Ephemeral River Basins in Southern Africa

Appendix 1: Chemical analyses of groundwater samples from NamWater
production schemes
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Towards establishing a groundwater monitoring system: Orange-Fish River Basin

Ai-Ais (WW32413)

TDS

Cations (mg/¢)

Anions (mg/¢)

Date H Si0
P mg/t  Na* K'  Ca** Mg" CI'  F HCOy SO NOy 2
11/10/1997 7.6 2318.2 490 10 477.5 216.67 440 0.6 384 810 0.5 43
10/11/1999 7.5 1782.2 435 9 230 145.83 315 2.1 350 575 0.8 42
28/09/2000 8 1835.8 490 8 212.5 133.33 330 0.9 386 605 1.4 44
20/11/2002 7.6 1681.7 415 8 347.5 133.33 295 2.7 362 515 1.4 44
18/04/2003 7.5 1179.2 410 7 450 133.33 280 2.3 366 730 2.2 41
02/10/2003 8 1916.2 500 9 392.5 158.33 380 2.5 312 730 3.66 38
13/06/2004 7.7 1976.5 475 7 437.5 16250 390 2.4 326 710 2.4 41
02/08/2005 7.7 1641.5 360 8 345 129.17 260 2.4 354 490 2.1 39
29/05/2006 8.3 1275.0 230 5 280 100.00 185 3.5 354 290 1 45
21/09/2007 7.5 1795.6 420 8 342.5 133.33 340 2.2 340 520 <0.5 45
05/11/2008 7.7 1581.2 260 5 275 137.50 200 2.2 360 350 1 68
01/07/2009 8 1303.2 300 7 245 91.67 186 2.6 346 330 0.7 47
Al-AIS_WW23413 pH Al-AIS_WW23413_TDS
8.5 2500
%]
2 2000 ¥
1500 €
73 1000
7 1 1 1 1 1 1 1 500 T T T T T T T T T
A (=) N ) ™ © % 9’\ gca QQ Q'\, D’b ‘Qb« 9% 9’\ 9%
0“&9 \&9 \»Q“Q \'S‘\g 0“&'0 \\}D & . F & FE T EE
Al-AIS_WW23413_CATIONS
900
800
d 700
600
> 500
& 400
300

B Na
lod «?}D % & &
o K ?0 N W Ca
Mg

200
100

56




Ephemeral River Basins in Southern Africa

mg/€

Al-AIS_WW23413_NO;’

mg/€

Al-AlIS_WW23413_F

57



Towards establishing a groundwater monitoring system: Orange-Fish River Basin

Ariamsvlei (WW22548)

TDS

Cations (mg/¢)

Anions (mg/¢)

Date pH Si0,
mg/t Nat K*  Ca™  Mg” CI  F HCOy SOs NOj
21/01/1997 8 1159.1 208 8 175 250.00 260 0.2 244 255 15 30
13/10/1997 7.3 1099.47 189 7 275 116.67 240 0.2 294 134 5 29
21/09/1998 7.3 1742 270 6 450 275.00 500 1 336 280 14.4 28
28/10/1999 8 1155.08 193 6 295 120.83 275 1.7 294 146 7.5 28
20/09/2000 8.1 1136.99 230 6 295 129.17 290 0.7 288 156 8.2 27
20/11/2002 7.9 1214.71 203 6 342.5 150.00 275 1.7 310 180 9.6 21
08/05/2003 7.6 1188.58 162 5 387.5 133.33 235 1.4 388 159 9.2 24
21/10/2003 7.6 1244.86 230 6 360 154.17 315 1.5 306 175 10.4 26
16/06/2004 7.4 2726.9 347 9 925 533.33 780 0.9 364 670 43.4 26
05/08/2005 7.9 3135.6 420 12 875 629.17 880 1 346 520 50.8 22
13/10/2005 7.5 1191.93 205 5 365 150.00 295 1.5 300 164 8.6 27
12/06/2006 7.6 1601.3 200 7 500 345.83 430 1.4 312 250 12.4 25
14/09/2007 7.7 1211.36 199 6 342.5 120.83 255 1.6 296 167 8.2 28
06/11/2008 7.5 1314.54 206 6 352.5 154.17 290 1.1 296 165 10.4 26
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Ephemeral River Basins in Southern Africa
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Towards establishing a groundwater monitoring system: Orange-Fish River Basin

Berseba (WW23138)

Date pH TB: Cations (mg/¢) Anions (mg/¢) ] si0,
mg Na* K' Ca"* Mg™ ClI' F HCO;y SO,° NO;j

25/09/1997 7.6  688.09 116 177.5 95.83 48 0.3 398 50 3 33

22/10/1998 8.2 676.7 126 180 91.67 58 0.6 396 49 7.3 34

25/10/1999 7.5 693.45 127 187.5 100.00 59 0.6 398 54 8 34

14/09/2000 8.2 635.16 126 137.5 95.83 55 0.4 338 49 8.1 34

23/10/2002 7.6 688.76 124 190 87.50 49 0.5 388 54 8.7 31

21/05/2003 7.7 682.06 126 187.5 91.67 51 0.5 388 66 8.7 33

29/10/2003 7.4 696.8 133 190 91.67 50 0.5 394 55 8.5 33

21/05/2004 7.6  690.77 136 207.5 95.83 50 0.5 394 78 8.7 33

01/12/2005 7.5 667.32 128 185 87.50 58 0.5 394 63 8.6 31

17/05/2006 7.8 686.08 120 190 91.67 48 0.4 392 40 7.8 31

16/05/2007 7.9 669.33 125 192.5 91.67 53 0.5 384 49 5.6 32

11/10/2007 7.2 671.34 123 175 87.50 48 0.4 372 53 9.1 34

09/04/2008 7.5 665.31 116 197.5 95.83 49 0.5 378 50 5.9 31

08/10/2008 7.5 681.39 118 197.5 95.83 46 0.4 378 51 7.7 51

07/05/2009 7.7 688.76 121 202.5 91.67 52 0.5 380 56 8.4 34
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24/05/2005 8.2 667.99 126 2 207.5 95.83 47 0.5 114 52 9.7 32
3
2
2
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05/11/2009 8.1  695.46 125 187.5 91.67 47 0.5 394 47 8 37
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Ephemeral River Basins in Southern Africa
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Towards establishing a groundwater monitoring system: Orange-Fish River Basin

Gabis (WW16389)

TDS Cations (mg/¢) Anions (mg/¢) .
Date pH Si0,

mg/t  Na* K* Ca™  Mg® CI F HCO; SOs NOy
30/06/2009 8.1 568.16 146 1 67.5 41.67 54 2.5 232 101 0.5 31
07/11/2008 8 507.19 132 1 60 33.33 46 2.5 214 95 2.5 28
09/08/2005 8.1 726.28 228 2 1125 70.83 82 2.2 284 226 3.2 26
14/06/2004 7.8 596.97 163 1 70 45.83 47 3.1 252 153 1.9 26
13/10/2003 7.8 568.16 169 1 62.5 41.67 45 3.1 252 120 0.6 28
15/04/2003 8.3 523.94 141 1 55 33.33 36 2.7 242 110 0.5 26
27/11/2002 8 536.67 150 2 55 3750 41 3.3 254 87 1.1 28
17/04/2001 3.1
02/10/2000 8.2 607.02 165 5 70 75.00 34 2.2 402 59 0.7 25
10/02/2000 7.9 653.25 178 2 77.5 5417 51 3.5 304 132 0.5 30
10/11/1999 7.8 669.33 172 80 58.33 59 2.7 278 148 1.1 27
09/06/1999 3
24/09/1998 7.7 751.74 189 2 975 75.00 66 1.9 290 210 1.6 28
07/10/1997 8.1 686.75 183 4 80 62.50 42 0.8 286 177 0.5 30
30/12/1996 8.4 751.07 202 3 62.5 66.67 70 1 254 215 1.3 32
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Ephemeral River Basins in Southern Africa
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Towards establishing a groundwater monitoring system: Orange-Fish River Basin

Gainachas (WW24765)

TDS

Cations (mg/¢)

Anions (mg/¢)

Date PR mere o g can Mg CI F HCOy $SOs NOy 5102
25/09/1997 81 577.54 88 2 175 95.83 39 02 33 30 81 30
22/10/1998 8 606.35 92 4 190 83.33 51 0.6 352 34 86 30
25/10/1999 7.8 629.8 98 4 192.5 8750 51 0.6 350 45 9.7 33
29/10/1999 7.5 628.46 101 4 195 91.67 56 0.5 360 42 9.9 31
23/10/2002 7.8 607.02 93 3 190 83.33 52 0.4 364 40 1.3 18
21/05/2003 8 618.41 100 3 202.5 83.33 49 0.4 35 47 81 26
29/10/2003 8.2 59429 99 3 205 83.33 43 0.5 348 45 87 25
21/05/2004 7.4 631.81 102 4 220 87.50 51 0.4 348 49 9.8 30
24/05/2005 8.3 580.89 99 3 210 83.33 37 0.6 362 43 89 21
01/12/2005 7.5 577.54 94 3 190 79.17 53 0.5 344 44 9.7 27
16/05/2007 7.7 575.53 93 3 187.5 7947 43 0.4 336 34 51 28
11/10/2007 7.4  582.9 87 3 197.5 83.33 37 0.4 340 35 83 24
09/04/2008 7.6 631.14 89 3 222.5 91.67 55 0.4 336 44 7.4 27
08/10/2008 7.6 585.58 8 3 200 83.33 38 0.4 330 33 87 46
07/05/2009 7.8 639.18 91 4 220 87.50 51 0.5 342 42 10 28
05/11/2009 8.2 603.67 94 3 192.5 83.33 39 0.4 346 32 87 34
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Ephemeral River Basins in Southern Africa
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Towards establishing a groundwater monitoring system: Orange-Fish River Basin

Gibeon (WW27524)

66

TDS Cations (mg/¢) Anions (mg/¢) .
Date pH /2 ) SiO,
mg Na* K' Ca™* Mg" CI' F HCO;y SO, NOy
16/08/2000 8.3 907.85 185 3 172.5 87.50 120 0.3 322 158 8.1 31
15/11/2002 7.7 856.93 199 3 180 83.33 119 0.5 324 154 10.3 29
17/09/2003 8.1 886.41 206 3 167.5 75.00 112 0.6 322 140 9.1 27
20/08/2004 7.8 858.94 164 2 195 91.67 110 0.6 326 155 9.5 27
18/10/2005 7.7 844.87 190 3 170 79.17 107 0.6 324 173 11.6 30
01/09/2006 8 870.33 198 2 180 83.33 121 0.6 320 158 8.77 29
16/06/2008 7.4 903.16 199 3 170 83.33 120 0.6 312 155 8.3 28
10/06/2009 7.9 864.97 195 3 180 87.50 124 0.6 282 164 9 31
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Ephemeral River Basins in Southern Africa
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Towards establishing a groundwater monitoring system: Orange-Fish River Basin

Griinau (WW23404)

TDS Cations (mg/¢) Anions (mg/¢) .
Date pH /8 ) Si0,
mg Na* K' Ca™ Mg"™ CI' F HCO; SOs NOy
30/12/1996 8.2 565.48 83 5 112.5 108.33 93 0.6 216 56 5.6 37
13/10/1997 7.6  692.11 81 6 205 120.83 8 0.6 316 53 2.8 35
23/09/1998 7.6 668.66 86 1 220 120.83 101 1.8 320 58 6.8 37
10/11/1999 7.7  653.25 82 4 205 116.67 86 2 324 53 5.9 35
29/09/2000 7.8 729.63 94 5 250 141.67 113 1.7 338 55 9.7 35
22/11/2002 7.9 672.01 85 3 2225 125.00 83 1.9 330 53 6.7 31
03/10/2003 7.8 645.21 89 4 225 120.83 78 1.7 332 53 5.41 30
16/06/2004 7.6 663.97 82 2 2175 116.67 82 1.8 328 48 6.1 31
03/08/2005 7.8 660.62 96 3 232.5 125.00 87 1.7 336 54 5.9 31
14/09/2007 7.8 797.3 97 4 260 158.33 147 1.7 284 73 10.3 36
05/11/2008 7.9 798.64 87 3 257.5 133.33 130 1.8 318 60 7.9 31
28/06/2009 8.1 814.72 95 4 282.5 150.00 137 1.8 330 62 6.7 35
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Towards establishing a groundwater monitoring system: Orange-Fish River Basin

Kalkrand (WW10479)

TDS Cations (mg/¢) Anions (mg/¢) .
Date pH /2 ) Si0;
mg Na* K' Ca™* Mg™ CI' F HCO;y SO, NOy
16/06/2009 7.9 659.28 157 2 110 66.67 65 1.7 252 125 4.6 40
17/06/2008 7.7 694.12 169 3 110 62.50 67 1.6 286 124 3.8 38
15/09/2006 7.8 686.75 165 2 115 62.50 63 1.6 292 107 4.57 36
14/10/2005 7.8 646.55 158 2 105 58.33 50 1.5 300 117 4.8 39
18/08/2004 8.2 669.33 155 2 1225 62.50 62 1.8 302 124 5.4 36
16/09/2003 7.9 689.43 172 3 110 62.50 64 1.6 298 110 4.8 35
12/11/2002 7.8 659.28 157 3 122.5 62.50 61 1.4 304 108 4.8 36
23/08/2000 7.9 661.29 164 5 110 70.83 70 1.9 292 103 4.2 39
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Towards establishing a groundwater monitoring system: Orange-Fish River Basin

Kosis (WW24599)

TDS Cations (mg/¢) Anions (mg/¢) .
Date pH /2 _ Si0;
mg Na* K' Ca™ Mg™ CI' F HCO;y SO, NO5
29/10/1997 7.3 1329.28 160 3 500 166.67 245 0.4 364 265 11 26
22/10/1998 7.1 1211.36 156 3 450 154.17 225 0.8 368 250 12.3
01/11/1999 7.5 1234.14 155 3 475 162.50 210 1 370 265 21.6 27
15/09/2000 8.3 1216.72 147 2 462.5 158.33 205 0.9 360 245 23.2 27
22/10/2002 7.9 1244.86 153 2 572.5 158.33 200 1 350 260 36.8 25
22/05/2003 8 1280.37 156 2 550 162.50 200 0.9 342 300 34.3 26
29/10/2003 7.2 1307.17 155 2 600 166.67 215 1 346 315 32.2 26
26/05/2004 7.6 1337.99 169 2 587.5 166.67 215 1 348 290 32 26
24/05/2005 7.8 1228.78 157 2 537.5 166.67 198 0.9 338 265 31.9 25
02/12/2005 7.3 1333.3 157 2 585 150.00 210 1 342 315 29.5 24
08/04/2008 7.3 1272.33 139 1 537.5 141.67 227 1 324 182 28.8 25
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Towards establishing a groundwater monitoring system: Orange-Fish River Basin

Kriess (WW21806)

TDS Cations (mg/¢) Anions (mg/¢) .
Date pH /2 ) Si0;
mg Na* K Ca** Mg”™ CI' F HCO;y SO NOy
16/08/2000 8.6 721.59 210 5 55 66.67 68 0.8 430 60 2.5 30
18/11/2002 8 721.59 225 2 55 58.33 62 0.6 430 53 3.8 28
15/09/2003 7.9 756.43 230 3 55 62.50 63 0.6 426 66 3.4 27
16/08/2004 8.6 736.33 220 2 57.5 5833 52 0.7 432 76 3.7 28
18/10/2005 8 70618 219 2 52,5 5417 48 0.8 430 64 3.3 30
01/09/2006 8.1 722.26 223 2 50 58.33 57 0.7 422 64 3.14 29
20/06/2008 7.9 752.41 210 3 52.5 58.33 61 0.7 418 65 2.7 29
09/06/2009 8 711.54 210 2 50 62.50 65 0.7 368 68 3.3 31
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Towards establishing a groundwater monitoring system: Orange-Fish River Basin

Maltahdhe (WW32651)

TDS Cations (mg/¢) Anions (mg/¢) .
Date pH /2 . SiO,
mg Na* K' Ca™ Mg™ CI' F HCOy SOs NOy
18/03/1998 7 779.88 89 11 2225 150.00 66 0.3 398 4 219 29
16/08/2000 8 8375 102 14 2775 183.33 8 1.3 398 61 243 29
12/11/2002 7.5 803.33 102 12 280 175.00 73 141 412 59 27.5 26
17/09/2003 7.3 815.39 107 13 247.5 166.67 63 1.2 406 60 23 25
18/08/2004 7.3 808.02 102 12 260 158.33 67 1.2 402 68 24.8 24
19/10/2005 7.4 771.84 104 12 250 154.17 55 1.3 410 56 29.3 27
15/09/2006 7.5 805.34 101 12 252.5 150.00 61 1.1 408 37 193 26
18/06/2008 7.4 901.82 103 13 285 179.17 82 1.4 378 64 35.7 26
02/06/2009 7.9 885.74 111 13 290 195.83 90 1.2 386 73 31.7 28
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Ephemeral River Basins in Southern Africa
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Towards establishing a groundwater monitoring system: Orange-Fish River Basin

Schlip (WW24610)

TDS Cations (mg/¢) Anions (mg/¢) .
Date pH /2 _ Sio,
mg Na* K'* Ca™ Mg™ CI F HCO; SO, NO;y
29/05/1997 7.6 383.91 29 3 145 70.83 21 0.1 234 21 2.9 30
25/08/2000 7.8 388.6 30 4 180 79.17 35 0.43 218 23 5.7 27
18/11/2002 7.5 416.07 32 2 185 79.17 32 0.3 228 41 3.3 26
16/09/2003 7.3 473.02 34 2 2025 87.50 30 0.3 274 28 3.4 26
14/10/2005 7.6 434.16 34 2 210 79.17 22 0.4 272 43 3 28
15/09/2006 7.7 560.79 42 3 247.5 95.83 38 0.3 296 29 9.9 28
16/06/2008 7.3 502.5 38 3 225 87.50 34 0.3 294 35 3.1 27
16/06/2009 7.6 519.25 50 3 220 95.83 42 0.3 286 40 5.5 31
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Ephemeral River Basins in Southern Africa
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Towards establishing a groundwater monitoring system: Orange-Fish River Basin

Tses (WW24550)

TDS Cations (mg/¢) Anions (mg/¢)

Date pH
mg/t Nat K Ca™  Mg™ CI F HCOy SO, NOy

Si0;

24/09/1997 8.1 868.32 195 1 177.5 54.17 76 0.3 382 167 3.6 19
22/10/1998 8.2 1006.34 290 3 1275 29.17 102 141 388 275 2.9 16
25/10/1999 7.8 984.9 280 5 1425 41.67 95 1 400 260 1.3 17
14/09/2000 8.3 890.43 210 2 165 50.00 104 0.6 300 205 8.3 20
23/10/2002 8.4 1141.68 363 2 105 20.83 123 0.9 426 320 0.6 14
21/05/2003 8.3 1043.19 345 2 825 25.00 119 0.8 368 270 0.8 16
29/10/2003 7.9 1146.37 360 2 115 25.00 130 0.9 434 280 0.6 15
21/05/2004 8.1 850.23 245 2 130 29.17 113 0.8 264 205 6.2 14
24/05/2005 8.3 944.03 224 2 237.5 41.67 154 0.5 232 250 6.7 12
01/12/2005 7.7 989.59 297 2 160 29.17 114 0.8 402 255 3.5 15
18/05/2006 8.2 760.45 203 2 122.5 20.83 87 0.7 248 162 8 12
16/05/2007 7.6 946.04 240 2 207.5 37.50 106 0.7 382 200 4.6 17
11/10/2007 7.7 1088.75 265 2 172.5 33.33 132 0.7 388 208 1.8 15
09/04/2008 8 875.69 240 2 102.5 16.67 87 0.8 294 174 14.2 12
11/10/2008 7.8 913.88 215 2 202.5 37.50 85 0.7 362 169 4.6 26
07/05/2009 7.8 896.46 245 4 1525 29.17 91 0.8 330 193 6.5 19
05/11/2009 8.3 1055.25 265 2 202.5 41.67 112 0.8 422 194 2.9 20
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Ephemeral River Basins in Southern Africa
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Towards establishing a groundwater monitoring system: Orange-Fish River Basin

Warmbad (WW10042)

TDS

Cations (mg/¢)

Anions (mg/¢)

Date PR mgit \ar k0 cat Mgt Cf  F HCO, SO NOy 5102
30/12/1996 8.3  1460.6 295 7 400 58.33 420 0.8 164 380 3.8 20
22/09/1998 7.7 1601.3 345 4 3125 75.00 460 2.3 172 340 5.1 24
09/11/1999 7.8 1594.6 350 4 307.5 54.17 430 2.5 174 360 4.8 20
18/09/2000 7.9 1561.1 360 6 305 62.50 430 2.2 174 390 4.4 23
19/11/2002 7.8 1601.3 345 4 382.5 5417 405 2.4 168 405 53 18
14/04/2003 7.8 1608 310 3 450 5417 360 2 168 520 4.8 20
29/09/2003 7.6 15343 350 4 405 5833 420 24 168 465 474 19
14/06/2004 7.7 1634.8 338 3 407.5 5417 435 2.5 166 351 58 21
10/08/2005 8.1 1608 330 4 415 5417 380 2.1 168 440 54 20
24/06/2006 7.7 1661.6 230 3 510 6250 340 2.7 170 350 3.7 22
19/09/2007 7.5 1675 345 5 370 5417 386 2 162 380 526 22
05/11/2008 7.8 1608 330 4 410 5833 440 2.3 166 350 52 21
30/06/2009 8 1567.8 340 4 367.5 5417 370 2.5 168 380 5 23
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