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ABSTRACT

Aﬁ outline of the main feéfureslof the Wésf Coast environment establish-
es that it has pofenfialrvane for recreafion,toﬁrism'and nature con-
servaf?on, in addifionvfo that of diamond miﬁing, and that it is
sensitive to disfurbancé. The diamdnd'mfning process is analysed

and mining actions that cause environmental impact are identified, A
mafrix approach is employed to relate particular mining ac+fons to
specific environmental elements. It is found that there is ma jor
impact on scenic and vegetation e[eménfs and that pfimary impact is
magnified significantly through the process of wind erosion. It is
argued that much environmental impact can be prevented if the object-
ive of environmental protection Qas incorporated into the management
of mihe sifes and that unavoidable impacfkcanvbe mitigated by rehabi-

Litation, which is a reasonable requirement.



That Land yields a cultural harvest 44
a fact Long known, but Latterly often
gorgotien

- Aldo Leopold
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PREFACE

A number of conservation bodies have stated their concern about the
effects of diamond mining on the environment of the west coast of
South Africa. Their reports prompted a visit to the area by an
inter-departmental group of officials from central and provincial
government in February 1981, This group reported that mining acti-
yify appeared to dominate the uée of resources along the West Coast,
1t was felt that there was a need to review the situation - not to
retard the mining industry - to ehsure the future availability of

other resources.,

Subsequently the author was employed by the Branch of Environmental
Conservation of the then Governmenf Department of Water Affairs,
Forestry and Environmental Conservafidn'(now the Department of Environ-
ment Affairs) fo investigate the envirommental impact of such diamond
mining acfivify. In the course of this invésfigafion the author
undertook one month of fieldwork in the Alexander Bay,_KLeihzee and
Koihénaas mining area. He aLso:paid a visit fo the mining opera-

tions near the Olifants River mouth.

Mining was not a completely new fieldlto_him.‘ He is a qualified
electrical engineer with fhree.yeafs experience in the South African

gold mining industry.



CHAPTER 1

INTRODUCT ION

1.1 INTRODUCTION TO THE TOPIC

It has been generally accepted that mining activity has impacts on the
environment. The'very nature of mining, and of surface mining in
particular, requires disturbing the Laﬁd surface (DoyLe, 19761},
"Surface‘miningAnecessifafes alienation and radical disturbance of
Land" (Chamber of Mines of South Africa, 1981). There has also been
an increasing awareness of fhe need to preserve or rehabilitate the
environment. For some years, therefore, mining companies, legistators
.and.o*hers have moved to increase their knowledge of mining's

environmen+5[ effect (Down & Stocks, 1977).

The concept of the rehabilitation of mining—disturbéd land,és an
integral part Qf the mining process also seems to have become widely
, acknowledgéd. in the Federal Republic of Germany, for example, a
Land restoration pfogramme was planned, from the outsét, for the
large-scale surface‘mininngf brown coal, this in the 1950s. This
~restoration programme has been éo successful that strip-mining is no

longer a controversial public issue in Germany (Doyle, 1976). In the



United States of America legislation for the rehabiLiTaffon of mining-
disturbed land has been standardised only recently with the Surface
Mining Control and Reclamation Act of 1977. In South Africa éuch
legislation has beenvfnfroduced even more recently with the amend-
ment of the regulations (regulations 5,11 to 5.14) of the Mines and
Works Acf.(Acf 27 of 1956) in March 1980.and which state, "Rehabili-
tation of the surface of any opencast mine shall form an infegEaL
part of the mining operations", 1t is noteworthy, however, that
coal-mining companies in South Africa acknowledged the need for
surface reclamation in the planning of +heir'opencasf operations as
early as 1973 (Roper, 1977), and thus showed a willingness to self-
regulate their activities well in advance of specific statutory

fegulafions.

On the West Coast of South Africa a great deal of surfacé mining
activity is taking place for the exploitation of.diamond'resoﬁrces.
There it is generally held that mining activities cause Llittle impact
or that .impact is not important on the environment because of its arid
nature, Consequently it is believed that rehabilitation or control
of mining impacts is unnecessary. This thesis investigates this as-

pect in some detail.

Along the West Coast a resource of great economic value is being

:exploifed. To some this justifies the activiiy irrespective of
cost, Opposed to this view is the notion fhat future land use must
not be compromised. Thustean et al., (1980) state, "... as import-

and as it may economically be in the short term, mining is an



ephemeral industry of finite Life span...". By contrast a sustain-
able resource use, such as agricultfure or tourism can endure indefinite-
ly and could therefore be more important in the long term. " This

does not necessarily make it irrational fo undertake some form of
mineral exploitation at the expense of some other resource, such as
soil. Such a frade—off must be weighed in terms of the potential

benefits that can be gained from future use of the land.

1.2  SCOPE AND TERMS OF THE INVESTIGAT|ON

Envirénmenfat impact has been broadly defined by Munn (1975) as "the
,'change {good - or bad).in man's héatfh and well~being (including the
well-being of the ecosystems on which man's survival depends) that
results from an ényironmenfat effect and is related to the difference
between the qual ity of fhe environment as it would exfsf 'with' aHd
'wifhouf; the same action", The same author has defined environ-
mental impact éssessmenf as an activity designed to identify and
predict the impact on man's health and weLLFbeing, of legislative
proposals, policies, programmes, projecfs and operational procedures,

‘and to interpret and communicate information about the impacts.,

This jnvestigafion of environmental impact of mining activity is not
a comprehensive envifonmenfal impact assessment. Such a study
should be undertaken by a multi-disciplinary team co-ordinated by a
team leader (Fuggle, 1979), particularly to obviafe bias in subject-

ive assessments, such as impacts on aesthetics or scenery. This



one-man investigation is therefore Limited in scope. It is also

not intended to provide a défailedyquanfificafion:of the environment-
al effects of mining. .lnsfead the emphasis'in this investigation
has been on the Idenfif?cafion and understanding of the mining
activities and their impacts; some quantitative asséssmenfs have

been affempfed.

Others terms used in the context of this thesis are defined as

follows:

WEST‘COAST: The coastline along the west &Oasf of South Africa from
the mouth of the Orange River .at latitude 28°40'S and longitude |
16°27'E to Donkins Bay just south of the Olifants River at latitude
31°56'S and longitude 18°17'E.  This represents some 400 km of

coastline,

SURFACE'DIAMOND MINING: The diémond mining activity on Lahd along

the immediate coastline, i.e., generally nof'more than 3 km from the
sea. The emphasis of this investigation has been dn‘fhis activity,
- as it consfjfoes the majOriparf of diamond exploitation on the West

Coast,

INLAND DIAMOND MINING: The diamong mining acfivify further inland,
upstream of the Orange and Buffels Rivers. This exploitation for
diamonds is on a small scale relative to that on land along the

coast and was investigated only briefly.

MARINE DIAMOND MINING: The diamond mining activity taking place in



the sea along the Wesf Coast, This activity is maInLy concentrated

in the surf zone, i.e. the zone extending some 30 m out to sea from low-
water mark. This activity, although still on.a relatively small scale,
appears to be g(owing rapidly; it also has been investigated only

briefly.

LARGE MINING ENTERPRISES: The two largest mining enterprises in ferms
of diamond production are firstly, the De Beers Consol idated Mines
Ltd, Namaqualand Division (DBCM) and secondly, the only State-owned

‘mining enterprise in South Africa: the State Alluvial Diggings (SAD).

SMALLER MINING ENTERPRISES: A number of smaller private mining enter-
prises operate mainly on land concessions to the north and south of
the Olifants River and on sea concessions along the West Coast.  Some
of these operations were briefly investigated. In this thesis this
aspect is dealt with fogether with the lnland Mining and Mar ine Mihing

enterprises.

1.3 OBJECTIVES OF THIS INVESTIGATION

This study attempts to achieye three things. First, it attempts to
outline the main features of the West Coast environment in which
diamond mining is occurring. = Second, it analyses the particular
features of the diamond mining cperations so as to allowVidentification
of particular aspects of mining operations that cause environmental

impacts. A matrix approach will bevemployed.fo relate particular



mining actions to the specific environmental elements which they
affect, Third, the potential for rehabilitation of mined areas will

be briefly examined.

Although this holistic study is too wide-ranging to lend itself to a
strict scientific methodology of hypothesis, test and conclusion, the
investigation has been structured around the following three-part

hypéfhesis:

a) that the West Coast, because of its arid nature, has no
value other than its mineral resources and that it is in-

sensitive to human disturbance;

b) that mining activity therefore has Little impact, and that

such impact is of negligible consequence;
c) that rehabilitation of mining-disturbed land is conse-

quently both unnecessary and impracticable,

This hypothesis forms the framework for the study though no attempt is
made to provide quantitative experimental data to test the hypothesis.
Rather, objective qualitative perspectives are used in an attempt to .

provide evidence which will enable the hypothesis to be evaluated.

1.4 ~APPROACH TO THE INVESTIGATION

Chapter 2 gives a description of the West Coast. A literature review



covers the physical and biological characteristics of this environment.
A presentation of the socio-economic situation is intended to show the
present land use pattern and the potential of the resources of the

West Coast.

Chapter 3 renders a detailed account of the mining actions, Initially
a brief examination of the geology of the diamond deposits helps to
~explain the nature of the mining process, and a literature review of
the history of diamond mining exploitation reveals the scale of past
éxploi+a+ion. The present nature of exploitation is also depicted.
From field erk the phases of mining are analysed through the identi~
fication of individual mining actions and this facilitates the investi-

gation of environmental impacts in Chapter 4.

Chapter 4 presents the juxfapositfon of the mining activity and the
environment. From field obsefvafions the environmental impacts
identified by The’aufhok are lListed. Although he does not attempt

to duanf?fy 1he,mining impacts ‘in detail, an indicéfion of the extent
of these impacts is given, The development of sand plumes arising
from mining disturbances and the natural re-establishment qﬁ vegetation
cover on overburden dumps is examined more closely. (Since these
environmental impacts appeared particularly significant to the author,

additional field data werecollected on them.)

Chapter S discusses rehabiLiTatioh in mitigation of the environmental

impacts of mining. Reasons why such efforts may be necessary on the



West Coast are discussed. This chapter also looks at possible means

of rehabilitation and includes a Cosf‘analysis of such efforts.

Finally, conclusions are drawn in Chapter 6.






CHAPTER 2

THE WEST COAST ENVIRONMENT

2.1 INTRODUCT | ON

A description of the environment affected by the mining actions is re-
guired tfo enable one to understand the effects of these actions.,  Such

a description must highlight ‘the most critical components of that en-
vironment. ‘&mpacfs on these critical components of the environment
will be of particular interest. Often components of the environment
are affected only indfrechy by an action of man and therefore may be
overlocked. This danger can be reduced by investigating any potential
impagf on those components of the environment which have been identified

as critical,

Another factor that inhibits awareness of environmental imﬁacf is ig-
norance of valuable. or sensitive features of the environment, This
lack ¢f knowledge appears to apply parTicuLarly.in the case of.arid
areas, perhaps because less is known about them than about other eco-
systems, and because, until recenfly, the desert biome was regarded
as '"dangerous, unwanted wasfelénd" (Sufton, 1981), The West Coast

seems to be no exception. Véry few studies have been conducted on the
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fauna, flora or ecology of this area and the author has met the view

that the West Coast is "just a monotonous wasteland".
This chapter will thus attempt to sketch-the most important features

of the West Coast to provide fHe background for the description of the

mining actions and impacts described in subsequent chapters.

2.2  THE PHYSICAL AND BIOLOGICAL ENVIRONMENT .

2.2.1  TOPOGRAPHY

‘The coastline runs fairly linearly with few bays and indentations.
Wave~formed rock pLatfbrms at various levels, from the infratidal to
the splash zone, occur along almost the entire coast (Heydorn & Tinley,
'1980). This rocky shore is the substrate for a rich marine life.

" Discontinuous high cliffs bound the coast at places, such as between
Port Nolloth and Alexander Bay, and north and south of the Olifants
River, rendering some spectacular scenery, The undulating coastal
plain is covered with fixed and active sand dunes, aligned more or less
parallel to the prevailing wind directidh, i.e. north - south, This
coastal plain ascends gradually and merges with a deeply dissected
planation surface at about the 150 m contour (Heydorn & Tfnley, 1680).
The width of the coastal Laﬁd below 150 m varies from 50 km fo 80 km,
except for the QOrange River anq Olifanfs River basins which extend
further into the interior, Few hills occur in this coastal tract of
low relief. Of note are the Boegoe twins: two inselbergs south

of Alexander Bay,



The fact’fhaf the coastline trends NNW is significant. This orienta-
+iQn~exboses the coastal land to strong prevailing southerly winds
during summer and this has consequénces for UnconsoLidated Land surfaces.,
Several of the intermittent rivers in Namaqualand show dune plumes to
the north df Their mou ths, The Swartlintjies and Bitter Rivers have
the most distinctive plume fields (SeriaL Photographs,VTrig. Survey,

Job 763 No's 7375 and 7386 to 7390}, - Rogers (1977) suggests that

such pLdmes have formed with strong unidirecticnal southerly winds

initially blowing sand off exposed beaches at the mouth of the rivers.

‘Saltpans are another feature of the coastal plain, Hal Lam (1955)
puts forward the fheoryAfhaf these are due to bays having been closed
by deposifion of. sedimeﬁ+s transported by longshore movement along
the coast. Another fheory.is that pans are formed by wind action (King,
1951): it is held that in the past water collected én some slight
depression and evaporated in the dry season. Wind carried away dis~
integrated products on the  floor, thereby deepening the depression.
'Wifh repetition of the process pans bécomé‘deéper and greater in size.
This explanation seems plausible for the West Coasfbwifh»its strong
southerly winds. Also, the elongated shapes of the pans are well
aligned with the directicon of the prevailing winds rather than with

the coastline, e.g. Dreyers Pan.

Sand plumes are also evident north of nearly all diamond prospecting
trenches along the coast. They are very conspicuous on aerial photo-

graphs, This phenomenon is dealt with in Chapter 4,



2.2.2 GEOMORPHOLOGY AND GEOLOGY

The NamaquaLand west coast with THe Olifants River at its southern
_bouhdary hés been included in a geomorphological subdivision of the
Namib Desert by some authors, and is referred to as the Namagualand
Sandy Namib'(Rogérs, 1977). Thick sedimeéts of Tertiary to Recent

: origin overlie older basement rocks (Heydorn & Tinley, 19807, At
the bottom of The sedimentary sequence are marine sands. Above
these, and comprising the bulk of +He overburden, is a wedge of mixed
terrigenous sands with gravels and inconsistent calcrete cappings.

Aeolean sands form the top surface (De Beers, 1979).

Underlying these sediments is bedrock, predominantly of the Namagua-
Land—Na+al granite gneiss séries. | The Namaqﬁatand or West Coast
monocl ine has tilted fthe bedrock éeaward (Heydorn & Tinley, 1980),
 énd fhere is evidence of coastal warping (Tankard, 1976; De Beers,

1 1979).  This has a bearing on the occurrence of diamonds,

Usually diamonds on the West Coast occur in a series of raised beach
deposits, which correspohd to former s+a+ic sea levels (De Beers,
1679). These Llevels ndw apbéar in con;iderabty different elevations.
Thus diamond deposifs‘on the farm Kareedooranei’are found at higher
elevations and are further away from the coastline than on the farm
Annex Kleinzee (De. Beers, 1979). Typically, however, the geology of
the diamond deposits is such that diamohds are mined in a narrow belt
. along fﬁe coastline. This belt strefches over a width of from 100 m

behind the beach 1o 3 km from the coastline.



Exceptions to this general rule are diamond deposits further inland,
which are associated with river systems. = There the main deposits,
which are also actively mined, occur along fhe Orange River and the

Buffels River bedé.

Another general feature of the geoLogy of the diamond deposits is that
they are covered by thick sediments, This dictates the nature of

the mining operations,

The geology of the diamond deposits is described further in Chapter 3.

2.2.3 VULNERABILITY OF THE COASTAL FORELAND

Heydorn and Tinley (1980), in an investigation of the dynamic processes
of shoreline development show the West Coast to be predominantly

" subject to erosion. A summary of their account follows:

The greéfer part of the West Coast foretand.consisfs of plant-covered
dunes, which are constantly eroded by undercutting of wave action and
blowouts by wind. This foreLand‘is fhérefore highly vulnerable to
any factor which disturbs the vegetation cover. Clearings made for
buildings or road construction, or even footpaths can cause blowouts

or initiate dune slumping by opening fresh surfaces. for wind erosion,

Despite their vulnerability to disturbance, sand coasts have a high

durability afforded by their malleability, i.e. their ability to
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BARRIER DUNE WITH SLACK :

Hummack
dune A ,
Beach  zone Barrier dune Pan or Filoodplgin slack

xF8Y

Intrinsically unstable area :

Highly vulnerable to damage by human
activities. Under natural conditions Ffix-
ing plont cover grows & retreats in face
of cut & fill processes by wind & water.

CLIFFED COAST WITH BEACH :

" Convex summit slope

Talus,
scree o

debrisslo 39

( -

Intrinsically unstable grea : -

Highly wulnerable to the elements and to
damage by humon qctivities, which either
accelerate the natural erosional processes

or initiate new ones.

Source : Adapted from Heydorn & Tinley (1980 )

F1G. 21: \vVutnerability of the coostal foreland.



advance or retreat with changes in‘in+ensi+y of the element. Beside
natural vegetation the sandyvcoasfline is méinfained by beaches, which
buffer the land against wave action. In furn, beaches depend on
sources of sand to maintain their profile of equilibrium and cutting

off of sediment sources can result in erosion of the shoreline,

Any human fnferference to unconsolidated sediments stabilized by
plants, be this on dunes or in estuaries, must take care not fo destroy
the stability which is imparted by the malleability of their response
to erosive forces. Heydorn and Tinley therefore recommend to avoid a
number_of land uses in the intrinsically unstable area of the foreland
(Fig. 2.1, For instance, permanent structures and main roads should
be built above this zone and access to beaches should be at the most
stable or sheltered sites. Yet, mining actions, such as prospecting

trenches and roads often extend into this zone.

' Steep foreland coasts and estuaries also have intfrinsically unstable
zones. A dune-type foreland generally found on the West Coast and
steep foreland coast-type with cliffs, which is found north of the

Olifants River is shown in Fig. 2.1.

2.2.4  SOILS

Von Harmse (1978) broadly classified soils along a coastal tract from
the Orange River to well south of the Olifants RiVer, as séndy soils

(aeronosols) and loose littoral sands. Soils further away from the



coast were classified as‘weakLy developed soils of arid regions and
Lithosols: Calcareous sands and‘Loéms mainly overlying calcrete, with
sandy and cLayey'éedimenfs. Soils often Eonfain free Lime and gypéum
in areas where rainsfalt‘is less than 300 mm, Van der Merwe (1962)
aLso’menfions saline and alkaline soils fn this region.  These
‘sandy soils -are of various colours which relate to their origin and
subsequent environmental history (Heydorn & Tinley, 1980). in
general, dunes along the West Coast are light coloured, white to grey

but become progressively redder away from the coast (Hallam, 1964).

ALl arid soils of the world are szJeé? to active processes of salt
accumulation (Kovda et af., 1979). Soil samples taken by the author
along the Wésf Coaéf between Kleinzee and Alexander Bay revealed high
alkaline and saline soil characteristics (Appendix D). Al though
Tndigenous vegetation appears to have adapted o these alkaLine and
saline sof[ characferisfics, these conditions impose an addi+iona[

stress on plants besides the arid climatic stresses,

The existence of definife’soil horiions does not seem‘fo'be generally.:
appreciated., . Studies of soils in afid Lands eLsewhefe haye shown
clear profile structures with important biochemical activity in
shélLow surface layers. In the top 5 ~ 10 cm micro-organisms play a
large part in the cycLiﬁg’of organic matter and nitrogen (Evenari,
1979). In the United States investigations have shown a sharp
difference between the biochemjcat activity in the surface soil

~horizon and in the rest of the arid soil mass {(Kovda, 1979).



Further, it is not offen real ized that desert soil profiles, although
shallow, are very fragile and take many years to form. In a study

of the recovery of soils and vegetation in the Mojave desert, U.S.A.,
Wébb and Wiltshire (1980) repOrfkrecdvefy‘Times for soil of the order

of a century,

2.2.5 CLIMATE

2.2.5.1 General

Climatically the West Coast south of'fhe Orange River and north of fhe '
Olifants River hés been classified as a southern subregion of the

Namib Desert, transitional to the femperafe Medifefranean region of

the southesf coast (Wellington, 1955). It is a Mediterranean desert,
receiving rain in winter and frequent fog fhroughon the year (Schulze,

1965, 1978).

The subtropical belt of.high pressure cells exerts a dominant influence
on the climate: the stable south Atlantic anticyclone lies close

to the West Coast, generally centered over Llatitude 30°S. 1t shifts
equaforwa}d in winter and poleward in summer. It causes persistent
subsidence, divergent windflow and consequent aridity (Van Zinderen
Bakker, 1978). In summer a subsidiary anticyclone frequentLy Lies
south of Cape Agulhas (35°S) causing the sequence of southerly winds,
upweLLing, fog and aridity aLoﬁg the west coast. The presence of a

low pressure cell travelling south over the West Coast during summer
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increases the pressuré gradient at the coast andApowérful‘WEnds resQLT,
(Van Zinderen Bakker in Rogers, 1977, p.59). Coastal lows are an
important feature of the Cape Coast, appearing five to six fimes a

: monfh. They are'shaLLow, weak circulation patferns but show sharp
changes in wind direction, temperature and relative humidity, and
bring Lighf intermittent rains (Tyson, in Heydérn & Tinley, 1980).

In winter the anticyclonic cells shift northward and the southwestern
and southern coasts are brought under the influence of successions of
east-moving cyclones, This Cyclonfc winter rain is precipitated
orographically on the Western Cape mountains and on the Great Escarp-
ment as far north as the Orange River; where it falls as a gentle

drizzle (De Villiers & Sohnge, in Rogers, 1977),

2.2.5.2 Radiation

In summer fhe Namaqualand coast experiences high radiation values with
 Alexander Bay recording one of the highest values for a coastal region
in the world (Drummond & Vowinkel, in Heydorn & Tinley, 1980). Here
maximum radiation densities of 290 X 105 J..m—2 day“] occur, The
high radiation values are dueATo general clear skies caused by the
extremely dry subsiding air of Thevantiéyclone over the South Atlantic
Ocean (Schulze, 1978). in winter radiation flux densities increase
to. 140 x 10° J. m™2 day"] along the West Coast. Sea fogs are

responsible for radiation density isolines being curved parallel to

the Namib Coast from near Port Nolloth (Heydorn & Tinley, 1980).



2.2.5.3 Temperature

The Naméquatand Coast is the coolest section of South African shores.
The relatively cool condifioné aLohg the coasfrfhroughouf the year afe
in marked contrast to the very hof‘and dry inland region. POff
Notloth shows the lowest mean annual temperature of 14,1°C at the .
land-sea junction {(Heydorn & Tinley, 1980). Schulze: (1978) shows

a mean annual femperafure range of 8 - 10°C for.mosf of the West
Coasf. Port NoLLofh exhibits the third highest annual temperature
range for The South African coast. Heydorn and ;itney (1980) ‘ascribe
this to frequent Berg Winds, brTnging hot and dry conditions fo the
coast. Berg winds afe,exfreme[y hot and dry winds which bhave their
origin in subsiding air masses blowing seaward‘from the interior.

They can bring an increase in temperature of overv10°C day or night
folLowed'by a drop in temperature of more than 15°C with the arrival
of a cold front. In South Africa Berg winds occur mosf frequently

- on the WesTVCoasT, about 50 times per year (Tyson, in Heydorn & Tinley,
V1980). An uhusuaL incident of akgaLe~force Berg wind was recorded -
on a Meteosat satetlite photo on 13 June 1979, showing dust carried
over 500 km seawards in the vicinity of Qrange River mouth (Heydorn &

Tinley, 1980).

Frosts occur rarely on the coastal belt. At Port Nolloth an absolute
‘minimum ofb—0,6°C has been recorded - (Weather Bureau, in Heydorn

& Tinley, . 1980).
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| 2.2.5.4 Precipitation

Rainfall along the coastal belt is Llow, Schulze (1965) gives a mean
annual rainfall of 53 mm for Alexander Bay and 59 mm for Port Nolloth,
Rainfall recordings by DBCM show an annual average of 72 mm for Kleinzee
from 1970 to 1980. RaiﬁfaLL tends To.inﬁrease towards the south,

No reliable rainfaLL‘figures were obtainable for the coastal belt

south of Kleinzee up to Verlorenvlei (32°S), At Verlorenvlei the

average rainfall is 275 mm (Lane, 1980).

Besides being low, the rainfall is highly erraftic. Leistner (1979)
says that the variability of rainfall on the West Coast attains a
~maximum of 80% and that single showers can account for as much as the

normal. annual rainfall.

In a 64 year period of observation Port Nollofh received an annual
minimum of 12,7 mm and an annual maximum of 158,5 mm (Weather Bureau,

1950).

Yet despite low rainfall the West Coast belt experiences significant
amounts of fog. Heydorn & Tinley (1980) give the foLLoQing account:
Fog develops when the South Atlantic anticyclone off the coast advects
-warmlmoisf oceanic air across the cold Benguela Current.  This
results in the cooling of air and resultant condensation of moisiure
in the form of low stratus fpg or drizzle. Fog is also usually
associafed with the longshore movemeﬁf of_coasfa[ lows after cold

water upwel ling has occurred. Again warm moist air entrained by the



21

lows is cooled and condensed when flowing across cold inshore waters.
The West Coast has the highest frequency of fog in South Africa.

Port Nolloth experiences a long-term mean of 146 days of fog per annum.

Fogvis a significant source of moisture for the coastal vege+a+ion.
Wellingfon (1955), Schulze (1965) and Leistner (1979) say that coastal
vegetation thrives largely due to condenséfion from low cloud and‘fog.
Schulze (1978) revieWs +he'impor+ance of fog in South Africa as an
ecologica[ agent. He points out that considerable amounts of moisfﬁre,
due to fog are not recorded‘by convenfionaF rainfall gauges despite
being intercepted and utilised by vegefafion cover. Systematic fog
precipitation measurements undertaken by Nagel (1962) at Swakopmund
give an indication of the severe miscalculations that éouLd result if
conventionally recorded rainfall figures are taken as total precipi-
tation values. Nagel cites 121 fog days per annum with the amount
infercepfed in 1958 equivalent to 130 mm of réinfatt. This is almost
seven times the recorded annual rainfall. This illustrates that there
is more moisture available to plants than is apparent from.rainfall
figures. Nagel estimates fog precipitation befween(fhe sea and

longitude 20°E,at latitude 32°S,to be 300 mm per annum,

2.2.5,5 Winds

Figure 2.2 shows that in summer the West Coast is dominated by strong
southerly surface winds. In winter, winds are less strong and
Alexander Bay experiences a sea breeze - land breeze pattern with

prevailing winds blowing at right angles to the coast (Heydorn & TinLey,v
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1980).  Summer winds along the coast are unimodal. Figure 2.3 shows
this, particularly for Alexander Bay. Also apparent is the diurnal

increase in.wind strength in the afternoon.

Parts of the west coast of southern Africa are possibly the windiest
in the world. Rogers (1977) closely examined the wind regime in the
coastal region 25°S to 30°S5. It is worthwhile to pay particular
attention to his data and results, because it is important to realize
(@) that the winds are exceptionally strong, and (b) that +he strong
winds have serious consequences for land disturbed by mining;‘ Largé
tracts of vegetated Land are subjecféd to sandblasting ffém destabi-
lized land surfaces, and §nbfurn become desfabilfzed themselves.

This impact is discussed in more detail in Chapter 4,

Rogers constructed wind roses for seven éoas#al aﬁd near-coastal
localities (Fig. é.2). He then analysed his wind data following a
procedure déveléped by the U.S, Geological Survey, By this procedure
it is possible to calculate the potential for wind to transport sand.
Thus the amount of sand drift is obtained by calculating the drift
potential for each wind direction. By resolving the drift potential
(DP) into x- and y-components, the resultant drift potential (RDP)
and resultant drift direction fRDD) are calculated énd the ratic
RDP/RDD is a measure of +hevcons+ancy of wind direciién.‘ Results of

this analysis are shown in Table 2.4.

From annual drift potentials for each direcfion and the annual result-

ant drift potential Rogers constructed annual sand roses (F?g. 2.5).
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The wind regime along the West Coast is of high energy and constant
direction. ‘Rogers Sfafes that Pomona seems to have the highest
recorded RDP of any coast in the world. Here the calculated RDP
reachés a maximum of 2?31 veéfor units. The resultant drift poten=-
tial decreases northwards and southwards from Pomona (Fig. 2.6).
Alexander Bay has a calculated RDP of 2065 vector units (vu}. This
is mdre than three times the value for Cape Town with 618 vu, though
for the latter rainbearing cycionfc.windS‘were excluded. It is thus
‘apparenf that the coast south of Alexander Bay is subjected to
exceptionally strong (unidirectional) winds (in summer}, high[y

capable of transporting sand.

Rogers' calculations éppear to be well borne out in practice:

a) The dune plumes to the north of many Namagualand rivefs (des-
’cribed in section 2.2.1)‘have dunes of barchanoid form typical
of unidirectional winds. I't also appears that the dune
plumes derive. their sand sources from exposed beach areés at

and north of the river mouths,

b) Pfospecfing trenches and QTher land disturbances by diamond
| mining activity show‘disfincfive sand plumes to the north of
the actual excavation and related overburden: dumps. This
evidence is particularly cLear on aerial photographs of pros-
pecting trenches to the»norfh‘of Port Nolloth (Aerial Photo-~
graphs, Trig. Survey, Job 763, No's 7408-7412 & Job 812 No's

5257-5265) (Also see photos 4D, 4E).
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2.2.6  VEGETATION

ACcofding to Werger's (19785)~phyfochorologicat subdivision of

southern Africa, the West Coast vegetation belt falls wholly into the
Western Cape Domain except for a short 30 km stretch of coastline south
of Alexander Bay; which represents an intrusion of,the Namib Domain.
Both domains are part of the Karoo-Namib Region, Acocks (1975)
further distinguishes a number of veld fypes within Thié region, of
which the Strandveld and Succulenf‘KarQo s are ofvinferesf here (Fig.
2.7). The Strandveld stretches as a narrow corriaor atdng the west coast
from the Orange River to south of the Olifants Rfver; The Succulent
Karoo forms a long belt between the Strandveld of the coast and the
mountains of the escarpment in Namaquatand. The narrow Hummock Dune
Zone (Fig. 2.1) is recognized as a furfhék, al though discontinuous,
biome atong fheicoasfline (Heydorn & Tinley, 1980),. Boucher and

Le Roux k1981) recognize three distinct Strand vegetation communif?es
in this zone (Fig. 2.7). . LoCally the approximately 30 km wide coastal
belt from the QOrange River to the Qlifants River is known as the SandQ

veld.

Acocks (1975) describes the vegetation of the West Coast as "open,
semi~succulent scrub of Fynbos form and intermediate between the
Coastal Fynbos and the Succulent Karoo"™.  Werger (1978b) says'fhaf‘
succulent dwérf scrub formaf%ons are characteristic of the Western
Cape Domain and that grassés are rare there. | He also asserts that
the Strandveld has strong affinities with fyhbos communitfes

parficularly at its southern boundary where rainfall is 250 mm or
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more., Further norfh the succulent element increases and there is a

gradual transition into the Succulent Karoo to the east.

The low and erratic rainfall of this region has been discussed in
section 2.2.5.4, 4The climate has led to adapfafioné of the plants

for survival during moist winters and dry, hot summers. Werger

(1978b) states that the variability of the rainfall is as important

to plant Life as the amount of precipitation. PLaﬁfs are adapted to
unreliable water conditions by having cpmpLex-mechanisms of germina-
tion, seed Longevify and diversificafioh. Adapfafionhfo the dry
climate is also expressed in various forms of succulence as well as
other forms of xérophyfism such as narrow or dissected leaves, sclero-
phylly and leaflessness for prolonged periods of the year, Ephe-

meral ity is_anofher adaptation. Annuals evade the dry summer period by
quickly germinating, growing, flowering and setting seed during the
moist winter and spring. They then die off and survive the dry period in
the form of seed (Le Roux & Schelpe, 1981), These annuals give riée

to the popular spectacle of the ”Namaqﬁa Déisies". Namaqualand wild

flowers are, however, not as prolific-on the coast as in the interior.

PLanfs are also adapted to wind-blown and shifting sands, e.q.
"The cushion forh of dwarf shrubs, a crespitose shrubby form in
grésses, and the development of a Life form, transitional between
hemicryptophytes and geophytes, which either possess underground

storage organs'or a marked ability to form suckers" (Werger, 1978b).

In the Littoral Dune Zone the strand plants have to contend with salt
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spray, sfrohg onshore winds and drift sand. This narrow zone is thus
a naturally fragjle ecosys;em and therefore éasily disturbed and
destroyed (Taylor, 1978). Heydorn and T%nLéy (1980) state fhaf'fhe
strand plants fluctuate with phases of accretion (dune building)
followed by wave erosion during onshore gales,:sform surges or equi-

noctial tides,

The importance of fog in supplementing moisture from rainfall has been
pointed out in sections 2.2.5.4 and most authors recognize its influ-
‘ence on vegetation along the West Coast (Wellington, 1955; Schulze,

1965; Schulze & McGee, 1978; Leistner, 1979).

Soil substrate obviously plays a significant role in plant growth.
Unfortunately no detailed study of vegetation or soil has yet been
under taken along the West Coast, =~ Adaptations and The'dégree of
tolerance of vegetation of the Strandveld or Succulent Karoo to
alkaline and saline soil conditions are fhué largely unknown. Such
conditions are, however, known to be characferisfic of desert and

semi~-desert environments (Kbvda et al., 1979).

Boucher and Jarman (1972) in their study of vegetation of the Lange-
baan~area; which is broadly ctassifiéd by Acocks as West Coast Strand-
veld, though it receives more than 250 mm of rain per annum, en;
countered aLkalinevsoiL conditions with pH's approaching 7,30.
Selective soil samples taken by the author from the Kleinzee and
Alexander Béy areas showed highly alkaline characteristics wf*h pH's

exceeding 8 and approaching 9 (Appendix D}, Coastal vegetation of
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the West Coast thus appears to be adapted to alkaline soil conditions.

2.2.7 FAUNA

Information on terrestrial -fauna of the West Coast environment is very

scant,. Hardly any research or studies have been conducted.-

ThelEsfuarine:Coas+aL Research Unit (ECRU) has undeffaken brief surveys
of the West Coast estuaries. Assuming that most bird and mammalian
Life along the West Coast would concentrate at open estuarine and
rivefine water bodies, information from the ECRU reports should give

a fair reflection of fauna that can be found.on ThevWest Coast,.

Heydorn and Grindley (1981) report 53 bird specieé sighted at the
Buffels River, 36 at the Spoeg River, 52 at the Groen River and 13 at
the Swartlintjies River. There are at least seven local races of

terrestrial birds found only on the West Coast.

Counts of migratory water birds in 1980 indicate that the Groen is

an important resting or féeding ground. It is likely that many
individual birds survive migration because of the Groen;- it is
situated midway between major bird areas on the West Coast and is the
only permanent water body on this stretch of coast (J. Cooper, in

Stauth, 1982).

Heydorn and Grindley report sightings of 16 different mammal species
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on the West Coast. One species of mammal is endemic 1o the West

Coast,

Seven species or subspecies of lizards are probably coastal endemics and
one species of frog is & coastal endemic (J. Greig, in Heydorn &

Grindley, 1981).

©2.2.8  RIVERS AND ESTUARIES

The Orange and the Olifants are the only perenially flowing rivers in
this study area. ~ The ofher’rivers have épisodic flow. The fol low-
ing, in order from north to south, reach the coast: Holgat, Kamma,

Buffels, Swartlintjies, Spoeg, Bitter, Groen, Brak and Sout Rivers.

The Buffels River has a large subterranean aquifer at its moﬁfh which
is used to supply fresh water to the Kleinzee township. The Spoeg
River fs believed to have an underground aquifer as well (Heydorn &
Grindley, 1981). The Kamma River is thought to have been dry for a
‘cowSiderabie peribdiéf time. Boreholes sunk fn the valley have,
however, struck water of fair quality (Keyéer, 1972). The Brak and
Spoeg Rivers, as their names éuggesf, are rivers of the brak water
type, i.e. calcareous or saline alkaline waters with a pH 7,5
(Heydorn & Tinley, 1980). The Buffels, Spoeg, Bitter and Groen
Rivers hédysurface'wafer pooLé or lagoons at their mouths, according

to an ECRU survey, in 1980,
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Esfuaries are unique environments in.fhat water and sediments of
terrestrial and marine origin mix at the land-sea junction to create
conditions which are entirely different to those on land or in the
sea, The biological response to this situation is in the form of an
exceptional diversity of habitats, animals and plants. Moreover,
most estuaries are also of greaf'aesfhefic value.  Although the West
Coast estuaries, with the exéepfion of the Orange and the Olifants,
have closed river mouths and have relatively small surface water areas,
they are of great ecotogicat'imporfance.as wetland habitats in an
otherwise arid environment, Besides the Orange and the Olifants, the
Buffels, Groen and Spoeg are the most important estuaries along the
West Coast as Theyvalways contain some water and .fherefofe support

an abundance of diverse birds and mammals (2.2.6). .~The Holgat,
Swartlintjies and Bitter Rivers are not true estuaries but, when they
do contain water, are important short-term habitats for water birds

(Heydorn & Grindley, 1981).

2.2.9 GROUND WATER

As mentioned in section 2.2.8, subterranean aquifers are associated
with the Buffels River and possibly the Spoeg River, but subterranean
water also ocours all along the coast. Keyser (1972) reports that

on the State Alluvial Diggings water was sfruck‘in most boreholes
reaching the floors of Lafge subsurface depressions, °~ These boreholes
were drilled at regular intervals all along the coast up to 3 km

inland (see Chapter 3). In the West Coast environment with deep
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surface sands it is‘LikeLy that water collects underground in lenses
above bedrock depressions. The township Koingnaas obtains fresh water
from such an wunderground water body. Most pans have a water-table
very close to the surface, but éuch water is of poor quaLiTyv(Keyser,

1972).

2.2.10  MARINE ENVIRONMENT

The following brief account of the marine environment of the West

Coast is summarised from Brown and Jarman (1978),

The marine environmeﬁ+ of the coast between The Orange and the Olifants
Rivers falls into the marine province of southern Africa called the
cold-temperate west coast. A charac+eris+ic feature of this environ~
ment is the remarkable degree of upwelling caused by the movement of
water bodies in the Benguela Current sysfem and by off-shore winds,

In this process surface waTer-from the coast isbrepLaced by cold,
nutrient-rich central Atlantic water. This water supplies the
nutrients for rich phytoplankton communities which provide the primary
production level of a trophic sTrucTure; which is exploited by a major

fishing industry.

The intertidal and shallow water fauna of the West Coast relative to
other marine provinces shows Liftle’diversfty; but a g%eaf abundance
of a few species. Thus the black mussel Choromytifus merdidionalis

is protific on rocks in sandy areas, while Aufacomya ater is abundant
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in less -sandy conditions. These two species of mussel form the staple
dief of the lobster Jasuws LalandiL, which is of gréaf commercial
importance. Jasus does not occur in deeper water as here the sub-
stratum frequently consists of anoxic barren mud, believed to result

from the death of extensive plankton blooms.

The inferfidét zone is subject to battering by particularly powerful
waves causing stress to benthic organisms and plants. The water |
movement may, however, play an important paff fn the functioning of
.the plants,and plants and animals may have adapted to the wave action,
Thus sandy beaches show a great number of mobile forms capable of
Living under the stress of e*freme wave action and unstable beach
conditions. The‘harshness of the intertidal zone fs also alleviated

by -frequent fog throughout the vyear.

Another feature of the West Coast are the abundant kelp beds consisting

mainly of Laminaria.

2.3 THE SOCIO-ECONOMIC ENVIRONMENT

2,3.1 ARCHAEOLOGICAL AND HISTORIC SITES

There are strandloper middens in the dune plume north of the Groen
River and there are probably further deposits in other parts of the

region. Archaeological sites between Eland's Bay and the Orange
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River have not yet been investigated, but have significant potential
for extending know{édge as prehistoric peoples who inhabited this part
of the coast lived differently to other peoples farther south

(Stauth, 1982).

Near the Spoeg’River there are the remnants of the first police station
in Namaqualand (Dept of Water Affairs, Forestry & Environmental
Conservation, 1981). The author also found signs of early diamond
'diggings on the farm Oubeep north of Kleinzee and near the Boegoeberg

south of Alexander Bay.

2.3.2 PRESENT POPULATION

The West Coast and its inland region is sparsely populated with a
density of less than 4 per km? (Zietsman & Van der Merwe, 1981).

There is no rural population on the coastal belt as pracficafty +Ha+
entire region has been leased for diamoﬁd mining and prospecting énd,
as such, is controlled as a securityareawhich is not open to the public.
The towns Alexander Bay, Kleinzee and Koingnaas are exclusively diamond
mining fowns, inhabitated almost entirely by mine employees and their
families. Port Nolloth, Hondekfip Bay and Doring Bay are mainly
fishing centres.  Employees of the smaller diamond mining companies
centred at the Olifants River mostly live in Doring Bay and LszviLLe
but only make up'a small fraction of the population of these towns.

The 1980 official population census figures give a population total

of 63 323 for the district of Namagualand. The region thus has a
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sparse population clustered in small. towns associated with mining

activity.

2.3.3  INFRASTRUCTURE

In a socio~economic investigation of Namaqualand the Prime Minister's -
Planning Office (1980) found the esfabLished/infrasfruc+ure for the
region to be 'fairly adequate'. Further needs were considered to lie
in the construction of more and better roads'and particularly in fhé
provision of fresh water supplies. AThe secondary roads Link Port
Nolloth, Kleinzee and Hondeklip Bay on the coast to the arterial
national road in the interior. Besides sécurify restrictions, access
to other parts of the coast is made difficult by the lack of proper
roads. An exception is the road fo the Groen River mouth, a popular
camping ground, No rail network feeds the region. The onty rail
head is at Bifferfonfein,far south in the region. Transport of goods
is thus mainly by motor trucks, Port Nolloth, with a turnover load
of 6400 tons per month, is the smallest commercial harbour in South
Africé. |+ is interesting to note that although the harbour is

owned by Soufh African Railways and Harbours, it haé been leased for
20 years to ConsoLida%ed Diamond Mines, a company mining diamoﬁds in
Namibia just north of TheAOrangevRiver (Office of the Prime Minister,

Physical Planning Branch, 1980),

It is striking that the two largest diamond mining enterprises on the

West Coast, De Beers Consolidated Mines (DBCM) and the State Alluvial
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Diggings (SAD) have developed and are maintaining almost all the
infrastructure necessary for their Spera+ions. This includes the
_complete townships of Alexander Bay, Kleinzee and Koingnaas with all
ancillary services. Further, SAD maintains the provincial roéd from
Port Nolloth to Alexander Bay and the airport at Alexander éay, while
DBCM has built its own far road from Kleinzee to Koingnaas’aé/well

as the airport outside Kleinzee,

The Electricity Supply Commission (ESCOM) has linked these towns and
Port Nolloth fo the ha+ional power grid, but Hondeklip Bay generates

\

its own electricity.

The supply of wa+ér'is a shortcoming of the region. Alexander Bay

has a plentiful source from the Orange River. Kleinzee, although
drawing water from the local Buffels River m@ufh aquifer haé to augment
‘This,source with a water pipeline from the Orange River Henkries
scheme, Koingnaas obtains water from an underground aquifer, while
Hondeklip Bay has to maintain water storage tanks and import water by
trucks, Coastal se++[emen+s further south around the Olifants River

obtain water from that river.

2.3.4 RESOURCE USE

2.3.4.1 Marine Resources

The Benguela system provides a rich fishing ground. Pelagic fiéhing
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takes place off the entire West Coast but the bulk of the catch is
brought home from regions south of Lamberts Bay, which is also.the
only landing point for peLagic‘fish on the West Coast.  Rock lobster
is of considerable commercial value, Landing points and processing
facfories‘ére at Port Nolloth, Hondeklip Bay,bDoring Bay and Lambert's
Bay. . Athough‘rock lobster occurs in shallow water all along the
West Coast, half of the total production is processed at Elands Bay.
The coast from around Hondeklip Bay to the Orange River is less rich
in rock lobsfér resources Thén the coast further south.  The reason
for this is thought to lie in the pdor recruitment of juveniles in-
shore along the Hondeklip Bay coast. The total rock lobster
catch of the coast from the Orange'Riyer to Elands Bay amounted to
about 900 tons, represenfing‘an exporf value of R4,5 million in 1980‘

(D. Pollack, Dept of Sea Fisheries, pers. comm. }.

Seals; guano and kelp are exploited on a minor écale. Colonies of
Cape Fur Seals cccur in localised colonies along the coast, such és
at the Boegoe inselbergs, south of Alexaﬁder Bay, and at Seal lsland;
north of the Olifants River, but only the Lérge colony at Kleinzee is
harvested., Returns from skins of baby seals is estimated to have
been around R20 000 in 1980 (P. Best, pers. comm;). Guano is ob-
tained from breeding colonies of ganets, cormorants and pelicans.
There are three colonies of cormorants at Port Nolloth. - Kelp is
collected from the beach, fn 1980 this amounted to 10 922 wet tfons
for ‘the enfire‘wesf coast of South Africa and had a wholesale value

of R148 100.
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2.3.4.2 Agriculture

Agricultural use of the coaéfal,belfvlies chiefty in the grazing of
small—sfoqk but the economic yie[d is low. The present stocking
rate is 5 ha per small-stock unit which gives a yield of about R6 per
" ha p.a. according to Mr Brand,‘exfension officer for +he‘Depar+men+
of Agriéulfure and Fisheries in Springbok. On the other hand there
is a view by some Namaqualanders that the coastal belt, known locally
as the Sandveld, offers better farming conditions than inland regions

(Stauth, 1982).

Economic viability of farming is further hindered by the shall size

of the farms; - This has been brought about by the successive sub-
division of land when farms‘were handed down from father to sons over
the generations, Mr Brand does not consider the present average

size of individually owned farms; which is 3200 ha, to be economically
viable., The farms owned by the De Beers mining company are larger,
averaging 8000 - 9000 ha. De Beers bought up most of their Namagua-
land farms ip fhe 1930s and 1940s (Kotze, 1943), Since then these
‘farms have not been subdivided. Where there is no mining activity,

De Beers have leased their land to tenant farmers,

The State Alluvial Diggings run a farming enterprise along the banks
of the Orange River, which makes them self-sufficient in fruit,
vegetables, dairy products and almost in meat, but their agricultural

. produce is not exported.
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Although agriculture does not appear to be a lucrative resource, it
provides employment for a signifﬁcanf section of the Namaqualand
population, 18,1% of Whites and 21,0% of Coloureds (Office of the

Prime Minister, Physical Planning Branch, 1980).

2.3.4.3. Recreation, Tourism and Nature Conservation

There has been very Little development of the West Coast for the
pufposes of recreation and fdurism. Likewise there has been Llittle

provision for nature conservation in that area.

Along the enfire‘cOasfline from Donkins Bay to the Orahge River, some
400 km, there are only two small established villages that are
functioning as holiday resorféz Strandfontein and McDougall's Bay..
At the Grben River and Brak River mouths there are desiénéfed camping
sites without any facilities. Gert du Toit se Baai, a few kilo~
‘mefres north of the Olifants River, has traditionally been used by
the nearby population as a fecreafion résorf. This has, however,
brought about conflict with the mining company holding fhe diamond

mining rights for that area.

Apart from these resorts and cémping'sites the public has practically
no access to the coastline. The regions in which minfngvand pros-
~pecting ére actively taking pLacé are enclosed by a security fence.
Movement of people into and out of these areas is stringently con-
trolled by the hining enterprises, not so much to prevent theft of

diemonds by visitors, but to prevent smuggling of diamonds from mine
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workings by mine‘employees. The genefaL public is strictly excluded
from these securi*y'areas. Regions that are subject to this
rigorous controt incLQde the stretch of coast from ALéxander Bay to
Port Nolloth (concession of State Alluvial Diggings) and from Mc-
Dougall's Bay to south of Kleinzee (mostly concessions of De Bee;s

Consclidated Mines Ltd).

Other areas along the West Coas* are not encloséd by security fences
but access to the coast fof.fhe general public is still virtually
impossible. Roads are often rough sandy tracks that are blocked by
farm gates. Moreover, legal provisions for the regulation and control
of prospecting and mining for precious stones (Act 73 of 1964) em-
powers the holder of a mining lease to keep Quf fhe'general public
even from éreas where no active prospecting or mining is taking

place. - Mihing representatives refer to Section 30 of the Act in

this connecfion; This section sfiputafeé the restrictions as to who

may work or reside on an alluvial digging or claim,

Section 123 of the same Act gives the holder of the mining or pros-

pecting lease the further right to search any person and his vehicle

on any land for which surface rights are held. Suth a search can
inctude. the dismanflfng of the person's vehicle. Naturally such a

prospect is prohibitive to any casuel visitor or pleasure seeker.

In a 1980 socio-economic investigation of Namaqualand, the Prime
Minister's Planning Office indicates that these restrictions prohibit

further devetbpmenf of recreation in the region.



45

Yefyalthough few provisions have been made to allow for recréafional
activities along the West Coast, the area appears to have remarkable
potential for providing such outlets. The most outstanding features

‘of the West Coast are:

(i) The cold but nutrient-rich sea water which supports many

sough+~éfter marine organisms including rock lobsters and angling fishes.

(ii) The lagoon and esfuarine waters of the coast which support a
greaf deal of fauna, parficutarly aquatic bird life. - Here the Orange,
. Spoeg, Groen and Olifanfs‘rivers are the most important areas and
represent viable individual ecosystems. Other smaller areas are the

Buffels, Brak and Sout rivers,

(iii) In éddif?on to estuaries there are ecofogicaLLy impor tant

areas where rare pfanfs and animals occur along the coast (Heydornv&
Tinley, 1981). For instance, the Boegoeberg is a rich habitat

for suctulenfs, the coastal tract between the Spoeg and the Groen
carries a variety of vegetation veld types which have Eema?ned largely

unspoilt and Humewood‘Bay harbours a small seal colony.

(iv} There are scenic areas too. Much of the coastline shows
vivid rock formafions which are particularly spectacular at places
such as Humewood, Boégoeberg and the Cliffs. The popuLarvseasénaL
Namagualand flowers also appear on the coast although not to the same

extent as in inland regions.

(v) The West Coast has a wilderness aspect, This character-

istic is becoming an increasing atfraction for pleasure seekers, and
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fourists wishing fto find a diversion from congested city Llife.
Amateur botanists, ornithologists and other nature lovers seek out

such areas (Sutton, 1981),

(vi) A coastal éeT*ingvgenera[Ly holds an attraction
for tourists.Thus Stauth (1982) lists a January 1980 report by Market
and Opiriion Surveys (Pty) Ltd, called "Final Report on a Tourism
Survey for the Department of Tourism", in which a sample of 2200
White households were asked to list their main considerations for
choosing a particular holiday area. The most frequently mentioned
attraction was '"seaside and beaches" (35,2%), followed by "peaceful

relaxation" (32,5%), and "natural scenery" (16,4%).

(vii) There are some places of historic interest. Strandloper
midden deposits have been found near the Groen River and near +he
Spoceg River there are the ruins of the first police station post in
Namaqualand. The author also found fraces of earLy diamond diggings
on the farm Oubeep north Qf Kleinzee.  There is no doubt that the
present diamond mine workings would be a great attraction to visitors
to the region. Besides interest in the mining process, there are
ancillary features worthy of attention. Thus, for instance, .the
formation of a former coastline with wave-cut cliffs has been un-
covered in mining operé+ions south of Alexander Bay. In a 1979 con-
.servation study of the coastal town LUderifZ, which is situated north
of the Oranjemund mining operations in Namibia, the School of Archi-
tecture of the University of Natal proposed a tourist route from
Port Nolloth to Lideritz. The report concedes that there are

. probtematical aspects of security. [f*these could be solved The

t -
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route would offer '"some of the most exciting coastal scenery in the
whole of southern Africa". Similar spectacular scenery is to be
found between Port Nolloth and Alexander Bay and such a route would

provfde a stimulating insight into early and presehT diamond workings.

The Department of Environment Affairs and the National Parks Board -
have recognized the West Coast as a valuable nature and récreaTion
~area and recommended that the section between the Groen- and the Spoeg
Rivers be proclaimed a national park and marine reserve. This area
was considered representative of West Cbas+ ecbsys*ems and fs relatively
undis+urbed. It is also thought to have significant conservation
value because veld types found here are not adequately conserved else~
where, migratory water birds use the Groenrivier lagoon as a resting
place, several of Namaqualand's endemic species could be afforded a
measure of proftection with the proclamation of a park, and there are
potentially valuable archaeological sites in the area (Stauth, 1982),
fhe proposed na*ionaL park, however, has not materialised because of
opposition by the mining parties who wish to maintain.their options

on mining the area in question, although no such plans are envisaged

at the moment.

I+ appears that a deﬁand for recreational outlets on the West Coast
already exists. The small Groen River mouth camping site receives
.abouf 300 visitors every year, mainly from the local area (Stauth,
1982). McDougaLL Bay is visited by holiday makers from Namaqualand,
southern Namibia, Upington and even from as far afield as thé

Transvaal and Natal (Office of the Prime Minis*er,'Phys?CaL Planning
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Branch, 1980).VI'AT Gert du Toit se Baai a conflict has developed
between holiday makers and a diamond mining company. The mining
company intends to mine a stretch of beach, which has fraditionally
vbeen used by the local community for weekend outings. Hol iday makers_

are strongly opposed to the mining plan.

A wilderness and arid area, such as the WesT.Coasf, holds attracticns
for many people as experience elsewhere has shown. For example,
deserts have become so popular in the United States that the number

of parks in desert areas in that country far exceeds that in other
geographic regiéns (Sutton, 1981). Sutton states that the intended
functions of such reserves included: (a) preservation of unique
segments of the national heritage; (b) pfofecfion of flora and fauna;
(c) provision of opportunities for outfdoor recreation, scientific
research aﬁd public education; and (d) economic benefits, including

tourism.

With the current growth rate in population, leisure Time; and disposable
income, one also might expect a growing demand for a park on the West
Coast. which will have the atfraction of being situated at the coast
as well as in a desert environment, Afso, as the managing director
of Springbok Atlas Safaris has pointed out, the burgeoning "Coloured"
population in fhé Western Cape is becoming more affluent and will be

seeking holiday sites (Stauth, 1982).
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2.3.4.4 Mining

The 1980 report of the Planning Region of Namagualand by the Physical
Planning Branch of the Office of the Prime Minister, "Streek 1, ‘in
sosio-ekonomiese ondersoek', shows that mining constitutes a sub-

sfanfiat‘parf of the Gross Geographic Product (GGP) of the region.

TABLE 2.8 GGP according to economic sector, 1955-1972 (Planning
region 1 of S,A., - Namaqualand). Source: Office of the
Prime Minister, Physical Planning Branch, 1980 -
adapted from Table 30. , |

: R MILLION
ECONOMIC SECTOR

1955 1960 1968 1970 1972

PRIMARY:  Agriculture 2,2 2,9 2,2 3,3 4,4

Mining 17,0 17,1 50,5 52,2 56,2

SECONDARY: (industry, ‘
Electricity, Construction) L,0 1,0 2,1 1,9 1,8

TERTIARY: (Commerce, Trans- :
port and other services) 3,9 6,0 4,9 4,7 8,1

TOTAL : 24 27 60 = 62 71

(The figure for "mining" in Table 2.8 comprises mainly copper and
diamond mining, which both contributed equal proportions to the GGP
in 1970, but by 1976 diamond mines produced R74 million compared to
R45 million produced by the copper mines, Table 2.8 reflects the
bulk of West Coast diamond production but contributions from smaller
mining operations near the Olifants River and marine operations are
not included.)

From Table 2.8 it can also be‘seen that the GGP of Namaqua[and increased
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in absolute terms in the period 1960 to 1968 largely due to the expan-
sion of mining, This dominance of mining in the economy is continu-

ing at present.
Total diamond production from the West Coast, including all marine,
inland and coastal mining, yields substantial sales. Table 2.9 shows

that diamond sales amounted to R229 million for the region in 1980.

TABLE 2.9 Diamond sales West Coast, 1975-1980.

SALES
YEAR ,

Carats - Rand-Value Rand/Carat
1975 1 338 573 70 770 657 52,87
1976 1400 134 94 732 377 67,66
1977 1 363 006 144 108 581 105,73
1978 1 431 814 180 750 806 126,24
1979 1932 313 265 280 083 137,29
1980 1 638 607 229 622 712 | 140,13

Source of data: Minerals Bureau, Department of Mineral and Energy
Affairs, 1981, pers. comm.

Diamond production from the West Coast makes a considerab(e contribu-
tion to the total diamond production of South Africa and the world

(Fig. 2.10)-
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Fig. 2.10 West Coast diamond production compared to South Africa
and world in 1980,
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Fig. 2.11 Diamond sales of West Coast and South Africa in 1979,



Whereas diamond production from +he.Wes+ Coast amounted to just more
than one=fifth of the diamondﬂproducfion of South Africa in 1979,
fhei? sales cons+i+u+éd‘nearly half the income obtained for diamonds
in South Africa as a whole. Thé reason for this lfes in the fact
that West Coast diamonds are mdsfly of gem quality, some 98%, and

fetch more than twice the average price per carat (Fig, 2.11).

~Diamond mining concessions have been granted on land and in the sea
along almost the entire coastline of the West Coast. A further
defailed description of this diamond mining acfivify is presented in

Chapter 3,

2.4 SUMMARY
2.4.1 SENSITIVITY OF THE WEST’COAST~ENV{RONMENT

Cooper and Zedler (1980) determine the sensifivi+y of an ecosystem
~according to three factors: (a) significance of the écosysfem,
regionally and globally; (b) rarity or abundance; (c) ecosystem

resilience.

in this regard the folLowing can be said about the West Coast:

a. The environment is of regional and global scientific inferésf in

+Ha+ it boasts three distinct strand vegetation communities and a
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coastal vegetation veld type, and a.number of species of faQna are
only found on the West Coasf? Further, the marine environment hés
been classified as a separate marine province of southern Africa.
Also of scientific interest are potential archaeological sites of

prehistoric dwellings along the coast.

The marine environment is also of regional commercialls?gnificénce
sustaining mainly a rock lobster and to some extent a pelagic fishing
industry.  Due to dwindling resources this significance has declined

in recent years,

b. Vegetation communities are regionally abundant but are not repre-
sented. elsewhere. Some terrestrial faunal species and estuarine
organisms are regionally rare. Marine organisms are regionally

abundant but are globally rare.

c. Resilience or stability has been described by Orian (1975) in a
number of terms, three of which are: ti) "lnertia -~ the ability of

a system to resist external perturbations"; (ii) "Elasticity - the

speed with which the system returns to its former state following

a perturbation”; and (iii) "Amplitude - a system has a high ampli-

tude if it can be considerably displaced from its previous state

and still return to it."

Arid Landvecosysfems'have low stability foAany external disturbances.
Vegetation and soils take a long time to re-establish themselves to

their former state, if at all:. Thus Sutton (1981) says: "The
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fragility of desert ecosystems and jheir sLow recovery from damage
renders them especially vulnerable to heavy use". In a study of the
recbvery rates of soils and vegetation in the Mojave desert, Webb

and Wilshire (1980) conclude: '"The long recovery times of disturbed
soils and vegetation are important facfors which must be taken into
consideration in land-use planning”.  And Cloudsley-Thompson (1977)
comments: "The natural vegetation of arid regions is of vital

impor tance, because desert conditions swiftly follow if it is
destroyed". Thus, in Termé of Orian'; definitions, arid environments

appear fo have low elasticity, low inertia and low amplitude.

It is.aLso known that flora and fauna in arid environments have
developed special .adaptations in order to cope with prevailing harsh
climatic conditions but adapfafion implies a lowered ability to
handle other states or tasks (Orian, 1975). This means that vegeta-
tion in arid zones is in a'nafuraLly stressed state and vulnerable to

addifibnaL man~imposed stresses,

As the West Coast is an arid environment these general conclusions of
the fragility of such "‘environments also apply here. It has been
shown that rainfall in fhe region is low and.erratic, that soils are
alkaline and saline, i,e..fhaf The_Wesf Coast has the general
attributes of arid environmenfs and that consequently vegetation and
animals have had to adapt fé these natural stresses. Moreover, it
has been shown that the West Coast environmént imposes additional
stresses not normally encounfered infdeserfé. There are exception-—

ally strong winds in the region which greatly contribute towards the
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dangers of erosion., The NNW trend of the coastline exposes the
West Coast to these prevailing unimodal southerly winds in summer.

The foreland ' is pafficutar[y susceptible to this erosive force.

On the other hand the West Coast has mitigating features, such as a
generally cool and temperate climate and significantly frequent fogs.
Unconsolidated sediments are stabilized by a plant cover which has

allowed limited grazing of small-stock.

It can be concluded that the West Coast environment is sensitive.
It satisfies conditions (a), (b) and to some extent (c) of Cooper

and Zedler's definition of sensitivity,

The .contention of point (a) of the hypothesis that the Wes+>CoasT is
not sensitive to human disturbance is fhéreforé réjecfed. The
aridity of the West Coast does not permit negligence of environmental
consequences from human disfurbancés. ~ In fact, the environmental
characteristics of the West Coast are Such that any development
must be éonducfed carefuLLy.' Particular attention must be paid to
any action that disturbs the vegetation cover in view of the vul-

nerability of the West Coast fo wind erosion.

2.4;2v VALUE OF THE WEST COAST ENVIRONMENT

Diamond mining is highly profitable and constitutes the major part

of the GGP of the region. By contrast the fishing and agricultural
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industry appear less Lﬁcrafive} Nevertheless these industries are
significant. They pfovfde employment for more than 20% of the

Namaqualand population and present sustainable resource uses.

Besides minerat'resources,‘fhe West Coast atsd has major value for
recrea+i0n; tourist and scientific interests (2.3.4.3). Sceﬁic |
landscapes, aesthetic and wilderness gualities, a coastal seffiﬁg and
. vegefafion communities that are only represented on the West Coast
are parficularly attractive to these interests. These qualities are
sd highly valued that a large national park has been proposedkfor the

West Coast by Government authorities.

The contention of part (é) of the hypothesis, that the West Coast has
no value besides its mineral reédurces,is re jected. The West Coasf
has significant value for the agricultural and fishing industries
and has particular great value for recreation, ftourism and nature

conservation, which can be of greaf importance in the future.
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 CHAPTER 3

THE MINING ACTIONS

3.1 BACKGROUND INFORMATION
S3.101 INTRODUCTION

The ‘occurrence of diamonds and the coastal geology are discussed
briefly to help explain the nature and extent of the mining .operations
subseguently described. Similarly, the scale and extent of the
mining opera+fons are bu+ into perspective with a brief account of

past and present exploitation for diamonds.

It will be shown that due to the nature of the diamond deposi ts,
mining operations are both widespread and intensive, affecting parti-
cularly the sensitive coastal zone. It will be pointed out that
mining opérafions have expandéd greatly since’+he.la+e 19505 and early
1960s and that mofe recently, since 1978, further substantial growth

is apparent both in terrestrial and marine mining.
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3.1.2 GEOLOGY OF THE DIAMOND DEPOSITS

3.1.2.1 General

The diamond deposits along the South African West Coast have been
described by Hallam (1959), Keyser (1972) and the Geology Department
De Beers Consolidated Mines (1976, 1979).  Geological information has

largely been extracted from these sources.

Diamonds occur along the West Coast of‘soufhefn Africa from Doring

Bay in the south to Angola in the north. The diamondiferoué deposits
are gravel deposits near the present day surféce and are spread thinly
on the basement rock over a large area. They are covered mostly by
aeolean sands and mining requires extensive sfrippihg of fhis over-~
burden. The R,S5.A, Official Yearbook 1980/81~§+afes the following

about the origin of the diamond deposits.

"1t is considered pfobabLeAThaT the Orange River and former rivers
that have followed similar courses over millions of years carfied
diamonds downsfream to the Atlantic Ocean ahd that these diamonds
affér distribution aLong the coast by ocean.currenfs formed the great

slluvial diamond fields of Namagualand and on the sea-bed off-shore."

This Theofy exp[ains'fhe occurrence of diamonds along. a narrow
coastal beLf on land and in the adjoining ses as well as inland along

rivers such as the Crange and the Buffels.
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Diamonds are rare in the gravels and many tons of ore have to be

- mined to obtain fhem.‘

3.1.2.2 Coastal Terrestrial Deposits

Generatty the diamondiferous aeposits of the NamaquaLénd coasftiné
extend to the IQO m contour above mean sea level, This coasfal‘zohe
-is at ifts nérrowesf at the BuffeLs’River mouth where it is less than
2 km wide, bQT it progressively broadens to the north and south
reaching a maximum widfhrof about 7 km éf the Groen-and Brak River
region, Diamondiferous gravels are found in a series of raised
.beaches or marine terraces, each tferrace corresponding to former

static sea levels during the Quafernéry and late Tertiary period.

At the State Alluvial Diggings four such terraces are recognized and
mined: Lower Tervace, just above present beach elevation andVMiddlen,
Upper—vand Grobler Terraces, the last of which is found at an eleva-
kfﬁon of about 84 m. above sea level 7,5 km from the sea. On the fa[m
Annex Kleinzee only two terraces are mined; the Lower~Middle and
Middle Terrace, 42 m +o_52.h above sea level. At Koingnaas the
typical raised beach sequence is not found. On the coastal farms
north and south of the Qlifants River, where the beach is rocky and
steep, there afe marine.grave[s on fdp of fhe seaiclfffs, but only
the lower Tefface‘deposifs [yiﬁg befween’fhé foot of the cLiff and
wa water mark are mined. On the farms KLivaey Karookop and

Geelwal Karoo, however, diamonds were initially obtained from gravels.
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af the 23 m elevation,

Diamondslare found mostly at the bpf#om of gravel deposits and are
concentrated in’pofholes_and gullies cut into the bedrock by fHe sea.
The bedrock is therefore literally swept clean during mining opera-
TTonsvTo ensure that no diamonds are left behind. The uncovered R

basement rock consists generally of either gneisses, schists or

quartzites and presents no currently useful resource.’

OverLying these gravel deposits is a layer of overburden, consisting
'mosfly of sand of varying thickness. IhifiaLLy mining was under-
taken where this layer was only a few centimetres to a few metres
deep, e.g. Alexander Bay. At many pfesen# Qperaffons The\Oveerrden
reaches much greater depths, e.g. Cape Voltas - 35 m, Annex Kleinzee
- 20 m, Dreyers Pan - 15 m and Koingnaas - 25 m. Present mining
activities have therefore developed into earTh—moving operations,

In 1980 DBCM stripped 56 million tons of overburden and treated 7,8
million tons of gravel. On average DBCM had to remove 45 tons of

sand and gravel to obtain one carat of diamonds (DBCM Annual Report, 1980).

At the smaller operations north and south of the Olifants River the
diamondiferous gravels are covered by a.shallower layer of sand

0,5m to 2 m in depth.

The typical stratifgraphy of the sediments overlying the basement
rock is shown for the State Alluvial Diggings in Fig. 3.1, De Beers

(1979) give a more detailed description of the geological column of
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the farm north of the Buffels River. as well as for the area around
the Koingnaas operations.. For this treatise it is of particular

interest to note that:

1. There is a ubiquitous band of ¢alcareous sand which is cemented
in places to form calcrete, beneath a cover of aeolean sand (Fig.
3.1). i This layer is highly variable in composition and thickness,
varying from rich calcareous sands to almost pure lime up to 1 m in
thickness. Calcareous sands are also found in deeper layers,

2, Clay is associated with some sediments such as the fine green
sands overlying marine gravels. This clayey sedfmen+ seems to be
most abundant at Koingnaas. Terrigineous sands afe also laden with
clay and silt, particularly in areas at Annex Kleinzee.

3. Significant salt concentrations, particularly sodium, are alsoc

present in The sediments,

When this overburden layer is stripped in the mining process it is
-deposited in great heaps elsewhere. The top layer of such an over-
burden dump can be of material derived from anywhere in the sedi-

‘mentary sequence, No attempt is made to preserve the top layer of

soil. The effect of this practice will be described in ChapTer 4,

In bkder to delineate ore bodies accurately, prospecting hasvfo be
done in a éloseLy spaced pattern. This pattern is necessary for

two ressons: 1. Terraces have been eroded erraffcaLLy so that at
one pLace’a coﬁsiderablé’widfh of a particular terrace may be preQ
‘served, whereas not far away the whole of the terrace may héve been

eroded. 2. Diamonds occur sporadically in the gravels so that it
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does not pay to mine some zones, while others are lucrative to mine,

The‘unevén grade of the diamondiferous ore bodies has led to the
‘mining of many zones or blocks simu[faneoﬁsly, rather than system-
atically mining an ore body from one end to the other, as is done in
open cast éoaL mining. This enables ore grades to be mixed to ‘
obtain a mofeveyen average grade which is important for'Thé ore treat-
ment process, as well as fdr achieving‘p[anned revenue from the whole

mine,

3.1.2,3 River Deposits

Along the Orange River known diamondiferous graveLs occur at Send-
elingsdrif, between Bloeddrif and Koeskop and near Witvoorkop (Map 1).
Here the terrace deﬁosifs appear 20 m, 30 m and 45 m abovévriver
elevation and vary in thickness from Less,fhan 1 m to greater than

15 m,

Along The Buffets,iSerg, Horees, Groen. and Swarfdoringé RiverAsysfehs
knoﬁn diamondiferous gravels are,resfricfedAfo Thé lower regions ofv
the drainage systems. Because'of the patchy arrangement of the
sediments, the sporadic distribution of diamonds within fhese gravels
and the smatl average‘diamond size, profitable mining of these
deposits has been confined to the Bﬁffels River,‘ rBu+ even +Eere

the Langhoogte mine was closed in 1971 due to & drop in mafke+~demand

- for small stones, the mine was subsequently recommissioned in 1978,
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A further complicating factor éf Langhoogte is a layer of tough
calcareous sandstone which renders mining more difficult than in
other areas. Overburden thickness at Langhoogte reaches 10 m, On
fhe‘farm Nuffabooi,vwhere De Beers plah‘fo mine in the near future,

the Sedimenfary‘sequencé is 20 m thick.

3,1.2.4 Marine Deposits

Because diamonds occur widely along the West Coast of the Republic
there has been reason to look for diamonds in the sea, Submar ine
sedimenfs‘off the Namaqualand coast have been investigated under a
marine geoscience programme and an outline on submarine sediﬁenfafion
in this area has been given by 0'Shea (1971) and Rogefs (1977).
Prospecting for diamonds in the deep sea has been wifhouf success;
only 13 carats have been'reéovered by one company (CQmmission of

friquiry info the Diamond Industry, 1973),

Present marine mining écfivify is conducted in shallow water, centred
in the surf zone. Present methods (see section 3.2) Limit mining
operations to a depth of 20 m of water. Mining takes place on a
relatively soft sand or gravel seabed. Yields vary vastly, often
gravel is barren, but one "lucky strike" produced abcut 750 caréf

in 2 m of gravel (Gurney, pers. comm.).

Diamonds have been found in sediments in sea concession areas 2, 5,

6, 7, 8, 9, 10, 11, 12 (Map 1) with sea concession areas 1, 3 and 4
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not yet allocated. vPayabLe diamond concentrations ( 5 to 6 carats
/m*) have been found in all zones except 8, 9, 10, where diémondi— :
ferous gravels are overlaid by a thick layer of sand, and economic

deposits have not yet been proven (D, Pollock, pers. comm.).

3.1.3  HISTORY OF EXPLOITATION FOR DIAMONDS ALONG THE WEST COAST

3.1.3.1 Past Exploitation on Land

As far back as 1B63 a Hottentot Chief was granted a concession for
the prospecting of diamonds along the coast be+ween Lideritz and the
Orange River, buf the first diamonds weré found in 1908 near
Lideritz. The German South West African diamond fields were sdbse-
quently opened up to Elizabeth Bay and Pomona about 200 km north of
fhe Orange River (Jessup, 1979), This encouraged the search for‘

- diamonds elsewhere along the coast and in August 1925, Jack Carstens
discovered diamonds while prospecting on the farm Oubeep, 10 km

south of Port Nolloth. Further discoveries‘foLLowed’aT the Cliffs,
Boegoeberg and Alexander Bay, where in 1926 the geotogisf, Dr H.
Merensky, madekspSCTacuLar finds. The néw discéveries attracted a
targe number of fortune hunters and diggers,bmany of them from the
alluvial diamond fields at Lfchfenburg discovered shortly beforehand
in 1926.  Anxious to control the situation and avoid another
tumultuous diamond rush as occurred at Lichtenburg, the South African
Government frozé all prospecting activity on State land fn-NamaquaLand

by proclamation in February 1927, The Precious Stones Act of 1927
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was promulgated and in April 1928 a 2500 ha area around Alexander
Bay was declared a State Alluvial Diggings. In 1931 this area was
enlarged to about 60000 ha, extending to Port Nolloth (Alluviale

Staatsdelwery Alexanderbaai, 1978).

The new diamond control bill effectively halted other prospecting and
mining activity along the coast, except on the farm Kleinzee.
Carstens had moved there in 1926 after his initial discovery and made
furfher good finds. The Cépe Coast Explorafion Co. obtained mining
rights there in 1928, in 1942 the company fell under the control

of De Beers who by then had bought a large number of coastal farms.,
By 1957 Kleinzee farm was mined out and the government granted

mining rights in respect of Annex Kleinzee. As pérf of the Lease
consideration the State received a share of the profits over and
above taxation of the company's profit (Carstens, 1962). This pro-
vision was infroduced under the Precious Stones Act of 1927 and
applied to all subsequent diamond mining leases elsewhere on the

West Coast; it is still in force today.

In 1960 mining rights were granted to small .companies on the farms
Klipvley Karco, Graauw Duinen, Geelwal Karoo and De Punt just north
of the Olifants River and on.fhe farm Wolfberg on the Buffels River
(Dept of Mines, Annual Report, 1960). fn 1961 Proclamation 75 of
1929; which had prohibited prospecting for precfous stones on aLL.
land in Namagualand, was repealed. There had been a small number of
exemptions from this proclamafion prior to this date, but in 1963,

93 prospecting permits were issued (Dept. of Mines, Annual Repoffs

1961, 1963).
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The State ALLuQiaL Diggings had embarked on a systematic prospeéfing
“programme in 1950 (Keyser, 1972), while De Beers started extensive |
prOspecffng of their coastal farms in 1958 (Dept of Mines, Annual
Report 1958}. lh 1964 the Diamond Development Advisory Committee
was set up to consider 151 applications for prospecting leases in
respecf.of unalienated Sfafe land in the Namaqualand aﬁd Van Rhyns-
dorp districts. The Committee recommended that smaller concerns be.
given the opporfunity to gain admission fo the industry and that
preferencé be given to applications ffom local Coloured enterprises

in the Coloured Reserves,

In 1971 there was a setback .in diamond mining with a bad market for
small stones, and De Beers operations at Koingnaas and Langhoogfe

were stopped (De Beers, 1971). By 1978 diamond market conditions had
improved markedly when the general price of rough gem sfoneé in-
cfeased by 30%. Production at the two mines recommenced with Koing-
naas boosting annual West Coast diamond production by 643 000 carats
(Table 3.3). De Beers further expahded with mining operations at
Tweepad, MifchéLl's Bay and Sandkop in 1980. In 1981, however, due
to depressed market conditions, Tweepad plant was again shut down

(De Beers, 1979, 1980, 1981).

3.1.3.2 Past Marine Exploitation

Prospecting and mining of -diamonds in the sea started off The Sou th
West African/Namibian coast in 1957 and became possible in the

Republic when the Precious Stones Amendment Act (Act 12 of 1960) came
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into operation, These early operations were conducted in deep
water and up fo 1972 onLy_poor results had been obtained (Commission

of Inquiry into the Diamond industry, 1973).

Mining in shallow water was sparked off in 1975 with fthe development
of a pump to suck graveLs~from the sea (Dept of Mines, AﬁnuaL Report
1975). Since 1978 a number of smaller companies, notably Dawn
Diamonds, bave been operating successfully in the shallow water zone
(Fig. 3.2), though with a relatively shaLL»prdducTion of diamonds
(Fig. 3.5). Despite operations still being on a small scale there
has been a remarkable increase in off-shore mining acfivify.over the
last three years. Some companfes have entarged their fleets from

one to twenty boats over this period (D. Pollock, pers. comm.).

3.1.3.3 Present ExpLoiTaTioh

Map 1 shows the area for which prospecting and mining rights have

been granted. These concessions extend over the following regions:

a. The entire coastal stretch from the Orange River. to Doring Bay,

with two further concessions near Donkins Bay.

b. A number of inland farms situated predominantty along the

Buffels Rfver.
c. The Richtersveld, areas along and south of the Orange Rivef.

d. Sea areas stretching along the coastline from the Orange River

to Donkins Bay. Further concessions have been declared
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southward to Cape Co[umbine since 24 July 1981 (Dept. of Mineral

& Energy Affairs, 1981).

Mining rights have been granted for sub-marine and terrestrial
deposits covering the entire érea stretching from the outer edgé of
the continental shelf (200 m isobath) to the inland bouﬁdary of
coastal land concessions. This area has been divided into two
mining zones, the land concessiohs and the sea concessions,  Since
24 July 1981, the latter has been sub-divided into three further

zones as shown in Fig, 3.2.

The enferpriées that ‘are engaged in the expLoifaffon of the dfamonds
are the State and 12 private companies, of which De Beers Consolidated
Mines (DBCM) is by far the largest, measured both in diamond producfion
figures (Fig. 3.4) andrfhe extent of land owned and/or held under

diamond mining rights,

Map. 1 shows the places where active mining for diamonds took place
in 1981, The largest m?ning operations are those of DBCM north of
Kleinzee, at Koingnaas and Mitchell's Bay and those of SAD at a
number of places between Alexander Bay and Port Nolloth. The

smal ler companies mbstly have mining concessions north and south of
Olifants River, Trans-Hex investments, third largest company after
DBCM and SAD, is mining on the coastal farm§ Brazil and Hondeklip
Béy as well as inland in the Komaggas Reserve (along the Buffels

Rfver) and in the Richtersveld (along the Orange River).
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TABLE 3.3 Total diamond production from the West Coast

Date Production in Carats
1967 405 776
1968 615 503
1969 820 056
1970 989 537
1971 826 288
1972 848 759
1973 922 806
1974 1 150 728
1975 1 332 197
1976 1 335 638
1977 1 497 912
1978 IO 1 557 978
1979 » , 1 937 852
1980 NN ' 846 412

Source: 1) De Beers Consolidated Mines Ltd, 1976.

2) Minerals Bureau, Department of Mineral and
Energy Affairs, pers. comm.,, 1981.

The biggest marine operéfor is Dawn Diamonds, producing nearly half

the diamonds from marine concessions in 1980,

Table 3.3 shows that there has been a substantial increase in diémond
production from 1967 fo 198C with a more than fourfold increase in

the number of carats produced over this period. DBCM, thé\Largesf
operator, produces about ten times more than SAD (Fig. 3.4), who in turn
produces nearly as much as all the remaining diamond mining enter-

prises put together. It is also apparent that marine exploitation
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DBCM :
1 434 262 Carat {1)

Source: (1) De Beers C.M, Ltd, Annual Report 1980.
(2) Dept of Mineral & Energy Affairs, Annual Report 1980.
(3) Minerals Bureau, Dept of Mineral & Energy Affairs,
pers. comm., 1981,

Fig. 3.4 Diamond produciion share of mining enterprises.

LAND
SEA

CONCESSIONS :
37 053 Carat

CONCESSIONS

1 846 412 Caraqt

Source: Minerals Bureau, Dept of Mineral & Energy Affairs, 1981,
pers, comm,

Fig. 3.5 Diamond production share from land and sea concessions.
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of diamonds is still on a small scale with 37053 carats, 2,7% of

total West Coast production -in 1980 (Fig. 3.5).

3.2  THE MINING ACTIONS

3.2.1 INTRODUCT ION

This outline of the mining process and its ancillary activities is
described for the purpose of identifying the individual mining

actions that cause significant environmental impact.

The coastal mining operations of the State Alluvial Diggings and those
of De Beers Consolidated Mines Ltd, on land, are similar and are

dealt with together. The emphasis on these operations is because
they are the Lafgesf in scale and producé by far the greatest number
of diamonds on the West Coast. Other mining operations further
inland, in the sea, and Thoée undertaken along Thé coast by the
smaller companies were not investigated in -as much detail. ~ Never-
theless they are briefly outlined to put the diaménd mining activity
along the West Coasflinfo perspective. Also, these operations are
significant in ferms of environmental impact, déspite their compafa—

fiveLy low production of diamonds.

Finally all identified mining actions are listed in the form of a
checklist in Table 3.12 to present an overview of mining actions and

o facitifafe the investigation of environmental impact.
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3.2.3 MINING ACTIONS BY THE LARGE ENTERPRISES

3.2.2.1 Prospecting

Three prospecting methods arevused, small diameter percussion drill=-

ing, trenching andylarge diameter auger drilling.

a. Small diameter percussion drilling

ihformafion on this method was obtained from a report by Keyser (1972)
and through verbal communication with the mining engineer at the State
Alluvial Diggings. No persqnaL observation of this prospecting
activity was madeAby fhe,authr as no drilling rigs were operating

at the time of his field work.

Smal l diameter percussion dri[Ling is used by the State Alluvial
Diggings prior to prospecting by frenching. It serves to determine
the distribution and general features of the diamondiferous gravel

deposi ts,

The machine used for drilling is a‘conven+ionaL percussion rig simi~
lar to those used in bqring for water. The.-rig drills a'150 mm
_borehole to bedroék depth at regular 91 m intervals along boring
Lines. These boring lines are aligned at right angles to the coast
line. Primary boring lines are spaced 914 m (3000 ft) and 305 m
(1000 ft) respectively. The first borehole on a boring Line’was
placed 91 m inland from the high-water mark.  Subsequent bérehotes

were drilled at 91 m intervals along the boring Line until bedrock
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elevation reached 90 m above sea level. This is usually 3 to 4 km
from the sea. Where terrace gravel deposits are encounféred, bore-

holes are drilled in intermediate positions again at 91 m intervals.

To map a gravel deposit more accurately secondary boring lines are
run at 100 m intervals. " Boreholes are drilled at 30 m intervals

along these lines.

The State A[Luvial>Diggings embarked on their drilling programme in
April 1950 and completed primary boring lines in June 1961, operating
with four drilling rigs by 1958, ’Secondary Line boring-witt be

continued where prospects for diamondiferous gravel deposits are good.

Small diameter drilling does not give information on diamond concen-
tration in the gravel deposits. It is therefore not a complete
prospecting operation on its own. Two methods that enable assaying

of diamonds are trenching and large diameter auger drilling.

b. Trenching

Prospecting by tfrenching is undertaken in a regular pattern to
systematically search a Lafge area for diamond deposits. Primary
trenches are excavafed aT'fairLy reguLar distances to give a generatl
indication of diambnd.content in diamondiferous gravels.

Secondary +renche5‘deLineate payable—zoﬁes where a promising deposit

is encountered.
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Trenches are aligned at right angles fo the coast and can range from
a few hundred metres up to about three kilometres in length.
Primary frenches are set out at 500 m intervals, and secondary

trenches every 100 m or ‘less (Fig. 3.6).

In each trench The overburden is removed down fo the gravel bed.
~The +reﬁch is about 11 m wide on the surface of the gravel. Over- -
burden is removed by giant rubber tyred scraper units which are push-
loaded by bulldozers, as occurs in mining Operafione {see Photo 3D).
The volume of overburden that has to be moved depends on the re-
quired length of the trench, the debfh of overburden and the nafure
of the overburden material. With loose sand, having an angle of
repose of 33°, a much wieer surfaee width results than where trench

- walls are near-vertical as‘in cley’and calcrefevoverburden'(see
Photo 48}? CALL overburdeniis removed in one confinuousroperafion

" before gravel beds are sampled. Oveerrden material is deposited

‘as overburden dumps on the surface next to the trench.

For economic reasons these dumpsiare built up as near as possible to
the source freneh (to saye‘franspoff cosfs); bufkaway from any under-
lying diamondiferous gravel deposifs; This is to obviate having to
move. the everbqrdeh dump again at a later stage should mfning Ee
under taken. Usual ly Twe overburden dumps resQL#yfrom'an excavated
prospecting trench, one on either side. The size ofifhe overberden
dump is directly related to the quanfffy of overburden material |

removed.
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Table 3.9 shows the extent of developed prospécfing trenches. SAD
generated a total of 127 km of trenches, removfﬁg 19 683 000 m* of
overburdén in the period 1958 to 1970, DBCM had no data available
for trenching carried out by them, but their operations probably

equal those of SAD.

Once diamondiférous gravels have been exposed, two sampling procedures
are used. At SAD the gravel bed is sambLed by cutting é narrow 1 m
trench to bedrock either manuaLLy or.more usually by excavator

(Photo 3D). The gravels are then put through a sﬁatl—scatevfreafménf
plant, which recovers diamonds on sffe. There are 6 to 8 pros—~
pecting teams at SAD, Each team is equipped with 6 trommel sieves,

6 heavy media sepafafion Jjigs and 1 crusher. Tailings from the
treatment process consist of rock pebbles the total volume of which

is insignificant when compared to the volume of overburden dumps.

At DBCM the gravel beds are excavated to bedrock over the complete
trench width of 11 m, Gravel ore is taken by haulage trucks to a
central bulk sampling plant, which is similar in size and mode of

operation to a normal treatment plant.

Today, prospecting by frenching is undertaken by DBCM only where the
overburden is shallow (less than 10 m). Where overburden reaches.

greater depths, the company resorts to large diameter auger drilling.

c. Large diameter auger drilling

Where overburden depth is large prospecting by tfrenching becomes an
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immense and time-consuming task. Large diameter auger drilling is
therefore used as a quicker method, allowing not only examination of
the sedimentary stratigraphy, but also assay of diamondiferous

‘gravels,

In this operation 1 m holes are drilled {n a'‘grid pattern over a
selected area. The spacing of the grid lines varies from about
500 m to 100 m. The strategy of largefdiamefer auger drilling is
similar to other prospecfing methods: Primary auger dfilting takes
place on a widely-spaced grid to establish the potential occurrence
of diamonds. Secondary auger drilling is planned on a closely-

spaced grid to deLfneafe the payable ore body (Fig. 3.7).

The ‘auger drilling rig Is‘capable of .boring to a depfh’of 43 m.  Ex-
cavated material is laid out in two or three rows of heaps with a
sequence corresponding to the stratigraphy. | f diamondiferous
gravels are encountered they are sent by truck to Thevcenfrat bulk
sampl ing plant. After inspection by‘a geologist the remaining
excavated sediments are used to refill the borehole at a later

stage. Due to the increased volume of the loosened material three
or four oyerburden heaps usually remain on the surface. VDriLLing

of the boreholé itself is usually completed within one day.

The machfnery used is:a large drilling rig; two 20-ton trucks for
transporting anbiLLary equipment fncLuding the 1 m steel pipes whfch
temporarily line (to prevent collapse) +he’side walls of the borehole;
one front loader, a portable camp structure, housing the driLLing

team.
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On the inland farms where auger drilling is practised on a widely-
spaced grid, DBCM has the poLicy of aligning the drilling grid as
far as possible with existing fafm roads and fences so as to lessen
the disturbance to the natural vegetation through the movement of

the drilling vehicles.

3.2.2.2 The Mining Operation

‘After prospecting has been completed, fhe payable ore body iﬁfended
for mining is blocked ouTAon a plan.  Several such blocks are mined
simu[faneousty, exploiting both higH and low grade ore, This
enables the mine to maintain an even grade of diamond concentration
in the oré put through the freatment plants. An even grade of
diamond ore is important for the treatment process, but is particu-
Larlyyso for the financial planning of the mine by allowing a pro-
jected fixed revenue return Thereby increasing the Llife of The‘miné.
This practice leads to workings at a mine face being closed down and
. Eesfarfed again at a later stage. This can also occur due to a
change in deﬁand for diamonds.  The average size of diamonds is
thus as imporfan+ as the overall yield of diamonds from an ore body.
For exampLe; operations at Tweepad were ciosed~down in 1981 due fto

a‘drop in demand for small stones on the diamond market.

- Diamond mining along the coast should thus be termed surface area
mining rather than strip mining. The latter term is usually used

for the surface minihg of coal where exploitation proceeds in a
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linear fashion from one end of the ore body to-the other. This is
important: in strip mining backfilling of overburdén in mined-out
strips ié parf‘of the mining technique and rehabilitation can

directly follow mining. In the surfaée mining for diamqnds, however,
backfilling is not an‘infegra{ part of the mining process; and as
exploitation is not final there is no incentive for immediate

rehabilitation of the area.

vThe mining process itself is simbLe in concept. Overburden is
removed to expose the thin layer of diamondiferous gravels which

are then loaded and hauled to avfreéfmen+ plant where diamonds are
recovered. In execution the task is not that easy. The immense
volume of overburden that has to be moved Trénsforms the process

into a giant earth-moving operation. The magnitude and recent
increaée of the presenf operations of SAD and DBCM can be g{eaﬁed from

Table 3.8.

TABLE 3.8 Overburden stripped by SAD and DBCM

QOverburden stripped (metric ton)

Mine e
1978 1979 1980
SAD D 1 507 668 2 681 (065 4 853 268
DBCM  2) - 34 616 000 35 522 500 - 56 713 400

Source: 1) Dept of Mineral and Energy Affairs, Annual
' Report, 1980

2) De Beers C.M. Ltd, Annual Reports, 1980, 1979.
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OQerburden is removed with large diesel-driven scrapers fitted with
giant rubber tyres (see Phdfo 3A).  These machines are push-loaded
by +rack;fype bul ldozers, scooping up about 12 m* 6f ground in one
load. The scraper then travels to and dumps its overburden Load‘at
a site, which for economic and practical reasons is as near as

poss%blebfo the excavation area but not over an unexploited ore body.

Several scrapers, travelling in round-trip fashion, strip overburden
in a designated area and build up an 6verburden dump (Photos 3E, 3F),.
Overburden is mostly loose sand, but where hard calcrete layers are
encountered these are ripped by a bulldozer with a rip-arm appendage.
Overburden stripping is complete once’diamondiferous gravels are |

exposed.

The diamondiferous gravels are‘Loaded by mechanical shovels onto

12 - 15.m> capacity loading trucks which hauL the ore fo the screen-
ing plants. Where the gravel layer is thin (about 1 m), it is
pushed into heéps by bulldozers and is then loaded with front-end
Lbaders onto the haulage trucks. Finally the bedrock is cleared of
all remaining sand and gravel by labourers. Thié bedrock cleaning
is done meficuLou;Ly, the bedrock surface even being hand-swept Qifh

brushes. ALl sand and gravel is removed from crevices, gullies and

potholes, leaving an absolutely bare bedrock surface (Photo 4D).

At SAD the removal of overburden was, until recently, planned
separately from the mining of the gravel beds. Sérapers stripped all

overburden from a large ore zone, which would be mined weeks or months
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Lafer; Obviously no backfilling of overburdeﬁ occurred, as it would
be uneconomical‘fO‘recall fhe‘overbﬁrden stripping fleet to move
overburden back to the mined-out site. This technique has now been
changed because it was found that windblown sand soon covered the

gravel bed necessitating further stripping. Now, as in operations

?

by DBCM north of Kleinzee, stripping of overburden and mining of

gravels are undertaken together.

On the farms north of Kleinzee, the ore body seems to have a less

patchy distribution pattern than Those‘on SAD land. The ore body
delineated by DBCM has an oblong shape, stretching over several kilo-
metres, The mining tfechnique here resembles that of strip mining.

A firsf cut is developed, usually 200 m long and 100 m wide, Over=-
burden is removed from this block and dumped on adjoining natural
surface terrain. Once this strip has been mined the mining advances
over another strip 200 m x 100 m (roughly). Overburden is now
dumped on to the bare bedrock of Thé previously mined strip.

Gravel is hauled away, exposing‘bedrock which becomes the next site
for overburden, The mining face advances fn this manner until an
entire block of the ore body zone has been exploited. The last
strip of the block is left with bare bedrock. Theorefica[[y, this
is the only site not to be backfilled. in practice, however,
several patches of.bare bedrock remain in an exploited block. The
reason fbr this is that mining policy is such that overburden is
dumped in the most economical way. The mining strategy does not
set ouf deliberately to cover the exposed bedrock surfaces. It is

thus incidental that backfilling is undertaken. Backfilling is not
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DBCM undertakes backfilling over most of its mined-out sites. SAD
is planning to undertake backfilling at all future exploitation

sites.

No other rehabilitation efforts such as revegetation or landscaping

are undertaken.

3.2.2.3 Treatment of Diamondiferous Gravels

The treatment of diamondiferous gravels can be conveniently described
under three sections: ground preparation, gravity concentration and

final recoVery (Fig. 3.10).

Ground Preparation:

Haulage trucks tip mined gravel through coérse screens, which screen
of f oversize maferiél (X 25 mm)., .This oversize material is dis-
posed‘of.in the mine, usually being dumped ih small heaps at mined-
out sites, At the Annex Kleinzee plant all oversize material is-
crushed and fed .into the process flow. ALl sand and fines (&2 mm),
which can comprise up to 80% of mine ground, is eliminated in a
‘washing and screening process. Sea water fs used to scrub fines
off the gravels and the resultant slime is either pumped into pre-
pared settling damé or into inland depressions (e.g. Dreyers Pan)

or ‘into the sea (at Annex Kleinzee and Alexander Bay), In one
case, at Muisvlak SAD, slime was diséharged onto the natural ferrain,

but this has been stopped.
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The volume discharge of slime from the washing and screening process
is quite high. The DBCM's plant at Annex Kleinzee puts out about

7000 tons of sand per day.

Gravity Concentration:

Concentration of‘diamonds in the screehed gravel is achieved by a
heavy medium separaffon process whiéh exptéifs the high specific
gravity of diamonds. Ferrositicone powder is mixed with waTer to-
produce a suspension with é specific gravity of 2,70 or greater.

This suspension is added to the diamondiferous gravels. All quartz,
Limestone and other Llight material with a specific gravity [ess

than 2,70 is separated from diamonds and heavier material in a hydro-
cyclone. The Llight maférial is discarded onTo‘a tailings dump

which is essenfialty a dump of rock pebbles of the size fraction,

>2 mm to <10 mm, The diamondé together with the heavy concentrate
are collected and sent to the Recovery Plant, . Both the light and
heavy separated material is Qashed with sea water to recover the

ferrosilicone powder, which is recycled.

Final Recovery:

At this stage of the treatment process The‘volume of ore has dimini-
shed considerably, the gualtity of tailings is thus very much less

" than from the previous graViTy concentration stage.

In the Final Recovery stage the diamond rich concentrate is dried

and further concentrated by passing through either X~ray sorting or
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MINE GROUND

SEA WATER WASH I NG ——————e= OVERSIZE BOULDERS(=25mm)
—_—— &
SCREENING t—/—m—m SLIME (Sea water&sand{~ 2nm)
to sea
: inland pans &
CONCENTRATE paddocks
FERROSTLICONE GRAVITY
— =1 CONCENT. |[————= PEBBLES (= 2mm.<10mm)
‘ (HM.S) to rock tailings dump
RECL AIMED
FEPROSILICONE
CONCENTRATE
1
FINAL
. PEBBLES(= 2mm,= 0mm)
RECOVE RY N
to rock tailings dump
D I AMONDS

Figl 3.10 Diamond mine tfreatment process.
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electrostatic separation machines. Diamonds are finally recovered

by hand sorting of the concenitrate.

In 1980 the annual production of diamonds was 139 114 CT for SAD and

1434262 CT for DBCM, corresponding to about 28 kg and 287 kg

respeqfivéLy. The final product from the mines is dispatched by aero-
plane to Kimberley. The waste outputs from the treatment process
are summarized in Fig. 3.10. There are no other discharges,

effluents or gases, The dnLy chemicgt employed in the treatment
process is ferrosilicone, which is recycled. There are some losses
~of this material, which together with Veryvshall amounts of floccu~
lant chemicals, make up a trace constituent of the rock tailings and
the discharged slime, The ferrosilicone and flocculent trace

quantities have no apparent envirconmental consequence,

To conclude this review Table 3.11 summarizes the number of active

and abandoned plants of various types within the study area.

TABLE 3.11 Treatment plants in use and abandoned by SAD and DBCM

IN USE ABANDONED

Type of Treatment Plant

SAD DBCM SAD DBCM
Ground prepafafion and
gravity concentration plants 5 -4 4 2
Ground preparation plant only - 1
Final recovery plants 1 1

Small prospecting plants 2
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3.2.2.4 Induced Actions

The mining opefafions give rise to a number of activities additional
to the obvious mining actions. These are termed {nduced actions and
can have environmental impacts as important as those of the mining
acfivifies Themsetves, sometimes even more, These ‘actions and the
effect they have on the environment are often overlooked or not anti~
cipated, The following indﬁced actions were noted from SAD and

" DBCM operations along the coast:

Roads: Due to the wide distribution of the diamondiferous gravels a
proper road network is laid down by the mine, providing transport
routes between the mine township, mining plants and the mining faces.
Haulage roads carry heavy (20 ton) trucks from the mine face to the
treatment plants and are therefore wide, well constructed roads.
Haulage roads are rerouted with changes in mine face locations, kThe
aim of the mining concern being to provide the shortest possible route
for hauling ore from the mining site Tolfhe treatment plant, for
obvious economic reasons.) These rpads are constructed with clayey
or Limey sand that occurs widely in the area. This material is mostly
obfaihed from quarries which are dug next to the road. Sometimes
clayey haferia[ is taken from an overburden dump, but the objective

of the mine is to obtain suitable road maferia[ from the closest and

cheapest source. These road quarries can be large. One gquarry on

SAD territory was estimated to cover an area of approximafety 4 ha.

Although most guarries are no deeper than 2 mefres, their impact on
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the environment is similar to a mining site: surface layers and vege-

tation are bul ldozed into heaps on the sides of the qUaEry site.

During prospecting no wfde roads are necessary, buf numerous small
roads and ftracks are generated. Thiskisnbecause the area assigned
for prospecting is sysfemaf?catly‘covered,by a,prospeciing team.
Where this prospecting opera+ion ié conducfed in a cLo;QLy~spacedx,
paffern,'fhe‘Landscaperis totally criss—crosséd by fracks, e.g. the

_auger-drilled area on Dreyers Pan (see Photo 4J).

Discarded material: At many places there is evidence of mining

eqhipmenf and material that hés been discérded in the vetd. Thfs
vranges from barbed wire rolls (SAD security fence) to heavy earth-
'moving machiﬁery (at Spoeg River), It is paffitutarty oh the mining
:’concessions of smaller companies Tha+ such Llittering is encountered.
The larger mining concerns have adopted a~Qeli-app{ied housekeep ing
‘po(iéf to which g}eaf imporfance_is ascribéd‘by‘fhe mine,ménagémen+; 
»VThe poLfcy is aimed afkincreasingbsafefy sféndards and reducing |
maferiaL wastage, and conéequenfly mining sites and plants are kept in
é’fidy condition, | Unfortunately, dnce mining activity has ceased at
a site, the héusekeéping pbticy no longer seems 1o apply and mine

equipment is frequently abandoned.

Fences: For security reasons the mining areas are enclosed by a high
barbed-wire fence. At SAD a confinubus fence runs from Port Nolloth-
to Alexander Bay, DBCM has fenced their coastal operations from the

farm OQubeep to the Kleinzee township as well as the farms of their
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Koingnaas and Mitchells Bay operations (Map 1). Other coastal farms

of DBCM are enclosed by farm fences -and gates.

Human influence: The presence or movement of people, for instance at

camp sites during prospecting operations, has influence on the environ-
ment. _Habifaf‘of birds and mammals can be disturbed and hunting of
game can take place. However, these actions are Limifed on SAD and
DBCM land as shooting of wildlife is prohibited and mine security
restrictions do not allow Qnéonfrolled movemen1 of people in Tﬁé actual
mining area. Domestic animals from the mine townships aré knowr to
have strayed into The,wild, where they can disturb fauna, for instance,
nesting A of birds. On DBCM farms over 300 stray cats have been

shot in the past (A. van Wyk, Security Officer, DBCM,Jpers. comm. ).

3.2.2;5 Developed Infrastructure

Both mining enterprises, SAD and DBCM,‘havé built up almost entirely
on their own the infrastructure necessary fdr puréuing their mining
apfivify. The towns Alexander Bay, Kleinzee and Koingnaas were
established by the mining indusffy, and except for institutions such
as the police, the post office and banks, all structures and facili-

ties are owned by the mine which also provides.all services.

Thus SAD has established the following major infrastructure:

i) The fown Alexander Bay, catering for 1816 employees in 1981,

The town includes 360 houses for Whites, 5 Hostels for single
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accommodation for Coloureds and Blacks, 1 General Dealer,
sports and Recreation facilities, 1 Primary School, a well-
éduipped hospital with a complement of four doctors {(only

one doctor in 1981) serving the whole Richtersveld area,

11) The gravel road from Port Nolloth to Alexander Bay is
‘maintained by the mine on behalf of the Provincial Council

which, however, reimburses cosfs.v
- iii) The airport at Alexander Bay is maintained by the mine.

iv) 350 ha of farmland, making Alexander Bay self-sufficient
in pork, poultry, fruit, vegetables and dairy products.

Beef and mutton are supplied from elsewhere.

DBCM has esféblished the following major infrastructure:

i) The towns Kleinzee and Koingnaas, catering for 3229 employ~
ees in 1981, The towns incLQde 342 family houses at-
Kleinzee, 108 family houses at Koingnaas, Spérf and Recrea~
tion facilities, 2 Primary Schools, a Sewerage Plant, a

well-equipped hospital with a staff of two doctors.
1) A 70 km tarred road Linking the town Koingnass with Kleinzee.
iii) The airport at Kleinzee.

iv) Stock farming on land where mining does not take place’
3

(120 000 ha).
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Water and power consumption: AlLL mining plants along the coast use

sea water for the treatment of mine ore. Domestic fresh water is
obfained'for Alexander Bay from the Orange River. Kleinzee utilizes
'undergroﬁnd water from the Buffels River, though this source has

beeh supplemented wifh.avwafer suppLyvpipe—Line from the Orange River
Henkries scheme via Nababéep.sincé 1980, as the Buffels River supply
has been dwindling. Koingnaés is supplied with fresh water from an.

artesian borehole,

The Electricity Supply Commission (ESCOM) provides electric power‘+o

 the Townships.and to all treatment bLanT operations.

Sewage treatment plants have been installed fto treat the effluent

from Kleinzee and Koingnaas.

3,2,2.6 Future Mining Actions

Prospecting activity has not been completed in the declared prospect-
ing and mining areas. SAD is planning to continue with prospecting
trenches in iis area.r DBCM will confinﬁe prospecting with auger
dfiLLing on their inland farms. On the coasfaL farm Qubeep pros-

"pecting is to be carried out by trenching.

DBCM will soon be mining an ore body on the farm Nuttabooi, an inland
farm near their present Langhoogte mine. The ore body on this farm

is characterised by a deep (40 m) Llayer of overburden. ‘ConsequenTLy
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mining this ore body will require large earth-moving operations.

With incfeasing amounfscafoverburden haQing Tb be moved in the future,
' elecfrfcatly-powered'earfh—moving machinery is being considéred to
replace diesel-driven scrapers (Dé Beers Annual Report, 19793, DBCM
is already,assembling'a dragline on the farm Dreyers Pan»for removing
overburden in that area. This machine haé a 46 m®> bucket with an
annual stripping capacity of 16 million'féns (De Beers Annual Réporf,*
1980). Mining operations will be conducted very similarly to the |

dragline stripping operations at open-cast coal mines.

A

3.2.3 " MINING ACTIONS OF SELECTED SMALLER ENTERPRISES

3.,2.3.%Y  DBCM inland Operation

DBCM's inland operation at Langhoogte differs from its coastal land
operation in surface mining technique and in the treatment of diamond-
iferous gravels. It is particularly noteworthy, that at this

operation backfilling and landscaping of mined-out sites is practised,

At Langhoogte the mining is more localised than at the coast and is
condﬁcfed on a smaller scale, The ore body is mostly overlain by a
thick layer df tough calcareous sandstone. This‘Layer has to be
blasted 'in two s%ages.~ ReSuL}aanLarge sandstone boulders afe Lloaded
by front-end loader 6nfo trucks and are taken to one large over-

“burden dump. Alternatively, the overburden is used directly in the
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backfilling of a mined-out ‘site. [t is inferesting that in this case
backfilling is enforced becausé of space problems, Within the
narrow boundaries of the farm there is not room for dumping waste
except in the already mihed—ouf sites. Backfilled overburden is
covered and levelled with a layer of overburden sand to enable move-

ment of mine vehicles on this surface.

At Langhoog+e diamondiferous gravels are treated and concentrated on
site. As there is no réadiLy aQaiLabLe water dry screening and
crushing is used, Concentration of diamondiferous gravels is
achieved initially in rotary washing pans where ore is-mixed with
puddle, a suspension of fines in water.,  Material for finés is ob-
tained from the overburden sand. Further concentration of the
diamond-bearing ofe follows and the process is like that employed in

the treatment plants on the coast.

One large rock tailings dump is generated by the Langhoogte treatment
process but only a small slimes dam is created as the output of slime

is small. Revege+a+ion is not attempted on mined-out sites,

3.2.3.2 SméLLer Companies Near Olifants River

A number of smal ler diamond mining companies are established to the
north and to the south of the Olifants River. Ten individual con-
cerns hold mining rights declared over a narrow coastal zone, extend-

ing mostly from the upper boundary of the admiralty zone to 31,49 m
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below low water mark., On average a 200 m wide beach zone is exploited
(De Beers, 1976).  Where the coasfline is rocky, mining of the beach

zone is fesfricfed by the foot of the cliff on the landward side,

The mining operations for this sfrefch of coastline are all very

similar and basically of two kinds, a land and a marinerpération.

Land operation: The beach zohe’above low water mark is worked WETh
excavators, bulldozers and manuaL‘Labour.’ Only small-scale machinery~
is employed. Practically the entire length of coastline is worked
from Brand-se-Baai to Doringbaai, sdme‘64 km, A special technique
that has been developed is the construction of‘"Wave breakers" which
lead to an éccumuLafion of sediment; this raises the beach elevation
and pushes out the low water mark, thereby enabling the exploitation

of a wider beach zone (De Beers, 1976).

'Séa operations: As in marine expLoiTafion,»1OO mm to 150 mm £

suction hoses are handled by divers.. These suck gravels from the

sea bed directly onto trucks for transport to the treatment plant.

Treatment of gravel: The diamondiferous gravels are treated in
relatively small bLaﬁts. The 1rea+mén+ process is similar to that
employed by DBCM af Langhoogfe, puddle is mi*ed with the diamondi~
ferous gravels and fed into rotary washing pans. fhe use of puddle
has importanf environmental bonsequences° To obtain the necéssary
fine material, quarries are dug in clayey sand, usually Jjust above

"the beach zone. Thus the zone subject to mining activity is much
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‘wider than just the beach region.

induéed Actions: Numerous tracks run parallel to the coastline,

and contribute further to the impact of mining activity on the
coastal zone, These tracks make up a corridor over 100 m wide

in places (see Photo 40).

Discarded mine equipment was found all along the coastline north of
the Olifants River. At Brand-se-Baai an entire treatment plant
was left abandoned in 1981 by an operator who had gone bankrupt.
Mining activities by these smaller concerns do not appear to have

given rise to the development of any significant infrastructure.

3.3.3.3 Marine Mining Operations

The whole length ofrfhe coastline from Donkins Bay to the Orange
River has been divided into concession areaé. Further concession
areas have been . added from Donkins Bay tfo Cape Columbine for which
tenders were invited én 24 JpLy 1961, On that date the Department
of Mineral and Energy Affairs declared its intention (in the Govern-
‘ménf Gazette) of rezoning sea concessions. Exploifaf]on of the sea
will now take pLaée in four zones: a land zone,‘a shal Low-water

zone, a mid-water zone, and a deep-water zone (Fig. 3.2).

This new allocation of sea concessions is to stimulate mining of the
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sea in deeper areas. At present marine operations tfake place to

depths of 20 m only.

Mining Technique:

Land concessions: Divers take suction hoses from the land into the

sea and -pump gravel ashore. 100 mm @ and 150 mm @ hoses are used,
By July 1981 avaeasf 26 divers were engaged in this operation in
concession areas 9 and 10 and at Alexander Bay. Operations are
hampered by stormy seas and during periods of bad visibfLiTy. It
is Likely that this kind of operation will expand rapidly in the
future as can be deduced from the 1981 report of SAD:

"In spite of this (the stormy éea), however, it (the work in the
breaker zone) is a highly profitable undertaking, which will be
tackled on a larger scale at suéh time as more qualified divers

become available."

Sea concessions:  Mining is centred mainly in the breaker zone,

Divers have confined their operations to depths of about 20 m.
Operations are conducted from 16 m boats, some of which are hired
from the rock lobster fishing industry. In Tdfal about 70.boa+s

and 250 divers are engaged in this mining-activity. Divers use

100 m and 150 mm @ suction hoses to pump gravel on board the boat
where finé sand is sifted out in a revolving drum. The concenirated
gravel is collected in plastic bags and brought ashore for further
treatment. In 1980 Déwn Diamonds, The.Largest operator, removed

5000 tons of gravel working an average of six-and-a-half days per
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month, Landing facilities for the mfning boats are at Port Nolloth,

Hondeklip Bay and Doring Bay.

Total marine exploitation along the West Coast in the calendar year
1980 resul ted in the pumping of 4678 m* of gravel, producing

42321 carats.

Marine mining for diamondsAhas expanded rapidly since 1978. Certain
companies have increased their number of boats from 1 to 20 since
+hen. Further increase is likely: SAD reported in their 1981

annual report that marine minihgiinAThe breaker zone is high[y profit-
able. According to +hé Department of Minefal and Energy Affairs
‘mining in the surf zone hésvbeen proved to be economijcally viable in
all allocated sea conceésion areas except numbers 8; 9 and 10. In

the latter cases thick layers of sand have hampered operations.

3.3 SUMMARY

Diamonds on -land occur sporadically‘ahd, on average,  in low concentra-
tion in gfavel deposifts below a layer of overburden mafnly in a

narrow zone along the coésttine. This disfribution d?ctafes the
nature of the mining operations, which are cénducféd over & wide

area and have become large earth-moving operations. At any one

time Theré are many working faces which can be cLosed and reopéned

‘to facilitate blending of diamond ore,



101

Diamonds in the sea are at present mined only in the narrow surf zone,
Operations are conducted at low intensity practically all along the

coast, both from the sea and from land.

The scale of mining haé increased substantially in the past and still
appears .to be on The increase. The largest mining enterprise, De
Beers Consbtidafed Mines Limited, for example; increased its prbducf—
ion of diamonds from 636871 carats in 1970 to 1434262 carats in

| 1980 -(a two-fold increase in diamond production). in the same period
the earth-moving operations themselves have been scaled up due to fHe
mining of deeper-lying diamond depos%fs. Thus the amount of over-
burden stripped by De Beers Consolidated Mines Ltd increased from

8 669 900 tons in 1970 to 56 713400 tons in 1980 (a six~fold increase

in overburden stripping).

In the sea, mining in the surf zone began with the development of a
new minihg technique in 1975, H appears'fhaf mar ine operations

~are on the brink of~fur+her,éxpan5ion.

In this chapter the individual actions of the various mining opera=-
tions have been examined in an efforf‘fo identify the causes of en-

vironmental impact. = These actions are summarized in Table 3.12.
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Mining actions
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Action Group

Specific Action -

PROSPECTING

LARGE DIAMETER AUGER

DRILLING

TRENCHING

SURFACE MINING
OPERAT 10N

TREATMENT

a)
b)

a)l
b)
c)
d)

e)

£)

g)

a)

b)

c}
d)

development of road and tracks

clearance/damage of vegéfafion at
drilling site

drilling excavation

establishment of camp site

removal of vegetation -

Stripping of. overburden

creation of overburden dumps

creation of primary trench excavations

creation of secondary trench excava-
tions

‘generation of road tracks

‘establishment of camp sites

removal of vegetation
stripping of overburden
creation of overburden dumps

creation of bedrock sifesA

) extraction of diamondiferous gravels

backfilling of mined~out sites

disposal of oversize boulders .

discharge of slime into the sea, into
settling dams, into inland pans

creation of rock tailing dumps

establishment of mining plant buildings

- continued
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~ Action Group

Specific Action

I' NG

M | N

INDUCED/ANCILLARY
ACTIVITY *

ASSOCIATED MINING
INFRASTRUCTURE

SOCIAL/ECONOMIC ACTIONS

g)
h)

construction of haulage roads
quarrying for road material |
generation of roads and tracks .
random discarding of material
abandonment of mining plants

orderly diséarding of material,
equipment

security fencing

general presence of people

establishment and maintenance of:

a)
b)
c)
d)
e)

f)
g)

.a)

b)

townships
major access roads

airports

power lines, water supply pipe-lines

crop farming and stock farming
discharge of sewage

consumption of water, electricity,
diesel, material resources

export and sale of rough diamonds .

provision of employment, training,
housing, education facilities,
health services, recreation
facilities
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" CHAPTER 4

ENVIRONMENTAL IMPACT

4.1 INTRODUCT I ON

This chapter examines. the impact of the mining actions on the West Coast
environment identified in the previous chapter. Again the emphasis
of the invesfigafion has been on the large enterprises, SAD and DBCM,

but the smaller operations are also dealt with briefly.

Environmental impact studies are best Qnderfaken by a smaLL inter-
disciplinary Team of persons as this enables knowledge from a wide
field to be pooled (Fuggle, .1979). This results in a better apprecia-
tion of the intricacies of the environment énd_LargeLy reduces bias.
This one-man. investigation therefore has its limitations: Certain
impacts may have béen dverLooked and bias may have been introduced
inbfhose evaLuaTjohs which are of a subjective naTure; e.g. asseséing
the fmpacT‘Qn scenic views. Neverfheless, environmental ihpacf was

investigated in a methodic manner using the matrix approach: The

impact of each mining action on the elements of the environment was

assessed by means of field observations, collection of data and re-
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viewing of the literature. In areas where insufficient knowledge was
at hand, where the author did not feel competent to make an assessment,

or where bias may have been introduced, this is clearly indicated.

A distinction is made 'in the literature between primary impacts and
secondary impacts. These are defined by Shopley (1981) as fol lows:
Primary Ampact is any effect in the bio-physical and socio-economic
environments that arises from-a cause directly related to the project,
Secondary 4mpacts are those effects on the bio~physical and socio-
economic environments which arise from an action, but which are not
initiated directly by that action, Thus the loss of vegetation is a
direct or primary impact of the excavation of a prospecting trench.
Wind that then blows sand out of the trench causes a secondary {mpact

by smothering and sandblasting vegetation outside the trench.

Some authors use the term secondary impact for impacts resulting from
induced action, e.g. the-quarrying for road material for the con-
struction of haulage roads is an induced action of the mining activity.
These impacts are referred to as 4mpacts grom <nduced actions in this

thesis.

4.2 ENVIRONMENTAL IMPACT OF LARGE ENTERPRISES

4.2.1 THE MATRIX APPROACH

The matrix method is a frequently used tool for environmental analysis.
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The matrix consists of two lists, one lists environmental character-
istics and the other, buman actions, These are aligned at right angles
fo one another and along the edges of a grid forming the matrix cells.
tn its application in this fhesis the mining actions (identified in
Chapter 3) are listed along a horizontal axis and elements of the West
Coast environment (selected from on-site observations by the author

and the description in Chapter 2) are listed along a vertical axis
(Table 4.1), The impact of each action on each element of the

environment is assessed and recorded in the corresponding matrix cell.,

This method was chosen as it is simple to use and provides a con-
venient way of relating project actions to environmental elements.
I'ts strength lies in that it enables one to readily identify impacts
and it leads one to think about the possible consequences of each
specific action on the environment. It is also effective as a

communication device as it displays all impacts in one table,

The method, however, has several weaknesses (Munn, 1975; Fuggle,
1979). [t does not show how an impact score was derived. This is
explained in an accompanying text (4.2.2), The matrix also does not
reveal explicitly interactions between cause and effect and links
between environmental elements. Thus it was decided to explain
secondary impacts due fo wind erosion more fully by using a flow

chart in section 4.,2.3,

The original matrix method was the Leopold Matrix, which has been

adapted by Fuggle (1979), This author has developed his own adaptation,
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which is basically a simplication of~+he above two approaches: For
each matrix cell, present observed impact was assessed in terms of
impor tance and benefit. In addition, where nc present impact had
yet been observed, the potential for future impact was assessed.
Using appropriate symbols this information was entered in each cell
(key in Table 4.1). Major detfrimental impact was shaded to indicate

the main issues or significant detrimental impacts.

Definitions of terms of assessment:

Importance is defined by Fuggle (1979) as the subjective judgment as to
the significance that a particular action on a specific environmental
characteristic has for the environment as a whole. It combines the
terms used in the Leopold Matrix of magnitude (the extent or scale of

an impact submitted on the basis of facts) and the importance of an
impact (subjective judgment of its significance). An impact is

Jjudged as being of high importance (H) or of low importance (L). A
finer degree of classification, it was felt by this author, would be
difficult to substantiate for a subjective judgment by a single
investigator. Where there is inadequate information on which to form

a -judgment a "?" is used.

Benegit: An assessment of whether the impact will be beneficial (+),

detrimental (-) or indeterminable (7).

Potential Impact (P): An assessment of whether a particular action

could potentially cause an impact on a specific environmental
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characteristic in the future, although such an impact may not yet have

occurred,

4,2.2 DISCUSSION OF IMPACTS

The assessed impact as shown in Table 4.1 is further explained by
discussing each environmental element individually and indicating the
extent to which the initial Hypofhesis is supported or rejected

(emphasis is placed on major negative impacts):

Scenic Views and Wilderness Quality

Aesthetic impacts are difficult to discuss because of their subjective
nature, However, a few criteria apply: Visual intrusions relate

to the degree of visibility and nature of the local Llandscape (Down

& Stocks, 1977). The West Coast landscape is flat, thus protruding
ob jects become conspicuous and are visible over a long distance.
Colour contrasts, such as light dumps against a darker background, are

also prominent,

Any action that leaves a permanent mark on the landscape has impact
on the pristine or wilderness quality of the environment, Even a
-well-constructed tar road, that may be visually pleasing in another
environment, qives a negative fmpression in a wilderness area, such
as the West Coast, because it interferes with the aesthetic and

spiritual perception of "being alone with nature". However, there
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are degrees of intrusions on the wilderness quality, similarly to
degrees of visual intrusions on scenic views. But impact on the
wilderness aspect is more severe, because a pristine environment can
hardly be restored. "Wilderness is a resource which can shrink but

not grow" (Leopold, 1966).

Scenic and wilderness aspects on the West Coast are spoilt markedly

by overburden dumps. Dumps are either sparsely or completely unvege-
tated and, therefore lighter coloured than surrounding landscape;

they are conspicuous. Some overburden dumps are very large (e.g.
overburden dump just south of Koingnaas). Others have developed

a hard crust (e.g. at Koingnaas and Annex Kleinzee) which has
prevented all plant growth and has led to erosion gullies (Photo 4L).
Some sites resemble a moon landscape (Photos 4C, 4D}. If, during
stripping operations, smaller dumps were built up their tops would be
rounded off naturally by the scraper machines and leave less steep
slopes (Photo 5B). This would make dumps more visually appealing and

improve the possibility of their revegetation.

Trenches create prominent, abrupt breaks in the landscape, often with
high vertical walls, particularly where ground is clayey (Photo 4B)

or calcareous. Where ground ts sandy, trench walls are inclined, some
natural revegetation occurs and impact is less drastic. Stripping
operations could possibly be planned such that overburden is dumped

intfo prospecting trenches located nearby a working mine block,

The extraction of gravels exposes bedrock surfaces which can be
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relatively even (Photo 4D), but mostly appear as rough terrain with
deep gullies, Covering of these exposed bedrock areas in backfilling
operations potentially could have a positive effect, but no land-
scaping occurs and the impact is thus similar to that from overburden

dumps.

Discharge of rock tailings creates dumps that protrude against the
landscape background because of their great size (Photo 3G). Fifteen
rock dumps occur on SAD and DBCM concessions (Table 3.11), Rock
dumps dwarf buildings and structures of treatment plants and screen
their visual impact. Slime is discharged into natural depressions
and pans and is not visually obtrusive, although such slimes dam

surfaces are unvegetated.

Haulage roads on the whole do not cause.major visual impact. However,
since DBCM's new haulage road network has been laid out, the old
abandoned routes now scar the landscape. Numerous quarries appear

as even greater scars. They are used for road material and the Light
coloured Lime or gypsum ground contrasts with the surroundings.

Top burden is bulldozed in messy heaps at the sides of the quarries
(Photo 3G). The mine road from Kleinzee to Koingnaas is tarred and
neatly laid out, The access road from Port Nolloth to Alexander

Bay, however, has wide messy road boundaries, and a number of quarries

have been dug to provide road material for its maintenance.

Road tracks generated during auger drilling have a major visual impact

where they have been laid down in a regular, closely-spaced pattern.
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This subsequently causes damage to surrounding vegetation leaving a

barren landscape (Photos 4H, 41) (see Wind Erosion).

Discarded mining equipment (e.g. barbed wire rolls, old conveyor
belts) and abandoned buildings and structures of treatment plants mar
the landscape. Powerlines and high security fences stand out

obtrusively.

The above seems to indicate fhaf one of the impacts of the mining
activity is to cause conspicuous visual effects over considerable
distances. The entire mood and character of the desert environment
is changed by the presence of large buildings and dumps. Such impact
is not conducive to the desert environment being utilized in the
future for recreational pursuits based on the area's wilderness

qual ity and atmosphere. This contributes to the rejection of point

(b) of the initial hypothesis,

Air Quality

There are no gas or particulate emissions from the mining actions.
Stripping and excavating machinery release diesel exhaust fumes and
stir up dust, but this seems to have minor impact compared to the
natural dust that can be stirred up in windy conditions. The mere
serious effect of dust production is that it can smother vegetation

downwind of mining operations.
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Surface Water

Slime is discharged into natural pans, e.g. Dreyers Pan, It is un-
known to the author how much plant and animal life is supported by
these pans. They are possibly important short-term habitats for
birds when they have collected water after rain, The fine mud
material from discharged sl ime would probably smother small plant and
animal organisms, but the extent of such ihpacf is unknown to the

author,

Ground Water

Drilling, trenching, stripping and excavation operations could inter-
fere with ground water bodies which would occur in lenses in bedrock
depressions (2.2.9). Extent of such impact is unfortunately unknown,
The township Kleinzee draws water from the Buffels River mouth aquifer.
As this aquifer also supports riverine plant communities, which in
turn provide habitat for numerous forms of fauna (Heydorn & Grindley,
1981), depletion of the aquifer has a major impact. Furthermore,
aquifer systems that have subsided because of overdraft will never
again be able to hold as much water as they did before overdraft
began (Holzer in Sheridan, 1981}, This would represent a lost
resource which could be used if small farms or tourist towns were

establ ished.

Soil and Vegetation

Soil and vegetation is destroyed permanently in overburden stripping
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operations, No stockpiling of topsoil occurs, An area of 1400 ha
+ 800 ha has been affected directly so far since the beginning of
operations, Stripping operations, however, have increased in scale:
in 1980,50 ha and 200 ha were mined by SAD and DBCM respectively
(Table 3.9). Further areas are destroyed directly by numerous small
road tracks near actual mining sites, rock tailings dumps, built-up
slimes dams, haulage roads and associated guarries. A closely-
spaced grid of roads generated during auger drilling has damaged
vegetation over a significanf area (Photos 4H, 41, 4J). Further
vegetation is damaged and soil is lost through secondary impact by

wind erosion (see Wind Erosion).

Where bedrock has been exposed, sites carry no significant growth.

Rock surfaces would take a long time to weather (of the order of
centuries). At places some growth does occur where nooks and crevices
have collected windblown material but vegetation cover is insignifi-

cant, Rock tailing dumps support no vegetation. Surface compactness of
abandoned haulage roads (at Annex Kleinzee and Dreyers Pan) prevents

plant growth, Overburden dumps at places show reasonable vegetation
growth that has re-established naturally. Others do not show any

growth at alt, Natural revegetation therefore, is examined more

ctosely in 4.2.4.

Destruction of vegetation means a loss of part of the vegetation
communities. This may not be so imporfant for the Strandveld which
is widely represented along the West Coast, but appears important for

the Strand vegetation communities which are represented only in the
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narrow primary dune zone along the coast (2.2.6). Loss of vegetation
cover also means a loss of habitat for fauna and a decrease in the
grazing potential of the land for small-stock. Vegetation is of
major importance in stabilizing the land surface consisting mainly of
unconsolidated sands. Because of the strong winds on the West Coast,
topsoil and lower surface layers are blown away and destroy further
vegetation by sandblasting. Therefore every mining action that
exposes unvegetated sand surfaces destabilizes such areas and in fact
leads to destabilize furfhef areas (see Wind Erosion). This erosive
effect is a particular hazard on immediate coastal foreland (2.2.3),
Prospecting trenches and roads developed within this vulnerable zone
have a major negative impac+ on the stability of this region, This

contributes to the rejection of point (b) of the hypothesis.

Terrestrial Fauna

Little is known about the terrestrial fauna of the West Coast.  Thus
impact from specific mining actions is largely unknown. Generally,
mining operations would destroy small fauna and permanently alter their
habitat in the actual mining area. Lack of vegetation or a reduced
vegetation cover would leave a major detrimental effect on the
mining-disturbed site, but the importance of such impact for the

whole region is unknown, Some endemic species of lizards and amphi-
bians could be affected. Game and birds would possibly not be
seriously affected because of their mobility and the availability of
habitat elsewhere. An exception to this may be where mining operations

disturb important local ised nesting and breeding sites, for instance



116

of the Damara tern which nests on dune slacks on the coast. Potential
future damage to water bodies,such as estuaries, by mining actions would
have a major negative effect on birds and game. A declared mine
policy of prohibiting the shooting of game,and security restrictions
that Limit the movement of people is of major benefit for terrestrial
fauna. At present mining may therefore not be of major detriment

to terrestrial fauna but may be so in future, if important habitats
(e.g. estuaries) are disturbed. This shows that where mining policy
is sensitive to environmental elements, mining operations can greatly
Limit their impact and that the mining operations as such do not
necessarily cause environmental problems, but it is the manner of

their execution that is important. Impact on terrestrial fauna
therefore does not contribute to point (b) of the hypothesis, but

lends strength to the rejection of point (¢) of the hypothesis, that

control of impact is possible,

Estuaries

Prospecting trenches and a road have resulted in minor impact on the
Swartlintjies estuary, but a rock tailings dump, roads and a golf
course for the Kleinzee township have major impact on the Buffels
estuary. The Groen, the Spoeg and the Bitter have not been affected
by mining operations so far. Potentially, however, mining operations
could be conducted in or near estuaries in the future. The conseguent
impact would be major. Estuaries are importanti ecological habitats
for the region (2.2.7; 2.2.8) and they have major value in contribu-

ting to the scenic and aesthetic appeal of the coast. Estuaries
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therefore, are of major importance To potential future recreational
and tourist use of the region. As there is no consideration in

the planﬁing of mining operations for Limiting or even withholding
actions on such important and sensitive areas, there is no guarantee
that estuaries would not be subject to major impact in the future.
An extended vision of 'housekeeping' by the mining enterprises would
provide such a safeguard. Control of impact, therefore, could be

possible and this confributes to point (¢c) of the hypothesis.

Marine Fauna and Flora

Treatment plants at Annex Kleinzee and Alexander Bay discharge slime
directly into the sea. The plant at Annex Kleinzee releases about
7000 tons of sand per day (2,1 million tons per year). The plant was
erected in 1969 and is planned to operate until 1988. A great amount
of sediment is therefore discharged into the sea. A memorandum of the
‘Department of Sea Fisheries states that marine fauna and particularly
flora is affected for about 2 km of coastline. However, no quantita-
tive study was done. Mar ine organisms are smothered by the

sediment outfall and it was noted that the beach had extended seaward
by about 300 m at the point of outfall. The length of coastline that
is affected can be deduced from the length of beach (2,5 km) black-
ened by the concentration of the heavy mineral ilmenite. (This
mineral is present in mined ground and is therefore discharged with
the slime output. Wave action on this shore gradually washes out the

fines but leaves behind heavier material such as ilmenite.)
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It is Likely that rock lobster is sgriously disturbed for this length
of coastline and this has a negative impact on the fishing industry.

The coas+[ine north of Hondeklip Bay is not a major rock lobster

fishing ground (2.3.4.1), so the slime outfall into the sea at Klein~-
zee may not be of major significance to the West Coast fishing industry.
The local effect of this impact is the reduced value of 2,5 km of this
coast for beach-combing in the future, as intertidal zone organisms
appear to have been destroyed. As the extent of this detrimental im-
pact is unknown to the author this impact is not taken to contribute

towards the evaluation of point (b) of the initial hypothesis.

Unique Ecosystems

Three distinct littoral dune vegetation communities and the Strandveld
are vegetation types unique to the West Coast (2.2.5). Source of
impact on these zones is similar to that on soil and vegetation. I+
is uncertain whether the ecosystem represented by the Strandveld is
seriously affected as a whole, However, much larger areas than those
disturbed by padmary mining action are affected (4.2.3), With the
increase of the area disturbed by mining through secondaty impact due
to wind erosion (4.2.3), the Strandveld ecosystem may be seriously
degraded (it is described later (4.2.4) that vegetation cover on sites
disturbed by wind erosion is less than one~third that of pristine
sites). If wind erosion was controlled, this would prevent major

damage to the Strandveld.

Impact on the littoral dune vegetation communities may be particularly



119

major as they occur only in a narrow zone, along a shorter length of
coastline than the Strandveld, and are particularly sensitive. Pros-
pecting trenches and coastal roads represent the major hazard to this
zone, Impact could be Llimited if roads were located further inland
away from this fragile zone, This therefore contributes to the
rejection of point (c) of the hypothesis, impact can be controlled

and also contfributes to the rejection of point (b) of the hypofﬁesis,

impact on the vegetation communities may be significant.

Rare and Endangered Species

Rare and endangered species of mammals, reptiles, amphibians and birds
as classified by the S,A, National Scientific Programmes Report Nos.
7, 8 and 23, are not known to occur along the West Coast. There are,
however, a number of endemic species: 7 spp, terrestrial birds,

7 spp. lizards, 1 sp. of frog and 1 sp. (possibly 4) of mammal.

Impact of mining operations on these species is unknown. The S.A.
National. Scientific Programmes Report No. 45 on threatened plants
Lists a number of taxa for the region that includes the coast. It

is also unknown if mining operations have had impact on these species.

If mining enterprises employed the services of a botanist or zoologist,
areas particularly important for conservation could be {denfified.
Mining operations in these areas could then be conducted with greater
care or prevented altogether, For instance, roads and quarries

could be located elsewhere, Significant impact would thus be
prevented and this contributes to the rejection of point (c¢) of the

hypothesis.
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Wind Erosion

The process of wind erosion is promoted wherever vegetation cover is
disturbed or removed, and wherever areas are left with bare and un-
stabilized ground surfaces. The source of impact is similar fto that
on soil and vegetation. Auger drilling road tracks and drilling
sites, prospecting trenches, overburden dumps and haulage roads with

associated quarries, cause major impact (Photos 4A, 4F to 4J).

Sandplumes north of many mining-disturbed sites, particularly pros-
pecting trenches and overburden dumps,are evidence of wind erosion
taking place through secondary impact. This impact is of major sig-
nificance and as chapter 2 indicated that the West Coast was vulner-
able fo wind erosion (due to strong winds and a shallow layer of

topsoil), this phenomenon was investigated in more detail and is

discussed in 4.2.3.

Wind erosion causes serious impact because the vegetation cover on the
affected sites is significantly reduced to less than one-third of its
original pristine state and its composition of plant species is
significantly altered. The diversity of plant species is reduced

and a number of plant species are eliminated and make way for dune
type vegetation, for instance Eragrostis cyperoides (4.2.4). Wind
erosion therefore has significant impact on the grazing potential of
the region and it seriously degrades the Strandveld ecosystem, i.e.

it affects pastoral and nature conservation interests. Moreover,

the areas subjected to wind erosion greatly lose their aesthetic and

visual appeal (Photos 4H, 41), thereby affecting the future potential
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for recreation and tourism in the region. This contributes to the

rejection of point (b) of the hypothesis.

Coastal Erosion

The vulnerability of the coastal foreland to erosion has been indica-
ted (2.2.3). Mining disturbances such as road tracks, prospecting
trenches and overburden sfrigping would initiate coastal erosion
processes. Such actions occur at Koingnaas (DBCM) and on SAD land,
where mining operations stretch into the primary dune zone. {t has
been indicated (Fig. 2.1) that such coastal erosion can be prevented
by locating roads further inland, away from the particularly fragile

zone. This contributes to the rejection of point (b) and point (c)

of the hypothesis.

Coastal Deposition

As has been mentioned previousty, the Annex Kleinzee treatment plant
discharges 2,1 million tons of sand (about 3/4 mittion m?) per year.
‘This could have an impact on tongshore sediment transport, which is of
the order of half to 2 million m* for South African coasts (H. Swart
in Heydorn & Tinley, 1980). As effect and extent of such impact is
unknown to the author this is not evaluated in terms of the

hypothesis,

Historic and Archaeological Sites

tt is unknown whether mining actions have caused impact on archaeolo-



122

gical sites as their location is La(gety unknown. Historic sites,
such as the first Namaqualand police station near the Spoeg River,

and some early diamond digging sites on the farm Oubeep and near the
Boegoeberg, have not yet been affected by mining operations, but this
may occur in the future (DBCM is planning exftensive prospecting
operations at Oubeep). Sites of past human features are of signifi-
cant scientific interest, and together with historic sites, such as
early diamond diggings, could provide important tourist atfractions
for the area. Possible minfng impact in the future would therefore
be of major significance and contributes to the rejection of point (b)
of the hypothesis, If mining policy considered such impacts, these
sites (which are small in area and may therefore not significantly
interfere with mining operations, if left alone) could be identified
and saved from destruction, i.e. this also contributes to the rejection

of point (¢) of the hypothesis.,

Community Welfare

SAD and DBCM have a major beneficial impact on the regional community
with the provision of opportunities for employment. Also, SAD pro-
vides medical services for the inland Richtersveld region and DBCM

has supported regional community centres with financial grants (DBCM
Annual Report 1979). Security restrictions have a negative but also
a positive impact. They restrict the community's access to the major
part of the regional coast (2.3.4.3, 3.2.2.4) but also prevent the
uncontrolled movement of people (for instance indiscriminate use of

of f-road vehicles) which prevents possible disturbance of the desert
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environment. This therefore contributes both to an acceptance and to

the rejection of point (b) of the hypothesis.

Health and Safety

Mine employees enjoy associated social and medical benefits with
employment, including provision of housing, diverse recreational faci-

lLities and job training opportunities,

Employees also expose themselves to the risk of accidents during the
mining process, which is reduced by a declared mine safety policy.
SAD had four fatal accidents from 1970 to 1980, which appears relative-

ly Low.
Turnover of labour figures appear low (in the order of 10 - 15%)
except for Coloureds at SAD (about 90% p.a.), which is very high

(Personnel Dept's, SAD & DBCM, pers. comm.).

On the whole this contributes to an acceptance of point (b) of the

hypothesis.

Regional infrastructure

The regional infrastructure has benefited from the mining activities
particularly through the establishment and maintenance of three town-
ships, including two airports and two major access roads. This infra-

structure can be of benefit to any future use of the area. Here the
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mining actions have had positive impact and this contributes to the

acceptance of point (b) of the hypothesis.

Regional Industry

The mining activities have had little impetus for the regional industry,
since mines import their requirements mostly from outside the region
or supply their own needs. There is basically no development of any
secondary industry. This is indicated in a hierarchy ranking,of
towns in the Namaqualand region according to their number of available
services by the Office of the Prime Minister, Physical Planning Branch
(1980), which has assigned a low status to the mining towns Alexander
Bay and Kleinzee. Mine settlements in other arid regions also have
not developed local secondary industry spin-offs (Barnard, 1974).
Mining representatives on the West Coast do not wish fo make projections
of the remaining life-span of their enterprises, but diamond exploit-—
ation must eventually come to an end. An interesting question is
what will become of the mine townships then? There are no plans for
such an eventuality. If other resource uses, such as tourism and
recreation, were allowed at the same time as mining, this may lead fo
a smoother transition to the future use of the land once mining has
ceased., Mining townships would probably be of benefit to tourism in
the future, Although mining does not have a negative impact on the
regional industry, which contributes to an acceptance of point (b) of
the hypothesis, mine townships could make a positive contribution to
the development of the region, if this is allowed for in future mine

planning.
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Marine Fishing

Discharge of slime info the sea (see impact on marine fauna and flora)
probably affects the rock lobster population, but this detrimental
impact may not be of major significance as rock lobster catches for
that part of the coast are low (2.3.4.1). However, the extent of this
impact is largely unknown and therefore this impact is not evaluated

against point (b) of the hypothesis.

Agricul ture

Mining actions that destroy vegetation or result in reduced vegetation
cover have a negative impact on the grazing potential of the land.
Because of secondary impacts through wind erosion (4.2.3), vegetation
cover is reduced by two-thirds and drops in species diversity
(4,2.4). Such a vegetation cover will probably not allow any grazing
of small-stock. About 7000 ha of land has been disturbed to this
extent (Table 4.3), This impact is spreading with time (Table 4.4),
therefore the impact is judged to be significant and to contribute to

the rejection of point (b) of the hypothesis.

Recreation and Tourism

As mining operations have a major impact on scenic views and on the
wilderness quality of the West Coast and potential impact on historic
and archaeologica! sites and unique vegetation communities of the

region, these acticns also have a secondary impact on the recreation
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and tourism potential of the land. It has been outlined (2.3.4.3) that
the West Coast has much scope for suEh resource use, particularly as

a wilderness coastline, an asset which is rapidly increasing in
scarcity. "One of the fastest-shrinking categories of wilderness

is coastlines" (Leopold, 1966). Demand for such a resource use is
likely to increase in the fufure, At present security restrictions
have a major direct impact by preventing public access to a major part
of the coastline (2.3.4.3). This contributes to the rejection of

point (b) of the hypothesis.

Impact on the potential recreation and tourist use of the West Coast
in the future could be mitigated by rehabilifafing mining-distfurbed
land and by protecting areas of particularly great aesthetic value,
Diamond mining and future utilization of the land for recreation and
tourism need not necessarily be mutually exclusive resource uses if

1

rehabilitation is part of the mining process: "...if proper land
rehabilitation follows in the wake of mining, then the alienation of
Lland need be no more than temporary..." (Chamber of Mines of S.A.,

1981). This is investigated further in chapter 5.

Present conflict between diamond mining and recreation and tfourism
could perhaps be resolved. The security aspect appears to be the
major hurdle if the two land use options are 1o run concurrently.
The question is 1f this obstacle is really impossible fo overcome,
The proposed national park for the coast between the Spoeg and the
Groen Rivers did not materialize, because the mining enterprises did

not want fo give up their options of possibly mining that region.
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Such a right could be ceded to the mining enterprises, but until
actual mining is to take place, is there really a problem with allow-
ing tourist and recreational use of the area? Diamonds occur beneath
a deep overburden pile and on average very rarely in the gravel beds.
It therefore seems unlikely that diamonds will be picked up by the
casual visitor, Conversely, the lure that diamonds may be found in
the area would act as an added tourist affractfion to the region.
Prospecting operations such as auger drilling could even be conducted
while the area is open to visitors., With this prospecting method

(a prospecting hole can be drilled and filled up immediately afterwards)
security would still not pose a problem, Once the mining enterprise
decides to mine on the basis of the prospecting results, the particu-
lar area can be zoned off for explocitation, This illustrates that
mining impacts can be mitigated if mine policy adopted envircnmental
considerations, This contributes to the rejection of point (c) of

the hypothesis.,

National Resources

Diamond mining has a negative impact by consuming national electricity
and diesel fuel resources (3.2.2.5) . DBCM has a maximum electricity
demand of 14MVA, and DBCM and SAD together used about 2,1 million

litres of diesel fuel per month in 1980,

On the other hand, diamond mining has a major positive impact on
national resources by refurning a large amount of revenue to the

State. The State obtains 100% of profits from SAD and participates
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in about 63% of profits from DBCM, Diamond sales figures appear in
Table 2.9, On the whole this contributes to an acceptance of point

(b) of the hypothesis.

4,2.3 WIND EROSION

From the previous overview of the environmental impacts of diamond
mining by SAD and DBCM it is apparent that wind erosion is one of the
major impacts induced by mining. This impact was examined in some
detail, including a quantitative investigation, An account of this

investigation follows:

Mention has been made of the exceptionally strong, unimodal, southerly
winds blowing at the West Coast in summer, These winds cause dis-
turbance to vegetation to be far more widespread than simply the
disturbance due to primary impacZ,, i.e. direct damage from trench
excavations, road tracks etc. From field observations it was evident
that north of everymining-disturbed site (i.e., on the leeward side)
sand plumes stretched out, and vegetation cover was significantly
less than in pristine areas. This phenomenon is particularly
noticeable on aerial photographs of the region (e.g. Job No. 763,
photo nos. 7410 to 7412 and Job No. 812, photo nos. 5259 to 5261

as well as in aerial photographs taken by the author). Photos 4A and

4F show sand plumes extending north of prospecting trenches. Photo

4G shows reduced vegetation cover in a sand plume.

King (1951) describes wind erosion as follows: "Sand impelled by
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wind, driving over the surrounding country, and coming to rest for
longer or shorter periods in small patches, destroys the vegetation
which it covers during its stitlstand. When the sand moves on, the
soil on which the vegetation previously grew is dispersed by the wind,
and formerly grassed and fertile country is ruined even though the
sand has not remained in one place for more than a short pericod.

The margins of deserts and coasts, where considerable quantities of

sand are available for drift, are thus often rendered barren, though

the general climatic conditions are suitable for the establishment of

pastures”.

This description explains the observed wind erosion at the West Coast
very well. Sources of plentiful sand are made available with every
disturbance of vegetation cover by mining actions. Winds have also

been shown to have a high drift potential (2.2.5.5).

The wind erosion process and its impact on the West Coast is further.
explained in Fig. 4.2, which portrays the action-effect-impact
relationship in a flow diagram similar to the method used by Sorensen

(1971),

The extent of impact "A", decrease in vegetation cover (Fig. 4.2), was

investigated by examining aerial phofographs of SAD and DBCM mining
operations. With the aid of a planimeter the total area of mining-
disturbed ground was measured, i.e. including all disfinguishable sand
plumes. (Disturbance from road fracks and haulage roads was not

measured as this proved to be difficult).
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TABLE 4.3 Land area disturbed by mining

Mine Approximate Total Area of Land Area of Land mined
disturbed by Mining (1) (1980) (2)

DBCM 3000 ha (1976) 1410 ha

SAD 4000 ha €1976-78) 800 ha

Source of data: (1) Appendix B
(2) Table 3.6

Table 4.3 shows that the actual area disturbed by mining is considerably
larger than appears from direct mining figures (Total wind area dis-
turbed by DBCM is proportionally smaller than for SAD, as with the
former, operations are more area-intense. This means that secondary

impact is often covered by subsequent primary impact.)

The question arose as to whether sandplume areas are continuing to
expand., Also,does a decrease in vegetation cover in turn destabilize
further areas which would continue the chain reaction? (This is
represented by feedback loop "B" in Fig. 4.2). The guestion was
investigated by measuring the sand plume areas of trenches that appeared
in aerial photographs of 1976 or 1978, as well as on 1964 aerial photo-
graphs where plume areas had not been disturbed by subsequent mining

actions in this period. Results are shown in Table 4.4
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TABLE 4.4 Expansion of sand plume areas on SAD land

Sand Plume Area

Source of . increase in
sand plumes area
1964 1976 1978
6 selected trenches 72 ha 94 ha 22 ha 31%
5 selected trenches 82 ha 108 ha 26 ha 32%

Source of data: Appendix C

Table 4.4 indicates that sand plume areas continue to expand. The
rate of expansion, however, appears to slow down. The rate of exca-
vation of the selected trenches is unknown, but Keyser (1972) states
that the prospecting programme at SAD was only instigated in 1950,

If this date is taken as the start of sand plume development, although
the actual date was probably later, then Table 4.4 shows that in the
initial 14 year period (1950-1964) five selected trenches
developed 82 ha of sand dune area. In the subsequent 14 year period
(1964-1978) the same trenches developed only a further 26 ha of sand

plume area.

These figures prove beyond doubt that the mining operations are
affecting much larger areas than is realized. This is because many
areas disturbed by padimary Ampact are destabilized: These sites become
sand-blowing sources which lead to the sand-blasting and destruction

of further vegetation. Due to this wind erosion the total area

disturbed by mining on SAD land is five times the area affected by
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direct mining and prospecting. At DBCM the magnification of impact

is two-fold. (Operations are more intense, therefore secondary

impact is often covered by subsequent primary impact. Also, some

areas on DBCM have clayey overburden material which is less susceptible
to wind erosion because of the formation of surface crusts.) This
secondary impact, due to the force of wind erosion, is a major contri-

bution to the rejection of point (b) of the hypothesis,

The extent of mining impact would be much smaller if active steps were
taken to prevent the blowing of sand from mining-disturbed sites. A
possible method is revegetation, The success of natural revegeta-
tion is investigated in the following section, while the feasibility of

revegetation efforts is discussed in chapter 5.

4.2.4 NATURAL REVEGETATION

fn field observations it was noted that some overburden dumps had reve-
getated naturally to a certain degree, while others had not done so
at all, or only very sparsely. Recovery trends were therefore

investigated.

At SAD, records of the dates of prospecting trench excavations were
available. The present shape of overburden dumps was also compared
with aerial photographs from Trig. Surveys of 1964 (Job No. 525) and
1978 (Job No. 812) to check whether there had been subsequent

disturbance to dumps since these dates. Where the age of overburden
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dumps could be precisely determined a basic vegetation survey was
undertaken. Similarly, the size of overburden dumps could be deter-
mined from colour aerial photographs of scales 1:12000 and 1:20 000,

which were taken for DBCM on 3.9.1975,

The vegetation analysis was done using 10 m x 10 m quadrats. Percent-
age cover was noted and plant species were collected and identified
Later by Miss A. le Roux, botanist with the Cape Provincial Depart-
ment of Nature and Environmental Conservation. Aspect, slope,
dominant vegetation species and nature of substrate of the plot site
werealso noted, For comparison a vegetation analysis was done in a
control plot in a representative pristine area near eachoverburden
dump or trench. Resul tfs are shown for the SAD area in Table 4.5

and for the DBCM area in Table 4.6.

The following conclusions may be drawn from Table 4.5, SAD area:

i) No overburden site or trench site was revegetated to its former

pristine state.

ii) Recovery trends of vegetation (% cover) do not appear to be
uniform. For instance, the overburden dump of french E,
Holgat North area (plot A13) has acquired a vegetation cover of
only 4 - 6% after 25 years. - Overburden dumps of trench F,
Cape Voltas area, havereached a similar vegetation cover after

11 years (Plot AS).

iti) The nature of the substrate appears to be a decisive factor in



iv)

V)

v)

vi)
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revegetation success. Calcareous ground seems to hamper growth,
while wind accumulated sand supports a greater amount of growth,

although mainly Exagrostis cyperoides.

Slope also appears to be an important factor. Thus trench F,
Cape Voltas area, supports a higher growth on top of the dump
than on its side (cf plot A4 with A5). However, most dumps

show Little growth on the major part of the top surfaces, due to
compaction by scraper units, In pristine areas, sites with a
high slope also support less growth than flat areas (cf. C4A, C2A
with C3A, C5A). Also, frenches generally show better recovery
than overburden dumps. Here substrate and wind shelter could

play a roll,.

It would appear that relatively successful naturally revegeta-
ted sites will resemble dune-type environments as portrayed

by plots C2A and C4A. These have significantly lower vegeta-
tion covers than pristine flat-lying areas, i.e. a permanent
change in the nature of the vegetation cover’pusf be expected

after mining operations.

Some overburden dump sites have not recovered significantly

even after 18, 25 or even 35 years (Plots A9, Al4, Al).

Plot A14 shows that areas of sand plume have a markedly reduced
vegetation cover, one-third that of a corresponding pristine

area (C6A).
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Conclusions which may be drawn from studies of DBCM sites, Table 4.6,

are:

ii)

iii)

iv)

No overburden site has recovered to its former pristine state.

Recovery trends of vegetation do not appear to be uniform. (For
instance, plot K7 showed higher growth after 5 years than plot K2

affer 21 years ).

The nature of the substrate appears to be a decisive factor in
revegetation success. Some overburden dump surfaces show a

hard crust which does not allow any growth at all, e.g. plots

K9, K10. Kovda et al. (1979) propose the following explanation
for this crust formation: Rapid precipitation of calcium
carbonate occurs with liberation of carbon dioxide in highly
calcareous soil when, after moistening, it is quickly heated

and dried. Numerous pores are formed, carbonates cement the
soil mass and give rigidity. The authors also state that such
crust formation is particularly characteristic of arid soils in

temperate climates, which is the case at Kleinzee,

Sites with accumulated wind-blown sand support mostly Eragrostis
cyperodides, It is interesting that revegetation often occurs
in the tracks left by scraper machines, probably because more

moisture collects in these troughs (Photo 4K).

Some sites showed reasonable recovery, e.g. plots K1 and K6,
but this vegetation composition resembles that of a dune en-

vironment. Their vegetation cover and species diversity is
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Lower than their former prisTine state as indicated by CKi

and CK2,

v} Sites subjected to sandblasting leeward from a mining site
(plot K15) and a former auger drilling site (plot K16} show

significantly lower vegetation cover.

Lack of nutrients in the surface layers may be a major problem for
plant growth at mining-disturbed sites of both SAD and DBCM. Organjc
Litter, a source for such nutrients, was evident on pristine sites,
but absent on mining-disturbed sites, probably due to a higher expo-

sure of these sites to wind..

From this investigation it appears that natural revegetation of mining-
disturbed sites has not been successful and that there are no uniform
recovery trends, There:is evidence that some sites have hardly
revegetated even after twenty years, Facfors—such as calcareous
surface ground and formation of surface crusts hamper plant growth.

At some sites, where natural revegetation has been relatively success-
ful, the vegetation is degraded in percentage cover and species
diversity. Areas of sand plume (i.e. subjected to wind erosion)

héve lost more than two-thirds of their vegetation cover and are domi-
nated by one plant species, Eragrostis cyperoides. This investiga-
tion, therefore, contributes to the rejection of point (b) of the
hypothesis. However, it also appears that with some assistance, for
instance wind screens, breaking up of surface crusts and burying of
highly calcareous ground, revegetation could be successful, This is

discussed further in chapter 5.
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4.3 ENVIRONMENTAL IMPACT OF SMALLER ENTERPRISES

4.3,1 DBCM INLAND OPERATION

The DBCM mining operation at Langhoogte is small in scale (in 1980,
329000 lfons of ore was treated, compared with DBCM total of 7,8.mill—
ion tons for the whole West Coast) and confined to a very local ised
ore body. Consequently the environmental impacts are also very

local ised.

The operations are conducted on a hill slope and therefore the one
large rock tailings dump and one temporary overburden dump are not
that visually obtrusive from a distance. Mined-out sites do not
contribute to the visual impact as backfilling and levelling is prac-
tised. (This is in marked contrast to the neighbouring Wolfberg
mining operation, where numerous overburden heaps scar the landscape
and which have a greater visual impact than the two large DBCM dumps.)
Wind erosion does not appear to be a problem as most of the overburden
material is calcareous sandstone, which does not present a hazard of

blowing sand.

Wilderness and scenic value of the Langhoogte area is not as great as

that of the coastal region and as backfilling and levelling actions
significantly mitigate visual impact of the mining site, impact on
potential recreation and tourism interests is moderate. Vegetation is
destroyed, but not over a large area and may have a chance of re-

establishing itself due to surface levelling operations. Impaci on
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the grazing potential of the region is therefore moderate. The
vegetation veld type affected by the operation is the succulent
Karoo (Acocks, 1975) which is widely represented elsewhere and so

impact on nature conservation is also considered moderate.

Backfilling and levelling practices at Langhoogte show that rehabili-
tation efforts are feasible and minimize environmental effects, With
additional revegetation efforts, negative environmental impacts would
be minor. This confribufestfo the rejecfion of point (c) of the

hypothesis.

4,3,2 SMALL COMPANIES NEAR OLIFANTS RIVER

Mining actions along the coast near the Olifants River mouth have a
major negative environmental impact which is quite out of proportion
with the mining operations on land and in the sea, which are both

small in scale,

Visual and aesthetic impact: The overburden heaps left from beach
mining and particularly the numerous parallel tracks running along

the coastline (Photo 40) as well as quarries, which are excavated

for puddle material needed in the treatment process, significantly mar
the scenic and aesthetic appearance of the coastal landscape. Further
impact is caused by derelict mine equipment and abandoned mine plants

(e.q. treatment plant at Brand-se-Baai).
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impact on vegetation: Mining actiqns take place in a zone which is
highly sensitive to disturbance (2.2.3, 2.2.6). The vegetated
primary dunes stabilize the sand between the inland Strandveld and
the beach; this zone is distinctly shown on photo 4N,  Overburden
heaps and, in particular, road tracks and quarries destroy a major

part of the vegetation (Photos 4M, 40).

Impact on coastal erosion: Quarries and road tracks destroy the
stabilizing plant cover, and.sand is subject to strong wind erosion
(2.2.3). Parts of the coastline are steep and deep erosion gullies
develop from surface water run-off where stabilizing vegetation has

been disturbed (Photo 4M).

fmpact on marine fauna and flora: South of Brand-se-Baai the rocky
shore was found to be barren of fauna and flora in the intertidal

zone. This site had been mined fifteen to twenty years previousty
(A.G, Visser, Asst. Director, Dept of Environment Affairs, pers. comm.),
but had not recovered since. The reason for this denudation is un-
clear, but it may. have been brought about by an increased sediment

load in the sea resulting from the beach mining operations. impact
from mining operations below the low-water mark on marine fauna and
flora in the subtidal zone are unknown but are probably insignificant

at present (4.3.3).

These mining operations, although conducted only in a narrow zone along
the coast, can be seen to have had major environmental impact: Firstly,

it is precisely this zone which is the most sensitive part of the coast
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from an aesthetic and an ecological‘poinf of view, Secondly, mining
operations are conducted with complete disregard for any environmental
impact on land. The DBCM inland operation has shown that it is not
the operation as such which has maximum effect, but the degree to
which the operations are controlled so as to minimize environmental
effects. There is much scope for reducing en&ironmenfal impact of
the Olifants River mining operations, simply by implementing some
control. The indiscriminate layout of tracks and quarries is
unnecessary. instead of nuherous tracks there could be a single
coastal road which, as well as the quarries, can be sited further
inland (as is recommended by Heydorn & Tinley (2.3.3)),. This would
remove the major cause of environmental impact at negligible extra

cost to the mine.

Such control is necessary to maintain ecological stability of the coast
and to ensure that the potential for future recreational and tourist

use is not seriously degraded.

Evidence of these operations, therefore, contributes to the rejection

of points (b) and (c) of the hypothesis.

4.3.3 MARINE MINING

Dr Pollack, Senior Research Officer with the Sea Fisheries Institute,
has commented that ecological impacts by mining operations are

probably insignificant, at this stage, when compared to natural
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disturbances (storm events). Miniqg operations appear to be confined
to gravel areas and do not seriously disturb kelp beds. However,
there is concern about potential impacts of future developments.

More efficient pumps and machines are likely to be employed. Their
use will put heavy loads of sediment into suspension with possible
adverse ecological consequences. Thus, if mussel beds are smothered
by sediment, rock lobster feeding ground will be reduced andAfhe mining
industry will be directly affecting another economic resource of the

region.

The mining authorities maintain that there is control of environmental
impact from marine mining, bécause there are legal provisions, which
state that the holder of a mining lease may not cause any disturbance
to marine Llife, particularly not to rock lobster feeding ground. The
enforcement of this regulation is unfortunately not easy. However,.
the point that seems to be overlooked is, that where marine mining is
conducted from land, impact can result from induced mining actions
(e.g. roads and quarries) as discussed in the previous section.

Marine mining can therefore have significant negative impact and this

contributes to the rejection of point (b) of the hypothesis.

4.4  SUMMARY

The mining actions have far greater fmpacf that is superficially obvious.

Primary impact from overburden stripping and prospecting trench
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excavations alone covers an area of about 2200 ha (on SAD land, and
DBCM land north of Kleinzee), but this impact is magnified through wind
erosion and has increased the area disturbed by mining to more than
7000 ha. Sites subjected to this secondary impact lose two-thirds

of their vegetation cover and are degraded in plant composition. Con-
sequently the grazing potential is reduced, the Strandveld ecosystem

is degraded and aesthetic appeal of the affected area is diminished,
This multiplier effect is unnecessary and the extent of mining impact
can be significantly reduced; if miningjdisfurbed areas are stabilized.

This could be achieved with revegetation,

Natural revegetation, unforfdnafely, shows no uniform recovery trends.
Plant growth is hampered by factors such as calcareoqs surface ground,
formation of surface crusts, possible lack of plant nutrients and

exposure to strong winds. There is evidence that some sites have not

recovered adequately even after twenty to thirty years.

Revegetation would also mitigate impact on the scenic and aesthetic
gual ity of the landscape. This impact, in turn, affects the potential
for recreation and tourist use of the land which is largely dependent
on the aesthetic and wilderness cHaracTer of the coast, Nature con-
servation interests are further affected by the degradation of the
vegetation communities that are only represented on the West Coast.
Beside mining, the greatest resource value of the region lies with
recreation, tourism and nature conservation. If not mitigated, the
mining impacts therefore, significantly reduce the future land use

potential of the West Coast.
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Mitigation of impacts through the control of mining actions has

proved possible at the DBCM inland operation at Langhoogte, where
backfilling and surface levelling practices have greatly reduced

mining impact. Control of mining actions would also remove the major
source of impact from mining actions by small companies operating near
the Olifants River. Here operations are conducted with no regard of to
the vulnerability of the coastal foreland. Tracks and quarries are
unnecessarily located in the most sensitive zone, both from an aesthetic
and ecological point of view; Simply by siting these actions further
inland, at negligible cost to the mining enferﬁfises, environmental
impact could be substantially reduced. It is overlooked that the

same cause of impact applies for marine mining operations that are

conducted from land.

The evidence of significant negative impact from mining actions leads
to the rejection of point (b) of the hypothesis. There is also
evidence that mining impact can be substantially reduced if mining
actions were controlled to minimise environmental effects, and this
contributes to the rejection of point (c) of the hypothesis, This

point is examined further in chapter 5.
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CHAPTER §

REHABILITATION

5.1 INTRODUCT ION

This chapter examines the possibility of rehabilitation of mined areas
for combatting the detrimental environmental impact due to mining.
Rehabilitation goals may differ. Harthill and McKell (1979) state
that a United States National Academy of Science Study Committee has
put forward three different philosophies and adopted the following

terminology:

Restoration is the replication of site.conditions prior to disturbance.
Reclamation renders a site habitable to indigenous pre-mining condi-
tion organisms - er—erganisms—pearty—seo. Rehabilitation implies that
disturbed land will be returned to a form and productivity in conform-
ity with a prior land use plan including a stable ecological state

that does not contribute substantially to environmental deterioration

and is consistent with surrounding aesthetic values.

Restoration aims to reshape the topography to its former state and

return all plants removed. This may be the ideal of the preservation-
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ist but its purpose is unclear. With the definition of aehabilitation
motives are more apparent. The concept visualizes a stable ecological
state. The United States Surface Mining Control and Reclamation Act
of 1977, Section 406, for instance, begins "!n order to provide for

the control and prevention of erosion and sediment damages... and

to promote the conservation and development of soil and water

resources..."

Harthill and McKell (1979) comment that the above definition of reclama-
tion suggests that '"reclamation regulations' actually ought to be
"rehabilitation regulations”" with emphasis on providing post-mining
conditions conducive to the evolution of a stable ecological state.

It also envisages a future land use. Disturbed land is not merely
something to be screened from view, but rather a resource that has
potential value (Ripley et af., 1978), Finally, it envisages a plan
for rehabilitation drawn up before mining commences and in accordance
with envisaged future land use. The regulations of the South African
_ Mines and Works Act (Act 27 of 1956), amended in March 1980, have
adopted this concept: '"Rehabilitation.., shall form an integral part

of the mining operations... in accordance with a programme...."

The investigation of mining impacts on the West Cobsst-will thus be
examined in the Light of principles of rehabilitation rather than
those of restoring the original environment. It will be argued that
point (c) of the hypothesis is invalid: Rehabilitation of mining-
disturbed land on the West Coast is necessary first, to prevent the

magnification of impacts through wind erosion (i.e. to promote
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ecological stability) and second, to allow for the constructive future
use of the land which lies mainly with scientific interests and
potential recreation and tourism, Finally it will be suggested that
rehabilitation is also practicable,. There is much scope in improving
land management on the mines that can be implemented at comparatively
Little cost and which would not threaten the economic viability of

the diamond mining process.

5.2 REASONS FOR REHABILITATION

5.2.1 MACGNIFICATION OF IMPACTS

I+ has been shown in 4.2.3 that mining impacts magnify over time because
of the process of wind erosion. |t has further been shown that this
magnification of impacts is significant, having led to a more than
three-fold increase in the land area disturbed by the large mining
enterprises (Table 3.6). Thus if immediate rehabilitation of mining
disturbed sites succeeded in stabilizing the environmental conditions,

this would substantially reduce the extent of the impact of mining.

The Chamber of Mines of South Africa (1981) has recognized the hazard
of mining disturbances spreading with time: "It is accepted by the
industry... that timely action is required to minimize the undesirable
effects of disturbance and return the land to a stable and useful

condition".
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5.2.2 FUTURE LAND USE

Although the date is unknown, it must be recognized that surface

mining along the West Coast will eventually come to an end. Mining

is an ephemeral industry of finite life-span (Venn et af., 1980).
Therefore Land that has been allocated to mining temporarily as a
primary use should eventually be put to other productive uses.

Barnard (1974) in an investigation of mining in the arid regions of
South Africa and Australia péints out that a basic characteristic of
mine settlements in such regions has been their ?emborary nature,
because such mining does not develop local secondary industry spin-offs,
The latter has been shown to also apply at Kleinzee and Alexander Bay

(4.2.2).

Because of its temporary nature it appears wise that mining shall be
conducted in such a fashion that it does not prevent future Land use.
I+ has been shown that the West Coast has significant potential for
recreation and tourism (2.3.4.3) and to a limited extent for grazing
of small-stock (2.3.4.2). Although, in comparison with diamond
mining, these uses yield low returns in the short term, they can be

sustained indefinitely and are therefore important in the long term.

{t has also been shown that the major negative impacts of diamond
mining along the West Coast affect its grazing potential, but more
particularly its potential for recreation and tourism (4.2.2).
Mining without rehabilitation thus interferes significantly with the

potential future use of the West Coast.
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5.2.3 ETHICS, PUBLIC OPINION AND ECONOMICS

The question arises, what has prompted rehabilitation measures of
mining-disturbed sites to be launched elsewhere in South Africa and

the world?

One view holds that the motive for rehabilitation has been a realiza-
tion that such undertakings can be translated into profit which is
possible on land with high aériculfuraL_ value, This does not appear
to be valid in South Africa. In 1977 South African opencast coal
mines spent up to R6000 per ha, rehabilitating land with an agricultu-
ral value of less than R600 per ha (Van Wyk, 1979), Since then
rehabilitation costs have risen to R18 199 per ha (Engelbrecht, 1981).
(These cost figures can be questioned, see 5.3.3 ). Thus, economic
returns in the short term are unlikely, Even in Germany, with high
land values, an economic break-even point has been reached only in
recent times as rehabilitation costs have decreased,due to more
efficient methods, and land prices have risen. Never theless, land
rehabilitation was required in Germany long before it became margin-
ally profitable (Doyle, 1976), Economic considerations do not thus
appear 1o be a primary motive for rehabilitating mined land in South

Africa.

The real push for réhabitifafion appears to have originated from public
opinion.  Although this is not clearly stated in the liferature on
surface mining and rehabilitation, this seems to be implied with

references such as: "Given that there is a growing sense of concern...
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surface coal mining has the potential to become a sensitive environ-
mental issue..." (Chamber of Mines of S.A., 1981); "...Strip mining
is no longer a controversial public issue in Germany " (Doyle, 1976);
"...Most significant mining proposals are greeted with strenuous

opposition from some section of the community" (Down & Stocks, 1977).

Such public opinion may be based on ethical considerations. A land
ethic that "land is to be loved and respected... implies respect for
fel low members and also respéc+ for the community as such" (Leopold,
1966). An ethic of "leaving land as found" implies xrestoration of
land (5.1). Also acceptable would be exploiting and leaving land at

no 'cost" to others, which denotes xehabilitation.

This standard has been translated into economic terms and called
"internalizing external costs". On the West Coast diamond mines are
only concerned with their private working costs and the benefits which
will flow to them as a result of mining. The social costs of losing
the aesfhefic,wildernes; and ecological quality of the West Coast
environment are "external costs'", because they are foregone opportuni-
ties, which are external to the mining decision-making process. Since
private profit and loss calculations are misleading, the environmental
economist evaluates resource usage in terms of the costs and benefits
to society over long-time horizons, There are three criteria for
evaluating the contribution resource usage makes towards the goal of
maximizing social well-being; The efficiency criterion, the equity
criterion and the substainability criterion, A resource use is

efficient if benefits exceed costs, i.e. if gainers could compensate
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losers and still be better off. A resource use is equitable if costs
and benefits are distributed fairly over the population. If net
benefits can be generated indefinitely, then the resource use is sus-

tainable (Stauth, 1982b).

Diamond mining on the West Coast may be efficient as the large revenue
produced by mining could possibly more than compensate the losers.
However, the losers (conservationists, hol iday-makers and tourists)
are not compensated, and the benefits are not distributed fairly over
the population and mining is therefore not equitable (Although the
general public derives some benefit from mining through taxes paid by
the miners to the State, this may not be sufficient compensation ),
Mining is also not sustainable, it has a finite Life-span, and costs
remain after benefits are exhausted. These costs would prevent
future users from taking advantage of the nonexhausting resources such
as the aesthetic and wilderness qualities of the West Coast and this
must be taken info account*, Say Herfindahl and Kneese (1980): "Our
actions should not be such as to foreclose the attainment of a position

?

with respect to nonexhausting resources by future populations, that is

attainable by us".

The diamond mines could meet the equity and sustainability criteria
by rehabilitating mining-disturbed land, and thereby reducing costs
(preventing losses) to the other potential users of the land. An
interesting question is, who should pay for rehabilitation costs?

|f the price of West Coast diamonds increases, because rehabilitation

measures are implemented, then the end user pays. | f diamond mines
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absorb the rehabilitation costs (which is possible - 5.5.3) then,
because mining company profits are {axed, the public would pay nearly
two-thirds and the shareholders of the company could pay about one-
third of the rehabilitation costs (5.5.3). The important point is
that rehabilitation is necessary to compensate those who would bear
costs as a result of the mining process. This makes the mining
process more equitable. Point (c) of the hypothesis that rehabilita-

tion is unnecessary is therefore rejected,

The principle that rehabilitation costs must be considered as part of
the overall mining process appears to have been accepted generally by
the mining fraternity: "Mining as an extractive process alone is
outdated" (Doyle 1976), "...the responsibility for carrying out
rehabilitation rests with the industry..." (Chamber of Mines of S.A.,
1981);  "Rehabilitation of the surface at any opencast mine shall
form an integral part of the mining operations..." (Dept of Mineral

and Energy Affairs, 1980).

5.3 PRESENT SITUATION

5.3.1 PRESENT REHABILITATION MEASURES

Few measures are being undertaken to rehabilitate land disturbed by
mining on the West Coast. Backfilling of mined-out sites does take

place, but only where this is expedient for the mining process
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(see 3.2.2.6). There are no Landscgping or revegetation efforts, no
Landscape architects or horticulturalists are employed and there
appears to be Little concern for the scarring of the landscape.
However, some rehabilitation measures can be noted: DBCM has a policy
of aligning the road grid generated during auger drilling operations
as far as possible with existing farm roads and fences (3.2.2.1).
This is only practicable where the drilling grid is widely-spaced.
Both SAD and DBCM have prohibited shooting of game on their land.

The township Kleinzee has an‘insfalled sewage treatment plant which
conserves fresh water resources. The smaller mining companies near
the Olifants River do not appear to have implemented any rehabilita-

tion measures.

Present rehabilitation efforts on diamond mines are inadequate.
Further, much more effective rehabilitation measures must be imple-

mented and therefore point (c) of the hypothesis is rejected.

5.3.2 NATURAL REHABILITATION

It has been shown that natural revegetation of overburden dumps
occurs to some extent. Where 1t has re-established, vegetation is
degraded in percentage cover and species composition (see 4.2.4).

At many places, however, vegetation growth is séverely hampered by
the formation of surface crusts, calcareous ground, steep slopes and
the probable lack of a fertile, nitrogen-rich layer of topsoil. It

is possible that top soil can reform, i.e. that the former equilibrium
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of soil nutrients can be resféred, but "if nature is left alone to
reach such an equilibrium, too much time may elapse and destructive
forces, like soil erosion on steep slopes, may constantly counteract
the establishment of the original plant cover" (Hagin, 1982). It
has been pointed out that on the West Coast wind erosion is a parti-
cularly‘desfrucfive force which not only counteracts natural revege-
tation but also leads to the disturbance of further vegetated land

(see 4.2.3),

Moreover, it will take a long time (more than a century) before
surfaces of bedrock sites will have weathered sufficiently for
soil to form. Similarly, vertical high walls and deep trench excava-
tions in clayey ground or calcrete will remain visually obtrusive if

not attended to.

It can thus be concluded that mining-disturbed land, if left to nature,
will not only rehabilitate inadequately, but will increase further in
area due to the destructive force of wind erosion. Rehabilitation
measures must therefore be implemented and point (c) of the hypo-

thesis is rejected.

5.4 BENEFITS OF REHABILITATION FOR MINING ENTERPRISES

5.4.1 PUBLIC IMAGE

It appears that rehabilitation measures generally have been undertaken
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because the public has urged that they be implemented. Stated in
economic terms, this means that publicopinionplaced a sufficiently
high value on benefits that would be derived from rehabilitated land

to justify the costs of such rehabilitation. In South Africa mining
companies have responded to this pressure (e.g. opencast coal mines
of South Africa) before rehabilitation was legally required, presumably
to enhance their public image. Public image has perhaps not been a
high priority for diamond mines on the West Coast, because they are
located in a remote part of fhe country. Furthermore, security
restrictions have kept the public from this region. The public,
therefore has not been widely aware of the mining impacts. The situa-
tion is likely to change with an increasing spread of population and

an increasing scarcity of pristine and wilderness areas and a
corresponding increase in awareness.of such natural areas. There is
also a change in the value people attach to them. Also, "many people
attach great value to the knowledge that wildlife and natural eco-
systems still exist, even though they may never have the opportunity

to see or otherwise utilise these resources, and they also value the
prospect of leaving these things intact to their descendents" (Stauth,

1982).

As has been indicated (5.2.3), rehabilitation of disturbed land would
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