna coal field
is covered by unconsolidated sediments and it is not known if coal is present
or not.

As near as can be determined From widely separated and only roughly
correlated stratigraphic sections, coal beds are uniformly distributed through
the middle member of the Kenai Formation, but are rare or lacking in the
conglomeratic lower member. For this reason the most favorable locations for
coal exploration are the areas underlain by the middle Kenai Formation. No
mentijon has been made of hydrocarbon potential, although much of the area is
underlain by Kenai Formation sediments that are hydrocarbon productive to the
south {in the Cook lnlet area) and to the east (in the Beluga gas field).

The coal resources described in this report and used in the royalty
analysis are limited to known recoverable reserves and restricted to the Capps
area, about 13 square miles and Drill Creek, about | square mile. These coal
resources based on outcrop and cross-sectlon geological information, represent

the minimum quantity of coal expected to be recovered from these areas.



This report specifically excludes the known coal resources outside the
land trade area in the Beluga area. These resources exceed 1.6 billion short
tons of coal classified as known and because of the favorable geology there
probably are several billion additional tons.

Specific areas outside the Capps Glacier area have high potential for
coal. These areas are south of the Capps Glacler .coal area, northeast of the
Capps Glacier, along the Beluga River just north of the land trade boundary and
a 50 square mile area along Coal Creek. Elsewhere there is a probability of
middle Kenai sediments containing coal under the glacial overburden. Coatl
resources in these areas must be considered as hypothetical until proven by
drilling. However it is estimated that there are in excess of 2 bitlion tons
of hypothetical coal outside the proven coal areas but still within the land
trade area.

it is very important to distinguish between known coals and hypothetical
coals. Known coals in this report include both measured (coals that have been
blocked out by drilling) and indicated (coals that are outlined by proximity
to outcrop or drill holes). There is a very high probabllity, that these
resources are accurate. |In this report these are the resource values used in
the economic considerations.

The term hypothetical is used to indicate that geological parameters are
favorable. The area along Coal Creek where coal-bearing middle Kenai sediments
outcrop at varying intervals is a good example of an area of hypothetical coal.
There are sufficient middie Kenai exposures along Coal Creek to indicate the
probability that much or all of the area is underlain by coal-bearing middle
Kenai sediments. These exposures all contain coal and can be extrapolated
with some certainty from exposure to exposure. By calculating the probable

size of the areas and average thickness of the coals in the exposures, an

-]0_



estimate can be made of thg hypothetical coal resources. However, until the
coals are outlined by drilling, they remain questionable.

Brief references have been made in the report to areas where coal extraction
may occur at some future date. These areas include about 50 square miles along
Coal Creek (500 million tons hypothetical coal), south of the leased area at
Capps Glacier (8 square miles underlain by middle Kenai sediments containing
coal), hypothetical resources for this area are in excess of 150 million tons,
east of the area under coal leases (about 6 square miles with probable hypothetical
resources in excess of 150 million tons), and the area north of the Mental Health
lands along the Beluga River (hypothetical coal of 30 to 50 million tons).

In addition, the large area between Capps Glacier and extending to Coal Creek
is covered with unconsolidated deposits probably overiying at least in part
middle Kenai coal-bearing sediments (about 60 square miles and if an effective
thickness of 10 feet is used, the area could be underlain with sediments containing
600 million tons of coal). Northeast of Drill Creek is an area of about 50
square miles that may contain coal-bearing sediments with 500 million tons
hypothetical coal. The area along the Chakachatna River and Chuitkilnach and
Nikolai Creeks southeast of the Castle Mountain fault and within the land trade
area is also possibly coal-bearing (25 square miles containing perhaps 250
million tons coal). Hypothetical coal within the boundaries of the land trade
area would be in excess of 2 billion tons based on an average of 10 feet of
commercially extractable coal. This value is easily doubled to 4 billion tons
by increasing the coal thickness to an average 20 feet. 1t is highly probable
that this figure is excessively high and that If large tonnages of coal are
actually in place, much of it will not be commercially extractable because of

excessive overburden or thinness of beds.

...ll_
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Part 1t

POTENT AL REVENUES FROM COAL ROYALTIES IN THE CAPPS GLACIER AREA

By P.L. Dobey, J.K. Welch, K.M. 0'Connor

INTRODUCT ION

An economic analysis of the direct monetary value to the state for coal

resources in the Capps Glacier-Beluga state~land trade area was completed for
the Division of Lands, and refined for open file status. In this analysis, it
is important to remember that the only direct dollar losses to the state from
relinquishing these lands would be from the absence of royalties, fees, and
rentals. Of these, a loss of royalty from coal would be the major economic
factor. |f the state does not obtain royalty from the coal it will stil}l have
taxing options for revenue from the coals, e.g., a severance tax, which could
be considered in addlition to the normal business taxes. Therefore, the question
of importance is: How significant are the potential revenues from coal royalties
in this area?

In this analysis, a development model is used to show the possible
royalty revenues the state would expect from the coal in the zone considered
for trade. Conservative parameters were used, and the economic analysis was
completed only on the measured and indicated coal reserves of the Capps
Glacier area (550 million short tons). The Beluga coal reserves to the
southeast might be developed before any of the coal in the trade zone; this
could create a much longer time to the start of development than our model,
resulting in an even lower net present value of the measured and indicated

coals of the trade zone.

_]L'_



RESULTS AND SUMMARY

The development and economic models have the following significant results:

In the remaining 16 years of the present lease contract, the State's
potential royalty revenues from coal resources in the trade zone at 10¢
per ton are estimated to range from a pessimistic ltow of around $7,000 to

a high of approximately $4,000,000.

It is disadvantageous to the State to lease a resource on a fixed dollar
value during inflationary times, Ouring the remaining 16 years of this
lease contract the inflationary effect upon the 10¢ royalty reduces the
real future income to the State by approximately 50% in the optimistic

case to over 75% in a high inflation pessimistic case.

Assuming that the State renegotiates for a higher royalty in 1992, an
analysis for three new royalty cases gives the following results:

Pessimistic Case (1/10 royalty)

Future cumulative revenue $§84.0 million
Present vatue {(discounted 10%) $§ 3.7 million
Present value {(discounted 8%) § 6.5 million
Medium Case (1/8 royalty)

Future cumulative revenue $177.0 million
Present value (discounted 10%) $ 9.2 million
Present value (discounted 8%) $ 15.4 mitlion
Optimistic Case (1/6 royalty)

Future cumulative revenue $633.1 million
Present value (discounted )0%) $ 38.9 million
Present value (discounted 8%) $ 62.9 million

Future total estimated cumulative revenue to the State to the year 2025

could range from $84 mitlion to $650.9 million.

Total estimated present value income could be:

Discounted 10% Discounted 8%
Pessimistic $ 3.7 midlion $ 6.5 million
Med ium $ 10.5 million $ 15.9 million
Optimistic $ 42.2 million $ 67.0 million

-15-



6. The optimistic production scenario of 21 million tons per year is three
times the present annual production of the largest operating coal mine
in the United States. These dollar values are therefore very optimistic

and should be considered a low probability maximum income.

CONCLUSION
Because of the probable extremely low royalty revenues resulting under
the present State contract and the long time delay for income under more
favorable royalties, the present dollar value of the trade zone (with respect
to royalty income) is very low per acre. The total present value of the
theoretical royalty income discounted 10% would be $11.90 per acre in the
pessimistic case, $33.76 in the medium case, and $137.60 in the optimistic

case.,

THE ANALYSIS

Coal reserves in the trade zone are divided into the known quantities
in the Capps Glacier area and the relatively unknown but possible reserves in
other areas. This analysis is based upon the estimates of recoverable economic
measured and indicated coal provided by Don L. McGee of the Division of
ﬁeoIOQicaI and Geophysical Surveys. The production model uses three production
estimates to generate a range of probable revenues. A pessimistic one to 6
million tons per year, a most likely of 5 to 10 million tons per year, and
an optimistic 5 to 15 million tons per Qear‘ Our study is based on a fifty-
year projection with a cut-off date of year 2025. Present dollar values of
the produced coal are very low after this long period. A development scenario
was then derived (Chart 1) for the three production cases and royalty revenues
derived for the existing State contract in the amount of 10¢ per ton for the

1971-199) contract period. Next, real dollar values were calculated for the

_]6_



THEORETICAL PRODUCTION SCHEDULES

Coal Production in Milltions of tons

Year Pessimistic Med ium Optimistic
1975
1976
1977
1978
1979
1980
1981 |
1982 5
1983 10
1984 ' .5 15
1985 5 21
1986 5 21
1987 g 21
1988 5 21
1989 5 21
1390 .5 5 21
1991 | 5 21
1982 | 5 21
1993 | 5 21
1994 1 5 21
1695 | 5 21
1996 1 5 21
1997 1 5 2]
1998 | 5 2]
19399 3 5.5 2]
2000 3 8 21
2001 3 8 21
2002 3 8 21
2003 5 8 21
2004 5 8 21
2005 5 8 21
2006 5 8 2]
2007 5 8 21
2008 5 8 21
2009 5 8 21 - Depletion of
2010 6 10 2] known coals
2011 6 10 21 (550 MM)
2012 6 10 21
2013 6 10 21
2014 6 10 2)
2015 6 10 2]
2016 6 10 21
2017 6 10 2)
2018 6 8 21
2019 6 8 21
2020 6 8 21
2021 6 8 21
2022 6 8 21
2023 6 8 21
2024 6 8 21
2025 4.5 8 21
Total Cumulative Production 150 MM 300 MM 891 MM
Producing Years 36 yrs. 42 yrs. L5 yrs.
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future royalty income using constant inflation rates of five, eight, and ten
percent (Chart 2). The in%lationary effect upon the constant 10¢ royalty
drastically reduces the real future income to the State. This reduction ranges
from approximately 50% in the low inflation optimistic case to over 75% in the
high inflation pessimistic case ($150,000 ~vs~ $33,750). It is apparent that
leasing a resource for a fixed amount during inflationary times is not a very
viable approach.

The present value of the coal revenues were then calculated using a discount
rate of 10% for the .three cases (Charts 3, 4, and 5). Total present value
income to the State from the remaining 16 years of this contract period is
estimated to range from §7,608 in the most pessimistic case to $3,303,217 in
the most optimistic. These figures, although derived on a theoretica) basis,
should reflect the economic benefits fairly closely.

After 1991 the contracts can be renegotiated and, because of the many
uncertainties involved, it is very difficult to guess what income will be.

An attempt was made using a hypothetical model! that assumes 1/10, 1/8 and 1/6
royalties plus some possible future coal prices obtained from the Bureau of
Mines (Chart 6) and the Stanford Research Institute study (Appendix).

The results of Scenario t| are present 1975 dotlar values of hypothetical
future coal production for pessimistic, medium, and optimistic cases using a
10% discount factor. A discounted present value income range of $3.7 million

to $38.9 million with a medium of $9.1 million resulted. Using an 8% discount

factor the results range from $6.5 million to $62.9 million with a medium of
$15.4 million.
Adding Scenario t and |1 for a hypothetical income total we have:
Discounted 10% Discounted 8%
Pessimistic § 3.7 million $§ 6.5 million
Med ium $ 10.5 million $15.9 million
Optimistic $ 42.2 million $ 67.0 miltion

-18-



POTENTIAL REAL VALUE

OF STATE'S ROYALTY
UNDER EXISTING LEASES ~ (TO YEAR 1991)

INCOME FROM COAL

{N THE PROPQSED TRADE AREA

Chart 2

YEAR PESSIMISTIC MED 1UM OPTIMISTIC
Real dollar values = o . Real dollar values = w» n = Real dollar values
g2 03 @ constant rate of oz W o @ constant rate of °3 =2 @ constant rate of
i =2F inflation - - | inflation S = o inflation
%.M MAM. M = M.N o= > O
2F > ax —
2 |oT 5% 8% 10% | o - 5% 8% 10% Sz | V> 5% 8% 10%
_mwm Mmm L_W Pm LW o — .AN__H_
=2 zZ =g
=5 zZ3 ==
1976 o z 95 9
o = =z
=
1977
1978
1879
1980
1981 IMM | 100,000 74,620 63,020 56,450
1982 s | 500,00 355,350 291,750 256,609
1983 100 1,002,000 676,800 540,300 465,500
1984 500 M | 50,000 32,250 25,000 21,200 15M4[ 1,500,000 966,300 750,300 636,150
1985 5MM | 500,000 307,000 231,500 193,000 21itN| 2,100,000 | 1,289,190 972,720 809,550
1986 292,500 214,500 _um,ooom 1,227,870 900,690 736,050
1987 278,500 198,500 159,500/ 1,169,280 833.910 662,060
1988 265,000 184,000 145,000 1,113,630 772.170 608,370
1989 252,500 170,000 131,500 1,060,710 715,050 552,930
1990 500 M | 50,000 | 24,050 15,750 11,950 - v 240,500 157,500 119,500 ¢ﬂ 1,010,100 661,920 502,740
v
1991 __IMM [ 100,000 [ 45,800 29,200 21,800 SMM_[500,000 229,000 146,000 109,000 2111 2,100,000 962,010 612,990 456 960
1.5 MM 150 M 35.5 MM|3.55 MM 1771417 ,800.000
1992 - END OF CONTRACT -
TOTAL INCOME 569,850 $kk4,950 $33,750 $1,897,250 $1,327,000 $1,053,700 9,906,460 7,114,820 5,751,360
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SCEHARIC |

PRESENT VALUE OF COAL ROYALT!ES IN REAL 1975 DOLLARS
DISCOUNTED @ 8% AND ® 10% WITH 5% CONSTANT RATES OF INFLATION TQ YEAR 1991

YEAR PESSIMISTIC CASE MED (UM CASE OPTIMISTIC CASE
Py Py PY Py . Py Py
8 10 8 10 8 10
(B3] wr = L =
= == st
1875 ggg ggg >§§
W U Lo wr o W (f)gz
= 452 5=
o e 5 < ee 59 se
= & o @R & o
1580
74,620 47,026 42,123
355,350 207,347 182,366
676,800 365,675 315,727
32,250 16,132 13,674 966,900 483,603 510,052
1385 367,000 142,202 138,502 | 1,289,130 597,153 496983
292,500 125,453 102,375 | 1,227,870 526,633 430,362
278,500 110,592 88 842 | 1,169,280 LEL 32} 372,533
265,000 g7 bk 76,850 | 1,113,638 409,489 322,621
252,500 85,976 66,h08 | 1,060,710 361,172 279,285
1290 24,050 7,581 5,748 240,500 75,806 57,480 | 1,010,100 318,384 241 818
1501 k5,800 13,369 9,984 225,000 66,855  Lg 922 362 010 280 811 255°333
--- END OF COMTRACT ---
TOTAL (hCOME | $69,850 $20,950 $15,732(%$1,897,250  $720,447 $57%&,053 ( $9,306,468 $4,0061,650 §3,303,21%

Chart 3
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Chart 6

PRICE REQUIRED FOR COAL AT 20% DISCOUNT FACTOR:

Annual production f.o.b. tidewater
(tons) Power generation Cook Inlet
5,000,000 §5.36 per ton (37¢/MMBtu‘s) | $ 8.47/ton (56¢/MMBtu's)
3,000,000 56.57 per ton (44¢/MMBtu's) $11.01/ton (73¢/MMBtu's)
1,000,000 $10.20 per ton (68¢/MMBtu's) $22.12/ton (147¢/MMBtu’s)

Optimistic production scenario uses price of §5.32 from Stanford Rescarch
Institute report, 'The Potential for Developing Alaska Coals for Clean Export
Fuels''.

“Changing Economics of Alaskan Coals Robert Bottye, Mining Engincer,
Alaska Field Operation Center, U.S. Burcau of Mines, Juncau, Alaska;

A paper presented at the Alaskan Confcrence on Coals, Universily
of Alaska Fairbanks, October 15-17, 1975.
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It is possible that the Beluga coal reserves to the south, outside of the
trade zone, will be developed before the Capps Glacier coals. This would result
in a much longer time to development in the economic analysis and an even
lower present value of the trade coal reserves. It should also be noted that
the hypothetical coal reserves in the trade zone could be as great as two
billion tons (Don McGee). The development of these reserves may lie beyond
the extreme limit of this analysis (the year 2025), and the present value of

the hypothetical reserves become meaningless under these circumstances.

Coal Production Scenarios

The attached coal production assumptions are a resuit of the opinions
given by experts of the U.S. Bureau of Mines, the State Geological and Geophysical
Surveys, knowledgeable industrial sources, and a report by Robert Bottge of the
U.S. Bureau of Mines presented to the Alaskan Coal Conference of October 15-17,
1975. We have also compared the assumptions with analogous producing areas

of the Lower 48.

Coal Production Assumptions (Electric Generation Only)

Pessimistic Med ium Optimistic
Time to production 15 yrs. 9 yrs. 6 yrs.
Ist year's production 500 M tons 500 M tons | MM tons
2nd year's production 1 MM tons 5 MM tons 5 MM tons
3rd year's production (see | MM tons : 5 MM tons 10 MM tons
Production Schedule, Chart 6)
Total Cumulative Production 150 MM tons 300 MM tons 891 MM tons
Life of project year 2025 ) year 2025 year 2025
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Other Assumptions

For scenario It (years 1992 to 2025), the following assumptions were

made :

1. Coal prices will be based on Robert Bottge's estimated price necessary
for a 20% OCF rate of return to the producer in 1975 dollars and the SRI

study.

2. Royalties will be estimated from the prices in (1) above. |t will be
assumed that other taxes (severance, etc.) will hold corporate income
around the 20% DCF rate. These taxes would apply with or without minerat
ownership of the land, therefore, they do not apply as [ncome to the State
in this analysis. It should be noted that a very high market value for
Alaskan coals could result in higher royalty income to the State then
calculated by this analysis if the excess income above 20% DCF return to

the seller were not absorbed by additional taxation.

3. The pessimistic scenario assumes small or nonexistent external economic

coal market and coal production is used primarily for electric generation.

b, The optimistic production scenario of 21 million tons per year is three
times the present annual production of the largest operating coal mine in
the United States. These dollar values are therefore very optimistic and

should be considered a low probability maximum income.

REFERENCES

Bottge, Robert. Changing Economics of Alaskan Coals, a paper presented at
the Alaskan Conference on Coals, University of Alaska, Fairbanks,
October 15-17, 1975

The Potential for Developing Alaskan Coals for Clean Export Fuels, Stanford
Research Institute, December 1974
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SCENARIO 11

THEORETICAL ROYALTY INCOME TO THE STATE IN 1992-2025

In 1991, the State renegotiates its coal permits using a percent rovyalty
based on the price of coal at the mine (for power generation). Prices used
will be the theoretical model prices developed by Robert Bottge, U.S. Bureau
of Mines for his October 1975 study (Chart 6). Coal prices are in 1975 doltar
estimates at a 20% DCF before taxes. Theoretical royalty values of 1/10,

1/8, and 1/6 are used for estimated pessimistic and optimistic income cal-
culations. These royalty vatues, when related to Bottge's theoretical price
chart, represent a royalty of approximately five times the present 10¢ royalty
in the lowest calculations and over ten times in the highest. The present
value of the theoretical estimated royalty revenue was then calculated using

8% and 10% discount factors.

~26~



SCENARICQ ||
THEQRETICAL ESTIMATES OF STATE INCOME FROM TRADE AREA COAL YEARS 1992-2025

PESSIMISTIC CASE MEDYUM CASE OPTIMISTIC CASE
Production Future Velue Revenus B PVIO Production Future Value Revenue @ PVIO Production Future Value Revenus £ Y
M4 Tons Of Cozl 2 1/10 Royalty . MM Tons 0f Coal 8 1/8 Royalty MM Tons Cf Coal @ 1/6 Royalty 10
Coa) Chart & Rovalty ) : Coal $ 5.36/Ton Coal $ 5.32/Ton
Year Mdillion S Million § Hillion § Miilion § Mitlion § Million § |, Million § Million § Million -
1992 1 10.2 1.0 .198 5 26.8 3.35 663 21 111.72 18.62 3.68
1993 ] 10.2 1.0 .180 5 26.8 3.35 .603 21 111.72 18.62 3.35
1994 ! 10.2 1.0 .164 5 26.8 3.36 .548 21 11t.72 18.62 3.04
1995 i 10.2 1.0 .Thg 5 26.8 3.35 499 21 111.72 18.62 2.77
1996 ] 10.2 1.0 135 5 26.8 3.35 452 21 111,72 18.62 2.52
1997 i 10.2 1.0 .123 5 26.8 3.35 02 21 1172 13,62 2.29
1958 ] 10.2 1.0 R 5 26.8 3.35 .375 21 111.72 18.62 2.08
1999 3 1a.7 2.0 .203 5.5 29.5 3.69 .375 . 21 111,72 18.62 1.89
2000 2 16,7 2.0 L1184 8 42.9 5.36 Jhok 21 111.72 18.62 1.72
2001 3 te.7 2.0 168 8 42.9 5.36 Jhbg 21 S 111,72 18.62 1.56
2002 3 19.7 2.0 153 8 42.9 5.36 . ho9 21 111,72 18.62 .42
12003 5 76 .8 2.7 .187 a 42.9 5.36 .370 21 111,72 18.62 1.29
2004 5 26.8 2.7 170 g L2.9 5,16 338 21 111.72 18.62 1,17
2005 5 26.8 2.7 .155 8 42.9 5.36 . 307 21 111.72 18.62 1.7
2006 c 26 .8 2.7 141 8 42 .9 5.36 .279 21 111,72 18.62 .97
2007 5 26.8 2.7 123 8 42.9 5.36 .254 21 111.72 18.62 .88
2008 5 26 .8 2.7 116 8 42.9 5.36 231 21 11.72 i8.62 .80
2009 5 26.3 2.7 106 8 42.9 5.36 210 21 111.72 18.62 .73
2010 6 32.2 3.2 AL 10 53.6 6.70 .239 21 111.72 18.62 .65
2011 6 32.2 3.2 .103 10 53.6 6.70 216 21 .72 18.62 &G
2012 6 32.2 3.2 . 094 10 53.6 6.70 197 21 111.72 18.62 .55
2013 6 32.2 3.2 . 085 10 53.6 6.70 .179 21 117.72 12.62 .50
201k 6 37.2 3.2 .077 10 53.6 6.70 163 21 111.72 18.62 535
2015 6 32.2 3.2 .070 10 53.6 6.70 k8 21 111.72 18.62 4
2016 6 32.2 3.2 .06k 1¢ 53.6 6.70 135 21 111.72 18.62 .37
2017 4 32.2 3.2 .05% 16 53.6 6.70 2123 21 111.72 18.62 .34
2018 6 32.2 3.2 .053 8 52.9 5.36 . 089 21 F11.72 18.62 .31
2013 6 32.2 3.2 . 048 8 42.9 5. 36 .081. 21 111.72 18.62 25
2020 3 32.2 3.2 .oL 8 42.9 5.36 .073 21 111,72 18.62 .26
2071 6 32.7 3.2 040 8 h2 .9 5.36 .067 21 111,72 18.62 .23
2022 6 32.2 3.2 L0356 8 47.9 5.36 060 21 iy, 72 18.62 L2
2023 6 32.2 3.2 .033 8 42.9 5.36 .055 21 11,72 18.62 1S
2024 6 32.2 3.2 030 8 42.4 5.36 .050 21 11,72 18.62 12
2025 4 g 24 ) 2.4 .020 8 42.9 5.36 .0kt 21 111.72 18.62 5
TOTAL - 1485 S oLh ¢ s 8L .3 $3.737 26h .5 S 1418 §177.26 ¢ 9.19] 7Hh0 53,798,483 $633.0¢ $35.50C
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Table 1
THEORET (CAL ESTIMATES OF STATE ROYALTY INCOME FROM TRADE AREA COAL

" YEARS 1971-2025

Present Vatue Discount factor 10%

Pessimistic Case
Future value of coal royalties $ 84.4 million
Present value of coal royalties § 3.7 million

Medium Case
Future value of coal royalties : $180.8 million
Present value of coal royalties $ 9.76 million

Optimistic Case
Future value of coal royalties §650.9 million
Present value of coal royalties § 42.2 million

Present Value Discount factor 8%

Pessimistic Case
Future value of coal royalties $ 84.4 million
Present value of coal royalities $ 6.5 million

Medium Case

Future value of coal royalties 5180.8 million
Present value of coal royalties $ 15.9 million
Optimistic Case

Future value of coal royalties $650.9 million
Present value of coal royalties $ 67.0 million

The above listed values are the sum of the 1971-1991 contract figures

and the projected 1992-2025 scenario figures.
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Part 111

RESOURCE APPRAISAL OF LAND EXCHANGES
OUTSIDE OF THE BELUGA-CAPPS GLACIER AREA

DGGS Staff

1976
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PROPOSED COOK INLET LAND TRADE

Lands Given by

AREA
Pt. MacKenzie
Knik-Willow
Kashwitna
Chickaloon
Alexander Ck.
Salamatof
Kenai Penin.

Beluga Area

the

—30_

State to CIRI

ACREAGE TO BE SELECTED

3,200
8,320
38,400
5,730
4,560
5,945
117,315

Treated Separately



PT. MacKENZIE AND KNIK-WILLOW AREAS

0il and Gas

These areas are part of the Cook Inlet sedimentary basin. A number of
exploratory wells have been drilled in the area, but no production has been
found. Exploration in the area will probably continue, but the chance of
discovery of significant reserves is low because of complex geologic structure.

Coal

No outcrops of coal are known to exist in these areas. Well logs indicate
that coal exists in the subsurface, although most of the beds appear to be
very thin (less than 5 feet). Methods that make feasible the production of
energy or gas from coal in the subsurface may be developed in the foreseeable
future. There are an estimated 20 billion tons of hypothetical coal reserves
between the surface and a depth of 2000 feet in the South Willow area and
7.9 billion tons of hypothetical reserves in the Pt. MacKenzie area that might
be produced by such methods. Such production is considered unlikely in this
area because so much of the coal is in thin beds.

Metallic Minerals

There are no known deposits of metallic minerals in the area.

Uranium

Sedimentary deposits of uranium might exist in the area. No investigalions
of this resource have been carried out.
Geothermal

The area has no known geothermal resources.

Gravel

A large part of the area is covered by various types of glacial deposits,
many of which would be excellent sources of gravel. Expansion of urban
development around Anchorage into this area will require large amounts of
gravel for construction. Gravel is probablty the most valuable natural resource
in the area. |Investigation will be necessary to delineate deposits of gravel
suitable for such use.

References

Cobb, E.H., 1872, Metallic mineral resources map of the Anchorage quadrangle,
Alaska: U.S. Geol. Survey map MF-409
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Cobb, E.H., 1972, Metallic mineral resources map of the Tyonek quadrangle,
Alaska: U.S. Geol. Survey map MF-385

Hartman, D.C.; Pessel, G.H.; and McGee, D.L., 1972, Preliminary report on
stratigraphy of Kenai Group, Cook Inlet, Alaska: Alaska Div. of Geol.
Survey Spec. Rept. 5

McGee, D.L.; and 0'Connor, K.M., 1975, Minera) resources of Alaska and the
impact of federal land policies on their avaitability, coal: Alaska
Div. of Geo). Survey Open file Rept. 5}

, 1975, Cook Inlet basin subsurface coa) reserve study: Alaska
Div. of Geol. and Geoph. Surveys Open File Rept. 74
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KASHWITNA AREA

0il and Gas

The area is not favorable for accumulation of oil and gas.

Coal

The area does not contain any known or hypothetical reserves of coal.

Metallic Minerals

There are no known deposits of metallic minerals in thé area.

Uranium

No uranium deposits are known In the area, and the geology is not favorable
for the occurrence of such deposits,
Geothermal

There are no known geothermal resources in the area.

Gravel

Varlous types of glacial deposits exist in the area that would be sources
for gravel. Development along the rail belt, and possibly near a new capital,
will require large amounts of this resource. Investigation will be necessary
to delineate deposits of gravel that would be suitable for such use.

References

Cobb, €.H., 1972, Metallic mineral resources of the Talkeetna quadrangle,
Alaska: U.S. Geol. Survey map MF-369

Karlstrom, T.N.V., 1964 Quaternary geology of the Kenai lowland and glacial
history of the Cook [nlet region, Alaska: U.S. Geol. Survey Prof. Paper 443
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CHICKALOON AREA

0il and Gas

The geology of the area is generally unfavorable for accumulations of oil
and gas. An exploratory well was drilled many years ago at Orill Lake near
Chickaloon, but was unsuccessful.

Coal

Part of the coa) reserves of the Matanuska province are found in this area.
Demonstrated reserves are estimated at 25 million tons, and there are hypothetical
reserves of about 25 million tons. Geologic structure in the area is complex,
and large scale coal production is not probable in the future.

Metallic Minerals

Placer gold deposits were worked in the latter part of the 1Sth century
on Chickaloon River and Schoonoven Creek (see map). These deposits were not
extensive, and there are probably no significant deposits in the area.

Uranium

There are no uranium deposits known in the area. Investigations for this

resource have not been carried out in the area.

Geothermal

There are no known geothermal resources in the area.

Gravel

There are a few stream gravels and glacial deposits in the area that could
be sources of gravel. The size of the deposlits is not extensive enough to be
important for anything but timited local use.

References

Barnes, F.F.; and Payne, T.G., 1856, The Wishbone Hill district, Matanuska
coal field, Atlaska: U.S. Geol. Survey Buli. 1016

Cobb, E.H., 1972, Meta)lic mineral resources map of the Anchorage quadrangle,
Alaska: U.S. Geol. Survey map MF-409 '

McGee, D.L.; and O0'Connor, K.M., 1975, Mineral resources of Alaska and the
impact of federal land policies on their avaitability, coal: Alaska Div.
of Geol. and Geoph. Surveys Open File Rept. 5]
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Mendenhall, W.C., 1900, A reconnaissance from Resurrection Bay to the Tanana
River, Alaska: U.S. Geol. Survey Annual Report of 1900
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ALEXANDER CREEK AREA

0il and Gas

Most of the area east of Alexander Creek Is part of the Cook Inlet
sedimentary basin. An exploratory well was drilled just south of the area, at
Bell Island, but was not productive. The area is close to the boundary fault
for the basin, the geologic structure is complex, and there is not much chance
that significant reserves of oil and gas will be found in the area.

Coal

No outcrops of coal exist in the area. Coal exists in the subsurface,
but the beds are thin and sparse, and probably do not constitute an economic
resource,

Metallic Minerals

Gold placers are found along about six or seven mites of the Lewls River,
on the flanks of Mt. Susitna. The deposits were worked and prospected in the
early part of this century, but are not currently active.
Urani{um

Sedimentary deposits of uranium might exist in this area. No investigations
of this resource have been carried out.

Geothermal

Geotherma) resources are not known to exist in the area.

Gravel

Glacial and stream deposits in the area would be a source for gravel.
The importance of these deposits would depend on the proximity of development
and construction creating a need for such materials.

References

Brooks, A.H., et a), 1918, Mineral resources of Alaska: U.S. Geol. Survey
Bull. 662

Cobb, E.H., 1972, Metallic mineral resources map of the Tyonek quadrangle,

Alaska: U.S. Geol. Survey map MF-385

Hartman, D.C.; Pessel, G.H.; and McGee, D.L., 1972, Preliminary report on
stratigraphy of Kenai Group, Upper Cook Inlet, Alaska: Alaska Div. of
Geol. Survey Spec. Rept. 5
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SALAMATOF AREA

0il and Gas

The area is in the productive part of the Cook Inlet basin, and several
oil and gas fields are in and adjacent to the area (see map). However, the
history of exploration in this area would indicate a low probability for the
discovery of additional significant reserves. A summary of production through
October 1975 Is given below: ‘

Gas (MCF) 0il (bbls)
McArthur River field 91,005,864 287,406,542
Middle Ground Shoal 45,105,913 94,758,645
Sterling Gas Field 1,839,770 3,397
Kenal Gas Field 622,305,684 8,139,075

Coal

There are some coal outcrops in the area, but no estimate of reserves is
available., Well logs indicate that some coal exists in the subsurface at a
depth Jess than 2,000 feet, but the total thickness of such coals is generally
less than 10 feet. Coal production from such sources is not considered likely
in this area.

Metallic Minerals

There are no known deposits of metallic minerals in the area.

Uranium

Sedimentary deposits of uranium might exist in the area. No investigations
of this resource have been carried out.

Geothermal

No geothermal resources exist in the area. The geology is not favorable
for the presence of such resources.

Gravel

Various types of morainal deposits and deltalic deposits cover part of the
area and these would be good sources of gravel. Development of housing, roads
and industry in the Kenai area will require large ‘amounts of this resource.
Investigation will be necessary to delineate deposits of gravel suitable for
such use.
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SOUTH KENAI

0it and Gas

The area is part of the Cook |nlet sedimentary basin, and contains two
known gas fields, neither of whichthas been put on production. A number of
exploratory wells have been drilled in the area, and exploration will
undoubtedly continue in the future. Additional reserves of oil and gas wil)
probably be found. :

Production test results on thé two gas fields are given below:

Falls Creek: 300 to 680 MCF/day
North Fork: 1770-4360 MCF/day

Loal

Coal outcrops are found in maﬁy of the shoreline cliffs in this part of
the Kenal peninsula. Most of the goal reserves that could be produced by
modern mining methods probably lie.in a narrow zone near the shore.

Demonstrated reserves within the area are 300 million tons, and there
are hypothetical reserves of 2.4 blllion tons (McGee and 0'Connor, 1975).
Methods mey be developed that make.feasible the production of energy or gas
from coal in the subsurface in the foreseeable future. The area contains an
estimated 24 billion tons of hypothetical reserves that might be produced by
such methods between the surface and a depth of 2000 feet.

Metallic Minerals

There are several recorded placer deposits of fine gold on the beaches
at Anchor Point and north of Niniléhik that were worked early in this century
(Cobb, 1972). The deposits were very small, and are not significant. The
area probabily does not contain significant deposits of metallic minerals.
Uranium

Sedimentary deposits of uranigm might exist in the area. No investigations
of this resource have been carriediout.

Geothermal

The area has no known geothermal resources.

Gravet

Various types of morainal and deltaic deposits cover part of the area, and
these would make excellent sources.of gravel. Development in the Homer area
would require large amounts of grayel. |{nvestigation will be necessary to
delineate deposits of gravel suitable for such use.
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PROPOSED COOK INLET LAND TRADE

Lands Received by State from Federal Government

AREA ACREAGE 70 BE RECEIVED
Lake [liamna 576,000
Talkeetna Mtns, 184,320
Kamishak Bay 506,480
Tutna take 161,280
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TLIAMNA AREA

0il and Gas, Coal

The geology of the area is unfavorable for accumulations of these resources.

Metallic Minerals

A magnetite iron deposit is located in the area near Frying Pan Lake.
lron content runs from 16% to 24% with about 1.3% titanium. The deposit is
about one square mile in extent, and is probably not economically significant.

The area lies in a metal province containing copper, lead, zinc, gold and

silver (Clark, et al, 1975), and deposits of these metals might be found in the
area in the future.

Uranium
No uranium deposits are known to exist in the area. Investigations for
this resource have not been carried out.

Geothermal

No geothermal resources are known [n the area.

Gravel

Stream gravels and glacial deposits in the area probably contaln a small
amount of gravel. Because of the remoteness of the area and the lack of
foreseeable development in the future, these deposits are unimportant.

References

Cobb, E.H., 1972, Metallic mineral resources of the (1iamna quadrangle, Alaska:
U.S. Geol. Survey map MF-364

Reed, B.L.; and Detterman, R.L., 1965, A preliminary report on some magnetite

bearing rocks near Frying Pan Lake, }liamna D-7 quadrangle, Alaska: U.S.
Geol. Survey open file rept. 260
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TALKEETNA MOUNTAINS
0il and Gas
The geology of the area is not favorable for the accumulation of oil and

gas.

Coal

The area contains no known deposits of coal.

Metallic Minerals

The area contains no known deposits of metallic minerals.

Uranium

The geology of the area is not favorable for the occurrence of uranium
deposits.
Geothermal

The area has no known geothermal resources.

Gravel

The area contains a few glacial and stream deposits, but these are smalt,
and not important compared to the large areas of gtacial deposits in the lowlands.
References

Cobb, €£.H., 1972, Metallic mineral resources map of the Talkeetna Mountains
quadrangle, Alaska: U.S. Geol. Survey map MF=-370
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KAMISHAK AREA

0il and Gas

The geology of the area is unfavorable for the accumulation of oil and gas.

Coal

There are no known coal deposits in the area.

Metallic Minerals

Several large, low-grade iron deposits are known in the area. These
deposits consist of lenses and disseminated grains of magnetite.

A few deposits of copper and gold are known in the area, but these appear
to be small and are probably not big enough to mine.

The area is in a metal province containing copper, lead, zinc, gold, silver,
iron, titanium, chromium and platinum. Oeposits of these metals may be found
in this area in the future.
Uranium
No uranium deposits are known to exlst in the area. Investigations for
this resource have not been carried out.

Geothermal

No geothermal resources are known to exist in the area.

Gravel

There are small glacial and stream deposits in the area that would probably
be a source of gravel. Because of the remoteness of the area and the lack of
foresecable development in the future, these deposits are unimportant.

References

Berg, H.C.; and Cobb, E.H., 1967, Metalliferous lode deposits of Alaska: U.S.
Geol. Survey Bull. 1246

Clark, A.L.; Berg, H.C.; Cobb, E.R.; Eberlein, G.D:; MacKevett, E£.M., Jr.; and
T.P. Miller, 1974, Metal provinces of Alaska: U.S. Geol. Survey map [-834

Cobb, E.H., 1972, Metallic mineral resources map of the |liamna quadrangle,
Alaska: U.S. Geol. Survey map MF-364
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Detterman, R.L.; and Reed, B.R., 1964, Preliminary map of the geology of the
Ilianma quadrangle, Alaska: U.S. Geol. Survey map |-407
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TUTNA LAKE

Qil and Gas, Coal

The geology of the area is unfavorable for resources of this type of resources.

Metallic Minerals

There are no known deposits of metallic minerals in the area. The area
is in a metal province containing copper, lead, zinc, silver and gold (Clark,
et al, 1975), and deposits of this type might be discovered in the future.
Uranium

There are no known deposits of uranium in the area. No investigations for
this resource have been carried out.

Geothermal

There are no known resources of this type in the area.

Gravel
There are small deposits from glaciers and streams in the area. However,

the remoteness of the area and the lack of any foreseeable development makes
any gravel resources unimportant.

References
Clark, A.L.; Berg, H.C.; Cobb, E.H.; Eberlein, G.D.; MacKevett, E.M.; and
Miller, T.P., 1974, Metal provinces of Alaska: U.S. Geol. Survey map

(-834

Cobb, E.H., 1972, Metallic mineral! resources of the Lake Clark quadrangle,
Alaska: U.S. Geol. Survey map MF-378
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GLOSSARY
Known Coal
Known coal as used in the report is a common term for demonstrated coal.
These two terms represent the same coal resources. Known coal is a cotllective
term for the sum of materials in both measured and indicated resources which

are described below.

1. Measured - material for which estimates of the quality and quantity
have been computed within a margin of error of less than 20 percent,
from sample analysis and measurements from closely spaced and

geologically well-known sample sites.
2. Indicated - material for which estimates of the quallty and quantity
have been computed. partly from sample analysis and measurements and

partly from reasonable geologic projections.

inferred coal - material in unexplored extensions of demonstrated (known)

resources for which estimates of the quality and size are based on geologic
evidence and projection.

Hypothetical coal - undiscovered materials that may reasonably be expected

to exist in a known mining district (s basin containing known coal) under
known geologic conditions. Exploration that confirms their existence and
reveals quantity and quality will permit their reclassification as a reserve
or identified subeconomic resource.

The above definitions are from the Joint USGS-US Bureau of Mines Resource
Classification and Operational Procedures. Figure'IA is a graphicat display

of the terms.
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TOTAL RESOURCES

Figure 1A --Classification of Mineral Resources

IDENTIFIED

UNDiSCOVERED

Demonstrated (known)
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districts)
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Submarginal

Increasing degree of

..59..

geologic assurance

Increasing degree of

economic feasibility —



Stripping ratios - a stripping ratio is a simple method of comparing the

amount of overburden (material above the coal bed) with the thickness of the
coal bed. An example of this is as follows:

50' coal, 100' of soil, gravel, and sand above the coal, The
stripping ratio is 2 to 1. There are no rigid rules as to what
constitutes an economic stripping ratio. The consolidation of the
overburden, thickness of the coals and grade of the coal are all part
of this consideration. However, stripping ratios of less than 5 to 1
are generally considered favorable and ratios of 10 to 1 may be economic.
Short tons - a short ton is the unit of welght used for coal. A short

ton (avoirdupois) is 2000 pounds (0.907 metric tons). A long ton is 2240
pounds {1.016 metric tons). Long tons may be converted to short tons by
multiplying the long tons by 1.120 and conversely short tons may be converted

to long tons by multiplying by the factor of .8929.

Present value -~ a cash-flow in the future discounted to present dollar

value at an assumed rate of interest.

Real dollar value - a value expressed in terms of a dollar with a purchasing

power of a given year (i.e., 1975 dollars). That is, a dollar with a given
constant purchasing power, particular to a given year.

Future value - a cash-flow in the future expressed in real dollar values,

Present value discount factor - that factor which is used to bring to the

present a future real dollar value.
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COAL LEASE AND PROSPECTING PERMIT

Permit Conversion to Lease

At any time while a Coal Prospecting Permit (page 62) is in effect, if
the Permittee shows to the satisfaction of the director that the land covered
by the permit contains coal in commercial quantities and submits a satisfactory
mining plan, the Permittee is entitled to a noncompetitive Coal Lease (page 63)
on all or partlof the land covered by the permit.

If more than 300 tons of coal are used or marketed in any three-month
period, the prospecting permit shall be converted to a lease,

Royalties are fixed before offering the lease and shall be effective for
a period of not more than 20 years. WNote - the latest attachments (page 62 and
63) indicate a move by the State to reduce the time period to 10 years for
royalties and rental rates adjustments.

Rental - $0.25/acre for the first year, $0.50+/acre for the 2nd, 3rd, ﬁth
and 5th years and $1.00/acre for each year thereafter.

The lease is for an indeterminate period of time.

Lease Information

Sec. 38.05.145 Leasing Procedure, Coal
1. Deposits of coal and State lands containing these deposits are subject
to disposition under rules and reguiations recommended by the director
and adopted by the Commissioner and the provisions contained within
the law.

Prospecting Permits

2. On undeveloped areas requiring exploration work, the Commissioner
may issue to qualified applicants prospecting permits for a term of

two years not exceeding 5,120 acres.
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If within the period of two years, satisfactory proof of
commercial quantities of coal and a satisfactory mining ptan is
submitted, the Permittee shall be entitied to a lease for all or
part of the land in his permit.

A coal prospecting permit may be extended for two years if
the Permittee has been unable, with the exercise of reasonable
diligence, to determine the existence of workable coal deposits
and desires to do additional exploration.

a. Filing fee $20.00

b. No stipulated rental fee

c. Stipulations for royalty while under this lease.

For further information regarding Alaska coal and leasable minerals, the
reader is referred to the Department of Natural Resources publication
'""Regulatlions and Statutes Pertaining to Coal and Other Leasable Minerals on
Alaska Lands as Contained in the Alaska Administrative Code and the Alaska

Statutes't.
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THE POTENTUAL FOR DEVELOPINCG ALASKAN
COALS FOR CLEAN EXPORT 1LY

Work Performed Under Contracc With
Stanford Rescarch Tnstituce
Menlo Park, California

(or

Office of Coal Rescarch
Department of the Inturior
Washington, 0. C. 20037

OCR Contract No. 14-32-0001-1516

(The data and convlucions presented in chis eeport are evssentially
those af o rontractor and are noe necessarily endorsed by the
Ol byee ol Coal Rescavely, Depavenmeont ol the Tntevior )
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TNED VOTENTIAY, FOlC BENEJOPIRG ATASKAN
COALS TOR CLIAN LXPORT T UELS

Focowanl

The Uhaosc bostudy objective dn Lo determmane the ceonomse lTeasabis ity ot
pocoul conversion taeglily using Che large Belupo cou) roescrves of Alaski,
AVthongh This study as site=related and one o) o Ky rescaveh, Uhe data gon-
crated should have pencrad applicatyron {o conld coesuorcee developuent 3n other
WesTern repraons,  Since development of the vast Alaskan coal roescerves aces
Some unu=susl o probloms ) oas can e seen Fron e lated aetavsties an Lhe Towee (18
stiles, the Gfftace of Conld Resceareh divmed 30 vaduable Lo gaan perspeclive Jor
such o development, Lven thouplt the Alaskan ¢onl rescrves are somcwha bl vemoto
Iron markets for coul and cont-dergved fucels, the proxami ty of (he recoverable
conl rescrves 1o o deep water ports--unique to Alaska and Vashinplon==promises
sooc anteresting vl potentinally low=vost (ransportat)on aptions [or develop-
ment,  Sinee the AYaskan cond reserves have boeen rcelalively anexplored and
SInce 20 wophl o be expected that the saze of the resource base wall e very
Tageve, the OlTrce of Cosl fRescarch has sponsgorved this program to ool av the

potential Tor the development of thas valaoble U N, resource,
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The Lelugar 4 Db o sowrth o centeal Ak ) whaelr e bieyags onadhied e
onoeNmngple, contaan o i quant oty ol law=sulfur s sulibrfumnou. conal o i
has, Lo abatbe ) rema oed andeve boped, The new technolopies that are |nw}w
deve-Toprd dae vvael capeersaron coubal pruVlUv (hee proceess Toy canvertangy thye
ool o o bagpud e sobad Tacd that o coudd matyaly o pavt ool o porawing
demand an dapan and The western Maycvied Statees toos o elean dwelbe Phiss ana v -
x:s should be helptul an the assessment af coul conversion projects in othoy

conal tining arous.

I order 1o demonstbrate the feasaibalyty of (hiig Coad conversaion project,
four major arcas mush Le nvestipated:
environ-

« Lol rescerves--cescareh Size, coul quilaly, manang cost,

mental repulutions, cete.

«  Coal conversyon plant--process desagn, product viclds | process
veonoslcs, site=redated atems, cle.

* Mroduct transportaion==port survey in Alaska, ccotomes ol over-

’
Viowd transportat ton bhetween mine wounth and processang plant,
coononies of sea ransportataon of refancd proadiet to mestre ran
countrius, cte,

+ ainrvket survey--demand Tory clean fuels in Pacarfire ram countriies,

costs ul competitaive fuels in these markets, cte,

Basced o the iunalysas of these four areas, (he Teusibilyty of Lhe development

of the entire enerpy complex can he etermyned,
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nninge

Ttue Belupa coad trelds Tie about L0 oy myles west ol Apchorina: on lhu’
northwest slde ol (he Conl (nlel,  Two amportant deposits within the fGedura
fredds, Capps oand Chudtna, are shown in Freure 1o According to Yhe UL,
Geoloziacal survey, the rescerves of the Deluga Taeld are esbamated Vo be moee
than 1.0 hallron tuns ol o strrppany ratio of 1O, Sice o gl conversann
facility producing 106,600 bLarrels per stream day of liguid or solid producls
reguires o 20-vear cescerve of aboot 200 mrl)yon tons ol sobhltuminons cond
1t would scem that (he Beluga rescrve could supply one or nove laepe caul con-
versaon facilaties,  Jlowever, more exploratory data are necdod 1o more accu-
pately desersbe the saze of his coal rescerve so that the uptrynad conversion

Tacztityes can be delermined.

Scveral analyses have bheen made on Relupn counl o detemmine 1ls compo-
sitron,  These analyses e ancomplete butl o an appreNitcole Qverigae conpos (=
Lront, lormed fron data fron several sourees, is showa an Table 1,0 ‘s
shows that the coald 3s relatyvely Jow in o sullur (L2 percent) and gl in
waler (2.9 percent),  Thesce average values arve used i the Tollowing scelion
for destpn and analysas ol the conversion plant o althoupdt mopre acceunvate coal

qualty data are necded ol o more precise design.,

dining cosls ave determined peimaratly by the peophyvsaenld ohavacteyas-=
ties of (he cond deposit and atvs overburden,  Clhimatadogical comtitions and
mine localtion also have cconomic ciltecls, In ordey Co esbinate min, ¢onts
s the Belupa areg, the projceet stalf has condueted extensive Jiterature
revoew . has conductod an on=site Inspection in Adasha, aad by conducted -
terviews Wit none opetitors, mining cquipment supplacrs, mine labor organy -

zotions, and Alaskun state officials,
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Tabbe

oL QUALLTY
LELYGA ARLY CoAd, -

Averigie Cappa-Chaolne = =Mane Conl Anudyaay

Vereht Pereent

Carbon 4.7
Hyelragen 3.8
N1Liopen 0,7
Uxyen 1608
Sulfuy 0.2
Ash v.,9
Walter 24,90

Average. As-ihned Btu Content = 7,200 Bow/1b

Inorganic sulfur = 20%

Organie sullfur = 700

The Lelugn conl deposats dae in o relatsvely flat, sloping veplon walh
tiie alurtode vangldng from 1,200 to 2,300 fect, Investigation has afiown that,
althowh wintesr weather conditions scew severe compared with (he condatians
soaues U ool the Tower 8 stales ;) B0 should he possible to ulglize exosting
mining  Lechniques ot Belupa, Preliminiry data indicate thal the vouwl de-
posity Yo a1 wwo or three horazonual scams, cach ol whach vary in thiiekness
from 6 to A0 fceet.  These faerors have been uscd (o desien a suridce mining
operation amd subscquent Jand reclomatyon joy (he Belupgan coal,  Estimates
have Leoen mude ol the amount, (ype, and cost ol cquipnent wnd labor,  JL
Sshoutd be posnled out that enviramsental resulations for suriace conl manes
will undonbtedly apply an Uhas regron und may, In facl, become stricter dur-
ing the povied ol Lhas operation,  The cost ot such thorough reclamation has

beon yncduded in the preliminary mining cost estimiles,



The revad Caoogn Tabslbe 20 obitaoncd from The pre lieonney oo lonyead da
show that the prabandl cabomabe ol the base et ol Hae miped coaad o wan b U e
NDLUS2 per lon bosed o D0 pereent per o year K Thas costoesbuoenie wjll
he tmproved awbhen e ter data e avap lable on yeserves versan sLrpping
PO g oan o cverburden chavacetervssbies,  Reelamabaon costnoenn alaag e e

Fined whon fedeval nteay wome bepastation g banal el

Cont (:_‘:I)\‘L'I'f\l()ﬂ

AYthoogh the Belupgna cowl is a possible tucd N its as—eaned fapa theye
are sevoeral oreasons Lo o cons ey cunverting 10 (o an adternuave form boelooe
shiipping. ‘The coul composition, as shown i Table ), s newrdy 30 pereent
waler and aste by weipebht,  fn shipment (o a2 miarkel, (hese nancombuxtiibies
represcnt dead weapht, thus haghey cost, AL the pavnt o use, the ash ¢ot-
tent (aboutl YO perccut), which appearys 038 5o residone altery canbustion Cull

resull ot o dispousu) expense,

‘\ , ! Vi
Table 2 L . /
MINING COSTS
BELUGA DPROJLCT
Aren Dollars per Jon
Capps S .07
Chuiina 5,749
Averape A.90 .
Caprlal anvestaent:  $74 035 000 no
roducton; ol 000 Ltons per duy

Mane oopcrallon: 350 duvs per year
Mine lrde:r 20 vears (rescerves avaddable toe Jonger hate)

Cont of conl bascd on 109 LCE: SH,42 per ton

The abality 1o supply @ ¢lean fuel in edther o solid or Yiguid form
mypht well be aturactive (o those who gre currently besnpg forced to swiigeh
fucl forms to sataisty envivonmenta) constrwinls, 1 U g5 reasonable, there-
fore, to snventapale Lhe Yeaxibadity of converting the mrned vaad ante

Form that g Towey dnowater and ash cond 1o v e e coanomte: ol nhyppong
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Vhe upbreated coud watle that of vhe deraved Juel ) hath ns o solad ond s oy

Fnpesd,

Thovph Hheeee are =everand possohblbe procenses to prodoce Tiguord and/or
colyd tuel Drogr concl o Ve sotudy b contered on the une al o ol vhe onee
developed ey the salvene retined coul (BRCY proceras, doeve loped Cliveag: dy -
ACI fumdbong Ly the Py tshues aad Madway Cond Mg Company, CThis procesn
e venchoed e patol plant sbigie, A G (on~pev=diay prlot plant hoed heen
B bt an Waxdsomvial e

, AMabama, ond o H0 won-per-y palol plant o as o ounder

comntructson al Fort Jewas, VWashongton,

The SRE proceRs can be o wvesapned (o produce o lapht rand produel and
Gltber o sobrd or Dygurd solvent relaned coad . In additaon, the solvent
retaned coal product aaphit be combaned with the Viphe Tiguad fractran Lo
maie a transpoviable prodoet.  Othernvise, the bpht dagurd product aight he
soorle led seporately, Also of poerest for (uds study s the Tact Lhat he
solvent refsned voal wiy weld D huve oounsque applicatron an oo coking reed=
Stoaek Jov Japan; low-=silfur Tiguid produets would be proouced as wael) oas
valaable s Tarpoead svemale coke foy (e steed mduatey., Jiv ths vasce, the

conbnped solvent vedrocd coal/bght Tiguad product would probubly be

narhoetod.,

I'ragject st wembers huave vaisated hoilh of the previously nent toned
SRC prlat plants (o pasa o better understanding ol the coorrent state af SKRC
technology, parvdenlarly an the areas of operating relrabalivy ad product
guality.  One of the procens cluments roquiring corveful stody 3 the Talter
systen uscd o remove ash From the produet, 1S perfomuanee is o oa.cy Lo
prodoc e qualstye, The Southern Scovices SRC plant ot Wilsonvalle, Alubun,
uses o Funda leal o ralier systen, while the OCR o plant at Fe, Lewes, Washing -
ton, wil! usc GosDn=fminghiam rotary pressurized precowrt Tilters,  Insof-
Pacsenl studses have boeen made Lo date an these 13)ters, so that Tutoye wark
al these prtot plunts w1l pore celosely examine filter perlorsumec.  ‘thesye
two plants dad fey considerably In the oxtent o which cach provides support
services,  While (he Ssthern Scrvices' plant as polt ceqguipped with many ol
the supportinge processing units, the Fort Jewas plant gnceludes a hvidropen
and snert ogias penceating unit, a Strethard sollar rcwoval unic, SKC selidy-

frentyon faeilityes, and a coul prinding unit,
Fov the purpose ol making ceconomye amnd product gquad ity stwlivs ol the

SRC procoens e J o oameg bl Lo uscd o on oo produoct o seade wirh Alsskan cond, o

Collversion ploant wies desspned ta produce 100,000 harms:bn per dav of solvenlt
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Felaned coal gonstae

melwdene” $hwe et gt Prreyvdoagy otind pese o a o i
ave ondbvcated that eondl poceasang plants of Thias prenesal cozee bead o
Moavhd aons ceomemteu ) pesloencimoss Tioar sei) ber onees s ot e and prodbaee |
qua bty et bess woeee mande unoomgs el cCroncl st SR deve oo conct et
mor g e T hoado veoyne enoab s L rowe bonclt seale S0 una e, A calamale ol
proglact s ad g whch as Baveed car 0 benche scale van o o s baos Ve
coud s shovas an Tabbe 300 thys resptb shows thal S0 gerernt ol IJ:(- [NYNE

I Cconvertaent anoan ol e el ey s,

The pmpertant propertics ol (the (wo marhcvtable products Trom the SRC
process are shown an ‘hablte o A comparyson of the SEC poveducet wath the
as=maned conly crable 1) vhows that Che ash s been rcducsal Trom 9089 per-
cent 1o 000 pereent and that (he heating valae has bheen wore than doublod
Frond 7,200 Bto per pound to 15,700 Hlu per poevnud, 1S stressed tha
thuse product qual sty esUinates are prebimgnary because they o bhased on
Prws Led data o Betugpa=area codds uwd on the perlormancee ol only o bench=

sceile SRC process unat,

In order ta estimate Che cost ol e SRC pracess, the costs ol the
yapul saw o maerials ) primarily conl o and hyvdropgen, must he daneon, Coonl
Coea L were prevaousty o esoamated (o be aboul 55,52 per ton (Pobife 2) av vhe
une mouth, The secessaey ivdrozen, 2,000 1o 2 000 ol pey bavya] o prod-
wet (Poalilee 3) 0 would be supplaed most cconomacal Ty eom natoral o by
steant arclormng, Curvent estamples andrcate (ot thore pve woaul 200 trad -
Iy cubre foct of vincomns CLed reserves o naturval ax oo the Ceole Inlet
near this progect wrea.  Crhas ds worelatively unpqpee paeture conpared
wath e cas shovtape inothe Yower 18 s1ates,)  Over the Tite ol th)s thes

vedopmen C, belween 1D wond J50 wrilhran cubic Teot of natural pas would be

nevded, Lo that as ol thys tame sulfbacrent hvdpropen resources exiat,

The ceonomie annlysas has assunecd that coal delivercd ta the canver-
ston prlant waill cosxt 5,67 per ton (sew follaving sceetivon) and thar satural
ek JU the conveysaon plant wil) coxst 65 copts poee Y, aue cubiie oot he
plant wiol b aperare 207 days per yvear wd wa bl produes LOO 000 baevels ey

day al total product,

T For torad doguad produet, darly productron s G910 huerels o bgquid
solvent o relined coad and SO,000 hiorrels af Vgt Lvguads,  Toy mixed
soltrd,/ yquid produet, darly productson s 15,0000 Tons o Rolyd rel nned

coal caal Zo not bavve s oof Dyt Dygund:n,



Tatle 3
POOT PETANT Y IRLDS
BELUGA ARLA COAL,

Draed Feod Condl Posar

(vesphil pereent)

ileuvy SikC 4.8
Lapght Jigquads 12,2
Ash plus carbon residuce 6.0
M., S Trace
0., ' 2t
Clch pases 6.1
Water phasce __‘_*_‘i'
Totul 10U.7
Conl converted (% feced coal basis) T3A
Coul converted (% MAY coal basis) KY. D'
Ntydrogen consumplion 2,000 Lo 2,300 scf/burrvel

Table A

ESTIUATED PROLUCT PROPERTIES
Solvent e~

Lapght Jaqguids fined Coal

Gross heating value, Bou/ly 19,400 15,700
Density, ths/barrel 270~280 130-110
Sulfur wiw 0,1 0.2
Satropen, wil 0.2 1.0
Ash, wl's -= 0.1
Gurling range, I)]’ 100=150 100"
Viscosaly, CP oul li()()()}" ~ 10
®
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The apecer sre sppact tney brCoe have been oneDadisd e Dhee cosC sl y =
Nanoof ke cowd contversyom complex s e trsead o poser bor both Cle camnve s gon
process o Lo v con trivin Cacberng, cand) Drom Lhe mone is produced iy
et burhiine g ratonge Tach oy, sl tur 1n receasered by Clous wnetie., o

Lhe cozae ol a0 solyd sootvemt poelaned eogtd pradue L, el b o vonlders oone uned tor

Lhe nobidalgration step, o hrgquad solvent redaaned coad products ) (ank:.

Chact e sleant heatoa and gnsulated wre uned for stormee,

Construe Cran und Iabor costs in vemole, elimatscally harsh lochtions,
such ws the Pelupn site, can dnerease the umeertamly i Lhe coomome analy-
Sis, ConstrucUyon dind operuting cosl o exlimates are based on SR experience
From pi-t stadies, on anterviews warlh [armg corrently operatingg in Alaska,
and on o antornn tion gathered (rore stale and federnl azencaoes in Alaska, ITow =
cver, these estineates should only be considercd to bhe predaminary resilis
whose aceuracy ean be sipnitficantly amproved as additional operatangg ol

constructlon expericnce 1s accumulated 10 Alaska,

The results of this cconomae anualysas are shown an Table O Jor both a
nonvepadatod producer Grt 10 percent and 13 percent 1) and a regulaved
produocery (whose pross return 3s 100 percent ol awverape rule l):lht‘).-‘ Thae
reyalated producer cun produce the vefined coal product fov 1,15 per mil-
soon Llu for total Ligutd product and S1,07 per mllion Litn tor solid sol-
vent refined cond/1raht Ligusd produet. These prices anclude wonang and

transportng coald Lo the processaing sile.

Conclusions of this preliminaey analysis =how rhuat plant and support
facilities Jor o Liquid solvent retned coul produel vreguire on jnvestment
ol between 5170 and S50 million, while ploant and support {facilities faor a
sulid sotvent retained coal product coxt SAKS to S105 maydlion,  This capatal-
mtensave venlure results an a prodact whose costs wre very sensifave to the
capstal martet condirtyons and Lo (the type of financaial suructure (regulatexl

versus nonregulatcd) of the developer,

A reculaled producer 18 one operating as a publac utilily,  Because it
is pranted cortamn mareet concedisyons by (he poveroment | oav can operale
Al Jower costs, A nonregulaled producces as one gt operates 1n oo cobl-

pelyiave narket,
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Tablo o

SUNMAERY O AL CALE s
SULVENT REEINLD CONL

Lygind Sl ga
(YOO, ouG 5 00y) (19, G500 Taany)
Nemorepulaled producoer
157 1 ¢ revurn

Loeguiced «cltyng price

Cents/millaon bBla 171¢ y71.0¢
ol lars/ton 10,0 S50.Y
bBollors/baryel S1UL8 -

107 1CF yeturn
. .
Requared scllang price

Cents/Zmellion Bl 142¢ VAa-te
Dollursy ton ’ RN R S22 .1
Dollars/burveed S$5.00 -

Repulated producy

v

Kequived sellyog price

CentsJuilljon Bu 1156¢ 117¢
Do) lava/ton S34.6 S50,
Bollurs/barrel SN7.26 --

Coual price:  85.67/ton

Niavural pas prace: 50,065/1,000 cubie fecl

Yo Tolul producet busis,

10 ‘

~78-



Site and Tramsportiotron

Becauase the aren ol The Beluwsr condl deposit os curvently undeve baped,
there s constderable chorcee in the Tocatlon ol the processing plant o
shiappongs dock,  Since poo transportatyson facrhitres corrent by oxast o he

vesron, the temneportataon uode () between mane and praecs: rag,

plhant eond

hoelweon procoessing plant and dock wore ablso open Lo seloection,

Fivure 2 shows scoveral ol the plant and dock sates consvdered, as well
as poussible trinsportatson links,  Five possible tocations were considered:
the North Forcelinwd=-Grany (e Poinl arca, Lhe genadl Penansula=Nikrskr area,
the Anchorape-Port Mackenzre arvea, the Sceward orea (dinceluding svles ol
Jourth ol July Creck and ot the head of (he Thord), and the Whittier area
(anrth side ol fjord and Shotpun Cove) . A nunber of smodes were consadored
Lo move coul to cach o these sites ancluding rodiroad (new and/or existingg),
slhurry prpedine, trucks, and belt conveyors,

;I'Iu: location ol the processing site stould be bhasced on many factors an
addition to transportation ceonomies, A sultable townsite (new or exasting)
necds  to e avarlable to workers in the processing plaant, Lecausne 1l will
be necessary tu ship large gquantitices ol solvent relaned coal product, the
abylity ol the dock and ship chuannel Lo accommodate larpge ships 1s lmpor-
tant.  The coual conversyon and dockong lacality wall)l have o Z0=yvear Lile,
so b oupht to be located anoan wrea that s nol exposcd o exeessive
carthgualic damape,  Such factors were studied by o temnm ol Lransportation

specralists dursng an o anspection trap to Alaska,

North Foreliand, on the northern shore of Cool Inlet ) has heen sclectoed
as the prelominary site Jor the coal conversion plant and marine termianal,
1

The aersal photopgraph in Figure 3 shows the North oreland arca o an the fore-

vround,  The coad deposits Taie to the north near the fool ol thie mountains,

T was determined that a sinpgle track radlroad cuployvang hioh voltoge
AC Tocomotives with regenerative braking mipht be uscd (o carry Lo coal
Irow Lhe mine Lo the processing plant,  On return traips to the mane, the
train can carry fucel, supplics, cyguipment, and ash (Pron the SRC plant),
This rayrlroad system, which will cost about 540 million, will haul coal (o

Lhe processaing plunt for aboutl 35 cents per ton,

A marane londing terminal was desipned [or ocean poing vesscels,  This

Facility would load ligquaid or solid solvenl refined coad anto shaips lor

11
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ahont S oper Tonge tony A fleel ) camposod of shipes ol 100, 000 T el
et desaoped to coarry hodlvent o el ained Coal o prodlin b T Hotl Japan cond the
bontted Stales (long Iheeach, Calofornain) . Coae Ches Jopatesc Dradoe | mlrjes sy
i dnpenese il oeture and erew, or the s, Trade, ships were o B,
el e ture ald v w Fabile O sohowse (e cerr vncdd cof cao L Tar Tranapar g,
bl Goand ek wodvent velbared coal product Lo Japan and Caliloynia, In
Ve e e bz ary Studaes o Vigquid sodvenl vel ined conl appenrs o have

sl ity Joscr trausporlation costs 1had =ol g nolvent velined voal he-

ciase of  lover anvenstoent costb o handl:ng of o Laquad cangoy Shan vl oa

solpd cargo.,

Table O

UARING THANSTORTATIUN COSTS
PLIC LONG TON

Rawnsakl ) Lonye Reachy,

Joagpan Caolatonna
Ciau l S0.80 59,00
Ory She G, on .00
Lyquad S1C 5,145 4,70

* VIO (frev o an ad oul costs)=~exclwdes

v handLing costs.,

Mariets Juv Solvent febaimed Cond

o order tor the development ol the belupa cond deposaits to be pracur-
cal, an adequite moorhel must ¢xast Jor the relyaned praduct,  wWathin thas
marbal, the coud product must be coxt conpetavive with sseolor fucts. Loy
these reuasons, o proelanognary study was wmade of  cnergy markel Lrends 1n

Japan et on Lhe besU Coust ool vhie Unated Sttes and Canadi,
Thes prowtle an deccondg Loy tossr b Tueds an thae thoervnal clecterie and sn-

doxtirsad secrors in G rtornra ad Japan could potentan) by sapport several

s
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JHO 000 bharpel=pey=day SRC plonta,  Iable b shoas that (he peovth e cne e
deranil o these bwo markers o very nubstanbael, b Thee CacbaToornta mayvhaet
ot dorinnd Wl he o Che st e vopeaon, Other foevhre vaw aorcvas, -

cludang yivabash Codunb g, Washiongton, Orcpen, South Loecn, dod the o) op-

P v T E poravade Jessy svna bdeant o aaekets oy solvealt col ioed voul because

ol smad b oenergy demand ) andupenous tuc) productCion ) andzor velthee g hydro-

clevirie seiomneee:.,
Tablce 7
MARKEDY STUDY CONCLUSTONS

Thousand B/bac Yaed
03) Equavalent Denand
Voo Tanth 1980 Lo 1990

Juapan 2,100 3,000
Calilornia 390 450
Oother Pacifie vam countriey 170 230

An vstimate of vosts ol competivive fuels zn constant 3970 LS, do) -
lavs as paven in Table S5 (California) and fable 9 (Japiay) . the entamated
total cost of solvent refancd coal produets delsvercd (o cneh ol Lthese mar-
Fels as slooawvn apn Table 10, These vadues, which vary between 5000 wel » 80
per millyon Btu depending upon Lhe aninera) structure ot the praducerr,
upon Lhe prodoct type, and upon the destination, ore the swwe of moning, con=
version, and troansportatson costs,  ‘They anclude o crcddl o 28 cents per gal-
Lon for the light hyvdrocuarbon liguids produced an the SKC process.  Thoese
results indicate thal solvent refained conl dedavered Lo Calitornia or Juapan
(Fipgure Q) vould be competatave with petroleum Juel oxis ot the current
price of ST per barrel (S1.75 per willion LKuu), A thouph petrsleun peicuen
aay decline as Nooth Slope und outer continental shelf rescrves e devel-
oped, the potencial mininum cost of solvent rvetanced coal products 1s sul -
facrently Jow Lo vemidn competitive,  Thus, it appears that One development

Ol ey coidd conversaon complex s potentbial by cceomaren e fennable,
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VST COAST TERMINALS
(Constant 19749

T

Naphtha, ¢/¢allon
Heuwvy
fucl ol .

Heawvy

Crude oil, S/barrel

PRICES OF COMPETITIVE YUKLS,

(Conslant

Naphthia, ¢/pallon
Heavy Tucl oil, S/barrel
leavy fuel oil, $/M0 Dlu

Crude 02), S/barrel

fucl oil, S/bavrel

?',‘;/4\!:\]

Table 8

CONPET T

VIC FUE)S

Dol lars)

U.S.

Cu

37.

Btu S,
Table 9

-

rrent 1‘:ih(lwh‘3
31-34¢ 22-27¢
30-11,00 NY=10
10-1.75 So43-1,

58,00 56, 00-85,

JADPAN
1974 U.S, Dhollars)
Governuent
Junce Wholoesalce

imports

37.06¢

S14, 2y

16

-84

SLON T

59

(¢10)

JUSU=-80

27.30¢

11,00 SB
$1.756 3l

2(3-25¢
L00=9 .00
272103

S6.50



J1w0D Q3nid3y 1NZAN0S GinCll G343AIN30 40 SLIiINDOLICD 1SQD RPN

LICG32D0 SCGINOIT LEODI sl o
D4S ™o 2 SE3IG...AN 1Y

_85_



Tuble 10

SENSALRY OF DELIVERED COSTS
(Constaat 19873 L.s. Dol lurs)

v, s,
West Coast Japan
(8700 Bow)

Beluen conl S0, 85 SO, 91

T.icusd SKRC
Uity inancang 1.00 1,02
1o O ROl 1,75 .77

Solid st

Vualaty tinancing 1.0 1,07
Lo 1XCH kol l.H1 1,81
Petroleun fuel 1, 19-1.75 .75

The development of these coal reserves may spury (he cmergence ol
fnrpe, copl-hased synthelse Tuels andustry.  Such development wonld ensuve
a osteady  velable source of gleun energy to the poteatial iy darge futare
nmarkets an Calrviornia and Japan,  Bascd on thas prelamanary analya=yn, thesce
synthetye fuels may compele favorably wilh ather ¢lean fuels gl cwnnaent
pricos,  Furthey developmeonts 1a codd conversyon technology any ptegpnrave the

malkel position ol these (uels,
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CHANG ING ECONOM(CS OF ALASKAN COALS ./

by

Robert Bottge, Mining Engineer
Alaska fField Operation Center
U.S. Bureau of Mines
Juneau, Alaska

The increase in energy prices in the United States has generated a
renewed interest in Alaska's coal. [ndeed, our purpose in meeting here
this week is to take an-updated look at Alaskan coals, their distribution,
geology, characteristics, and economics. My approach to appraising the
changing economics of Alaskan coals is to estimate the cost of producing
one million tons of coal annually in four different areas of Alaska, project
these costs to 1978, and compare them with the estimated cost of producing
oil and gas.

The timeframe for making these cost estimates was fairly short. But
this seems to be the way the world (s going now; more people want more
answers to more complicated questions more quickly, preferably yesterday.
The proper evaluation of a coal deposit is a costly endeavor. Time, money
and Bureau policy preclude our making a proper evaluation of each deposit
for which cost data is requested. Such an evaluation requires an explora-
tion and drilling program followed by butk sampling and coal preparation
testing to determine the characteristics of a specific deposit. Such a
program of exploration, drilling, sampiing, and testing requires a minimum
of one year. A more realistic estimate is two or three years. The estimated
cost of producing coal from one speciflc deposit based on such an evaluation
is probably within 5 to 10 percent the actual cost.

An alternative to a proper evaluation is one ian which the engineer
assumes he knows the vital information gleaned from expioration, drilling,
sampling and testing. Here, the geology is assumed to be similar to an
adjacent area for which a description exists, and the nature of the over-
burden is assumed to be competent for underground mining or strippable for
surface mining. We feel an evaluation of this type, where the important
parameters are assumed, the capital costs for the mining and cleaning
equipment are determined, and the manpower and other operating costs are
derived, requires approximately three man-months per property. The estimated
cost resulting from this type of evaluation is probably accurate to within
plus or minus 20 percent.

More recently, the time allowed for estimating the cost of producing
from deposits or areas has shortened from three months to as little as
three days. Requests for cost estimates come /from both industyy and govern-
ment. Companies that have never operated in Alaska are asking what level
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of costs they can expect to see should they attempt to develop certain
properties. They want to know what factors drive up the cost of Alaskan
development. But often the one thing they are really seeking is a number
they can relate to other properties being considered elsewhere in Alaska,
the Lower 48, or abroad. Government agencies are more concerned about
general areas rather than specific properties; however, their requests
bear one resemblence to industry requests--a short time for making the
determination.

What should be done about these requests? Should we try to cenvince
those seeking information their requests are unreasonable in the timeframe
available? Should we suggest their questions be made into beautiful research
projects of almost any time or money duration, preferably ones lasting one
or two years? Or, should we shrug our shoulders and ignore the requests?
This last ploy works well until one's own agency initiates a program which
demands the generation of cost data for every known resource.

One quick and dirty solution we have devised for answering these
"quicky requests'' is the updating of past studies to the present, and then
Alaskanizing the data. The ingredients required are a study paralleling
the property at hand, the capital and operating costs including depreciation,
a profitability factor and finally, indexes, specifically a construction
index, an operating index, and an Alaskanizing index. A proper massaging
of the various ingredients will produce a dry data powder which my wife
insists engineers thrive upon. As word of your dry data spreads, you will
find yourself immersed in water heated by the friction you've created with
your numbers. This concoction of dry data powder and hot water may be
recognized at a distance as "hot index soup,' a substance which nourishes
those asking for a quick handout and allows the engineer to beat a hasty
retreat back to his present one-year project in hopes that all will be
forgotten soon.

Let's see how to apply ''soup indexes' to the present question: what
are the economics of producing coal in Alaska today and how do the costs
compare with other fuels? With only one operating coal mine in the State
there is precious little data to draw upon, thus another reason why '‘soup
indexes'' are used. Even if a full working knowledge of that one coal mine
were available, we would still be guessing at the costs entailed in produc-
ing coal elsewhere in the State. Since this would not solve the problem,
let's look at the data available to derive costs for mining in the Beluga,
Jonesville, Healy, and Attigun areas. Fortunately two detailed coal studies
published by the Bureau of Mines for the Lower 48 provide a basis to begin
our study. The first is IC 8535 entitled ''Cost Analyses of Model Mines for
Strip Mining of Coal in the United States,' and the second is IC 8632 entit-
led "Basic Estimated Capital Investment and Operating Costs for Underground
Bituminous Coal Mines.'' Since capital and operating costs were derived in
1969 and 1973, they have to be updated to 1375. The Chemical Engineer Plant
Cost Index is used for updating capital costs and ‘the Nelson Refinery Process
Index published in the 0i) and Gas Journal is used for updating operating
costs. Estimating current costs using these indexes is enough to put us
in hot water. Moving the mines to Alaska presents the most questionable



part of the study, and this puts us in the soup. Moving is done via an
index map currently under development at the Alaska Field Operation Center
in Juneau. Soup indexes for the State were derived by the author based
upon previous mining economic studies, the U.S. Army's Military Pricing
Guide, and a file on construction costs of buildings completed around the
State. Probably cost estimates using soup indexes may be no closer than
plus or minus 33 percent.

For the Attigun area on the North Slope of the Brooks Range, we used
as our model an underground bituminous coal mine producing 1.06 million
tons of coal annually from a 6~foot coal seam (fig. 1). Using soup indexes
of 2.10 for capital costs and 2.04 for operating costs over those In the
Lower 48, we obtained capita) costs of $40.4 million, $19.7 million for
operating costs, and $2.5 million for depreciation. These costs include
high wages and the assumptions that 243 underground miners will come to the
mine to work. Ffor 12, 15 and 20 percent DOCF rates of return on investment,
selling prices of $22.27, $23.59 and $25.90 per ton, respectively, were
required, or $1.48, $1.57 or $1.73 per million Btu's based on coal having
7,500 Btu's per pound. -

For estimating the cost of mining one million tons of soft coal annually
in the Healy area, we used as our model a subbituminous strip mine in Montana
(fig. 2). A 25-foot seam of coal was overlain by an average of 75 feet of
overburden. We reduced the scale of the model from five million tons per
year to one million using the six-tenths factor. Using soup indexes of 1.43
for plant construction and 1.62 for plant operation, we derived total
capital costs of $11.4 million, operating costs of $7.2 million, and depre-
ciation costs of $0.8 million. Ffor 12, 15 and 20 percent DCF rates of
return on investment, we derived selling prices of $8.21, $8.60, and $9.30
per ton, respectively, or 48, 51 and 55 cents per million Btu's based on
coal having 8,500 Btu's per pound. Again, these are average prices for
coal on an as received basis for on-site power generation.

For the Jonesville area, we used as our model an underground mine produc-
ing 1.06 miltion tons of bituminous coal annually from a 6-foot seam (fig. 3).
Using soup indexes of 1.26 for plant construction and 1.54 for plant operation
over the Lower 48 costs, plant investment came to $24.2 million; plant opera-
tion, $14.9 million; and depreciation $1.5 million. Ffor a 12 percent DCF
rate of return on investment, the price required was $16.25 per ton or
65 cents per million Btu's. For 15 and 20 percent DCF rates of return on
investment, the required selling prices were $17.03 and $18.42 per ton or
68 and 74 cents per million Btu's based on coal having 12,500 Btu's per
pound. These may be optimistic estimates for mining Jonesville coatl owing
to the steep dip of the beds. '

For the Beluga arca, the analogy of a strip mine in Montana producing
5 million tons of coal annually from a 25-foot seam of subbituminous coal
was used {fig. 4). Overburden averaged 75 feet. This mine scale was
reduced to one million tons annually using the six-tenths factor. Using
indexes of 1.68 for construction and 1.74 for operation, the final capital
costs became $13.4 million, operating costs were $7.7 million, and depre-
ciation $0.9 million. The final required seltling prices at 12, 15 and 20



percent DCF rates of return on investment were $8.92, $9.39, and $10.20
per ton, respectively. This works out to 59, 63, and 68 cents per million
Btu's based upon 7,500 Btu's per pound.

Up to this point we have estimated the prices required to produce
about one million tons of coal annually for on-site power generation. As
the Beluga area is a likely spot for development in the near future, let's
look at the cost to produce 1, 3, and 5 million tons of coal annually, and
bring it to the coast for export from Alaska (fig. 5). As our model, we
again used a five million ton-per-year mine in Montana producing from a
25-foot seam and having an average overburden of 75 feet. Using our soup
indexes for the Beluga area we obtained total capital costs of $35.2 million
for the five million ton-per-year mine, $25.9 million for the three million
ton-per-year mine, and $13.4 million for the one million ton-per-year mine.
To install a 35 mile railroad with sufficient locomotives, cars, unloading
facilities, and docking facilities for the largest mine required $38.4
million; for the middle-size mine, $32.9 million; and the smallest mine,
$28.6 million. The addition of the export facilities raised the price for
coal produced by the five million ton-per-year mine from $5.36 to $8.47 per
ton, or from 37 to 56 cents per miilion Btu's. The price required for the
product from the three million ton-per-year mine went from $6.57 to $11.0]
per ton, or from 44 to 73 cents per miltion Btu‘s. The price for coal pro-
duced from the smallest mine went from $10.20 to $22.12 per ton, or from
68 cents to $}.47 per million Btu's.

Now that we have looked at the estimated costs to produce coal in four
areas of the State, let's project those costs to 1378 and compare them to
the cost of producing oil and gas. Our very rough estimates of coal prices
indicate that with a 20 percent DCF rate of return on investment, one million
tons of coal can be mined for power generation in the Attigun area for $1.73
per million Btu's, at Healy for 55 cents, at Jonesville for 74 cents, and at
Beluga for 68 cents. Assuming a 10 percent inflationary rate during the
next three years, coal could be available In the Attigun area for $2.30 per
million Btu's, at Healy for 73 cents, at Jonesville for 98 cents, and at
Beluga for 90 cents.

An article in the September 15 issue of the 0il and Gas Journal estima-
ted the cost of finding and developing natural gas in 1975 at $1.18 per
million Btu's, and estimated the price would increase to $1.51 per million
Btu's in 1978. The average weighted cost of all crude oil received in U.S.
refinery inventories for July was $10.47 per barrel or about $1.75 per million
Btu's. By 1978, average oil prices in the U.S. may be much higher.

From our use of soup indexes, it would appear that Alaska's low sul fur
coals having a price of less than $1.50 per million Btu's may become attrac-

tive sources of energy by 1978. In the case of the Beluga coals, any mine
producing one million tons of coal per year, or more, may be an attractive
source for on-site power. However, only very large mines will be economicatl

if the coal is to be exported from Alaska.



FIGURE 1.- Coal mining costs in the Artigun area

for power generation

Example: Underground mine producing 1.06 million tons of bituminous coal annually

(1¢ 8632)

Assumptions: Six feet of coal, 57% recovery, continuous miners, 20-year life

1973 costs to February, 1975:
Lower 48 to Attigun:

Plant investment:
Plant operation
Depreciation S

For 12% DCF rate of return:
R=plant investment + 7.469
Less depreciation
Depletion + net profit

$15,376,700 x 1.25
$ 7)793;900 X ].2’4
845 400/$15,376,700 = 0.0615

plant construction
plant operation

plant construction
ptant operation

$19,221,000
$ 9,664,000

Depletion + net profit = 3/4 gross profit

Gross profit =
Plus plant operation

Sales
Selling price/ton
Price per MMBtu @7,500 Btu/ib

For 15% DCF rate of return:
R=plant investment + 6.259
Sales
Selling price/ton
Price per MMBtu @7,500 Btu/lb

For 20% OCF rate of return:
R=plant investment + 4.870
Sales
Selling price/ton
Price per MMBtu @7,500 Btu/ib

).333 x (deptetion + net profit)

179.5/144,1 = 1.25
([(257.5/168.0)-1).45) + ) =1
1.89 + 9 = 2,10

1.84 + 9 = 2.04

x 2.10 = $40,364,000
x 2.04 = $19,715,000

x $40,364,000 = $ 2,482,000

$ 5,404,000
2,482,000
2,922,000

3,895,000
19,715,000
§23,610,000
22

|

$ 6,445,000
$25,003,000
23

!

$ 8,288,000
$27,454,000
25

I

24

.27
48

.59
57

.90
.73



FIGURE 2.- Coa) mining costs in the Healy area
for power generation

Example: Strip mine producing 5 million tons of subbituminous coal annually,
Wyoming (1€ 8535)

Assumptions: Plus 500 million tons of coal, 25-foot seam, up to 120 feet of over-
burden, 75-foot average, 20-year life

1969 costs to February, 1975: plant construction = 179.5/119.0 = 1.5)

Bou

plant operation ([257.5/102.5)-1].45) + 1 = 1.68
tower 48 costs to Beluga area: plant construction = 1.43
plant operation = 1.62
Plant investment: $13,879,100 + 2.63 = $5,277,000 x 1.51; $7,968,000 x 1.43 = §11,394,000
Plant operation : §$ 6,943,400 + 2.63 = $2,640,000 x 1.68; $4,435,000 x 1.62 = § 7,185,000
‘Depreciation : §  920,600/$13,879,100 = 0.0663 x $11,394,000 =$ 755,000
For 12% DCF rate of return:
R=plant investment + 7.469 $ 1,526,000
Less depreciation 755,000
Depletion + net profit 771,000
Depletion + net profit = 3/k4 gross profit
Gross profit = 1.333 x (depletion + net profit) 1,028,000
Plus plant operation 7,185,000
Sales S 5,2]3,000
" Selling price/ton 8.2
Price per MMBtu 8,500 8tu/lb 0.4¢
for 15% DCF rate of return:
R=plant investment + 6.259 $ 1,820,000
Sales $ 8,605,000
Selling price/ton 8.6(
Price per MMBtu 8,500 Btu/lb 0.51
For 20% DCF rate of return:
R=plant investment v 4.870 $ 2,340,000
Sales $ 9,298,000
Selling price/ton 9.3¢

Price per MMBtu ©8,500 Btu/lb 0.5!



FIGURE 3.- Coal mining costs in the Jonesville area
for power generation

Example: Underground mine producing 1.06 million tons of bituminous coal annually
(1c 8632)

Assumptions: Six feet of coal, 57% recovery, continuous miners, 20-year life

179.5/144 1 = .25

1973 costs to February, 1975: plant construction
‘ (1(257.5/168.0)-1] .45} + 1 = 1.24

plant operation

M K

1.26
1.54

Lower 48 costs to Jonesville: plant construction
ptant operation

o

Plant investment: $15,376,700 x .25 $19,221,000 x 1.26 $24,218,000

" H
n 4

Plant operation : $ 7,793,900 x 1.24 = $ 9,664,000 x 1.54 $14,883,000
Depreciation :$ 945, 400/%15,376,700 = 0.0615 x $24,218,000 = $ 1,489,000
For 12% OCF rate of return:
R=plant investment % 7.469 $ 3,242,000
Less depreciation 1,489,000
Depletion + net profit 1,753,000
Depletion + net profit = 3/4 gross profit
Gross profit = 1.333 x (depletion + net profit) 2,337,000
Plus plant operation 14,883,000
Sales $17,220,000
Selling price/ton 16.25
Price per MMBtu @12,500 Btu/lb 0.65
For 15% OCF rate of return:
R=plant investment * 6.259 $ 3,869,000
Sales $18,056,000
Selling price/ton 17.03
Price per MMBtu 12,500 Btu/lb 0.68
For 20% DCF rate of return:
R=plant investment + 4.870 $ 4,973,000
Sales $19,527,000
Selling price/ton 18.42

Price per MMBtu @12,500 Btu/lb 0.74



FIGURE 4.- Coal mining costs in the Beluga area

for power generation

Example: Strip mine producing | million tons of subbituminous coal annually,

(Wyoming (1C 8535)

Assumptions: Plus 500 million tons of coal, 25-foot seam, up to 120 feet of over-
burdern, 75-foot average, 20-year life

1969 costs to February, 1975:

Lower 48 costs to Beluga area:

Plant investment:

Depreciation

For 12% OCF rate of return:
R=plant investment *+ 7.469
Less depreciation
Depletion + net profit

Depletion + net profit = 3/k gross profit
Gross profit = }.333 x (depletion + net profit)

Plus plant operation
Sales
Selling price/ton
Price per MMBtu @7,500 Btu/lb

For 15% DCF rate of return:
R=plant investment + 6.259
Sales
Selling price/ton
Price per MMBtu @7,500 Btu/lb

For 20% DCF rate of return:
R=plant investment + 4.870
Sales
Selling price/ton
Price per MMBtu @7,500 Btu/ib

plant construction
plant operation

plant construction
plant operation

$13,879,100 + 2.63
Plant operation : $ 6,943,400 + 2.63
$

.

§5,277,000 x 1.5]
$2,640,000 x 1.68
920,100/$13,879,100 = 0.063 x $13,386,000

179.5/119.0 = 1.51
([(257.5/102.5) =1} .45) + 1

1.68
1.74

371968,000 X 1.68
$4 435,000 x ).74

]

n

1.68

$13,386,000
$ 7,717,000
$ 887,000

$ 1,792,000
887,000

905,000

1,206,000
€75.,923,000
8.
0.

w0

$ 2,749,000

$10,199,000
10.7
0.6



FIGURE 5.- Comparison of power facilities
versus export facilities at Beluga

Antnual) production Mine cost for Cost of (ranspor- Total

(tons) power generation tation facilities cost
5,000,000 $35.2 million $38.4 million $73.6 million
3,000,000 $25.9 million $32.9 mi}lion $58.8 mi11ion
1,000,000 S$13.4 million $28.6 million $42.0 million

Price required for coal at 20% DCF

Annual production f.o.b. tidewater,
(tons) Power generation Cook inlet
5,000,000 $5.36 per ton (37¢MMBtu’s) $8.47/ton (56¢/MMBtu's)
3,000,000 $6.57 per ton (44¢/MMBtu's) $11.01/ton (73¢/MMBtu's)
1,000,000 $10.20 per ton (68¢/MMBtu's) | $22.12/ton (1 47¢/MMBtu's)




