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The interactions of the geological sciences with 

nuclear energy power development have recently increased 

at a faster pace than the growth of this remarkable, still 

youthful power source for our technology. 

From the initial experiments in power production 

30 years ago, the nuclear electric power industry has grown 

to comprise about 70 active light water reactors (LWR) which 

produced about 12 percent of the electricity generated in 

1977 (1). If the contemplated three-fold expansion of the 

number of reactors (to about 207) is achieved by 1990, 

nuclear power will probably supply 25-30 percent of the 

growing national electricity requirement, according to 

recent ERDA analysis (2). The existing reactors, and those 

currently planned, along with supporting facilities and fuel 

requirements, will represent an investment approaching in 

magnitude the United States national debt. 

The longer term growth pattern of national nuclear 

power capacity is uncertain. As a relatively recent power 

development with enormous potential, it has appeared at a 

time when traditional hydrocarbon and coal fuels are recognized 

to be finite resources having unique value in alternative 

areas. Nevertheless, the design of the long-term role of 

nuclear electrical energy in the United States energy plan 

has not been completed. There does not now exist an unequivo-

cal mandate for its utilization in our long-range energy 

development program. 
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At this point in time, national planners in many other 

leading industrialized countries have committed their economies 

to nuclear power generation as a major, if not dominant, 

replacement system for fossil fuels. In this country and 

elsewhere, an ongoing debate centers around the suitable role 

of the nuclear power option, focusing particularly upon 

concerns for adequate controls in handling reactor grade fuels 

and reactor spent fuel products. The social and political 

aspects of the debate process seem to be exercising a restraining 

influence on the current perceptions and planning of the 

electric utility industry with respect to further investments 

in nuclear power. Technical and economic questions involving 

fuel supply, regulatory environment, rate controls, and 

taxation also loom prominently for the industry. Until some 

clear national decisions emerge, the future utilization of 

nuclear energy in the United States will be difficult to 

assess. 

The geological sciences have been requested to provide 

a broad variety of inputs to the operating nuclear industry, 

to national planners and to the public forums considering 

nuclear energy policies. 

When the industry was in its infancy, it could be said 

to have been conceived by physicists and delivered by chemists 

and engineers. To support the growth of this infant, geolo-

gical scientists have been asked to find uranium to feed fuel 

to the growing number of reactors, help bed them in suitable 

sites, and to assist in planning containment and correction 
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of any consequent messes! 

In the active discussions concerning the nation's 

future nuclear utilization, earth scientists are called 

upon to assess the longer term availability of uranium 

and thorium relative to the availability of various compe-

titive fuel resources. They are asked to provide suitable 

geological criteria and specific site nominations for the 

effective managements of radioactive wastes over intervals 

of time of geological dimensions, from thousands to a million 

years, or more. In some circles, it is commonly requested 

that these complex assessments and recommendations be stated 

with precise numerical confidence values suitable for confi-

dent planning. The geological professionals strive to respond 

to such requests, of course, but they take some care to 

emphasize the information limits and the extent to which 

subjective analysis enters into such important considerations. 

Nuclear Energy Resources 

The light water reactor design which predominates in the 

US 1 . d · h h 235 u · b · h d •. nuc ear in ustry requires tat t e isotope e enric e 

from its abundance ratio of 0.7 percent in natural uranium to 

several percent. The other 99.3 percent, is not 

effectively fissile in the LWR until it is converted to 
239

Pu 

during reactor operation. Present execu.tive policy is not to 

239 
reprocess spent fuel to extract the Pu for reactor use. 

With this policy, and with the expected extraction efficiency 

for 
235u dur;ng natural · · ~ uranium processing, it appears that 

about 12,000 short tons (ST) of u
3
o

8 
were required in 1977 to 
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fuel the active LWR systems. By 1990, the annual require-

ments under similar operating assumptions, will be between 

45,000 and 60,000 ST u
3
o

8 
and the cumulative requirements 

between 400,000 and 500,000 ST u
3
o

8
. Depending upon the 

continuing rate of growth of the nuclear power program and 

upon continued limitations on spent fuel reprocessing, esti

mates of the cumulative uranium requirements for the year 

2000 range from 1,000,000 to more than 1,300,000 ST u
3
o

8
. 

In thirty years, through 1977, the United States 

produced slightly more than 310,000 ST u
3
o

8
. Past annual 

production is shown in figure 1. Only a small fraction of 

this production is in available inventory. In the next 23 

years, a total production 3 or 4 times greater must be 

achieved to meet even conservative estimates of demand. 

Figure 2 shows the projection of uranium production from 

operating centers and the probable production from new mines 

and mills now being activated, compared to two estimates of 

demands. It is apparent that remarkable new annual produc-

tion levels must be achieved within 10 years to support the 

power plants operating or planned for operation in the next 

twenty-five years. 

What are the resources to support this nuclear economy? 

Some pragmatic definitions are needed to discuss this 

question. Geologists and mining engineers distinguish between 

reserves (profitably extractable concentrations of metal, 

positively identified as to location, quantity and grade by 

adequate three-dimensional sampling) and other forms of 
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resources which are only partly defined or subeconomic, or 

whose existence is anticipated on the basis of geologic 

models but has not yet been identified or confirmed. The 

latter resources are largely hypothetical or speculative, 

and sometimes are called potential resources. The signi-

ficant difference between reserves and potential resources 

is the identification and confirmation process by which 

reserves are established. Potential resources remain to be 

discovered and tested. It is only on the basis of reserves 

that development funds are raised, mines and mills are built, 

and that electrical utilities can establish assured fuel 

supplies on which to base plans for new nuclear power plant 

investments. 

According to detailed analyses by the Department of 

Energy (3), reserves of between 650,000 and 700,000 ST u
3
o

8 

which could be produced as ore at a remaining production 

cost (forward cost) of $30 per pound of u
3
o

8
, exist in the 

United States. This figure includes all lower forward cost 

categories. Ac c.o r d in g t o DOE , t h e u n c er t a in t y i n t h i s 

+ reserves figure is somewhat greater than - 20 percent. 

Historically (in figure 3), this value has remained constant 

within that uncertainty for the last few years. Similarly, 

trends of reserve estimates for higher grade ores, less 

expensive to produce, have not climbed in recent years. An 

important reason is that only the higher grades of ore have 

been economically producible until recently. The 1976 average 

price is estimated at between $16 and $17 per pound u
3
o

8
. 
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Although new additions to all categories of reserves 

have not significantly surpassed the rate of annual produc-

tion, this has not been for lack of effort. The uranium 

exploration industry, spurred by an increasingly favorable 

market, is drastically increasing its expenditures, manpower 

and acreage explored. The most practical index of this renewed 

intensity of the exploration effort is the annual drilling 

footage expended to explore for and develop uranium deposits. 

In figure 4, the historical pattern of exploration drilling 

as well as total drilling is shown and projected through 1978. 

Because the cost of drilling has risen far more rapidly than 

inflation, reflecting greater average depth of exploration 

and more sophisticated techniques, annual exploration expen-

ditures have been growing at even greater rates. Total 

exploration expenditures in 1971 were 41.3 million dollars; 

in 1974, 79.1 million dollars; in 1977, an estimated 236 

million dollars. Although the yields of u
3
o

8 
reserves per 

foot of drilling and per dollar expended are continually 

declining, we can plausibly expect some improvement in 

annual discovery rates. 

projected demand? 

Will it be sufficient to meet the 
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The Uranium Resource Base 

Many analysts have employed estimates of the total 

uranium resource base (reserves plus potential resources) 

to develop answers to this question of capability. DOE 

has offered a recent preliminary estimate of about 3.5 

million ST u
3
o

8 
producible at forward cost of $30/lb. (4). 

Less than 20 percent of the total $30/lb. uranium resource 

is in identified form, as reserves. No statement of uncer-

tainty for the overall figure has been offered but it must 

+ be considerably larger than the - 20 percent which ERDA 

suggested for its $15/lb. forward cost reserves (S). 

The national uranium resource base cannot be assessed 

accurately at this time. Nearly 90 percent of our reserves 

and much of our implied resources are located in certain 

sandstone environments in the Rocky Moutain and Gulf Coast 

regions. Estimates of those resources which are believed to 

be extensions of known ore deposits and known mineralization 

trends in productive districts, based on geologically 

reasonable models for their formation, are more persuasive 

than other classes of potential resources. They are included 

in a category, probable potential resources, by DOE - ERDA 

which has estimated them at nearly one million tons at $30/lb. 

forward cost in the sandstone occurrences and at 1.1 million 

tons for all types. 

figures is offered. 

No statement of confidence for these 

Most of this probable potential resource 

remains to be discovered and converted to reserves from which 

production can be planned. 



DOE also estimates another 1.6 million ST u
3
o

8 
($30/lb.) 

of possible or speculative potential resources may exist in 

districts or geological provinces where there has been no 

history of significant previous uranium production. Again, 

almost all of this material remains to be discovered and 

tested. 

A significant increment of potential uranium supply may 

be expected as a by-product from phosphate (and copper) 

mining. Central Florida phosphate production may yield up to 

several thousand ST u
3
o

8 
per year, if extraction technology 

is effective and sustained phosphate and uranium markets are 

favorable. DOE expects more than 150,000 ST u
3
o

8 
from this 

source in the next 30 years (4), assuming significant pro-

duction starts soon. That expectation has been expressed for 

several years but in 1977, annual by-product uranium was about 

It will be 1980 or later before practical levels 

of sustained uranium by-production can be determined. 

The Energy Research and Development Administration 

initiated the NURE (National Uranium Resource Evaluation) 

program in 1974 to achieve a more effective assessment of the 

national uranium potential. It is scheduled for completion 

in 1981, aid includes aerial radiometric reconnaissance; sub

face geologic and related investigations; hydrogeochemical 

and stream sediment reconnaissance;subsurface geologic inves

tigations; and technology development to improve existing 

methods and design new equipment for use in all phases of 

uranium exploration. The U.S. Geological Survey is assuming 
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a major role in developing many important geological and 

geochemical aspects of the entire assessment program. 

Through rapid and effective information and technology trans

fer to industry, the NURE program hopes to contribute to 

increased industry exploration success. The dimensions of 

federal funding for the NURE program are being significantly 

expanded as the implications of a possible shortfall in 

uranium within the next ten years have become apparent. 

The economic limitation imposed upon the definition of 

the useful resource base at any given time is the minimum 

price which will support production from a marginal uranium 

deposit. This figure will change with demand. Economists 

have suggested that the nuclear industry can support higher 

fuel prices because nuclear power costs are not as sensitive 

to fuel prices as in other power-generating systems. It is 

only in the last few years that a percentage of sales in the 

range of $30 to $60 have made the $30/lb. forward cost cate-

gories of reserves appear producible. 

prices affect the resource base? 

How would higher market 

For resources dominated by sandstone-type uranium 

deposits, it appears that the magnitude will not increase in 

direct proportion to price, much less exponentially. In 

figure 3, it is clear that the $30/lb. reserve category in 

1977 represents only a 65 percent increase over the $15/lb. 

category which it includes. This expansion with a doubling 

of price category is somewhat exaggerated by the production

depleted nature of the $15/lb. reserves. When ERDA recently 
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released its first estimate of $50/lb. reserves (table 1), 

it expanded the identified reserves from 680,000 tons, 

$30/lb., to 840,000 ST u
3
o

8 
at the higher cost, a 24 percent 

estimated increase in uranium in response to a 67 percent 

price change. Several factors involving information availa-

bility probably have depressed the true tonnage/price relation. 

Nevertheless, there appears to be substantial mining and 

geologic data to indicate that for presently-identified 

types of resources, drastic price increases will be required 

to substantially influence the total resource figures. 

At this stage in our understanding of the resources, 

and with current economics, it is prudent to recognize that 

the only resources for which a quantitative assessment can be 

made are the reserves (690,000 ST), the probable potential 

resources (1,090,000 ST), and perhaps 60,000-70,000 tons of 

by-production from phosphate mines. These sum to about 1.83 

million ST u
3
o

8
, at $30/lb. This figure appears capable of 

meeting our presently-perceived needs to the year 2000, with 

two caveats: (1) that more than half this sum remains to be 

discovered and verified; and (2) the uncertainty in the sum 

may be more than one third of the total figure. 

Uranium Supply Problems, 1980-2000 

Uncertainties about the total uranium resource base 

have tended to obscure factors of more critical concern for 

the intermediate period 1980-2000, when production from 

current reserves must be supplemented and replaced by pro

duction from what are now potential resources (figure 2). 



Although the precise time for inception of this new 

increment of production is somewhat uncertain, it should 

occur between 1980 and 1985, perhaps about 1982. The U.S. 

bbl 'd 'f' d 235u . h d government pro a y can provi e an unspeci ie -enric e 

inventory for an interim period of one or two years. However, 

the U.S. also may be faced with international commitments 

to supply enriched fuels to foreign countries cooperating 

with our spent fuel non-reprocessing program. There is 

increasing evidence suggesting that for the entire western 

world, the supply and demand curves will cross between 1982 

and 1990. 

It seems clear that the United States must start con-

verting its potential resources to reserves at a much more 

rapid rate than has been recorded recently. The category, 

probable potential resources, should and will receive greatest 

attention for near-term exploration efforts. Simultaneously, 

however, exploration in all classes of favorable geologic 

provinces should be pressed to establish new resources and to 

discover important new districts. 

The conversion of potential resources to production 

consists of a number of essential sequential operations, each 

of which requires significant time for completion (table 2). 

It is apparent from these lead times that discoveries 

and reserves established in the next five to eight years 

will determine the production level from 1990 to 2000, and 

that it is the current exploration success rate that will 

determine supply in the mid 1980's. Since mine production 
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is distributed over a lifetime of 10 to 20 years, one can 

expect only 1000 ST u3o8 of annual production over a ten

year period from a 10,000 ST u
3
o

8 
discovery, starting at 

least five years after the discovery. To obtain 40,000 tons 

of new production in 1990, the exploration industry must 

achieve at least 400,000 ST u
3
o

8 
of discovery and confirma-

tion of new reserves by 1985. This corresponds to an annual 

level of success rarely sustained in the past, but it is not 

impossible. The challenge for exploration geologists beyond 

1985 will continue to grow, unless major changes occur in the 

boundary conditions governing national use of nuclear electric 

power generation. 

In our earlier exploration experience the two largest 

additions to reserves were directly associated with the dis

covery and development of two rich regions, the southern 

San Juan basin, New Mexico, and the Tertiary basins of 

Wyoming. For the future, it appears that similarly large 

districts must be found at even more frequent intervals. 

The overall success of the national exploration efforts 

will depend on (1) the character and dimensions of the re

source base, (2) the incentives for industry to invest in 

accelerated exploration, and (3) the scientific and techni-

cal qualities of the exploration programs. The first is out 

of our hands. The second will be determined by long-overdue 

national decisions. The third will be the responsibility of 

geologists, geochemists and geophysicists. 

Industry already has organized impressive exploration 
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teams; many of the best are drawn from the petroleum 

companies. The federal government's field and laboratory 

programs, led by the U.S. Geological Survey and DOE contrac

tors, are focusing their technical talents on the NURE assess-

ment program. Perhaps the most technically challenging problem 

is the rapid development of improved and more diverse genetic 

models for the formation of uranium ore deposits. The explor-

ation industry frequently has expressed the need for research 

in this area. 

This deficiency can be attributed, in part, to a period 

in the 1960 1 s when the USAEC was faced with an apparent 

uranium surplus and withdrew its university support for basic 

research in the geology and geochemistry of uranium. Many 

outstanding scientists and laboratories in universities who 

were trained with AEC support, .turned to other activities. 

(Not incidentally, they made major contributions to the NASA 

lunar and planetary exploration programs). 

The Department of Energy can and should now enlist a 

broad spectrum of these same university researchers, with 

their new concepts and tools to participate in the basic 

research and technique development required for more creative 

and constructive approaches to uranium discovery. 

Earth scientists are now deeply involved with the rest 

of the science community in addressing the challenges of 

nuclear electrical energy utilization. At least one implica-

tion of this analysis is whatever the national policy, 

successful solutions and/or plausible alternatives can be 
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devised, provided lead times are recognized and oppor

tunities for sound, aggressive scientific investigation 

of the resources and the environments of the earth, are 

provided. 



15 

References 

(1) Federal Energy Administration, "Monthly Energy Review," 
August, 1977. 

(2) ERDA - GJO - 108(76), "Uranium Industry Seminar," 
October, 1976. 

(3) ERDA - GJO - 100(77), "Statistical Data of the Uranium 
Industry," October, 1977. 

(4) DOE - ERDA - GJO - 108(77), "Uranium Industry Seminar," 
October, 1977. 

(5) ERDA - GJO - 111(76), "National Uranium Resource 
Evaluation, Preliminary Report," July, 1976. 

(6) ERDA - GJO News Release, June 22, 1977. 



V) 

z 
0 
I-

LL. 

0 

25 

20 

V) 10 
Cl 
z 
<( 
V) 

::) 

0 
I 
I-

5 

0 

HISTORICAL RECORD OF 

U.S. ANNUAL URANIUM PRODUCTION 

ANNUAL 
PRODUCTION 

1950 1955 

(' 

1960 1965 1970 

YEAR END 

Figure 1 

1975 



-CJ) 

z 
0 
I-
,.._ 
0 

- CJ) 

0 
z 
<l: 
CJ) 

:::> 
0 
::r: 
I-

.. 
w 
0 

X 
0 

~ 
:::> 
z 
<l: 
0:: 
:::> 

70 

60 

50 

40 

30 

20 

10 

1975 

UNITED STATES 
ANNUAL URANIUM DEMAND 
vs. ESTIMATED PRODUCTION CAPABILITY 
BASED ON KNOWN RESERVES- 5 30/lb 

Demand, 
Erda MIDCASE 
Oc1. 1976 

.,,,,.·---,, 
.,,,. 1 Potential 

I Capability ...._ ...... _ 
- ............ (NewMinesaMills) ----·--·--·,......_ ..... --. 

Production Capability .......... ...... 
{Operating Mil Is) -- __ · -. 

1980 1985 

YEAR of DELIVERY 

Figure 2 

Demand, 
DOE 
Oct. 1977 

1990 



-ex:) 

0 
I'(') 

:::) 

r0 700 
0 .....--
X 
en 600 
C: 
0 

-+----
en 500 
Cl.) 

> 
"
Cl.) 

~ 400 
0:: 

Cl.) 
"-

0 300 
E 
:::s -
§ 200 
"-

:::) 

t, 

Cl.) 100 
-+-
0 
E 

-+
en 

TRE!VOS IN HISTORICAL ESTIMATES 
OF URANIUM RESERVES 

. -------- . . -

$30/lb ~ 
~~ 

/ 
$15/lb _ ----' 

/ 

/ 
/ 

/ ' " 
,,,/~ $ 10/lb 

/ ~- . ·---
'--------

-- _,,,,-,," . / . $ 8 I I b . -....... . 
-- / " . ·----- -. ../"' . ·-

,~ . ., 

w 
0 ,_____ _ _.___ _ ___,__ _ _,__ _ _...._ _ __._ __ ..____....___ _ __.__ _ __.__ _ _____.___-...1.._----1 

1965 1967 1967 1971 1973 1975 1977 

,As of January 1 of the Year 
Figure 3 



50 
~ ", 

HIS!ORY OF U.S. URANIUM I 
EXPLORATION DRILLING EFFORT 

I 
I 
I 
I 

40 I 
I 

0 I 
z I 
_J I _J 

a::: 
Cl 
LL 

TOTAL ANNUAL DRILLING 0 30 '- / 
I-- ( UJ 
UJ 
LL I 
LL I 
0 I 
V) I 
z I 
0 ANNUAL EXPLORATION I 
_J 20 
_J 

~ 

Cl 
UJ 
I-
<( 

:E 
10 I-

V) 
UJ 

1950 1955 1960 1965 1970 1975 

C CALENDAR YEAR 

Figure 4 



$/Lb. U303 
Cost Category 

$10 
$10-$15 Increment 
$15 
$15-$30 Increm2nt 
$30 
$30-$50 Increm2nt 
$50 

Table 1 

ERDA 

U.S. Uranium Resources 

Reserves 

250,000 
160,000 
410,000 
270,000 
680,000 
160.000 
840,000 

January 1, 1977 

Tons U39B 

Potential Resources Y 
Probable ".Possible Speculative 

275,000 
310,000 
585,000 
505,000 

1 .090 .000 
280,000 

1,370,000 

115,000 
375,000 
490,000 
630,000 

1,120,000 
300,000 

1,420,000 

100,000 
90.000 

190,000 
.. 290,000 

480,000 
60,000 

540~000 

lJ The reliability of the potential resource estimates decreases from the 
probable to the speculative class. 



Activity 

Land Acquisition and 
Exploration, including 

Table 2 

Typical Time Requirements 

Permits ................................... 5 - 10 years 

Property Development, 
including permits ......................... 1 - 3 years 

Mine and Mill Construction, 
including permits ......................... 2 - 3 years 

Total Time from initiation 
of exploration to beginning 
of production ............................. 8 - 16 years 

Typical Production Life for 
active mines in 1976..... .......... ....... 16 years 


