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INTroDUCTION 

Oil �nd gas reserves are declining at an alarming rate, but alternate energy 

resources such as coal (including lig�ite), uranilli� and geothermal energy will 

play dominant roles in the Arr:€rican economy in the near future. Fortunately, 

alternate energy resources are regionally abundant in the United States and if 

develoI_:€d rapidly, with all due consiceration to the envirorunent, they will 

serve to bridge t...�e energy gap between our present petroleum-based energy and 

future solar or fusion-based energy. It is clear that a diversified multiple 

energy base must be developed to serve our regional energy ne�ds well into t...�e 

21st Century. 

Alternate mineral resources are also being sought to substitute for mcmy metzls 

presently in short supply and for plastics that may decrease in availability as 

oil f�edstcck increases in cost. Engine�ring 2nd eccnomic feasibility studies 

will be based on regional resource availability, regional energ,J and mine�al 

needs, and ccmparative economics in coth energy and mineral develcpnent. 

As of. 1974, the United States cons\.!IT�d<74 quadrillion (1015) Btu, of which petroleluil 

supplied 45.8%, natural gas: 30.4%, coal (including lignite): 18.0%, hydropo�er 

The presentation and paper handout at The Keplinger & Associates, Inc Seminars in Houston,
New York City, Chicago, Dallas and Los Angeles, beginning in November, 1976.



and geothermal: 4.2% and nuclear:· 1.6% (See Figure 1). Energy consurr.ption 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 Ad'11inistration 

(PEA) conservatively estimates that the nation's total energy needs 16 years 

hence in 1989 will increase to 112 quadrillion cio15
) Btu, or about 53% more

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

Placing these requirerrents in perspective, the total energy available from domes­

tic fossil fuels and uranium is estimated at 55.6 thousand quadrillion (10 18) Btu

(See Figure -�_). It should be noted that coal contributes more than 60% of the 

available energy. Ranking second is oil shale, although no significant production 

has yet been achieved because of technological problems. Oil 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 petrolel.TITI 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 (Corrpare 

Figures 1:_ and 2) . 

The present conventional energy potential of uranium resources is sorr.€what un­

certain. However, with the developrrent of the breeder reactor and possible new 

developments in nuclear fission technology, the present uranium resources would 

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

In the United States, we are at present over utilizing our most 1.ii�ited resources 

(oil and gas) and under utilizing our rr.Dst abundant resources (coal). This is 

one of the reasons we are now facing an energy crisis. I?isproportionate utili­

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



Figure 1 

ENERGY CONSUMED IN THE UNITED STATES 

BY SOURCE IN 1974 

(Consumption 73.1 quadrillion Btu) 

Coal 18.0% 
Natural Gas 30.4% 

Petroleum 45.8% 

U.S. Department of Interior News Release, April 3, 1975 



Figure 2 

Scurtees Of Elnl®tr�y tF@r w�frure Nee@s 
E n 1 �u e tlJ ira a� e d S fr@� .. es 

Total available energy is estimared at 55.6 x 1018 Btu 

Natural Gas 4.9% � 

Shale Oil 23. 7% 

Coal 63.3% 

Federal Power Commission"Notional Gos Survey,"1974 
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energy resources (oil and gas), but it has also rr�de us increasingly dependent 

on foreign oil-prcducing countries for a s�bstantial part of our energy needs. 

This condition clearly indicates that we must develop our alternate energy re­

sources as quickly and as prudently as possible. 

There appear to be two sleeping energy giants not ccnsidered in the previous 

discussion that may alter our i.rrar:ediate regional plannL,g and utilization of a 

alternate energy resources, i.e. (1) geother�al-gecpressured energy resources 

of the Gulf Coast of Texas and Louisiana and of the western United States, (2) 

uraniu.� resources for conventional use in t...�e form of undeveloped uraniu.� de­

posits of low, but economically recoverable grade and in the fonn of reserves 

as by-products from phosphate and copper mining activities. 

EXPIDPATION FlTD RESOL""RCE DEVELOP1e1T 

Exploration and development of alternate energy and mineral resources recuire 
' . ;. . 

specialized techniques ar.d personnel. Eac., resource has its own special charac­

teristics in terms of U. s. activity, ex;iloration techniques, develop�nt methcds 

and of the relative irr;p2ct on the environ.T.ent. Some of the important features 

with respect to the exploration and de•,elop:rent of t.b.e major alternate energy and 

mineral resources will be briefly reviewed in t...,is presentation. Coal will be con­

sidered in SOQe detail first followed by urani��, geothermal energy and minerals. 

(X)AL 

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



indication has yet ceen given by state or federal regulatory agencies ��at coal 

is to be used to meet the growing energy needs, in spite of the fact that the 

tec.'1!lology already exists f0r extensive use of this resource to economically 

generate electicity, heat and power (Ref. 24). President-elect Carter is, how­

ever, expected to support coal development. Coal (including lignite) also offers 

significant potential for the prcduction of synthetic fuels, such as low-Btu 

gas, pipeline-quality gas, petroleum, a.�d solvent-refined products, that could 

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

- - -

Figure l shows the coal fields of ��e U. S., and Figure i 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 

te<;:arre a significant factor in the evaluation of coal resources. More then 88% 

of the total low-suli;J·1ur coal reserves is located in t.:.11e '1Jestern st.ates; how2ver, 

only 21% of the total·current prcduction of low-sulphur coal cories from the western 

states. Eastern states, where only 12% of the total low-sulphur reserves occur. 

are now supplying more t...11an 79% of the low-sulphur coal used. More low-sulphur 

coal will have to come from the western states in the future unless eit..�er tech-

nolog-� is develop:d and applied that will periTlit wider use of high sulphur coals

or nuclear energy assi.ll1'�s a greater role in electrical generation, which is a 

distinct possibility. In light of the growing environmental concern a.bout strip 

mining of western coal and the federal leasing problerrs involved, projected in­

creases on western coal production may not corr.e on strefu� without significant 

delay (Refs. 16, 20 and 23). 



Figure 3 

COAL FIELDS OF THE UNITED STATES 
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Source: U. s. Geological Survey, 1969 



Source: U.S. Bureau of Mines, 1975 

Other States 9. 4% 

Wyoming 11.8% 

Montana 24.8%

I Iii no is 15.1 % 

STATE DISTRIBUTION 

OF DEMONSTRATED COAL RESERVES 

BY TONNAGE 

Figure 4 
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Coal cons�tion is shown in Figure 1· Forecasted future coal markets are listed 

for the years 1985, 1995 and 2000 in Figure§_. Potential new markets for indus­

trial coal is shown in Figure 7. Prese:1t prices and related tonnage, and sulphur 

content are shown in Figure�' as typical exa.JI?les of selected contracts with 

utilities in the Hidwest, the Central and t.�e Western United States. 

There are afproxi-rnately 4,500 prcducing coal mi.�es in the United States. Four­

teen. major coal conpa.,ies produce 60% of t.11e total current production. Con­

siderable leasi...g and expc.!"..sion activity is presently under;1ay, however, among 

the major i.."ldepende.nt cperators. 

There is a substantial difference ir1 lease forn.s arour:d the countrv (Ref. 9). 
- -

Until recently tax-sheltered invest..··�1ents in coal leasing prompted by cising 

coal prices and favorable tax legislation, once produced toth large first-year 

write-offs and substantial long-term i.11.vestr..ent ?:eturns. The L� has recem:ly 

struck down the use of non-recourse notes and ot.�er tax sheltering invest:r�nt 

advantages. The nurr.ter of prcrr.oters of limited part..."ierships wit.½cut the !:est 

interests of tbe investor in mind has been reduced ccnsiderat:ly as a result of 

the eli.�.ination of the tax shelter for coal mining. 

The L"'lde?=-ndent and s:na.11 coal operators are turni.;g back to corrr.:ercial banks 

for capital rather tha.'"l seek li.-inited r..artr�ers..,ips. Ecwever, fluctuations in 

the price of coal ar.d L--1 esC-=latir.g m.ini.r:g costs present prcbleIT.s to the in­

dependent coal producers t.ecau.se it tends to shut them out from public ironey 

markets and li.1ri.ts t..�eir use of debt or e,;;.Jity securities. Sorr.e small and 

medium-sized coal companies, e.5?:cially prcducers of metallurgical coal, have 



Figure 5 

UNITED STATES COAL CONSUMPTION IN 1974 
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Source: Bituminous Coal and Lignite Distribution, Calender Year 1974 

Mineral Indu�.tri Surveys, u. S.· Bureau of Mines, 1975. 



Figure 6 

FUTURE COAL MARKETS 

(Million tons per year) 

Market 1985 1995 

Electric utilities 700 1,225 
Synthetic fuels 310 930 
Metallurgical 120 150 
• General industry 65 70 
Export 65 70 

Total 1,260 2,445 
, ' 

, ,, 

2000 

1,600 

1,200 

160 
70 

70 
-

3,100 
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POTENTIAL NEW MARKET FOR INDUSTRIAL COAL 
(Total estimated 159 million tons) 
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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 equiprr.ent, etc. (Ref. 30). 

As coal and other alternate energy resources substitute for the traditional oil 

and gas resources, comparative potential energy resource calculations are neces­

sary. The following is a hypothetical case based on realistic pararreters involved 

in utilizing lignite in place of the traditional residual oil for a mL,e-rr.outh 

power plant (Figure 9). Lignite mining, as is most mining ventures, is capital 

intensive but long term, captive mining by utilities or suppliers could make 

the low-grade coal or lignite of Texas, Louisiana, Arkansas, Mississippi and 

Alabama a very attractive alternate energy source (Ref._§). In addition, interest 

is being shown in ligpite as a power _source for s�all industrial plants and as a 

source for chemical by-prc<lucts. Vast lignite reserves are available in'the 

Gulf Coast regicn as well as in the North Central CJ. S. The er i ti cal requ1ie.1Tzen.ts 

that must be rr.€t when evaluating coal projects are: 1) Reliable assessrrent of 

coal reserves and coal ownership, 2) Comprehensive evaluation of mine OFerator's 

history and practices, and 3} Sound analysis of future coal �arketability. 

Uranium 

Uranium exploration, mine develcfment and nuclear reactor construction and or;era­

tion has proceeded cautiously over the past few years. Environrr.ental problems 
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Comparative cost to supply 360 
megawatt power plant with 3.6 billion 
Btu/hr. energy requirement 
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FIGURE 9A 

COMPARATIVE ENERGY CALCUL\TIONS 

ASSUME: A. Lignite 

6000 Btu/lb of lignite 

Heat.Production: (6000 Btu/lb) (2000 lbs/ton)= 

12.0 x 106 Btu/ton lignite 

B. Residual Oil (#6)

Heat Production: 6 6.3 x 10 Btu/bbl

BTU COMPARISON: 

12.0 x 106 Btu/ton li!lnite 

6.3 x 10 6 Btu/bbl oil (#6) 

POw"ER PL\i'IT ENERGY CONSUMPTION: 

Assume: 

A. 360 megawatt power plant

= 1.90 bbl oil/ton lignite 

B. Heat Rate; 10,000 Btu/kilowatt hour

C. 90% Plant Operation

D. 6000 Btu/lb lignite

E. 6.3 x 10 6 Btu/bbl oil (#6)

F. 3.6 x 10 9 Btu/hr

PLA.i.'IT LIGNITE REQUIREMENTS: 

A. 300 tons/hr of 6000 Btu lignite _£E 2.4 x 106 tons lignite/yr 
6 For 30 yrs mine life requires 72.0 x 10 tons recoverable reserves 

Fuel Cost: @ $12.00/ton lignite ($1.00/million Btu): 

$28.8 million/year .9E. $3600/hr 

P!.Ai.'IT RESIDUAL OIL (# 6 ) REOUIREMENTS: 

A. 5.6 x 102 bbl/hr of 6.3 x 106 Btu oil or

4.4 x 106 bbl oil/yr

[; B. Fuel Cose:: @ $10.75/bbl: 

$47.3 million/yr£!. $6020/hr 

Pl.AJ.'IT N'ATURAL GAS REQUIREMENTS : 

A. $2,00/million Btu

[; B. Fuel Cost: $7200/hr 



. . 

Page 7 

have received wide publicity, but voter referendu.�s on nuclear developrr€nt in 

six states were approved in tb.e past year. (Chemicz.l Week - Nove.'ib:r 11·, 1976). 

Apparent shortages in uraniu..1 reserves have also Lricreased S?;culation on the 

availability of sufficient reserves to meet domestic reactor dem2.nds wit.,in 

the next ten years and have driven prices to a record high. Many older contracts 

have been renegotiated to $15/lb. yellowcake, but spot prices of $40/lb. and 

higher may become comrrcn in the near future if additional O.S. reserves are not 

aevelop?d soon. The United States, however, is still in a good potential reserves 

position (Figure 10). 

Uranium ore is not an eas-� exploration target and requires consicerably more 

rigorous geologic techniques than errployed for coal exploration (Ref. 2)­

hbereas coal usually occurs as a near horizontal or slightly dipping bed of 

a few feet in thickness extending contincusly for tens of miles in all direc­

tions, uranium ore is most ccrm-Qnly found in sandstone only a few feet in 

thickness and only a few feet wide, although sporadic uraniu..1n mineralization 

may run along a sinuous tract up to a mile or more. Developrent drilling '.on 

25 foot centers is corm.en. Uraniu.1n ore ca..."mot be identified with any certainty 

in hand-s:-�cimen, and s09histicated gecphysical and geoche.rnical techniques are 

• needed to confirm its presence. Ore grades now average around 0.15% uranium

oxide. L€ad time is usually around eight years from the begLrming of explora­

tion in geologically favorable areas, through ore discovery, to cor::rnencement

of mining operations (See Figure 11).

The present major uranium-producir.g districts are shewn in Figure 12, i.e.
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WORLD URANIUM RESOURCES - $10 TO $15 Per LB U303 
(Excludes Chi�a, USSR and Eastern Europe) 
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Figure 11 

IDEALIZED LEAD TIME SCALE FOR PRODUCTION (URANIUM> 

GEOLOGY & LAND 
ACQUISITION 

EXPLORATION DRILLING 

DEVELOPMENT 
DRILLING 

MINE 

CONSTRUf,TION 

MILL 

LEAD TIME BEFORE PRODUCTION 

8 7 6 5 It 3 2 1 

Source: Klemen1c - 1976 

PRODUCTION 

I 
I 

0 1 2 3 t1 5 6 7 8 9 

0 1 2 3 4 5 6 .- 7 8 9 10 11 12 13 14 15 16 17 

PROJECT LAPSED TIME IN YEARS 

10 

18 



Se�rce: Meehan - 1975 

Figure 12 

Principal Uranium Districts of the United States 
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Wyoming, New Mexico, Colorado, Uta.r:i and Texas, in orcer of relative produc­

tion. Figure 13 illustrates the increase in drilling dept..lis over the past 

decade (1964 and 1975). Comprehensive assess.r.ents of potentially-prcductive 

areas are now being conducted by the U.S_. Geological Survey and U.S. Energy 

Researc.� and Developrrent Ad'ilinist.ration. P.dditional reserves are expected as 

a by-product from phosphate mining in Florida and from subsurface solution 

mini.."'lg of low grade ore and ot.."ler sources (Ref. �). The latter mining tech­

nique may evolve into the major technique of mini..-ig low-grace uranium in 

sandstone. Open-cut mines are attracti.ri.g environmental concern whereas subsur­

face solution mining is generally rrore environ.Tentally acceptable than op:=n-cut 

mining. 

In evaluating a uranium project, the following fact.ors must be considereo: 1) 

Basis for calculation of ore reserves, 2) Characteristics of ore, 3) Hi.story of 

personnel involved in project, a�d 4) Ownership of the uranium ore and the 

access to mine the mineral. 

As the nt.!rnb€r of conventional light-Nater reactors increase, so will the re­

quire.rnents of yellowcake, the partially-refined material used as feedstock 

in the conversion to uranium pellets utirnately destined for reactor loading. 

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

As of Mid 1976, nuclear power has asst.m'ed 8.3% of all electrical generaticn in 

the U. S., well above previous ex---i=-€ctations. At years end, 9 �ill.ion tons of 

0.15% o3 08 ore production is expected. In ap9roxL�ate t.er�s, the 1976 ura.�iL.:m

and nuclear-power prcduction is the equivalent of Lrr,porting 100 million barrels 



• Figure 13
COI:1PARISON OF EXPLORATION/DEVE�OPMENT DRILLING. 

% % 

DEPTH 1964 1975 

0-100' 17 1 
101'-200' 38 6 

201'-300' 17 12 

301'-350' 2 2 

351'-400' 6 2 
401'-SOO' 5 12 
501'-750' 10 31' 
751'-1000' 2 

8 :•: 
1001'-1500' 0 5 

1501'-2000' 1 6 

) 2000' 2 15 

100% 100% 

Modified after Chenoweth - -1976 



Figure 14 

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

THOUSANDS NUMBER 

OF OF 

MEGAWATTS PLANTS 

UNDER ERDA ENRICHMENT CONTRACT 

LICENSED TO OPERATE 43 61 

CONSTRUCTION PERMIT GRANTED 77 72 

UNDER CONSTRUCTION PERMIT 

REVIEW 67 60 

ORDERED 14 12 

ANNOUNCED 7 6 

208 211 

NOT UNDER ERDA ENRICHMENT CONTRACT 

CONSTRUCTION PERMIT GRANTED 1 1 

UNDER CONSTRUCTION PERMIT 
5 REVIEW 6 

ORDERED 7 6 

ANNOUNCED 18 15 

32 27 

Source: Parks & Thomas - 1976 



of oil or 27 million tons of bituminous coal at a cost exceeding $1.3 billion. 

The economic advantages of nuclear energy are well established, only the envir­

onmental problems of safety and waste handling are . to be solved. The overseas

nuclear industry, however, is moving wel� ahead of the U.S. technologically 

because it is minimizing envirorurental considerations. President-elect Carter 

is considered to be pro-nuclear developr.ent but will press for controls on re­

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

17, 1976). 

Geotherroal-C--eooressured Enerav 

This alternate energy resource is potentially large (Ref 29). The principal con­

straints on the developrrent and application of energy from geopressured-geother�.al 

resources are related to: (1) technical feasibility, (2) economic feasibilit}·, 

{3) environmental effects and ( 4) ins.titutional factors. 

The western U.S. has many known geothermal areas. Keplinger (Ref. 13) states 

that promising discoveries outside t.i.,e well-known C--eysers area have been made 

recently, and geothermal electric plants may be constructed in New Mexico, Utah 

and Southern California in the near future. Pacadopolous et al (Ref. 21) esti--
-- -

mates that the geopressured brines of the Gulf Coast might be capable of prc­

ducing 100 quacs (1 quad� 1015 Btu-equivalent to aoout 170 million barrels of 

oil) of electricity from the heat content of the prcduced brine alone. The energy 

content of the associated natural gas, if present in saturated solution, could 

contribute an additional 500 quads (Ref. 12 and�). These are rough estirrates 

of recoverable energy, not in situ resources. 
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Figure 15 is an overview of what energy could be expected in terIT� of recover­

able heat with present or near-term tec..�ology but without cost considerations. 

Geothermal--geopressured energy may, indeed, be a sleeping giant alternate energy 

resource. Its development is not mi."'li..""l.g related as is coal and uranium but is 

directly related to petroleum engineering and technology and should be rela­

tively straight forward to develop, given due consideration to the economics 

involved, the teCI".nolcgical proble.ins and the environ:nental and institutional 

factors {Refs. 1, 10, 12, & 15}. 

Minerals 

Alternate or substitute mineral resources will be needed to overcome the natural 

resource shortages we are presently exp:!riencing in some minerals. Innovative 

substitutions will prove viable. Ceramics can apparently substitute for scrne 

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 var:i,.ous 

processes tbat could be used to make large tonnages of organic chemicals from 

bark, sawdust and other waste wocd products (Ref. 4). Figure 16 shows that the 

U.S. is already deI;=€ndent on certain mineral irr:p:Jrts, no doubt in part due to 

political trade-offs. Many developing countries are C€ginning to mine their 

natural resources and can easily corrp;te in the world �arket (Ref. 1.J. For ex­

arrple, titanium mineral supplies are. still available within the U.S. (e.g. Georgia 

and Florida Atlantic coastline) but at a price that may not be competitive with 

with Australian, Brazilian or African titanium without impact tariffs. 
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Geooressured 

Elecertcal !1Cilhacioa 100 230 
Xedune !'roduccioti S00 l.500 

a ... e !:),n-;!QCI, 

Scea&T'io I (3) 80 240 
Scn:ano II(4) 600 1900 

�(5) 

Sc�rto I(J) 80 240 
Scenario tI (4) 650 1900 

TOTAL 

Sc,mario r<3) ~900 ~2.soo 

S<aiuio II(4) -2000 -6000

� TO'tAL (ltACN<I ;, l ua I.afar.-ed) 

Scenario I()) 340-0 �-

Scenario II(4) 3000 �-

(1) 11<>-.iaal Gradienca are noc included ac this ti::)e aa Chey u-e noc ?resencly
�idere-d :ecaverable. l Q,ad • 1015 3cu's. 

(2) l>oea tl<>C i!lclude les• th&A 90
°

C syscems, although such systaa :i&y be 
economically ex-ploicai>le especially forVoonelecc=ic applicacions. 

(3) Scatiario t: Aaa...uog n ucraction &ecove1:7, 8� Co!lVersioo �fticieocy. 

(4) Seen.aria II: Aasu=ing 12.51. !xt�action �ecovery, l� Co11Versi0n Efficiency. 

(5) Ma� resources ,uy be rmeved by natural resupply fr= Che lncerior of��•
earcb; therefore, this asci:M.ce -..ay be conser-�acive. 
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figure 16 

U.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 necessary if domestic primary and alternate 

sources and recyclyL�g were more seriously considered. At least some of the 

high grade u.s. deposits could 1:e __ developed in e.'1vironmentally-sensitive areas

if innovative and environrr.entally-ccgniz�t mining engineering were errployed. 

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

the proposed 1983 level of treat,nent teclmology which will surely result in: 

{l) further loss of domestic prcduction of the critically needed rr�tals and 

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

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

SUMMATION 

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

opment is excellent: 

1. Coal development will continue to expand rapidly in the eastern

and central regions, wheareas western coal will lag only a few

years behind eastern coal until t..�e federal leasing a�d environ­

mental problems are resolved, and they will be resolved with

significant environ.�ental restrictions i.rrposed. Low-sulphur

western coal will rerr1ain at prices higher than coal from eastern

and central U.S.

2. Uranium minL,g environmental proble�s will generally dissipate,
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but problems in reactor safety and waste handling may linger. 

Reserves will be adequate but prices will rise more than expected 

by E..�A. Nuclear power will reach 12% of electrical generation 

by 1980. 

3. Geothenr.al-gecpressured energy may draratically expand in the

western and Gulf states if petroleum corrpanies supf<)rt the develop­

ment of the resource.

4. Mineral shortages will continue to increase, but mineral substi­

tutes will take on scrre of the burden.

5. Environmental issues will continue to affect resource develop.nent.

If industry and state and federal regulatox:-y agencies develop

rational environmental controls, the goals of both will be ac.,ieved.

In closing, I suggest to you that the guiding philosophy of the

future will .b€: "Alternate resources to achieve a better balance.

Alternate d1oices to maintain tl1e environrrent 11

• 

- - - • - --------



REFERENCES 

1. Anon., 1976, "Annual Survey of Mining Activity: Market Survey 11
, Mining

Magazine, Vol. 13 3, No. 3, September, 29 p.

2. 

3. 

4. 

s. 

6. 

7. 

8. 

10. 

Anon., 1976, "w1'ly Coal-Gasification is Leaving the West", Business Week, 
Septemcer 13, pp. 76.J-760. 

Anon., 1976, "Costs of Complying with the Federal Water Pollution Control 
Act 11, Mining Conaress Journal, _ October pp. 75-78.

Anon. , 1976, "Tedmology Tackles Shortages II Che.rnical Week, Septerni::er 8, 
p. 53.

Belx>ut., D. G., in pcess, "Subsurface Techniques for Locating and 
Evaluating Geopc:essured-C-ecthermal Reservoirs along the Texas Gulf Coast" 
in Geoloqy of Alternate Enercv Resources in the Sout.,-Central United 
States (ed) i-lic.�ael D. Campbell, Houston Geological Society, Taxas 
{early 1977}. 

Campbell, M. D. (ed), in press, Geoloav of Alternate Enerav Resources 
in the Sout..�-Central United States Olapcars on Frontier, Trend Anal­
ysis, Utilization and Envi..r:onrr.encal Considerations of Lignite, wit.� 
Corrprensive References, Houston Geological Society, Texas (early 1977). 

Carrptell, M. D. and K. T. Biddle, in press, "Frontier Uranium Explora­
tion in t.I1e South-Central United States", in C-eolOC'.r of Ji..lternate 
Enerav Resources in the So�t.�-Central United States, Houston Geological 
Survey, Texas (early 1977). 

Chenoweth, W. L., 1976, "Exploration Activities", Ut"anium Ir.dustrv 
Seminar, U. s. ERDA, Grand Junction, Colorado, Cctoc€r 19-20. 

Errel:o, B. a., 1976, "Coal Leases", The Landman, October, pp. 28-35. 

Gustavson, T. C. and C. W. Kreitler, in press," C-eothermal Resources 
of the Texas Gulf Coast - E�viron.Tental Concerns Arising from the 
Production and Disposal of C-eot...�erm.al Waters", in C--eolccv of Alternate 
Enerav Resources in the South-Central Cnited States (ed) Michael D. 
Camptell, Houston Geolcx;ical Society, Texas (early 1977). 



22. Parks, J. W. and D. C. Thomas, 1976, "Plans for Operating Enrichment
Plants and the Effects on Uranium Supply", UcaniU!n Industrv Seminar,
u. S. ERDA, Grand Junction, October 19-20.

23. Rowen, H. E., 1975, 11Transport and Handling of Western Coals", Mininq 
Year.l:ook Colorado Mininq ?�scciation, pp. 94-100. 

24. Simon, J. A. and R. Malhotra, 1976, "Coal: Processing, Use and Environ­
mental Considerations", Illinois State Geolooical Survev Minerals Note
63, January.

25. U. S. Bureau of Mines, 1975, "Bituminous Coal and Lignite Distribution,
Calendar Year 1974", Mineral Industry Survevs.

26. u. s. Energy Research and Developrr.ent Administration, 1975, Definition
report, Geothermal Energy Research and Dev�lopment D€monstration Pro­
gram, Repart No. E...'IDA-86, Wash.in.gton, D. C., October.

27. U. S. Geological Survey, 1969, "Coal Fields of t11e United States", U. S.
Geolcgical Survey Bulletin 1275.

28. Von Kienlin, A., 1976, "Alternative Sources of UraniUiil", International
Symposium on Oranicrn Sueply and Dema11d. June 15-17, London.

29. White D. E. and D. L. Williams (ed), 1975, "Assessment of C-eot.1'1ermal
Resources of the United States-1975", U. S. G. S. Circular 726 (July).

30. Wilson, W. W., 1976, 11Financing New Coal Mine Develcpnent in the Decade 
Ahead", Mining Congress Journal, October, pp. 70-74. 




