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Synopsis

This report presents the documentation of a detailed Environmental Impact Statement (E.I.S.) that has
been drawn up for the Rissing Uranium Mine in Namibia. The primary purpose of this document
is to provide a comprehensive compilation of the information relating to all aspects of the activities
that have been conducted, or are likely to be undertaken, at Rdssing, and an evaluation of the impacts
which these activities have had, or will in future have, on components of the local and regional
environment,

The study was commissioned by the Health, Safety and Environmental Services Department at
Rossing, with the express intention of providing as detailed a picture as possible of the impacts caused
both by mining and associated activities. Staff members from various Departments at the Rossing
Uranium Mine were nominated to provide the compilers of this report with all the information
available on their sections. Their active and enthusiastic support for this project is gratefully
acknowledged.

The body of this report consists of seven text chapters, followed by a list of detailed conclusions and
recommendations. A list of the reference materials used during the study is contained in the final
section of this report.

The first chapter consists of a short discussion on public perceptions and the need to evaluate
environmental impacts as well as the level of investigation required. This is followed by Chapter 2,
which contains a description of a probable pre-mining baseline, describing as accurately as possible
the conditions that must have prevailed prior to the start of mining activities. Because of an almost
complete lack of detailed ecological information from the Rdssing area prior to mining, Chapter 2 is
based on the conditions prevailing now at nearby undeveloped areas and is therefore somewhat
speculative.

Chapter 3 details the extent of current mining activities at Rossing and includes information on the
local and regional infrastructure, together with details of important socio-economic features. Chapter
4 examines in detail the impacts that mining activities have had to date and lists the criteria used in
the description and evaluation of these impacts. In any evaluation of environmental impacts, the
desirability or otherwise of an impact will depend largely on the attitude of the assessor. There is,
therefore, an unavoidable component of subjectivity in this analysis.

Chapter 5 describes the extent of projected future mining activities during the remainder of the life
of the Rdssing Uranium Mine. Wherever possible, details are given of the extent and variety of
activities that are foreseen. This is then followed by Chapter 6, which uses the same criteria as listed
in Chapter 4 to describe and evaluate the probable impacts that future mining activities will have.
Chapter 7 then describes the available information on the proposed decommissioning plans for the
Rossing Uranium Mine at the end of its economic life. Particular attention is given to the type of
remedial and ameliorative works that will be necessary.

The report closes with a list of detailed conclusions arising out of the findings of this study in Chapter
8, followed by specific recommendations for further action in Chapter 9. The references used during
the course of the project are listed in Chapter 10.

This study has revealed clearly the extent to which Rossing has modified the existing environment and
the variety and extent of remedial actions that have already been undertaken. Ideally, an
Environmental Impact Statement (E.I.S.) such as this one should be considered as a "living document”
and form the basis of regular evaluations of environmental impact during the remainder of the mine’s



life. These evaluations or audits should take the form of short annual surveys where the preceding
year's data from the environmental monitoring programme is evaluated. This information should then
be used to update the E.1L.S. so that it will always contain relevant and up-to-date information to guide

management actions.

Terms of Reference

This report has been drawn up at the request of Mr A.W.J. Jooste, Superintendent of the Health,
Safety and Environmental Services Department, and Mr P.N. Vernon, Technical Controller at
Riéssing Uranium Limited.

This report represents a compilation of all the available information relevant to the environmental
impacts experienced during the uranium mining operations at the R0ssing Uranium Mine. Virtually
all the information pertaining to both current and proposed mining developments at Réssing has been
provided by the staff of Réssing Uranium; this report could not have been compiled without their
active interest in the project. The relevant individuals are listed in the acknowledgements section of
this report.

The specific requests made by Messrs Jooste and Vernon were:

I

The report should provide a comprehensive and detailed compilation of all the environmental
impacts that have taken place since the inception of mining operations at Rdssing.

The report should be based on an evaluation of the information that is available from Rissing
and other local and, if appropriate, overseas sources. No attempt should be made to initiate
additional data-collection or monitoring studies at the Rdssing Uranium Mine until this report
has been finalized.

The report should provide as detailed as possible a picture of the "baseline” conditions that
existed prior to the commencement of mining activities. It was accepted that any assessment
of the long-term, post- decommissioning impacts would be very difficult since the remaining
mine development and decommissioning procedures have not yet been defined.

Nominated Rdssing Uranium staff members, representing each of the major Departments at
the Réssing Uranium Mine, would liaise with CSIR to provide information relevant to their
sections. Mr A.W.J. Jooste of the Health, Safety and Environmental Services Department
would act as co-ordinator for the project.

All information received from Rossing Uranium Limited and all reports and correspondence
generated in connection with this assignment must remain strictly confidential.
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1. PREPARATION OF AN ENVIRONMENTAL IMPACT STATEMENT

1.1 Introduction and Background Information

In recent years, the public awareness of environmental issues has escalated rapidly to such an extent
that legislation in many countries is now being adapted to reflect this concern. In particular,
considerable attention is being paid to the consequences of developments, especially where these are
perceived to negatively impact ecological and social issues.

In this context, the negative response of most people to issues relating to radio-activity and atomic
energy require particularly careful handling. The irrational fear of these issues shown by many
ill-informed people has had, and will undoubtedly continue to have, a considerable impact on the
public’s perception of all facets of nuclear energy.

In the past, negative public perceptions have adversely affected the mining and use of uranium and
other radio-active materials. Uranium mining operations in Australia, Canada and the United States
of America have been the focus of considerable public debate in the past. Mines are now required
to operate according to strict codes of conduct so as to minimize environmental impacts and allay
public fears surrounding radio-activity.

1.2 The Need for an Assessment of Environmental Impacts

Currently, a detailed Environmental Impact Assessment (EIA) is still not a legal pre-requisite for
development in South Africa or Namibia (Fuggle, 1979). However, it is probable that legislation in
many southern African countries will soon be adapted to incorporate escalating public concern for the
environment. The statutory changes will probably include a requirement to assess the environmental
impacts of each proposed development before permission is granted for the development to proceed.
The incorporation of appropriate remedial or ameliorative measures, and the initiation of long-term
monitoring to assess the efficacy of these actions, are an integral part of this process. It is therefore
appropriate that ROssing Uranium anticipate these developments and draw up a detailed and
comprehensive assessment of the environmental impacts that have already occurred as well as those
that are likely to occur in future.

1.3 The Level of Investigation Required

In common with many mines that started operations before formal assessment of environmental
impacts became customary, the R&ssing Uranium Mine does not have an established baseline
describing the conditions that prevailed prior to start-up. [t is therefore necessary to establish such
a baseline from current conditions and interpolation from adjacent and similar, but undisturbed, areas.
This will then serve as a reference document against which the impacts of both current operations and
future developments, as well as the effectiveness of environmental protection and reclamation
measures, can be assessed (Robertson & McPhail, 1989).

When uranium mining started at Rossing, due care and attention was taken to ensure that all mining
operations were conducted in a manner that minimized the influences of radio-activity on both the
human and other environmental components. In addition, detailed studies were initiated to monitor
changes in dust levels, ground-water flows and ambient levels of radio- activity. These studies will
therefore form the nucleus of any assessment of environmental impacts.
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Studies conducted at the Ranger uranium mining operations in the Alligator Rivers Region of
Australia (A.R.R.R.1., 1987) provide a useful basis for comparison with Rissing. At the Ranger
Uranium Mine, the dominant environmental risks both in the short- and long-term were those
associated with the dispersion of mine-derived material into the environment. Similar environmental
risks will also attend the mining operations conducted at Rossing Uranium, despite the great
dissimilarity in climatic conditions.

The Ranger studies (A.R.R.R.I., 1987) concluded that sufficient information must be obtained to
ensure that potential environmental impacts can be controlled and limited to some specified and
acceptable level. However, even a basic assessment of the environmental consequences of uranium
mining operations and the development of appropriate measures for their control, requires scientific
and technical information from a wide variety of sources. This is particularly true of mining
operations conducted in complex ecological regions, such as the tropical monsoon and dry desert
regions where the Ranger and Rossing Uranium mines are located, respectively.

In the case of the Ranger operation, the scope of the study was geared to satisfy the legal requirement
".. that the environment does not undergo significant short- or long-term changes as a result of the
project” (A.R.R.R.I., 1987). Most environmental regulations require mining companies to conduct
their operations, not on the basis of zero environmental damage, but rather with the minimum
environmental degradation and pollution that can reasonably be achieved, with due regard to a number
of factors including cost and practicability.

This report presents a compilation of all the relevant environmental information relating to the
Rassing Uranium Mine and details the environmental impacts that have so far been recorded, as well
as those that are likely to occur with future developments. The report is based substantially on
information received from mine personnel, as well as data and information obtained from the
published literature and discussions with scientists in South Africa and Namibia. Undoubtedly, there
will be considerable changes in both predictive technology and mining developments at Rossing during
the remainder of the mine’s life. Thus it is anticipated that there will be a continual need for revision
of impact predictions and assessment of alternative decommissioning approaches.



2. A PRE-MINING BASELINE
2.1 Location and Topography

The geographical location of the Rissing Uranium Mine is 15° 2° 30" East longitude and 22° 27° 50" ﬁ,u‘*
South latitude, near the inland edge of the central Namib Desert and close to the Khan River. This
is approximately 60 kilometres east-north-east of the town of Swakopmund which is located on the
Atlantic coast of Namibia (Figure 2.1).

The mining grants and accessory works cover an area of approximately 123 km?, 91 % of which is
on the north bank of the Khan River. The mine area has a mean altitude of 575 m above sea level,
and the area to the west, north and north-east of the mine property is characterized by broad
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peneplains with low relief. These are traversed by shallow south to south- west trending drainage
lines and storm-wash gullies, which drain towards the Khan River, and are interspersed with ridges
of resistant rock and isolated inselbergs. The terrain rapidly becomes more hilly and rugged the
closer one approaches the Khan River and the drainage lines coalesce and deepen to form gorges.
Four of these gorges - Khan Gorge to the west, followed by Panner, Pinnacle and Dome Gorges to
the east, traverse the mine property and discharge into the Khan River.' Additional gorges drain into
the Khan River before it discharges into the Swakop River approximately 15 km to the south-west
of the mine property (Figure 2.1). %

Okahandja

The relatively hilly mine site is divided into two sections by a steep- sided north-easterly trending . &
ridge of hills between Pinnacle and Dome Gorges, rising to an altitude of 707 m at Westdome Hill. . % —
The areas north and west of this ridge consist of rolling hills with an average altitude of 600 m whilst :
the area to the east of the ridge is more rugged, with jagged- crested, steep-sided hills ranging in
elevation from 550 to 600 m.
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The south bank of the Khan River is demarcated by a range of north-east trending, steep-sided hills.
Further south, these hills give way abruptly to the almost flat gravel plains of the Welwitschia Flats. i s
This area covers virtually the entire area between the Khan and Swakop Rivers and lies within the i &
Namib-Naukluft Park. i
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2.2 Climate

Diurnal, seasonal and long-term variations of climatic conditions interact to regulate the occurrence .
and distribution of organisms in an area and determine the diffusion and transport of atmospheric R RN
properties and pollutants, An understanding of climatic features and their variability is therefore % S0 -
essential for any evaluation of environmental impacts caused by mine-related activities and the
development of pollution control measures.

Scale

=
Detailed meteorological data is collected by Rossing Uranium staff from weather stations located at | E
three sites, namely: Arandis airport, Point Bill and the visitors lookout point at the open pit. All the S
data is stored on the mine’s environmental data base. Since mining operations at Rossing are unlikely
to have had a major effect on the climate, it is appropriate that the current climatic data be used to
describe features of the regional climate. A generalized climatogram for the Rissing Uranium Mine
is shown in Figure 2.2,
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Diagrammatic map showing the position of the Réssing Uranium Mine in relation to the Khan and Swakop rivers, major towns and local
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Figure 2.1:

mountain formations. Inset shows the location of this area within Namibia and southern Africa,



2.2.1 Winds

Winds are a very important component of any desert environment, though their effects are modified
by a variety of local geographical features (Goudie, 1972; Huntley, 1985). Site characteristics such
as latitude, altitude, location within a land mass, slope of ground, soil type, the nature and degree of
vegetation cover, and proximity to areas of different geographical properties determine the
meteorological conditions at a given location in response to the large scale meteorological conditions
to which that location is exposed. This local response results in turbulent fluctuations of air motions.

Three meso-scale thermotopographic wind systems characterize the Rossing environment. Each of
these has been described in detail elsewhere (Earth Science Services, 1987) and will thus only be
briefly discussed here. The three main systems are:

i) A sea breeze/land breeze system induced by the interface between the cold sea and warm
desert;

ii) A mountain - valley wind system induced by the Khan and other rivers which drain from the
escarpment towards the coast; and

iif) A mountain - plain system induced by the existence of the desert and plateau surfaces,
separated by the escarpment.
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Figure 2.2: Generalized climatogram for the Réssing Uranium Mine, showing monthly variations
in rainfall, gross evaporation and minimum, mean and maximum air temperatures. (Data derived from
Earth Science Services (1987) and Hydrology Division (1988)).
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The distinguishing features of these local winds are the strength of the near-surface circulation and
the interactions between winds of the interior desert with the sea breeze regime and with regional
winds. When synoptic pressure gradients are strong, local and regional winds may be obliterated by
continental circulation systems. However, this happens on surprisingly few occasions each month.
Local effects are dominant and frequently modify the near-surface winds of the general circulation
pattern. The strength of these local winds is sufficient to mobilize fine sand and mica particles from
the ground surface and this gives rise to the dusty conditions that are frequently recorded at Rdssing.

Although they are not part of the thermotopographic wind family, berg winds are the only other wind
system that is of importance at Rssing. These are formed when air displaced from the plateau to
the coast becomes heated adiabatically due to a drop in altitude. Berg winds occur approximately 50
times per year, mainly from April to September, and give rise to the curious anomaly that the coastal
areas frequently experience their highest temperatures during the winter months. They can prevail
from a few hours to a few days depending on the synoptic pressure gradients. During berg winds,
the air is normally unstable with monthly average wind velocities of 27 km hr” and average hourly
velocities of 43 km hr! recorded. Peak velocities can exceed 125 km hr (W. Jooste, personal
communication). The strength of these winds allows them to carry great quantities of dust, sand and
fine gravel; they are therefore a very important mechanism in wind erosion and the development of
the dust storms so characteristic of the Namib Desert.

Normally, two macro-scale systems are associated with the berg winds, namely: 1) a strongly
developed high pressure cell over the eastern parts of southern Africa, and 2) a coastal low along the
west coast of Namibia. This synoptic arrangement induces north-east to easterly flows from the
western escarpment to the coastal areas and will prevail until the high pressure cell moves eastwards
or weakens. As the pressure gradient weakens, the low pressure cell moves southwards causing the
wind direction to change from north-gast to north-west with a dramatic decrease in temperature.

At Riissing the southwest - northeast trending Khan River valley exhibits a diurnal variation that is
as striking as, but different from, that pertaining at the coast. Instead of being controlled primarily
from by the land-sea interface, the dominant control is the variation of thermal regimes in the Khan
valley. In addition, the flat stony desert to the north, the plateau to the south, the escarpment and
the cold sea to the west all act to modify the valley effect. Despite these complicating factors, the
diurnal cycle of winds experienced at Rissing is simple, particularly in winter.

As is to be expected with winds exhibiting a strong thermotopographically- induced component, an
inverse correlation exists between monthly frequencies of occurrence of north-westerlies and
east-north-easterlies. East-north-easterlies are an autumn phenomenon with a maximum occurrence
during May - July and decreasing to near zero between October and February. In contrast, the
north-westerlies occur throughout the year but are most marked during the summer months of January
and February. The wind showing the least month-to-month variation in occurrence is the late
afternoon south-westerly sea breeze.

The seasonal variation in the diurnal cycle of winds at Rdssing has been reported in detail (Earth
Science Services, 1987) and is summarized here. During the winter months (April to September),
a cool down-valley wind sets in after midnight and prevails until 10h00 to 12h00. The period
between 11h00 and 14h00 is a transition period, during which general winds are strong and
unmodified by local conditions. By 14h00 the local thermal and pressure gradients have reversed and
a south-westerly up-valley wind prevails. From 15h00 onwards to 18h00-19h00, the wind speed
increases under the influence of the sea breeze. By 19h00 the sea breeze influence dissipates, with
another transition period between 22h00 and 24h00, after which the cycle is repeated.
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During the summer months (October to March), those parts of the cycle which are dependent on the
cool air drainage are absent and the parts dependent on the heating process are more pronounced.
Down-valley north-easterlies are weak whilst the thermal north-westerlies prevail during the day from
08h00 to 14h00. These are interrupted by the inland penetration of afternoon sea breezes until
approximately 20h00 when they are replaced by north-north-westerly winds. These are relatively
weak during the night but strengthen during the day and veer to become north-westerly.

The wind systems recorded at Rissing are somewhat different to the conditions reported from the
Namib Desert Ecological Research Station at Gobabeb, some 100 kilometres south-southwest of
Rissing (Goudie, 1972; Harmse, 1982; Ward & von Brunn, 1985). At Gobabeb, the winds are
dominated by a bi-modal system comprising south-southwesterly to southwesterly and north to
north-westerly winds during summer. Both of these winds decrease in frequency and intensity during
winter when high-velocity, low-frequency easterly berg winds are experienced.

2.2.2 Precipitation
2.2.2.1 Rainfall

In Namibia, mean annual rainfall decreases from east to west and from north to south. In the central
Namib Desert, rainfall is low and its distribution is highly erratic; the long-term average for the entire
region is less than 100 mm, with much of the area receiving less than 50 mm per year. In addition,
the reliability of rainfall varies greatly and variability increases sharply to the west (Logan, 1960;
Tyson, 1978).

This pattern of decreasing rainfall from east to west is clearly shown in the catchment of the Khan
River, where annual rainfall varies from 400 mm in the head-waters to 200 mm at Usakos and 35 mm
at the Khan Mine (Hydrology Division, 1988). Rainfall measurements at the Rissing Uranium Mine
indicate that the mine receives on average some 30-35 mm per year (Figure 2.2). Much of this
rainfall occurs as late summer and autumn showers or thunderstorms of high intensity and short
duration. Virtually no rainfall is recorded during the winter months, though occasional falls of up
to 1 mm per month have been recorded (Richardson & Midgeley, 1979; Brown & Gubb, 1986;
Craven, 1986; Earth Science Services, 1987; SWA DWA, 1987).

2.2.2.2 Fog

Fog is a highly significant source of water for the coastal vegetation of the Namib Desert but the
quantity of water derived from fog is difficult to measure (Louw & Seely, 1982). Brown & Gubb
(1986) report that fog precipitation amounts to approximately 35-45 mm yr at the coast (three times
the annual rainfall) and decreases to about 20 mm yr* some 40 km inland, on the open gravel plains.
However, very much higher quantities of fog precipitation have been measured along the Kuiseb
River to the south (up to 184 mm yr' at Swartbank; Ward & von Brunn, 1985).

Robinson (1976) noted that fog is probably an effective source of moisture for plants up to
approximately 35 km inland from the coast. However, the distribution of some well-known
"fog-dependent” plants such as Arthraeura leubnitziae corresponds largely to that of the fog zone.
Since this species is represented by a few scattered individuals confined to a few of the west-facing
ridges at Rdssing (Craven, 1986), fogs would appear to account for an insignificant component of the
total precipitation at Rossing.

2.2.3 Evaporation

Evaporation rates are very high over most of the central Namib Desert and any moisture that does
not soak into the soil very soon after falling will be lost. Daily "A" pan evaporation rates measured
near Rossing range from 6 to 15 mm per day, whilst monthly evaporation rates reach a maximum in
mid-summer (December) with a minimum in mid-winter (June). Gross annual potential evaporation
at Rdssing amounts to 3150 mm, whilst nett evaporation (after subtraction of rainfall and conversion
to an open water surface) amounts to 2170 mm (Hydrology Division, 1988; Figure 2.2).

2.2.4 Temperature

Air temperatures at Rissing vary greatly on a day-to-day basis though seasonal variations are less
marked. Mean diurnal temperatures range from 23.8 °C in late Autumn (May) to 15.4 °C in Spring
(October), an annual range of 8.4 degrees. This is very similar to the 9 degree range reported for
both Gobabeb and Swakopmund (Goudie, 1972). Minimum temperatures are recorded in the early
morning and range from 2.0 °C in August to 12 °C in March (Earth Science Services, 1987; Figure
2.2). In contrast, the range of maximum diurnal temperatures shows very little month-to-month
variation, ranging from 31.8 °C in July to 39 °C in January, due to the occurrence of hot Berg winds
during the winter months. On very hot days, air temperatures measured in the Khan River gorge near
Riossing may reach 44 °C, some 5 degrees higher than those measured at the mine (P.J. Ashton,
unpublished data). Monthly temperature ranges vary from 28 degrees in summer to 32.9 degrees in
winter (Earth Science Services, 1987, Figure 2.2).

Whenever air temperatures are high, soil and rock temperatures reach even higher levels, particularly
if they are dark coloured. For example, Goudie (1972), Robinson (1976) and Craven (1986) recorded
temperatures up to 60 °C, and even 70.5 °C on a few occasions, at the soil surface on the gravel
plains of the central Namib Desert, where air temperatures are similar to those measured at Rdssing.

2.2.5 Humidity

Atmospheric humidity levels at Rissing are very variable on both an hour- to-hour and day-to-day
basis (Earth Science Services, 1987). The lowest values (5 to 8 %) are recorded during midday
whilst the highest values (up to 84 %) are usually recorded during the early morning. Humidity
levels rise rapidly immediately after one of the infrequent rainfalls and the afternoon sea breezes also
contain appreciable humidity levels. However, these high humidity levels are usually of short
duration and the diurnal average humidity level is usually below 15 %.

2.2.6 Insolation

As could be expected, insolation levels at Rossing are very high and cloudy or overcast periods have
a very short duration (Earth Scierce Services, 1987). The presence of early morning fogs, which can
extend to Rissing from the coast during the winter months, leads to a slight reduction in the effective
daylength on approximately 50 days per year. However, these fog patches are relatively thin and
have dissipated completely by mid-morning. Maximum insolation levels show a distinct cycle,
varying from 1051 W m? in summer to 599 W m™ in winter. The absence of appreciable cloud cover
for sustained periods ensures that most days are bright. However, the mean daily insolation values
recorded during summer are usually slightly lower than winter values due to the higher frequency of
cloudy periods.
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