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ACTIONS THAT ARE REQUIRED, WHETHER OR NOT THE KARS
PROJECT PROCEEDS

The investigative and communications processes which have been followed during the
execution of this assessment of potential impacts associated with the KARS Project
have yielded several important insights and findings. Also, many of the mitigatory
actions which have been identified as having the potential either to minimize negative
impacts or to improve the current situation, could be implemented with immediate
effect. All of these mitigatory actions could assist individual landowners, Local
Authorities and Government Departments with their efforts to ensure long-term,
sustainable water resource management in the West Coast region of Namibia.

Therefore, whether or not the Management of Réssing Uranium decide to proceed
with the KARS Project, it is strongly recommended that the following actions should
be implemented and maintained. The direct benefits to all stakeholders concerned
would consist of the following:

e  Increased quantities of water available for utilization along the lower Swakop
River;

. Improved ground water quality along the lower Swakop River; and

. Improved understanding and ability to manage the ground water resources of
the lower Swakop River.

The essential actions which should be implemented as soon as possible consist of
the following, in order of importance or priority:

1. A carefully designed control programme to remove as many alien trees
(particularly Prosopis) from the river beds of the lower Khan and Swakop
Rivers should be implemented. In addition, a proportion (say 50 %) of the
dense growths of indigenous Tamarisk trees which have developed in the
lower Swakop River could also be removed. These dense Tamarisk growths
have been promoted by the reduced size and number of floods in the
Swakop River, due to construction of the Von Bach and Swakoppoort
dams.

2. A set of suitably located piezometers should be installed in properly
designed water-level monitoring boreholes, at appropriate intervals along
the lower Swakop River, to assist with routine monitoring of ground water
levels. Ideally, additional piezometers should be installed in the Khan
River and Swakop River immediately above the confluence of the two
rivers. Water quality samples should also be collected from these
boreholes whenever water levels are recorded. Water levels should be
recorded at least on a monthly basis and used to analyze ground water
contributions from the two rivers, as well as changes in water level depth
along the lower Swakop River. The information should be made available
to the general public.
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All stakeholders should contribute to the formal development of an
integrated catchment management plan for the Khan-Swakop catchment.
Whilst the major responsibility for water resource management in Namibia
lies with the Department of Water Affairs, it is essential that every water
user group in these catchments contribute to the development,
implementation and maintenance of a catchment management plan. This
will allow clear and unambiguous decisions to be made as to the best use
of an extremely scarce resource.

The type of bund design proposed for use in the KARS Project offers a
simple yet effective method of increasing the infiltration of surface flood
waters into the ground water in the river bed. This technique could be
implemented in the lower Swakop River, say between Palmenhorst and
Goanikontes, or even further downstream. This would provide water users
along the lower Swakop River with an immediate improvement in both the
quantity and quality of water available for agricultural use.

Farmers along the lower Swakop River should implement improved
irrigation techniques (particularly drip irrigation), together with the
cultivation of salt-tolerant crops, to minimize the adverse effects of saline
ground water.

The Swakopmund Municipality should initiate a routine monitoring
programme to record the profiles of beaches between the mouth of the
Swakop River and the outskirts of Vineta. This will provide firm evidence
as to whether or not the beaches are eroding, and the rate of such erosion.

xxii

CSIR - DIVISION OF WATER, ENVIRONMENT & FORESTRY TECHNOLOGY



ENVIRONMENTAL IMPACT ASSESSMENT OF THE PROPOSED KHAN AQUIFER RECHARGE SCHEME
ENVIRONMENTAL IMPACT ASSESSMENT OF THE PROPOSED KHAN AQUIFER. RECHARGE SCHEME

TABLE OF CONTENTS .
4.2 General hydrological characteristies . ...................... 41
Page 4.2.1 Existing developments in the catchment . ................. 42
4.2.2 Transmission losses along therivers .. .................. 43
EXECUtiVE SUMIMATY . « « . o o v v oo e et e et et e ettt e e e as i 223 Rrper llenly -z s g e s s n e s EEREREEREF I BT - 9 v 44
Table of CONEENES . . . . o o o« o oo e e e e e e - Lot KerTimEnt (TOTSIIORT o 5 w5 8 5 5 i 0 9,050 0 30 0 00 0 0w 45
ElstioF BIGUIES ozomarap 5 66 2560506 memememiams mememsws 2 Xxvii 4.2.5 The impact ofngS’f"g dams on the Swakop River ........... 45
List of TADIES . . o o o o oo oo el e 4.2.6 Relative contribution of the Khan and Swakop rivers to flood
List of Photographic Illustrations .. .......................... XXXi volumes in the lower Swakop River . ..........c...oounn., 49
List of Specialist Reports . .. .. ... ... .. ... .. .. .. ... ... XXX A ;
Acknowledgements . ... ........ ...t XXXV 4.3 Geohydrology of the alluvial aquifers of the Khan and Swakop
XIEEER: 5 oo i kA AR TR IR RE TN N EEN R DG B E S 51
1. INTRODUCTION AND BACKGROUND INFORMATION .. ........ 1 4.3.1 General description of the aquifers . .................... 51
1.1 Water su%ply issues in the Central Namib Area of Namibia . . . . .. 4 4.3.2 The Khan River alluvial aquifer .. ..................... 4
1.2 History of and motivation for the KARS Project . . ............ 7 432.1  Aquifer geology and geometry ................ >4
1.3 The proposed Khan Aquifer Recharge Scheme (KARS) ... ...... 10 4322  Aquifer parameters ................00 34
1.4 Anticipated scale of the KARS Project . .................... 12 4323  Ground water resources, water levels and
1% Structmre of thig report . ......c 000 ceeeesocenanannnns 13 utilization . . . . . . o o s e o e R 33
4324 il waler gty cxfasxse sk inEEE R e TS 60
2, THE ENVIRONMENTAL ASSESSMENT . . . . oo, 15 4.3.3 The Swakop River albvial aquifer . . . . ... v ccciaansnives 63
2.1 The legislative and policy context . .. ...................... 15 4.3.3.1  The lower Swakop Raver .................... 63
2.1.1 The context of national policies and legislation . ... ......... 15 4.3.3.2 Aquifer parameters . ................. ..., 63
2 1.2 The context:of tRIS PPOJECE v . v v v oor v v v mon mos oo sm w mow mw i m o s o 16 4.3.3.3 Ground water levels and recharge . ............. 67
22 Purfnse and scope of the environmental assessment . . . . ... ... .. 16 4334  Ground water resources and utilization ........... 67
221 Scope of the STUAY . . . ..\ oo 17 4.3.3.5 Ground water quality . ...................... 70
D22 SUAV STFUCTUFE « « o o e e e e e e e e e e e e et e e e e 18 4.3.4 Evaporation and evapotranspiration losses from the alluvial
D23 UG GO o nen omn s e B8 R0 R B B, 5 M, 0B B AN G0 E o 18 COQUIETS o s 78
N D SHURY O « o o o o oe oo o et asaaa e 21 4.3.5 Ground water confamination .......... o000 78
e (A A 21 4.4 General ecological characteristics . ........................ 81
2.3 The role and scope of the EIA report ...................... 22 441 Vegeiation . ...........ccoviiiiiiiiiiiiiiiiinn, 81
T IOVTNIGE o e 0 5 O e e g 1t o o (5o 580 82
3. METHODS USED TO ASSESS AND EVALUATE THE MAGNITUDE 4.5 General demographic and land use characteristies . . .. . ... ... .. 83
AND IMPORTANCE OF IMPACTS . . . .o e 73 4.6 Situdy areacharacteristies ................ ... ..., 84
3.1 General introduction . . ............ ... .. ... i, 23 4.6.1 The KARS Dam site . ...... ... coo.ovnneninnnnn.. 84
3.2 Definitions used in the assessment and evaluation of impacts ... .. 24 4.6.2 Farming activities afﬂ’:—f the lower Swakop River .. .......... 85
3.3 The scale and importance of impacts .. .................... 26 4.6.3 Sediment transport and deposition in the lower Swakop River
3.4 Evaluation of ecosystem impacts . . . .. ..................... 26 and its influence on coastal beaches . ................... 88
3.5 Evaluation of socio-economic impacts ______________________ 27 4.6.4 Sand mfﬂfng AEHNIEY sevmema s dE B3P RSB0 @R oy S5 08 % 89
3.6 The modelling approach used in this study . ... ........... ... 28 4.6.5 Sand dunes to the south of the Swakop River . ............. 91
3.6.1 Motivation for model . .. ....... ...y 28
3.6.2 Model COMPONERLS . . ...\ ooeee e 29 S EVALUATION OF ISSUES ASSOCIATED WITH THE KARS
3.6.2.1 I-Ifdmlagical COMPONENE . « . oo v ovee e e eeann 30 PROJECT ......ccccvvnnnnrsmnonsssiissanasassrseannanss 95
362D Alluvial aquifer component . . . .. .............. 32 5.0 Infroduction . . ... ... .. ..ottt 95
3623 Sediment transport component . . . ... ... ... ... 33 5.2 Categuries Of ISSUES . . ... .. i i e 96
3.7 Overall approach followed in this study .................... 34 5.2.1 Need and desirability of the Er{f'ecr --------------------- 96
5.2.1.1 Impact of the S Project on the economic
4. REGIONAL SETTING AND DESCRIPTION OF THE viability of the sea water desalination project at
ENVIRONMENT . ...ttt e 37 WalvisBay ............................. 96
4.1 Catchment characteristics . .....................c..o..... 37 5.2.1.2  Regional water supply and management .......... 96
4.1.1 General overview . .............uiuinnrennnnaa. 37 5213 Improved knowledge of aquifer functioning and
412Topography . ......... ... i e 37 e I R A 97
4.1.3 Climatic characteristics . .........ucontveenenronsins 38 2.2.14 Impact on water management systems upstream of
4.1.3.1  Precipitation . ... ..oovtttt e 38 KARS ..o 98
di1 A3 Byapombion wessras gz o5 4F 65 45 95 #a an a5 mwes 39 5.2.2 Design and engineering features of the dam and aquifer recharge
414 Regional ge0logY . .....c.cininviirvnriissrsananaas 39 mechanism . . ......... ) SR S 8 VL P 0 B 0 3 98
B L5 ATeOmOPHOIORYE - o2 n e memvmamon 2% o5 s xmmnE nw an mn 00w 40 5.2.2.1  The ideal capacity for the proposed dam . . ... .. ... 98
L6 SOIS .\ 41 5222  How can the wider public benefit from the KARS
proposal 7 ... .. 99
5223 Can the proposed dam withstand major floods ? . ... 100

CSIR - DIVISION OF WATER, ENVIRONMENT &% FORESTRY TECHNOLOGY xxiil :
X1 CSIR - DIVISION OF WATER, ENVIRONMENT & FORESTRY TECHNOLOGY



ENVIRONMENTAL IMPACT ASSESSMENT OF THE PROPOSED KHAN AQUIFER RECHARGE SCHEME

5224 Consequences of dam wall failure .............. 102
5225 Choice of dam wall design . .................. 103
5.2.2.6  Decanting water and infiltration management ... ... 106
NAZT Decommissioning options . . . ................. 108
52.2.8 Silt accumulation reduces project lifespan . . . ... ... 110
523 Eca!oficaf ISRUER o n e = cms 5 o 05 00 i 8 s 6 om0 i 112
5.2.3. Impact on fauna and flora immediately above and
below the dam Wall . . - -« + v e v res e 112
5233 Impact on fauna and flora along the lower Khan and
S WARCHITIVINS] . rarusms s ;0 0 m 1o g 0 s o " 0 o i 40 0 68 3 113
5233 Loss of rare or endaggered species . ............ 114
5234 Increased spread of alien vegetation . . ........... 115
3.2.3.5 Loss of dispersion/migration corridor . ........... 116
D30 Loss of sediments and nutrients to downstream
CODTYILETING i 5 .o 5 i 5 fo0 .55 5 6 5 /B 1 5 350 Bt 0 450 670 6 0 B 117
3237 Elevated erosion rates below dam wall . ... ....... 118
5.2.3.8 Disturbance due to elevated noise and dust levels . ... 119
5.2.3.9  Development of new riparian habitats along
shoreline ...........c0uiiiniininnnnnenn. 119
324 Heglthand safety issues . . .. ......ccoi it ineiineeans 120
5.24.1 Contamination of ground water by radionuclides . ... 120
52.4.2 Contamination of ground water . ............... 121
S5 BOCT-eooMmonTie ISRMER s s 5 s 6 s 55 e f 0w E G H 6 E % E 6 R 121
A | Aesthetic impacts of borrow areasetc. ........... 121
5.2.5.2 Increased litter and waste around construction site ... 122
5.2.5.3 Disturbance of local archaeological sites . . ........ 123
5.2.54 Severance of public access to the bed of the Khan
IOIVEE & o o 5o e o 800 B s e B 5920 8 e 8 o B e s i 8 123
5.2.5.5 Potential changes to the beach front in
SWARODIOING. o sov o sim s =% o b 0 o 0 06 608 & 6 6 G 3 124
52.5.6  Interruption of sand-mining activities near
Swakopmund ........00iiiiiiiiii i, 125
5.25.7 Potential for sand dunes to migrate across the
Swakop River into Swakopmund . .............. 126
52.5.8 Ir&gacts on the quantity and quality of ground and
surface water available for downstream users ... ... 126
5.3 Socio-economic benefits . ............................... 128
5.3.1 Improved management and monitoring of area . ............ 128
5.3.2 Improved knowledge of aquifer functioning . . .............. 129
5.3.3 Improved conservation of existing water resources . .......... 129
3.3.4 Improved recreational opportunities . . . ... ............... 130
5.4 Financial viability of the l{fﬁg BEBNOCE « v s i w5 vt s 7t 6 0 e 130
5.5 Summary of issucs and anticipated impaets . ................ 131
5.6 Outline of possible mitigatory actions . .. ................... 132
6. SUMMARY OF IMPACTS, MITIGATORY ACTIONS AND
FURTHER RECOMMENDATIONS . . . .......... ... ... ........ 135
6.1 Key impacts and issues of concern . ....................... 135
6.2 Proposed mitigatory actions and recommendations ............ 135
6.2.1 Develop an Environmental Management Plan . .. ........... 138
6.2.2 Additional aquifer recharge in the lower Swakop River .. ... .. 138
6.2.3 Ground water quality - lower Swakop River .. ............. 138
6.2.4 Coastal and beach erosion . . ........... ... ... 139
6.2.5 Riparian vegelalion . .. ... .. ... ...t 139
6.2.6 Water use in the lower Swakop River . . .................. 139
6.2.7 Sand mining . . ....... it R e B e R M B w5 s 139
6.2.8 Erosion at the KARS dam site spillway . ................. 140
CSIR - DIVISION OF WATER, ENVIRONMENT & FORESTRY TECHNOLOGY XXV

ENVIRONMENTAL IMPACT ASSESSMENT OF THE PROPOSED KHAN AQUIFER RECHARGE SCHEME

6.2.9 Recreational access in the Khan River . . .. ............... 140
6.3 The communication process . . ........................... 140
6.4 Actions that are required, whether or not the KARS Project
PHOCERIR 5 : 5 s bR i SR a P SR PR ER R S R G S e R & 142
7. PRELIMINARY ESTIMATE OF MONITORING REQUIREMENTS . .. 145
7.1 Climate and water flow data ....... S Pl 5 o B 50 i e D B R 146
Tl Selinment ArREETIIEE. - . & ol e o ok b o 0 e g T 0 147
7.3 Standard water quality parameters ....................... 147
7.5 Riparian vegetation . . ............ .. .. .. ... i 147
7.6 Human and socio-economic impacets . ...................... 148
¢ ek storage a0 DEROIRE - ; = o« o5 @5 a5 o5 a6 g6 o d 6w 56 85 uaa 148
8. SOURCES OF INFORMATION ........c0vvivvennenannaernnns 151
8.1 Personal communications . . ... ............. ... ... .. ... ... 151
8.2 Published references ............... ... ... ... ..., 151

CSIR RESPONSES TO COMMENTS RECEIVED ON THE DRAFT

Appendix 1

Appendix 2

Appendix 3

Appendix 4

Appendix 5

Appendix 6

Appendix 7

ELA BEPORT 5 ieesse 2 2 @00 @ 8 5 50 0%k o sk 5 Havs & 163

LIST OF APPENDICES

Report on the Prediction of the Effects of the Proposed Khan Aquifer Recharge
Scheme on Downstream Users. Report to Réssing Uranium Limited by Metago
Environmental Engineers. Project 107/010, Report No. 1. (Author: A. James).
September 1997.

Irrigation Agriculture in the Lower Swakop River: An Evaluation of the
Potential Impact of the KARS Project. Water Research Commission, Pretoria.
(Author: HJEI. du Plessis). October 1997.

Stable Isotopes in Water of the Réssing Mining Area and Surrounds. Contract
Report to Réssing Uranium Limited, Namibia. Confidential CSIR Report No.
EKR/!PJ’CQ?GEL retoria. (Authors: A.S. Talma & R Meyer). May 1997

Report on Uranium Activities in Réssing Ground Water Samples. Confidential
Report to Rossing Uranium Limited, Swakopmund, Division of Water,
Environment & Forestry Technology, CSIR, Pretoria. (Authors: H.D.
Oschadleus & J.C. Vogel). May 199%.

The Age of Sediments in the Swakop River. Confidential Report to Rossing
Uranium Limited, Swakopmund, by Division of Water, Environment & Forestry
Technology, CSIR. (Authors: S. Woodborne, J.C. Vogel & G. Collett). May
1997.

Fluvial and Aeolian Coastal Sedimentation Processes and Their Relation to the
Condition of the Swakopmund Beaches and the Encroachment of Dunes from
the South Towards Swakopmund. Division of Water, Environment and
Forestry Technology, CSIR, Report No. ENV/P/C-97216. (Author: R. Meyer).
September 1997.

Technical Details of Borrow Areas and Proposed Techniques for Construction
of Ground Water Flow Retarders. Metago Environmental Engineers. (Author:
G. McPhail). November 1997.

xxvi

CSIR - DIVISION OF WATER, ENVIRONMENT & FORESTRY TECHNOLOGY



ENVIRONMENTAL IMPACT ASSESSMENT OF THE PROPOSED KHAN AQUIFER RECHARGE SCHEME

LIST OF FIGURES i
age
Figure 1.1  Average annual rainfall isohyets over north-western Namibia . . ... ... 1
Figure 1.2  The ephemeral rivers of the central portion of the Atlantic
drainage areaof Namibia .................ccviiiiiiins. 2
Figure 1.3  Variation in average annual rainfall over the Swakop River
CALCRIMENE 5 o vs so s T RENIBIRINIWITIWMIMAM A WM EENE O 3
Figure 1.4  Map of Central Namib Water Scheme . . . . .................... 5
Figure 1.5a  Freshwater consumption of Walvis Bag, Swakopmund and
Réssing Mine from the CNSWS since 1980 . .. .. ............... 8
Figure 1.5b Annual total water consumption at the Réssing Mine since .
DENTT 5 oty w3 i i 2 g 0 0 A 0 e D R
Figure 1.6 Conceptual diagram showing the components and generalized
& layout of the pm;;n{:llsed Khan Aquifer Eecharge Scheme in the
bed ol the Khati BIVEr s inisinsscnsninisusnMinemans s 12
Figure 2.1  Swakop and Khan river catchments ........................ 19
Figure 2.2 Location of proposed sife .. ....ccvive v anne s 20
Figure 3.1  Schematic representation of the conceptual model . . ............. 28
Figure 4.1  Comparison of ?ntheti-: flood volumes (Mm’/year) for the
Swakop River at Swakoppoort, with and without the Von Bach
il Swakoppoort damE . v c: a6 ss ssesws ws s u e sk s w gV 46
Figure 4.2  Comparison of synthetic flood volumes &Nhnjf ear) for the
Swakop River at Dorstrivier, with and without the Von Bach
and Swakoppoort dams . . . ... ... ... 46
Figure 4.3  The effect of Von Bach and Swakoppoort dams on the
frequency on inflows and "spills" at Swakoppoort, for a range
of: Hlood Tize CINESEE s x5 s n % 5o s o0 5 g0 o 9 5 0 7 % 6 ¢ @ 2 5 018 0wl 48
Figure 44  The effect of Von Bach and Swakoppoort dams on the
frequency of floods at Dorstrivier, for a range of flood size
Classes . . ... e 48
Figure 4.5  Comparison of the percentage contribution of Khan River flood
flows to combined flows in the lower Swakop River, with and
without the Von Bach and Swakoppoort dams in place . .......... 49
Figure 4.6 A comparison of the combined synthetic flows at Ameib and
Dorstrivier for the period 1925 to 1993, without the Von Bach
and Swakoppoort dams . . ......... B R 50
Figure 4.7 A comparison of the combined synthetic flows at Ameib and
Dorstrivier for the period 1925 to 1993, with the Von Bach and
Swakoppoort dams i place . . ... v v ss i v rr i v 50
Figure 4.8  Changing ground water and surface water quality in the
Swakop River between Okahandja and the coast . . .............. 53
CSIR - DIVISION OF WATER, ENVIRONMENT & FORESTRY TECHNOLOGY XXvii

ENVIRONMENTAL IMPACT ASSESSMENT OF THE PROPOSED KHAN AQUIFER RECHARGE SCHEME

Figure 4.9

Figure 4.10

Figure 4.11

Figure 4.12
Figure 4.13
Figure 4.14
Figure 4.15
Figure 4.16
Figure 4.17

Figure 4.18
Figure 4.19

Figure 4.20
Figure 4.21
Figure 4.22

Figure 4.23

Figure 4.24
Figure 4.25
Figure 5.1
Figure 5.2
Figure 5.3

Figure 5.4

Figure 5.5

LIST OF FIGURES (Continued)

Page
Relation between rate of ground water throughflow and water
level below the riverbed subface . i s cs s 93 es vsasvs s snsnuwssn 35
Annual ground water abstraction at Rdssing versus average
water level over the period 1985 to 1995 (data from Kehrberg,
DG o 2536 3558 Srams s 0 A E o2 im0 50 0w s 56
Long-term water level response in monitoring boreholes in
relation to pumping rates of production boreholes . . . ... ......... 57
Boreholes in the Khan River along Rossing Frontage ............ 59
Spes Bona wellfield production ........................... 60
Usakos wellfield production . ............ ... ... nnnn 60
Small holdings along lower Swakop River . . . ................. 64
Farms along lower Swakop River . . ... v i vvvnsnennimassnnvns 65
Farms along lower Swakop River near confluence with Khan
BIVEE 50558 &% i i 5 i i SR b b S 56 2 015 RS P S0 S5 58 e 66
Continuous water level record from Haigamkab showing effect
L TECHATED BVOIEE: « v v v xv v e o o e RS E VT B 68
Water levels in the lower Swakop River over the period 1957
B ABMINYY . oo e s e e o s e 2 G0 L R S P S o 69
Otjimbingwe wellfield production . ... v vrrsnonsnamoine 70
Water quality in the Swakop River at Mile 8 and Mile 10 . ........ 72
Correlation between water table depth and quality of ground
RTTEEIE s e o= s 2 002 s e e 1o 2 O B 3 SR T R R B ' D 73
Ground water quality variations with time and depth at Section
23 (IR, 1980Y £ 05 ose 5005050004 5@ 45 6500 5 eea i 4 74
Position of sandmining at Swakop Rivermouth . ............... 92
Position of dunes at Swakop Rivermouth . . .................. 03
Plan of the proposed Khan Dam site . . . ... .................. 101
Typical section through Khan Dam . ....................... 104
Typical section through the Khan River at the proposed dam
BIE . o Smmm v o ¥ novnme 0 g i 3 sl e oo el 0 e 6 R SOE (H E G  0 105
Typical section through the Khan River at the proposed river
ORTEIEET o2 005 0 e 0 B e BB 0, 0 3.0 5 i 0 (i 107
Schematic plan of river showing barriers, mine boundaries,
Bl s v e o B S P PR BSOS AR R AR SR DR D I s 109

xxviii

CSIR - DIVISION OF WATER, ENVIRONMENT & FORESTRY TECHNOLOGY



ENVIRONMENTAL IMPACT ASSESSMENT OF THE PROPOSED KHAN AQUIFER. RECHARGE SCHEME

ENVIRONMENTAL IMPACT ASSESSMENT OF THE PROPOSED KHAN AQUIFER RECHARGE SCHEME

LIST OF TABLES

Table 3.1 Definitions used in the assessment and evaluation of impacts . . . . .

Table 3.2 Summary of river reaches along the Khan and Swakop rivers . . ..

Table 4.1 Average gradients for different sections of the Khan and Swakop

rivers (data drawn from 1:50,000 topographical maps) .........

Table 4.2  Comparison of synthetic annual flows at Swakoppoort and at
Dorstrivier on the Swakop River, with and without the Von Bach

and SWAkoPPOOLE DEMIS. . . 5 v s s siamame wame s wans s G wess

Table 4.3 Comparison of the statistical characteristics of flood flows in the
Khan River at Ameib with flood flows in the Swakop River at
Dorstrivier, with and without the Von Bach and Swakoppoort

OEME o i op 25 85 5 5 e Bl E i B BT e B EE B DREE E5 65§ ¢

Table 4.4 Total annual ground water abstraction volumes at Réssing

.
VDR o oo o i om o s 7m0 6 Vo0 0 5700 5 450 5 0 S0 3 RS B O U R B

Table 4.5  Water ?r%ﬂi and yield from boreholes in the Khan river (data
drawn from

Table 4.7 Water quality variations in boreholes withtime . . . ... ... ... ..

Table 4.8 Ground water quality in the farming zone on the lower Swakop

River during February and March 1997 .. .................

Table 4.9 Ground water quality wvariations across the lower Swakop

B .« o it PR R b n A b I h T R e m i b ia
Table 4.10  TDS values for different sections of the Swakop River ... ......

Table 5.1 Summary of key issues and the im nrtaréc;ra; significance of the
EAR ject

anticipated impacts caused by the KARS Project . ............

Table 6.1 Summ table showing the duration, scale, degree of
reversibility, potential for mitigation and significance of the

ecological impacts associated with the KARS Project . . ... ... ..

Table 6.2 Summary table showing the duration, scale, degree of
reversibility, potential for mitigation and significance of the

socio-economic impacts associated with the KARS Project . ... ..

egerhoff, 1974 and RUL, 1976) ..............
Table 4.6 TDS wvalues for different sections of the Khan River ..........

CSIR - DIVISION OF WATER, ENVIRONMENT & FORESTRY TECHNOLOGY

xxix

XXX

CSIR - DIVISION OF WATER, ENVIRONMENT & FORESTRY TECHNOLOGY



ENVIRONMENTAL IMPACT ASSESSMENT OF THE PROPOSED KHAN AQUIFER RECHARGE SCHEME

Plate 1:

Plate 2:

Plate 3:

Plate 4:

Plate 5:

LIST OF PHOTOGRAPHIC ILLUSTRATIONS

Panoramic view of the downstream aspect of the proposed KARS
Dam site on the Khan River. From this position, the main
spillway would be located on the left flank g&)pcr photograph)
whilst the emergency spillway would be located on the right
flank (lower hntng:‘agnh}. Typical riparian vegetation (Acacia
erioloba and Faidherbi

Aerial view of extensive asparagus cultivation at the Rossing
Foundation farm on the north bank of the lower Swakop River

(Photo: H. Pepler) . . ... . ..o iiiiii i iirininennan s o

Aerial view of the large wetland at Nonidas on the lower
Swakop River, showing extensive vegetation in the riverbed.

Photo: H. Pepler) ... ...ccvvvrvrvensniasnsnsnrosnsus

Example of severe beach erosion at The Mole in Swakcn%)mund,
The old slipway is now visible in the foreground (June

Aerial view of the mouth of the Swakop River, showing the
positions of sand-mining activities in relation to the road bridge

and dunefields to the south (Photo: H. Pepler) . ... ...........

a albida) fringe the riverbed . ... .. .. ...

997) .. ... ..

Page

CSIR - DIVISION OF WATER, ENVIRONMENT & FORESTRY TECHNOLOGY

xXxxi

ENVIRONMENTAL IMPACT ASSESSMENT OF THE PROPOSED KHAN AQUIFER. RECHARGE SCHEME

XXXI1i

CSIR - DIVISION OF WATER, ENVIRONMENT & FORESTRY TECHNOLOGY



ENVIRONMENTAL IMPACT ASSESSMENT OF THE PROPOSED KHAN AQUIFER RECHARGE SCHEME

Number _

LIST OF SPECIALIST REPORTS

Title

Appendix 1

Report on the Prediction of the Effects of the
Proposed Khan Aquifer Recharge Scheme on
Downstream Users. Report to Rossing Uranium
Limited by Metago Environmental Engineers.
Project 107/010, Report No. 1, 72 pp. +2 app.

A. James

September 1997

Author and date

Appendix 2

Irrigation Agriculture in the Lower Swakop River:
An Evaluation of the Potential Impact of the KARS
Project. Water Research Commission, Pretoria.

28 pp.

H.M. du Plessis

October 1997

Appendix 3

Stable Isotopes in Water of the Rossing Mining
Area and Surrounds. Contract Report to Rissing
Uranium Limited, Namibia. Confidential CSIR
Report No. ENV/P/C97083, Pretoria. 14 pp.

A.S. Talma &
R Meyer

May 1997

Appendix 4

Report on Uranium Activities in Réssing Ground
Water Samples. Confidential Report to Rdssing
Uranium Limited, Swakopmund, by Division of
Water, Environment & Forestry Technology, CSIR,
Pretoria. 8 pp.

H.D. Oschadleus
& J.C. Vogel

May 1997

Appendix 5

The Age of Sediments in the Swakop River.
Confidential Report to Réssing Uranium Limited,
Swakopmund, by Division of Water, Environment
& Forestry Technology, CSIR. 9 pp.

5. Woodborne,
J.C. Vogel &
G. Collett
May 1997

Appendix 6

Fluvial and Aecolian Coastal Sedimentation
Processes and Their Relation to the Condition of
the Swakopmund Beaches and the Encroachment of
Dunes from the South Towards Swakopmund.
Division of Water, Environment and Forestry
Technology, CSIR, Report No. ENV/P/C-97216,

11 pp.

R. Meyer

September 1997

Appendix 7

Technical Details of Borrow Areas and Proposed
Techniques for Construction of Ground Water Flow
Retarders. Metago Environmental Engineers. 4 pp.

G. McPhail

November 1997

CSIR - DIVISION OF WATER. ENVIRONMENT & FORESTRY TECHNOLOGY

xxxiii

ENVIRONMENTAL IMPACT ASSESSMENT OF THE PROPOSED KHAN AQUIFER RECHARGE SCHEME

XKXIV

CSIR - DIVISION OF WATER, ENVIRONMENT & FORESTRY TECHNOLOGY



ENVIRONMENTAL IMPACT ASSESSMENT OF THE PROPOSED KHAN AQUIFER RECHARGE SCHEME

ACKNOWLEDGEMENTS

The Project Team could not have completed this study without the active and
enthusiastic participation and support of all the Project Team members. Mr Brian
Gibson, of Brian Gibson Issue Management (BGIM) facilitated the public meetings and
ensured that the communications process was closely adhered to throughout the Project.

Particular thanks are owed to Mr Rainer Schnecweiss (Superintendent: Environmental
Geology) and Mrs Sandra Kehrberg (Geohydrologist), both from the Réssing Mine, for
providing detailed technical information on the routine monitoring programmes that
Rissing carries out in the Khan River. Rainer Schneeweiss and Anna Fry also produced
several of the maps which have been used in this Report.

The KARS Project Leader was Mr Brendan Hammond, Manager: Processing and
Production at the Rossing Uranium Mine. Both he and Mr Werner Haymann, (General
Manager: Operations), are thanked for their continual support to the Project Team. Mrs
Carol Musiol and Mrs Maggi Barnard are sincerely thanked for their assistance with
logistical arrangements and communications, respectively.

Mr Ben Hochobeb, Manager of Réssing’s Environmental Services, actively participated
in discussions and contributed advice and information to the Project Team.

The KARS Working Group was composed of members elected by the local community
in Swakopmund. The members were: Mr E. Demasius, Mr E. Miller, Mr L. Hesse, Mr
T. Tirronen and Mr P. Hamman. Ré&ssing Mine was represented by Mr B. Hammond
and Mr R. Schneeweiss, while Mr B. Gibson acted as facilitator. All these members of
the Working Group are sincerely thanked for their participation and for the many
constructive suggestions that were made to the Project Team.

In MNamibia, two External Evaluators were appointed to provide an independent
assessment of the investigation process followed by the Project Team, as well as the
technical competency and validity of their findings. Special thanks are therefore due to:

Dr M.K. Seeley Desert Research Foundation of Namibia, and
Mr P. Tarr Ministry of Environment & Tourism, Windhoek.

Both Dr Seeley and Mr Tarr examined the documentation developed from this project
and made detailed constructive suggestions for improving a draft of this report.

Several staff members of the Namibian Department of Water Affairs provided technical
information and copies of internal Departmental Reports, or participated in the public
meetings held at Swakopmund, Arandis and Usakos. Special thanks are due to:

Dr S.J. De Wet Deputy Director: Water Environment Division
Mr G. Van Langenhove Deputy Director: Hydrology Division
Ms A. Eggers Geohydrologist: Hydrology Division

CSIR - DIVISION OF WATER, ENVIRONMENT & FORESTRY TECHNOLOGY XXXV

ENVIRONMENTAL IMPACT ASSESSMENT OF THE PROPOSED KHAN AQUIFER. RECHARGE SCHEME

Special thanks are due to the individuals and representatives of several organizations in
Namibia who contributed advice and detailed information to members of the Project
Team.

Several land-owners and farmers along the lower Swakop River kindly made time
available to discuss their concerns with the Project Team. In particular, special thanks
are due to the following: Mr B.W. Fleischmann, Mr L.E. Pohle, Mr E.A. Putzier, Mr
J. Van Heerden, Mr C.B. Botha, Mr B.H. Hoppe, Mr H.H. Schreiber, Mr D. Godfrey,
Mr S. van Niekerk and Ms C. Lees.

Mr Lorenz Hesse deserves special thanks for the way in which he provided Team
members with invaluable advice and information during our visits to the Swakop River
smallholdings and farms.

XXXV

CSIR - DIVISION OF WATER, ENVIRONMENT & FORESTRY TECHNOLOGY



ENVIRONMENTAL IMPACT ASSESSMENT OF THE PROPOSED KHAN AQUIFER RECHARGE SCHEME

INTRODUCTION AND BACKGROUND INFORMATION

Namibia is a very dry country with low rainfall and high evaporation rates. Rainfalls
are erratic, unevenly distributed and often localized in extent; average annual rainfall
varies from some 25 mm/year over the coastal Namib Desert to around 700 mm/year
in the north-eastern Caprivi Region (Figure 1.1). Potential A-pan evaporation rates
can exceed 3,800 mm/year in the interior of the country though they usually drop
below 3,000 mm/year in the coastal zone (Crerar & Church, 1988). This excess of
evaporation over rainfall leads to a marked water deficit in all months of the year and
droughts are a common occurrence (Heyns, 1992).

Figure 1.1: Average annual rainfall isohyets over north-western Namibia.
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Surface runoff is both erratic and sporadic, following seasonal rainfalls. The rivers
in the interior of Namibia are episodic or ephemeral rivers that flow only after good
rains in their catchment areas (Jacobson et al., 1995; Bethune, 1996) (Figure 1.2).
Most of these rivers are westward flowing, such as the Kuiseb, Swakop and Omaruru
Rivers, and serve as life-giving linear oases in the otherwise dry Namib Desert.
Namibia is characterized by an almost complete lack of perennial rivers or other
perennial surface water resources, except for the Orange River along its border in the
south and the Kunene, Okavango, Kwando, Linyanti/Chobe and Zambezi rivers on
its northern borders (Heyns, 1992; Bethune, 1996).

Figure 1.2: The ephemeral rivers of the central portion of the Atlantic drainage
area of Namibia.
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