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1.0 INTRODUCTION

1.1 GENERAL INTRODUCTION

In the formulation of energy policy generally and nuclear policy in
particular, the consideration of environmental factors i s an
important preliminary step. It not only serves to protect present
environmental quality but also, by circumventing the need for
costly environmental rehabilitation programs or the permanent loss
of productive land or ecosystems, offers the opportunity for
long-term economic gains. In the case of nuclear power, the
potential severity of the environmental impacts and the long
time-scales involved make th i s sort of approach to policy
formulation especially important.

In the Netherlands, the proposed extention of nuclear power
generating capacity has recently refocussed interest on Dutch
energy policy. The Dutch situation is particularly interesting
(although not unique) in that the environmental consequences of
domestic nuclear power generation extend well beyond Holland's
national boundaries. The mining of the uranium, i t s extraction from
the ore, and various stages in the fuel preparation process, for
example, are all parts of the Dutch nuclear power cycle that occur
outside the Netherlands. All have environmental impacts associated
with them. The result is that the formulation of Dutch nuclear
energy policy involves implications for environmental quality both
within and outside Holland.

The impacts of Dutch nuclear policy on the Dutch environment have
been the subject of much investigation. Numerous s c i e n t i f i c ,
governmental and environmental organisations have thoroughly
examined potential problems such as nuclear power plant safety and
the storage, transport and disposal of nuclear waste. The various
issues, options and implications are generally well established.

The international impacts, however, have recieved considerably less
attention and remain re la t ive ly unclear. In par t icular the
connection between nuclear power in Holland and environmental
degradation brought about by the mining of uranium elsewhere has
been to date an especially vague one. As a consequence the
environmental impacts associated with uranium mining have not
figured as prominently in the formulation of Dutch energy policy as
perhaps they should have.

1.2 REPORT OBJECTIVES

This report is aimed at furthering the understanding of some of the
international impacts of Dutch nuclear power generation. I t has two
principle objectives:

1. To clarify the connection between nuclear power generation in
the Netherlands and environmental degradation elsewhere as a
resu l t of the mining and milling of uranium.
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2. To establish the relevance of this environmental degradation to
the formulation of Dutch energy policy.

1.3 REPORT STRUCTURE

The report is divided into five main sections. The first section
(Chapter 2) addresses the question: Why consider environmental
damage outside the Netherlands at all? In answering this question,
the section addresses objective 2 and thereby places in a planning
context what follows in the report. Chapter 3 focusses on nuclear
power in the Netherlands. It reviews current nuclear power
generating capacity, uranium requirements and supply and future
prospects for the Dutch industry. The fourth chapter considers, at
a general level, the environmental impact of uranium mining and
milling. It also looks at the role of environmental management in
reducing the impacts. It is followed (in chapter 5) by an
examination at a more specific level of the uranium industry in
Niger - a major supplier of uranium to the Netherlands. The report
ends with a "summary and conclusions" section (chapter 6).
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2.0 TRANSNATIONAL ENVIRONMENTAL IMPACT ASSESSMENT DEFENDED

2 . 1 INTRODUCTION

One of the f i r s t questions raised by a study of t h i s type i s : Why
should Dutch decision makers consider environmental impacts t h a t
occur outside the Netherlands? I t could be contended, for ins t ance ,
that the problems other countries have with the part icular p a r t s of
the nuclear fuel cycle that fa l l within t h e i r na t iona l boundaries
are the i r own concern and have no relevance t o the formulation of
Dutch energy policy.

This is a perfectly proper question and deserves a serious
response. As i t is of a fundamental nature and indeed questions the
very value of the present study, a defence of the practice of
transnational environmental impact assessment is the subject of
this first main section. The analysis begins with a look at the
arguments for environmental impact assessment (EIA) generally and
then, by way of considering some of the implications of restricting
EIA to within national boundaries, presents a case for trans-
national EIA.

2.2 ENVIRONMENTAL IMPACT ASSESSMENT

During the 1970s i t became clear tha t t r a d i t i o n a l a n a l y t i c a l
economic methods, such as Cost Benefit Analysis ( 1 ) , did not
account for a l l the advantages and disadvantages accrueing to
society from a par t icular project or policy. In pa r t i cu l a r , the
environmental c r i s i s demonstrated that, in addition to goods valued
in the market place, non-market goods such as clean a i r and clean
water are also of value. The destruction of these goods const i tu tes
a "cost" to society and thus ought to be taken in to consideration
in social planning and policy formulation and the management of
natural resources. Any exclusion of these non-market environmental
costs from a policy-making framework clearly represents a source of
inefficiency in resource management in tha t i t tends to favour
policy options that are unduly and unjustifiably biased towards the
creat ion of market goods and the degradation of environmental
quality. That i s , i t tends to favour options that involve excessive
environmental damage.

There are a t least 2 possible reponses to t h i s problem. The f i r s t
i s to widen the sphere of economic analysis to include non-market
cos t s . This i s done by placing economic (monetary) va lues on
non-market goods, thereby making i t possible to bring them into the
economic framework. (This approach has prompted a considerable
amount of research by economists in the area of non-market good
valuation). A second approach i s to leave the economic analysis for
the market goods, and carry out a parallel analysis of a different
sort for the non market environmental goods; the idea being tha t
the results of both analyses be given consideration in the making
of a final decision. The preparation of the increasingly familiar
environmental impact statements or environmental impact repor t s , in
addition to traditional economic analyses, i s an i l l u s t r a t i o n of
th i s second type of response (2) . Both responses involve, as a
f i r s t step, an assessment of the environmental impact (an EIA).
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That i s , there i s a need for the c o l l e c t i o n of good primary
physical, chemical and biological data and the postulat ion and
forecasting of the kind of modification to the environment tha t i s
likely to result from the implementation of the various options.
EIA i s thus fundamentally important to the prevention of excessive
environmental deg rada t i on .

2 .3 TRANSNATIONAL ENVIRONMENTAL IMPACT ASSESSMENT

As with no environmental impact assessment, p a r t i a l environmental
impact assessment - for i n s t ance the r e s t r i c t i o n of impact
assessment to within a country 's national boundaries - can a lso
lead to excessive environmental damage. By way of i l l u s t r a t i o n ,
consider the following (hypothetical) example. Suppose that a given
nation s tate i s giving consideration to the implementation of a
certain project within i t s t e r r i t o r i e s . The nature of the project
i s such that i t requires a s ignif icant amount of inputs (such as
raw materials) from other countr ies . Suppose further t h a t t he
project i s economically beneficial to a l l pa r t i e s involved and
produces negligible environmental damage within the host country
but considerable environmental damage outside i t s t e r r i t o r i e s . In
th is sort of case, i t i s possible tha t the combined economic and
national (host country) environmental analysis would f ind the
project beneficial while the combined economic and in ternat ional
(world level) environmental analysis shows t h e p r o j e c t t o be
non-beneficial. If environmental assessment was conducted only a t
the nat ional level (or not a t a l l ) or the decision-makers were
acting only in the national i n t e re s t ( that i s not in the world
interes t ) , there i s a good chance tha t the project wi l l proceed,
and thus t h a t excess ive environmental damage w i l l r e s u l t .

If the project were to proceed, questions of an e th i ca l nature
could be ra ised . For i f the project i s beneficial t o t h e hos t
country but not on an in ternat ional l eve l , i t follows t ha t the
project i s detrimental to the rest of the world and thus tha t the
relationship between the host country and the r e s t of the world i s
an exploitative one. That i s , the welfare of the r e s t of the world
i s being compromised for the advancement of welfare in the host
country. This implicit and a rb i t ra ry weighting of the welfare of
some of the world's citizens a t a higher level than others places
the morality of the action in doubt (3). The moral questions become
particularly pressing i f those who are doing the exploit ing are
already better off than those who are being exploited - as would be
the case if the host country was a developed nation and the other
countries involved belonged to the third world.
In defense of the host country, i t could be countered that i t
should not be held responsible for i ts exploitative actions if the
other countries involved entered freely into the arrangement. After
al l , they can conduct EIA's of their own and they should be left to
exploit their natural resources in whatever way they think f i t .

A number of points need to be made in reply to this type of claim.
Firstly, there is good reason to believe that a number of countries
may not be as free in the management of their natural resources and
environment as might be first thought. In the case of third world
countries, for example, a combination of mounting foreign debt and
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a need for foreign exchange in the short term to finance develop-
ment serves to restrict real choice to the alternative of rapid
utilization with l i t t le oj-Tortunity for the negotiation of environ-
mental safeguards.

Secondly, it can not be assumed that all countries have access to
environmental impact assessment expertise. EIA is only a recent
phenomenon in the developed world and many of the developing
countries have yet to instigate EIA procedures or are now s t i l l
only in the process of developing EIA expertise.

Thirdly, i t is not at all clear that individuals or individual
regimes have the moral right to exploit natural resources and the
environment in "whatever way they think fit" , especially if i t can
be shown that their actions constitute an inefficient use of
resources. There is the view (strong among environmentalists) that
they have obligations of a moral nature to the future inhabitants
of the planet and that these obligations place conditions and
constraints on present ut i l izat ion of the environment.

Fourthly, it is also unclear whether or not the fact that a country
agrees to be exploited has any relevance to the Tightness or
wrongness of the exploitation of that country. For example i t could
be argued that, just as i t is wrong to exploit children whether or
not they agree to i t , i t is always wrong for one country to exploit
another.

It follows then from the above four points that the moral
accountability (or at least part of i t ) remains within the
exploiting nation.

2.4 SUMMARY AND CONCLUSIONS

At t h i s stage i t i s worth summarizing the analysis so fa r . The
d i s c u s s i o n began with an examination of t he p r a c t i c e of
environmental impact analysis. I t was argued that EIA, by providing
a needed input into the decision-making process, plays an important
role in realising the efficient use of the world's resources.
Secondly it was argued that excessive environmental impact could
occur if EIA is restricted to within a country's national
boundaries. Further i t could lead to situations whereby one country
is exploited by another. From a moral perspective this exploitation
appears indefensable particularly when i t involves third world
countries. Third world countries are particularly vulnerable to
exploitation in this manner because of a lack of expertise in
environmental assessment, and their dependancy on foreign exchange
receipts generated by natural resource depletion.

It follows from the above that EIAs ought not to be restricted to
within the territorial limits of the country hosting a project.
Rather they shcxald be extended to cover all environmental impacts,
including those that fal l beyond national boundaries.
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Although the foregoing discussion has been conducted on a
generalised and abstract level, a moment's reflection shows that
the analysis has direct relevance to the formulation of Dutch
energy policy. For, in order to make available the relatively
large (in terms of per capita usage) quantities of energy
required to fuel Dutch agriculture and industry and consumptive
lifestyle, large quantities of natural resources are required,
some of which are imported from outside the Netherlands
including some from Third World suppliers. If Holland is to
satisfy itself that i ts energy supply ac t iv i t ies are not
contributing to excessive environmental degradation and the
exploitation of other countries then i t must take into account
international environmental impacts in the formulation of i t s
domestic energy supply policy.
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3.0 NUCLEAR POWER IN THE NETHERLANDS: AN OVERVIEW

The preceeding section has given an i n d i c a t i o n of why i t i s
important to consider the international environmental consequences
of domestic electricity generation. The rest of the report focuses
on one aspect of this large area - the environmental implications
of the mining of the uranium used in the Dutch nuclear power
stations. The present chapter concerns i t s e l f with the Dutch side
of t he equat ion - nuclear power genera t ion .

3 .1 INTRODUCTION

The Netherlands has had a reasonably long history of involvement in
nuclear power. I t began shortly after the second world war when the
KEMA (NV Keuring van Elek t ro technische Mater ia len) began
researching possibili t ies for the application of nuclear energy.
Successful developments in othf.r countr ies , culminating in the
building of the f i r s t generation of nuclear power s ta t ions in the
1950s, d i r e c t e d t he Dutch research program towards t he
possibil i t ies for e l ec t r i c i t y generation in Holland. I n i t i a l l y ,
interest was focussed on the thermal reactor and t h i s led in the
early 1960s to the building of the f i r s t nuclear reactor in the
Netherlands - the KEMA suspension t e s t reactor . However, af ter i t
became clear that this technology was unlikely to lead quickly to
commercial appl icat ions, i t was decided to build a small scale
commercial power station of the simpler l igh t water reactor type.
The f i r s t electricity-producing nuclear power s t a t ion , bu i l t near
Dodewaard in the province of Gelderland, functioned not only as a
comtvsrcial enterprise but also as an opportunity to develop further

Dutch expert ise in nuclear power generation technology. I t was
followed in the 1970s by the building of a second, commercial,
e lect r ic i ty-producing reactor a t Borssele in the province of
Zeeland.

In addition to nuclear power generation, the Netherlands i s also
involved in uranium enrichment and in nuclear technology research.
The URENCO enrichment f a c i l i t y , s i t u a t e d near Almelo in the
province of Overijssel, provides enrichment services for a number
of dif ferent European e l ec t r i c i t y u t i l i t i e s . Research reactors
exist a t the technological university in Delft and a t the Energy
Research Centre in Petten. The Netherlands i s also involved along
with West Germany and Belgium in the building of a t e s t breeder
reactor near Kalkar, just across the Dutch border in the Federal
Republic of Germany.

3.2 THE DUTCH NUCLEAR POWER STATIONS

At present, Dodewaard and Borssele remain the only two commercial
electricity-generating power stations operating in the Netherlands.
Although important local producers (see in par t icu lar sec t ion
3 .2 .2 ) , from a national viewpoint the i r contribution t o t o t a l
electr ici ty supply i s small. Their combined capacity amounts to
slightly more than 500 MWe which corresponds to approximately 3 %
of total national capacity (1). In an average year, the two nuclear
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f a c i l i t i e s are used to supply approximately 8 % of nat ional
e l e c t r i c i t y demand (2 ) .

3 .2 .1 The Dodewaard Power Stat ion

Dodewaard, the oldest of the two nuclear power s ta t ions , has been
producing e lec t r ic i ty on a commercial basis since 1968. On an
international scale and compared to Borssele, Dodewaard i s small.
I t has a thermal power ra t ing of approximately 183 Mw (3)
corresponding to an e l e c t r i c i t y generating capacity of
approximately 56 MWe (4 ) .

Dodewaard contains a l ight water reactor of the boiling water
subtype. Simply, the system i s as follows ( i l lus t ra ted in Figure
3.1): The radioactivity of fuel elements submerged in a vat
containing water raises the temperature of the water producing
steam which drives a turbine, generating alectr ici ty. The steam i s
then cooled and condensed by a secondary separate supply of water,
via a heat exchanger, and returned as water to the reactor vat. The
amount of heat generated by the fuel elements i s controlled by the
insertion or withdrawal of regulator rods in the reactor vat. The
regulator rods control the nuclear reaction by absorbing the
neutrons necessary for the continuation of the r eac t ion .

The core of the Dodewaard reactor contains approximately 11 tonnes
of fissable material. In the main this consists of fuel elements of
lightly enriched (2.5 %) uranium oxide (5). However, in l ine with
Dodewaards function as a research centre, a certain amount of
experimentation i s undertaken regarding fuel type. For example*,
between 1971 and 1983, t r i a l s were conducted using mixed oxide
(Plutonium and uranium) fuel elements. There has also been some
experimentation with fuel of different enrichment grades (6 ) .

Figure 3.1: Schematic representation of the Dodewaard boiling water
reactor (source: Tiktak, 1982).
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On average the plant is closed down once a year for a period of a
few weeks so that spent fuel can be removed and replaced by new
fuel elements. Each year approximately 36 of the 164 fuel rods are
renewed giving Dodewaard a fuel consumption rate of approximately
2.3 tonnes of uranium oxide fuel elements per year (corresponding
to approximately 2.1 tonnes of pure uranium - see further Table
3.1) (7 ) .

3.2.2 The Borssele Power Station

Holland's second nuclear power station, situated near Borssele, is
a full scale ccmmercial unit. It has a thermal capacity of 1365 MW
corresponding to an electricity producing capacity of 475 MWe, most
of which, approximately 300 MWe, goes to fuel a nearby aluminium
smelter (8). Borssele has been producing electr ici ty commercially
since 1973.

In common with Dodewaard, the Borssele reactor is of the light
water type. However, while Dodewaard is of the boiling water
subtype, the Borssele station contains a pressurized water reactor.
An i l lustrat ion of this system is given in Figure 3.2. A PWR
differs from a BWR in that water, heated by the nuclear core, does
not drive the electricity producing turbine directly. Instead, 2
separate water circuits are employed. In the f i r s t (primary)
circuit, water is kept under high pressure. This has the effect of

Figure 3.2: Schematic representation of the Borssele pressurized
water reactor (source: Tiktak, 1982).
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preventing the water from boiling when heated by the nuclear core.
By means of a heat exchanger, the pressurized heated water heats
water in a secondary loop (under approximately half the pressure of
the first loop) producing steam which drives the turbine. Apart
from this difference a PWR power station is similar to a BWR power
station.

The core of the Borssele power station contains 39 tonnes of
lightly enriched (approximately 3.3 %) uranium in the form of
uranium dioxide fuel elements. As with Dodewaard the plant is
closed down approximately once a year for a short period so that
fuel elements can be partially replaced. At each reloading one
third of Borssele1 s fuel elements are renewed corresponding to a
fuel consumption rate of 13 tonnes of light enriched pure uranium
per year (or 15 tonnes of uranium dioxide fuel elements) (9).

3.3 URANIUM DEMAND

The combined fuel consumption for the two Dutch nuclear power
stations is approximately 15.1 tonnes of lightly enriched pure
uranium per year (Borssele 13 tonnes and Dodewaard 2.1 tonnes).
Using this figure as a basis and taking into account the various
steps in the fuel preparation process, an estimate can be made of
the amount of uranium ore that needs to be mined annually to keep
Borssele and Dodewaard in operation.

3.3.1 The Fuel Preparation Process

Before it is suitable for use in a nuclear power station, uranium
must pass through a number of different preparation stages -
illustrated in Figure 3.3. Following mining, either in an
underground or open cast mine, the uranium ore is brought to a mill
where the uranium, in the form of U3O8 plus a little UO3, is
extracted from the ore by a combination of mechanical and chemical
means. The U3O8 and UO3 (or "yellow cake") is then usually sold by
the mining companies direct to the end-users who arrange the next
steps in the preparation process. From the mine (and mill) site,
the yellow cake is sent to a "conversion" factory where the U3O8 is
further purified, and converted into uranium hexafluoride gas
(UF6). The gasification is necessary for the next stage in the
nuclear fuel preparation cycle; enrichment. The enrichment process
involves increasing the relative proportion of the f issible U-235
isotope by removing a quantity of the other isotopes. For a light
water reactor such as Dodewaard or Borssele the percentage
proportion of U-235 needs to be increased from the naturally
occurring 0.7 % to around 3 %. After enrichment, the uranium is
converted back into a solid, in the form of uranium dioxide (UO2)
and manufactured into fuel rods. It is then suitable for use in the
power station reactor.
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Alternatives to the "once through" uranium cycle just described are
the recycle options i l lus t ra ted in figures 3.4 and 3.5. By
processing the irradiated uranium that is removed from the reactor
i t is possible to reclaim f issible material which can be re- ed as
fuel. Recycling uranium (Figure 3.4) or uranium and plutonium,
leading to the use of mixed oxide fuel (Figure 3.5) i s , in
principle at least , an attractive proposition as i t offers the
opportunity for reducing natural uranium demand. In practice
however, the recycle options are l i t t l e used (10). The presence of
isotopes (both natural and a r t i f i c i a l ) produced during the
radiation process means that recycled uranium is considerably more
difficult, and thus more expensive, to process than natural uranium
- in particular at the enrichment stage (11). Consequently, with
present enrichment technology, there is no economic incentive to
reprocess uranium and most users rely on continuing supplies of
natural uranium (12).

At each stage in the fuel preparation process, sane of the original
uranium is either purposefully removed (in the case of enrichment)
or lost (during the various refining and conversion stages). The
result is that for every ton of uranium required at the power
station end of the fuel cycle, between 7 and 10 tonnes of yellow
cake must be produced at the minehead and this in turn involves the
mining of several thousands of tonnes of ore. The following section
gives estimates of the quantities involved for Borssele and
Dodewaard.

3.3.2 Natural Uranium Requirements

The level of demand by the Dutch utilit ies for natural uranium is
strongly dependant upon the extent to which uranium used in the
Borssele and Dodewaard reactors is recycled. If the recycle option
is used to the full, then natural uranium demand will be reduced by
approximately 23 % compared with the non-recycle option (13). Table
3.1 gives estimates of the amount of uranium needed per year for
both options. It shows that the operation of Borssele requires the
mining of between 36,000 (full U-recycle) and 46,500 (no recycle)
tonnes of uranium ore annually and that of Dodewaard between 4,600
(ful l U-recycle) and 6,000 (no recycle) tonnes.

In the case of Borssele, i t appears that at least some of the
uranium used is of recycled origin. However just how much is (or
has been) recycled remains unclear. In 1978, i t was made known that
Borssele1 s annual natural uranium requirements were 92 tonnes (14),
in 1982 the figure was given as 80 tonnes (15), and the most recent
estimate (1985) is 70 tonnes (16). These figures suggest a gradual
increase in uranium recycling from virtually nothing to what now
appears to be full uranium recycle. However, the journal Nuclear
Fuel reports that none of the world's enrichment plants are
currently enriching reprocessed uranium on any great scale and that
this is not likely to occur un t i l the new lazer enrichment
technology comes o~ stream toward the end of the century (17). I t
is plausible, therefore, that recycling at Borssele may s t i l l be at
the intermit tent or t r i a l leve l .
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Figure 3.4: The light water reactor fuel cycle - uranium recycle
(source: Okken, 1979).
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Figure 3.5: The light water reactor fuel cycle - uranium and
plutonium recycle (source: Okken, 1979).
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In the case of Dodewaard, the once-through cycle is employed. The
spent fuel elements currently go directly into storage in the
United Kingdom where they will eventually be reprocessed by British
Nuclear Fuels Limited. Thus the annual uranium ore requirements for
Dodewaard can be reasonably confidently estimated at around 6,000
tonnes.

The best estimate for the combined (Dodewaard and Borssele) annual
uranium ore requirements i s thus 42,000 - 52,500 tonnes.

3.4 URANIUM SUPPLY

It is typically extremely difficult to trace the source of uranium
used in power stations for two reasons in particular. First ly,
users of uranium tend to be secretive about contracts relating to
the purchase of uranium and processing services (18). Secondly,
there is the possibility that during the various fuel preparation
processes, uranium from qui te d i f ferent sources can become
intermixed (19). The result is that, even if detai ls of contracts
are known, i t is impossible to pin down with any great degree of
certainty, the origin of the uranium that i s finally delivered to
the power s t a t i o n s .

I t is diff icult to get around the second point raised above.
However, by consulting a range of sources, i t is possible to build
up a picture of supply arrangements and thus an idea of where, in
principle at least, the uranium for the Dutch power stations comes
from. Figures 3.6 and 3.7 give a generalised p ic ture (with
references) of the supply of uranium to Dodewaard and Borssele.
They show clearly that the preparation of fuel for nuclear fuel
stations, from mining to fuel rod fabrication, i s a genuienely
in te rna t iona l a f f a i r .

In the case of both Dodewaard and Borssele a major supplier country
of natural uranium is Niger. In the case of Borssele, this was made
known during the Social Discussion on Energy Policy (refer Section
3.5). Apparently Borssele i s also (or has been) supplied with
uranium from other sources. Further details, however, have not been
made public. Dodewaard has been using Nigerien ore since 1978.
Before then uranium was obtained from a number of sources including
supplies held by the Dutch s ta te and the West German company
Kernkraftwerk GMBH (20).

3.5 FUTURE PROSPECTS

With the history of the Dutch anti-nuclear movement .jeing virtually
as long as that of Dutch nuclear power i tself , the issue of the
application of nuclear energy for e lec t r ic i ty generation in the
Netherlands has long been a controversial one. The strength and
broad base of the anti-nuclear movement has had the effect of slow
growth in nuclear generating capacity (compared to other West
European countries) and cast some doubt over future developments in
the Netherlands (21).



Fuel Cycle
Component

Mined Uranium

Milled Uranium

Uraium Hexaflouride

Enriched Uranium
Hexaflouride

Fuel Elements

unit

tonne ore
(tonne U308 & U03)

tonne yellow cake
(tonne U308 & U03)

tonne UF6
(tonne U)

tonne UF6
(tonne U)

tonne U02
(tonne U)

Borssele

No recycle

46,500
(102)

124
(93)

118
(80)

22
(13)

15
(13)

Requirements

Full U recycle

36,000
(79)

95
(71)

91
(62)

15
(10)

11
(10)

Dodewaaf'd

No recycle

6,000
(13)

16
(12)

15
(10)

3.1
(2.1)

2.3
(2.1)

Requirements

Full U recycle

4,600
(10)

12
(8.4)

12
(7.7)

1.8
(1.6)

1.8
(1.6)

I

Table 3.1: Annual fuel cycle component requirements of natural uranium for the Dodewaard and Borssele
nuclear power stations.

Notes: (1) Calculations based on data contained in: UNEP, 1979; Boer et al., 1982; Tiktak, pers. comm.;
van der Hulst, pers. comm.

(2) The amount of uranium ore required depends on the ore grade. The figures given assume
an average grade of 0.22% - the median grade of Nigerien ore.

(3) As the richer deposits become depleted, progressively poorer ores must be mined leading to
increasingly larger ore requirements.

(4) The figures assume normal uranium market conditions. In the case of low uranium prices (as
at present) ore requirements will be greater due to the economics of the enrichment process.
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Mining & Milling
in Niger

Conversion to UF6 in
France or West Germany

Enrichment of
reclaimed UF5
probably in The
USA or France

Enrichment in
The USA

Fuel rod manufacture in
France or West Germany

BORSSELE

Reprocessing
in France

Plutonium to
France or
West Germany

Waste

Figure 3.6: Typical supply path of uranium to the Borssele
nuclear power station.

Sources: (1) Tiktak, pers. comm.
(2) Tiktak, 1982.
(3) Stuurgroep Maatschappelijke Discussie Energiebeleid, 1983.
(4) Import permits, Ministerie van Voikshuisvesting, Ruimtelijke

Ordening en Milieubeheer.
(5) Annual reports, N.V. Provinciale Zeeuwse Elektriciteits-

Maatschappij.
(6) Annual reports, Euratom.
(7) Nuclear Fuel: February 14, 1983; October 10, 1983;

May 7, 1984-; June 17, 1985.
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Mining & Mill ing
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in England

Enrichment in
The Netherlands
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Fuel rod manufacture
in England

DODEWAARD

Reprocessing in
England

Reclaimed UF6
and plutonium

Waste

Figure 3.7: Typical supply path of uranium to the Dodewaard
nuclear power station.

Sources: (1) Annual reports, N.V. Gemeenschappeiijke Kernenergie-
centrale Nederiand.

(2) van der Hulst, pers.comm.
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One of the best recent indicators of the future of Dutch nuclear
power has been the Maatschappelijke Discussie Energiebeleid (Social
Discussion on Energy Policy) held between 1981 and 1984. The BDE
was a concerted effort, involving a very large number of people
(including both energy professionals and members of the public) in
which information, facts and opinions on a wide range of energy
issues could be brought together, discussed and presented in a form
which would provide the basis for the determination of Dutch energy
policy until the end of the century. The final report of the BDE
steering group included a recor.mendation that, in the meantime, no
further nuclear power stations should be built in the Netherlands
(22).

However, events in the Dutch parliament since then suggest that the
BDE steering group recommendations may not be followed. Early in
1985 the Dutch Government gave i t s support, in principle, for the
building of new nuclear power stations - amounting to an increase
of between 5 and 8 times present capacity (23). The intentions of
the electricity uti l i t ies themselves were made clear in the la te
1970s when i t became known that their umbrella organisation (N.V.
Samenwerkende Elektriciteits-Produktiebedrijven) was purchasing,
over a four year period, more than 400 tonnes of uranium for
Holland's (then s t i l l unapproved) third nuclear power station (24).
The in total 454.9 tonnes of uranium, also purchased from Niger, i s
sufficient for the start-up loading of a 650 MW station plus the
f i r s t reloading (25).

The net result is that i t remains difficult to predict with any
great degree of certainty the future of nuclear power in the
Netherlands. On the one hand, the findings of the BDE coupled with
strong broad-based public support suggest l i t t l e further
development. But on the other hand the standpoint of the present
government plus that of the electr ici ty u t i l i t i e s point to the
likelihood of a further expansion of present nuclear capacity.
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4 . 0 ENVIRONMENTAL IMPLICATIONS OF URANIUM MINING AND MILLING; AN
OVERVIEW

In the previous chapter i t became clear that although nuclear
power, in terms of percentages, makes up only a small part of the
total Dutch energy supply system, i t is quantitatively large enough
to involve the mining of significant amounts of uranium ore. In the
next 2 chapters the environmental and health impacts of uranium
mining and milling are examined. The present chapter gives a
general overview of the subject while the following chapter looks
at the special circumstances surrounding uranium mining in Niger.

4.1 GENERAL DESCRIPTION OF URANIUM MINING AND MILLING

Although uranium is a fair ly common constituent of the ear th ' s
c rus t , i t i s found nowhere in very high concentra t ions .
Consequently uranium must be recovered frcm ores that contain only
small amounts of natural uranium. Generally ore containing a
uranium oxide (U3O8) concentration of greater than 0.1 % by weight
i s considered t o be economic (1 ) .

Uranium mining techniques can be divided broadly into 3 categories:
open cast mining, underground mining, and in-si tu logging (refer
Figures 4 . 1 , 4 .2 , 4 . 3 ) .

GENERALIZED
OPEN PIT URANIUM MINE

Figure 4.1: The open cast mining method (source: Tibbs et al., 1978).
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CINI»AUJ£O UNOOCIOUND UIANIUM MINI

Figure 4.2: The underground mining method (source: Tibbs et ai., 1978).

Figure 4.3: Cross section of a typical in situ logging operation
(source: Tibbs et al., 1978).
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The in-situ logging technology is l i t t l e used in practice. I t
involves the chemical leaching of the uranium out of the in-situ
ore by the forcing of a leaching solution through the ore bed,
usually in a horizontal direction. This technique is most suitable
for unconsolidated sandstones, which do not need to be artificially
fractured to allow the leaching solution to pass through the rock.
Pre-leach fragmentation is usually required with ores of other rock
types.

By far the most frequently employed technologies for uranium mining
are the open cast and underground mining techniques. They are
approximately equally frequently used and together account for
almost a l l of the world's uranium production (2). The choice
between underground and open cast mining is determined most
strongly by the quantity of overburden present - the barren
material covering the ore. If the uranium bearing ore l i e s
relatively close to the surface, the uranium is usually mined by
the open cast method. This involves the stripping away of al l the
overburden and the removal of the ore by large mechanical
excavators and trucks. Open cast mining offers good ore recovery
and relatively cheap (compared to underground mining) capital-per-
ton-ore-recovered costs (3). It is thus usually the preferred
method. When the overburden to ore ratio reaches a certain level,
i t becomes uneconomic to shift the overburden and the ore must be
recovered by the underground method. This involves the sinking of
vertical shafts to the depth of the ore bed, the extraction of the
ore by mechanical means and i t s transport to the surface.

From the mine s i te the ore is transported by truck to a milling
factory - usually sited close to the mine in order to minimise
transport costs. At the mill, uranium in the form of an impure
concentrate of uranium oxides (U308 and U03) is extracted from the
ore by a combination of mechanical and chemical methods. There are
two different milling methods commonly in use both of which involve
the crushing and grinding of ore as a first step. The second step,
the .Teaching of the uranium from the ore, is carried out either by
the application of concentrated sulfuric acid or the application of
concentrated sodium carbonate. The choice of method is determined
in the main by the acidity or alkalinity of the original ore
material. After milling, the uranium leaves the mine/mill site to
be further processed elsewhere (as described in section 3.3.1).

4 .OL NON-RADIOLOGICAL ENVIRONMENTAL IMPACTS

The mining and mi l l ing of uranium has envi ronmenta l e f f e c t s
associated with i t of both a rad io log ica l and non-radiological
type. Although the radiological effects are often given prominence,
the non-radiological environmental effects are also of
significance, and should not be overlooked. They can be classified
into: land disturbance, alteration of ground water flow regimes,
deterioration of water quality, deterioration of air quality, and
impacts on soils and biota.

4.2.1 Land Disturbance

Massive land disturbance accompanies most uranium mining and
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milling operations. This is an inevitable resul t of the low
concentrations of uranium in uranium ore. With the exception of the
in-situ logging process (which results in l i t t l e landscape
modification) large quantities of material must be physically moved
in order to produce relatively small quantities of yellow cake.

The open cast mining method produces the greatest degree of
alteration to the landscape. In addition to the mining of the ore,
large quantities of barren overburden must also be shifted. The
ratio of overburden to ore in commercial open cast mines is often
high. In the USA, for example, i t averages 30:1 (4) - meaning that
for every ton of ore that is mined 30 tonnes of overburden must be
stripped away and either stored or backfilled into regions of the
mine that have been worked out. Massive disturbance to the
landscape i s the resu l t .

In addition to open cast mining, the milling of uranium ore,
whether originating from an open cast or underground mine, also
leads to considerable land modification. As the quantity of uranium
contained in uranium ore is very small, the quantity of waste
material left over is approximately the same as that of the
original ore (5). (For the operation of Borssele and Dodewaard,
this corresponds to between 42,000 and 52,000 tonnes per year -
Section 3.3.2). As these "mill tailings" contain radioactive and
toxic non-radioactive elements, they cannot be returned to the
mines as backfill, nor can they be used for other purposes once
mining operatings have ceased. Instead they must be carefully
managed and the areas they occupy must be removed permanently from
unrestr icted use (see further Sections 4.3 and 4.4) .

4.2.2 Alteration of Ground Water Flow Regimes

Many uranium ore deposits are contained within aquifiers -
particularly so in the western United States. In order for mining
to proceed, the mine site must be dewatered. This can be achieved
by one of two methods, both of which result in an alteration of the
hydrological characteristics of the area. The first method involves
the placing of a ring of dewatering wells around the mine. The
water is pumped to the surface, thereby lowering the water table at
the mine site. The second method entails the placing of a sump at
the base of the mine from where the water is pumped to the surface.
This technique is particularly frequently employed in the case of
open cast mining where i t also serves as a method of removal of
surface drained water.

The hydrological effects of mine dewatering can extend out as far
as 80 km from the minesite (6). Potentially, this poses a threat to
other water uses such as municipal authori t ies and agricul-
turalists. This is particularly so if - as is often the case - the
mine is situated in an arid area where water may already be in
short supply.

4.2.3 Deterioration of Surface and Ground Water Quality

Uranium mining and milling, in addition to having an effect on
ground water flow cnaracter is t ics , may also resul t in the
deteriorat ion of water quali ty.
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Water quality comes under threat at a number of different stages of
the uranium mining/milling process. At the mining stage, the
in-situ logging process presents particularly serious problems. If
strict application and monitoring practices are not observed the
underground aquifiers can become contaminated with both the
leaching agent and the various leached toxic non-radioactive and
radioactive elements. In the case of underground mining, the use of
explosives can lead to the formation of nitrates and ammonia which
may subsequently leak into the ground water systems. With open cast
mining, precipitation falling on exposed ore can leach toxic
elements and transport them through to the underlying aquifiers.

The practice of mine dewatering can also have detrimental effects
on water quality. When the water is pumped out of the mine aqui-
fier, a hydrological gradient is set up favouring repelenishment by
other hydrlogically connected aquifiers. If the water quality in
these aquifiers i s inferior to that of the mine aquifier a
deterioration in mine aquifier water quality will resu l t .

Potentially the most serious threat to water quality however comes
from the milling stage. The chemical and physical processes
designed to convert the uranium into a soluable (and thus
recoverable) form also serves to bring various other non-target and
toxic elements into solution. This increases their mobility,
increasing the possibility of contamination of the surrounding
environment. The type of elements brought into solution by the
milling process is a function of the chemical processes employed.
The alkali process, for example, produces a set of conditions that
favour the dissolution of selenium, while the acid process results
in the dissolution of toxic heavy metals, as well as various
radioactive elements (7) (refer Section 4.3.3) .

The milling process also involves the generation of considerable
quantities of waste chemicals and waste water. An estimate of the
quantities of process wastes generated annually to keep the Dutch
power stations supplied with yellow cake is given in Table 4.1. As
in the case of dissolved toxic elements, mill process waste
chemicals may also fi l ter through to surface or ground water,
posing a further threat to water quali ty.

4.2.4 Impacts on Air Quality

The major (non-radiological) impact on air quality from uranium
mining and milling is considered to be that of fugitive dust (8).
It is generated by wind erosion of exposed areas, by earth movement
activities (in the case of open cast mining) and by ore trans-
porting vehicular traffic. Also, significant quantities of yellow
cake dust can be produced during the milling process. Usually the
dust will be confined to the mine s i te . However, under adverse
meteorological conditions i t may be blown onto neighbouring land
use areas where, if deposited on the leaves of vegetation, plant
growth can be affected (9).

Air quality may also be affected by the combustion of fuels used to
generate power for the mining and milling processes, and by the
vaporization of process fluids used during milling (10).
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Waste Product

Sulphuric acid
Lime

Sulphur dioxide
Magnesium dioxide
Ammonia
Contaminated water

unit

tonne
tonne
tonne
tonne
tonne

cubic meters

Quantity

510
1145
27
255
35

60,000 - 90,000

Table 4 .1 : Estimates of the quantities of chemical wastes generated
in the milling of the annual uranium ore requirements
of the Dodewaard and Borssele power stations.

Notes: (1) As the calculations assume fu l l uranium recycling for
Borssele, the estimates given should be considered
conservative.

(2) The estimates are based on figures for the Ranger mine
in Australia, published in Boer et a l . , 1982. The acid
leach process is assumed.

4.2.5 Impacts on Soils and Biota

Uranium mining and milling inevitably results in the loss and
replacement of soils and destruction of vegetation and wildlife
habitat. Bus is particularly so in the case of open cast mining
where, in order to reach the underlying ore, the vegetation must be
cleared and the soils removed. The removal and transport of soils
destroys the natural soil profiles built up over many years by
weathering and biological activity. Thus, even if the soils are
replaced when mining activities cease, they will be generally left
in a disturbed and unnatural state. Further, if left stockpiled for
long periods, the soils will lose the natural organisms responsible
for decomposition and nutrient recycling. This can lead to reduced
plant growth during any revegetation of the mine s i t e (11).

The fauna of the region are affected both by the mining activities
themselves and the destruction of habitat. The clearing of
vegetation, an increased human presence, increased traffic flows,
increased noise, and degradation of water supply quality a l l
constitute threats to the terrestrial fauna. The aquatic fauna are,
of course, particularly susceptible to any changes in water
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quality. The introduction of heavy metals and radionuclides into
the water supply and the alteration of the acidity of the water are
a l l factors that can lead to the disappearance of aquatic species,
and the undermining of ecosystem s t a b i l i t y .

4.3 RADIOLOGICAL ENVIRONMENTAL IMPACTS

The existence of radiological environmental impacts distinguishes
uranium mining most clearly from the mining of most other elements.
Radionuclides in the v ic in i ty of uranium mining and mi l l ing
operations constitute a threat to human and non-human biota a l ike
and have generated widespread public concern, particularly in North
America and in A u s t r a l i a .

4 . 3 . 1 The Nature of Rad ioac t iv i ty

Radioactivity is the natural and spontaneous process by which the
unstable atoms of an element emit or radia te the excess energy of
their nuclei as particles or photons and change (or decay) t o atoms
of a different element or to a lower form of the same element. The
resultant form may be stable, in which case radioact ivi ty ceases,
or i t may be unstable, in which case radioact ivi ty continues and
the element decays further. In some cases the decay process wil l
continue through several different unstable elements before a
stable form is f ina l ly reached. These radiologically connected
elements form a decay chain or decay s e r i e s .

The decay chain of the most common naturally occurring uranium
element, uranium-238, i s illustrated in Figure 4.4. I t shows tha t
during the process of decay to the s table element of lead-206,
uranium-238 will f i r s t pass through 13 intermediary forms. The half
l i fe times given represent the time i t takes for half the atoms to
decay to the next form in the decay chain. The decay chain of U-238
involves the emission of 3 different sor t s of radiat ion: alpha,
beta and gamma. Alpha and beta radiation are pa r t i c l e radiat ion
consisting of, respectively, helium nuclei and electrons. Gamma
radiation i s the emission of electromagnetic energy in the form of
photons .

Ionizing radiation, albeit at low leve ls , has always been present
in the natural environment. The presence of radionuclides in a i r
and water and in various mater ia l s in the e a r t h ' s c r u s t , in
addition to cosmic radiat ion, means tha t exposure to a certain
amount of radioactivity is both natural and unavoidable. During the
twent ie th century however, var ious human a c t i v i t i e s have
substantially added to the levels of natural radioact ivi ty . This
additional radiation, kwown as technologically enhanced natural
radiation (TENR), comes from a number of d i f f e r e n t sources
including: weapons t es t ing , medical diagnosis and t r ea tmen t ,
fer t i l izers , the burning of fossil fuels, supersonic a i r t ravel a t
high altitudes, and the generation of nuclear power. On average, a
member of the present day world population receives an annual whole
body dose of 150-180 mrem, of which 50-80 mrem can be attr ibuted to
techno log ica l ly enhanced sources (12) .
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Figure 4.4: The decay chain of Uranium-238. The vertical lines represent
alpha particle emission, the horizontal lines beta emission
and "*" also gamma radiation. (Source: Moody, 1982.)

4.3.2 Radioactivity and Uranium Mining and Milling

Uranium mining and milling increases the exposure of the biosphere
to radioactivity by bringing formerly buried naturally occurring
radioactive elements to the surface and by increasing the i r
environmental mobility.

Radionuclides are released into the ambient environment at a number
of different stages during the mining/milling process. At the
mining stage, the exposure of the ore to the atmosphere allows the
release into the atmosphere of radon gas (a decay product of U-238
- refer Figure 4.4) along with other solid decay products contained
in dust particles. The exposure of the ore also facilitates contact
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between radionuclides and the area's water resources. This i s
particularly so in the case of open cast mining where the ore is
exposed directly to the rainfall component of the local hydro-
logical cycle. At the milling stage, releases from the ore that i s
stockpiled waiting to be milled can occur in much the same way as
just described for the mining stage. Releases during the milling
process i tself can occur via the venti lation systems of the
crushing and grinding operations and via the leach tank venti-
lators. Also, the yellow cake drying and packaging operations may
result in the release of natural uranium in the form of dust
part ic les .

Finally, releases from mill tailings piles can also occur. Tailings
piles, potentially, represent the greatest source of radionuclides.
For, although approximately 90 % of the uranium is removed from the
ore during the milling process, most of the radioactive decay
products remain. The result is that the radioactivity of the mill
tai l ings i s not greatly different from the original ore -
approximately 15 % less (13). Further, as the leaching process
tends to increase the mobility of radionuclides and as the long
half-lives contained in the U-238 decay chain (Figure 4.4) ensure
the tailings' radioactivity for thousands of years, the tailings
piles remain potential "releasers" of radionuclides long after the
mining operations have ceased.

4.3.3 Environmental Transport of Radionuclides

Once released into the ambient environment, radionuclides can be
transported via a number of different pathways to the surrounding
flora and fauna and to humans. These environmental pathways are
illustrated in Figure 4.5. It shows that atmospheric/ ground water
and surface water movement and plant and animal uptake facil itate
the dispersion of radionuclides throughout the surrounding physical
and biological environment. Humans in the region may be exposed to
radioactivity either directly, in the breathing of contaminated air
or the drinking of contaminated water, or indirectly through the
consumption of animal and vegetable foodstuffs.

Not all of the environmental pathways are of equal significance. In
the case of humans for example, the exposure pathway that has
aroused the most concern is the direct inhalation of radionuclides
(in particular the decay products of radon gas) from the
atmosphere. Those who are most at risk from exposure via th is
pathway are the mineworkers, followed by local inhabitants living
downwind from the mine site. The exposure of workers in underground
mines tends to be particularly high as underground mines do not
recieve the same degree of air purification as open cast mines.

4.3.4 Effects on the Non-human Biota

Research into the effects of radionuclides on terrestrial and
aquatic fauna at levels comparable to those that would be found in
the region of a mine/mill s i te , i s not well advanced. However,
there are good indications that at least part of the surrounding
biota can become contaminated to an extent sufficient to induce
adverse somatic (14) or genetic (15) e f f ec t s .
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Of particular significance is the tendancy of some species at
primary trophic levels to bioaccumulate radionuclides. Species of
algae and other higher aquatic plants for example will accumulate
lead-210, uranium-238, thorium and radium-226. Radionuclides are
also concentrated by terrestrial plants such as alfalfa, clover,
and pea and bean species (16).

This accumulation and concentration of radionuclides at primary
levels in the food chain increases the threat to biota at higher
trophic levels. Evidence from Canadian studies suggest that certain
species of fish living in aquatic ecosystems near uranium mines can
become severely contaminated with radionuclides, leading to
mutational eye and body deformities. The studies suggest that there
is no minimum dose of radiation that will not cause eye deformities
in some fish species (17). There is also evidence to suggest that
increased levels of radionuclides affect terrestrial animals.
Russian research has shown that small manuals living in areas with
high uranium-238 and radium-226 concentrations have a higher
incidence of sterility. Bird populations in the area were reduced
because of reduced numbers of hatching eggs (18). In Canada i t has
been suggested, although not rigorously studied or proved, that
incidences of foetal deformities in cow moose near a mine area may
be the result of consumption of radiologically contaminated aquatic
plants (19).

4.3.5 Threats to Human Health

As stated in Section 4.3.3, the most significant pathway by which
humans are exposed to radionuclides i s considered to be the
atmospheric one and the group most at risk are the underground
mineworkers. Following inhalation of radon gas and dust particles
containing radon decay products, the tissues of the lung and
respiratory tract become irradiated with emitted alpa particles.
The result is a significant increase in the chance of developing
cancer.

Attemps to quantify the risk of cancer are plagued with a number of
methodological difficulties (20). As i t can take an extremely long
time (more than 20 years) before lung cancer or other effects of
exposure become manifest, epidemiological investigations of mine
workers (or other groups) involve the examination and analysis of
many years of data. It is often extremely difficult, f irst ly, to
collect comprehensive data on a statistically representative sample
and secondly, to isolate the effects of radon exposure from other
possible causes of cancer such as cigaret te smoking.

In spite of these difficulties however, the existence of an
increased risk of cancer, to underground minworkers in particular,
remains beyond al l reasonable scientific doubt. The essential
results of what is considered to be one of the most methodo-
logically sound epidemiological studies conducted to date are
reproduced here as Figure 4.6 (21). This study of Czech underground
mineworkers shows that the risk of lung cancer increases in
proportion to exposure. Further i t indicates that there i s no
threshold exposure level which can be considered safe. This
suggests that, along with the mineworkers, those exposed to
relatively small concentrations of radionuclides, such as
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Figure 4.6: Exposure-effect curve for underground mine-
workers exposed to radionuciides (source:
Sevc et a i . , 1976).

inhabitants living downwind from a mine s i t e , are also subjected to
an increased risk of cancer (22). The general conclusions of the
epidemiological s tudies have been given further support by the
findings of studies on animals conducted in the laboratory (23).

4.4 MANAGEMENT OF ENVIRONMENTAL IMPACTS

The preceeding section has reviewed the nature of the environmental
impacts associated with uranium mining and mill ing. Their sever i ty
wil l d i f fe r from mine s i t e to mine s i t e and i s determined most
strongly by the amelioration management prac t ices employed. The
present section considers briefly available management a l t e rna t ives
with a view to establ ishing the significance of environmental
controls and regulat ions and the i r po t en t i a l in reducing t h e
environmenta l impacts of uranium mining and m i l l i n g .

4 . 4 . 1 Reducing Non-radio logica l Impacts

Appropria te management p r a c t i c e s can p a r t i a l l y reduce t h e
non-radiological environmental impacts of uranium mining and
milling. Land disturbance can be reduced by ensuring t ha t land use
i s kept to the minimal technical requirement and by ins i s t ing tha t
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land reclamation, including the storage and replacement of soils
and revegetation be a precondition of mining. The effects, on other
users, of water-table lowering may be ameliorated to a certain
extent by the deepening of existing wells or the provision of
alternative water supplies. Water quality protection measures
include the installation of impermeable linears to liquid waste
disposal areas, and an on-going monitoring program of disposal
structures and surrounding water quality (see further Section
4.4.3). Hydrological surveys will aid in the identification of
critical interfaces between the mine site and waste disposal areas
and the ground water system where particular care can be focussed.
In the case of in-situ logging, water quality can be protected, to
some extent, by the flushing of the aquifiers with ground water
once logging i s completed. Dust can be minimised by using wet
processes and the installation of dust removal equipment in mining
and milling operations and by the application of water on roads.
All of the above measures will also aid in the reduction of the
impacts on the fauna of the region. Further requirements needed to
counter the effect of an increased human presence in the area may
include the protection of the fauna from hunting and the protection
of the habitat from destruction through for instance controls on
the gathering of firewood.

4.4.2 Reducing Radiological Impacts

As with the non-radiological impacts, there exist opportunities for
controling some of the radiological hazards associated with uranium
mining and milling. Exposure of mineworkers to radon gas and
radioactive dust particles can be reduced by watering or the
addition of chemical stabilizers and the provision of an adequate
ventilation system (24). On completion of mining, emissions of
radon and other radionuclides from the worked-out mine sites can be
reduced by the sealing of mine shafts in the case of underground
mines, and in the case of open cast mines by the filling of the pit
with water or waste rock. (Opportunities for reducing the release
of radionuclides from mill tailings piles are discussed in the
following sect ion) .

4 .4 .3 Management of Mill Tailings p i les

The management of mill tailings piles is a problem of special
significance, especially in the long term. It involves the
management of both non-radiological hazards (acidity/alkalinity,
process chemicals and other toxic elements such as heavy metals)
and radiological hazards (radionuclides and in particular radon gas
and its decay products). As the heavy metals remain toxic for ever
and as the radionuclides take thousands of years to decay to stable
elements, management must be aimed at rendering mill tailings safe
in perpetuity.

In the short term opportunities exist, in principle at least, for
controlling the tailings hazard. Waste repositories can be lined
and sealed with layers of clay and plastic. (A 4 inter thick clay
liner is considered sufficient to reduce radon emissions by 98.6 %
(25)). Acidity can be neutralized by the application of lime and
the whole area can be safeguarded against erosion by the growing of
a protective cover of vegetation.
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In practice however, this sort of management has proved difficult
to achieve. For instance, all confinement structures will allow
seepage to some extent (26) and there have been numerous cases of
structures failing completely (27). Also, attempts to neutralize
acidity to an extent sufficient to allow revegetation have met with
very limited success. Further, fears have been raised about the
tendency of plants to bioaccumulate radionuclides and the
possibility that root penetration may break up protective liners
(28).

An alternative management approach is the removal of the toxic
radioactive and non-radioactive elements from the ore during the
milling process - thereby rendering the tailings less dangerous. In
this area, research effort has been focussed primarily on the
removal of radium (the parent material of radon) and has led to the
proposal of a number of different methods including: sodium
chloride leaching followed by ion exchange, hydrochloric acid
leaching, and nitric acid leaching. The most effective alternative
developed to date however is the precipitation of solubilized
radium from liquid effluents by the application of barium chloride
(29). Although relatively successful as far as i t goes, the barium
chloride method, like the tailings confinement approach, does not
amount to an effective environmental management response. Firstly,
the method works only upon the solubilized radinm and has no effect
on the remaining radium (approximately half) existing in the form
of suspended solid part icles (30). Secondly the process i s
expensive, making i t relat ively unattract ive to the mining
companies (31). Thirdly the generation of a highly toxic
barium-radium sludge creates further waste disposal problems (32).
Finally there remains the problem of those other radioactive and
non-radioactive elements that are not precipitated out by the
process.

In the long term, short term management problems are compounded by
infinite timescales and geological and climatic forces. Some
scientists believe that faced with such factors as earth movements
and global climatic changes, containment of mill tailings is not a
realistic option (33). Instead, they suggest, attention ought to be
focussed on the returning of the toxic elements to the ambient
environment by bleeding them at very low flux rates from the
confinement structures. However, this approach is s t i l l very much
in concept form with many of the practical difficulties s t i l l
unresolved. For instance, i t is not at a l l clear that a reliable
and durable slow release structure will be any easier to construct
than one designed for to ta l confinement.

In conclusion then, the on-going generation of uranium mill
tailings piles remains to date without an adequate environmental
management answer, both with respect to the short term and the long
term.

4.5 SUMMARY

The mining and milling of uranium has environmental impacts of both
a radiological and non-radiological nature associated with i t . The
non-radiological impacts inc lude : mass ive l and d i s t u r b a n c e ,
al terat ion of ground water flow c h a r a c t e r i s t i c s , contamination of
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surface and ground water with heavy metals and process chemicals,
the loading of ambient air with dust particles, the degradation of
soil quality, the clearing of vegetation, and disturbance to the
region's fauna. The exposure, through uranium mining, of radio-
nuclides to the biosphere and the milling process facilitates the
transport of radionuclides through the ambient physical and
biological environment. As a result, the non-human biota may suffer
increased incidences of physical deformities and sterility effects.
Humans exposed to raised levels of radionuclides bear an increased
risk of developing cancer.

Appropriate environmental management practices can go some way to
limiting the environmental impact and thus should accompany al l
mining and milling operations. However, the adequate management of
the non-radiological and radiological hazards associated with mill
tailings piles remains at present an essential ly unresolved
problem. The difficulties associated with management of these very
large quantities of hazardous materials over infinite timescales
sugge?t further that the present problems are not likely to be
sat is fac tor i ly resolved in the foreseeable future.
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5.0 THE MINING AND MILLING OF URANIUM IN NIGER

The previous chapter has given a general idea of the environmental
implications of the mining and mi l l ing of uranium, and has
indicated management options and capabil i t ies for reducing these
impacts. Building on this background, the present chapter examines
the special circumstances surrounding uranium mining in Niger - the
major suppl ier of uranium to the Netherlands.

5.1 THE NIGERIEN MINES

5.1 .1 Int roduct ion

Uranium exploration in Niger was begun in the 1950s by the French
Commissariat a l 'Energie Atomique (CEA). In 1965, commercially
viable reserves of uranium were discovered in the Ar l i t region in
the northwest of the country. The company Socie'te' des Mines de
l 'Ai r (SOMAIR) was formed to develop the depos i t and in 1971
product ion of Nigerien uranium began.

Further exploration effort to the southwest of Ar l i t resul ted, in
1972 in the discovery of the Akouta deposit (approximately 10 km
from the SOMAIR mine). In 1974 Compagnie Miniere d1 Akouta (COMINAK)
was formed and in 1978 Niger's second producing uranium deposit
came on stream.

At present, Arlit and Akouta remain the only two producing mines.
However further exploration work over recent years has continued to
expand known reserves and identify further possible production
si tes - the current status of Nigerien uranium resources i s given
in Table 5.1. The next mine l ikely to come on stream i s the Arni
deposit where the stripping of overburden has already begun (1) .
The Arni deposit is being developed by the Socie'te' Miniere de Tassa
N'Taghalgu<§ (SMT).

District

Arlit
Akouta
Arni
Imouraren
Azel ik
(T. N'Tessoum)

Afasto-Oucst

TOTAL

Reasonably Assured
Resources

Less than US $ 80/K'g U

23200
33200
21000
60000
8000

25000

170400

list i ma ted Arid it ion.il
Resources

Less than US •$ BO/Kg i,

-
3G000

187600

60000

283600

: j

Table 5 .1 : Nigerien uranium resources (source: UtCD Nuclear tnergy
Agency, 1984),
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5.1.2 Ownership

There is considerable international involvement in uranium mining
in Niger. Companies based in France, West Germany, Italy, Japan,
Spain and Kuwait are involved in current mine development as well
as Niger itself. Of the 6 companies currently involved in further
exploration work, 5 are foreign based (2).

Table 5.2 gives the breakdown of ownership of the Arlit, Akouta and
Arni mines. It shows that although Niger has a share in all the
ventures, its holdings are in all three cases minority ones. The
present situation of approximately one third ownership represents a
considerable improvement in control compared to 1971 when uranium
mining first began. At that time Niger held only 17 % of the SOMAIR
shares. Further all the capital required to purchase this interest
was given to Niger by France (3).

Mine

Arlit

Akouta

Arni

Company

Somair

Cominak

SMT

Shareholders

ONAREM
Cogema
Minatome

Urangesellschaft
Agip

Cogema
ONAREM
OURD
Enusa

ONAREM
Cogema
KFTC

Shareholding
(per cent)

33
26.96
26.96
6.54
6.54

34
31
25
10

33 1/3
33 1/3
33 1/3

Table 5.2: Ownership of the Nigerien uranium mines
(source: Owen, 1983).

Notes: (1) ONAREM (Office National des Resources Miniere) is a
Nigerien governmental organisation.

(2) Cogema is a wholly owned subsidiary of France's
Commissariat a 1'Energie Atomique (CEA).

(3) Minatome is a wholly owned subsidiary of Compagnie
Francaise des Petroles.

(4) OURD (Overseas Uranium Resources Development Company)
is based in Japan.

(5) Agip is an agency of the Italian Government.
(6) Urangesellschaft is based in The Federal Republic of

Germany.
(7) Enusa (Empresa Nacional del Uranio) is a Spannish

company.
(8) KFTC stands for "Kuwait Foreign Trade and Contracting

Company"
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Currently, as in the past, control and management of the Nigerien
uranium industry i s firmly in the hands of the French. France
through Cogema and Minatome holds approximately 45 % of the equity
of Niger's two producing mines. Further i t provides a great deal of
the managerial and technical personnel and purchases a substantial
proportion of Niger's uranium production. Approximately two thirds
of the Arlit production, for example, goes directly to France (4 ) .

5 . 1 . 3 Production Methods

Uranium i s mined in Niger both by the open cast and the underground
method. At Arlit the ore i s suff ic ient ly c lose to the surface to
allow mining by the open cast method - the overburden to ore rat io
i s approximately 10:1. At Akouta the ore l i e s approximately 250 m
below the surface forcing mining by the underground method.

As the Akouta and Arlit ores are of the same type - sandstones and
clays containing 0.15 % to 0.30% uranium - a s i m i l a r m i l l i n g
process i s employed. Following mechanical crushing, the uranium i s
chemically removed from the ore by an acid leach process . The
peculiar nature of the ore requires the use of unusually highly
concentrated sulphuric acid. (A more de ta i l ed account of the
milling process i s published by OBCD and included here as Appendix
I) v5) .

5 . 1 . 4 Production Rates

Both Arl i t and Akouta are reasonably large producers by world
standards. At Arl i t approximately 600,000 tonnes of ore (and
6,000,000 tonnes of overburden) are mined each year. The mil l can
process 1700 tonnes of ore daily and the nominal capacity of the
plant i s rated at 2300 tonnes of uranium per year. At Akouta,
700,000 tonnes of ore are mined annually, mil l capacity i s 2000
tonnes of ore per day and the nominal annual uranium production i s
a l s o , l i k e A r l i t , 2300 tonnes ( 6 ) .

Year

19SS
1990
1995
2000
2005
2010
2015
2020
2025

Existing and Commited
Centres

(Tonnes U per Year)

4900
4900
4900
4900
4900
4900
4900
'1900
4900

Planned and Prospective
Centres

(Tonnes U per year)

-
-

2000
6000
8500
8500
8500
8500

Table 5.3: Estimates of Niger's future uranium production capability
(source: OECD Nuclear Energy Agency, 1984).
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The exploration work of the 1970s and the early 1980s has shown
that Niger has the potential to become one of the world's largest
producers. Estimates of future production capabil ity are given in
Table 5 .3 . I t suggests that in 25 years time, Niger's uranium
production r a t e could be 3 t imes the present output .

5 . 2 . THE ENVIRONMENT

5 . 2 . 1 General S e t t i n g

The Arl i t and Akouta mines are situated in a particularly arid
region of Niger on the southern borders of the Sahara. Directly to
the east l i e s the Air mountain range and to the west a large gently
sloping plain stretches on into neighbouring Mali. To the north,
beyond the Air mountains, takes on a desert form proper with
shifting dunes of sand and l i t t l e or no vegetation. To the south,
the landscape genera l ly becomes p r o g r e s s i v e l y more benign
corresponding to progressively greater annual ra infa l l (Figure
5 . 1 ) .

5 . 2 . 2 Climate

The climate of the Akouta/Arlit region is characterized by low
rainfall and high temperatures. The average annual rainfall is
around 150 mm per year, although there is considerable year to year
variation. In some years rainfall may be as high as 200 mm, zero
annual rainfall is also possible. The rainy season, usually in July
or August, is generally extremely short - sometimes being confined
to a matter of a few days. The rate of rainfall during this time is
typically high and of a violent stormy nature, often causing
widespread flooding and as a consequence disruptions to overland
travel.

ALGERIA

100 200 300 400 500BURKINA
FASO

DAHOMEY Figure 5.1: Location of the Arlit and Akouta uranium mines
(source: Gerard, 1974).
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Temperatures vary somewhat during the year. The hottest period is
in May-June when temperatures may reach as high as 47°C. In January
and February however temperatures may go as low as 5°C. There is
also considerable variation in daily temperatures throughout the
year. In December-January for instance the range is 20°C, in
May-June i t is 18°C. The average annual temperature is around 27°C.

5.2.3 Geology and Soils

The outcropping of basement rock that forms the Air mountain range
marks the eastern boundary of a vast sedimentary basin which
dominates the geology of the region. The basin, a northwest -
southwest directed monocline, stretches to the west into Mali
(conforming generally to the large Tamesna plain) where i t i s
bordered by the Adrar range. The overlying s t r a t a consists
predominantly of alternating layers of sandstones and clays. Their
ages range from the Devonian through to the Cretaceous and in the
Arlit/Akouta region they reach a maximum thickness of around 1500
meters. Approximately 70 to 80 % of the uranium ore is contained
within the sandstone sediments, the rest is found within the clay
layers (8) .

The soils are of a clayey type and are generally of poor quality,
both in terms of structure and natural fe r t i l i ty . During the wet
season they become water saturated and swell. This is followed at
the end of the rains, by drying, shrinking and cracking, presenting
severe problems to the growth of the plant fodder necessary for
grazing. Widespread silica deficiency in the soils is also a factor
l imit ing plant growth (9).

5.2.4 Surface and Ground Water

Owing to the low rainfall of the region and the intense evaporative
power of the sun, surface water, apart from the few natural
springs, is virtually non-existent outside the wet season. During
the wet season however i t is more than abundant, flowing in rapid
streams in the Air range and causing widespread flooding on the
plains. On reaching the plains, the water may remain for several
months at shallow depths in the alluvia at the foot of the western
slopes of the mountains.

The Arlit/Akouta region, like most of Niger, is reasonably well
endowed with ground water. The porous and alternating
permeable/impermeable sedimentary structure of the area favoured
the collection and storage of water during former wetter periods.
The present level of rainfall, however, is too low to recharge
supplies if water is withdrawn (10). Thus present reserves
represent a limited resource. In some areas geological faulting has
exposed the aguifiers to the surface forming the area's small
natural springs.

5.2.5 Flora

The vegetation reflects the harsh climatic conditions (lack of
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rainfall in particular) and poor soils of the region. Tree species,
having a relatively high water requirement, are rare, being found
only in the valleys of the Air range. Bushes are more common.
However, like the trees, they are usually water stressed and adopt
a stunted form. Various species of grasses are relatively commonly
found but are not distributed evenly accross the region. In some
areas grass cover is extensive resembling a vast meadow while in
others there is nothing but stony ground. As might be expected, the
appearance of the flora changes dramatically from season to season.
During the dry season, the grasses turn to "straw" and the leaves
of the trees and shrubs become dried. The wet season sees the
revival of l i fe and is the time of most growth. The rainfall i s too
low and irregular to support cultivated crops.

5.2.6 Fauna

In general, wildlife is not particularly plentiful in the region.
However, in the south there are Cheetahs and Jackals and species of
wild sheep, the Gazelle, the Addax, the Oryx and Hyenahs can be
found. On the pla ins , Warthogs and, during the wet season
occasionally Gazelles, are the most common inhabitants. The region
a l so supports a limited number of domestic l ivestock.

5.2.7 Human Population

The human population in the whole of northern Niger i s extremely
low. In the Arlit administrative area i t averages 0.06 persons per
square kilometer. Although some of the inhabitants live permanently
near reliable water supplies, most of the population i s nomadic.
The Tuareg people make up by far the largest population group (12).

The Tuareg lifestyle is of a nomadic subsistence type. The nomads
move their herds about in search of pastures provided by the rains.
During the rainy season or shortly thereafter when water i s in
abundance they move away from the wells to wherever pasture can be
found. In the dry season they remain near the wells, the livestock
living off the surrounding dried grasses. The nomads l i v e
predominantly on milk, with tea, sugar and chewing tobacco as
luxuries .

The settled populations consist of former agricultural slaves of
the Tuaregs. They are engaged predominantly in small scale
cropping, handicrafts, shopkeeping and sa l t extraction (13) .

5.3 ENVIRONMENTAL PROTECTION

Section 4.4 has shown that appropriate management p o l i c i e s can go
some way in reducing the environmental impacts of uranium mining
and m i l l i n g . This s e c t i o n considers b r i e f l y environmental
protection in the Nigerien uranium industry by f i r s t l y examining
the posit ion of Niger to negotiate protec t ion measures, and
secondly by looking at the contractual obligations of the mining
companies.

5 . 3 . 1 Negot iat ing Pos i t i on of Niger

By way of a combination of several different factors, the posit ion
of Niger to negotiate environmental safeguards with the mining
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companies is weak. The first of these stems from Niger's minority
shareholding in its uranium industry (Section 5.1.2). Its minority
voting power coupled with the fact that environmental protection
measures tend to be cost increasing (and thus profit reducing)
means that Niger's ability to influence environmental policy from
within the company structure i s re la t ively limited.

Niger's position to influence environmental management practice
from outside the company structure is also weak. Primarily this
stems from Niger's increasing economic dependance on uranium. In
the early 1970s, before uranium production proper got underway,
Niger's economy was an agricultural one, with the main foreign
exchange earner being groundnuts. However, the subsequent
development of the uranium reserves combined with the demise of the
groundnut production in the 1974 drought, meant that by 1980
uranium production had come to dominate the economy. (It had also
transformed what was a chronic balance of payments deficit into a
small surplus). In 1980 uranium exports accounted for 70 % (by
value) of total exports. In turn the capital requirments of the
uranium industry accounted for more than 50 % of Niger's imports
(14). This structure of Niger's economy which has continued through
to the present day makes i t difficult for the Nigerien authorities
to risk compromising the international competitiveness of Nigerien
uranium by insisting on cost-increasing environmental protection
measures. This is particularly so as Niger is already considered a
high cost production centre - because of i t s distance from
seaports, relative isolation and lack of other infrastructural
amenities (15) .

The recent oversupply of uranium on the world market has further
weakened Niger's effective bargaining position. With the lowering
of the world uranium price in the 1990s and a continuing oversupply
situation predicted to the mid 1980s (16), the drive to cut
production costs to maintain competitiveness has left l i t t l e room
for any new initiative on the part of Niger for the introduction of
environmental protection measures.

5.3.2 Contractual Obligations

In view of the weak negotiating position of Niger, i t i s not
surprising that the contractual obligations of the mining companies
to either protect or restore the environment are v i r tua l ly
non-existent. The state is left with l i t t le or no effective control
over the degree of environmental degredation or the impacts on the
health of mine workers and local inhabitants (17).

5.4 ENVIRONMENTAL IMPACT

Lack of sufficient primary data (due to lack of impact repor t ing
and monitoring) makes i t diff icul t t o form an accurate p i c tu re of
the environmental impacts of uranium mining and mi l l ing in the
Arli t /Akouta region (18) . However, by g e n e r a l i z i n g from t h e
information presented in Chapter 4 and S e c t i o n s 5 . 1 - 5 . 3 , in
combination with the information that i s avai lable , i t i s poss ib le
t o bui ld up a reasonable impress ion of l i k e l y impac t s . The
following sections place spec ia l emphasis on those impacts tha t
differ s ignif icantly from the general case already discussed in
Chapter 4 .
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As mentioned in Chapter 4, the increased human presence associated
with uranium mining can place a burden on the ambient environment
in addition to that of the physical and chemical mining and milling
processes. This is a particularly important factor in the case of
the Akouta and Arlit mines. Because of the isolation of the region,
a completely new town was built at Arlit to serve the industry. The
influx of several thousand people into an already climatically
stressed environment places as much (if not more) pressure on the
environment as the mining a c t i v i t i e s themselves.

5.4.1 Impact on Water Reserves

In an arid evironment the preservation of water supplies i s of
utmost importance. The mining and milling of uranium at Arl i t and
Akouta threatens the region's water resources in a number of
different ways. The flow of the a r e a ' s na tura l spr ings i s
threatened f i r s t l y by the possibil i ty of mine dewatering and
secondly by the depletion of reserves required for mining and
milling processes and use in the town of A r l i t . Depletion of
reserves also threatens water quality, as i t leads to increased
water salinity (19). Water quality i s further threatened by the
leaching of toxic and radioactive elements from the mine and mill
sites into the aquifiers (refer Chapter 4). This i s l ikely to be a
part icularly serious problem a t Arlit/Akouta as the porous
sandstones combined with the low level of environmental management
wi l l allow good environmental t r anspor t .

5.4.2 Impact on Flora

The flora of the region i s threatened predominantly by the
increased human activity uranium mining has brought to the area.
The gathering of wood for fuel has already taken i t s t o l l . Within
the f i rs t 5 years of mining, a l l vegetation that was suitable for
firewood had disappeared from the region (20). This, in combination
with other factors, such as depostion of dust on plant leaves,
further threatens the fragile ecological stability of the area. I t
increases the chance of the desertification process engulfing the
area and advancing fur ther south.

5.4.3 Impact on Fauna

As with the flora, the major threat to the fauna of the region
appears to be the increased human activity. Although there are
regulations controlling hunting in the area, the vast expanses of
semi-desert are difficult to control and hunting continues (21).
Hunting pressure, destruction of habitat, possible alteration of
water supply characteristics coupled with an already harsh
environment constitute a severe threat to the wildlife of the
region.

5.4.4 Impact on the Human Population

There is lit t le doubt that the exploitation of uranium in the Arlit
region has had a considerable impact on the local Tuareg
population. Theoretically, at least, these impacts would appear to
be of both a positive and negative nature.
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On the negative side, the increased human presence in the region
has brought increased pressure on the natural resources of the
area, in particular on the flora, fauna and water resources. The
non-sustainable use of ground water and firewood, for example, in
threatening the fragile ecosystems, undermines the viability of the
t radi t ional nomadic l i f e s ty le .

The traditional lifestyle is further threatened by the distortions
that a large project such as uranium mining bring to the economy of
the area. The Tuaregs, by tradition, are largely barter traders.
The influx of large quantities of cash and imported goods and the
increased competition for traditional commodities such as sugar,
tea and tobacco may serve to weaken thei r trading position.

On the plus side, the uranium industry offers employment to the
Tuareg people. However, for a number of reasons this benefit is not
as a t t rac t ive as i t may at f i r s t seem. F i r s t ly , the local
population are not drawn to working in the Arlit and Akouta mines.
For a Tuareg i t is considered degrading to seek work in one's own
region and if cash is needed they prefer to travel south to work.
Those Tuaregs that do work in the mines come mainly from the south
(around the In Gall area). Typically, they are youths of 15 or 16
years of age who came to earn and save the money they need in order
to marry. However, even for these southern nomads, work in the
mines is not a particularly attractive proposition. The work is
physically demanding and the nomads with their meager diet are
quite unsuited to i t . Consequently, i t is difficult for them to
work more than every other day and even then i t is possible for
only a limited period (22). Further, as there is virtually no
protection from radon gas inhalation and no radiation health
controls or monitoring, the health r isks to the workers are
considerable. The workers are not informed of the radiological
r isks associated with uranium mining (23).

On balance then, i t would appear that the impacts on the local
population are considerably more disadvantageous than advantageous.
Of particular concern is the situation when mining operations are
complete. The inhabitants will be left with a contaminated physical
environment denuded of i t s l ife sustaining resources. The area
could become uninhabitable for the local indigeneous people.

5.5 SUMMARY

Uranium mining in Niger i s being conducted on an increasingly large
scale. The considerable foreign domination of the industry and s
dependancy on uranium resources depletion to generate reserves of
foreign exchange leaves Niger with l i t t l e opportunity t o negotiate
effective environmental protection measures. The r e s u l t i s a lack
of e f fec t ive environmental impact management or moni to r ing .

The impacts of uranium mining and mi l l ing in the region are not
well established. However, i t appears t h a t both the f lora and the
fauna of the a r e a ' s f r ag i l e semi-desert environment a r e being
adversely affected and that the area's water resources are
threatened. The impact on the local human population appears to be
particularly severe.
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6 . 0 SUMMARY AND CONCLUSIONS

The major findings of the preceeding chapters are as follows:

Ch.2: It i s important (for both moral and resource management
reasons) to be aware of the impacts of Dutch energy policy on the
environment in other countries and to bring these factors into the
Dutch energy policy formulation framework.

Ch.3: Although present nuclear capacity makes up only a small part
of the total Dutch electricity supply system, its fuel requirements
in terms of uranium ore are significant - in the order of 50,000
tonnes per year. For a number of reasons i t i s d i f f i c u l t to
determine the source of the ore. However, in principle at least, i t
appears to come predominantly from Niger.

Ch.4: The environmental impacts associated with uranium mining and
mill ing on air quality and so i l and water resources are
considerable. Appropriate environmental management measures can go
some way in reducing these impacts (and thus should accompany a l l
mining operations). However, the problem of adequate management of
mill tailings piles in particular remains essentially unresolved,
and perhaps unresolvable.

Ch.5: Due to a lack of primary level impact data, the environmental
implications of mining uranium in Niger are not well established.
However, the lack of environmental controls and the region's
fragile ecology constitute reason for grave concern. For a number
of reasons, Niger alone is not in a strong position to bring about
improvements in environmental management.

The above findings question both the wisdom and the morality of the
present practice of using Nigerien uranium to generate electricity
in the Netherlands. Also, the severity of the environmental impact
and in particular the lack of an adequate management response to
the generation of very large quantities of mill tailings raises
pressing questions about the desirability of the pending expansion
of Dutch nuclear power capacity. There i s thus an obvious and
urgent need for the reassessment of nuclear energy policy in the
Netherlands in which the environmental impacts of uranium mining
and mill ing be given greater prominence.

The findings of this report also suggest other areas in which
further work should be carried out. Firstly there is a need for
on-site environmental impact monitoring and assessment of the
uranium mining industry in Niger. This should be accompanied by
efforts on the part of the mining companies and end-users of
uranium in conjunction with Niger to improve environmental
management and protection.

Secondly there appears to be a need for a re-examination of the
all-things-considered viability of the Nigerien uranium industry.
The associated environmental impacts suggest that the long term
development interests of Niger may be better served by leaving the
uranium in the ground and financing general development from other
sources. The developed world and in particular those countries
involved in aid projects have a role to play in this respect by
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working in conjunction with Niger to find alternative, sustainable,
development s trategies.

Lastly, the results of this investigation suggest that i t would be
beneficial to investigate further other international environmental
connections in the energy sector - for example the mining of coal
or other stages in the nuclear fuel preparation process. Priority
ought to be given to the connections with third world countries. As
a prerequisite to this, i t is important that steps be taken to
improve the availability of relevant information. The present
practice, by some of the involved organisations, of suppressing
information or making i t difficult to come by only serves to
frustrate necessary analyses and inevitably the efficient use of
the world's resources.
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FOOTNOTES

CHAPTER 2

1 . Briefly, Cost-Benefit Analysis i s an analytical method in
which the soc ia l advantages and d i s a d v a n t a g e s of a
particular policy or project are quantified ( in terms of
monetary units) and compared. The method thus produces an
"evaluation" of the project or policy.

2. For further reading in this general area see, for
example, Abelson, 1979.

3. Almost without exception, tenable normative ethical
theories are based on the the presupposition that there
is no good moral reason for the a priori favouring of one
moral agent over another.

4. The depressed position of third world countries suggests
perhaps that their welfare ought to be given greater
consideration than that of the exploiting developed
country. However, the vice versa situation analysed in
the text appears, from a moral viewpoint, total ly
indefensable.
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CHAPTER 3

1. Directies Arnhemse instellingen van de e l ek t r i c i t e i t s -
bedrijven in Nederland, 1984. pp. 18, 23.

2. As the marginal cost of generating electricity by nuclear
means is lower than by conventional methods, there i s an
economic advantage in running the nuclear stations at
maximum possible capacity, and sparing conventional
stations. Thus although the Dutch nuclear power stations
amount to only 3 % of total capacity, they produce around
8 % of t o t a l supply.

3 N.V. Gemeenschappelijk Kernenergiecentrale Nederland,
1984. p . 4 .

4. Directies Arnhemse instellingen van de e l ek t r i c i t e i t s -
bedrijven in Nederland, 1984. p . 18.

5. van der Hulst , personal communication.

6. N.V. Gemeenschappelijke Kernenergiecentrale Nederland,
jaa rvers lag 69-73, 1973. p . BOK-1.
N.V. Gemeenschappelijke Kernenergiecentrale Nederland,
jaa rvers lag 1983. p . 30.
This was conducted very much at the experimental level -
only 2 of the 164 fuel elements contained plutonium

7. van der Hulst , personal communication.
This system of par t ia l reloading represents the most
economically efficient means of replacing the fuel
elements.

8. Tiktak, 1982.

9. Tiktak, personal communication.
Tiktak, 1982. p. 52.

10. United Nations Environment Program, 1979. p. 28.

11. Nuclear Fuel: October 10, 1983. p. 5.; June 17, 1985. pp.
8-9.

12. Nuclear Fuel; June 17, 1985. pp. 8-9.

13. van Dam, 1982. p. 27.

14. Huisman, 1978. p. 71.

15. Tiktak, 1982. p. 52.

16. Tiktak, personal communication.

17. Nuclear Fuel; June 17, 1985. pp. 8-9.

18. (a) A policy of secrecy serves to allow use of Namibian
uranium forbidden under Decree No 1, adopted by the
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United Nations council for Namibia on 27 September 1974.
(The Rossing mine in Namibia is the world's largest
producing open cast uranium mine).

(b) Requests for information (concerning the supply of
uranium to Holland) to (a) OBCD Nuclear Energy Agency (b)
Euratom Supply Agency (c) N.V. Provinciale Zeeuwse
Elektriciteits-Maatschappij (Borssele) (d) Ministerie van
Economische Zaken (The Netherlands) were a l l e i ther
refused or answered only partial ly. Information was
forthcoming from N.V. Gemeenschappelijke Kernenergie-
centrale Nederland (Dodewaard).

19. For example the Groene Amsterdammer, 23 April 1980,
reported that mixing occurs at the Comurhex uranium
hexafluoride plant a t Malwesi, France.

20. N.V. Gemeenschappeli jke Kernenergiecentrale Nederland,
annual repor t s .

21. Holland has less (in percentage terms) installed nuclear
generating capacity than a l l of i t s closest neighbours:
France, Belgium, Great Britain and the Federal Republic
of Germany.

22. Stuurgroep BDE, 1984.

23. See for example Keus-Bouma, 1985.

24. N.V. Samenwerkende Elektriciteits-Produktiebedrijven,
jaarverslag 1983. p. 34.

25. see further Hoeksma and Boer, 1982.
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CHAPTER 4

1. United Nations Environment Programme, 1979. p . 30.

2. Only about 3 % of total production was supplied by other
methods, notably the in-si tu logging method - Tibbs et
a l . , 1978. p . 72.

3. Tibbs e t a l . , 1978. p . 72.

4. United Nations Environment Programme, 1979. p . 32.

5. Due to compaction factors, the volume of mill wastes i s
often greater than that of the in-s i tu ore.

6. Tibbs et a l . , 1978. p. 73.

7. United Nations Environment Programme, 1979. p. 36.
Uranium mill tailings piles typically contain a number of
heavy metals including: lead, zinc, manganese, cadmium
and arsenic. Concentrations vary from si te to s i t e -
Goldstick, 1980.

8. Tibbs et a l . ,1978. p . 74.

9. Stone and Webster Engineering Corp., p. 4.37. This
particular effect hoewever is considered by the authors
to be minimal and of short duration.

10. Stone and Webster Engineering Corp., 1978. pp. 4.33-4.36.

11. Stone and Webster Engineering Corp., 1978. p. 4.37.

12. United Nations Environmen Programme, 1979. p .9 .

13. Goldstick, 1980. p. 41.

14. affecting the individual exposed.

15. affecting the offspring of the exposed individual.

16. Goldstick, 1980. pp. 77-83. Both somatic and genetic
effects were observed.

17. summarized in Goldstick, 1980. pp. 83-85.

18. Klechkovsky et a l . , 1973.

19. discussed in Goldstick, 1980.

20. see further Beebe, 1984, and for example Gottlieb and
Hussen, 1982.

21. Okken, 1979, and Okken and Nienhuis, 1980, have reviewed
work done in this field and found the Sevc et a l . , 1976,
study to be one of the methodologically better investi-
gations.
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22. The r i sk of developing lung cancer decreases
substantial ly with distance from the mine/mill s i t e .
However the number of individuals potential ly affected
becomes progressively larger. The combination of the two
factors resu l t s in a small but s ignif icant number of
expected deaths outside the mine s i te due to exposure to
radon decay products . See further Okken, 1979.

23. see for example Chameaud et a l . , 1974, and Cross et a l . ,
1982.

24. (a) I t should be noted that the placing of the
ventilation system exhausts requires special attention.
If care i s not taken, the exposure burden wi l l be merely
shifted from one group (the mineworkers) to another (the
l o c a l popu la t ion ) .

(b) the cost of radon reduction can become extremely
expensive. For instance a study conducted for the U.S.
Bureau of Mines found that the minimum cost route of
reducing radon exposure t o a maximum of 0.7 WLM/y
(demanded by the Oil Chemical and Atomic Workers Union)
would make many operating underground uranium mines in
the U.S. uneconomic - Nuclear Fuel , 9 ( 2 7 ) : 1 0 .

25 . Dreeson, 1978. The remaining 1 % i s s t i l l about four
times the t y p i c a l s o i l radon exhalat ion r a t e .

26. s ee further Goldst ick , 1980. p . 94 .

27. A summary of containment structure fai lures in Canada i s
contained in Goldstick, 1980, pp. 96-101. Some of the
consequences of the Church Rock failure in New Mexico are
d i scussed in NANAI 1982, pp. 4 0 - 4 1 .

28. One company managed to revegetate 400 acres of uranium
mill wastes. However this was only after 10 years work,
the addition of 25 tonnes of limestone per acre and 1700
pounds of f er t i l i z er per acre per year for f ive years.
Even then vegetation grew only in the top 15 cm of s o i l
and radium-226 was bioaccumulated to enrichment factors
of between 10 and 200 times background - Goldstick; 1980.
pp.106-107.

29. OECD NEA and IAEA, 1983b. p. 116.

30. Goldst ick e t a l . , 1980. p. 102.

31 . OECD NEA and IAEA, 1983b. p. 116.

32. see further Goldst ick, 1980. pp. 102-104.

33. see for example Lush, D. e t a l . "An assessment of the
long term interaction of uranium t a i l i n g s with the
natural environment" _in: OECD NEA, 1978. pp. 373-400.
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CHAPTER 5

1. OECD NEA, 1984. P. 6.

2. OECD NEA, 1984. P. 5.

3. Higgot, 1980. p. 50.

4. de la Court et al., 1982. p. 73.

5. OECD NEA and IAEA, 1983b. pp. 211-214.

6. OECD NEA, 1984. p. 6.

7. Climatic data from Gerard, 1974. pp. 9-10.

8. OECD NEA and IAEA, 1983b. p. 211.

9. Gerard, 1974. p. 7.

10. Gerard, 1974. p. 13.

11. Arid Lands Information Centre, 1980. p. 63.

12. Gerard, 1974. p. 16.

13. see further Gerard, 1974. pp. 16-36

14. Owen, 1983. p. 17.

15. Owen, 1983. p. 18.

16. OECD NEA, 1984. p. 9.

17. (a) Zorn, 1981.
(b) United Nations, 1983. pp. 93-96.
(c) Moody, 1982, p. 3 reports that "radiation health
controls and monitoring are non-existent" in Niger.

18. (a) Written correspondence with collegues in Africa,
France and the United States and with the IAEA, UNSCEAR
and OECD NEA in addition to an on-line computer search of
the NTIS, Enviroline, Pollution, Pascal and Compendex
data bases have failed to locate any environmental impact
assessments covering the Nigerien uranium industry,
(b) Under French law, French based transnational
companies are not required to conduct environmental
impact assessments of their overseas operations. -
Bertrand des Clers, pers. comm..

19. Gerard, 1974. p. 13.

20. Gerard, 1974. p. 13.

21. (a) International Union for the Conservation of Nature
and Natural resources, 1979.
(b) Arid Lands Information Centre, 1980. p. 36.
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22. Gerard, 1974.

23. Moody, 1982. pp. 3-4.
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APPENDIX I: MILLING PROCESSES USED IN THE PRODUCTION OF NIGERIEN
YELLOW CAKE,

(Source: OECD NEA & IAEA: Uranium Extraction and
Technology. OECD, Paris. 1983. pp. 212-214.)

A. ARLIT (SOMAIR)

Mechanical preparation. Open-pit mining Is used, producing
4,500 tonnes of ore (0.15 to 0.30 % U) and ten times as much barren ma-
terial, per day, six days a week.

The lorries are sorted using a scintillation counter bridge. The ore
is sorted into heaps, mixing being carried out at the treatment plant.

There is no preconcentration.

Crushing in a Jaw crusher reduces the blocks from 1 m to 300 mm for
the first line. In the second, a giratory crusher is used.

Dry grinding, with injection of hot air at 600°C, in a semi-
autogenous grinder produces BO X below 800 micron, for the first line; In
the second, the semi-autogenous grinder Is followed by a ball mill.

Leaching. In the first line, mixing of the ore with the concen-
trated sulphuric acid (100 kg/t at 100 X) is done in a rotating trommel
and leaching in another, with a liquid/solid ratio of 0.11 for 2 hours
50 minutes at 90°C. Disintegration with water in a disintegrator in the
presence of manganese dioxide (2 kg/t) is followed by solubilizatlon
of the uranium in three agitated tanks, the liquid/solid ratio being 1,
for one hour at 50°C. The yield is 94 X.

In the second,line, sodium nitrate (2 kg/t) is added to the sulphuric
acid (again 200 kg/t) in the rotating trommel. Leaching is effected on
belts, with a liquid/solid ratio of 0.11 to 0.18, for 2 hours 30 minutes
at 8O°C. After disintegration in a grinder-disintegrator the uranium is
dissolved as in the first line.

For static leaching, the raw ore is put in 90,000 tonne heaps; the
richest fraction of the ore crushed to 300 mm is collected in units of
55,000 tonnes. For a sulphuric acid consumption of 40 to 50 kg/t, the
yield is about 50 X. x ; "

Solid/liquid separation. In the first line the pulp is divided in
two parts with separation at 150 micron on two rake classifiers. The
"sands" are counter-current washed by a battery of five other rake
classifiers, and the "fines" in six decanter-thickeners, also counter-
current. A flocculant (Floerger FO 107) is used.

In the second line,, the pulp is flocculated (using the same
floccul'ant) in four trommels and filtered on two belt filters.

Clarification for the two lines is effected with three sets of
charcoal bed Immedium filters.

Purification/concentration. This is done in three identical units:
extraction by 'a tertiary alamine-based solvent in four mixer-decanters and
re-extraction by sodium carbonate in three other mixer-decanters.

Production of uranlferous concentrate. Soda is used for precipita-
tion from the re-extraction solution for 8 hours at 80°C. The concentrate
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is filtered on a belt filter and dried In two screw driers heated with the
steam from the sulphuric acid manufacturing plant. The uranium content is
70 %.

Treatment of waste. The solid residues are evacuated by belt convey-
or to a spoil heap. The effluents, stored in basins, evaporate naturally
given the climatic conditions.

B. AKOUTA (COMINAK)

Mechanical preparation. The.ore is mined at a depth of 250 metres,
using the chamber and pillar system, the latter being recovered by
back-filling the 2 to 12 m thick mineralized layers.

The ore is sorted according to uranium content with intermediate
storage underground. After crushing to 250 mm and extraction by belt
conveyor, the ore Is stored on the surface depending on its 0-content as
determined by radiometric analysis. Mixing takes place at entry to the
plant.

Dry grinding in an autogenous grinder in closed circuit on three
screens with separation at 600 micron, results in 95 % below 630 micron
and 15 % below 50 micron.

Leaching. The process is the same as that of the SOMAIR second
line, with oxidation by sodium chlorate instead of nitrate.

Solid/liquid separation. This is effected by three belt filters in
the presence of Flocal.

Purification/concentration. After additional oxidation (again using
sodium chlorate), in order to avoid as far as possible the problem caused
by the high molybdenum content of the solution, extraction is effected in
five mixer-decanter stages using a solvent made up a tertiary amine and
tridecanol in kerosene. The uranium is re-extracted, also in five mixer-
decanter stages by sodium chloride. Further re-extraction by sodium
carbonate, in three stages, enables the molybdenum to be removed and
recovered.

v -
Production of uranium concentrate. Precipitation of the uranium

from the re-extraction solution by sodium chloride is a continuous process
in four tanks, with magnesia being added up to a final pH of 7; the
residence time is four hours. The concentrate, thickened in a decanter-
thickener, is filtered on a belt filter and dried in a Niro atomizer
oven.' The uranium content is about 70 %.

Molybdenum recovery. The solution resulting from re-extraction by
sodium carbonate is acidified with sulphuric acid up to pH2 (which takes
one hour), then in two other tanks, also for one hour, with lime to a
final pH of 9.6. The calcium molybdate, after thickening in a decanter-
thickener and filtering on a belt filter, is dried in a steam-tube rotary
oven. The molybdenum content is about 30 X. it is subsequently purified
in a facility outside the plant.

Treatment of waste. The solid residues are stored in a spoil heap.
The liquids go to leakproof basins where they evaporate naturally.


