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INTRODUCTICN

0il and gas reserves are declining at an alarming rats, but alternate energy
resources such as coal (including lignite), uranium and geothermal energy will
play dominant roles in the American econcmy in the near future. Fertunately,
alternate energy resources ars regionally abtndant in the United States and if
developed rapidly, with all due consideration to the environment, they will
serve to bridge the energy gap between our present petroleum—tased energy and
future solar or fusion-based energy. It is clear that a diversifisd multiple

energy base must be developed to serve our regional energy needs well into the

21st Century.

Alternats mineral rescurces are also being soucght to substitute for many metals
presently in short surply and for plastics that may decrease in availability as
0il feedsteck increases in cost. Engineering and eccnomic feasibility studiss
will be based on regional rescurce availability, regional energy and mineral

needs, and ccmparative econcmics in toth energy and mineral develcoment.

PRESENT AND FUTURE ENEXGY REQUISEMENTS AND POTENTIAL

As of 1974, the United States consumed<74 guadrillicn (1013 3tu, of which petrolaum

supplied 45.8%, natural gas: 30.43%, coal (including lignitz): 13.0%, hydropower
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and geotﬁermal: 4.2% and nuclear: " 1.6% (See Figure 1). -Energy consurption is
growing at an average rate of approximately 5.0% per year, but the growth rate
is expected to decline slowly in the future. The Federal Energy Administration
(FEA) conservatively estimates that the natibn's total energy needs 16 years
hence in 1989 will increase to llé quadrillion (iols) Btu, or about 53% more

than the Btu consumed in 1974 (Ref. 24).

Placing these réquirements in perspective, the total energy available from domes-
tic fossil fuels and uranium is estimated at 55.6 thousand guadrillion (1018) Btu
(See Figure 2). It should be noted that coal contributes more than 60% of the
available energy. Ranking second is oil shale, although no significant producticon
has yet been achieved because of technological problems. O0il shales and sands
have an uncertain role in the overall energy picture, but the federal government
is supporting a vigorous R & D effort. Natural gas and petroleum account for
only 10% of the total potential energy available from fossil fuel, although to-
gether they currently supply more than 75% of the total energy used (Comégre

Figures 1 and 2).

The present ccnventional energy potential of uranium rescurces 1s somewhat un-
certain. However, with the development of the breeder reactor and possible new
develorments in nuclear fission technology, the present uranium resources would

have an energy potential atout twice as great as our coal resources.

In the United States, we are at present over utilizing our most limited resources
(oil and gas) and under utilizing our most abundant resources (coal). This is
one of the reasons we are now facing an energy crisis. Disproportionate utili-~

zation of resources has not only caused depletion of a-large portion of our prime




Figure 1

ENERGY COMSUMED [N THE UNITED STATES
BY SGURCE I 1974

(Consumption 73.1 quadrillion 8tu)

Coal 18.0%
Naturatl Gas 30.4%

Hydro 4 5

Nuclear 1.6%

Petroleum 45.8%

U.S. Department of Interior News Release, April 3, 1978



Figure 2

Sources ©F Energy For Future Needs
in The United States

Total available energy is es?im‘a{red at 55.6 x 10'8 Btu

Natural Gas 4.9% ‘1:2',» ?

Shale Oil 23.7%

Coal 63.3%

Federal Power Commission "National Gas Survey,”1974
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energy resources (oil and gas), but it has also made us increasingly dependent
on foreign oil-producing countries for a substantial part of our energy needs.
This condition clearly indicates that we must develcp our alternate energy re-

sources as quickly and as prudently as rossible.

There apgear to be two sleeping energy giants not censidered in the previous
discussion that may alter our immediate regional planning and utilization of a
alternate energy resources, l.e. (1) geothermal-geccressured energy resources
of the Gulf Coast of Texas and Louisiana and of the western United States, (2’
uranium resourcas for conventional use in the form of undeveloped uranium de-
posits of low, but econcmically recoverable grade and in the form of reserves

as by-prcducts from phosphate and cogrer mining activities.

EXPIORATICN AND RESQURCE DEVELOPMENT

Exploration and development of alternate energy and mineral rescurces requjire
specialized technicues ard perscnnel. Each rasource has its own special charac-
teristics in terms of U. S. activity, exploration techniques, develogment methods
and of the relative igpact on the environment. Scme of the important featurss
with respect to the exploration and develepment of the major alternate energy and
mineral resources will be briefly reviewed in this presentation. Coal will kbe con—

sidered in some detail first followed by uranium, geothermal energy and minerals.

‘Coal is the principal fossil fuel resource of the United States, but no clear



 indication has yet teen given by state or federal regulatory agencies that coal
is to be used ﬁo meet the growing energy needs, in spite of the fact that the
technology already exists for extensive use of this resource to economically
generate electicity, heat and powér (Ref. gél; President-elect Carter is, how-
ever, expected to Supgoct coal de&elopment. Coél (including lignite) also offers
significant gotential for the preoduction of synthetic fuels, such as low-Btu
gas, pipeline—cuality gas, petroleum, and solvent-refined products, that could

substitute for the dwindling supplies of oil and natural gas (Ref. 2, 6 and 11).

—

Figure 3 shows the coal fields of the U. S., and Figure 4 illustrates the distri-

bution of the known coal reserves by States and tonnage.

With the introduction of the Clean Air Act.of 1970, the sulphur content of coals
became a significant factor in the evaluation of coal resources. More than 58%
of the total low-sulphur coal reserves is located in the western states; hewaver,
only 21% of the total current production of low—sulphur coal comes from Fhe western
states. Eastern states, where only 12% of the total low-sulphur reserves occur .
are now supplying more than 79% of the low—sulphur coal ussd. More low—sulphur
coal will have to come frcm the western states in the future unless either tech-
nology is developed and applied that will permit wider use of high sulphur coals
or nuclear energy assumes a greater role in electrical generation, which is a
distinct possibility. 1In light of the growing environmental concern about strip
mining of western ccal and the federal leasing prcblems involved, projected in-
creases on western coal production may not come on stream without significant

delay (Refs. 16, 20 and 23).




Figure 3
COAL FIELDS OF THE UNITED STATES
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Source: U.S. Bureau of Mines, 1975

QOther States 9.4%

Wyoming 11.8%

Montana 24.8%

IHinois 15.1%

STATE DISTRIBUTION
OF DEMONSTRATED COAL RESERVES

BY TONNAGE

Figure 4
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Coal conéum;tion is shown in Figure 5. Forecasted future ccal markets are listed
for the years 1985, 1995 and 2000 in Figure 6. Potantial new markets for indus-

trial coal is shown in Figure 7. Present prices and related tonnage, and sulchur
content are shown in Figure 8, as typical eiamples of selected contracts with

gtilities in the Midwest, the Central and the Western United States.

There are approximately 4,500 producing coal mines in the United States. Feur—
teen major coal companies preoduce 60% of the total current producticn. Con-
siderable leasing and expansion activity is presently underway, however, among

the major independent cperators.

There is a substantial difference in lease fomms around the country (Ref. 9).
Until recently tax-sheltered investments in coal leasing prompted by rising
coal prices and favorabls tax legislaticn, once produced both large first-year
write—cifs and substantizl long~term investment returns. The IRS has recently
struck down the use of nomr-recourse nctes and other tax sheltering investment
advantages. The numter of promoters of limited partnerships withcut the kest
interests of the investor in mind has been reduced ccnsicderatly as a resulﬁ of

the eliminaticn of the tax shelter for cecal mining.

The independent and sm2ll coal cperators are turning back to commercial banks
for capital rather than seek limitad partnerships. Heowever, fluctuations in
the price of cocal and in escalzting mining costs present preblems to the in-
dependent coal producers beczuse it tends to shut them out from pﬁblic money

markets and limits their use of cebt or eguity securities. Scme small and

medius-sized coal companies, especially preducers of metallurgical coal, have




Figure 5
UNITED STATES COAL CONSUMPTION IN 1974
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Mineral Industry Surveys, U, S, Bureau of Mines, 1975.



Figure 6
FUTURE COAL MARKETS

(Million tons per year)

Market 1985 1995 2000
Electric utilities 700 1,225 1,600
Synthetic fuels 310 930 1,200
Metallurgical 120 150 160
‘General industry 65 70 70
Export 65 70 70

D e

Total 1,260 2,445 3,100



Figure 7

POTENTIAL NEW MARKET FOR INDUSTRIAL COAL
(Total estimated 159 million tons)
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SELECYED BYSAM COAL DELIVIRED YO ELECTRICAL UTILITIES
(July, 19764)

Sale
Nunber of Btu(z) Bty l’l'l.ml(:n

Contracts Aversge Rango Average
BITUHINOUS COAL

Hidwest
udo 148 1L.8  10.3 - 12.1 90.0
Indians 15 1.1 10.5 - 11.9 63.7
Cencral

lowa, Kansas,

Hlaseuxi &

Oklahoms 7 10,5 9.2 - 12.2 73.2
Heocern

Colorado &

Hontans 3 11,7 10.4 - 12.5 115,9

SUBHITUMINOUS CGAL
Weatern
Celorado &
Hontans 13 9.9 8.4 - 0.8 9.2
LIGNITE
HesCern

Honrauas, North Bukots
& South Dukots - 6.7 6.1 - 7.2 47.9

Coal Week - Octoder 4, 1976
Thausands of Bru/lb

Centas pox afllion Btu

Shore tone

(4) Bulphur Sulphur

Sals Price Toonagu/Sale Tonnage/8ale Content,% Content
Range Average Range Avoregs Range

73.1 - 100.8 10,047 3,000 - 67,900 3. 67 3.30 ~ 4.80
49.4 - 74.0 19,233 3,000 - 65,000 2.3% 0.90 - 4,00
49,1 - 101.2 39,000 3,500 - 125,000 3.83 2,60 ~ 5,20
6.4 ~ L4B.6 5,913 5,700 - 8,000 0.80 0.70 - 0,90
25.5 - 142.6 63,400 16,000 - 209,000 n.60 0.40 - 1.00
18.1 - 69.6 86,500 13,700 - 250,300 0.63 9.60 - 0.80
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used recent good earnings to retire existing debt and have built up short—term
investments in anticipation of their future capital needs. The small indepen—
dents will continue to need conventional types of short-term bank loans for

working capital and similar purposes, while utilizing vendor credits or leasing

to finance new items of mining equipment, etc. (Ref. 30).

As coal and other alternate energy resources substitute for the traditional oil
and gas resourées, carparative potential energy resource calculations are neces-
sary. The following is a hypothetical case based on realistic parameters involved
in utilizing lignite in place of the traditional residual ¢il for a mine-mouth
power plant (Figure 9). Lignite mining, as is most mining ventures, is capital
intensive but long term, captive minipg by utilities or suppliers could make

the low—grade coal or lignite of Texas, Louisiana, Arkansas, Mississippi and
Alébama a very attractive alternate energy scurce (Ref. 6). In addition, interest
is being shown in lignite as a power source for small industrial plants and as a
source for chemical by-oroducts. Vast lignite reserves are available in'the

Gﬁlf Coast regicn as well as in the North Central U.S. The critical requéfemen&s
that must be met when evaluating coal projects are: 1) Reliable assessment of
coal resarves and coal ownership, 2) Corprehensive evaluation of mine operator's

history and practices, and 3) Sound analysis of future coal marketability.

Uranium

Uranium exploration, mine develccment and nuclear reactor construction and opera-

tion has proceeded cautiously over the past few years. Environmental problems
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FIGURE %A

COMPARATIVE ENERGY CALCULATIONS

ASSUME: A. Lignite

6000 Btu/lb of lignite
Heat. Production: (6000 Bru/lb) (2000 lbs/tom) =
12.0 x lO6 Btu/ton lignite

B. Residual 0il (#86)
Beat Production: 6.3 x 106 Btu/bbl

BTU COMPARISON:

12.0 106 Btu/ton lignite
6.3 = 10° Beu/obl el (36)

= 1.90 bbl oil/ton lignite

POWER PLANT ENERGY CONSUMPTION:

Assume:
A, 360 megawatt power plant
B. EHeat Rate: 10,000 Btu/kilowatt hour
C. 90% Plant Cperatiom
D. 6000 Btu/lb lignits
E. 6.3 x 10° Bru/bbl oil (#6)
F. 3.6 x lO9 Btu/hr

PLANT LIGNITE REQUIREMENTS:

A. 300 tons/h; of 6000 Btu lignite or 2.4 x 106 tons lignite/yr
B, TFor 30 yrs mine life requires 72.0 x 106 tons recoverable reserves
C> C. Fuel Cost: @ $12.00/ton lignite ($1.00/million Btu):
$28.8 million/year or $3600/hr

PLANT RESIDUAL OIL (#6) REOUIREMENTS:

A. 5.6 x 10° Bbl/hr B8 6.8 = 10% Beu oil ox
bk % 106 bbl oil/yr
t> B. Fuel Cost: @ $10.75/bbl:
$47.3 million/yr or $6020/hr

PLANT NATURAL GAS REQUIREMENTS:

A. $2.00/milliom Btu
DB. Fuel Cost: $7200/hr
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have received wide publicity, but voter referendums on nuclear development in

six states were approved in the past year. (Chemiczal Week — November 17, 1376).

Apparent shortages in uranium reserves have also increased speculation on the
availebility of sufficient reservés to meet domestic reactor demands within

the next ten years and have driven prices to a Eecord high. Many older contracts
have been renegotiated to $15/1b. yellowcake, but spot prices of $40/1b. and
higher may tecome common in the near future if additional U.S. reserves are not
developed scon. The Unitsd States, howevar, is still in a good potential resarves

position (Figure 10).

Uranium ore is not an easy exploraticn target and requires considerably more
rigorous geolegic technigues than ermployed for coal expleration (Ref. 7).
Wheréeas coal usually occurs as a near horiéontal or slightly dippiné bed of

a few feet in thickness extending contincusly for tens of miles in all diresc-
tions, uranium ore is_most comronly found in sandstone only a few feet in
thickness and only a few feet wide, although sporadic uranium mineralizaticn
méy run along a sinucus tract up to a.mile or more. Development drilling?bn

25 foot centers is common. Uranium ore cannot ke identified with any certainty
in hand-specimen, and sochisticated gecpaysical and geochemical techniques are
needeé to confirm its presence. Ore grades now average around 0.15% uranium

oxide. Lead time is usually around eight years frem the beginning of explora-—

tion in geolcgically favorable areas, through ore discovery, to cormencement

of mining operations (See Figure 11).

The present major uranium-producing districts are shown in Figure 12, i.e.




UNITED
STATES

Figure 10
WORLD URANIUM RESOURCES - $10 TO $§15 Per LB U30g

(Excludes China, USSR and Eastern Europe)

. UNITED
STATES

CANADA

REASONABLY ASSURED $10-16

*
{RESERVES) TONS U0, x 107 »

SWEDEN 150 T
UNITED STATES 180 20
CANADA 160 17
AUSTHALIA 80 ]
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OTHER 100 1
YOYAL 820 100

*¥1.3 Tons U30g = 1 Metric Tonne (1000 Kg) U

Source: Nininger - 1974
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EXPLORATION

Figure 11

IDEALIZED LEAD TIME SCALE FOR PRODUCTION (URANIUM)

GEOLOGY & LAND
ACQUISITION

Source: Klemenic - 1976

EXPLORATION DRILLING

DEVELOPMENT
DRILLING

MINE
CONSTRUCTION

MILL

PRODUCTION

LEAD TIME BEFORE PRODUCTION

8§ 7 6 5 4 3 2 1 0 1 2 3 4 5 6 7 8 9 10
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PROJECT LAPSED TIME IN YEARS



Source: Meehan - 1975

Figure 12

Principal Uranium Districts of the United States
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Wyoming, New Mexico, Colorzdo, Utzh and Texas, in order of relative produc—
tion. Figure 13 illustrates the increase in drilling depths over the past
decade (1964 and 1975). Comprehensive assessments of potentially-precuctive
areas are now being ccnducted by ;he U.S. Geolcgical Survey and U.S. Energy
Research and Development Administration. Additional reserves are expected as
a by-product from ghosphate mining in Florida and from subsurface solution
mining of low grade ore and other sources (Ref. 28). The latter mining tech-

nique may evolve into the major technigque of mining low—grade uranium in
sandstone. Oven—cut mines are attracting environmental concern whereas subsur-
face solution mining is generally more environmentally acceptable than open—cut

mining.

In evaluating a uranium project, the following factors must be considered: 1)
Basis for calculation of ore reserves, 2) Characteristics of ore, 3) History of
personnel involved in project, and 4) Ownership of the uranium ore and the

access to mine the mineral.

As the numcer of conventional light-water reactors increase, so will the re-
quirements of yellcwcake, the partially-refined material used as feedstock
in the conversion to uranium pellets utimately destined for reacter loading.

Figure 14 is the status of U.S. nuclear pcwer plant construction and orders.

As of Mid 1976, nuclear power has assumed 8.3% of all electrical generaticn in
the U. S., well zbove rrevious expectations. At years end, S million tons of
0.15% U3 O8 ore production is expected. In aporoximate terms, the 1976 uranium

and nuclear-power prcduction is the equivalent of importing 100 million barrels




'Figure 13
COMPARISON OF EXPLORATION/DEVELOPMENT DRILLING

. % % .
DEPTH 1964 1975
0-100" 17 1
101'-200" 38 6
201'-300" 17 12
301'-350" 2 2
3517-400" 6 2
4Q1'-500" 5 12
SOT =7 50" 10 <y
751'-1000" 2 8 "
1001'-1500" 0 5
1501 =Z2000" 1 6
> 2000 2 15
100% 100%

Modified after Chenoweth - .1976




Figure 14

STATUS OF U.S. NUCLEAR POWER PLANTS AS OF AUGUST 31, 1976

UNDER ERDA ENRICHMENT CONTRACT

NOT

LICENSED TO OPERATE
CONSTRUCTION PERMIT GRANTED

UNDER CONSTRUCTION PERMIT
REVIEW

ORDERED
ANNOUNCED

UNDER ERDA ENRICHMENT CONTRACT

CONSTRUCTION PERMIT GRANTED

UNDER CONSTRUCTION PERMIT
REVIEW

ORDERED
ANNOUNCED

Source: Parks & Thomas - 1976
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of 0il or 27 million tons of bituminous ccal at a cost exceeding $1.3 billion.
The econcmic aévantages of nuclear energy are well established, only the envir-
onmental problems of safety and waste handling are to te solved. The overseas
nuclear industry, however, is moving well ahéad of the U.S. technolecgically
because it is minimizing environ@ental considergtions. President—elect Carter

is considered to be pro—nuclear development but will press for controls on re—-

processing and international handling of plutonium. (Chemical Week - November

17, 197s6).

Geothermal—Gecpressured Energv

This alternate energy resource is potentially large (Ref 29). The principal con-
straints on the develorment and application of energy from geopressured-geothermal
resources are related to: (1) technical feasibility, (2) economic feasibility,

{3) environmental effects and (4) institutional Ffactors.

Tﬁe western U.S. has many known geothérmal areas. Keplinger (Ref. 13) stéfes

that promising discoveries ocutside the well-kncwn Geyseré area have been macde
recently, and geothermal electric plants may ke constructed in New Mexico, Utah
and Southern California in the near future. Papadcpolous et al (Ref. 21) esti-
mates that the geopressured brines of the Gulf Coast might te capable of prc—
ducing 100 quads (1 quad = 1015 Btu-equivalent to about 170 million barrels of
0il) of electricity from the heat content of the prcduced brine alone. The energy
content of the associated natural gas, if present in saturatad solution, could
contribute an additional 500 quads (Ref. 12 and 26). These are rough estimates

of recoverable energy, not in situ resources.
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Figure lé is an overview of what enérgy could be expected in terms of recover-
able heat with present or near-term technology but without cost considerations.
Geothermal-geopressured energy may, indeed, be a s;eeping giant alternate energy
resource. Its development is not mining reléted as is ccal and uranium but is
directly related to petroleum engineering and technology and should be rela-
tively straight forward to develop, given due considerztion to the econcmics
involved, the technolcgical problems and the environmental and institutional

factors (Refs. 5, 10, 12, & 15).

Minerals

Alternate or substitute mineral resources will be needed to overcome the natural
resource shortages we are presently exceriencing in some minerals. Innovative
substitutions will prove viable. Ceramics can apparently substitute for scx
metals and plastics. New ideas for oil substitutes are already viable. For
example, the Pulp and Paper Institute of Canada reported on a study of variqus
processes that could be used to make large tonnages of organic chemicals from
bark, sawdust and other waste wood products (Ref. 4). Figure 16 shows that the
U.S. is already dependent on certain mineral imports, no doubt in part due to
political trade-offs. Many develcoing countries are beginning to mine their
natural rescurces and can easily compete in the world market (Ref. l). For ex-
ample, titanium mineral supplies are still available within the U.S. (e.g. Georgia
and Florida Atlantic coastline) but at a price that may not te competitive with

with Australian, Brazilian or African titanium without import tariffs.




Figure 15

GEQYSERMAL RESOURCZS
ISTRATID RECOVERABLY HEAT WITHB PRESENT OR MEAR-TERM TECENOLOGY
VITRQUT REGAZD TO COST: (I¥ quaps) P
Source: lLombard - In Press

LESOURCE TYPX RNOWN INFERRED
Hvdrochermal Cauvec:ivecz)

Vapor Dominaced (>150°C) 2 2

Liquid Dominatad

High Temperature ()150°C) 20 110
Low Temperature (907 - 150°¢) 80 250

Geooressuraqd

Elecerical Utilizaziom 100 230

Kechane Production s00 1500
Beoe Ory eock

Scenazic 1(3) 80 260

Scenario II(a) §00 1500
Macma (5)

Sceaarto 103 80 260

Seenarto 12(%) 650 1900
TOTAL

Scenario IO) ~~900 ~~2500

Scenario II(A) ~2000 ~~§000
GRAXD TUTAL (Raown plus Inferzed)

Scenario IO) 3400 Quads

Scenario II(I‘) 3000 Quads

(1) Sormal Gradienta are no¢ included ac this tize as they are not oresencly
comsidered zecoverable. 1 Quad = 103 3cu's,

(2) Does uat {aclude less chan s0°¢c systams, although such syscems aay be
econcurlcally exploiltable especifally foriWnomelececzic applications.

(3) Scenmario I: Assuming 2% Extraction Recovery, 8% Couversioa Zfficiency.
(4) Scenario II: Aasuming 12.5% EZxezaction Recovery, lO% Conversion £fficiency.

(S) Magzma resources may ba remewed by nactural tesupply from the interior of the
earch; therefore, cthis escixmeace =ay de couservacive,
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UJ.S.dependence on mineral imports
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Net import reliance equals imports - exports + government
stockpile releases plus or minus industry stock changes.
Sources: Bureau of Mines, U.S. Department of the Interior;
Import-export data from Bureau of the Census.
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Aluminum ore import may also not be necassary if domestic primary and alternate

sources and recyclying were more seriously considered. At least some of the

high grade U.S. deposits could te developed in environmentally-sensitive areas

if innovative and environmentally-ccgnizant mining engineering were employed.

Environmental issues dramatically affect U.S. mining. It is clear that a re-

assessment of the long-range objectives of the Federal Water Pollution Control

Act Arendments of 1972 is urgently needed. The alternative is to press on for

the proposed 1983 level of treatment technology which will surely result in:

(1) further loss of domestic production of the critically nesded metals and

minerals, (2) increased reliance on foreign sources of these materials and (3)

an unnecessary negdative impact on the mineral and mining industry (Ref. 3).

SUMMATICN

In summary, the general outlook for alternate energy and mineral resource devel-

opment is excellent:

l.

~ Coal development will continue to expand rapidly in the eastern

and central regions, wheareas western cocal will lag only a faw
years btehind eastern coal until the federal leasing and environ-
mental problems are resolved, and they will be resolvad with
significant environmental restrictions imposed. Low-sulphur
western coal will remain at prices higher than coal from eastern

and central U.S.

s

Uranium mining environmental problems will generally dissipate,
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but preblems in reactor safety and waste handling may linger.
Reserves will be adequate but prices will rise more than expected
by ERDA. Nuclear power will reach 12% of electrical generaticn

by 1980.

Geothermal~gecpressured energy may dramatically expand in the
western and Gulf states if petroleum companies supoort the develop—

ment of the resource.

Mineral shortages will continue to increase, but mineral substi-

tutes will take on scme of the burden.

Environmental issues will cpntinue to affect rescurce develorment.
If industry and state and federal regulatory agencies develop
.rational environmental controls, the gocals of both will be achieved.
In closing, I suggest to you that the guiding philoscphy of the
future will be: "Alternate resources to achieve a better balanég.

-

Alternate choices to maintain the environment”.
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