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Abstract

This document presents a method for estimating uranium resources as a continuous function of extraction
costs and describing the uncertainty in the resulting fit. The estimated functions provide convenient
extrapolations of currently available data on uranium extraction cost and can be used to predict the effect of
resource depletion on future uranium supply costs. As such, they are a useful input for economic models of the
nuclear energy sector. The method described here pays careful attention to minimizing built-in biases in the
fitting procedure and defines ways to describe the uncertainty in the resulting fits in order to render the procedure
and its results useful to the widest possible variety of potential users.

1. INTRODUCTION

The process of extracting uranium accounts for a substantial portion of nuclear power
generating costs, and the share may increase rapidly when uranium resources become more
depleted in the future. The magnitude of uranium extraction costs may come to play a decisive
role in choices between different fuels for electricity generation as well as for choices between
diffèrent fuel cycle options within the nuclear industry. Higher uranium prices make nuclear
power less attractive and favour reprocessing of nuclear materials over other disposal and
storage options. With concomitant globalization of uranium marketing, estimates of available
uranium resources as a function of extraction costs may become increasingly useful for
long-term energy planning. The work reported here is part of a larger project investigating
whether near term investments in plutonium reprocessing and/or breeding technology are
economically favourable under various assumptions about the access to global markets for
natural gas, oil, coal, and uranium. There are three possible answers to such questions at a
given confidence level: "yes", "no", and "we don't know", each with different policy
implications. Allowing for the third of these possibilities draws attention to the importance of
quantifying the uncertainties any such analysis is inevitably fraught with. To this end, we
develop a probabilistic approach to uranium resource estimates and conclude the paper with
comments on how the reported resource estimates may be supplemented with confidence level
calculations. Since 1965, the Nuclear Energy Agency of the OECD has reported information
on uranium resources in their bi-annual publication Uranium Resources, Production, and
Demand, the so-called Red Books1. Resources are reported for different price categories, e.g.
resources extractable at a cost of up to $40, $80, or $130 per kg of uranium metal. Resource
estimates are also differentiated according to the certainty of the estimate, i.e. Reasonably
Assured Resources (RAR), Estimated Additional Resources (EAR I, EAR II), and Speculative
Resources (SR). Since 1991, the Red Books have achieved adequate coverage to estimate
global as well as regional uranium resources, and the work described here is based solely on
the information reported there. This restriction causes us to omit some other available
information, but it has the advantage that our analysis is based on a widely available and
well-defined database. The substance of the present preliminary discussion is divided into two
parts. First, we examine how total uranium estimates for different regions have evolved over
time in order to get a good sense of how complete these estimates really are. To make the

1 Please see NEA/IAEA (1996). Previous editions are referenced on p.353 [1].
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analysis and examination of the available data readily tractable, countries are grouped into
nine areas according to their geographical location and their reporting methodology. For most
of the regions the estimates remain fairly stable overtime. However, our analysis suggests that
the reporting of two regions may still be incomplete, with the consequence that future upward
revisions can be expected. The two regions include the large group of countries that had
centrally planned economies prior to 1989 and a Pacific region that is dominated by
Australia's substantial resources. Another two regions, whose resources are dominated
respectively by France and by francophone Africa, do not report the category of Speculative
Resources. In order to estimate those resources we use regression analysis to establish how the
share of total resources a country reports as speculative depends on its exploration
expenditure. The analysis suggests that for the two regions Speculative Resources may
constitute respectively a negligible and a modest portion of total resources. Second, we use
data for nine individual countries which reported fairly complete information in the 1993 and
1995 Red Books in order to examine how a country's available uranium resources vary with
extraction costs. The model underlying the analysis accounts for both the progressive
exploitation of lower grade ores and for increasing costs of extracting progressively less
accessible ores of the same grade. We estimate uranium resources as a function of extraction
costs and obtain a result which is nearly linear over the $40/kg to $130/kg range. However,
the function extrapolates nonlinearly for both lower and higher cost levels. The latter result
may justify the additional complication of the more physically based model. Otherwise,
"blind" extrapolation of a mathematically more convenient linear model could cause us to
significantly overestimate the accuracy of the resulting fits outside the range where data is
available.

2. COMPLETENESS OF RESOURCE ESTIMATES

In order to analyze how complete current uranium estimates are, we have looked at the
time series of past resource reports. Figures 1 to 3 show such time series of uranium resource
estimates per unit land area for the regions Pacific Rim, Asia+, and EuroSpec. All countries
for which estimates have ever been reported in Red Books are subdivided into the nine
regions. The "Canadian Region" includes only the large resources reported for Canada. The
countries in other regions are listed in Table I.
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FIG. 1. Estimates of uranium resources in the Pacific Rim region.
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FIG. 2. Estimates of uranium resources in the Asia+ region.
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FIG. 3. Estimates of uranium resources in the EuroSpec region.

TABLE I. REGIONS WITH MORE THAN ONE COUNTRY
N. America

Greenland
Mexico
U.S.

S. America

Argentina
Bolivia
Brazil
Chile
Colombia
Peru
Venezuela

Pacific Rim

Australia
Indonesia
Japan
Korea, S.
Philippines

Asia+

Bulgaria
China
CFSR
Hungary
India
Kazakstan
Mongolia
Romania
Russia
Thailand
Ukraine
Uzbekistan
Vietnam

EuroSpec

Egypt
Germany
Greece
Italy
Portugal
U.K.

EuroOther

Algeria
Austria
Finland
France
Somalia
Spain
Sweden
Turkey
Yugoslavia

AfricaSpec

S. Africa
Zambia
Zimbabwe

AfricaOther

Angola
Botswana
Cameroon
CAR
Gabon
Madagascar
Namibia
Niger
Zaire
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"N. America Other" includes the USA, Mexico, and Denmark's reporting for Greenland.
"Pacific Rim" includes Australia, Indonesia, Japan, the Republic of Korea, and the
Philippines. "Asia+" includes formerly centrally planned economies in Europe except for East
Germany and the remaining reporting countries in Asia. S. America includes Argentina,
Bolivia, Brazil, Chile, Colombia, Peru, and Venezuela. "EuroSpec" includes European and
North African countries which have reported Speculative Resources Other European and
North African countries are included in "EuroOther". "AfricaSpec" includes African countries
which have reported Speculative Resources, and "AfricaOther" includes other African
Countries. Resource data for years prior to 1995 have been linearly interpolated to $130/kg at
1995 prices2. Missing data for particular years are linearly interpolated and extrapolated as
constant. Missing resource extraction data is extrapolated as proportional to reported
production capacity, and as constant at the first reported amount back to the first reported
post-World-War-II production where that information is also missing. We are most interested
in the amount of total uranium resources which is calculated as the sum of already extracted
uranium ("Dug") and all resources reported in the various categories at extraction costs of up
to $130/kg, including RAR (Reasonably Assured Reserves), EAR (Estimated Additional
Resources, including both categories I and II where these are reported separately), and SR
(Speculative Resources). If Speculative Resources were only reported at $260/kg or without a
cost category half of the reported amount was assumed to be extractable at $130/kg. To
investigate whether reporting of cumulative resources approaches a steady state, we fitted
least-squares models for exponential saturation as a function of time beginning in 1983 when
reporting of "Speculative Resources" began. Only for the "Pacific Rim" and "Asia+" regions
were positive time constants less that 100 years obtained. The resulting fits for these are
shown in Figures 1 and 2. We extrapolate them to a steady state to get the resource estimates
listed below. For the other regions we use the average amount of resources reported since
1983. For the EuroSpec region, this procedure is indicated by the horizontal lines in Figure 3.
The regions "EuroOther" and "AfricaOther" do not report Speculative Resources. To obtain a
reasonable figure, we use a least squares regression to estimate the share of Speculative
Resources as a decreasing function of cumulative exploration expenditures per unit land area,
E. We assume that the fraction of total resources that are reported as non-speculative follows
the function 1 - exp(-a>B), where œ is the coefficient to be estimated. The fitted function and
the resulting estimates are shown in Figure 4. It should be noted that the above inflation
adjustment, linear interpolation, and constant extrapolation procedures were also used for
missing exploration expenditure data. For the few countries that did not report exploration
expenditures we assumed their expenditure per unit land area to be equal to the average for the
region they are included in. With the above procedure we estimate total uranium resources
remaining in the ground in 1981 to be (all data in Mill, tonnes): North America 3.5, South
America 0.6, Pacific Rim 4.5, Asia+ 7.4, Europe and North Africa 0.7, and for the rest of
Africa 2.3. By comparison the International Uranium Resource Evaluation (IUREP)
estimates3 are: North America 1.6, South America 0.8, Australia 1.5, Centrally Planned
Economies 3.5, Western Europe 0.5, and Africa 1.6 [2]. The global total of 18.8 Mill, tonnes
we obtained is approximately twice as high as the 9.5 Mill, tonnes for the IUREP estimate.
The ratio of total resources to speculative resources reported in the 1983 Red Book is 1.6,
whereas the ratio of total resources from the present estimate to the inflation adjusted
"IUREP" estimate is 2.0. The midpoint of these ratios is 1.8, with an approximately ±10%

2 This price data is adjusted for inflation with the US Consumer Price Index so that all prices are in 1995
US dollars.

3 See IAEA (1984). The data were similarly adjusted for inflation and linearly interpolated to $130/kg at 1995
prices. They are reproduced in the 1983 Red Book.
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spread, as reported for a nominal 50% confidence interval as the "most likely range" of total
Speculative Resources for the IUREP estimate. This comparison does not, of course, account
for the possibility of a systematic bias common to both estimates, an analysis of which is
outside the scope of the present calculations and would require additional expert opinion.
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FIG. 4. Fraction of non-speculative resources vs. exploration expenditures.

3. RESOURCES AS A FUNCTION OF EXTRACTION COSTS

Having examined estimates of uranium resources extractable at a reference price, we
now turn to the question of how extractable resources vary with extraction costs. We choose
here a model that is sufficiently flexible to capture some of the complexity of the topic. On the
other hand, it the number of free parameters is small enough to be conveniently examined
with the limited database. We assume that the distribution of uranium by ore grade y
(measured in weight-%) follows the function 7/where

and 77, is a country-specific proportionality constant determining the total endowment of
country /. For the purposes of this paper we will restrict ourselves to the common assumption
of a log-normal distribution (i.e. u = 2) and (Ç ~ 7, a value that can be estimated from the ratio
of average crustal abundance to that of typically mined ores. Both assumptions may be relaxed
in future versions of this paper. We also assume that extraction costs per unit uranium ore
consist of a fixed cost y and a depth-dependent cost which increases as a power of the
difficulty £, of accessing it. Costs per kilogram uranium metal/» are then inversely proportional
to the ore grade.

In the simple case of an inclined seam of uniform grade and thickness, t, is proportional
to the cost of excavating to the depth of the seam, so as a convenient notational shorthand here
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we shall refer to the parameter § as "depth4". This model is more general than the simplest
mathematical fits of resource vs. extraction cost but simpler than more complex models of
individual ore bodies, which may also account for deposit size and grade non-uniformity [3].
The latter are avoided here due to their greater complexity and the lack of data bases that
report the characteristics of deposits in entire countries or regions. Solving equation 2 for t,
yields

When the market bears extraction costs of p, material of concentration y can be
profitably extracted up to depth t,(y,p), while material at greater depth is not yet worth
extracting. For country z, the uranium in the range y to y + dy which can be profitably
extracted in the limit of small dy is ££ (y) dy. Integrating over all relevant ore grades and
dividing by integrated resources at a reference cost, here called ps, gives the share of total
resources u which is extractable at cost up top.

hip

Here p is extraction cost divided by a reference cost taken here to be $130/kg, and in
these units the reference cost used here is ps = 1. We shall restrict ourselves here to the
physically-sensible cases where the available resources drop sufficiently fast with increasing
ore concentration so that the results are essentially independent of the maximum possible ore
grade, ymax. For log-normal ore grade distributions, it is convenient to transform to the new
variable

(/)=h\(y/p)

and define
c = In (y/p)

Then the lower limit of integration for a given extraction cost p7 is $ = c - In pj. For
given Ç the amount «,- initially extractable at a given cost pj for sufficiently large $nax = ym^p
is then proportional to a function of only the two parameters b and c:

" ( e x p <f> - e x p <fij )yb exp(</> - Ç<j)2 ) d 0

' ( e x p <j> - e x p </>j )Vb exp(</> - Ç(/)2 )d(p

The integrals can be computed in terms of standard functions for the cases b=l and b='A
but in general must be computed using a common numerical integration routine. We restrict
the present analysis to those countries recently reporting data complete enough that it includes
both speculative and other resources available up to $130/kg as well as at least one lower cost
category. Including Australia's 1993 Red Book estimate of Speculative Resources with other

_ (1/4) J%

4 In more complex situations this parameter also accounts for increasing difficulty of accessing successively
extracted ores of a given concentration due to problems with terrain, underground conditions, etc.
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TABLE H. AREA AND URANIUM RESOURCES FOR SELECTED COUNTRIES
(in K tonnes/Mill km2)

Bulgaria
Kazakhstan
Romania
Canada
Peru
U.S.
Vietnam

Area
(Mill. Km2)

.111
2.717

.238
9.971
1.285
9.809

.330

Non-Speculative Resources
< S40/kg <

75.8
240.1

4.6
0.0
0.0
0.0
0.0

$80/kg <
292.7
365.7

74.6
58.5

8.0
129.5

18.8

: $130/kg
335.2
463.0
135.9

90.8
18.4

211.5
322.2

Speculative
Resources

144.3
184.1

8.4
70.2
15.6
87.5

394.5

data from the 1995 Red Book, this gives seven countries, three of which report at $40/kg as
well as at $80/kg and $130/kg. We expect that the largest uncertainties will result from
Speculative Resources and their (unreported) distribution of extraction costs, so we lump
extracted resources ("Dug"), Reasonable Assured Resources, and Estimated Additional
Resources together and list Speculative Resource estimates separately, as shown in Table H.
The purpose of the above physically-based model is to estimate total resources as a function of
extraction costs. However, Speculative Resources, which account for an important portion of
total resources, are not broken down into the $40/kg, $80/kg, $130/kg categories. It is
therefore necessary to estimate how Speculative Resources are distributed among these price
categories within the model calibration procedure. We allow here for the plausible possibility
that Speculative Resources are listed as such in part because they are less economically
attractive than those listed in other categories. In particular, we assume that the expected value
of the fraction gtj of resources listed in the non-speculative category in country i at price pj
decreases exponentially on a scale rh with that scale itself an exponential function of
extraction cost. The resulting function is

e = e '

where
= 1- e,-pJd

The reference rate constant q, describes how a country's fraction of speculative resources
depends on its exploration expenditures and possibly other factors. The a-priori uncertain
dependence of the rate on the cost category of the reported resources is assumed here for
simplicity to depend on a single universal constant, d. Here we will use the reasonably good
first approximation that the fraction gi3 of speculative resources extractable up to reference
cost ps are known in terms of the reported values si3 and ri3 for speculative and other resources
respectively, so that

Using this approximation, the a-priori uncertain ratios of speculative to total resources
for other cost categories depends only on the known values gi3 and the single a-priori
uncertain parameter d via the relation

Sij <5i3 o,3
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We further assume that the differences between the predictions of the model and the
reported data are a random sample from normal distributions with common variance a2. These
"residuals" are referred to here for Speculative Resources as

5, = ajUsgis -SJ3

where a, is a constant proportional to the resource endowment for each country, and for
other resources as

The hj/s are mere bookkeeping factors that take the value zero if the corresponding r^'s
are not reported and unity otherwise).

A reference "point model" for this case can be obtained by maximizing the probability
of obtaining the given data through adjusting the parameters ah d, a2, b, and c without any
prior assumptions about the likely values of these parameters. Such a procedure would,
however, neglect potentially useful a-priori knowledge, for example that a physically sensible
interpretation of the resulting model requires that the parameters b and c be non-negative5.
Extreme values of the parameter d are also common-sensically precluded, as the limits d -» -
cc and d —> oc correspond to all Speculative Resources being extractable respectively only at
zero cost with none dearer, or at the reference cost with none cheaper. We represent this
assumed prior knowledge here for the positive-definite quantities b and c with unit log-normal
prior probability functions and for d with a unit normal prior probability function. A reference
value of b » 1.5 represents a point midway between a linear and quadratic increase of the
non-constant portion of extraction costs with "depth". A reference value of c » 7 is obtained
from an order of magnitude estimate that 10~6 of the total crustal abundance extracted to an
overburden of 100 tonnes/m2 can be obtained at the reference price down to a concentration of
c.103 times the mean crustal abundance. The use of prior probability distributions described
here is conceptually convenient to avoid non-physical results. It is also mathematically
convenient since it allows us to initialize the optimization search and prevents it from
"wandering off into non-physical parameter space regions which might otherwise provide
local optima and/or be connected to the physically desired solution by a relatively "flat"
region in parameter space. Nevertheless, the prior probability distributions used here still
allow for a wide variety of possible solutions (e.g. forcing only a 67% prior probability that
the parameter b will lie between the physically remarkable values of b - 1.5/e » 0.6 and b =
1.5xe « 4). With these assumptions, the desired estimation procedure amounts to maximizing

(2^y(N+3)/2exp(-i)where

/ = (1 / l\d2 + ln\b 11.5) + In2(c / 7)] + (1 / ln cr2 + S2 I a2 + ̂ { h i } ln (

For the example shown here, the number of countries considered is / = 7 and the total
number of non-zero data entries is N = 24. The factors of 2n and N factors of I/a = exp [-(1/2)
ln a2] have been collected for notational convenience, since the required maximization

3 A negative value for b would correspond to extraction becoming cheaper with decreasing accessibility, and a
negative value for c would correspond to extracting reference cost ores with concentration of less that the mean
crustal abundance.
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procedure is equivalent to minimizing a constant plus the so-called negative log likelihood, -/.
This minimization can be done analytically for the country-specific parameters a, and the
variance a2 when b, c, and d are given. Therefore, we have a readily tractable numerical
maximization problem for finding the maximum likelihood values of the latter parameters.
The resulting overall maximum likelihood result includes the estimates b— 1.6, c = 5.4, and d
= 1.1, all well within or near the unit variance range of their prior probability distributions.
The resulting function of uranium resources vs. extraction costs is shown in Figure 5, along
with two other curves which illustrate how the result would change for different values of the
parameters b and c. The predominant influence of increasing b is to make the exploitation of
less accessible resources more difficult, as illustrated by the presence of the leading factor
pljb in the above expression for uj. This causes resource estimates for large values of b to be
reduced below a linear extrapolation to higher extraction costs.
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FIG. 5. Uranium resources vs. extraction cost.

The predominant influence of increasing the parameter c is to push the ores being
exploited at lower costs farther out into the "tail" of the ore concentration distribution, where
amounts of available ore fall off most rapidly with increasing ore grade. This means there is
relatively less high grade ore to be exploited at low extraction cost. As a result, resource
estimates at low prices are again smaller than they would be for a linear resource vs.
extraction cost function. A combination of high b and c produces an S-shaped curve while a
combination of low b and c produces a nearly linear curve. However, both combinations
produce very similar results over the parameter range covered by the data base. Since results
which are similar over the range that is covered by the reported data can produce very
different but physically reasonable extrapolations to low and high costs6 it may be important
to provide estimates of how accurate parameters such as b and c are determined by the model.
A convenient multivariate normal approximation to probability distributions for the
parameters of the model can be defined by the inverse of the matrix of second derivatives of
the negative log-likelihood with respect to the a-priori uncertain parameters, evaluated at the

6 Uranium resources at high costs, i.e. higher than $130/kg, are relevant because studies have suggested that at
such prices plutonium reprocessing and breeding can become competitive with the use of natural uranium in
nuclear power stations.
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maximum likelihood point (where the first derivatives all vanish). Integrating this
approximation over the complete parameter space for which the sum of the a, is less than any
given value a also gives a convenient approximation to the probability of a given amount of
uranium being extractable from all of the treated countries together being as much as a at any
given extraction cost, p. Alternatively, more exact results can readily be obtained from this
type of model by using Monte Carlo methods.

4. DISCUSSION

The first part of the above analysis suggests that there are only modest uncertainties
about the global uranium resources that can be extracted at costs up to a given reference price,
here $130/kg at 1995 prices. The second part provides estimates of available uranium
resources as a function of extraction cost, while noting that there is additional uncertainty
concerning the extrapolation to both higher and lower extraction cost values, hi the
concluding discussion, we first list a number of issues where expert opinion might be helpful
to improve upon the accuracy of the model and the corresponding error estimates. Then we
discuss a number of additional procedures which might be helpful in producing useful
estimates of regional and global uranium resources and the uncertainties involved. A first pair
of questions where expert opinion might be useful concerns two of the explicitly defined prior
probability distributions described above.

(a) What degree of certainty can one ascribe to the concept that resources reported as
speculative tend to have higher extraction costs than resources reported in other categories
(e.g. 50% as assumed here, ^67%, >95%, or some other number)?

(b) What degree of certainty can one ascribe to the concept that the cost of accessing
resources of a given average grade increase at least as fast as linearly with the amount
extracted, averaged over a large variety of deposit types (e.g. ^50%, ^67%, ^95%, or some
other number)?

Another set of questions concerns how fast the availability of high grade ores initially
present in the ground falls off with increasing ore grade (or alternatively, how much
extractable lower grade ore is there likely to be at lower prices). The general question here
concerns what type of assumption is appropriate for large-scale regional and global analysis as
opposed to analysis of individual deposits or deposit types. A more specific formulation of
this question would ask for mean values and 67% confidence regions for the parameters c, Ç
and /u in the type of model described above. A third set of questions deals with prior estimates
of the likely variance in data reported in the Red Books. Do we have any useful prior
information about likely random variations from true mean values of reported resource
estimates amongst various countries.

(a) For non-speculative resources, for example, is the total amount reported likely to be
within 50% of the true value for >67%, >95%, or some other fraction of the reporting
countries?

(b) How much more uncertain are reports of Speculative Resources compared with
non-speculative resources for the same extraction cost. (For example, do we expect
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a-priori that a factor of at least 2 for this ratio is expected at a >50%, >67%, >95%,
or some other confidence level).

(c) Another question concerns Speculative Resources that are reported without an
extraction cost category. Such information is formally useless for resource vs.
extraction costs estimates without some assumption about the associated extraction
costs. If we consider the reports to be an estimate of resources extractable up to
some a-priori uncertain extraction cost, what is the most probable amount (e.g.
$130/kg, $180/kg, $260/kg, or some other number) and what level of confidence
can we ascribe to this assignment a-priori (e.g. 67% confidence that this assumption
is accurate to within a factor of 1.2, 1.4, 1.6, or some other number)?

(d) A final and most critical set of questions concerns the possibility of systematic
deviations of reported estimates and actual resources. Have "conservative" biases
towards underestimation which are referenced in some of the older literature been
removed by recent changes in reporting procedures and coverage, or have they
perhaps been overcompensated for?

(e) Are speculative and non-speculative resource on average likely to be underestimated
due to unreporting (or perhaps overestimated)? If so, what is the most likely factors
by which the actual amounts deviate from the estimates (e.g. 0.7, 0.8, 0.9, 1.1, 1.2,
1.4, or some other number), and with what degree of confidence do the estimates
deviate from unity by this amount (>67%, >95%, or some other number)?

With or without additional answers to these questions, there are a number of other types
of data analysis that might be useful to obtain further insight into the relationship between
resources and extraction costs. First, the use of $130/kg data only for estimating the fraction
of resources reported as speculative at various prices in all countries could be replaced by a
full maximum likelihood estimator of this fraction that takes account of all the available data.
This is expected to produce little difference in the estimates but would be more
methodologically sound. Second, the ratio of variance for speculative and other resource
categories could be taken to be a free parameter, subject to a probability estimate as
appropriate. Third, the parameters C, and/or |u. could be freed up in order to allow a more
general functional form for the ore grade distribution and/or consider other (e.g. "flatter")
distributions than log-normal. It could also be useful to marry the two types of analysis
described in this paper to produce complete quantity vs. extraction cost estimates based on the
entire available Red Book data base. Estimates of how speculative resources are distributed
amongst cost categories would have to be based on exploration costs in a systematic manner
analogous to that illustrated in Figure 4. It might be useful to include estimates of changes in
productivity over time as well as an inflation adjustment. Of particular importance in such an
analysis could be the exploration cost of converting Speculative and Estimated Additional
Resources to categories which are sufficiently well defined that they can actually be mined.
Finally, we comment on a number of issues for which data outside the scope of the Red Books
is needed. The first of these concerns uranium produced as a by-product of phosphate mining
and other activities. The supply of uranium from such sources cannot be expected to be
constant. Rather, it is likely to follow the evolution of global demand for fertilizer. An
analysis of this source thus requires a global economic model of broader scope than the
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discussions of evolution of demand for nuclear power typically found in the Red Books7. The
second issue concerns the possible recovery of uranium-235 from old enrichment tails as
lower-cost resources are depleted. This requires an analysis of how the cost of enrichment
technology will most likely evolve. Again, this is information that is not usually meant to be
reported in sufficient detail in the Red Books. The third issue concerns to what extent mined
uranium ore will be replaced by the approximately 0.1 to 0.2 Mill, tonnes of stockpiled natural
uranium equivalent from military programs or a comparable amount of primarily civilian-
source plutonium from nuclear reactors. The fourth issue concerns countries which have not
reported resources in Red Books at all, although some have reported exploration expenditures
and others are known to have, or suspected of having, some resources. As long as the above
questions remain unanswered, it is quite clear that the analysis presented here is only a modest
step towards estimating uranium resources as a function of extraction costs. Additional expert
opinion as well as systematic analysis is certainly needed.
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