










































































































































































































































































































































































































































































































































































































































































































































































































































































HYDROGEOLOGY OF THE TABLE MOUNTAIN SANDSTONE AQUIFER — KLEIN KAROO

APPENDIX A: HYDROCHEMISTRY DATA
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HYDROGEOLOGY OF THE TABLE MOUNTAIN SANDSTONE AQUIFER — KLEIN KAROO

TABLE A-1: SUMMARY FIELD DATA - SIMONIC, KOTZE, VERHAGEN - JANUARY 1996

Borehole Location LAT LONG Depth Elevation WL Yield TEMP pH DO(%) TAL EC
VR6 Vermaaks River 33.3643 22.3248 250 718.3 48.7 8.6 19.5 4.8 55 9
SL2 Scheeperskraal 33.4152 22.371 153 610 1.3 12 1.2 47.5
DL17 Danielskraal 33.3409 22.2125 248.8 291.7 33.36 8 23.4 6.05 80 1 34.5
T/W Toorwater Spa 33.2356 23.0916 0 423 6.2 5 1.2 45.5
P1 Parshalll, Vermaaks 33.57777 22.5355 0 5.5 27 95 5.62
WBG Warmwaterberg Spa 33.4557 20.54 0 42.5 6.55 0 1 12
C/S Calitzdorp Spa 0 49.6 6.65 59 1.1 18
VRI11 Vermaaks River 33.3711 22.3332 210 812.2 141 8.3 20.9 4.75 53 0.2 6.9
VR7 Vermaaks River 33.3654 22.3304 173 748.9 78.5 20 19.3 52 51 0.2 7.2
RF2 Rolbaken 33.4021 22.342 116 600 37.41 10.1 20.4 5.05 7 0.2 10
RF1 Rietfontein 33.404 22.3457 85 13.51 10 20.4 4.75 68 0.2 13
DL13 Danielskraal 33.56743 21.63809 185 261.8 4431 7 24 6.45 6 1.3 40.5
DP12 Varkieskloof 33.3423 22.2715 192 468.5 120.58 | 6.5 23.2 5.5 0 0.9 15.5
DP29 Bokkraal 33.3427 22.2714 240 463.1 115.8 6 24 6 0 0.5 14.5
VG3 Voorsorg 33.3402 22.322 206.7 497.3 13.44 6.1 21.8 6.1 47 14.3
DP18 Olifants River 33.3402 22.322 18 351.1 24 9.1 20.7 6.75 0 4.2 83
DP28 Varkieskloof 33.3453 22.2125 246 459.1 115.03 | 11 23.5 4.95 0 0.35 13.5
DL16 Danielskraal 33.3358 22.2124 279.4 279 32.75 2.5 23.7 6.55 1 1.35 33.5
DP15 Bokkraal 33.3453 22.2644 207 451.1 10589 | 9 233 3.6 0 0 21
LD2 Leeublad 33.4014 22.3417 90 620 5 23.5 5.5 65 0.2 10
WN2 Welgevonden 527.6 5.55 41 0.35 22
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HYDROGEOLOGY OF THE TABLE MOUNTAIN SANDSTONE AQUIFER — KLEIN KAROO

TABLE A-2: FE AND MN CONCENTRATIONS, ADAPTED FROM SRK REPORT 230827

Borehole | Fe (mg/l) Mn (mg/l) | SO4
(mg/l)
VR11 0.285 <0.001 <4
VR7 0.182 <0.001 6
VRS 0.208 <0.001 8
DLI15 3414 0.796 20
DL13 0.574 0.034 22
VR6 0.175 <0.001 7
DL16 3.746 0.643 20
DP18 0.574 0.34 113

TABLE A-3: ENVIRONMENTAL ISOTOPE ANALYSIS — JANUARY
1996 SAMPLING SURVEY Verhagen, Kotze and Simonic

NAME DATE C-14 T C-13 0-18 D
pMC TU o/oo | o/oo o/oo
C/S 96/01/31 13 -14.5 | -7.53 -46.6
DL13 96/01/31 21 -119 | -7 -42.7
DP12 96/01/31 0.3 -6.58 -47.3
DP15 96/01/31 52 -19.7 | -7.66 -47.8
DP18 96/01/31 1142 | 3.2 -13.1 | -5.57 -35.1
DP28 96/01/31 62.3 0.4 -20.3 | -7.93 -48.6
DP29 96/01/31 41.2 0.1 -18.8 | -7.72 -48.9
LD2 96/01/31 0 -7.38 -44 .5
RF2 96/01/31 75.4 0.1 -21 -7.13 -44
SL2 96/01/31 0.2 -6.43 -41.4
T/W 96/01/31 25.6 -17.3 | -7.08 -48
VR11 96/01/31 74.6 0.3 -20.6 | -7.18 -51.1
VR6 96/01/31 79.4 0.4 -21.3 | -7.68 -48.1
DL17 96/01/31 21.7 -18.3
VR7 96/01/31 83 0 -20.8 | -7.56 -45.2
v-notch 96/01/31 0.5 -7.33 -46.2
m-vnotch | 96/01/31 0.5 -7.24 -45.8
WBG 96/01/31 11 -14.6 | -7.57 -46
WN2 96/01/31 72 0.3 -19.7 | -7.82 -50.4
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HYDROGEOLOGY OF THE TABLE MOUNTAIN SANDSTONE AQUIFER — KLEIN KAROO

TABLE A-4: MACRO ELEMENT CHEMISTRY — 1996 SAMPLING SURVEY KOTZE, VERHAGEN AND SIMONIC

Name DATE EC | TDS | pH Ca Mg Na K TAL | SO4 Cl NO3 | F PO4 Si NH4
C/S 96/01/31 21.5 133 7.3 9 4 17 9.4 42 9 34 0.04 0.4 0.005 17.7 <0.04
DL13 96/01/31 49.5 313 7.2 12 8 66 16.2 59 24 115 0.05 0.5 <0.005§ 53 0.07

DL15 94/8/5 44.5 229 7.2 12 10 37 14.2 36 20 90 0.04 0.4 0.019 4.5 <0.04
DL16 94/8/5 46.7 254 7.3 12 9 47 14.3 50 20 91 0.04 0.5 0.02 4.9 <0.04
DP12 96/01/31 22.2 126 6.4 5 4 32 4.3 19 16 41 0.04 0.4 0.051 5 <0.04
DP15 96/01/31 30.2 124 3.7 3 3 21 3.7 4 60 32 0.04 0.1 0.005 5 <0.04
DP18 94/8/5 135 899 7.7 71 29 170 3.9 213 113 249 0.69 0.6 0.021 4.5 <0.04
DP28 96/01/31 18 100 5.9 3 3 22 3.6 9 18 39 0.04 0.2 0.009 5.4 <0.04
DP29 96/01/31 20.8 107 6.4 5 4 25 4.2 15 14 36 0.04 0.2 0.008 4.9 <0.04
LD2 96/01/31 14.3 69 6 3 2 21 1.1 9 4 31 0.19 0.1 0.006 4.1 <0.04
RF1 96/01/31 13.3 76 5.9 2 2 22 1.7 10 4 33 0.25 0.1 0.008 4.7 <0.04
RF2 96/01/31 11.9 54 5.7 2 2 17 0.5 6 4 25 0.17 <0.1 0.005 43 <0.04
SL2 96/01/31 54.4 341 7 36 11 49 14.2 57 26 136 0.04 0.2 0.008 10.3 0.13

T/W 96/01/31 16.5 135 7 11 4 14 7.9 60 4 22 0.04 0.3 0.043 15.1 0.05

VR11 96/01/31 9.5 44 5.9 1 2 11 1.6 7 4 19 0.11 <0.1 0.013 4.4 <0.04
VR6 96/01/31 11.5 52 6 2 2 14 1.2 9 4 21 0.26 <0.1 0.034 4 <0.04
VR7 96/01/31 9.5 48 6.2 2 2 12 1.2 9 4 18 0.23 0.1 0.012 3.7 <0.04
VRS 96/01/31 8.9 45 5.9 2 2 9 1.2 4 8 22 0.04 0.3 0.018 3.8 <0.04
v-notch 96/01/31 17.5 7 3 3 25 2.2 9 <0.04 0.1 0.042 5 <0.04
m-vnotch 96/01/31 11.5 7.1 2 2 16 1.6 7 0.34 0.1 0.029 4.1 <0.04
WBG 96/01/31 23.9 157 7.3 15 3 23 9.6 62 4 28 0.04 0.2 0.008 214 <0.04
WN2 96/01/31 25.9 167 6.2 9 5 35 8.5 12 40 55 0.08 0.2 0.007 7.5 <0.04
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HYDROGEOLOGY OF THE TABLE MOUNTAIN SANDSTONE AQUIFER — KLEIN KAROO

TABLE A-5: MACRO ELEMENT CHEMISTRY — SAMPLING SURVEY JULY 1997, KOTZE AND BUTLER

S_NO H-NO DATE TDS pH Na Mg Ca | F Cl NO3| SO4 | P TAL | Si K NH4
RF2 97009982| 19970711 69 5.72 16.4 1.9 2 0.06 | 25.8 | 0.169| 6 0.005| 126 | 449 | 0.29 | 0.026
RF2 97011095| 19970711 57 5.7 16.1 2 1.7 0.06 | 23.7 | 0.148| 3.4 0.005| 7 482 | 0.36 | 0.011
VV-notch

VParshall | 97011071| 19970711 62 6.19 16.1 2.5 2.1 0.06 | 24.2 | 0.497| 3.9 0.023| 8.8 474 | 0.63 | 0.004
VParshall | 97010005| 19970711 67 6.2 16 2.4 2.6 0.06 | 25.8 | 0.458]| 5.1 0.03 | 9.9 434 | 0.51 | 0.022
MV-notch | 97011058 19970710 77 6.93 19.7 3 2.2 0.06 | 299 | 0.082]| 9.3 0.003| 9.1 478 | 1.11 | 0.014
MV-notch | 97009970| 19970710 87 7.14 20 2.6 2.1 0.07 | 314 | 0.071| 148 | 0.017| 124 | 439 | 1 0.022
C/S

VG3

LB2 97011083| 19970711 67 5.84 18.6 2.2 2.4 0.06 | 27.5 | 0.186| 3.2 0.002| 101 | 4.72 | 0.35 | 0.011
LB2 97009994| 19970711 74 5.91 18.4 2.2 2.9 0.06 | 291 | 0.204| 54 0.005| 119 | 4.38 | 0.26 | 0.021
VR8

DL13

VR11

DL16

DL17

VR7

KG1

DP29

DG110 97011174 19970711 91 5.53 21.3 4 3.6 0.13 | 42.8 | 0.052| 10.5 | 0.001| 5.6 5.25 | 1.33 | 0.006
DG110 97011010| 19970711 102 5.54 24.6 3.9 4 0.16 | 47.5 | 0.093| 10.2 | 0.006| 8.1 5 1.31 | 0.017
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HYDROGEOLOGY OF THE TABLE MOUNTAIN SANDSTONE AQUIFER — KLEIN KAROO

TABLE A-6 : TRACE ELEMENT CHEMISTRY - JULY 1997 SAMPLING SURVEY- KOTZE AND BUTLER

S_NAME T Al Fe Mn Be Cd Co Cr Cu As Hg B Mo Ni Pb Ti
RF2
VV-notch 13.4 <0.02 | 0.191 | <0.001 <0.002 <0.003| <0.002| <0.05 <0.003| <0.005| <0.006| <0.015
VV-notch 13.4 <0.02 | 0.191 | <0.001 <0.002 <0.003| <0.002| <0.05 <0.003| <0.005| <0.006| <0.015
V Parshall
M V-notch
Calitzdorp Spa| 29.4 <0.02 | 0.284 | 2.848 <0.002 <0.003| <0.002| <0.05 <0.003| <0.005| <0.006| <0.015
VG3 15 0.044 | <0.003| 0.216 <0.002 <0.003| <0.002| <0.05 <0.003| <0.005| <0.006| <0.015
LB2
VR8 22.7 <0.02 | <0.003| <0.001 <0.002 <0.003| <0.002| <0.05 <0.003| <0.005| <0.006| <0.015
VR8 22.7 <0.02 | 0.018 | <0.001 <0.002 <0.003| <0.002| <0.05 <0.003| <0.005| 0.006 | <0.015
DL13 20 <0.02 | 0.492 | 0.36 <0.002 <0.003| <0.002| <0.05 0.143 | <0.005] <0.006| <0.015
VR11 18.8 <0.02 | <0.003| <0.001 <0.002 <0.003| <0.002| <0.05 <0.003| <0.005| <0.006| <0.015
VR11 18.8 <0.02 | 0.029 | <0.001 <0.002 <0.003| <0.002| <0.05 <0.003| <0.005| 0.006 | <0.015
DL16 20.4 <0.02 | 0.155 | 0.339 <0.002 <0.003| <0.002| <0.05 <0.003| <0.005| <0.006| <0.015
DL17 17.6 <0.02 | 0.269 | 0.735 <0.002 <0.003| <0.002| <0.05 <0.003| <0.005| 0.008 | <0.015
VR7 20.3 <0.02 | <0.003| <0.001 <0.002 <0.003| <0.002| <0.05 <0.003| <0.005| <0.006| <0.015
VR7 20.3 <0.02 | 0.143 | 0.02 <0.002 <0.003| <0.002| <0.05 <0.003| <0.005| 0.006 | <0.015
KG1 22.4 <0.02 | 0.066 | 0.847 <0.002 <0.003| <0.002| <0.05 <0.003| <0.005| <0.006| <0.015
DP29 23.3 <0.02 | 1.605 | 0.581 <0.002 <0.003| <0.002| <0.05 <0.003| <0.005| 0.006 | <0.015
DP29 23.3 <0.02 | 0.088 | 0.643 <0.002 <0.003| <0.002| <0.05 <0.003| <0.005| 0.006 | <0.015
DG110 20 <0.02 | 0.825 | 0.313 <0.002 <0.003| <0.002| <0.05 <0.003| <0.005| <0.006| <0.015
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HYDROGEOLOGY OF THE TABLE MOUNTAIN SANDSTONE AQUIFER — KLEIN KAROO

TABLE A-7 : ENVIRONMENTAL ISOTOPE DATA — JULY 1997 SAMPLING SURVEY — KOTZE AND BUTLER

Lab No. | Location Tritium | Carbon 14 Oxygen 18 Deuterium | Radon
(TU) (pMC) (%0) (%0)

WKK 24 Rolbaken 0.0£0.2 -7.56 -50.3 3
WKK 25 Vermaaks V Notch | 1.6%0.2 -7.84 -55.3

WKK 26 Vermaaks Partial 0.5+£0.1 -7.66 -51.2 5
WKK 27 Marnewicks V Notch| 1.6+0.2 -7.79 -54.8

WKK 28 Calitzdorp Spa 0.0£0.1 3.9%1.6 -7.36 -49.7

WKK?29 | VG3 1.340.2 | 78.1+2.5 -7.68 -57.1 4
WKK 30 LB2 0.0+0.1 75.0£1.6 -7.42 -50.3 2
WKK 31 VR 8 0.4+0.1 79.3x2.5 -7.27 -49.7 2
WKK 32 DL 13 0.9+0.2 | 53.3£2.0 -7.24 -48.2

WKK 33 | VR 11 0.0+0.1 67.4+2.2 -7.06 -49.5

WKK 34 DL 16 0.2+0.2 13.1£1.6 -6.63 -46.5

WKK 35 DL 17 0.3+0.1 21.3£1.6 -6.63 -46.4

WKK36 | VR7 1.0£0.2 | 80.6+2.5 -7.71 -52.7 1
WKK 37 KG 1 0.2+0.1 51.2+2.0 -6.26 -41.9

WKK 38 DP 29 0.0£0.2 | 40.6x2.0 -7.87 -50.8

WKK 39 DG 110 0.0£0.2 | 41.0£2.0 -7.7 -49.5
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HYDROGEOLOGY OF THE TABLE MOUNTAIN SANDSTONE AQUIFER — KLEIN KAROO

TABLE A-8: MACRO ELEMENT CHEMISTRY - RESAMPLING BY DWAF MARCH 1998

S_NO H-NO DATE TDS | pH Na Mg [Ca | F Cl NO3 | SO4| P TAL | Si K NH4
T/W 98004396 19980330 133 6.83 15.4 3.2 10.9 | 0.21 | 246 | 0.001 [ 119 | 0.015 | 471 | 15.09 | 9.27 0.014
VV-notch 98004451 19980331 89 7.03 24.8 2 3.8 0.07 | 33.8 | 0.008 | 7.6 0.008 | 13.5 | 5.66 0.33 0.01
VR7 98004610 19980331 64 7.18 13.6 1.6 5.4 0.06 | 194 | 0.12 4.5 0.01 14.4 | 4.14 1.7 0.016
LD2 98004712 19980331 58 6.15 18.5 1.4 2.2 0.06 | 264 | 0.179 | 41 0.007 | 3.1 412 0.44 0.008
RF2 98004591 19980331 54 7.03 16.7 1.3 3 0.05 | 226 | 0.143 | 3.6 0.009 | 4.7 4.34 0.65 0.011
VG3 98004402 19980331 89 5.37 26.7 2.6 2.3 0.07 | 413 | 0.669 | 10.2 | 0.008 | 2.1 5 0.58 0.014
VR11 98004694 19980331 35 6.69 10.9 1 1.3 005 [ 146 | O 21 0.008 | 3.4 4.26 0.37 0.011
DG110 98004669 19980401 88 5.71 253 2.9 3.8 0.18 | 426 | 0.008 | 8.6 0.007 | 3.2 4.64 0.84 0.026
KG1 98004463 19980402 198 6.68 38.1 8.1 12 0.23 | 786 | 0.005 | 11.2 | 0.008 | 33.2 | 5.17 9.59 0.01
DL16 98004700 19980402 278 6.93 57.3 8.6 13.2 | 0.3 94.2 | 0.006 | 22.5 | 0.007 | 54.8 | 5.75 15.18 [ 0.011
DL15 98004645 19980402 238 6.96 43 10.1 | 13.3 | 0.27 | 89.5 | 0.005 | 14.7 | 0.005 | 42.6 | 5.17 14.81 | 0.01
DL17 98004580 19980402 266 6.69 47.9 119 | 167 | 0.26 | 98.9 | 0.001 | 24.6 | 0.007 | 42.7 | 5.7 14.43 | 0.009
C/S 98004554 19980402 130 7.11 17.6 3.4 9.2 0.29 | 26.8 | 0.008 | 12 0.008 | 43.3 | 17.81 | 7.85 0.012
TABLE A-9: TRACE ELEMENT CHEMISTRY — RESAMPLING BY DWAF — MARCH 1998

S NAME | T Al Fe Mn Be | Cd Co| Cr Cu As Hg| B Mo Ni Pb Ti
T/W <0.02 0.113 1.74 <0.002 <0.003| <0.002| <0.05 <0.003| <0.005 | <0.006| <0.05
VG3 0.026 <0.003 0.143 <0.002 <0.003| <0.002| <0.05 <0.003| <0.005 | <0.006| <0.05
VV-notch <0.02 0.011 <0.001 <0.002 <0.003| <0.002| <0.05 <0.003| <0.005 | <0.006| <0.05
KG1 <0.02 0.248 1.114 <0.002 <0.003| <0.002| <0.05 <0.003| <0.005 | <0.006| <0.05
C/S <0.02 0.508 2.5 <0.002 <0.003| <0.002| <0.05 <0.003| <0.005 | <0.006| <0.05
DL17 <0.02 <0.003 <0.001 <0.002 <0.003| <0.002| <0.05 0.017 | <0.005 | <0.006| <0.05
RF2 <0.02 <0.003 <0.001 <0.002 0.003 | <0.002| <0.05 <0.003| <0.005 | <0.006| <0.05
VR7 <0.02 <0.003 <0.001 <0.002 <0.003| <0.002| <0.05 <0.003| <0.005 | <0.006| <0.05
DL15 <0.02 <0.003 0.577 <0.002 <0.003| <0.002| <0.05 0.031 | <0.005 | <0.006| <0.05
DG110 <0.02 0.128 3.222 <0.002 <0.003| <0.002| <0.05 <0.003| <0.005 | <0.006| <0.05
VR11 <0.02 <0.003 <0.001 <0.002 <0.003| <0.002| <0.05 <0.003| <0.005 | <0.006| <0.05
DL16 <0.02 <0.003 0.322 <0.002 <0.003| <0.002| <0.05 0.077 | <0.005 | <0.006| <0.05
LD2 <0.02 <0.003 <0.001 <0.002 <0.003| <0.002| <0.05 <0.003| <0.005 | <0.006| <0.05
MV-notch 0.121 0.123 <0.001 <0.002 <0.003| <0.002| <0.05 0.005 | <0.005 | <0.006| <0.05
DP28 3.67 0.647 1.797 0.1 <0.003| <0.002| <0.05 0.004 | <0.005 | 0.507 | <0.05
WBG 0.022 0.902 0.958 <0.002 <0.003| <0.002| <0.05 0.02 <0.005 | <0.006| <0.05
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HYDROGEOLOGY OF THE TABLE MOUNTAIN SANDSTONE AQUIFER — KLEIN KAROO

TABLE A-10: MACRO ELEMENT CHEMISTRY — MONITORING BOREHOLES VERMAAKS RIVER

Sample H-NO DATE EC TDS pH Na Mg Ca F Cl NO3 SO4 | P TAL | Si K NH4

G40174 147M | 97017656| 19970918| 22.7 | 121 7.28 20.8 3.1 12.2 | 0.16 32.2 | 0.232 | 10.6 | 0.019 | 31.7 | 469 | 1.94 | 0.189
G40175 51M 97026013| 19971106| 17.7 | 94 6.97 14.5 1.8 9.8 0.09 219 [ 0.011 | 11.7 | 0.015 | 27 457 | 1.12 | 0.023
G40175A 23M | 97026025 19971106 16.8 | 96 7.06 15.2 1.6 9.7 0.1 225 | 0.007 | 14.8 | 0.016 | 25.3 | 4.46 | 1.06 | 0.018
G40175A 27M | 98006265| 19980123| 14.1 | 78 6.78 13.5 2.3 3.2 0.11 22 0.195 | 8.7 0.019 | 209 | 4.44 | 1.43 | 0.305
G40175A 60M | 98006277| 19980127| 12.1 | 73 6.71 11.9 1.5 3.5 0.08 16.9 | 0.008 | 9.8 0.013 | 21.6 | 2.27 | 255 | 0.021
G40175A 84M | 98006319| 19980203| 11 67 6.55 12.7 21 3.5 0.08 21.3 | 0.02 12.1 | 0.006 | 10.6 | 4.16 | 1.82 [ 0.019
G40175B 115M| 97026001| 19971106 11.8 | 57 6.2 13.8 1.6 2 0.07 20.9 [ 0.006 | 8.6 0.023 | 71 443 | 1.08 | 0.025
G40175C 126M| 97025999| 19971112| 12.4 | 60 6.63 13.4 1.7 2.3 0.07 20.8 [ 0.015 | 9.6 0.032 | 8.7 455 [ 1.15 | 0.029
G40176 42M 98006289| 19980204| 14.2 | 69 6.99 14.1 2 2.9 0.07 23.2 | 0.211 | 7.3 0.009 | 139 | 2.62 | 1.07 | 0.066
G40176A 119M| 98006290| 19980206| 18.2 | 111 7.43 15.5 2.2 10.1 | 0.05 22,7 | 0.401 | 12.3 | 0.07 35.6 | 5.01 | 3.03 | 0.084
G40176B 150M| 98006307| 19980207| 19 109 7.16 15.1 2.2 11.2 | 0.11 215 | 0.014 | 81 0.02 393 | 5 2.74 | 0.031
G40177 92M 98006253| 19980210 45 245 6.85 40.4 7.1 17.7 | 0.22 85.3 | 0.005 | 39.1 | 0.007 | 33.2 | 21 14.1 | 0.019
G40177B 150M| 98006344| 19980218| 37.6 | 245 7.56 40.9 6.9 17.7 | 0.24 85.6 | 0.065 | 37.8 | 0.008 | 33.9 | 2.13 | 14.62| 0.043
G40178 54M 98006320| 19980219 109.9| 641 6.92 135.2 | 276 | 37 0.31 230.1| 0.013 | 115.4| 0.011 [ 73.7 | 15.16| 4.86 | 0.374
G40178 120M | 98006332| 19980220| 155 1084 | 7.89 232.8 | 431 | 73.4 | 0.46 395.2| 0.021 | 220.5| 0.017 | 88.8 | 13.85| 9.67 | 0.111
G40171 98010852 19980513| 13.6 | 64 6.59 14.3 21 3.8 0.08 20.6 | 0.317 | 5.6 0.031 | 12.9 | 4.39 | 0.59 [ 0.008
G40172 98010864 19980513| 13.3 | 64 6.45 15.6 2.3 2.5 0.08 216 | 0.39 8.3 0.053 | 94 4.4 0.74 | 0.017
G40173 98010876| 19980513| 12.9 | 56 6.31 14.6 2 2.2 0.07 205 | 0171 | 5.6 0.016 | 8.2 4.03 | 0.74 | 0.001
G40175A 98010888| 19980513 13.2 | 57 6.18 13.6 24 24 0.09 19.7 | 0.098 | 10.8 | 0.014 | 51 4.59 | 0.99 [ 0.012
G40176 98010890| 19980513| 13.5 | 58 6.37 13.7 24 2.9 0.09 191 | 0.223 | 7 0.03 9 463 | 0.8 0.041
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HYDROGEOLOGY OF THE TABLE MOUNTAIN SANDSTONE AQUIFER — KLEIN KAROO

TABLE A-11: TRACE ELEMENT CHEMISTRY — MONITORING BOREHOLES VERMAAKS RIVER

Sample Date H-NO Fe Mn Be| Cd Co | Cr Cu As Hg | B Mo Ni Pb
G40174 147M 18-Sep-97

G40175 51M 06-Nov-97 97026050| <0.003 | 0.114 <0.002 <0.003| <0.002| <0.05 <0.003 | <0.005| <0.006| <0.015
G40175A 23M 06-Nov-97 97026062| 0.306 0.139 <0.002 <0.003| <0.002| <0.05 <0.003 | <0.005| <0.006| <0.015
G40175A 27M 23-Jan-98 98006368| <0.003 | 0.093 <0.002 <0.003| <0.002| <0.05 <0.003 | <0.005| <0.006| <0.015
G40175A 60M 27-Jan-98 98006370 <0.003 | 0.309 <0.002 <0.003| <0.002| <0.05 <0.003 | <0.005| <0.006| <0.015
G40175A 84M 03-Feb-98 98006411| <0.003 | 0.507 <0.002 <0.003| <0.002| <0.05 <0.003 | <0.005| 0.013 | <0.015
G40175B 115M | 06-Nov-97 97026049| <0.003 | 0.17 <0.002 <0.003| <0.002| <0.05 <0.003 | <0.005| <0.006| <0.015
G40175C 126M | 12-Nov-97 97026037| 0.068 0.196 <0.002 <0.003| <0.002| <0.05 <0.003 | <0.005| <0.006| <0.015
G40176 42M 04-Feb-98 98006381| <0.003 | 0.502 <0.002 <0.003| <0.002| <0.05 <0.003 | <0.005| <0.006| <0.015
G40176A 119M | 06-Feb-98 98006393| <0.003 | <0.001 <0.002 <0.003| <0.002| <0.05 <0.003 | <0.005| <0.006| <0.015
G40176B 150M | 07-Feb-98 98006400| 0.224 0.023 <0.002 <0.003| <0.002| <0.05 <0.003 | <0.005| <0.006| <0.015
G40177 92M 10-Feb-98 97006356| <0.003 | 2.14 <0.002 <0.003| <0.002| <0.05 <0.003 | <0.005| <0.006| <0.015
G40177B 150M | 18-Feb-98 98006423| <0.003 | 1.741 <0.002 <0.003| <0.002| <0.05 <0.003 | <0.005| <0.006| <0.015
G40178 54M 19-Feb-98 98006447| <0.003 | 3.442 <0.002 <0.003| <0.002| <0.05 <0.003 | <0.005| <0.006| <0.015
G40178 120M 20-Feb-98 98006435| <0.003 | 7.2 <0.002 <0.003| <0.002| <0.05 0.041 <0.005| <0.006| <0.015
G40171 01-May-98 98011030| 0.136 <0.001 <0.002 <0.003| <0.002| <0.05 0.041 <0.005| <0.006| <0.015
G40172 01-May-98 98011042| 0.136 <0.001 <0.002 <0.003| <0.002| <0.05 0.041 <0.005| <0.006| <0.015
G40173 01-May-98 98011054| 0.248 0.157 <0.002 <0.003| <0.002| <0.05 0.041 <0.005| <0.006| <0.015
G40175A 01-May-98 98011066| <0.003 | 0.186 <0.002 <0.003| <0.002| <0.05 0.041 <0.005| <0.006| <0.015
G40176 01-May-98 98011078| <0.003 | 0.013 <0.002 <0.003| <0.002| <0.05 0.041 <0.005| <0.006| <0.015
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HYDROGEOLOGY OF THE TABLE MOUNTAIN SANDSTONE AQUIFER — KLEIN KAROO

TABLE A-12: ENVIRONMENTAL ISOTOPE DATA — MONITORING BOREHOLES - VERMAAKS RIVER

Lab No Sample Date 018 DEUT
March Series
(G4487 G40174 147M 18-Sep-97 -6.7 -38
(G4488 G40175 06-Nov-97 -7.0 -41
G4489 G40175A 23M 06-Nov-97 -7.1 -39
G4490 G40175A 27M 23-Jan-98 -7.2 -39
G4491 G40175A 60M 27-Jan-98 -7.2 -39
(4492 G40175A 84M 03-Feb-98 -7.0 -38
G4493 G40175B 115M | 06-Nov-97 -7.0 -40
G4494 G40175C 126M | 12-Nov-97 -7.0 -40
G4495 G40176 42M 04-Feb-98 -7.5 -43
G4496 G40176A 119M | 06-Feb-98 -7.3 -43
G4497 G40176B 150M | 07-Feb-98 -7.3 -46
G4498 G40177 92M 10-Feb-98 -7.3 -45
G4499 G40177B 150M | 18-Feb-98 -7.3 -40
G4500 G40178 54M 19-Feb-98 -7.0 -41
G4501 G40178 120M 20-Feb-98 -7.3 -42
May series
G4502 G40171 01-May-98 -7.2 -42
G4503 G40172 01-May-98 -7.3 -42
G4504 G40173 01-May-98 -7.7 -45
G4505 G40175A 01-May-98 -7.3 -42
ARTESIAN
G4506 G40176 01-May-98 -7.4 -44
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HYDROGEOLOGY OF THE TABLE MOUNTAIN SANDSTONE AQUIFER — KLEIN KAROO

TABLE A-13: MACRO ELEMENT CHEMISTRY —SAMPLING SURVEY, JUNE 1998 - KOTZE

S_NO H-NO DATE EC TDS | pH Na Mg Ca F Cl NO3 S04 P TAL Si K NH4
SBH1 98014602 19980617 | 50.8 | 246 | 5.96| 62.9 | 7.8 7.7 0.12 | 130.6 | 0.041 10.5 0.007 | 151 9.2 | 7.57 0.074
SBH2 98014614 19980617 | 256.5 | 110 | 5.85( 30.8 | 4.1 2.9 0.13 | 56.2 0.35 5.6 0.007 | 51 5.56 | 2.62 0.001
HUISRIV1 98014626 19980618 | 9.7 48 728 11.2 | 1.8 1.3 012 | 15 0.106 8 0.008 | 8.3 298] 0.35 0.009
HUISRIVN 98014638 19980618 | 9.3 34 7.22| 109 | 1.6 1.1 0.11 13.8 0.113 4.7 0.008 | 1.1 3.05| 0.48 0.02
HUISRIVS 98014640 19980618 | 9.6 59 6.72| 105 | 2.4 2.4 0.1 11.1 0.115 23.5 0.015 | 5.6 3.17 | 1.16 0.038
V/S BH 98014651 19980619 | 26.4 | 138 | 6.59| 17.7 | 6.7 5.7 0.18 | 36.8 0.007 13.9 0.009 | 36.7 6.38 | 12.49 | 0.041
V/Sfontein 98014663 19980619 | 37.7 | 203 | 6.86| 53.5 | 7 3.2 0.15 | 80.2 0.14 22.6 0.01 28.7 0.27 ] 0.95 0.002
WK4 98014675 19980622 | 26 121 | 547 | 31.3 | 44 3.5 0.12 | 58 0.513 13.6 0.041 | 54 5.02 | 1.08 0.04
VG3 98014687 19980623 | 20.6 | 92 523] 236 | 3.3 24 0.11 [ 38.9 0.906 18.3 0.008 | 0.6 4.74] 0.82 0.07
DR2 98014699 19980624 | 32.3 | 217 | 6.9 | 25.9 | 4.8 26.2 | 0.25 | 43.5 0.011 45.8 0.024 | 49.3 9.56 | 9.71 0.034
WN3 98014705 19980625 | 256.1 | 143 | 5.76| 30.1 | 4.6 8.7 0.15 | 50.8 0.088 31.6 0.012 | 8.5 7.69| 6.46 0.067
MEIRINP 98014717 19980626 | 3 12 6.83 | 3.6 0.6 0.6 0.1 4.1 0.012 2.7 0.008 | 0.1 146 | 0.24 0.006
SL2 98014729 19980701 | 83.7 | 473 | 6.23| 54.9 | 199 | 574 | 0.13 | 126.7 | 0.007 158.6 | 0.008 | 34.1 13.5| 13.18 | 0.011
YR2 98014730 19980630 | 18.1 | 97 5.6 194 | 3.1 7 0.1 31.5 0.083 201 0.029 | 8.7 732 4.7 0.05
KOUTIEF 98014742 19980629 | 10.7 | 62 6.69( 11.8 | 2.1 2.1 0.09 | 15.2 0.003 19.3 0.033 | 6.4 7.27 | 2.93 0.105
WK3 98014754 19980702 | 17.4 | 104 | 584 | 23.8 | 3.4 2.6 0.09 | 39.8 0.249 241 0.041 | 6.1 5.05| 1.61 0.005
RF8 98014766 19980629 | 10.4 | 60 5.33] 148 | 1.6 1.7 0.09 [ 19.9 0.205 15.7 0.011 | 3.9 4.7 | 0.62 0.003
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HYDROGEOLOGY OF THE TABLE MOUNTAIN SANDSTONE AQUIFER — KLEIN KAROO

TABLE A-14 - TRACE ELEMENT CHEMISTRY SAMPLING SURVEY JUNE 1998 - KOTZE

S NO H-NO DATE Al Fe Mn Cd Cr Cu As B Mo Ni Pb Sr Ba \4 Zn
SL2 98014894 19980617 | <0.02 <0.005 | 3.085 <0.005 | <0.005 [ <0.005 [ <0.03 <0.005 | <0.07 <0.007 | <0.03 0.558 0.152 <0.005 [ 0.079
VG3 98014857 19980617 | 0.059 0.009 0.247 <0.005 | <0.005 | 0.011 <0.03 <0.005 | <0.07 0.031 <0.03 0.039 <0.002 [ 0.018 0.032
WK4 98014845 19980618 | <0.02 <0.005 | 0.043 <0.005 | <0.005 [ <0.005 [ <0.03 <0.005 | <0.07 <0.007 | <0.03 0.009 <0.002 [ <0.005 [ <0.005
RF8 98014948 19980618 | <0.02 <0.005 | <0.001 [ <0.005 | <0.005 | <0.005 | <0.03 <0.005 | <0.07 <0.007 | <0.03 0.007 <0.002 [ <0.005 | <0.005
WK3 98014936 19980618 | <0.02 <0.005 | 0.421 <0.005 | <0.005 | <0.005 | <0.03 <0.005 | <0.07 <0.007 | <0.03 0.012 0.01 <0.005 | <0.005
WN3 98014870 19980619 | <0.02 <0.005 | 0.803 <0.005 | <0.005 | <0.005 | <0.03 <0.005 | <0.07 <0.007 | <0.03 0.095 0.016 <0.005 [ 0.016
SBH1 98014778 19980619 | <0.02 <0.005 | 0.575 <0.005 | <0.005 | <0.005 [ <0.03 <0.005 | <0.07 <0.007 | <0.03 0.102 0.123 <0.005 | <0.005
SBH2 98014780 19980622 | <0.02 <0.005 | <0.001 [ <0.005 | <0.005 | <0.005 | <0.03 <0.005 | <0.07 <0.007 | <0.03 0.029 0.028 <0.005 | 0.064
DR2 98014869 19980623 | <0.02 <0.005 | 0.947 <0.005 | <0.005 [ <0.005 [ <0.03 <0.005 | <0.07 <0.007 | <0.03 0.216 0.107 <0.005 | 0.007
MeiringP 98014882 19980624 | <0.02 <0.005 | <0.001 [ <0.005 | <0.005 | <0.005 | <0.03 <0.005 | <0.07 <0.007 | <0.03 <0.001 [ <0.002 [ <0.005 [ <0.005
YRI 98014912 19980625 | <0.02 <0.005 | 0.18 <0.005 | <0.005 [ <0.005 [ <0.03 <0.005 | <0.07 <0.007 | <0.03 0.058 0.048 <0.005 | <0.005
KoutieFon | 98014924 19980626 | <0.02 <0.005 | <0.001 [ <0.005 | <0.005 | <0.005 | <0.03 <0.005 | <0.07 <0.007 | <0.03 0.11 <0.002 [ <0.005 [ <0.005
V/S BH 98014821 19980701 | <0.02 <0.005 | 2.596 <0.005 | <0.005 | <0.005 | <0.03 <0.005 | <0.07 <0.007 | <0.03 0.052 0.042 <0.005 | 0.422
V/S Fon 98014833 19980630 | 0.197 0.006 <0.001 [ <0.005 | <0.005 | <0.005 | <0.03 <0.005 | <0.07 <0.007 | <0.03 0.035 <0.002 [ <0.005 [ <0.005
HuisR 1 98014791 19980629 | 0.064 0.009 <0.001 [ <0.005 | <0.005 | <0.005 | <0.03 <0.005 | <0.07 <0.007 | <0.03 0.006 <0.002 [ <0.005 | <0.005
HuisRS 98014810 19980702 | <0.02 <0.005 | <0.001 [ <0.005 | <0.005 | <0.005 | <0.03 <0.005 | <0.07 <0.007 | <0.03 0.011 <0.002 [ <0.005 [ <0.005
HuisRN 98014808 19980629 | 0.087 0.025 <0.001 [ <0.005 | <0.005 | <0.005 | <0.03 <0.005 | <0.07 <0.007 | <0.03 0.005 <0.002 [ <0.005 [ <0.005

Johanita Kotze Page A-13 PHD




HYDROGEOLOGY OF THE TABLE MOUNTAIN SANDSTONE AQUIFER — KLEIN KAROO

TABLE A-15: ENVIRONMENTAL ISOTOPE DATA — SAMPLING SURVEY JUNE 1998 - KOTZE

Laboratory | Location Oxygen-18 | Deuterium Carbon-14 | tritium
Number (o/oo0) (o/oo0) (pMC) (TU)
WKK 40 Scheeperskraal 143.9 0.310.4
WKK 41 VG 3 -8.02 -55.1 65.712.3

WKK 42 WK4 -7.23 -50.9 70.442.3

WKK 43 RF8 -7.23 -40.8 82.4+2.4

WKK 44 WK3 -7.21 -50.6 68.2+2.3

WKK 45 WN3 -7.65 -53.2 84.412.5

WKK 46 SBH 1 -7.01 -49.5 53.7+2.2

WKK 47 SBH 2 -5.55 -38.4 88.11£2.5

WKK 48 Diep R -6.98 -46.5

WKK 49 Meiringspoort -5.79 -39.3

WKK 50 YR 1 -6.93 -47 .4

WKK 51 Koutie Fontein -6.59 -43.5

WKK 52 V/S BH -8.10 -50.6

WKK 53 V/S Spring -3.19 -32.6

WKK 54 SL2 -7.03 -49.1

WKK 55 Huis R Sping -6.58 -42.6

WKK 56 Huis R 1 -6.52 -39.9

WKK 57 Huis R Nardouw -6.69 -43.3
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HYDROGEOLOGY OF THE TABLE MOUNTAIN SANDSTONE AQUIFER — KLEIN KAROO

TABLE A-16: ENVIRONMENTAL ISOTOPE AND CHLORIDE ANALYIS OF
RAIN SAMPLES TAKEN IN THE LITTLE KAROO

Lab Rainfall Location Oxygen-18 Deterium| Chloride
Number (o/o0) (o/o0) mg/I
WKK 58 | DL 13 25 Aug 98 15h03 Rain -4.38 -30.7 <10
WKK 59 | Wildebeesvlakte 25 Aug 98 | Rain -6.49 -29.8 <10
WKK 60 | VG 3 25 Aug 98 Rain -4.21 -25.8 <10
WKK 61 | DP 25 25 Aug 98 Rain -4.25 -25.4 20

WKK 62 | V Keep 25 Aug 98 Rain -4.54 -22.4 <10
WKK 63 | KG 1 25 Aug 98 Rain -4.61 -26.7 <10
WKK64 | Parshall 25 Aug 98 Rain -5.90 -30.7 <10

Parshall 5 Dec 95 Rain -4.50 -28
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| HYDROGEOLOGY OF THE TABLE MOUNTAIN SANDSTONE AQUIFER — KLEIN KAROO

TABLE A-17: ENVIRONMENTAL ISOTOPE DATA — SIMONIC, DWAF

CAPE SPRINGS 101 VLAKFONTEIN MIDDELBURG 04/25/94 -3.9 -24
CAPE SPRINGS 134 JOUBERTINA BH HE2 05/04/94 -6.3 -36
CAPE SPRINGS 139 MORESTER BH NF12A 05/05/94 -4.3 -22
CAPE SPRINGS 8021 BURGERSVILLE SPR 04/19/94 -3.8 -23
CAPE SPRINGS 8043 CRADOCK 04/22/94 -7.0 -46
CAPE SPRINGS 8090 MURRAYSBURG 04/20/94 -4.4 -36
TMS TM1 KNYSNA MUNICIPAL FORES 07/04/94 -4.4 -19
TMS TM2 YZERNEK COMMONAGE 07/04/94 -4.6 -19
TMS TM3 KRANTZBOSCH FOREST RES 07/04/94 -4.9 -22
TMS TM4 UITVLUGT 07/04/94 -5.2 -25
TMS TM5 ANNEX VLUGT 07/04/94 -5.7 -29
TMS TM6 KRANZ BERG 07/04/94 -6.1 -31
TMS TM7 GOLD DIGGINS 07/04/94 -7.2 -41
TMS TM8 GOLD DIGGINS 07/04/94 -7.3 -44
TMS TM9 NOITGEDACHT 07/04/94 -6.8 -41
TMS TM9B NOITGEDACHT 07/04/94 -6.9 -38
TMS TM10 VOET PADSBERG 07/05/94 -5.8 -34
TMS TM11 DE WETS VLEY 07/05/94 -6.1 -34
TMS TM12 ALBERT BERG 07/05/94 -5.3 -29
TMS TM13 NOOITGEDAGT 07/05/94 -5.5 -32
TMS TM14 MALGASKRAAL 07/06/94 -3.6 -15
TMS TM15 MALGASKRAAL 07/06/94 -3.9 -16
TMS TM16 NORTH STATION 07/06/94 -4.6 -20
TMS TM17 07/06/94 -7.2 -43
TMS TM18 DANIELS KRAAL 07/06/94 -6.5 -37
TMS TM19 DANIELS KRAAL 07/06/94 -6.4 -39
TMS TM20 KLEINBERG 07/06/94 -6.1 -37
TMS TM21 TOWERKOP STAATBOS 07/06/94 -6.8 -44
TMS TM22 TOWERKOP STAATBOS 07/06/94 -4.8 -29
TMS TM23 TIGERKLOOF 07/06/94 -6.7 -36
TMS TM24 KRISTAL KLOOF 07/07/94 -5.4 -28
TMS TM25 KRISTAL KLOOF 07/07/94 -3.8 -20
TMS TM26 THE CAMP 07/07/94 -3.9 -18
TMS TM27 PLAAS 07/07/94 -4.0 -16
TMS TM28 PLAAS 07/07/94 -4.3 -18
TMS TM29 NORTH STATION 07/07/94 -4.5 -18
TMS TM30 NORTH STATION 07/07/94 -5.3 -25
TMS TM31 FARM 07/08/94 -6.1 -34
TMS TM32 ROODEBERG 07/08/94 -6.3 -34
TMS TM33 GOREE 07/08/94 -5.5 -25
TMS TM34 GEVONDEN 07/08/94 -3.8 -24
TMS TM35 07/08/94 -4.5 -21
TMS TM36 DU TOIT KLOOF POORT 07/08/94 -4.7 -23
TMS TM37 DU TOIT KLOOF POORT 07/08/94 -4.2 -17
TMS TM38 DU TOIT KLOOF POORT 07/08/94 -4.7 -22
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HYDROGEOLOGY OF THE TABLE MOUNTAIN SANDSTONE AQUIFER — KLEIN KAROO

TABLE A-18: MACRO ELEMENT CHEMISTRY — TMG SAMPLING PROGRAM - SIMONIC, DWAF

S_NO | H-NO DATE TDS | pH Na Mg Ca F Cl NO3 SO4 | P TAL Si K NH4
T™1 94013287 | 19940704 232 5.92 64.8 103 | 2.7 0.2 124.6 0.041 16.4 | 0.04 9.1 4.28 1.91 0.028
TM2 94013299 | 19940704 48 5.8 12.4 1.8 1.3 0.19 23.1 0.03 4.6 0.02 3.2 2.44 0 0.011
TM3 94013305 | 19940704 113 6.25 31 3.6 2.8 0.18 54.9 0.515 5.5 0.024 | 10.7 3.05 0 0.036
TM4 94013317 | 19940704 188 6.39 48.6 5.9 7.7 0.18 99.7 0.058 6.9 0.034 | 15 3.32 0 0
TM5 94013329 | 19940704 73 6.29 18.9 2.1 2.2 0.18 36.6 0.025 5.3 0.111 | 6.1 3.74 0 0.001
TM6 94013330 | 19940704 33 6.11 8.2 1.3 0.9 0.18 14.3 0.024 3 0.044 | 4.3 2.18 0 0
TM7 94013342 | 19940704 75 6.6 16.3 2.5 3.9 0.18 32 0.041 4.7 0.079 | 121 3.69 0.13 | 0.028
TM8 94013354 | 19940704 80 6.18 18 3.1 2.5 0.17 37.7 0.02 3.5 0.027 | 9.7 3.72 2.82 | 0.001
TM9 94013366 | 19940704 115 6.86 11.6 3.4 10.1 0.31 21.5 0.029 5 0.02 45.6 13.86 | 6.95 | 0.021
TM10 | 94013378 | 19940705 117 7.12 9.9 5.6 13.3 0.59 15 0.025 14.7 | 0.061 | 47.5 2.27 0.16 | 0.008
TM11 | 94013380 | 19940705 20 7.52 1.9 0.8 0.9 0.3 4.1 0.033 5.6 0.12 4.7 0.98 0 0.002
TM12 | 94013391 | 19940705 19 6.86 1.5 0.9 1.1 0.23 3.7 0.038 6.3 0.107 | 3.8 0.65 0 0.038
TM13 | 94013408 | 19940705 410 7.74 18.9 10.7 | 69.6 0.25 27.2 0.363 14.8 | 0.081 | 218.7 | 4.6 0.24 | 0.008
TM14 | 94013410 | 19940706 55 4.72 10.8 2 2 0.23 211 0.042 11.7 | 0.142 | 4.9 1.97 0 0.075
TM15 | 94013421 | 19940706 52 5.24 11.4 2.2 1 0.21 22.8 0.037 8.2 0.109 | 4.9 3.03 0 0.027
TM16 | 94013433 | 19940706 53 5.95 13 2.3 1.2 0.19 26.6 0.035 5.1 0.098 | 3.5 2.72 0 0.027
TM17 | 94013445 | 19940706 62 6.19 13.1 2.2 2.3 0.2 24.4 0.311 5.1 0.113 | 10.7 3.88 0.28 | 0.021
TM18 | 94013457 | 19940706 219 7.19 36.2 8.2 11.6 0.37 80.6 0.046 14.8 | 0.039 | 43.7 4.91 13.05| 0.004
TM19 | 94013469 | 19940706 349 7.28 70.6 11.3 | 15.7 0.76 131.3 0.027 26.9 | 0.032 | 624 5.47 15.93| 0.013
TM20 | 94013470 | 19940706 219 7.24 41.8 9.2 11.7 0.53 92.4 0.025 20.6 | 0.039 | 28 4.71 8.4 0.01
TM21 94013482 | 19940706 59 6.6 13 2.2 1.5 0.33 25.2 0.03 10.2 | 0.105 | 51 4.71 0.02 | 0.036
TM22 | 94013494 | 19940706 45 6.99 8.8 2.7 1.4 0.24 20.8 0.04 5.8 0.105 | 4 2.41 0 0.018
TM23 | 94013500 | 19940706 23 6.58 2.8 1.1 1.3 0.22 5.8 0.075 2.8 0.161 | 6.5 3.65 0 0.011
TM24 | 94013512 | 19940707 52 6.59 12.5 2.2 1 0.21 24.4 0.027 7 0.094 | 3.8 2.73 0 0.006
TM25 | 94013524 | 19940707 49 7.42 11.8 1.9 1.4 0.19 21.9 0.035 5.1 0.084 | 5 2.57 0 0.016
TM26 | 94013536 | 19940707 140 5.72 4.7 1 4.7 0.19 11.2 0.038 96.9 | 0.134 | 17.2 1.45 0 0.051
TM27 | 94013548 | 19940707 62 6.02 12.8 2.3 1.8 0.19 24.3 0.033 12.7 | 0.099 | 5.8 3.57 0.5 0.052
TM28 | 94013550 | 19940707 38 6.02 8.1 1.6 0.7 0.49 15.2 0.042 6.3 0.095 | 44 3.57 0 0.052
TM29 | 94013561 | 19940707 41 6.08 10.2 1.9 0.6 0.26 19.4 0.029 4.4 0.073 | 3.3 3.35 0 0.011
TM30 | 94013573 | 19940707 43 6.78 10.7 2.1 0.8 0.22 20.1 0.045 3.7 0.106 | 3.6 3.57 0 0.023
TM31 94013585 | 19940708 117 7.27 33.1 3.9 2.9 0.21 63.9 0.058 7 0.079 | 45 4.67 0.27 | 0.038
TM32 | 94013597 | 19940708 111 7.8 19 6 4 0.26 39 <0.04 6 0.102 | 27 5.1 3.6 <0.04
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HYDROGEOLOGY OF THE TABLE MOUNTAIN SANDSTONE AQUIFER — KLEIN KAROO

TABLE B-18 (CONTINUE)

S_NO | H-NO DATE TDS | pH Na Mg Ca F Cl NO3 SO4 | P TAL Si K NH4

TM33 | 94013603 | 19940708 97 7.3 23 5 1 0.26 44 <0.04 7 0.073 | 13 3.5 <0.03| <0.04

TM34 | 94014279 | 19940708 21 7.8 3 <1 <1 0.17 6 0.06 <4 0.012 | 6 1.4 <0.3 | <0.04

TM35 | 94014280 | 19940708 20 7.3 3 <1 <1 0.5 5 <0.04 <4 0012 | 7 0.9 <0.3 | <0.04

TM36 | 94014267 | 19940708 21 7.2 2 <1 1 0.2 5 <0.04 <4 0.01 7 1.4 <0.3 | 0.05

TM37 | 94014280 | 19940708 29 7.8 5 <1 2 1.08 7 <0.04 5 0.012 | 6 0.6 <0.3 | <0.04
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APPENDIX B: BACKGROUND INFORMATION
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HYDROGEOLOGY OF THE TABLE MOUNTAIN SANDSTONE AQUIFER — KLEIN KAROO

B-1: BACKGROUND INFORMATION : CARBON-13 AND 14
e Evolution of Carbon in groundwater

Most fresh groundwater originates as meteoric water, in most cases infiltrating through the
soils into the geosphere (Clark et al., 1997). In infiltrating through soil groundwater dissolved

inorganic carbon (DIC) increases along the way by solution of CO,, and evolves through the

weathering of carbonate and silicate parent material.

As carbonate acidity is “consumed” by weathering, the pH increases and the distribution of

dissolved inorganic species shifts towards bicarbonate (HCO3 ) and carbonate (CO32_). The

groundwater generally approaches equilibrium with calcite, whose solubility will control pH

and the equilibrium of carbonate species.

At the same time, labile organic matter from the soil can be dissolved. Oxidation of
dissolved organic matter (DOC) is initially caused by aerobic bacteria, using O,. If the supply

of DOC is exhausted before the is O, consumed, then the redox conditions will not evolve

much further unless an another electron donor in the system is found, i.e. ferrous iron
materials, sulphides, etc.. If an excess of DOC accompanies the groundwater below the water

table and beyond the influence of atmospheric O,, then anaerobic bacteria will consume it

using electron acceptors, i.e. NO3 , Fe3™- oxyhydroxides or SO42-. Ultimately, methanogenic

reactions can take place. The redox evolution is accompanied by mineral dissolution and
precipitation reactions that affect the mass balance of dissolved solids and the distribution of

isotopes.

All sources of carbon are linked through these acid-base and redox reactions, which are most

often mediated by bacteria. Bacterial involvement is important for two reasons:

1. Bacteria derive their energy from redox reactions and therefore act as catalysts, speeding
up reactions that are otherwise kinetically impeded;
2. Bacteria are isotopically selective, preferring to break the weaker, light-isotope bonds.

Bacteria mediated reactions are then accompanied by large isotope fractionations.

An understanding of the distribution of isotopes in the carbon cycle begins with a look at
carbonate geochemistry. Carbonate geochemistry involves acid-base reactions and the

determination of carbonate equilibria and state of mineral saturations (references include
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Garrels and Christ, 1965, Freeze and Cherry, 1979, Drever, 1997, Dominco and Schwartz,
1990 and Stumm and Morgan, 1996).

A detailed summary of carbonate geochemistry is available in Clark et al. (1997).

e Atmospheric and soil CO,

The atmosphere is the smallest global reservoir of carbon, with an average concentration of

360 ppmv (or partial pressure of 10-3'5). The short-term natural CO, concentration is largely

controlled by biologic activity (photosynthesis and respiration) in the oceans and continents.
Long-term variations are controlled by tectonism and weathering. The 813C of atmospheric

CO, was approximately —6.4 %o (Craig and Keeling, 1963; Friedli et al., 1986), but is now

decreasing due to the burning of fossil fuels.

When water infiltrates to the sub-surface, it equilibrates with soil CO,. Bacterial oxidation of

vegetation soils together with respiration of CO, in the root zone maintains CO, levels

between 1000 and 100 000 ppmv (Pcg, ~ 107 to 1071). These levels are considerably higher

than the ~ 360 ppmv of CO, in air today. Solution of soil CO, produces carbonic acid, which

lowers pH and increases the weathering capacity of groundwater. The amount of carbon
dioxide that can dissolve will depend on the geochemistry of the recharge environment: the

temperature and initial pH of the water, as well as the partial pressure of soil CO,.
e Dissolution of soil CO, and carbonate speciation

When COy, diffuses into water, it forms four main species of dissolved inorganic carbon

(DIC), i.e. dissolved or aqueous CO; (COy(yq)), carbonic acid or hydrated CO, (HyCO3),
bicarbonate or dissociated carbonic acid (HCO3") and carbonated or the second dissociation

species of carbonic acid CO32'.
Their distribution, or relative concentration, is a function of pH.

The concentrations of HCO3™ and CO32' together comprise carbonate alkalinity. The formal

definition of alkalinity is the concentration of dissolved species which act as proton (H')

acceptors and buffer pH, eg. Groundwater with a high HCO3™ concentration will consume
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acidity generated, by reversing the two dissociation reactions. The following species

dominates at various pH ranges

- At low pH H2C03;

At pH ranging between 6.4 and 10.3: HCO5';

At very alkaline conditions (high pH): CO32'.

pH buffering and mineral weathering

The higher the CO, concentration in the soil atmosphere, the lower will be the initial

groundwater pH. The low pH is then buffered by mineral weathering in the soil and upper

bedrock. Calcite dissolution is perhaps the most common and effective buffering reaction.

The alteration of silicate minerals to clays also consumes H, although these reactions

proceed more slowly.

Carbonate dissolution depends on the CO, concentration in the soil (the higher CO,

concentration, the greater will be the amount of calcite dissolved) and the degree of

“openness” between the groundwater and the soil atmosphere.

Under open system conditions, calcite dissolution proceeds with a constant supply of soil

CO,. Open system conditions are typical of the unsaturated zone where gas and aqueous

phases coexist. Under closed system conditions, the groundwater infiltrates through the soil
and reaches the saturated zone before it begins dissolving calcite. Here the groundwater is

closed off from the source of CO,. The fixed concentration of CO, gained in the soil is not

replenished as carbonate dissolution proceeds, and so the amount of dissolution and the final
DIC concentration will be lower. Closed system conditions are typical of recharge areas

where infiltration to the water table is fast.

Weathering of silicate minerals has a different effect on the carbonate system. The DIC is

derived solely from the CO, consumed by the alteration of feldspars such as albite, anorthite
to kaolinite. In such reactions, the only change to the carbonate system is the associated
increase in pH, which shifts the distribution of DIC species to the HCO3" field. For saturated
conditions (open system), additional CO, will be dissolved from the soil zone, while below

the water table (closed system) the extent of the reaction is limited, due to unavailability of

CO,. However, in both cases, the DIC is derived solely from the soil CO,.
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e Carbon-13 in the Carbonate System

Carbon-13 is an excellent tracer of carbonate evolution in groundwater, because of the large

variations in the various carbon reservoirs.
B-2: BACKGROUND INFORMATION : OXYGEN-18 AND DEUTERIUM
e Processes in the atmosphere

In the water cycle 90% of the atmospheric water flux takes place over the oceans and is
referred to as the marine part (Gat, 1996). Although the isotopic composition of marine
precipitation varies greatly depending on various factors, it is in general heavier (enriched in
180) than continental precipitation. As marine air progresses from the coast to the continents,
different marine air parcels will mix and homogenise, resulting in precipitation, which is
closely aligned along the so-called meteoric water lines (MWL). These are straight-lines with

a formula:
SZH =88 180+ d equation 1

Where d has been named the ‘deuterium excess’ parameter by Dansgaard (1964). The Global
Meteoric Water Line (GMWL) is one such meteoric water line with d = 10 %o (Craig 1961b).
The further removed from the vapour source, the more depleted (lighter, or enriched in 160)
the delta values of precipitation on each of the meteoric water lines becomes. Dansgaard
(1964) recognised four parameters, which determine this depletion in the isotopic values,

namely:

- The temperature effect: The isotopic composition of precipitation depends on the
temperature at which oceanic water is evaporated into air and even more important the
temperature of condensation at which clouds and rain or snow are formed. This effect
makes it possible to distinguish between winter and summer rainfall events recharging an
aquifer in areas (with summer and winter rainfall prevailing) where rainfall is not strongly
seasonal.

- The altitude effect. during an orographic rain event, the rain will become progressively
isotopically lighter as clouds ascend the mountain range, the ‘lightest rain’ will therefore
fall on the highest part of the mountain. A depletion in 8180 of —0.26 %o / 100 m was
measured in the Swiss Alps (Mazor, 1991).
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- The continental effect (distance from the coast), i.e. the clouds become progressively
more isotopically depleted (more negative d-values) away from the coast. Isotopically
heavy rain falls first, with remaining residual air masses becoming progressively lighter.

- The latitude effect — progressive isotopic depletion in the air masses away from the
equator.

- The amount effect. The greater the amount of precipitation, the more negative the 5180

signature, in general. Rainfall intensity may also play a role.

All the above are related to the rain-out of moisture from the atmosphere as a result of
cooling of the air mass and the temperature of condensation in the air mass (Yurtzever,
1975). Different air / sea interaction conditions at the source result in a series of parallel
meteoric water lines (each of slope 8). The ‘d’ parameter in each case relates to the moisture
source (Gat 1981), particular the moisture deficit above the interface of the air-masses’ origin
(Merlivat & Contiac, 1975). Particular regional MWL relating to local effective moisture
sources have been recognised, such as the eastern Mediterranean — MWL with d ~ 20 %o (Gat
& Carmi, 1970) and the Western Australian line with d ~ 14 %o, etc. Recent investigations in
the Western Cape Mediterranean region by Diamond (1997) has established the Western
Cape MWL at:

S2ZH=7388180+18.6 it equation 2
Further, the estimated mean rain line for Southern Africa (IAEA, 1981) is:
S2ZH =68 1804+ 5 equation 3

The isotopic signature of rain is therefore a function of isotopic exchange between falling
raindrops and ascending air in the cloud and the temperature at the cloud base (Gat, 1996),
erasing the very depleted signatures. The only exceptions to the above, where no isotopic
exchange occurs, applies to snow, hail and precipitation originating from strongly convective

systems, resulting in very depleted isotopic signatures.

An additional process, which can affect the isotopic composition of precipitation, is
evaporation of falling raindrops beneath the cloud base, leading to enrichment of the heavy
isotope species. The 6-values will lie on evaporation lines, which deviate from the MWL, in
that their slope is generally less than 8.

As seasons change, the isotopic signature of rainfall at any site will reflect two basic changes

in the rain pattern, namely:
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- The change in source characteristics over the ocean due to the seasonal change in ocean
temperature and air-sea interaction conditions, which primarily affects the ‘d” value;

- Secondly the different degrees of rainout during the different seasons, as dictated by the
temperature along the air mass trajectory, result in seasonal changes. Further, the
evaporative enrichment from falling raindrops, the admixture of re-evaporated moisture,

or the effects of snow and hail are also different for different seasons.
Processes associated with precipitation infiltration

The figure below shows the evolution of § 2H and § 180 associated with infiltrating rain

water.
5 2H

Evaporation Line
5180

Evaporation Line +

Thermal Water

As rain falls to the surface, a number of processes, take place, which modify the isotope
composition of precipitation. These processes depend on a combination of factors relating to
the terrain and rain event characteristics (e.g. amount, intensity ad intermittence) respectively.
In semi-arid areas, such as in the Little Karoo, plant cover is limited and direct evaporation
from temporary surface water impoundments that appear after stronger rains are expected to
produce the largest isotopic signal. Gat and Tzur (1967) calculated the change in isotopic
composition of infiltrating water for the climatic conditions of Israel to be < 1 %o 8180 for
soils with an infiltration capacity of <2 mm/h in summer versus ~ 2 %o & 180 for the same
soils in winter. These effects could be described as rainfall infiltration selectivity, due to

isotopic variations during storm events (Verhagen and Butler).
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In general, any open water bodies, i.e. a dam or river will be enriched in the heavy isotope

species (180), as a result of isotopic fractionation accompanying evaporation.
Processes taking place in groundwater

The isotopic composition of groundwater tends to reflect the isotopic composition of rain
water from which it is derived and the times spend in the unsaturated zone. If it was
recharged by direct infiltration via preferred pathways with minimum hold-up in the soil
cover, the isotopic signature of groundwater is very similar to the isotopic composition of the
infiltrating precipitation. Therefore the isotope composition of groundwater is a very useful
tool for identifying recharge areas (utilizing the geographic effects on the isotopic
composition of rain, such as the altitude effect), tracing mixing patterns and in particular the
intrusion of lake or seawater, which are enriched in heavy isotopes. Various recharge events
(different rainfall events), small and large scale, direct and indirect, will each imprint a

distinguishable stable isotopic signature on the recharged groundwater.

Environmental stable isotopes can to a very good approximation be regarded as conservative
tracers throughout the groundwater system. Isotopic exchange between groundwater and the
host rock becomes noticeable, at elevated temperatures of more than 80°C, resulting in an
‘oxygen shift’ towards more positive 3180 values. However, extrapolation of the isotopic
composition of such water (at constant 82H) makes it possible to identify the meteoric origin

of geothermal water.
B-3: THEORETICAL MODELS FOR FRACTURED AQUIFERS

Explanations for flow in fractured aquifers can be found in various theoretical models. The
summary provided below is partly adapted from reading material provided by Prof G. van
Tonder on a pump test analysis course for fractured aquifers. It is considered a very complete

summary available of theoretical models for fractured aquifers.

Muskat (1937) was one of the firsts who analysed the flow in fractured media. Gringarten
(1982) found from a comprehensive literature survey that three main approaches are generally

followed in theoretical models for fractured aquifers, i.e.:

- The deterministic approach, which is based on an accurate and detailed description of
individual fracture systems, and is mainly used for small-scale problems in geotechnical

engineering;
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The double-porosity medium approach, which assumes a uniform distribution of matrix
blocks and fissures throughout the aquifer (including single-fractured models and multi-
porosity / multi-permeability models);

The equivalent homogeneous aquifer approach, which considers only main trends of the
pressure behaviour of the fissured aquifer and tries to relate them to a known model of

lower complexity.

Theoretical models generally form the basis of type curves methods derived by various
researchers for the analysis of pumping test data of fractured aquifers. For a complete
description of all the different models, the reader is referred to Kotze (1993) and
Kruseman and De Ridder (1991). A short summary of the most important theoretical

models follow below:

The Double-porosity concept was introduced Barenblatt et al. (1960) and has been used
extensively in the petroleum field. Two approaches that differ in the manner, by which
flow from a block to a fissure occurs, have been taken. The first approach assumes that
flow occurs under pseudo-steady state conditions (Warren and Root, 1963); in the other
approach, the flow occurs under transient conditions from the block to the fracture
(Kazemi, 1969). Although the pseudo-steady state approach simplifies the mathematical
computations, it ignores some of the physics of the problem. This implies that the transient

approach is clearly superior from a theoretical standpoint.

Bourdet and Gringarten (1980) showed that the double-porosity behaviour of a fractured
aquifer only occurs in a restricted area around the pumped borehole. Outside that area
(i.e. for A-values greater than 1,78), the drawdown behaviour is that of an equivalent
porous medium. A simplified method of application of the Bourdet-Gringarten method is
as follows. It is based on matching both the early- and late-time data with the Theis-
curve, which yields values of Tf and Sf and Tf and Sf+Sm respectively (subscripts f and
m, denotes the transmissivity —T and Storativity — S, respectively). For this reason, a
typical field pumping test curve will just look like the Theis curve and it is thus very
tempting to use the Theis model to fit the field data.

The fracture skin concept was introduced by Moench (1984) - a thin skin of low-
permeability material deposited on the surfaces of the blocks, which serves to impede the
free exchange of fluid between the blocks and the fracture. The effect of fracture skin in
double-porosity systems is to delay flow from the blocks to the fractures and gives rise to
pressure responses that are similar to those predicted under conditions of pseudo-steady
state flow (Moench, 1984). According to Moench, by reducing gradients of hydraulic head
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in the compressible blocks, fracture skin provides theoretical justification for the pseudo-

steady state flow approximations used in the Warren and Root (1963) model.

B-4: NUMERICAL MODELLING

e What is modelling?

A model is a simplified representation of a real system or process. A hydrogeological
conceptual model is a hypothesis of how a system or process operates (Konikow,
1994). The idea can be expressed quantitatively as a mathematical model.

Mathematical models are abstractions that replace objects, forces and events by
expressions that contain mathematical variables, parameters and constants (Krumbein,
et al., 1965). Differently put, a mathematical model should be understood to be a
mathematical process (operation) which, when applied to an input data sequence,
results in and output data sequence. It is assumed to describe the processes for which
the model is used. Most often, simplification of reality is necessary in order to obtain

solutions.

e Different types of groundwater models

Currently there are three types of mathematical modelling formulations that can be

used for quantitative interpretation of hydrogeological data:

1. Deterministic, distributed-parameter, numerical models: are based on conservation

of mass, momentum and energy, i.e. on a balance of the various fluxes of these
quantities. Deterministic models imply the solution of the classical advective-
dispersive equation for prescribed initial and boundary conditions;

2. Linear lumped-parameter models or analytical models, based on systems analyses

approach (transport process is represented by a convolution integral. Based on
different system response functions, three subgroups can be distinguished namely,
piston-flow, exponential and dispersive models;

3. Discrete-state compartmental simulation models, which can be considered as a

quasi-physical, distributed parameter-modelling approach.

The research presented herein attempted to use a deterministic mathematical model.
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e Deterministic Models

Deterministic models describe cause and effect of relations. The accuracy of such
deterministic models and its predictions depends a great deal upon how closely the
concepts underlying the governing processes reflect the real processes that are
controlling the system’s behaviour. Heterogeneity, or variability in aquifer properties,
is characteristic of all geologic systems and is now believed to play a key role in the
processes of groundwater flow and solute transport. Therefore, it is often preferable to
apply distributed-parameter models, which allow the representation of variable system
properties.

Deterministic groundwater models generally require the solution of partial differential
equations. Partial differential equations, describing groundwater flow and transport,
can be solved mathematically by using either analytical or numerical solutions. The
advantages of an analytical solution, when it is possible to apply, one are that it
usually provides an exact solution to the governing equation and is often relatively

simple and efficient to obtain.

In general, obtaining the exact analytical solution to the partial differential equation
requires almost unrealistic idealisation of the properties and boundaries of the flow
system. In the simulation of most field problems, the mathematical benefits of
obtaining an exact analytical solution are outweighed by the errors introduced by the
simplifying assumptions made of complex field conditions, which are required during
the analytical approach (Konikow ef al., 1994).

Alternatively, for problems where the simplified analytical models no longer describe
the physics of the situation, the partial differential equations can be solved
numerically. In doing so, the continuous variables are replaced with discrete variables
that are defined at grid blocks (or nodes). The continuous differential equation
(governing equation(s)), describing the hydraulic head or solute transport everywhere
in the system, is replaced by a finite number of algebraic equations that defines the
hydraulic head or concentration over specific points in space and time (discretized
format). Within the discretized format, approximation of the variable’s internal
properties, boundaries and stresses in the system is impossible. Deterministic,
distributed parameter, numerical models relaxed the idealised conditions of analytical
or lumped parameter models and can therefore be more realistic and flexible for the
simulation of field conditions when applied properly. Due to changes in the state of a

groundwater system over time and space, the governing equations are normally
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written to give the change in dependent variables with respect to both time and

location.

e (lasses of numerical methods

Two major classes of numerical methods are acceptable for solving the groundwater
flow equation, i.e. finite difference and finite element methods. Comprehensive
applications of these numerical methods in groundwater problems can be found in
Remson, et al. (1971) and Wang, et al. (1982). Both of these numerical approaches
involve subdivision of the area of interest into a number of smaller areas (cells or
elements), constituting a grid. Each of the cells or elements is associated with node
points (at either the cell centres or peripheries). These two methods differ from each
other in the way in which the first derivative of the partial differential equations are
approached:

- Finite difference: Solves the first derivative in governing equation as difference

equations (differences between values of variables at adjacent nodes, both in
space and time, with respect to the interval between those adjacent nodes);

- Finite element: Uses assumed functions of the dependent variables and

parameters to evaluate equivalent integral formulations of the partial differential

equations.

In both these numerical methods, the discretisation of the space and time dimensions
allows the continuous-boundary value problem for the solution of the partial
differential equation to be reduced to the simultaneous solution of a set of algebraic
equations. These equations can then be solved using either iterative or direct matrix

methods.

Each of the numerical methods has its advantages and disadvantages, but there are
very few groundwater problems for which either is clearly superior. Table 2-1

overpage summarises the differences between the two methods:
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TABLE B-1: COMPARISON OF FINITE DIFFERENCE AND ELEMENT METHODS

Constraint

Finite Difference

Finite Element

Conceptually and mathe-matically

Are simpler and easier to

program for a computer

Make use of more sophis-

ticated mathematics

Grid  Construction and input

Simple rectangular grid, easy

Flexible finite element grid,

requirements data input; allows close spatial
Difficult to simulate irregular approximation of irregular
aquifer boundaries or parameter aquifer ~ boundaries, or
zones within aquifer parameter zones within the
aquifer;
Difficult to construct and
specification of input data;
Accuracy Not always very accurate More accurate numerically

for some problems
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APPENDIX C: RAINFALL DATA
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TABLE C-1 : ANNUAL RAINFALL FORESTRY RAIN GAUGES — KAMMANASSIE MOUNTAINS

KAMMANASIE MOUNTAIN - FORESTRY RAIN GAUGES
P1 (1500 m) P2 (1500 m) ELANDSFON (1200 m) | WILDEBEESV (980 m) JWILDE ALSV (1100 m)

YTOT | STOT | YTOT | STOT YTOT STOT YTOT STOT YTOT STOT
1987 338 453 316.3 | 426.1 499.7 458.7 361 384.5 458.8 546.4
1988 450 4249 | 599.1 | 506.5 489.7 298.5 286.8 340.8 384.9 331.3
1989 553.4 610.7 | 634.5 | 773.8 482 650.4 469 353.3 502.3 619.2
1990 4151 717.4 567 478.2 463.6 398.7 195.3 325 440.2 352.5
1991 764 504 506 649 536.5 630 404 502.1 497.5 627
1992 559.5 621.2 736 768 592 772 571.1 559 594.2 799.7
1993 654.7 552 788 796.5 700.5 475 552 581.5 711.5 553
1994 412.5 510.3 | 664.8 768 522 740 492.5 547.3 543.5 605.5
1995 579.7 4449 | 900.6 | 6834 781 545 641.3 495 709 567
1996 687.3 878.3 937 | 1169.3 783.5 867.5 673 1051.5 834 1073.5
1997 582 779.6 539.5 778.5 736
AVG 545.1 571.7 = 6754 701.9 580.9 583.6 493.1 514.0 582.9 607.5

Unreliable information / missing data
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LENGTH

YEARS

TABLE C-2: WEATHER BUREAU RAIN GAUGES -LITTLE KAROO REGION

YEARS

STATION PLACE LAT | LONG | ALT l?l‘:g; Dﬁ;E OF | _Ave Yﬁ‘(')(; A_MIN |A_MAX | _AVG Q‘T'g; S_MIN MS—

RECORD| YTOT STOT AX
T | 00100362 |Heidelberg 34.1000 | 21.0333 | 145 | 1966 | 1998 32 30 | 407.6 | 215.7 | 646.3 | 30 |406.6| 204.0 | 667.6
2 | *0010456X |Riversdal 3.1000 | 21.2666 | 116 | 1877 | 1981 | 104 71 | 4528 | 2454 | 6861 | 68 |442.0]| 2213 | 759.9
3 | *0010742X |Stilbaai-Bos 34.3666 | 21.4166 | 30 | 1924 | 1998 74 65 | 428.7 | 2242 | 7095 | 65 |439.8]| 237.0 | 6255
4 | *00110659 |Diepkloof 34.0833 | 21.5500 | 225 | 1949 | 1998 49 41 | 4588 | 2744 | 809.3 | 43 |4502| 2406 | 813.2
5 | *0011132X_|Albertinia - Pol 34.2000 | 21.5833 | 183 | 1924 | 1998 74 65 | 455.8 | 2135 | 8944 | 66 |453.4| 1885 | 779.5
6 | *00114517 |Herbertsdale 34.0166 | 21.7666 | 152 | 1886 | 1998 | 112 31 | 4432 | 2523 | 747.8 | 29 |449.9]| 189.0 | 726.4
7 | *00122517 |Cape St Blaize 34.1833 | 22.1500 | 60 | 1880 | 1998 | 118 55 | 386.5 | 183.8 | 717.8 | 53 |3925]| 157.5 | 684.2
8 | 00123032 |Sandhoogte 34.0500 | 22.1833 | 163 | 1927 | 1998 71 52 | 4815 | 2919 | 9615 | 52 |480.2| 262.4 | 894.7
9 | *00123938 |Great Brakriver 34.0500 | 22.2333 | 15 | 1900 | 1985 85 72 | 5113 | 185.0 | 8955 | 71 |498.9| 260.0 | 827.5
10 | *00140634 |Knysna-TNK 34.0500 | 23.0500 | 30 | 1880 | 1998 | 118 75 | 7221 | 4776 | 11542 | 75 |745.7| 478.9 | 1652.1
11 | *00143930 |Harkenille Bos 34.0500 | 23.2333 | 213 | 1888 | 1998 | 110 84 | 977.3 | 3448 | 16957 | 88 |979.7 | 365.4 | 1485.0
12 | *0014633 |Plettenbergbaai 34.0500 | 23.3666 | 73 | 1891 | 1998 | 107 71 | 651.0 | 376.5 | 1183.3 | 68 |658.9]| 301.7 | 1063.9
13 | *00265105 |Garcia-Bos 34.0000 | 21.8333 | 305 | 1936 | 1998 62 58 | 644.7 | 405.6 | 1031.6 | 57 |642.7| 380.4 | 969.4
14 | *00268244 |Van Wyksdorp - Pol 33.7333 | 21.4666 | 305 | 1969 | 1998 29 28 | 250.3 | 1239 | 441.8 | 28 |254.0]| 1101 | 487.6
15 | *00273021 |Calitzdorp - Pol 33.5333 | 21.6833 | 238 | 1877 | 1998 | 121 104 | 198.7 | 539 | 4292 | 99 |1995| 75.7 | 4382
16 | *00278760 |Welbedag 33.6000 | 22.0000 | 564 | 1920 | 1998 78 63 | 180.7 | 571 | 3793 | 59 |185.2]| 525 | 389.0
17 | *00280833 |Ruitersberg 33.8833 | 22.0500 | 1229 | 1940 | 1998 58 40 | 886.2 | 4926 | 1994.7 | 40 |892.2| 499.3 | 19145
18 | *00281504 I\KAVC\)/ZZ:I:S?II ) 34.0000 | 22.0833 | 213 | 1928 | 1998 70 57 | 5271 | 2545 | 1039.2 | 54 |543.2| 256.0 | 946.2
19 | *00283355 |Oudtshoomn - TNK 33.5833 | 22.2000 | 332 | 1878 | 1998 | 120 107 | 245.2 | 1142 | 457.7 | 102 |246.4| 1065 | 469.0
20 | *00284075 |Groot Doring Rivier 33.7833 | 22.2333 | 533 | 1926 | 1998 72 62 | 2458 | 121.0 | 5391 | 61 |250.7| 70.9 | 550.9
21 | *00284159 |Jonkersberg - Bos 33.9166 | 22.2333 | 457 | 1919 | 1998 79 73 | 9915 | 6347 | 18626 | 72 |991.7 | 549.5 | 2299.0
22 | *0028771X |Herold 33.8500 | 22.4333 | 579 | 1924 | 1998 74 68 | 450.8 | 196.4 | 978.2 | 67 |468.7| 186.2 | 959.4
23 | *00287842 |Dysseldomp 33.5666 | 22.4500 | 424 | 1993 | 1998 5 4 | 3482 | 2534 | 4556 | 4 |362.8| 2705 | 5495
24 | *00288428 |Le Roux - SAR 33.5333 | 22.4833 | 408 | 1912 | 1992 80 49 | 2463 | 112.4 | 390.3 | 43 |247.4| 109.9 | 492.0
25 | *00292945 |Bergplaas - Bos 33.9000 | 22.6666 | 457 | 1924 | 1998 74 73 | 830.2 | 5225 | 1565.2 | 72 |830.2| 468.9 | 1415.2
26 | *0029542X |Rooi Rivier 33.5333 | 22.8166 | 564 | 1923 | 1998 75 75 | 2471 | 837 | 4917 | 74 |247.7] 780 | 540.7
27 | *00296247 |Karatara-Bos 33.9000 | 22.8500 | 297 | 1928 | 1998 70 64 | 801.0 | 500.7 | 1424.4 | 64 |803.7 | 496.0 | 1346.7
28 | *00301890 |Uniondale 33.6500 | 23.1166 | 750 | 1989 | 1998 9 8 | 3245 | 2085 | 4289 | 8 |337.6] 158.0 | 506.9
29 | *00302198 |Uniondale TNK 33.6500 | 23.1333 | 762 | 1889 | 1979 90 88 | 3152 | 683 | 7141 | 85 |3233| 740 | 6116
30 | *00302657 |Buffelsnek - Bos 33.9166 | 23.1500 | 724 | 1890 | 1998 | 108 93 | 1127.9| 7561 | 1670.8 | 93 |1114.3] 759.0 | 1619.9
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HYDROGEOLOGY OF THE TABLE MOUNTAIN SANDSTONE AQUIFER — KLEIN KAROO

TABLE C-2 (CONTINUE

: WEATHER BUREAU RAIN GAUGES - LITTLE KAROO REGION

LENGTH | YEARS | AVER YEARS
STATION PLACE LAT LONG | ALT II:): g'\En D_:_\;E OF _AVG | AGE | A_MIN |A_MAX | _AVG g}l',g? S_MIN [S_MAX
RECORD| YTOT | YTOT STOT
31 *00305240 ([Welgelegen 33.7333 | 23.3000 | 853 1972 1998 26 25 5271 | 277.5 957.0 26 522.3 | 284.5 | 1022.6
32 *00460598 [Ladismith - Buffelsvei 33.4833 | 21.0333 | 381 1920 1998 78 64 190.7 73.0 364.9 63 195.8 [ 41.9 359.9
33 *00464795 [Ladismith TNK 33.4833 | 21.2666 | 533 1878 1998 120 112 316.6 | 138.0 553.3 112 | 313.1| 135.1 | 584.8
34 *00465925 [Ladismith - Zandrivier 33.3666 | 21.3333 | 1120 | 1985 1998 13 10 403.1 | 276.3 543.4 10 424.7 | 294.8 | 689.4
35 *00468097 |Zoar - Col 33.4833 | 21.4500 | 515 1964 1998 34 32 2449 | 103.0 | 479.9 32 2447 | 74.5 649.7
36 *00472057 [MatjiesMei - Gamka Bo | 33.4166 | 21.6166 | 610 1961 1998 37 35 262.3 | 112.8 513.2 35 263.6 | 89.2 532.0
37 *00473599 [Calitzdorp Dam 33.4833 | 21.7000 | 366 1923 1998 75 63 201.4 48.7 522.0 62 199.7 | 49.3 570.3
38 *00474367 |[Welteweden 33.2666 | 21.7500 [ 511 1934 1998 64 61 154.5 49.7 313.8 61 155.2  36.1 364.3
39 *00475498 Prins Albert - 33.1500 | 21.8166 | 500 1990 1998 8 7 162.7 90.5 258.6 6 176.9  86.1 253.8
Slagterspoort
40 *00477167 |[Kruis Rivier 33.4333 | 21.9000 | 579 1928 1998 70 69 423.9 | 256.9 731.9 68 424.8 | 219.2 | 793.6
41 *00477651 [Damaskus 33.2500 | 21.9333 | 910 1953 1998 45 44 174.5 58.2 344.0 44 177.9 | 70.0 373.4
42 *00480432 ([Prins Albert TNK 33.2166 | 22.0333 | 686 1877 1998 121 100 170.6 56.5 352.9 98 171.3 | 41.8 409.5
43 *00480516 [De Wetsuei 33.3500 | 22.0333 | 1525 | 1950 1998 48 46 655.4 | 302.0 | 1183.0 46 657.3 | 252.0 | 1226.5
44 *00480795 [Swartberg Bos 33.3166 | 22.0500 | 1600 | 1948 1998 50 42 794.4 | 437.1 1324.3 41 802.6 | 416.5 | 1357.2
45 *00480831 [Matjies Rivier 33.3833 | 22.0500 | 732 1930 1998 68 66 418.2 | 153.2 888.8 65 420.6 | 178.3 | 906.5
46 *00481429 [Albertberg 33.3666 | 22.0833 | 1067 | 1950 1998 48 44 771.6 | 424.5 | 1396.6 45 774.0 | 478.5 | 1231.8
47 *00485046 [Raubenheimerdam 33.4000 | 22.2833 | 762 1991 1998 7 4 473.2 | 360.1 653.6 4 432.7 | 326.6 | 570.1
48 *00490500 [Klaarstroom - Pol 33.3333 | 22.5333 | 732 1910 1998 88 83 194.0 33.4 452.4 81 196.3 [ 35.5 460.1
49 *00490608 [De Rust - Pol 33.5000 | 22.5333 | 533 1914 1998 84 72 329.4 | 153.8 637.3 66 328.4 | 136.8 | 602.6
50 *00493723 [Rondawel 33.2000 | 22.7166 | 853 1912 1998 86 70 138.0 21.1 360.4 66 143.0 [ 38.6 326.4
51 *00502304 [Tuintjies Kraal 33.3000 | 23.1333 | 672 1910 1998 88 59 184.8 40.7 455.5 52 188.2| 75.4 443.2
52 *00503278 [Rondekop 33.4500 | 23.1833 | 762 1972 1998 26 25 274.3 | 123.3 | 499.0 24 271.4 | 132.4 | 556.1
53 *00506888 |Rooiklip 33.4666 | 23.3833 | 800 1986 1998 12 11 278.0 | 180.6 | 463.7 11 285.6 | 121.2 | 554.3
54 *00508872 |Willowmore 33.2833 | 23.5000 | 840 1877 1998 121 76 261.5 98.3 659.9 72 263.6 | 855 630.3
55 *00227591 |Worcester 33.6500 | 19.4333 | 221 1880 1998 118 118 272.0 | 127.4 | 480.1 117 [ 272.7 | 107.6 | 462.4
56 *00241970 [Montagu 33.7833 | 20.1167 | 223 1883 1998 115 83 310.9 | 126.8 562.5 77 315.9 | 107.6 | 639.1
57 *00254148 |Barrydale-Pol 33.9000 | 20.7333 [ 290 1925 1998 73 69 277.0 93.6 568.7 69 281.3 | 147.8 | 522.6
58 *00630053 |Citrusdal 32.4167 | 19.0167 | 230 1965 1998 33 26 3904 | 241.0 334.0 25 395.5| 99.3 687.0
59 *00272446 |[Calitzdorp Werke 33.5667 | 21.6500 [ 400 1993 1998 5 3 194.8 | 133.3 229.8 3 194.8 | 171.6 | 237.9
60 *00288381 |[George 33.9667 | 22.4667 | 229 1877 1998 121 105 879.9 | 561.0 | 1656.1 105 | 872.8 | 490.1 | 1564.1
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HYDROGEOLOGY OF THE TABLE MOUNTAIN SANDSTONE AQUIFER — KLEIN KAROO

TABLE C-3 : FORESTRY RAIN GAUGES
LENGTH | YEARS | AVER YEARS
STATION PLACE LAT LONG | ALT DATE | DATE OF _AVG | AGE | A_MIN [A_MAX | _AVG AVG_ S_MIN |S_MAX
FROM T0 RECORD| YTOT | YTOT STOT SToT
57|Die Kruin Swartberg 33.3600| 22.0400| 1583 [ 1950 1989 39 39 1574.2 486.2 | 3363.0
58|KliphuisMei Swartberg 33.3400| 21.9100{ 1370 [ 1950 1989 39 39 955.8| 283.0 | 1963.0
59|De WetsMei [Swartberg 33.3400| 22.0400| 1422 [ 1950 1989 39 39 1386.0( 320.4 | 3004.0
60|Albertberg Swartberg 33.3600| 22.0900| 1067 [ 1950 1989 39 39 1651.9( 503.5 | 3130.0
61|ElandsVakte |Kammanassie 33.6575| 22.7569| 1200 [ 1950 1997 47 47 580.9 | 463.6 | 783.5 298.5 | 867.5
62|Perdeviakte P1|Kammanassie 33.6078| 22.8581| 1500 | 1950 1997 a7 a7 545.1 338.0 764.0 4249 | 878.3
63|Perdevakte P2[Kammanassie 33.6286| 22.8522| 1500 [ 1950 1997 47 47 675.4 | 316.3 | 937.0 426.1 | 1169.3
64|WildealsMei Kammanassie 33.6536| 22.6692| 1100 [ 1950 1997 47 47 493.1 195.3 | 778.5 325.0 | 1051.5
65|Wildebeesvakt{Kammanassie 33.6253| 22.5806| 980 1950 1997 a7 a7 607.5 | 195.3 778.5 331.3 | 1073.5
66| Buffelsklip Kammanassie 33.5689| 22.8911( 700 1950 1997
Johanita Kotze Page C-5 PHD




HYDROGEOLOGY OF THE TABLE MOUNTAIN SANDSTONE AQUIFER — KLEIN KAROO

FIGURE C-1: AVERAGE RAINFALL DISTRIBUTION FOR LITTLE KAROO - RAINFALL INCREASE PROPORTIONAL TO ALTITUDE
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HYDROGEOLOGY OF THE TABLE MOUNTAIN SANDSTONE AQUIFER — KLEIN KAROO

TABLE D-1: KKRWSS WELLFIELD CAPACITIES

PRODUCTION BOR

NAME BOREHC SUMMARY: RECOMMENDED ABSTRACTION R
CURREN] OLD || CONSTRUCTION
DEPTH| DEPTHO GROUND WATER MAX
DRILLEl 299mm | COLLAR| CURRENT|REST LEV TOLERABL| FEB 19¢ NOV 199« FEB 1995 (MULD APRIL 1995 (KOTZE)
PVC HEIGHT|| TRANSDUC DRAWDOW PEAK PEAK PEAK
CASING | (MAMSL DEPTH WATER DATE ABS AB AB
LEVEL | MEASURE (M) M3/D | L/S L/S M3/D L/S L/S M3/D L/S L/S M3/D L/S
DP10 D3C 237 208 456.5 166 342.4 08/1990 170 1040 12 14 800 9.25 15 190 3.5 GEEN
DP12 D3B 192 186 468.5 174 341.2 08/1990 180 500 5.8 12 500 5.8 8 300 5.5 8
DP15 D4B 207 207 4511 177 347.3 08/1990 180 500 5.8 20 500 5.8 12 320 6 10 360 5
DP18 D8D 18 16 351.1 9 347.5 06/1990 11 820 9.5 14 850 9.8 14 600 11 14 600 11
DP25 203 203 4491 177 341.3 10/1991 180 780 9 20 850 9.8 15 450 7 15 530 5
DP28 246 210 459.1 167 341.7 10/1991 170 690 8 20 720 8.3 25 700 9 20 580 9
DP29 240 240 463.1 175 339.1 10/1991 180 865 10 10 260 3 8 300 5.5 8 300 3
DG110 212 212 488.5 177 374.7 10/1991 180 690 8 16 300 3.5 12 190 3.5 GEEN 230 3
TOT_ABS DYSSELSD! 5885 | 68.1 126 4780 55.25 109 3050 51 75
VG3 D13 206.7 148.7 497.3 144 491.1 10/1990 148 690 8 10 400 4.6 10 400 4.5 10 230 3
VR6 D23 250 230 718.3 162 684.8 10/1990 165 1035 12 20 700 8.1 15 700 8 10 430 3
VR7 D20 177 151.5 748.9 146 686.7 10/1990 150 2600 30 40 1700 19.7 30 1700 20 30 670 5
VR8 D21 251 164.8 786.7 152 686.7 10/1990 163 1300 15 25 865 10 20 850 10 20 530 5
VR11 224.5 214 812.2 176 686.1 10/1991 180 1300 15 25 690 8 15 700 8 15 500 7
TOT_ABS VERMAAKS 6925 80 120 4355 50.4 90 4350 50.5 85
DL13 C3 185 132.7 261.8 117 235.6 09/1991 120 1166 7.5 14 600 6.9 25 600 7 25 150 3.5
DL15 C5 137 136.5 285.6 117 284.43 09/1991 120 520 6 14 700 8.1 20 700 8 20 7
DL16 Cé 169 132.8 279 122 285.1 10/1990 125 430 5 20 300 3.5 20 300 3.5 15 150 3
DL17 Cc7 249 149.5 201.7 137 282.7 10/1990 140 1300 15 25 865 10 25 200 3 GEEN 150 3
KG1 C8 209 148 242 137 227.5 10/1990 140 1300 15 25 1300 15 25 1000 11 25 6
TOT_ABS CALITZDOR 4716 || 48.5 98 3765 43.5 115 2800 32.5 85
TOTAL ABS - SCHEME 17526 196.6| 344 12900 | 149.15| 314 10200 134 245
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HYDROGEOLOGY OF THE TABLE MOUNTAIN SANDSTONE AQUIFER — KLEIN KAROO

TABLE E-1: WATER LEVEL DATA

BH LONG (LAT Y X ALT DATE (WL_ELV

AL1 33.70194| 22.67416 605 1995 571.55
CP2 33.55642| 22.33792 247.878 1994 212.58
CP3 33.55278| 21.66083| 124348.2| 3714597| 247.878 1995 215.24
DG102 33.56748| 22.46139 476.4 1992 3471
DG103 33.56737| 22.46168 469.6 1995 359.35
DG104 33.56389| 22.47667 493.2 1995 391.93
DG110 33.56611| 22.47083| 49135.5| 3715404 488.5 1995 372.58
DL1 33.57242| 22.37466 301.9 1997 290.94
DL11 33.55944| 21.6575| 124656.6| 3715336 277.7 1995 196.4
DL12 33.56111| 21.65528| 124859.1| 3715532 257.9 1995 217.7
DL13 33.56389| 21.65028| 125315.3| 3715847 261.8 1995 217.49
DL14 33.56694| 21.64361| 125945.7| 3716187 276.1 1995 254.74
DL15 33.56722| 21.63806| 126462.8| 3716235 285.6 1995 261.65
DL16 33.56583| 21.64333| 125971.8| 3716071 279 1995 246.25
DL17 33.56889| 21.63194( 127010.5| 3716432 291.7 1995 258.34
DL2 33.57083| 21.625 303.4 1994 259.12
DP10 33.57278| 22.45278| 50790.8| 3716159 456.5 1995 348.17
DP11 33.57409( 22.45394 463.7 329.9
DP12 33.57444| 22.45417| 50673.2| 3716325 468.5 1995 347.92
DP13 33.58111| 22.45667| 50440.3| 3717071 458.9 1995 344.74
DP14 33.58139( 22.45639| 50462.3| 3717091 451.4 1995 345.61
DP15 33.58139| 22.45611| 50468.5| 3717093 451.1 1995 345.21
DP16 33.56984( 22.42106 351.2 1994 334.25
DP17 33.56997 | 22.42091 349.1 1995 346.1
DP18 33.56972| 22.42083| 53753.1| 3715823 351.1 1995 348.7
DP19 33.56969| 22.4211 350.8 1995 346.2
DP20 33.57861| 22.45417|50654,0 3716804 448.8 1995 345.93
DP24 33.56944| 22.42083| 53764.2| 3715792 350.7 1995 349.26
DP25 33.58152( 22.45625 449.1 1995 344.2
DP27 33.57306| 22.45278 50784| 3716166 458.3 1995 349.91
DP28 33.58111| 22.45667| 50426.1| 3717073 459.1 1995 343.75
DP29 33.57389| 22.40389| 50701.4| 3716277 463.1 1995 347.3
DR1 33.69528| 22.69444 639.7 1995 587.21
DR2 33.70889| 22.68444 545 1995 527.2
GA1 33.55889| 21.66028| 124397.9| 3715267| 245.73 1995 203.58
GA2 33.55889| 21.66028| 124402.6| 3715263| 245.645 1995 214.945
KG1 33.54889( 21.65722| 124688.9| 3714161 242 1995 218.29
LD2 33.67055| 22.57138 618 1995 598
RF10 33.695| 22.58527 605 1995 579.87
RF2 33.6725| 22.57222 624.9 1995 595.9
RF8 33.68361| 22.57333 615 1995 589.57
RF9 33.68166| 22.57166 590 1995 555.62
RN1 33.58389| 22.46417| 49719.65| 3717364| 468.562 1995 349.592
RY10 33.54889| 22.47278| 48964.97| 3713497| 426.331 1995 384.251
RN105 33.58417| 22.46306| 49838.47| 3717405 460.112 1997 420.322
SL11 33.63173| 22.57405 589.8 1991 529.7
SL2 33.69777| 22.61944 610 1995 605.4
VG1 33.565| 22.53806| 42887.57| 3715234| 490.759 1995 485.179
VG12 33.57972| 22.53167| 43458.92| 3716880 563.826 1995 560.966
VG2 33.56444| 22.53806| 42869.18| 3715190 489.966 1995 481.416
VG3 33.56694| 22.53861| 42820.8| 3715464 497.3 1995 483.86
VG4 33.56667| 22.55333|* * 559.8 1995 544.33
VR11 33.61972| 22.55861| 40941.7| 3721305 812.2 1995 810.76
VRS 33.57778| 22.58278 38720 3716638 549.5 1995 547.48
VR6 33.61167| 22.54639( 42082.9| 3720432 718.3 1995 669.6
VR7 33.61472| 22.55111 41648| 3720761 748.9 1995 670.4
VR8 33.6175| 22.55417| 41351.5| 3721066 786.7 1995 671.1
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HYDROGEOLOGY OF THE TABLE MOUNTAIN SANDSTONE AQUIFER — KLEIN KAROO

TABLE E-1: WATER LEVEL DATA (CONTINUE)

BH LONG LAT Y ALT DATE WL_ELV
VVERMAAKS 530

VMARNEWICKS 540

PARSHALL 590

WK3 33.568537| 22.56429 578.7 1995 529.95
WK4 33.6275| 22.51583| 44906.22| 3722179 658.921 1995 584.631
WN101 33.56889| 22.5625|* * 534.3 1995 532.06
WN2 33.57512| 22.56597 527.6 1995 508.2
YR2 33.70388| 22.63944 615 1995 583.9
YR4 33.6975| 22.65166 620 1995 580.59
YR5 33.69111( 22.67444 660 1995 650.82
WN3 33.56778| 22.59056| 37993.16| 3715520 563.781 1999 544.581
G40171 33.60278| 22.5325| 43387.17| 3719435 660.516 1999 655.216
G40172 33.60278| 22.5325| 43387.05| 3719429 660.416 1999 655.266
G40173 33.60278| 22.5325| 43387.07| 3719423 660.216 1999 655.286
G40174 33.58472| 22.94583| 5009.63| 3717351 469.666 1999 362.856
G40175A | 33.60167| 22.53056( 43561.01| 3719314| 652.031 1999 652.031
G40176 33.59972| 22.52917| 43678.19| 3719097 644.081 1999 636.741
G40177 33.58222| 22.45333| 50735.26| 3717181| 420.036 1999 368.696
G40178 33.68083| 22.56417| 40414.5| 3728069| 535.691 1999 525.331
VG13 33.57833 22.535| 43163.47| 3716721 553.871 1995 550.531
VG14 33.57861 22.535( 43151.26| 3716754 555.736 1995 554.256
VG15 33.57806| 22.51944| 43059.63| 3716690 556.101 1995 551.621
VG16 33.60722( 22.54028| 42654.53| 3719919 691.006 1996 665.406
SBH1 -33.8094 | 22.57139 545 1998 525
SBH2 -33.7836 | 22.71 555 1998 535
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APPENDIX F: SPATIAL VARIATION IN CHEMISTRY
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HYDROGEOLOGY OF THE TABLE MOUNTAIN SANDSTONE AQUIFER — KLEIN KAROO

FIGURE F-1: SPATIAL VARIATION OF ALUMINIUM IN GROUNDWATER - LITTLE KAROO
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HYDROGEOLOGY OF THE TABLE MOUNTAIN SANDSTONE AQUIFER — KLEIN KAROO

FIGURE F-2: SPATIAL VARIATION OF BARIUM IN GROUNDWATER - LITTLE KAROO
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HYDROGEOLOGY OF THE TABLE MOUNTAIN SANDSTONE AQUIFER — KLEIN KAROO

FIGURE F-3: SPATIAL VARIATION OF STRONTIUM IN GROUNDWATER - LITTLE KAROO
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HYDROGEOLOGY OF THE TABLE MOUNTAIN SANDSTONE AQUIFER — KLEIN KAROO

FIGURE F-4: SPATIAL VARIATION OF MANGANESE IN GROUNDWATER - LITTLE KAROO
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HYDROGEOLOGY OF THE TABLE MOUNTAIN SANDSTONE AQUIFER — KLEIN KAROO

FIGURE F-5: SPATIAL VARIATION OF IRON IN GROUNDWATER - LITTLE KAROO
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HYDROGEOLOGY OF THE TABLE MOUNTAIN SANDSTONE AQUIFER — KLEIN KAROO

FIGURE F-6: SPATIAL VARIATION OF OXYGEN-18 IN GROUNDWATER - LITTLE KAROO
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HYDROGEOLOGY OF THE TABLE MOUNTAIN SANDSTONE AQUIFER — KLEIN KAROO

FIGURE F-7: SPATIAL VARIATION OF CARBON-14 IN GROUNDWATER - LITTLE KAROO
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HYDROGEOLOGY OF THE TABLE MOUNTAIN SANDSTONE AQUIFER — KLEIN KAROO

FIGURE F-8: SPATIAL VARIATION OF SULPHATE IN GROUNDWATER - LITTLE KAROO
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HYDROGEOLOGY OF THE TABLE MOUNTAIN SANDSTONE AQUIFER — KLEIN KAROO

FIGURE F-9: SPATIAL VARIATION OF SILICON IN GROUNDWATER - LITTLE KAROO
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HYDROGEOLOGY OF THE TABLE MOUNTAIN SANDSTONE AQUIFER — KLEIN KAROO

FIGURE F-10: SPATIAL VARIATION OF ELECTRIC CONDUCTIVITY IN GROUNDWATER - LITTLE KAROO
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HYDROGEOLOGY OF THE TABLE MOUNTAIN SANDSTONE AQUIFER — KLEIN KAROO

FIGURE F-11: SPATIAL VARIATION OF CHLORIDE IN GROUNDWATER - LITTLE KAROO
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APPENDIX G: X-Y SCATTER PLOTS
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HYDROGEOLOGY OF THE TABLE MOUNTAIN SANDSTONE AQUIFER — KLEIN KAROO

FIGURE G-1 : X-Y SCATTERPLOT OF MAJOR IONS Ca AND Mg

Caversus Mg

25 —
SL2
20 i
— 15 t
=) [Western Nardouw [
£ o~ %
= ey i
Em 10 1% j// i /,/’ A
SBH1| /[ +, o
o &% 7
2 o
_.-7|G40177
5 4 f‘ - = |DR2 1
% im T g . DR |
A 0
i MONT
by’ o]
(I o o o B B e B o B B L o o o o e Mmoo o o o
0 10 20 30 40 50 60 70
Ca (mg/l)
FIGURE G-2 : X-Y PLOT OF MAJOR IONS Ca AND Na + K
Ca versus Na+K
70
60
A
SL2
50
Nardouw 1
= 40 A
2 A
E \ SL2
©
S 30
DR2
\ a I—, GA0T77 Nardouw 2
20 s ML S —
Peninsula o\DP12 ° Nardouw2,94" % R
Bt el SR
T 4 T L. J ® L]
1 [ ] o
0 10 20 30 40 50 60 70 80 90 100
Na + K (mg/l)

O Vermaaks
Alluvium

x Cold Springs

® Hot TMG BH

® Hot Springs

+ Nardouw West

+ Nardouw East

H Peninsula East

B TMG-Artesian

o Nardouw South

ot 4

o Vermaaks Alluvium
x Cold Springs

e Hot TMG BH

e Hot Springs

+ Nardouw West

+ Nardouw East

B Peninsula East

m TMG-Artesian

o Nardouw South

e Nardouw - Private
A Private South?

¢ Vogelstruis

Johanita Kotze Page G-2

PHD




HYDROGEOLOGY OF THE TABLE MOUNTAIN SANDSTONE AQUIFER — KLEIN KAROO

FIGURE G-3 : X-Y SCATTERPLOT OF MAJOR IONS Na AND Cl

Na versus ClI
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HYDROGEOLOGY OF THE TABLE MOUNTAIN SANDSTONE AQUIFER — KLEIN KAROO

FIGURE G-5 : X-Y SCATTERPLOT OF MAJOR IONS Na AND Ca +Mg

Na versus Ca + Mg
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HYDROGEOLOGY OF THE TABLE MOUNTAIN SANDSTONE AQUIFER — KLEIN KAROO

FIGURE G-7 : X-Y SCATTERPLOT OF MAJOR IONS Ca AND Mg
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HYDROGEOLOGY OF THE TABLE MOUNTAIN SANDSTONE AQUIFER — KLEIN KAROO

FIGURE G-9 : X-Y SCATTERPLOT OF MAJOR IONS Ca AND Mg

Oxygen-18 versus TDS
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FIGURE G-10 : X-Y SCATTER PLOT O-18 VERSUS C-14

Oxygen-18 versus C-14
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HYDROGEOLOGY OF THE TABLE MOUNTAIN SANDSTONE AQUIFER — KLEIN KAROO

FIGURE G-11 : X-Y PLOT OF MAJOR IONS SiO2 AND F

SiO2 versus F
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HYDROGEOLOGY OF THE TABLE MOUNTAIN SANDSTONE AQUIFER — KLEIN KAROO

FIGURE G-13 : X-Y PLOT OF MAJOR IONS O18 AND (I

Oxygen-18 versus CI
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HYDROGEOLOGY OF THE TABLE MOUNTAIN SANDSTONE AQUIFER — KLEIN KAROO

FIGURE G-15 : X-Y PLOT OF MAJOR IONS O-18 AND EC

Oxygen-18 versus EC
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HYDROGEOLOGY OF THE TABLE MOUNTAIN SANDSTONE AQUIFER — KLEIN KAROO

FIGURE G-17 : X-Y PLOT OF MAJOR IONS F AND K

F versus K
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HYDROGEOLOGY OF THE TABLE MOUNTAIN SANDSTONE AQUIFER — KLEIN KAROO

FIGURE G-19 : X-Y PLOT OF MAJOR IONS O18 AND Na/Ca Ratio

Oxygen-18 versus Na/Ca Ratio
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HYDROGEOLOGY OF THE TABLE MOUNTAIN SANDSTONE AQUIFER — KLEIN KAROO

FIGURE G-21 : X-Y PLOT OF MAJOR IONS O18 AND CI/SO4 Ratio
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FIGURE G-22 : X-Y PLOT OF MAJOR IONS O18 AND CI/SO4 Ratio
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HYDROGEOLOGY OF THE TABLE MOUNTAIN SANDSTONE AQUIFER — KLEIN KAROO

FIGURE G-23 : X-Y PLOT OF MAJOR IONS Na/Ca AND Cl/SO4 Ratio
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FIGURE G-24 : X-Y PLOT OF MAJOR IONS Na/Ca AND Cl/SO4 Ratio
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HYDROGEOLOGY OF THE TABLE MOUNTAIN SANDSTONE AQUIFER — KLEIN KAROO

FIGURE G-25 : X-Y PLOT OF MAJOR IONS O-18 AND Si Ratio

Oxygen-18 versus Si
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FIGURE G-26 : X-Y PLOT OF MAJOR IONS O-18 AND Si Ratio
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HYDROGEOLOGY OF THE TABLE MOUNTAIN SANDSTONE AQUIFER — KLEIN KAROO

FIGURE G-27 : X-Y PLOT OF MAJOR IONS pH AND CI/SO4 Ratio
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HYDROGEOLOGY OF THE TABLE MOUNTAIN SANDSTONE AQUIFER — KLEIN KAROO

FIGURE G-29 : X-Y PLOT OF MAJOR IONS pH AND Na/Ca Ratio
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FIGURE G-30: X-Y PLOT OF MAJOR IONS pH AND Na/Ca Ratio
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HYDROGEOLOGY OF THE TABLE MOUNTAIN SANDSTONE AQUIFER — KLEIN KAROO

FIGURE G-31 : X-Y PLOT OF MAJOR IONS pH AND Mn

pH versus Mn
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HYDROGEOLOGY OF THE TABLE MOUNTAIN SANDSTONE AQUIFER — KLEIN KAROO

FIGURE G-33 : X-Y PLOT OF MAJOR IONS SO4 AND Cl

S04 versus ClI
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FIGURE G-34 : X-Y PLOT OF MAJOR IONS SO4 AND Cl
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HYDROGEOLOGY OF THE TABLE MOUNTAIN SANDSTONE AQUIFER — KLEIN KAROO

FIGURE G-35 : X-Y PLOT OF MAJOR IONS Na AND (I

Na versus ClI
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HYDROGEOLOGY OF THE TABLE MOUNTAIN SANDSTONE AQUIFER — KLEIN KAROO

FIGURE G-37 : X-Y PLOT pH AND Fe

pH versus Fe
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APPENDIX H: COMPOSITE DIAGRAMS
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HYDROGEOLOGY OF THE TABLE MOUNTAIN SANDSTONE AQUIFER — KLEIN KAROO

FIGURE H-1: COMPOSITE DIAGRAM - TMG KAMMANASSIE PRIVATE
BOREHOLES

GROUNDWATER FINGERPRINTS - TMG : Kammanassie - Private BH's
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FIGURE H-2: COMPOSITE DIAGRAM - TMG KAMMANASSIE PRIVATE
BOREHOLES

GROUNDWATER FINGERPRINTS - TMG : Kammanassie - Private BH's
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HYDROGEOLOGY OF THE TABLE MOUNTAIN SANDSTONE AQUIFER — KLEIN KAROO

FIGURE H-3: COMPOSITE DIAGRAM - TMG KAMMANASSIE PRIVATE
BOREHOLES

GROUNDWATER FINGERPRINTS - TMG : Kammanassie - Private BH's

10
—o—LD2-W97
1
—0— LD2-S96
E’ —— WK4-W98
E
3 —a— WK3-W98
0.1
% —x— RF2-W97
4 —e— RF8-W98
—+ RF2-S96
0-01 1 1 1 1 1 1 1 1 1 1
Ca HCO3 Mg S04 Na K Cl Si -8 -7 -6 -5 -4
8 018 (o/oo SMOW)
FIGURE H-4: COMPOSITE DIAGRAM - TMG : COLD SPRINGS
GROUNDWATER FINGERPRINTS - TMG : Kammanassie - Cold springs
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HYDROGEOLOGY OF THE TABLE MOUNTAIN SANDSTONE AQUIFER — KLEIN KAROO

FIGURE H-5: COMPOSITE DIAGRAM - TMG GENERAL (SEEPAGES)

GROUNDWATER FINGERPRINTS - TMG Seepage samples
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FIGURE H-6: COMPOSITE DIAGRAM - TMG GENERAL (SEEPAGES)
GROUNDWATER FINGERPRINTS - TMG Seepage samples
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HYDROGEOLOGY OF THE TABLE MOUNTAIN SANDSTONE AQUIFER — KLEIN KAROO

FIGURE H-7: COMPOSITE DIAGRAM - TMG GENERAL (SEEPAGES)

GROUNDWATER FINGERPRINTS - TMG Seepage samples
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FIGURE H-8: COMPOSITE DIAGRAM - TMG GENERAL (SEEPAGES)
GROUNDWATER FINGERPRINTS - TMG Seepage samples
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HYDROGEOLOGY OF THE TABLE MOUNTAIN SANDSTONE AQUIFER — KLEIN KAROO

FIGURE H-9: COMPOSITE DIAGRAM - TMG GENERAL (SEEPAGES)

GROUNDWATER FINGERPRINTS - TMG Seepage samples
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FIGURE H-10: COMPOSITE DIAGRAM - TMG : TMG AQUIFERS

GROUNDWATER FINGERPRINTS - TMG : Peninsula Aquifer
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HYDROGEOLOGY OF THE TABLE MOUNTAIN SANDSTONE AQUIFER — KLEIN KAROO

FIGURE H-11: COMPOSITE DIAGRAM — TMG : PENINSULA AQUIFER

GROUNDWATER FINGERPRINTS - TMG Peninsula Aquifer (continue)
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FIGURE H-12: COMPOSITE DIAGRAM - TMG NARDOUW WEST AQUIFER
GROUNDWATER FINGERPRINTS - TMG : Nardouw Aquifer West
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FIGURE H-13: COMPOSITE DIAGRAM - TMG ALLUVIAL AND NARDOUW

EAST AQUIFERS
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FIGURE H-14: COMPOSITE DIAGRAM - ADDITIONAL MONITORING
BOREHOLES
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FIGURE H-15:

COMPOSITE DIAGRAM - ADDITIONAL

BOREHOLES
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HYDROGEOLOGY OF THE TABLE MOUNTAIN SANDSTONE AQUIFER — KLEIN KAROO

FIGURE H-17: COMPOSITE DIAGRAM - CANGO AND TMG AQUIFER -

OUDTSHOORN AUGMENTATION STUDY

GROUNDWATER FINGERPRINTS - CANGO AND TMG : Augmentation
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FIGURE H-18: COMPOSITE DIAGRAM - ALLUVIAL AND CRETACEOUS
AQUIFERS — OUDTSHOORN AUGMENTATION STUDY
GROUNDWATER FINGERPRINTS - Alluvial and Cretaceous Aquifers :
Augmentation
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FIGURE H-19: COMPOSITE DIAGRAM — TMG HOT SPRINGS
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APPENDIX I: CLUSTER ANALYSIS
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HYDROGEOLOGY OF THE TABLE MOUNTAIN SANDSTONE AQUIFER — KLEIN KAROO

FIGURE I-1: CLUSTER ANALYSIS, USING ALL HYDROCHEMISTRY DATA FOR LITTLE KAROO STUDY AREA

Cluster Analysis 1 - Little Karoo data, using all variables
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Euclidean distances

700
600
500
o
2 400
S
ﬁ —l
5 300
1 H
& 200 |
-
£
-1 100
0 ﬁﬁﬁ.lil%imﬁwﬁ.ﬁ%ﬁ
(=== =) !-wx-mcom ::f.o-a-!—::mmwnm Nwl:r.'mc §z> !-N.Lcom::{tnmt-:r.' mz
x-r-_n- IO S ZZZren (DUJ!D" = i U
CoMC e %Qﬁggoeﬁ;»— GZ=0 ‘“*Bﬁw"””"‘:"‘&s%é&@
= = = fogww-{m e
=

Johanita Kotze Page I-2 PHD




HYDROGEOLOGY OF THE TABLE MOUNTAIN SANDSTONE AQUIFER — KLEIN KAROO

FIGURE I-2 : CLUSTER ANALYSIS, USING ALL HYDROCHEMISTRY DATA FOR LITTLE KAROO STUDY AREA

Cluster Analysis 2 - Little Karoo data, using all variables
Complete Linkage
Euclidean distances
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HYDROGEOLOGY OF THE TABLE MOUNTAIN SANDSTONE AQUIFER — KLEIN KAROO

FIGURE I-3 : CLUSTER ANALYSIS, LITTLE KAROO HYDROCHEMISTRY DATA EXCLUDING DP18 AND G40178

Cluster Analysis 1b - Little Karoo data, excluding DP18, G40178
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HYDROGEOLOGY OF THE TABLE MOUNTAIN SANDSTONE AQUIFER — KLEIN KAROO

FIGURE 14 : CLUSTER ANALYSIS, LITTLE KAROO HYDROCHEMISTRY DATA EXCLUDING CERTAIN HOT SPRINGS

Cluster Analysis 1¢ - Little Karoo data, excluding some hot springs
=ingle Linkage
Euclidean distances

140
120 |
100
Q 80 i
(]
c
un
@ 60t
a |
@ - .
fay]
T 40}
[ -
- : _
20 ‘
o [T
! [n <X o —=
=1 =172 1 Lk - e Ll == = = 17 O L O T () e bk o o o [P e ) (D) TN zzZENN!—E |
— ] (= B — -— [ Q. (=l u =
G A R R S A e
D oy =T ¥ Os00ug < ==
E L a

Johanita Kotze Page I-5 PHD



HYDROGEOLOGY OF THE TABLE MOUNTAIN SANDSTONE AQUIFER — KLEIN KAROO

FIGURE I-5 : CLUSTER ANALYSIS, LITTLE KAROO HYDROCHEMISTRY DATA EXCLUDING NON LITTLE KAROO HOT
SPRINGS

Cluster Analysis 3 - Little Karoo data, excluding certain hotsprings
Complete Linkage
Euclidean distances
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HYDROGEOLOGY OF THE TABLE MOUNTAIN SANDSTONE AQUIFER — KLEIN KAROO

FIGURE I-6 : CLUSTER ANALYSIS, ONLY USING HYDROCHEMISTRY DATA OF TMG AQUIFERS

Cluster Analysis 4 - Little Karoo data, excluding non-TMG data
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Euclidean distances
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HYDROGEOLOGY OF THE TABLE MOUNTAIN SANDSTONE AQUIFER — KLEIN KAROO

FIGURE I-7 : CLUSTER ANALYSIS, ONLY USING HYDROCHEMISTRY DATA FOR EASTERN SECTION
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HYDROGEOLOGY OF THE TABLE MOUNTAIN SANDSTONE AQUIFER — KLEIN KAROO

FIGURE I-8 : CLUSTER ANALYSIS, USING ONLY HYDROCHEMISTRY KAMMANASSIE MOUNTAIN

Linkage Distance

350

300

250 |

200 ¢

130 |

100 ¢

50 |

Cluster Analysis 6 : Little Karoo data {only Kammanassie Mountain)
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HYDROGEOLOGY OF THE TABLE MOUNTAIN SANDSTONE AQUIFER — KLEIN KAROO

FIGURE I-9 : CLUSTER ANALYSIS, USING ONLY HYDROCHEMISTRY OF WESTERN NARDOUW AQUIFER

Cluster Analysis 7 : Little Karoo data {only Western Section TMG data)
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FIGURE J-1: FC DATA SHEET - VR7
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oord 3720760.90 Date of Te Sep-97
oord 41648.00 ontracto Callie Calitz
CONSTANT RATE TEST DATA : enter values in cells which are coloured light yellow
Borehole VR7
Q (Ils)= 20 Recovery data
t(min) | s(m) |awgs'|avgs"| agT agS | Timet | Res_s | tt' |Wirise| s' Rec_T
0.50 5 0.1 1566 |41401] 0 =5
1.00 8.69 15 7.83 2761 | 7.83 | 7.10 100 Derivative from recovery data
2.00 10.83 | 9.29 | -2.00 2 6.03 | 2071 | 963 | 15.88
2.50 1127 | 542 | -1.91 | 62.70 | 0.00E+00] 25 429 | 1657 | 11.37 | 9.40 | 405 (T ~
3.00 1163 | 3.20 | -2.05 | 106.45 | 0.00E+00] 3.5 364 | 1184 | 12.02| 318 | 95.8 =
4.00 1192 | 1.99 | -1.66 | 144.74 | 0.00E+00] 5 333 | 829 | 12.33| 1.20 | 2149 2
5.00 12.04 | 1.34 | -1.38 | 259.69 | 0.00E+00] 7 328 | 5924 | 12.38 | 083 | 3292 A "\ /v
7.00 1221 | 0.93 | -0.81 | 353.11 | 0.00E+00] 9 311 | 461 | 12.55| 0.88 | 6126
9.00 1226 | 0.83 | -0.28 | 433.56 | 0.00E+00] 12 307 | 346 | 12.59| 0.19 | #NUM!I 0.1 ‘
12.00 1233 | 0.83 | 0.02 | 360.37 | 0.00E+00] 15 307 | 277 | 12.59 | -0.19 [ #NUM!I 1 ; e 0 ; 100
120.00 13273 | 0.92 | 0.13 | 353.30 | 0.00E+00] 20 311 | 208 | 12.55 | -0.10 | #NUM! Time (min) since abstraction stopped
150.00 13305 | 0.96 | 0.18 | 322.31 [ 0.00E+00] 25 3.09 | 166.6 | 12.57 | 0.23 | #NUM!
180.00 13418 | 1.01 | -0.10 | 310.34 | 0.00E+00 30 3.07 139 | 1259 | 0.51 701.4 Effective T-value from recovery data
210.00 13505 | 0.95 | 0.17 | 303.30 | 0.00E+00] 35 3015 | 119.3 [ 12.65]| 0.80 | 507.0 1000
225.00 135 | 1.01 | 0.77 | 303.30 | 0.00E+00] 40 297 | 1045|1269 060 | 474.9 7 SN—
240.00 1354 | 1.16 | 148 | 258.11 | 0.00E+00] 45 2.95 93 [12.71| 0.61 | 476.0 s
300.00 13625 | 1.59 | 1.16 | 201.23 | 0.00E+00] 50 2.917 | 838 | 12.75| 0.80 | #DIV/O! =
360.00 138 | 1.84 | 043 | 151.98 | 0.00E*00] 60 2.85 70 | 12.81 [#DIV/0![ #DIV/0! g
600.00 14372 | 1.88 | -0.16 | 151.98 | 0.00E+00 i | #E [#DIVIO| #DIVIO! F a0
1140.00 | 14.815 | 1.56 | -0.45 | 151.98 | 0.00E+00 i | #E [#DIVI0| #DIVIO!
1380.00 | 14.862 | 1.38 | 0.39 | 151.98 | 0.00E+00 T | #E [#DIVI0| #DIVIO! 1 :
1620.00 | 14.958 | 1.50 | 0.56 | 151.98 | 0.00E+00 i | #RE [#DIVI0| #DIVIO! 1 Timé gmin) 100
1740.00 | 14.988 | 1.63 | 043 | 147.24 | 0.00E+00 FHHHH | #RE [#DIV/0| #DIV/O!

FIGURE J-2: DERIVATIVE PLOT VR7

100

data (s)
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Time (min)

Johanita Kotze Page J-2 PHD



HYDROGEOLOGY OF THE TABLE MOUNTAIN SANDSTONE AQUIFER — KLEIN KAROO

FIGURE J-3: TRANSMISSIVITY AND STORATIVITY WITH TIME - VR7
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HYDROGEOLOGY OF THE TABLE MOUNTAIN SANDSTONE AQUIFER — KLEIN KAROO

FIGURE J-4 : DIAGNOSTIC PLOTS - VR7
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HYDROGEOLOGY OF THE TABLE MOUNTAIN SANDSTONE AQUIFER — KLEIN KAROO

FIGURE J-5: SUSTAINABLE YIELD USING BASIC SOLUTION 68%
SAFETY - VR7
FC-METHOD : Estimation of the sustainable yield of a borehole

Extrapolation time in years = (enter) 5 2628000 |Extrapol.time in minutes
Effective borehole radius (r,) = (enter) 716 <4 7.16 k, Est. r From r(e) sheet
Q (I/s) from pumping test = 20 16.80 Est. r Qualified guess
s, (available drawdown), sigma_s = (enter) 40 <4{— Sigma_s from risk
Annual effective recharge (mm) = 0 40.00 s_available working drawdown(m)
t(end) and s(end) of pumping test = 4140 15.66 End time and drawdown of test
Average maximum derivative = (enter) 22 4 1.9 Estimate of average of max deriv
Average second derivative = (enter) 00 @& 0.0 Estimate of average second deriv
Derivative at radial flow period = (enter) 1.88 4t————— |Read from derivative graph
T-early[m?/d] = 168.20 Aqui. thick (m) 20
T and S estimates from derivatives T-late [m“/d] = 143.74 Est. S-late = 1.10E-03
(To obtain correct S-value, use program RPTSOLV) S-late =]  1.10E-03 S-estimate could be wrong

BASIC SOLUTION
(Using derivatives + subjective information about boundaries)
(No values of T and S are necessary)

Q_sust (l/s) =

Average Q_sust (I/s) =
with standard deviation=

sWell (Extrapol.time) =

Maximum influence of boundaries at long time

No boundaries 1 no-flow 2 no-flow Closed no-flow
21.83 27.99 34.16 52.65
36.65 28.58 23.42 15.19
Best case P Worst case
24.71 WARNING!! Est. Q_sust > Q during pumping test
9.01 Suggestion:check available drawdown and rech

(If no information exists about boundaries skip advanced solution and go to final recommendation)

FIGURE J-6: SUSTAINABLE YIELD USING BASIC SOLUTION

SAFETY - VR7

95%

FC-METHOD : Estimation of the sustainable yield of a borehole

Extrapolation time in years = (enter) 5 2628000 |[Extrapol.time in minutes
Effective borehole radius (;) = (enter) 716 < 7.16 L— Est. rg From r(e) sheet
Q (I/s) from pumping test = 20 16.80 #— Est fe Qualified guess
s, (available drawdown), sigma_s = (enter) 40 18 «H— Sigma_s from risk
Annual effective recharge (mm) = 0 22.00 s_available working drawdown(m)
t(end) and s(end) of pumping test = 4140 15.66 End time and drawdown of test
Average maximum derivative = (enter) 22 <4+ 1.9 Estimate of average of max deriv
Average second derivative = (enter) 00 0.0 Estimate of average second deriv
Derivative at radial flow period = (enter) 1.88 44———— |Read from derivative graph
T-early[m?/d] = 168.20 Aqui. thick (m) 20
T and S estimates from derivatives T-late [m*/d] = 143.74 Est. S-late = 1.10E-03
(To obtain correct S-value, use program RPTSOLV S-late =]  1.10E-03 S-estimate could be wrong

BASIC SOLUTION
(Using derivatives + subjective information about boundaries)
(No values of T and S are necessary)

Maximum influ

ence of boundaries at long time

sWell (Extrapol.time) =

Q_sust (l/s) =

Average Q_sust (I/s) =

with standard deviationH

No boundaries 1 no-flow 2 no-flow Closed no-flow
21.83 27.99 34.16 52.65
20.16 15.72 12.88 8.36
Best case » Worst case
13.59
4.96

(If no information exists about boundaries skip advanced solution and go to final recommendation)

FINAL RECOMMENDED ABSTRACTION RATE

Abstraction rate (I/s) for 24 hr/d = (enter) 20.00
Total amount of water allowed to be
abstracted per month (m®) = 51840
COMMENTS
Q_sust with 68% safety = 24.71
Q_sust with 95% safety = 13.6
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HYDROGEOLOGY OF THE TABLE MOUNTAIN SANDSTONE AQUIFER — KLEIN KAROO

FIGURE J-7: SUSTAINABLE YIELD USING ADVANCED SOLUTION 1 -
SINGLE BARRIER (C/S) — VR7

ADVANCED SOLUTION
(Using derivatives+ knowledge on boundaries and other boreholes)
(Late T-and S-values a priori + distance to boundary)
T-late [m?/d] = (enter) —> 143.74
S-late = (enter) —p 1.00E-03
1. BOUNDARY INFORMATION (choose a or b) (Code =9999 = dummy value if not applicable)
(a) Barrier (no-flow) boundaries —p Closed Square | Single Barrier | Intersect. 90° | 2 Parallel Barriers
Bound. distance a[meter] : (enter) 9999 2200 9999 9999
Bound. distance b[meter] : (enter) 9999 9999
s_Bound(t = Extrapol.time) [m] = 5.02 3.29 1.73 1.61
(b) Fix head boundary + no-flow —p Closed Fix Single Fix  [90°Fix+no-flow /I Fix+no-flow
Bound. distance to fix head a[meter] : (enter) 9999 9999 9999 9999
Bound. distance to no-flow b[meter] : (enter) 9999 9999
s_Bound(t = Extrapol.time) [m] = -1.80 -0.70 -0.64 -0.19
2. INFLUENCE OF OTHER BOREHOLES —p» Q (I/s) r (m) u_r W(u,r)
BH1 0.00E+00 #NUM!
BH2 0.00E+00 #NUM!
s_(influence of BH1,BH2) = 0.00 0.00 4.89E-08 16.26
SOLUTION INCLUDING BOUNDS AND BH's
Fix head + No-flow : Q_sust (I/s) =| 9999.00 9999.00 9999.00 9999.00
No-flow : Q_sust (I/s) =[ 9999.00 31.86 9999.00 9999.00
Enter selected Q for risk analysis = (enter) 30.00 Sigma_s = 3.370
(Go to Risk sheet and perform risk analysis from which sigma_s will be estimated : only for barrier boundaries)

RISK ANALYSIS — ADVANCED SOLUTION 1 - VR7

Single barrier boundary: Use = 2200
SENSITIVITY CALCULATION: T S a
Numerical Derivative Factor : 0.01 0.01 0.01
s_Theis(t = Extrapol.time) [m] 23.34 22.28 23.44 23.34
s_Bound(t = Extrapol.time) [m] = 4.93 4.76 5.03 4.90
s_Total = s_Theis+s_Boundary [m] 28.27 27.03 28.47 28.24
Sensitivities:
ds/dY (t = Extrapol.time): | -2.49E+01
ds/dW (t = Extrapol.time): -2.85E+00
ds/da (t = Extrapol.time): -1.27E-03
Uncertainties: % Value
% error of late T-value = (enter) 33 47.4336
sigma (Y) 0.103
% error of late S-value = (enter) 100 1.00E-03
sigma (W) 0.693
% error in bound. distance (a) = (enter) 33 726
Result:
sigma (s_Total, t= Extrapol.time) [m] = 3.37

ADVANCE SOLUTION 1: SINGLE BOUNDARY - VR7

FINAL RECOMMENDED ABSTRACTION RATE
Abstraction rate (I/s) for 24 hr/d = (enter) 25.00
Total amount of water allowed to be
abstracted per month (m°) = 64800

COMMENTS
Q_sust with 68% safety = 29.2
Q_sust with 95% safety = 26.5
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HYDROGEOLOGY OF THE TABLE MOUNTAIN SANDSTONE AQUIFER — KLEIN KAROO

FIGURE J-8: ADVANCED SOLUTION 2: TWO PARALLEL BOUNDARIES —

VR7

ADVANCED SOLUTION

(Using derivatives+ knowledge on boundaries and other boreholes)

(Late T-and S-values a priori + distance to boundary)

T-late [m’/d] = (enter) —> 143.74
S-late = (enter) —p 1.00E-03
1. BOUNDARY INFORMATION (choose a or b) (Code =9999 = dummy value if not applicable)
(a) Barrier (no-flow) boundaries —p Closed Square | Single Barrier | Intersect. 90° 2 Parallel Barriers
Bound. distance a[meter] : (enter) 9999 9999 9999 16000
Bound. distance b[meter] : (enter) 9999 2200
s_Bound(t = Extrapol.time) [m] = 5.02 0.70 1.73 3.87
(b) Fix head boundary + no-flow —p> Closed Fix Single Fix [90°Fix+no-flow /I Fix+no-flow
Bound. distance to fix head a[meter] : (enter) 9999 9999 9999 9999
Bound. distance to no-flow b[meter] : (enter) 9999 9999
s_Bound(t = Extrapol.time) [m] = -1.80 -0.70 -0.64 -0.19
2. INFLUENCE OF OTHER BOREHOLES —p» Q (Ils) r (m) ur W(u,r)
BH1 0.00E+00 #NUM!
BH2 0.00E+00 #NUM!
s_(influence of BH1,BH2) = 0.00 0.00 4.89E-08 16.26
SOLUTION INCLUDING BOUNDS AND BH's
Fix head + No-flow : Q_sust (I/s) =| 9999.00 9999.00 9999.00 9999.00
No-flow : Q_sust (I/s) =[ 9999.00 9999.00 9999.00 25.89
Enter selected Q for risk analysis = (enter) 26.00 Sigma_s = 4.026
(Go to Risk sheet and perform risk analysis from which sigma_s will be estimated : only for barrier boundaries)
RISK ANALYSIS ADVANCED SOLUTION 2 — VR7
Two parallel barrier boundaries : Use = 16000 2200
SENSITIVITY CALCULATION: T S a b
Numerical Derivative Factor 0.01 0.01 0.01 0.01
s_Theis(t = Extrapol.time) [m] 20.23 19.31 20.31 20.23 20.23
s_Bound(t = Extrapol.time) [m] = 5.37 5.26 5.59 5.34 5.35
s_Total =s_Theis + s_Boundary [m] 25.60 24.57 25.91 25.57 25.58
Sensitivities:
ds/dY (t = Extrapol.time): | -2.08E+01
ds/dW (t = Extrapol.time): -4.44E+00
ds/da (t = Extrapol.time): -2.27E-04
ds/db (t = Extrapol.time): -1.15E-03
Uncertainties: % Value
% error of late T-value = (enter) 33 47.4336
sigma (Y) 0.103
% error of late S-value = (enter) 100 1.00E-03
sigma (W) 0.693
% error in bound. distance (a) = (enter) 33 5280
% error in bound. distance (b) = (enter) 33 726
Result:
4.03

sigma (s_Total, t= Extrapol.time) [m] =

RECOMMENDED ABSTRACTION FROM ADVANCED SOLUTION 2 - VR7

FINAL RECOMMENDED ABSTRACTION RATE

Abstraction rate (I/s) for 24 hr/d = (enter)

26.00

Total amount of water allowed to be

abstracted per month (m®) =

67392

COMMENTS
Q_sust with 68% safety =

Q_sust with 95% safety =

28
25

PHD
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HYDROGEOLOGY OF THE TABLE MOUNTAIN SANDSTONE AQUIFER — KLEIN KAROO

FIGURE J-9: ADVANCED SOLUTION 3 - VR7

ADVANCED SOLUTION
(Using derivatives+ knowledge on boundaries and other boreholes)
(Late T-and S-values a priori + distance to boundary)

T-late [m?/d] = (enter) —> 143.74
S-late = (enter) —p 1.00E-03
1. BOUNDARY INFORMATION (choose a or b) (Code =9999 = dummy value if not applicable)
(a) Barrier (no-flow) boundaries —p Closed Square | Single Barrier | Intersect. 90° | 2 Parallel Barriers
Bound. distance a[meter] : (enter) 9999 9999 9999 16000
Bound. distance b[meter] : (enter) 9999 2200
s_Bound(t = Extrapol.time) [m] = 5.02 0.70 1.73 3.87
(b) Fix head boundary + no-flow — Closed Fix Single Fix  [90°Fix+no-flow /I Fix+no-flow
Bound. distance to fix head a[meter] : (enter) 9999 9999 9999 9999
Bound. distance to no-flow b[meter] : (enter) 9999 9999
s_Bound(t = Extrapol.time) [m] = -1.80 -0.70 -0.64 -0.19
2. INFLUENCE OF OTHER BOREHOLES —p» Q (I/s) r (m) u_r W(u,r)
BH1 6 400 1.52E-04 8.21
BH2 7.4 400 1.52E-04 8.21
s_(influence of BH1,BH2) = 2.36 291 4.89E-08 16.26
SOLUTION INCLUDING BOUNDS AND BH's
Fix head + No-flow : Q_sust (I/s) =| 9999.00 9999.00 9999.00 9999.00
No-flow : Q_sust (I/s) =[ 9999.00 9999.00 9999.00 25.84
Enter selected Q for risk analysis = (enter) 26.00 Sigma_s = 4.026
(Go to Risk sheet and perform risk analysis from which sigma_s will be estimated : only for barrier boundaries)
RISK ANALYSIS ADVANCED SOLUTION 3 — VR7
Two parallel barrier boundaries : Use = 16000 2200
SENSITIVITY CALCULATION: T S a b
Numerical Derivative Factor 0.01 0.01 0.01 0.01
s_Theis(t = Extrapol.time) [m] 20.23 19.31 20.31 20.23 20.23
s_Bound(t = Extrapol.time) [m] = 5.37 5.26 5.59 5.34 5.35
s_Total =s_Theis + s_Boundary [m] 25.60 24.57 25.91 25.57 25.58
Sensitivities:
ds/dY (t = Extrapol.time): | -2.08E+01
ds/dW (t = Extrapol.time): -4.44E+00
ds/da (t = Extrapol.time): -2.27E-04
ds/db (t = Extrapol.time): -1.15E-03
Uncertainties: % Value
% error of late T-value = (enter) 33 47.4336
sigma (Y) 0.103
% error of late S-value = (enter) 100 1.00E-03
sigma (W) 0.693
% error in bound. distance (a) = (enter) 33 5280
% error in bound. distance (b) = (enter) 33 726
Result:
sigma (s_Total, t= Extrapol.time) [m] = 4.03

RESULTS — ADVANCED SOLUTION 3 - VR7

FINAL RECOMMENDED ABSTRACTION RATE
Abstraction rate (I/s) for 24 hr/d = (enter) 20.00
Total amount of water allowed to be
abstracted per month (m°) = 51840

COMMENTS
Q_sust with 68% safety = 23
Q_sust with 95% safety = 20
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HYDROGEOLOGY OF THE TABLE MOUNTAIN SANDSTONE AQUIFER — KLEIN KAROO

FIGURE J-10: ADVANCED SOLUTION WORST CASE SCENARIO - VR7

ADVANCED SOLUTION

(Using derivatives+ knowledge on boundaries and other boreholes)
(Late T-and S-values a priori + distance to boundary)

T-late [m?/d] = (enter) —> 143.74
S-late = (enter) —p 1.00E-03
1. BOUNDARY INFORMATION (choose a or b) (Code =9999 = dummy value if not applicable)
(a) Barrier (no-flow) boundaries —p Closed Square | Single Barrier | Intersect. 90° | 2 Parallel Barriers
Bound. distance a[meter] : (enter) 4000 9999 9999 9999
Bound. distance b[meter] : (enter) 9999 9999
s_Bound(t = Extrapol.time) [m] = 44.65 0.70 1.73 1.61
(b) Fix head boundary + no-flow — Closed Fix Single Fix  [90°Fix+no-flow /I Fix+no-flow
Bound. distance to fix head a[meter] : (enter) 9999 9999 9999 9999
Bound. distance to no-flow b[meter] : (enter) 9999 9999
s_Bound(t = Extrapol.time) [m] = -1.80 -0.70 -0.64 -0.19
2. INFLUENCE OF OTHER BOREHOLES —p» Q (I/s) r (m) u_r W(u,r)
BH1 6 400 1.52E-04 8.21
BH2 7.4 400 1.52E-04 8.21
s_(influence of BH1,BH2) = 2.36 291 4.89E-08 16.26
SOLUTION INCLUDING BOUNDS AND BH's
Fix head + No-flow : Q_sust (I/s) =| 9999.00 9999.00 9999.00 9999.00
No-flow : Q_sust (I/s) = 11.15 9999.00 9999.00 9999.00
Enter selected Q for risk analysis = (enter) 11.00 Sigma_s = 26.021

(Go to Risk sheet and perform risk analysis from which sigma_s will be estimated : only for barrier boundaries)

RISK ANALYSIS — WORSE CASE SCENARIO - VR7

Closed square boundary: Use = 4000
SENSITIVITY CALCULATION: T S a
Numerical Derivative Factor 0.01 0.01 0.01
s_Theis(t = Extrapol.time) [m] 8.56 8.17 8.59 8.56
s_Bound(t = Extrapol.time) [m] = 24.56 24.66 26.46 24.04
s_total = s_Theis+s_Boundary [m] 33.12 32.83 35.06 32.59

Sensitivities:

ds/dY (t = Extrapol.time): | -5.87E+00

ds/dW (t = Extrapol.time): -2.81E+01
ds/da (t = Extrapol.time): -1.31E-02
Uncertainties: % Value
% error of late T-value = (enter) 33 47.4336
sigma (Y) 0.103
% error of late S-value = (enter) 100 1.00E-03
sigma (W) 0.693
% error in bound. distance (a) = (enter) 33 1320
Result:

sigma (s_total, t= Extrapol.time) [m] = 26.02

RECOMMENDED YIELD —- WORSE CASE SCENARIO - VR7

FINAL RECOMMENDED ABSTRACTION RATE
Abstraction rate (I/s) for 24 hr/d = (enter) 1.00
Total amount of water allowed to be
abstracted per month (m®) = 2592

COMMENTS
Q_sust with 68% safety = 3.9
Q_sust with 95% safety = -3.36

Johanita Kotze Page J-9 PHD



HYDROGEOLOGY OF THE TABLE MOUNTAIN SANDSTONE AQUIFER — KLEIN KAROO |

FIGURE J-11: COOPER JACOB - VR7

Cooper-Jacob method
VR7

T(md) = 2762

S= 1.58E-12

Cooper-Jacob

-
(0]

A A
A O
I I

12 -

Drawdown (m)

0 T T T T
0.1 1 10 100 1000 10000
Time (min)

FIGURE J-12: STEP DRAWDOWN ANALYSIS

VR7

STEP DRAWDOWN AND MULTIRATE

ANALYSIS

STEP DRAWDOWN MULTI RATE
Qs) | @md) | si(m) [ Sigmas,| Sigmas/Q;
Step 1 2.8 241.92 1.26 1.26 | 0.00520833
Step 2 6.5 561.6 238 28 | 000498575
Step 3 9.8 846.72 4.86 486 | 0.0057398
Step 4 15.3 132192 | 772 7.72 | 0.00583999
Step 5 20.2 174528 | 10.26 10.26 | 0.00587871
Step 6 25.9 2237.76 | 14.21 14.21_| 0.0063501
Step 7 35 3024 20.25 20.25 | 0.00669643
B= 4.9E-03| d/m®
6= 5.9E-07] d¥m°
0.008 T
0.007
0.006
(<] /
% 0.005 .
©
0.004 -
E) 0.003 1 Q (I/s) |Well effiency(%)
» 238 97
0.002 A 6.5 94
0.001 A 9.8 91
0 15.3 86
20.2 83
0 1000 2000 3000 4000 259 79
35 74
Q (m3/d)
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HYDROGEOLOGY OF THE TABLE MOUNTAIN SANDSTONE AQUIFER — KLEIN KAROO

FIGURE J-12 (CONTINUED): STEP DRAWDOWN TEST DATA - VR7

|Step test data
Step1 Step1 Step3 Step4 Step5 Stepb Step7.
Q (I/s) = 2.8 6.5 9.8 15.8 20.2 25.9 35
t(min) s (m) s (m) s (m) s (m) s (m) s (m) s (m)
0.1 0 1.26 2.8 4.86 7.72 10.26 14.21
0.5 1.35 1.93 3.54 6.24 8.7 11.61 16.37
1 1.42 2.72 3.97 6.7 9.13 12.44 17.6
1.5 1.34 2.62 4.29 6.93 9.44 12.8 18.08
2 1.23 2.58 4.32 7.11 9.62 13.06 18.44
2.5 1.09 2.58 4.39 7.2 9.78 13.22 18.7
3 1.01 2.59 4.41 7.23 9.86 13.35 18.87
3.5 1.01 2.59 4.42 7.27 9.96 13.41 19.08
4 1.02 2.6 4.43 7.32 10.03 13.46 19.11
4.5 1.03 2.6 4.44 7.32 10.07 13.54 19.13
5 1.03 2.61 4.44 7.34 10.11 13.57 19.23
7 1.06 2.65 4.45 7.41 10.13 13.64 19.26
9 1.09 2.66 4.49 7.45 10.15 13.72 19.44
12 1.14 2.69 4.59 7.51 10.16 13.82 19.7
15 1.16 2.7 4.6 7.53 10.17 13.91 19.74
20 1.19 2.71 4.65 7.57 10.19 13.98 19.77
25 1.19 2.73 4.78 7.6 10.22 14.02 19.83
30 1.23 2.75 4.78 7.62 10.23 14.05 20.05
35 1.25 2.76 4.78 7.65 10.25 14.11 20.05
40 1.25 2.77 4.79 7.66 10.25 14.13 20.05
45 1.25 2.78 4.82 7.68 10.25 14.16 20.07
50 1.25 2.76 4.85 7.68 10.25 14.18 20.19
60 1.26 2.8 4.86 7.72 10.26 14.21 20.25
Variable rate test data
25
Azo? R + o+
E LT
E R e © 0000000 00 00 o o 0c0e0 @
‘;“100 « g X X XXOK X XX XK OKKRIRK X
5 3
S R A A AAAAAMA A A AA AAAAMML
5 G EEEEESE BN BN E EEEEEE
Oé ¢ 0 ® 0000000 00‘00 ® 0000000
0.1 1 10 100
Time (min)
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HYDROGEOLOGY OF THE TABLE MOUNTAIN SANDSTONE AQUIFER — KLEIN KAROO

) A A
O
Regio
. O
00
00

CONSTANT RATE TEST DATA : enter values in cells which are coloured light yellow

FIGURE J-13: FC DATA SHEET- VR6

SOUTH AFRICA

LITTLE KAROO

DWAF

3720431.00

42082.90

TMG PENINSULA

250

228

Sep-97

CALLIE CALITZ

Borehole VRG
Q(/s)= | 154 Recovery data
t (min) s(m) |awgs'| avgs"| agT avgS | Timet | Res_s | tt' |Wirise| s Rec_T
1.00 13.32 0.1 82.23 | 43201 1.22 ——
150 17.19 05 | 6752 | 8641 | 1593 2631 iy <L D51l IRUTEeoVory e
2.00 206 | 39.46| -1.17 1 548 | 4321 | 28.65 | 46.59
2.50 2379 | 27.17| 154 | 821 | 6.51E-06] 15 4504 | 2881 | 3841 | 5861 | 44 o /\[\
3.00 2659 | 21.03| -2.10 | 1059 | 6.51E-06] 2 37.09 | 2161 | 46.36 | 61.16 | 4.2 T L
3.50 2697 [1391] -2.34 | 17.84 | 6.51E-06] 25 31.56 | 1729 | 561.95 | 53.21 45 2 ~ T
4.00 2761 | 1052 -0.14 | 2836 | 6.51E-06] 3 27.75 | 1441 | 557 | 4802 | 58 3 /\/\An\
450 2794 | 1247| 1.82 | 2450 | 6.51E-06] 35 2448 | 1235 | 58.97 | 2948 | 10.2
5.00 2846 | 19.95| 248 | 10.72 | 6.51E-06] 4 2413 | 1081 | 59.32| 956 | 13.7 1 ‘ ‘ ‘
7.00 3039 |3207| 1.08 | 692 | 8.88E-068] 5 2303 | 865 | 6042 | 19.98 | 14.7 10 1000 10000
12.00 4251 | 37.85| -001 | 590 | 1.35E-05| 7 1938 | 6181 | 64.07 | 23.73 | 12.0 Time (min) since abstraction stopped
15.00 4667 | 34.95| 068 | 652 | 1.35E-05] 9 16.99 | 481 | 66.46 | 17.64 | 134
20.00 49.86 | 26.68 | -1.56 8.80 1.35E-05 12 15.23 361 | 68.22 | 14.37 17.6 Effective T-value from recovery data
25.00 52.86 | 17.14| 2.77 | 13.26 | 1.35E-05| 15 138 | 289 | 69.65 | 1063 | 22.2 1000
30.00 531 | 9.06 | 1.99 | 2459 | 1.35E-05] 20 12.86 | 217 | 7059 | 8.73 | 2456
35.00 5361 | 8.23 | 164 | 5946 | 1.35E-05| 25 1185 | 1738 | 716 | 1056 | 24.3 A P
40.00 5362 | 12.35| 509 | 17.72 | 1.35E-05| 30 11 145 | 72.45 | 1094 | 227 E
45.00 5392 | 28.70| 510 | 7.27 | 147E-05] 35 1025 | 1244 | 732 | 10.66 | 22.9 g f\/—-—-//
50.00 5727 | 43.22| 1.75 | 474 | 353E-05| 40 967 | 109 | 73.78| 1035 | 235 20 7/
50.00 62.26 | 41.10| 149 | 474 | 353E-05] 45 912 | 97 | 7433 1002| 245
70.00 6411 | 27.76| -2.88 | 4.74 | 3.53E-05] 50 87 | 874 | 74.75| 946 | 255 1 : : :
80.00 6480 | 18.08| -2.81 | 4.74 | 3.53E-05] 60 794 | 73 | 7551] 918 | 26.1 10 Timeqenin) 1000 10000
90.00 6565 | 13.30| -1.83 | 4.74 | 3.53E-05] 70 736 | 62.71| 76.09| 935 | 259
100.00 6598 | 11.46| -1.02 | 474 | 3.53E-05] 80 6.77 | 55 |7668| 9.72 | 284
120.00 67.37 | 9.92 | 077 | 474 | 353E-05] 90 6.3 49 | 77.15| 695 | 329
150.00 67.77 | 844 | 047 | 474 | 353E-05] 110 579 | 40.27 | 77.66| 6.00 | 39.7
200.00 6894 | 807 | 014 | 474 | 358E-05| 140 515 | 31.86| 783 | 554 | 40.7
250,00 69.63 | 8.80 | 050 | 474 | 3.53E-05] 190 447 | 2374|7898 | 643 | 388
300.00 69.9 | 10.09| 038 | 474 | 3.58E-05] 240 363 19 | 7982 692 | 452
200.00 7244 | 1029 0.10 | 474 | 3.53E-05] 290 321 | 159 | 8024 | 352 | 546
500.00 7259 | 1060| 056 | 474 | 3.53E-05] 390 287 | 12.08| 8058 | 3.64 | 651
600.00 7327 | 12.33| 0.79 | 474 | 8.53E-05| 490 237 |9.816|81.08| 410 | 689
700.00 742 | 13.83| 011 | 474 | 3.58E-05] 590 214 | 8322|8131 | 296 | 762
800.00 7601 | 13.35| 127 | 474 | 353E-05] 690 193 | 7.261]| 8152 | 269 | 929
900.00 7616 | 10.28| -1.68 | 4.74 | 8.53E-05] 790 18 | 6468 8165| 2.26 | 108.7
1000.00 758 | 9.09 | 1.02 | 474 | 3.53E-05] 890 168 | 5854 | 81.77 | 1.85 | 129.7
1100.00 7758 | 834 | 171 | 474 | 353E-05] 990 162 | 5364 81.83| 159 | 135.1
1300.00 7677 | 570 | 297 | 474 | 353E-05] 1090 154 | 4963 | 81.91| 2.00 | 127.7
1440.00 7816 | 4.25 |#NUMI| 4.74 | 3.53E-05| 1190 146 | 463 | 81.99 | 219 | 1196
1560.00 7765 [#NUMI[ZNUMI| 4.74 | 3.53E-05| 1290 138 | 4349 | 8207 | 193 | 1282
1680.00 7742 [#NUMI[#NUMI| -28:84 | 3.53E-05] 1390 133 | 4108|8212 | 162 | 1118
1800.00 7836 [#NUMI[#NUMI| -28.84 | 3.53E-05| 1530 126 | 3.824 | 8219 | 3.30 | 91.8
1920.00 7589 [#NUMI[ZNUMI| -28.84 | 3.53E-05] 2010 | 082 | 3.149| 82.63 | 349 | 861
2040.00 7775 | 27.30 |#NUMI| -28.84 | 3.53E-05| 2148 | 076 | 3.011|8269] 1.97 | 90.0
2160.00 7955 | 4064 | 1.11 | -28.84 | 3.53E-05| 2340 | 069 | 2.846| 82.76 | 2.89 | 1084
2280.00 80.35 | 32.33| -547 | -28.84 | 3.53E-05] 2560 | 054 | 2.688] 82.91| 1.99 | #NUM!
2400.00 8117 | 22.99| 4.80 | 28.84 | 3.53E-05] 2920 | 049 | 2.479 | 82.96 | -2.34 | #DIV/O!
2520.00 80.72 | 19.64| -2.89 | 28.84 | 3.53E-05] 3500 | 0.84 | 2.234 | 82.61 [#DIV/O![ #DIV/O!
2640.00 8165 | 17.41| -8.02 | -28.84 | 3.53E-05 | #HHEH [#DIVI0| #DIV/0!
2760.00 8227 | 9.71 | -16.36 | 28.84 | 3.53E-05 i | #HHEH [#DIVI0]| #DIV/0!
2880.00 82.08 | 4.28 |#NUM!| 28.84 | 3.53E-05 HiHH | #HHEH [#DIVIOI] #DIV/O!
3000 818 |#NUMI|#NUM!| 2884 | 3.53E-05 i | #HHEH [#DIVI0| #DIV/0!
3120 8249 |#NUMI|[#NUM!| -33.31 | 3.53E-05 i | #HEEH [#DIVIO| #DIV/0!
3240 82.03 |#NUMI|#NUM!| -33.31 | 3.53E-05 | #HEH |[#DIVI0]| #DIV/0!
3360 8115 |#NUMI| #NUM!| -163.79 | 3.53E-05 #iHHHE | #HHEH [#DIVI0] #DIV/0!
3480 82.09 |#NUMI| #NUM! | -163.79 | 3.53E-05 | #HHEH [#DIVI0| #DIV/0!
3600 82.25 | 27.11 | #NUM! | -163.79 | 3.53E-05 i | #EEH [#DIVI0)| #DIV/0!
3720 82.78 | 20.48 | #NUM! | -163.79 | 3.53E-05 T | #HHHH |#DIVI0]| #DIV/0!
3840 8345 |#NUMI|#NUM!| -163.79 | 3.53E-05 i | #HHEH [#DIVI0] #DIV/0!
3960 8325 |#NUMI|#NUM!| -163.79 | 3.53E-05 i | #HEEH [#DIVI0| #DIV/0!
4080 82.53 |#NUMI| #NUM! | -163.79 | 3.53E-05 | #EH |[#DIVI0]| #DIV/0!
4200 82.38 |#NUMI| #NUM! | -163.79 | 3.53E-05 #iHHHE | #HHEH [#DIVI0I] #DIV/0!
4320 82.23 |#NUMI| #NUM! | -163.79 | 3.53E-05 | #HHEH [#DIVI0| #DIV/0!
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HYDROGEOLOGY OF THE TABLE MOUNTAIN SANDSTONE AQUIFER — KLEIN KAROO

FIGURE J-14: DIAGNOSTIC PLOTS VR6

DIAGNOSTIC PLOTS

VR6
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HYDROGEOLOGY OF THE TABLE MOUNTAIN SANDSTONE AQUIFER — KLEIN KAROO

FIGURE J-15: STEP DRAWDOWN TEST - VR6

VR6

STEP DRAWDOWN AND MULTIRATE

ANALYSIS

Enter field step test data at bottom of sheet

yes

STEP DRAWDOWN MULTIRATE

Q(/s) | Qm7d) | s;(m) [Sigmas,| Sigmas/Q

Step 1 24 207.36 4 4 0.01929012
Step 2 5 432 9.58 9.58 0.02217593
Step 3 6.7 578.88 16.22 16.22 | 0.02801962
Step 4 8.6 743.04 22.78 22.78 | 0.03065784

Step 5 14.3 1235.52 47.33 47.33 | 0.03830776
Step 6 20.8 1797.12 92.99 92.99 0.0517439

Step 7 0 0
B= 1.4E-02| d/m?
C= 2.1E-05| d¥m®
0.06
0.05 4
g 0.04
E *
g 0.03 4 .
E Q (I/s) [Well effiency(%) |
»n 0.02 2.4 77
5 62
0.01 4 6.7 55
0 8.6 48
‘ ‘ ‘ 14.3 36
0 500 1000 1500 2000 20.8 28
Q (m3/d)
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HYDROGEOLOGY OF THE TABLE MOUNTAIN SANDSTONE AQUIFER — KLEIN KAROO

FIGURE J-15 (CONTINUED): STEP DRAWDOWN TEST - VR6

[Step test data
Step1 Step1 Step3 Step4 Step5 Step6 Step7
Q (I/s) = 24 5 6.7 8.6 14.3 20.8
t(min) s (m) s (m) s (m) s (m) s (m) s (m) s (m)
0.1 0 4 9.58 16.22 22.78 47.33
0.5 1.35 5.35 16.77 25.3 50.18
1 1.95 5.97 12.21 17.69 26.42 54.6
1.5 2.28 6.39 12.69 18.4 27.55 60.16
2 243 6.73 13.04 18.93 28.07 62.07
25 2.48 6.85 13.28 19.31 28.48 65.21
3 2.51 7.2 13.49 19.73 28.93 67.4
3.5 2.53 7.42 13.64 20 29.3 69.41
4 2.56 7.52 13.81 20.21 30.44 71.2
4.5 2.61 7.63 13.91 20.2 32.11 75.84
5 2.68 7.7 14.02 20.38 33.36 76.56
7 2.85 7.84 14.29 20.66 37.93 78.43
9 2.99 8.01 14.49 20.97 39.1 81.2
12 3.16 8.23 14.75 21.24 40.01 83.93
15 3.27 8.4 14.94 21.41 4217 85.78
20 3.44 8.61 15.22 21.67 43.43 87.46
25 3.58 8.83 15.42 21.84 44.6 88.59
30 3.62 8.89 15.58 22.09 451 89.65
35 3.74 9.12 15.75 22.24 45.64 90.89
40 3.8 9.24 15.87 22.36 46.14 91.24
45 3.89 9.35 15.98 22.49 46.47 91.82
50 3.92 9.43 16.07 22.64 46.99 92.04
60 4 9.58 16.22 22.78 47.33 92.99
Variable rate test data
100
90 - o o 0000%°°
__ 80+ w *° ®
E 70+ Y
: 60 - e * ot
.§ 4518? ’ x x xX X K XXKRKX
g i 3 X x X X Xxxx%
20 1
A A AAAAAAA A A AA AAAAMA
‘o T3 5 3LNNES 3338 BNNNS
0.1 1 10 100
Time (min)
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HYDROGEOLOGY OF THE TABLE MOUNTAIN SANDSTONE AQUIFER — KLEIN KAROO |

FIGURE J-16: DERIVATIVE PLOTS - VR6
DERIVATIVE PLOTS AND T-AND S-VALUES

VR6

100

=— data (s)
W [\ .
10 —\
/’\ —_—
1
—S
0.1 r
1 10 100 1000 10000
Time (min)
log derivative = 0.17 —>
T-value with time
70
60
—~ 50
)
N 40
E 30
% /\ J
L S S—— L |
0 T T T
1 10 100 1000 10000
Time (min)
S-value with time
1.00E+00
1.00E-01
o 1.00E-02
=
g 1.00E-03
@ 1.00E-04
1.00E-05 — /
1.00E-06 ; ; ;
10 100 1000 10000
Time (min)

good fracture network

FIGURE J-17: TRANSMISSIVITY AND STORATIVITY OVER TIME
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HYDROGEOLOGY OF THE TABLE MOUNTAIN SANDSTONE AQUIFER — KLEIN KAROO

FIGURE J-18: SUSTAINABLE YIELD — BASIC SOLUTION 68 % SAFETY —
VR6
FC-METHOD : Estimation of the sustainable yield of a borehole

Extrapolation time in years = (enter) 5 2628000 |Extrapol.time in minutes
Effective borehole radius (r,) = (enter) 2706 4 27.06 k, Est. r From r(e) sheet
Q (I/s) from pumping test = 15.4 4.86 Est. r, Qualified guess
s, (available drawdown), sigma_s = (enter) 170 <4{— Sigma_s from risk
Annual effective recharge (mm) = 0 170.00 s_available working drawdown(m)
t(end) and s(end) of pumping test = 4320 83.45 End time and drawdown of test
Average maximum derivative = (enter) 350 @ 432 Estimate of average of max deriv
Average second derivative = (enter) 00 <& -03 Estimate of average second deriv
Derivative at radial flow period = (enter) 8.44 4 Read from derivative graph
T-early[m?/d] = 28.85 Aqui. thick (m) 20
T and S estimates from derivatives T-late [m“/d] = 6.96 Est. S-late = 1.10E-03
(To obtain correct S-value, use program RPTSOLV) S-late =] 1.10E-03 S-estimate could be wrong

BASIC SOLUTION
(Using derivatives + subjective information about boundaries)
(No values of T and S are necessary)
sWell (Extrapol.time) =

Q_sust (l/s) =

Average Q_sust (I/s) =
with standard deviation=

Maximum influence of boundaries at long time

No boundaries 1 no-flow 2 no-flow Closed no-flow
180.89 278.34 375.78 668.12
14.47 9.41 6.97 3.92

Best case » Worst case
7.81
4.46

(If no information exists about boundaries skip advanced solution and go to final recommendation)

RECOMMENDED YIELD BASIC SOLUTION - VR6

FINAL RECOMMENDED ABSTRACTION RATE

Abstraction rate (I/s) for 24 hr/d = (enter) 7.00
Total amount of water allowed to be
abstracted per month (m®) = 18144
COMMENTS
Q_sust with 68% safety = 7.81
Q_sust with 95% safety = 74
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HYDROGEOLOGY OF THE TABLE MOUNTAIN SANDSTONE AQUIFER — KLEIN KAROO

FIGURE J-19: COOPER JACOB ANALYSIS - VR6

Cooper-Jacob method
VR6

T(m’d)= 167

S= 2.78E-07

Cooper-Jacob
90

80 1
70 1
60 1
50 1
40 7

Drawdown (m)

30 o 000® M
201 ,°
10 -

1 10 100 1000 10000
Time (min)

FIGURE J-20: STEP DRAWDOWN TEST - VRS

VRS

STEP DRAWDOWN AND MULTIRATE

Enter field step test data at bottom of sheet
STEP DRAWDOWN MULTI RATE
Q(/s) | Qm7d) [ s;(m) [Sigmas;| Sigmas/Q;
Step 1 4.2 362.88 3.63 3.63 0.01000331
Step 2 9.5 820.8 10.91 10.91 0.01329191
Step 3 16 1382.4 28.45 28.45 0.02058015
Step 4 22 1900.8 48.09 48.09 | 0.02529987
Step 5 0 0
Step 6 0 0
Step 7 0 0
B= 6.5E-03| d/m®
CE 9.3E-06| d%m°®
0.03
0.025 - *
g 0.02 1 2
7]
g 0.015 - _
= Q (IIs) [Well effiency(%) |
»n 0.014 4.2 66
9.5 46
0.005 - 16 33
22 27
0 T T T T
0 500 1000 1500 2000 2500
Q (m3/d)
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FIGURE J-20 (CONTINUED) STEP DRAWDOWN TEST -VRS8

[Step test data

Step1 Step1 Step3 Step4 Step5 Step6 Step7
Q (I/s) = 4.2 9.5 16 22
t(min) s (m) s (m) s (m) s (m) s (m) s (m) s (m)
1 2.39 3.63 10.91 28.45
2 2.91 6.49 11.29 28.79
3 2.96 8.14 12.84 29.19
4 2.63 8.84 18.03 31.09
5 2.39 9.24 20.63 37.65
6 2.29 9.53 22.53 41.17
7 2.04 10.07 23.79 41.87
8 1.79 10.7 24.67 43.59
9 1.55 10.99 25.21 44.34
10 1.56 11.22 25.59 45.48
12 1.91 11.34 26.09 46.35
15 2.31 11.64 26.15 46.72
20 2.92 12 26.39 47.06
25 3.14 12.03 26.92 47.51
30 3.31 10.64 27.47 48.07
35 3.39 10.51 27.52 48.09
40 3.56 10.84 27.91
50 3.29 10.86 27.99
60 3.63 10.91 28.45
Variable rate test data
60
50 -
E 40
S
o 30
2 YY R A AAAA AL
8 20 - st
5 A
10 4 : : g muEEEE E B E B gy an
0! ¢ ® ¢ 000000 0 O ¢ & 600 o o
1 10 100
Time (min)
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DATA
O
Reqgio
() O
00
00

CONSTANT RATE TEST DATA : enter values in cells which are coloured light yellow

FIGURE J-21: FC DATA SHEET - VR11

SOUTH AFRICA

LITTLE KAROO

DWAF

3721304.80

40941.70

TMG PENINSULA

224.5

200

Sep-97

CALLIE CALITZ

Borehole VR11
Q (IIs)= 15.4 Recovery data
t(min) | s(m) |awgs']avgs"| aaT avgS | Timet | Res_s | tt' |Wirise| s Rec_T
1.00 5.79 0.1 14.57 [43201] 0O o
2.00 6.96 1 8.32 23211 6.25 | 6.81 100 Derivative from recovery data
3.00 754 | 6.30 | -0.98 2 547 | 2161 | 91 | 8.87
4.00 8 401 [ 057 | 61.49 [0.00E+00] 3 412 | 1441 | 1045] 432 | 539 o 10 ~ 1
5.00 846 | 419 | 019 | 57.22 [0.00E+00] 4 424 | 1081 | 10.33 ] 240 | 49.0 2 \/
6.00 876 | 435 | 019 | 5579 [0.00E+00] 5 355 | 865 | 11.02| 11.80 [ 34.0 R
7.00 9.08 | 448 [#NUM!| 54.92 [0.00E+00] 6 213 | 721 [ 12441295 27.0 5 N —
8.00 932 |[#NUMI[#NUM!| 52.48 [0.00E+00] 7 168 | 6181 1289 477 | 36.7 2 041 : .
9.00 9.58 |#NUMI[#NUM!| 52.48 [0.00E+00] 8 154 | 541 | 13.03] 471 | 1376 10 100 1000
10.00 9.79 |[#NUMI[#NUM!] 52.48 [0.00E+00] 9 116 | 481 | 1341] 025 [ 987 0.01
11.00 #NUMI[#NUMI | 5248 | 0.00E+00] 10 153 | 433 | 13.04 | 1294 | 3708 Time (min) since abstraction stopped
12.00 10.13 [#NUMI|#NUMI| 52.48 [ 0.00E+00[ 11 393.7 [ 14.57 | 0.09 | #Numi
15.00 10.5 [#NUM!| #NUM!| 52.48 | 0.00E+00 12 1.57 361 13 -7.75 | #NUM! Effective T-value from recovery data
20.00 10.97 [#NUMmI[#NUMI] 68.79 [ 0.00E+00] 15 137 | 289 | 132 [ 0.30 | #NUM! 10000
25.00 11.33 | 2.70 [#NuMI| 83.07 [0.00E+00] 20 149 | 217 [13.08] -0.17 | #NUM!
30.00 11.48 | 193 | -1.68 | 128.67 [ 0.00E+00] 25 14 1738 [ 1317 [ 0.42 | #Num! % 1000 i
40.00 1171 | 122 | -2.22 | 187.60 [ 0.00E+00] 30 1.42 145 | 13.15] -0.14 | #Numi 3 J
50.00 11.78 | 0.70 | -2.35 | 187.60 [ 0.00E+00] 40 1.43 109 | 1314 0.21 | #Numi SRIO0 J
60.00 1179 | 0.46 | -1.54 | 187.60 [ 0.00E+00] 50 137 | 87.4 | 132 | 0.41 | 1073.0 = 10
70.00 11.82 | 0.39 | -0.30 | 187.60 [ 0.00E+00] 60 1.36 73 [ 1321] 0.14 | 11771
80.00 11.83 | 0.42 | 0.83 | 187.60 [ 0.00E+00] 70 1.35 | 6271 13.22] 0.16 | 1502.7 1 , .
100.00 11.91 | 057 | 1.36 | 187.60 [ 0.00E+00] 80 1.34 55 | 1323] 0.19 | 1157.4 1 10 Time (min)100 1000
150.00 11.93 [ 099 | 1.61 | 187.60 [ 0.00E+00] 100 132 | 442 | 1325] 030 | 936.5
200.00 12.05 | 1.72 | 1.13 | 110.72 [ 0.00E+00] 150 1.26 | 29.8 | 13.31] 0.30 | 809.6
300.00 1268 | 219 | 0.07 | 98.99 [0.00E+00] 200 123 | 226 | 1334 030 | 826.0
420.00 13.07 | 1.83 | -0.94 [ 98.99 [0.00E+00] 300 117 | 154 | 134 | 028 | 8277
600.00 1316 | 1.18 | -1.67 | 98.99 | 0.00E+00] 420 114 [11.29]13.43 [ 0.30 | #DIV/O!
780.00 1337 | 0.65 | -1.82 | 98.99 [0.00E+00] 600 1.08 8.2 | 13.49 [#DIV/0l| #DIv/0!
1080.00 1339 | 0.39 | -0.65 | 98.99 | 0.00E+00 i | #HE [#DIV/0I| #DIV/0!
1440.00 1339 | 042 | 154 | 98.99 | 0.00E+00 i | #HE [#DIV/0I| #DIV/0!
1800.00 1337 | 072 | 2.84 | 98.99 | 0.00E+00 i | #HE [#DIVI0I| #DIV/0!
2160.00 1357 | 1.37 | 242 | 98.99 | 0.00E+00 i | #EE [#DIV/0I| #DIV/0!
2520.00 1364 | 1.76 | 0.88 | 98.99 | 0.00E+00 i | #EE [#DIV/0I| #DIV/0!
2880.00 13.81 | 1.83 | 1.05 | 98.99 [0.00E+00 i | #aEE [#DIV/0I| #DIV/0!
3240.00 13.86 | 2.24 [#NUM!| 98.99 [ 0.00E+00 i | #aEE [#DIV/0I| #DIV/0!
3600.00 13.95 [#NUMI[#NUM!| 68.97 | 0.00E+00 i | #AAE [#DIV/0I| #DIV/0!
3960.00 14.02 [#NUMI[#NUM!| 68.97 | 0.00E+00 i | #eAE [#DIV/0I| #DIV/0!
4320.00 14.57 [#NUMI[#NUM!| 68.97 | 0.00E+00 i | e [#DIVI0I| #DIV/0!
Johanita Kotze Page J-20 PHD
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FIGURE J-22: DIAGNOSTIC PLOTS - VR11

DIAGNOSTIC PLOTS

Borehole:
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FIGURE J-23: TRANSMISSIVITY AND STORATIVITY WITH TIME - VR11

T-value with time
200
__ 150 / \
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E 100 / \_
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FIGURE J-24: DERIVATIVE PLOT - VR11

DERIVATIVE PLOTS AND T-AND S-VALUES

VR11

100

log derivative =

= data (s)
10 /
N—
| AN
0.1 \
—S
0.01 T T y
1 10 100 1000 10000
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| HYDROGEOLOGY OF THE TABLE MOUNTAIN SANDSTONE AQUIFER — KLEIN KAROO

FIGURE J-25: STEP DRAWDOWN TEST - VR11

STEP DRAWDOWN AND MULTIRATE

ANALYSIS

Enter field step test data at bottom of sheet

STEP DRAWDOWN MULTIRATE
Q(/s) | Qm7d)| s, (m) [Sigmas;[ Sigmas/Q;
Step 1 4.1 354.24 4.58 4.58 0.01292909
Step 2 6.9 596.16 10.57 10.57 | 0.01773014
Step 3 10 864 19.11 19.11 0.02211806
Step 4 12.5 1080 32.5 32.5 0.03009259
Step 5 0 0
Step 6 0 0
Step 7 0 0
B= 6.9-03] d/m?
CE 1.8E-05] d*m®
0.035
0.03 4 *
g 0.025 -
) 1
o 0.02
E 0.015 1 Q(I/s) [Well effiency(%) |
o | 4.1 51
0.01 6.9 38
0.005 - 10 30
0 ‘ ‘ 12.5 26
0 500 1000 1500
Q (m3/d)
Johanita Kotze Page J-23 PHD



HYDROGEOLOGY OF THE TABLE MOUNTAIN SANDSTONE AQUIFER — KLEIN KAROO

FIGURE J-25 (CONTINUED) STEP DRAWDOWN DATA - VR11

[Step test data
Step1 Step1 Step3 Step4 Step5 Stepb Step7
Q (I/s) = 4.1 6.9 10 12.5
t(min) s (m) s (m) s (m) s (m) s (m) s (m) s (m)

1 2.61 4.58 10.57 19.11
2 4.05 6.09 10.62 19.34
3 3.89 7.18 12.78 19.5
4 3.61 7.82 13.78 20.29
5 3.63 8.12 14.75 23.55
6 3.69 8.39 15.33 24.73
7 3.83 8.59 15.84 26.08
8 3.56 8.82 16.19 27.19
9 3.95 8.99 16.53 27.99
10 4.04 9.08 16.79 28.83
12 4.14 9.16 17.09 29.55
15 4.28 9.35 17.17 29.99
20 4.38 9.55 17.49 30.73
25 4.5 9.75 17.88 31.49
30 4.5 10.01 18.23 32.5
35 4.53 10.12 18.55
40 4.55 10.29 18.76
50 4.57 10.39 18.85
60 4.58 10.57 19.11

Variable rate test data

35

30
T 25 -
S 20
3 AAA A A
o A A A A A
3 15 L A AAst
m A
o 10 4 A ..............III

(]
5? . ® ¢ 006060600606 6 & 6000 00
0\ T
1 10 100
Time (min)
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FIGURE J-26: COOPER JACOB ANALYSIS - VR11

Cooper-Jacob method

T(m?/d) =
S=

160.9
4.26E-09

Cooper-Jacob

PRPS R X

= N - -
oo o N £ (o)}
I ! ! !

Drawdown (m)

100
Time (min)

1000

10000

FIGURE J-27: SUSTAINABLE YIELD - BASIC SOLUTION VR11

FC-METHOD : Estimation of the sustainable yield of a borehole

VR11
Extrapolation time in years = (enter) 5 2628000 |Extrapol.time in minutes
Effective borehole radius (r,) = (enter) 1028 < 10.28 k, Est. r, From r(e) sheet
Q (I/s) from pumping test = 15.4 11.17 44— Estr, Qualified guess
s, (available drawdown), sigma_s = (enter) 49 44— Sigma_s from risk
Annual effective recharge (mm) = 0 49.00 s_available working drawdown(m)
t(end) and s(end) of pumping test = 4320 14.57 End time and drawdown of test
Average maximum derivative = (enter) 27 4 2.7 Estimate of average of max deriv
Average second derivative = (enter) 00 <@ 0.0 Estimate of average second deriv
Derivative at radial flow period = (enter) 219 Read from derivative graph
T-early[m?/d] = 111.18 Aqui. thick (m) 20
T and S estimates from derivatives T-late [m“/d] = 90.26 Est. S-late = 1.10E-03
(To obtain correct S-value, use program RPTSOLV) S-late = 1.10E-03 S-estimate could be wrong

BASIC SOLUTION
(Using derivatives + subjective information about boundaries)
(No values of T and S are necessary)

Maximum influence of boundaries at long time

sWell (Extrapol.time) =

Q_sust (I/s) =

Average Q_sust (I/s) =

with standard deviation=

No boundaries 1 no-flow 2 no-flow Closed no-flow
22.09 29.60 37.11 59.65
34.16 25.49 20.33 12.65
Best case ™~ Worst case
21.75 WARNING!! Est. Q_sust > Q during pumping test

9.03 Suggestion:check available drawdown and rech

(If no information exists about boundaries skip advanced solution and go to final recommendation)

FINAL RECOMMENDED ABSTRACTION RATE

Abstraction rate (I/s) for 24 hr/d = (enter) 12.00
Total amount of water allowed to be
abstracted per month (m3) = 31104
COMMENTS
Q_sust with 68% safety = 21.8
Q_sust with 95% safety = 13.8
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HYDROGEOLOGY OF THE TABLE MOUNTAIN SANDSTONE AQUIFER — KLEIN KAROO

FIGURE J-28: SUSTAINABLE YIELD - ADVANCED SOLUTION 1 - VR11

ADVANCED SOLUTION

(Using derivatives+ knowledge on boundaries and other boreholes)
(Late T-and S-values a priori + distance to boundary)

T-late [m?/d] = (enter) —> 90.26
S-late = (enter) —p 1.00E-03
1. BOUNDARY INFORMATION (choose a or b) (Code =9999 = dummy value if not applicable)
(a) Barrier (no-flow) boundaries —p Closed Square | Single Barrier | Intersect. 90° 2 Parallel Barriers
Bound. distance a[meter] : (enter) 9999 9999 9999 16000
Bound. distance b[meter] : (enter) 9999 2200
s_Bound(t = Extrapol.time) [m] = 3.10 0.53 1.23 3.75
(b) Fix head boundary + no-flow — Closed Fix Single Fix  [90°Fix+no-flow /I Fix+no-flow
Bound. distance to fix head a[meter] : (enter) 9999 9999 9999 9999
Bound. distance to no-flow b[meter] : (enter) 9999 9999
s_Bound(t = Extrapol.time) [m] = -1.52 -0.53 -0.36 -0.07
2. INFLUENCE OF OTHER BOREHOLES —p» Q (Ils) r (m) ur W (u,r)
BH1 74 450 3.07E-04 7.51
BH2 0.00E+00 #NUM!
s_(influence of BH1,BH2) = 4.24 0.00 1.61E-07 15.07
SOLUTION INCLUDING BOUNDS AND BH's
Fix head + No-flow : Q_sust (I/s) =| 9999.00 9999.00 9999.00 9999.00
No-flow : Q_sust (I/s) =[ 9999.00 9999.00 9999.00 20.94
Enter selected Q for risk analysis = (enter) 20.00 Sigma_s = 4.046
(Go to Risk sheet and perform risk analysis from which sigma_s will be estimated : only for barrier boundaries)
FINAL RECOMMENDED ABSTRACTION RATE
Abstraction rate (I/s) for 24 hr/d = (enter) 15.00
Total amount of water allowed to be
abstracted per month (m3) = 38880
COMMENTS
Q_sust with 68% safety = 23.02
Q_sust with 95% safety = 21
RISK ANALYSIS ADVANCED SOLUTION 1 - VR11
Two parallel barrier boundaries : Use = 16000 2200
SENSITIVITY CALCULATION: T S a b
Numerical Derivative Factor 0.01 0.01 0.01 0.01
s_Theis(t = Extrapol.time) [m] 22.97 22.02 23.07 22.97 22.97
s_Bound(t = Extrapol.time) [m] = 5.07 4.97 5.26 5.05 5.04
s_Total =s_Theis + s_Boundary [m] 28.04 26.99 28.34 28.02 28.01
Sensitivities:
ds/dY (t = Extrapol.time): | -2.33E+01
ds/dW (t = Extrapol.time): -4.32E+00
ds/da (t = Extrapol.time): -1.48E-04
ds/db (t = Extrapol.time): -1.37E-03
Uncertainties: % Value
% error of late T-value = (enter) 33 29.7847352
sigma (Y) 0.103
% error of late S-value = (enter) 100 1.00E-03
sigma (W) 0.693
% error in bound. distance (a) = (enter) 33 5280
% error in bound. distance (b) = (enter) 33 726
Result:
sigma (s_Total, t= Extrapol.time) [m] = 4.05
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FIGURE J-29: SUSTAINABLE YIELD ADVANCED SOLUTION2 - VR11

ADVANCED SOLUTION
(Using derivatives+ knowledge on boundaries and other boreholes)
(Late T-and S-values a priori + distance to boundary)
T-late [m%d] = (enter) —> 90.26
S-late = (enter) —p 1.00E-03
1. BOUNDARY INFORMATION (choose a or b) (Code =9999 = dummy value if not applicable)
(a) Barrier (no-flow) boundaries —p Closed Square | Single Barrier | Intersect. 90° | 2 Parallel Barriers
Bound. distance a[meter] : (enter) 9999 9999 2000 9999
Bound. distance b[meter] : (enter) 1800 9999
s_Bound(t = Extrapol.time) [m] = 3.10 0.53 10.71 1.12
(b) Fix head boundary + no-flow ) Closed Fix Single Fix  [90°Fix+no-flow /I Fix+no-flow
Bound. distance to fix head a[meter] : (enter) 9999 9999 9999 9999
Bound. distance to no-flow b[meter] : (enter) 9999 9999
s_Bound(t = Extrapol.time) [m] = -1.52 -0.53 -0.36 -0.07
2. INFLUENCE OF OTHER BOREHOLES —p» Q (Ils) r (m) ur W (u,r)
BH1 7.4 450 3.07E-04 7.51
BH2 0.00E+00 #NUM!
s_(influence of BH1,BH2) = 4.24 0.00 1.61E-07 15.07
SOLUTION INCLUDING BOUNDS AND BH's
Fix head + No-flow : Q_sust (I/s) =| 9999.00 9999.00 9999.00 9999.00
No-flow : Q_sust (I/s) =[ 9999.00 9999.00 16.55 9999.00
Enter selected Q for risk analysis = (enter) 16.70 Sigma_s = 4.667
(Go to Risk sheet and perform risk analysis from which sigma_s will be estimated : only for barrier boundaries)
FINAL RECOMMENDED ABSTRACTION RATE
Abstraction rate (I/s) for 24 hr/d = (enter) 15.00
Total amount of water allowed to be
abstracted per month (m3) = 38880
COMMENTS
Q_sust with 68% safety = 18.42
Q_sust with 95% safety = 16.55
RISK ANALYSIS ADVANCED SOLUTION 2 - VR11
Two barrier boundaries intersecting at 90°: Use = 2000 1800
SENSITIVITY CALCULATION: T S a b
Numerical Derivative Factor 0.01 0.01 0.01 0.01
s_Theis(t = Extrapol.time) [m] 19.18 18.39 19.27 19.18 19.18
s_Bound(t = Extrapol.time) [m] = 11.62 11.26 11.87 11.58 11.58
s_Total = s_Theis + s_Boundary [m] 30.79 29.65 31.14 30.76 30.76
Sensitivities:
ds/dY (t = Extrapol.time): | -2.53E+01
ds/dW (t = Extrapol.time): -4.98E+00
ds/da (t = Extrapol.time): -1.91E-03
ds/db (t = Extrapol.time): -1.99E-03
Uncertainties: % Value
% error of late T-value = (enter) 33 29.7847352
sigma (Y) 0.103
% error of late S-value = (enter) 100 1.00E-03
sigma (W) 0.693
% error in bound. distance (a) = (enter) 33 660
% error in bound. distance (b) = (enter) 33 594
Result:
sigma (s_Total, t= Extrapol.time) [m] = 4.67
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HYDROGEOLOGY OF THE TABLE MOUNTAIN SANDSTONE AQUIFER — KLEIN KAROO

FIGURE J-30: FC DATA SHEET - DP28

DA A shee er genera O dnd data or constant rate p pINg test ana recove optiona
0 South Africa eolog TMG- Nardouw
Regio Little Karoo Depth of B 246
Owne DWAF ate e 122, 151, 195, 210
oord 3717072.80 Date of Te Nov-99
00rd 50426.10 ontracto Callie Calitz
CONSTANT RATE TEST DATA : enter values in cells which are coloured light yellow
Borehole DP28
Qis)= [ 21.1 Recovery data
t(min) | s(m) |awgs'| ags"| aaT avgS | Timet' | Res_s [ tt' [Wirise| s Rec_T
1.00 2.94 001 | 11.88 |4E+05] 0 —
2.00 3.72 1 5.46 2321 | 6.42 | 3.07 100 Derivative from recovery data
3.00 421 | 4.90 | -0.60 2 5 | 2161 | 6.88 | 145
4.00 4.75 | 3.60 | -054 | 88.87 | 0.00E+00| 3 477 | 1441 | 711 | 1.02 | 3932 2 10
5.00 512 | 353 | 038 | 90.30 | 0.00E+00] 4 47 | 1081 | 7.18 | 041 | 641.0 £ ‘
6.00 538 | 3.17 | -0.70 | 105.39 | 0.00E+00] 5 468 | 865 | 72 | 0.34 | 7589 = _
o 1 ~ P
7.00 557 | 2.79 |[#NUMI| 123.03 | 0.00Ex00] _ 6 464 | 721 | 7.24 | 061 | 5335 3 AV AN
.00 571 |#NUMI[#NUMI| 131.24 | 0.00E+00] 7 259 [ 6181 7.29 | 1.19 | 3329
9.00 582 [#NUMI|#NUM!| 131.24 | 0.00E+00] _ 8 449 | 541 | 7.39 | 1.38 | 301.0 0.1 : ‘
10.00 597 [#NUMI[#NUMI| 131.24 | 0.00E+00] _ 9 444 | 481 | 7.44 | 083 | 865 62 10 100 1000
11.00 #NUMI[#NUMI| 131.24 | 0.00E+00] 10 441 | 433 | 7.47 | 5007 | 716 Time (min) since abstraction stopped
12.00 616 |#NUMI|#NUMI| 131.24 | 0.00E+00] 11 393.7 | 11.88 | 243 | #NUM!
15.00 641 |#NUMI[#NUMI| 131.24 | 0.00E+00] 12 435 | 361 | 7.53 | -25.67| #NUM! Effective T-value from recovery data
20.00 67 |ANUMI[#NUMI| 157.45 | 0.00E+00] 15 432 | 289 | 756 | 0.64 | #NUMI 1000
25.00 687 | 1.84 [#NUMI| 184.11 | 0.00E+00] 20 221 | 217 | 767 | 1.08 | 3726 —_———
30.00 7 1.67 | -0.36 | 20562 | 0.00E+00| 25 409 [ 173.8| 7.79 | 1.08 | 329.0 RS \\
40.00 719 | 157 | -0.26 | 211.26 | 0.00E+00] _ 30 402 | 145 | 7.86 | 0.93 | 356.2 3 M
50.00 736 | 148 | -0.36 | 211.26 | 0.00E+00] _ 40 39 | 109 | 7.98 | 0.82 | 395.0 3
60.00 746 | 1.37 | 041 | 211.26 | 0.00E+00] _ 50 384 | 874 | 804 | 079 | 4009 240
70.00 755 | 1.28 | -0.27 | 211.26 | 0.00E+00] _ 60 376 | 73 | 812 | 089 | 3620
30.00 761 | 1.26 | -0.05 | 211.26 | 0.00E+00] _ 70 371 | 62.71] 817 | 1.11 | 298.1 1 : :
100.00 7.74_| 1.28 | 017 | 211.26 | 0.00E+00] _ 80 362 | 55 | 826 | 1.41 | 2796 1 10 Time (min) 100 1000
150.00 797 | 141 | 0.33 | 211.26 | 0.00E+00] 100 349 | 442 | 839 | 1.08 | 2764
200.00 812 | 162 | 044 | 202.34 | 0.00E+00] 150 332 | 298 | 856 | 1.15 | 299.1
300.00 84 | 1.93 | 043 | 170.89 | 0.00E+00] 200 314 | 226 | 874 | 1.11 | 2410
420.00 88 | 2.20 | 0.26 | 149.13 | 0.00E+00] 300 298 | 154 | 89 | 2.07 | #DIV/o!
600.00 914 | 2.32 | 0.12 | 136.57 | 0.00E+00] 420 246 | 11.29 | 9.42 [#DIV/0I| #DIV/O!
780.00 937 | 2.38 | 0.09 | 136.57 | 0.00E+00) FHHHH | #HHH [#DIV/0|_#DIVIO!
1080.00 9.86 | 2.45 | 0.29 | 136.57 | 0.00E+00) FHHH | #HH [#DIV/0]| #DIVIO!
1440.00 99 | 2.78 | 058 | 124.92 | 0.00E+00) FHHH | #HH [#DIV/0I| #DIVIO!
1800.00 | 10.38 | 323 | 062 | 99.60 | 0.00E+00 i | #H [#DIV/0I| #DIVIO!
216000 | 1059 | 3.63 | 0.59 | 88.90 | 0.00E+00) i | # [ #DIV/0I| #DIVIO!
252000 | 1097 | 3.98 | 0.58 | 87.87 | 0.00E+00 FHiiHH: | #HHH [#DIVI0]|_ #DIV/O!
288000 | 1098 | 4.26 | 0.51 | 7566 | 0.00E+00 FHHHH | L [#DIVIO|_#DIVIO!
324000 | 1144 | 455 [#NUMI| 72.03 | 0.00E+00 FHHHH | #HH [#DIV/0]|_#DIVIO!
3600.00 | 11.56 |#NUMI|[#NUM!| 72.03 | 0.00E+00 HHHH | #H [#DIV/0]|_#DIVIO!
3960.00 | 11.75 |#NUMI|[#NUMI| 72.03 | 0.00E+00 i | #H [#DIV/0I| #DIVIO!
432000 | 11.88 |#NUMI[#NUMI| 72.03 | 0.00E+00) I | # [ #DIV/0I|_#DIVIO!
FIGURE J-31: DERIVATIVE PLOT - DP28
100
= data (s)
10
—SI
1
0.1
—
0.01 ‘ ‘ T
1 10 100 1000 10000
Time (min)
log derivative = 0.10 > very good fracture network
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FIGURE J-32: TRANSMISSIVITY AND STORATIVITY WITH TIME - DP28

T-value with time
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HYDROGEOLOGY OF THE TABLE MOUNTAIN SANDSTONE AQUIFER — KLEIN KAROO

FIGURE J-33: DIAGNOSTIC PLOTS - DP28

DIAGNOSTIC PLOTS
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FIGURE J-33: STEP DRAWDOWN TEST - DP28

STEP DRAWDOWN AND MULTIRATE

ANALYSIS

Enter field step test data at bottom of sheet

STEP DRAWDOWN MULTIRATE
Q@s) | QM) s, (m) [Sigmas;| Sigmas/Q
Step 1 4.4 380.16 1.1 1.1 0.00289352
Step 2 9.4 812.16 2.63 2.63 0.00323828
Step 3 16.8 1451.52 53 5.3 0.00365134
Step 4 24.9 2151.36 10.12 10.12 0.004704
Step 5 27.7 2393.28 12.72 12.72 0.00531488
Step 6 0 0
Step 7 0 0
B= 2.1E-03] d/im?
Cc= 1.2E-06] d*m®
0.006
3
0.005 -
< 0.004 -
) O
g 0.003 - S _
| Q (I/s) |Well effiency(%) |
& 0.002 44 82
9.4 68
0.001 + 16.8 55
0 24.9 45
! ! [ : ; 27.7 42
0 500 1000 1500 2000 2500 3000
Q (m3/d)
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FIGURE J-34 (CONTINUED): STEP DRAWDOWN TEST - DP28

[Step test data
Step1 Step1 Step3 Step4 Step5 Step6 Step7
Q (I/s) = 4.4 9.4 16.8 24.9 27.7
t(min) s (m) s (m) s (m) s (m) s (m) s (m) s (m)
1 0.84 1.79 3.28 7.62 11.41
2 0.76 1.84 3.76 8.3 11.54
3 0.63 2.03 3.96 8.45 11.64
4 0.7 2.11 4.15 8.71 11.71
5 0.73 2.15 4.27 8.86 11.78
6 0.78 2.2 4.4 8.98 11.8
7 0.785 2.24 4.48 9.08 11.88
8 0.79 2.26 4.55 9.17 11.91
9 0.82 2.28 4.72 9.23 11.96
10 0.83 2.29 4.66 9.28 11.99
12 0.86 2.34 4.72 9.38 12.03
15 0.89 2.36 4.82 9.48 12.11
20 0.94 2.41 4.9 9.61 12.2
25 0.98 2.44 4.96 9.66 12.32
30 0.98 2.45 5 9.72 12.39
35 1.01 2.49 5.06 9.8 12.44
40 1.03 2.5 5.09 9.83 12.445
50 1.05 2.54 5.14 9.85 12.48
60 1.06 2.56 5.19 9.93 12.53
80 1.1 2.6 5.26 10.04 12.62
100 1.1 2.63 5.3 10.12 12.72
Variable rate test data
14
12 3 X % X X X XXX X X x X XXx x x X X
E 10
s 8
Sl
E AAAAA A A A AAAA A A A 4
a 41 A A A
2 a s EEEEEE E § §E EEER BEE ©®
0 . ® 0 000000 6 & S 000 00 o
1 10 100
Time (min)
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FIGURE J-35: SUSTAINABLE YIELD - BASIC SOLUTION: DP28

FC-METHOD : Estimation of the sustainable yield of a borehole

DP28

Extrapolation time in years = (enter) 5 2628000 |Extrapo|.time in minutes
Effective borehole radius (r,) = (enter) 13.81 < 13.81 f— Est. r, From r(e) sheet
Q (I/s) from pumping test = 211 30.14 4 Est r, Qualified guess
S, (available drawdown), sigma_s = (enter) 40 <4H— Sigma_s from risk
Annual effective recharge (mm) = 0 40.00 s_available working drawdown(m)
t(end) and s(end) of pumping test = 4320 11.88 End time and drawdown of test
Average maximum derivative = (enter) 32 4 4.5 Estimate of average of max deriv
Average second derivative = (enter) 00 0.0 Estimate of average second deriv
Derivative at radial flow period = (enter) 126 44— [|Read from derivative graph
T-earlym?d] =[  264.77 Aqui. thick (m) | 20
T and S estimates from derivatives T-late [m7/d] = 104.26 Est. S-late = 1.10E-03
(To obtain correct S-value, use program RPTSOLV) S-late=| 2.20E-03 S-estimate could be wrong
BASIC SOLUTION
(Using derivatives + subjective information about boundaries) Maximum influence of boundaries at long time
(No values of T and S are necessary) No boundaries 1 no-flow 2 no-flow Closed no-flow
sWell (Extrapol.time) = 20.79 29.70 38.61 65.34
Q_sust (I/s) = 40.60 28.42 21.86 12.92
Best case = Worst case
Average Q_sust (I/s) = 23.89 WARNING!! Est. Q_sust > Q during pumping test
with standard deviation= 11.65 Suggestion:check available drawdown and rech

(If no information exists about boundaries skip advanced solution and go to final recommendation)

FINAL RECOMMENDED ABSTRACTION RATE

Abstraction rate (I/s) for 24 hr/d = (enter) 10.00
Total amount of water allowed to be
abstracted per month (m®) = 25920
COMMENTS
Q_sust with 68% safety = 16.93
Q_sust with 95% safety = 9.97

FIGURE J-36: COOPER-JACOB SOLUTION - DP28

Cooper-Jacob method
DP28

T(m’d) = 2159

S= 1.75E-06

Cooper-Jacob

14
12

10 A .0.

*

Y4
.0

.

Drawdown (m)

0 T T

1 10 100 1000 10000
Time (min)
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FIGURE J-37: ADVANCED SOLUTION 1 INCLUDING OTHER BOKKRAAL

BOREHOLES - DP28

ADVANCED SOLUTION
(Using derivatives+ knowledge on boundaries and other boreholes)
(Late T-and S-values a priori + distance to boundary)

T-late [m?/d] = (enter) —> 104.26
S-late = (enter) —p 1.00E-03
1. BOUNDARY INFORMATION (choose a or b) (Code =9999 = dummy value if not applicable)
(a) Barrier (no-flow) boundaries —p Closed Square | Single Barrier | Intersect. 90° 2 Parallel Barriers
Bound. distance a[meter] : (enter) 9999 6000 9999 9999
Bound. distance b[meter] : (enter) 9999 9999
s_Bound(t = Extrapol.time) [m] = 4.60 1.77 1.76 1.60
(b) Fix head boundary + no-flow —p> Closed Fix Single Fix  [90°Fix+no-flow /I Fix+no-flow
Bound. distance to fix head a[meter] : (enter) 9999 9999 9999 9999
Bound. distance to no-flow b[meter] : (enter) 9999 9999
s_Bound(t = Extrapol.time) [m] = -2.05 -0.74 -0.56 -0.12
2. INFLUENCE OF OTHER BOREHOLES —p» Q (Ils) r (m) ur W(u,r)
BH1 6 50 3.28E-06 12.05
BH2 9 50 3.28E-06 12.05
s_(influence of BH1,BH2) = 4.77 7.16 2.51E-07 14.62
SOLUTION INCLUDING BOUNDS AND BH's
Fix head + No-flow : Q_sust (I/s) =| 9999.00 9999.00 9999.00 9999.00
No-flow : Q_sust (I/s) =[ 9999.00 21.26 9999.00 9999.00
Enter selected Q for risk analysis = (enter) 20.00 Sigma_s = 2618
(Go to Risk sheet and perform risk analysis from which sigma_s will be estimated : only for barrier boundaries)
FINAL RECOMMENDED ABSTRACTION RATE
Abstraction rate (I/s) for 24 hr/d = (enter) 10.00
Total amount of water allowed to be
abstracted per month (m°) = 25920
COMMENTS
Q_sust with 68% safety = 22.87
Q_sust with 95% safety = 21.26

ADVANCED SOLUTION 1 INCLUDING OTHER BOKKRAAL BOREHOLES
(DP28) — RISK ANALYSIS

Single barrier boundary: Use = 6000
SENSITIVITY CALCULATION: T S a
Numerical Derivative Factor : 0.01 0.01 0.01
s_Theis(t = Extrapol.time) [m] 19.30 18.48 19.39 19.30
s_Bound(t = Extrapol.time) [m] = 1.67 1.65 1.75 1.65
s_Total =s_Theis+s_Boundary [m] 20.97 20.13 21.14 20.95
Sensitivities:
ds/dY (t = Extrapol.time): | -1.82E+01
ds/dW (t = Extrapol.time): -2.42E+00
ds/da (t = Extrapol.time): -3.62E-04
Uncertainties: % Value
% error of late T-value = (enter) 33 34.404183
sigma (Y) 0.103
% error of late S-value = (enter) 100 1.00E-03
sigma (W) 0.693
% error in bound. distance (a) = (enter) 33 1980
Result:
sigma (s_Total, t= Extrapol.time) [m] = 2.62
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FIGURE J-38: ADVANCED SOLUTION 2 — DP28: INCLUDING OTHER
BOKKRAAL BOREHOLES, SINGLE BOUNDARY 100 M AWAY

FC-METHOD : Estimation of the sustainable yield of a borehole

DP28

(If no information exists about boundaries skip advanced solution and go to final recommendation)

Extrapolation time in years = (enter) 5} 2628000 |Extrapo|.time in minutes
Effective borehole radius (r.) = (enter) 13.81 44— 13.81 «_ Est. re From r(e) sheet
Q (I/s) from pumping test = 211 30.14 Est. re Qualified guess
s, (available drawdown), sigma_s = (enter) 40 28 H— Sigma_s from risk
Annual effective recharge (mm) = 0 37.20 s_available working drawdown(m)
t(end) and s(end) of pumping test = 4320 11.88 End time and drawdown of test
Average maximum derivative = (enter) 32 < 4.5 Estimate of average of max deriv
Average second derivative = (enter) 0.0 < 0.0 Estimate of average second deriv
Derivative at radial flow period = (enter) 1.26 < Read from derivative graph
T-early[m’/d] =|__ 264.77 | Aqui. thick (m) | 20
T and S estimates from derivatives T-late [m2/d] = 104.26 8 = 1.10E-03
(To obtain correct S-value, use program RPTSOLV) S-late = 2.20E-03 S-estimate could be wrong
BASIC SOLUTION
(Using derivatives + subjective information about boundaries) Maximum influence of boundaries at long time
(No values of T and S are necessary) No boundaries 1 no-flow 2 no-flow Closed no-flow
sWell (Extrapol.time) = 32.71 41.62 50.53 77.26
Q_sust (I/s) = 23.99 18.86 15.53 10.16
Best case > Worst case
Average Q_sust (l/s) = 16.35
with standard deviation= 5.81

ADVANCED SOLUTION

(Late T-and S-values a priori + distance to boundary)

(Using derivatives+ knowledge on boundaries and other boreholes)

T-late [m?/d] = (enter) —> 104.26
S-late = (enter) —> 1.00E-03
1. BOUNDARY INFORMATION (choose a or b) (Code =9999 = dummy value if not applicable)
(a) Barrier (no-flow) boundaries —> Closed Square | Single Barrier | Intersect. 90° | 2 Parallel Barriers
Bound. distance a[meter] : (enter) 9999 100 9999 9999
Bound. distance b[meter] : (enter) 9999 9999
s_Bound(t = Extrapol.time) [m] = 4.60 12.91 1.76 1.60
(b) Fix head boundary + no-flow —p Closed Fix Single Fix__|90°Fix+no-flow /I Fix+no-flow
Bound. distance to fix head a[meter] : (enter) 9999 9999 9999 9999
Bound. distance to no-flow b[meter] : (enter) 9999 9999
s_Bound(t = Extrapol.time) [m] = -2.05 -0.74 -0.56 -0.12
2. INFLUENCE OF OTHER BOREHOLES —» Q (I/s) r (m) ur W(u,r)
BH1 6 50 3.28E-06 12.05
BH2 9 50 3.28E-06 12.05
s_(influence of BH1,BH2) = 4.77 7.16 2.51E-07 14.62
SOLUTION INCLUDING BOUNDS AND BH's
Fix head + No-flow : Q_sust (I/s) =| 9999.00 9999.00 9999.00 9999.00
No-flow : Q_sust (I/s) =[ 9999.00 17.20 9999.00 9999.00
Enter selected Q for risk analysis = (enter) 16.00 Sigma_s = 2.846
FINAL RECOMMENDED ABSTRACTION RATE
Abstraction rate (I/s) for 24 hr/d = (enter) 15.00
Total amount of water allowed to be
abstracted per month (m3) = 38880
COMMENTS
Q_sust with 68% safety = 17.2
Q_sust with 95% safety = 16
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DP28 — ADVANCED SOLUTION 2 — RISK ANALYSIS

Single barrier boundary: Use = 100
SENSITIVITY CALCULATION: T S a
Numerical Derivative Factor : 0.01 0.01 0.01
s_Theis(t = Extrapol.time) [m] 15.44 14.78 15.51 15.44
s_Bound(t = Extrapol.time) [m] = 9.79 9.40 9.87 9.77
s_Total = s_Theis+s_Boundary [m] 25.23 24.18 25.38 25.21

Sensitivities:

ds/dY (t = Extrapol.time): | -2.26E+01

ds/dW (t = Extrapol.time): -2.11E+00
ds/da (t = Extrapol.time): -2.10E-02 |
Uncertainties: % Value
% error of late T-value = (enter) 33 34.404183
sigma (Y) 0.103
% error of late S-value = (enter) 100 1.00E-03
sigma (W) 0.693
% error in bound. distance (a) = (enter) 33 33
Result:
sigma (s_Total, t= Extrapol.time) [m] = 2.85

FIGURE J-39: STEP DRAWDOWN TEST - DG110

STEP DRAWDOWN AND MULTIRATE

ANALYSIS

Enter field step test data at bottom of sheet

yes

STEP DRAWDOWN MULTIRATE

Q(/s) | Qmd) [ s;(m) [Sigmas;| Sigmas/Q

Step 1 1.9 164.16 2.33 2.33 0.01419347
Step 2 3.99 344.736 6.06 6.06 0.01757867
Step 3 5.96 514.944 9.66 9.66 0.01875932
Step 4 9.6 829.44 18.25 18.25 0.0220028

Step 5 14.69 [1269.216]| 37.29 37.29 [ 0.02938034
Step 6 17.7 1529.28 52.76 52.76 0.0344999

Step 7 0 0
B= 1.3E-02| d/m?
c= 1.3E-05| d¥m®
0.04
0.035 .
% 0.03 A
% 0.025 - .
S Q (IIs) |Well effi % ]
2 0.015 A 1(gs) e 8&; iency(%)
m .
0.01 3.99 75
0.005 5.96 67
0 9.6 56
j i ‘ 14.69 5
0 500 1000 1500 2000 17.7 41
Q (m3/d)
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FIGURE J-39 (CONTINUED) STEP DRAWDOWN TEST - DG110

[Step test data
Step1 Step1 Step3 Step4 Step5 Step6 Step7
Q (I/s) = 1.9 3.99 5.96 9.6 14.69 17.7
t(min) s (m) s (m) s (m) s (m) s (m) s (m) s (m)
0.5 0.83 6.74 38.52
1 1.53 2.49 6.97 11.09 20.01 39.75
1.5 1.78 2.95 7.23 11.92 21.09 41.1
2 1.82 3.2 7.38 12.25 21.91 41.96
2.5 1.74 3.59 7.52 12.7 22.68 42.55
3 1.73 3.66 7.61 13.05 23.5 43.16
3.5 1.74 3.79 7.71 13.29 24 43.57
4 1.78 3.86 7.76 13.5 24.41 44.05
4.5 1.78 3.96 7.83 13.73 24.83 44.43
5 1.79 4.03 7.85 13.9 25.19 44,78
7 1.83 4.23 8.08 14.42 26.61 45.75
9 1.89 4.46 8.24 14.82 27.35 46.45
12 1.95 4.65 8.39 15.32 28.93 48.03
15 2.01 4.82 8.58 15.73 30.69 48.8
20 2.06 5.07 8.82 16.37 32.34 50
25 2.11 5.32 8.96 16.72 33.28 50.96
30 217 5.38 9.08 17.06 34.17 51.73
35 2.22 5.59 9.25 17.36 34.91 52.36
40 2.25 5.72 9.37 17.6 35.61 52.54
45 2.28 5.87 9.47 17.8 36.62 52.61
50 2.28 5.91 9.51 18.01 36.88 52.72
60 2.33 6.06 9.66 18.25 37.29 52.76
Variable rate test data
60
50 - .o o ® PY 00000 ©
ol °
g 40 - . o © PY ...... )
S x X XXX
o 30 « X
2 xxxnx X X
s 20 x x XX
(a]
10 - A
A A A AAAAAAA A A A A AAaAa
0 o ® 8 EBEIEE 335535500,
0.1 1 10 100
Time (min)
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) A A
O
Reqlo
0 N
Q0
Q0

CONSTANT RATE TEST DATA : enter values in cells which are coloured light yellow

FIGURE J-40: FC DATA SET - DP15

d O

South Africa

Little Karoo

DWAF

3717093.20

50468.50

o]0 O d

TMG- Nardouw

224.5

139,183, 187

Nov-97

Callie Calitz

Borenole DP1 5
Qis)= | 5.7 Recovery data
t(min) | s(m) |awas'|awgs"| agT | agS | Timet | Res_s | tt' |Wirise] s [ Rec_T
1.00 2.07 0.01 6.1 4E+05| 0.09
2.00 308 1 108 | 4321 | 511 | 2.39 10 Derivative from recovery data
3.00 3.2 [#NUM![ #NUM! 2 0.74 2161 | 545 | 0.83
4.00 321 [#NUM!I[#NUM!| 0.00 | 0.00E+00 ) 0.7 1441 | 549 | -0.33 | #NUM! o
5.00 3.18  |[#NUM!| #NUM! | -1007.41 | 0.00E+00 4 0.85 1081 | 5.34 | -1.09 | #NUM! 5 —
6.00 3.18  |[#NUM!| #NUM! | -1437.52 | 0.00E+00 5 0.94 865 | 5.25 | -1.62 | #NUM! E ; /J\J —
7.00 3.18  |[#NUM![ #NUM!| 1636.54 | 0.00E+00 6 1.14 721 | 5.05 | -1.34 | #NUM! 8 ,\
8.00 3.18 0.20 [ #NUM!| 359.58 | 0.00E+00 7 113 | 618.1] 5.06 | 0.24 | #NUM!
9.00 32 048 | 5.14 | 152.69 | 0.00E+00 8 1.1 541 | 5.08 | 0.46 2779 0.1 T T
10.00 3.24 068 | 1.74 | 118.26 | 0.00E+00 9 1.08 481 | 511 | 0.31 282.8 1 10 100 1000
11.00 329 | 0.71 | 0.16 | 127.77 | 0.00E+00] 10 708 | 433 | 511 | 0.23 | #NUM! Time (min) since abstraction stopped
12.00 3.29 0.71 | 0.00 | 134.82 | 0.00E+00 1 1.06 |3937| 513 | -0.12 | #NUM!
15.00 3.35 0.75 | 0.31 | 119.14 | 0.00E+00| 12 1.09 361 51 | 0.30 | #NUM! Effective T-value from recovery data
20.00 3.48 0.81 | 0.13 | 107.42 | 0.00E+00 15 1.03 289 | 5.16 | 0.49 222.6 1000
25.00 3.55 0.81 | 0.01 108.74 | 0.00E+00 20 0.98 217 | 521 | 045 165.7 .
30.00 3.61 0.81 | 0.04 | 118.49 | 0.00E+00 25 0.93 1738 | 526 | 0.73 153.7 o 100 \‘;_
40.00 3.72 0.83 | 0.07 | 106.67 | 0.00E+00 30 0.85 145 | 534 | 0.62 134.9 3
50.00 3.77 0.84 | -0.06 | 102.77 | 0.00E+00 40 0.8 109 | 5.39 | 0.66 118.5 g
60.00 39 | 082 | 035 [ 10277 [ 0.00E+00] 50 07 | 874|549 | 108 | 978 740
70.00 39 0.75 | -0.62 | 102.77 | 0.00E+00 60 0.61 73 558 | 1.10 86.4
80.00 3.95 0.66 | -0.66 | 102.77 | 0.00E+00 70 054 |6271| 565 | 0.96 87.3 1 T T
100.00 4.07 0.57 | -0.16 | 102.77 | 0.00E+00] 80 0.49 55 57 | 1.04 94.6 10 Time (min) 100 1000
150.00 4.08 0.68 | 0.75 | 102.77 | 0.00E+00] 100 0.38 442 | 581 | 0.86 100.9
200.00 417 099 | 1.24 81.20 | 0.00E+00| 150 0.25 298 | 594 | 0.79 108.9
300.00 4.31 167 | 1.04 51.05 | 0.00E+00] 200 0.14 22.6 | 6.05 | 0.83 | #DIV/0!
420.00 48 210 | 0.10 38.17 | 0.00E+00| 300 0 15.4 | 6.19 [#DIV/0!| #DIV/0!
600.00 5.19 1.84 | -0.71 | 38.17 | 0.00E+00 HHEHAE | A (#DIV/OY #DIV/O!
780.00 5.38 1.36 | -0.76 | 38.17 | 0.00E+00 HHEHAE | A (#DIV/OY #DIV/O!
1080.00 5.46 115 ] 0.13 38.17 | 0.00E+00 HHEHHE | A (#DIV/OY #DIV/O!
1440.00 5.52 142 1 1.11 38.17 | 0.00E+00 HHEHHE | A (#DIV/OY) #DIV/O!
1800.00 5.75 195 | 0.21 38.17 | 0.00E+00 HEHHE | A (#DIV/OY) #DIV/O!
2160.00 597 1.71 | #NUM!| 36.21 | 0.00E+00 HHEHHE | A (#DIV/OY) #DIV/O!
2520.00 6.19 [#NUM! #NUM!| 36.21 | 0.00E+00 HHEHAE | A (#DIV/OY) #DIV/O!
2880.00 6.19  [#NUM!| #NUM!| -115.78 | 0.00E+00 HHHHHE | A (#DIV/OY) #DIV/O!
3240.00 591 [#NUM!| #NUM!| -115.78 | 0.00E+00 A | A (#DIV/OY) #DIV/O!
3600.00 6.02 [#NUM!| #NUM!| -115.78 | 0.00E+00 A | #HEHEE (#DIV/OY) #DIV/O!
3960.00 6.03 [#NUM!| #NUM!| -115.78 | 0.00E+00 A | #HEHE (#DIV/OY) #DIV/O!
4320.00 6.1 #NUM!| #NUM! | -115.78 | 0.00E+00 A | A (#DIV/OY) #DIV/O!
#NUM!| #NUM! | -115.78 | 0.00E+00 ik | #HEHE (#DIV/OY) #DIV/O!
Johanita Kotze Page J-38 PHD




| HYDROGEOLOGY OF THE TABLE MOUNTAIN SANDSTONE AQUIFER — KLEIN KAROO

FIGURE J-41: DERIVATIVE PLOTS - DP15

DERIVATIVE PLOTS AND T-AND S-VALUES

DP15

e = data (s)

0.1

0.01 v V

0.001

1 10 100 1000 10000

Time (min)

log derivative = 0.06 > very good fracture network

T-value with time

1800
1600 i
1400
1200
1000
800
600
400
200 \——
0 T T T
1 10 100 1000 10000

T (m2/d)

Time (min)

S-value with time

1.00E+00

1.00E-01

1.00E-02

1.00E-03

S-value

1.00E-04 /‘
1.00E-05 /

1.00E-06 \ \ \
1 10 100 1000 10000

Time (min)

FIGURE J-42: TRANSMISSIVITY AND STORATIVITY WITH TIME - DP15
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FIGURE J-43: DIAGNOSTIC PLOTS - DP15

DIAGNOSTIC PLOTS

DP15
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FIGURE J-44: STEP DRAWDOWN TEST - DP15

STEP DRAWDOWN AND MULTIRATE

ANALYSIS

Enter field step test data at bottom of sheet

STEP DRAWDOWN MULTI RATE
Q(/s) | Qmd) | s, (m) [Sigmas;| Sigmas/Q
Step 1 1.7 146.88 0.58 0.58 | 0.0039488
Step 2 3.6 311.04 217 217 | 0.00697659
Step 3 6.9 596.16 6.72 6.72 | 0.01127214
Step 4 9.4 812.16 | 15.63 15.63 | 0.01924498
Step 5 0 0
Step 6 0 0
Step 7 0 0
B= 1.6E-03| d/m?
C= 2.0E-05] d¥m°®
0.025
0.02 - R
g
@ 0.015 1
®
E o001 . Q (I/s) [Well effiency(%) |
& 1.7 34
¢ 3.6 20
0.005 + 69 1
9.4 9
0 T T T J
0 200 400 600 800 1000
Q (m3/d)
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FIGURE J-44 (CONTINUED): STEP DRAWDOWN TEST - DP15

[Step test data

Step1 Step1 Step3 Step4 Step5 Step6 Step7
Q (I/s) = 1.7 3.6 6.9 9.4
t(min) s (m) s (m) s (m) s (m) s (m) s (m) s (m)
1 0.47 0.58 2.17 6.72
2 0.47 1.37 5.24 14.12
3 0.47 1.66 6.44 15.65
4 0.39 1.82 6.88 15.64
5 0.39 1.84 6.88 15.64
6 0.39 1.86 6.35 15.63
7 0.47 1.86 6.32 15.63
8 0.49 1.87 6.25 15.63
9 0.5 1.91
10 0.51 1.94 6.2
12 0.51 1.94 6.2
15 0.53 1.94 6.2
20 0.53 1.95 6.24
25 0.55 2.02 6.36
30 0.55 2.05 6.39
35 0.55 2.07 6.45
40 0.58 2.1 6.54
50 0.58 2.13 6.6
60 0.58 2.14 6.7
Variable rate test data
18
16
14
E 12
$ 10
3 8/
56 A A A L4444 4 4 44aaraan
o A
4
2 ] m ® E EEEEE R B A B EEE B B
W * ® 0 0 000000 0 ¢ G000 000
1 10 100
Time (min)
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FIGURE J-45: COOPER-JACOB METHOD - DP15

Cooper-Jacob method
DP15

T(m?d)= 355 28.35 —p
S=  1.68E-06 57

Cooper-Jacob

Drawdown (m)

0 T T

1 10 100 1000 10000
Time (min)

FIGURE J-46: SUSTAINABLE YIELD - BASIC SOLUTION - DP15
FC-METHOD : Estimation of the sustainable yield of a borehole

Extrapolation time in years = (enter) 5 2628000 |Extrapol.time in minutes
Effective borehole radius (r,) = (enter) 1498 <&— 14.98 L, Est. r, From r(e) sheet
Q (I/s) from pumping test = 5.7 1157 H— Est r, Qualified guess
s, (available drawdown), sigma_s = (enter) 100 4{— Sigma_s from risk
Annual effective recharge (mm) = 0 100.00 s_available working drawdown(m)
t(end) and s(end) of pumping test = 4320 6.19 End time and drawdown of test
Average maximum derivative = (enter) 21 & 21 Estimate of average of max deriv
Average second derivative = (enter) 00 < 0.0 Estimate of average second deriv
Derivative at radial flow period = (enter) 1.36 4f———— |Read from derivative graph
T-early[m?/d] = 66.27 Aqui. thick (m) | 20
T and S estimates from derivatives T-late [m“/d] = 42.92 Est. S-late = 1.10E-03
(To obtain correct S-value, use program RPTSOLV) S-late =| 2.05E-03 S-estimate could be wrong
BASIC SOLUTION
(Using derivatives + subjective information about boundaries) Maximum influence of boundaries at long time
(No values of T and S are necessary) No boundaries 1 no-flow 2 no-flow Closed no-flow
sWell (Extrapol.time) = 12.08 17.92 23.77 41.31
Q_sust (IIs) =[  47.20 31.80 23.98 13.80
Best case > Worst case
Average Q_sust (I/s) = 26.55 WARNING!! Est. Q_sust > Q during pumping test
with standard deviation= 14.09 Suggestion:check available drawdown and rech
(If no information exists about boundaries skip advanced solution and go to final recommendation)
FINAL RECOMMENDED ABSTRACTION RATE
Abstraction rate (I/s) for 24 hr/d = (enter) 15.00
Total amount of water allowed to be
abstracted per month (m®) = 38880
COMMENTS
Q_sust with 68% safety = 22.81
Q_sust with 95% safety = 19.06
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FIGURE J-47: SUSTAINABLE YIELD ADVANCED SOLUTION - DP15

ADVANCED SOLUTION

(Using derivatives+ knowledge on boundaries and other boreholes)

(Late T-and S-values a priori + distance to boundary)

T-late [m?%d] = (enter) —> 42.92
S-late = (enter) —p 1.00E-03
1. BOUNDARY INFORMATION (choose a or b) (Code =9999 = dummy value if not applicable)
(a) Barrier (no-flow) boundaries —> Closed Square | Single Barrier | Intersect. 90° | 2 Parallel Barriers
Bound. distance a[meter] : (enter) 9999 6000 9999 9999
Bound. distance b[meter] : (enter) 9999 9999
s_Bound(t = Extrapol.time) [m] = 0.61 0.56 0.28 0.26
(b) Fix head boundary + no-flow —p Closed Fix Single Fix  [90°Fix+no-flow /I Fix+no-flow
Bound. distance to fix head a[meter] : (enter) 9999 9999 9999 9999
Bound. distance to no-flow b[meter] : (enter) 9999 9999
s_Bound(t = Extrapol.time) [m] = -0.45 -0.13 -0.04 0.00
2. INFLUENCE OF OTHER BOREHOLES —Jp» Q (I/s) r(m) u_r W(u,r)
BH1 12 50 7.98E-06 11.16
BH2 9 50 7.98E-06 11.16
s_(influence of BH1,BH2) = 21.47 16.10 7.17E-07 13.57
SOLUTION INCLUDING BOUNDS AND BH's
Fix head + No-flow : Q_sust (I/s) =| 9999.00 9999.00 9999.00 9999.00
No-flow : Q_sust (I/s) =] 9999.00 10.84 9999.00 9999.00
Enter selected Q for risk analysis = (enter) 8.00 Sigma_s = 2.255

(Go to Risk sheet and perform risk analysis from which sigma_s will be estimated :

only for barrier boundaries)

FINAL RECOMMENDED ABSTRACTION RATE

Abstraction rate (I/s) for 24 hr/d = (enter) 10.00
Total amount of water allowed to be
abstracted per month (m®) = 25920
COMMENTS
Q_sust with 68% safety = 111
Q_sust with 95% safety = 10.84

RISK ANALYSIS ADVANCED SOLUTION - DP15

Single barrier boundary: Use = 6000
SENSITIVITY CALCULATION: T S a
Numerical Derivative Factor : 0.01 0.01 0.01
s_Theis(t = Extrapol.time) [m] 17.40 16.81 17.49 17.40
s_Bound(t = Extrapol.time) [m] = 0.78 0.79 0.84 0.77
s_Total = s_Theis+s_Boundary [m] 18.19 17.59 18.33 18.17
Sensitivities:
ds/dY (t = Extrapol.time): | -1.58E+01
ds/dW (t = Extrapol.time): -2.10E+00
ds/da (t = Extrapol.time): -2.67E-04
Uncertainties: % Value
% error of late T-value = (enter) 33 14.1623177
sigma (Y) 0.103
% error of late S-value = (enter) 100 1.00E-03
sigma (W) 0.693
% error in bound. distance (a) = (enter) 33 1980
Result:
sigma (s_Total, t= Extrapol.time) [m] = 2.26
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FIGURE J-48: STEP DRAWDOWN TEST - DP12

STEP DRAWDOWN AND MULTIRATE

ANALYSIS

Enter field step test data at bottom of sheet

STEP DRAWDOWN MULTIRATE

Q@/s) [Qm’d)[ s;(m) [Sigmas;| Sigmas/Q

Step 1 24 207.36 22 22 0.01060957
Step 2 54 466.56 5.88 5.88 0.01260288
Step 3 9.2 794.88 11.2 11.2 0.01409018

Step 4 15.5 1339.2 23.27 23.27 | 0.01737605
Step 5 20.8 1797.12 41.69 41.69 | 0.02319823
Step 6 271 2341.44 61.87 61.87 [ 0.02642391

Step 7 0 0
B= 8.3E-03| d/im?
Cc= 7.9E-06| d*m°®
0.03
0.025 -
g 0.02
(7] *
g 0.015 -
= Q (I/s) [well effiency(%) |
o 0.01 24 83
5.4 69
0.005 A 9.2 57
0 15.5 44
‘ ] ‘ ! 20.8 37
0 500 1000 1500 2000 2500 271 31
Q (m3/d)
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FIGURE J-48 (CONTINUED) STEP DRAWDOWN TEST - DP12

[Step test data

Time (min)

Step1 Step1 Step3 Step4 Step5 Stepb Step7
Q (I/s) = 2.4 5.4 9.2 15.5 20.8 271
t(min) s (m) s (m) s (m) s (m) s (m) s (m) s (m)
0.5 1.55 2.2 5.83 11.11 22.84 39.09
1 2.18 2.8 5.88 11.15 22.97 39.81
1.5 2.34 3.46 6.78 11.2 23.1 40.38
2 2.4 3.89 7.61 13.2 23.27 40.96
2.5 2.33 4.21 8.22 14.53 26.15 41.69
3 2.19 4.37 8.68 15.65 27.18 42.68
3.5 2.04 4.54 8.95 16.42 28.07 45.27
4 1.88 4.64 9.19 17.04 28.82 48
4.5 1.72 4.73 9.39 17.58 29.44 50.3
5 1.68 4.86 9.54 18.12 30.03 51.87
7 1.65 4.92 9.68 18.42 30.46 53.32
9 1.72 5.12 9.78 18.77 30.94 54.3
12 1.81 5.25 9.98 19.06 31.35 55.44
15 1.88 5.34 10.19 19.93 32.65 56.39
20 2 5.41 10.34 20.51 33.13 58
25 2.06 5.53 10.49 21.13 33.73 59.57
30 2.11 5.61 10.67 21.5 34.86 61.87
35 2.12 5.66 10.78 21.94 35.77
40 2.13 5.71 10.87 22.26 36.85
45 2.16 5.74 10.98 22.48 37.62
50 217 5.77 11.07 22.65 38.25
60 2.2 5.83 11.11 22.84 39.09
Variable rate test data
70
°
60 - Ve o® °®
E 50 - o
g 40 - ® o o 0° ° XXX X
¢} % X X X X
g 20 x XXRK X X X
g 20 - X X X X
10 - N N A A AAAAM A A AA AA:::::
0 [} . 0 U3T%ee ==‘====00m0
0.1 1 10 100
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FIGURE J-49: STEP DRAWDOWN TEST - DP25

STEP DRAWDOWN AND MULTIRATE

ANALYSIS

Enter field step test data at bottom of sheet

ves
STEP DRAWDOWN MULTI RATE
Q(/s) [ Qmd) | s;(m) [Sigmas;| Sigmas/Q
Step 1 6.97 | 602.208 | 4.85 4.85 | 0.0080537
Step 2 1133 | 978912 | 7.77 7.77 | 0.00793738
Step 3 19 16416 | 16.11 16.11_| 0.0098136
Step 4 26 22464 | 2825 28.25 | 0.01257568
Step 5 0 0
Step 6 0 0
Step 7 0 0
B= 5.5E-03| d/m?
©= 3.1E-06| d*m®
0.014
0.012 -
g 0.01 - *
@ 0.008 1 .« —
g 0.006 - Q (I/s) |Well effiency(%) |
= 6.97 75
n ]
0.004 11.33 65
0.002 - 19 52
26 44
O T T T T
0 500 1000 1500 2000 2500
Q (m3/d)
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FIGURE J-49 (CONTINUED): STEP DRAWDOWN TEST - DP25

[Step test data

Step1 Step1 Step3 Step4 Stepb Step6 Step7
Q (I/s) = 7.97 11.33 19 26
t(min) s (m) s (m) s (m) s (m) s (m) s (m) s (m)
1 3.12 6.47 9.13 17.13
2 3.2 6.87 11.12 18.71
3 3.39 7.16 12.31 21.36
4 3.46 7.35 13.17 22.69
5 3.61 7.36 13.87 23.67
6 442 7.39 14.27 24.36
7 4.58 7.4 14.61 24.83
8 4.39 7.42 14.87 25.26
9 4.42 7.45 15.01 25.67
10 4.46 7.45 15.07 25.95
12 4.49 7.48 15.25 26.36
15 4.54 7.49 15.37 26.76
20 4.62 7.5 15.65 26.96
25 4.64 7.54 15.71 27.25
30 4.7 7.59 15.74 27.45
35 4.7 7.61 15.76 27.59
40 4.7 7.61 15.83 27.74
50 4.73 7.63 15.91 27.79
60 4.75 7.67 15.91 27.88
80 4.77 7.77 16 28.12
100 4.85 7.77 16.11 28.25
Variable rate test data
30
25
£ 20
c
515 AAAAAAAA A A AAA A A A 2
'g A
& 10 A
a E EEEEEE E B E EEEE EER ®
S o 600000 0 & 0 2000 00 0$
0 1 T |
10 100
Time (min)
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FIGURE J-50: STEP DRAWDOWN TEST - DP29

STEP DRAWDOWN AND MULTIRATE

ANALYSIS

Enter field step test data at bottom of sheet

ves
STEP DRAWDOWN MULTI RATE
Q(/s) [ Qmd) | s;(m) [Sigmas;| Sigmas/Q
Step 1 6.1 527.04 | 11.63 11.63 | 0.02206664
Step 2 8.3 71712 | 21.82 21.82 | 0.03042726
Step 3 111 959.04 38 38 0.03962296
Step 4 0 0
Step 5 0 0
Step 6 0 0
Step 7 0 0
B= 5.3E-03| d/m?
Cc= 3.4E-05| d*m®
0.05
0.04 -
g
s 0.03
©
€ 0.02 | ¢ Q (Is) [Well effiency(%) |
& 6.1 23
| 83 18
0.01 111 14
0 & T T
0 500 1000 1500
Q (m3/d)
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FIGURE J-50 (CONTINUED) STEP DRAWDOWN TEST - DP29

[Step test data
Step1 Step1 Step3 Step4 Stepb Step6 Step7
Q (I/s) = 6.1 8.3 11.1
t(min) s (m) s (m) s (m) s (m) s (m) s (m) s (m)
1 5.93 13.71 23.84
2 7.11 15.06 25.08
3 7.64 16.24 25.97
4 8.08 16.94 26.8
5 8.53 17.66 27.42
6 8.78 18.12 28.01
7 9.09 18.52 28.49
8 9.3 18.84 28.89
9 9.44 19.1 29.33
10 9.6 19.39 29.6
12 9.83 19.81 30.36
15 10.13 20.33 31.38
20 10.44 20.82 32.35
25 10.74 21.12 33.52
30 10.97 21.3 33.44
35 11.18 21.44 34.45
40 11.28 21.59 36
50 11.43 21.97 38
60 11.46 21.89
80 11.58 21.82
100 11.63 21.82
Variable rate test data
40
N
35 L A A
g Y A A A AL 4
c 2534 A
-§20* .llllll..........
2 15 n ="
S
Q 10 o o ¢ o000 ? ¢ 0000 o0 o ¢
5
0 - ‘
1 10 100
Time (min)
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DATA
0
Reqgio
. O
00
00

CONSTANT RATE TEST DATA : enter values in cells which are coloured light yellow

FIGURE J-51: FC DATA SHEET - DP18

South Africa

Little Karoo

DWAF

3715403.70

49135.50

Alluvium

17

9

Nov-97

Callie Calitz

Borehole DP18
Q (IIs)= 13.2 Recovery data
t (min) s(m) |awgs'| avas"| awaT avgS | Timet' | Res_s | tt' |Wirise|] s' Rec_T
1.00 242 0.1 6.63 |28801| O
2.00 272 1 14 2881 | 523 | 4.38 1 Derivative from recovery data
3.00 272 [#NUMI[#NUM! 2 13 | 1441 | 533 | 0.28
4.00 202 [#NUMI[#NUM!I| 0.00 |0.00E+00] 3 127 | 961 | 536 | 026 | 7326
5.00 222 [#NUMI[#NUM!| -265.84 | 0.00E+00] 4 122 | 721 | 541 | 032 | 8611 2
6.00 202 |[#NUMI[#NUMI| 439.92 | 0.00+00] 5 12 577 | 543 | 017 | 7904 ‘g’ 0.1 ‘ ‘ —¥
7.00 222 | 0.61 |#NUMI| 350.33 | 0.00E+00] 6 119 | 481 | 544 | 034 | 6886 g— 10 100 1000 10000
8.00 221 | 048 | 207 | 26532 | 0.00E+00| 7 115 | 4124 | 548 | 048 | 6694
9.00 225 | 0.38 | -3.68 | 889.98 | 0.00E+00] 8 113 | 361 | 55 | 019 | 9984
10.00 225 | 021 |#NUMI| 687.31 | 0.00E+00] 9 113 | 321 | 55 | 0.10 | 16039 0.01
11.00 225 |[ENUMI|#NUM!| 1687.58 | 0.00E+00] 10 112 | 289 | 551 | 012 | 1458.3 Time (min) since abstraction stopped
12.00 229 [#NUMI| #NUMI [ -1548.21] 0.00E+00] 11 112 | 2628 551 | 025 | 956.1
15.00 222 |[ANUMI|#NUM!| -1162.55] 0.00E+00] 12 11 241 | 553 | 036 | 6291 Effective T-value from recovery data
20.00 222 [#NUMI[#NUMI|-1982.37 | 0.00E+00] 15 107 | 193 | 556 | 041 | 5528 10000
25.00 222 |[ANUMI[#NUM!| 514.09 | 0.00E+00] 20 101 | 145 | 562 | 037 | 6447
30.00 223 | 0.73 |#NUMI| 209.89 | 0.00E+00] 25 099 | 1162 | 564 | 0.23 | 765.4 L, 1000 .:’\/\,\_____,\
40.00 251 | 0.78 | -1.76 | 21351 | 0.00E+00] 30 0.97 97 | 566 | 0.24 | 10542 E
50.00 251 | 0.36 | -2.78 | 21351 | 0.00E+00] 40 0.94 73 | 569 | 0.14 | 9315 SEOL
60.00 251 | 025 | 006 | 21351 | 0.00E+00] 50 094 | 586 | 569 | 0.33 | 640.3 )
70.00 251 | 029 | 2.80 | 21351 | 0.00E+00] 60 0.88 49 | 575 | 0.75 | 4383
80.00 255 | 061 | 349 | 21351 | 0.00E+00] 70 083 |4214| 58 | 044 | 606.8 1 ‘ ‘ ‘
100.00 2.63 0.92 1.40 | 213.51 | 0.00E+00 90 0.8 33 5.83 | 0.12 765.0 1 10 TiméQ@nin) 1000 10000
150.00 2815 | 123 | 0.78 | 180.25 | 0.00E+00| 140 079 | 2157 | 584 | 038 | 7214
200.00 291 | 158 | 057 | 117.80 | 0.00E+00] 190 067 | 16.16| 596 | 052 | 4554
300.00 337 | 1.84 | 0.14 | 10846 | 0.00E+00] 290 062 | 1093 6.01 | 049 | 3936
420,00 368 | 1.76 | -0.16 | 108.46 | 0.00E+00] 410 | 0503 | 8.024 | 6.127 | 058 | 4245
600.00 381 | 166 | 0.21 | 10846 | 0.00E+00] 590 044 |5881| 619 | 042 | 420.8
780.00 4.1 196 | 096 | 108.46 | 0.00E+00] 770 | 0.389 | 474 | 6.241] 050 | 4375
1080.00 421 | 296 | 162 | 69.11 | 0.00E+00] 1070 031 |3692| 632 | 052 | 476.7
1440.00 455 | 489 | 143 | 39.55 | 0.00E+00] 1430 025 |3.014] 638 | 0.32 | 522.0
1800.00 568 | 6.39 |#NUM!I| 28.36 | 0.00E+00] 1790 024 | 2609 639 | 0.38 | 5335
2160.00 6.15 |[#NUMI|#NUM!| 28.36 | 0.00E+00| 2150 018 | 2.34 | 645 | 049 | 8426
2520.00 653 |[#NUMI[#NUMI| 28.36 | 0.00E+00] 2510 017 | 2147 646 | 0.08 | 7895
2880.00 6.63 |#NUMI[#NUMI| 28.36 | 0.00E+00| 2870 017 | 2.003 | 646 | 047 | 662.7
#NUMI[#NUM! [ 28.36 | 0.00E+00] 3410 011 [1.845| 652 | 0.82 | 3365
#NUMI|#NUMI | 28.36 | 0.00E+00] 3830 | 0.067 | 1.752| 6,563 | 0.62 | 277.3
#NUMI[#ZNUMI| 28.36 | 0.00E+00] 4130 006 | 1697 | 657 | 0.84 | #DIV/O!
#NUM-!I #NUMI| 28.36 | 0.00E+00| 4490 0.01 | 1.641| 6.62 |#DIV/OI] #DIV/O!
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FIGURE J-52: DERIVATIVE PLOTS - DP18

DERIVATIVE PLOTS AND T-AND S-VALUES

DP18

10

1 - =
AW —

0.1

1 10 100 1000 10000

Time (min)
log derivative = 0.08 — very good fracture network
T-value with time
2000
hee 1500 l
134
N
é 1000
=
B ) ——
0 T T T
1 10 100 1000 10000
Time (min)
S-value with time
1.00E+00
1.00E-01
o 1.00E-02
=)
© 1.00E-03
3 /
?  1.00E-04
1.00E-05 ,‘
1.00E-06 ‘ ‘ ‘
1 10 100 1000 10000
Time (min)

FIGURE J-53: TRANSMISSIVITY AND STORATIVITY WITH TIME - DP18
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FIGURE J-54: DIAGNOSTIC PLOTS - DP18

DIAGNOSTIC PLOTS

DP18
Semi-log Log-log
7 10
Cd
6 ‘0 -
E5 E o
(= * c ®
s 4 Y ** . H o® **
'g 3 * *® hd 'g oo *0000® L34
§ P PRSI TPPUVS aaadd R ¢ X ST
a I}
1
0 1
1 10 100 1000 10000 1 10 100 1000 10000
Time (min) Time (min)
Square root of time Fourth root of time
7 7
6 ° o ¢ 6 . .00
E . £
o) . c e
% 4 o * . * g 4 ¢ ®
° 3 ° 3 * e
S (B eene *° 2, | 4“&“‘
E 2 o
[ (=1
0 ‘ ‘ ‘ ‘ ‘ 0 \ ‘ ‘
0 10 20 30 40 50 60 g & & ? e
Sqrt Time Fourth root of time (min)
Cartesian Inverse sqrt
7
. v a0
Yo 0 6 1%
Es . E 5
< PS * =
3 2 P z 4 “
[ 51 o
g ‘ ) 0 0NN000, ¢ o hd
1 a
1
0 ‘ ‘ ‘ ‘ : :
0 500 1000 1500 2000 2500 3000 3500 0 ] ‘ z ‘ ‘
; ‘ 0 0.2 0.4 0.6 0.8 1 1.2
Time (min)
Inverse sqrt (t)
Recovery: t/t' vs residual drawdown Recovery: t' against rise of wl
7
—_ * 7
% 3 S5 W”M
£ 5. o o orrmmeses
° 2
; : g4
° 3 -
s
3 2 22
8 1 s @ ]
© PR 2 et 81
0 | gmee®®® ‘ : ‘ ¥ | | |
1 10 100 1000 10000 100000 01 1 10 100 1000 10000
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FIGURE J-55: STEP DRAWDOWN TEST - DP18
DP18

STEP DRAWDOWN AND MULTIRATE

ANALYSIS

Enter field step test data at bottom of sheet

STEP DRAWDOWN MULTIRATE
Q(is) | Q)| s;(m) [Sigmas;| Sigma s/Q;
Step 1 5.7 492.48 0.74 0.74 | 0.0015026
Step 2 111 959.04 1.74 1.74 | 0.00181431
Step 3 16.7 | 1442.88 | 4.67 4.67__| 0.00323658
Step 4 20 1728 6.66 6.66 | 0.00385417
Step 5 0 0
Step 6 0 0
Step 7 0 0
B= 5.1E-04| d/m?
€= 1.8E-06] d*m®
0.0045
0.004 - .
0.0035 -
g 0.003 -
& 0.0025 1
g, 0.002 - . Q (s) [Well effiency(%) |
&% 0.0015 | 57 36
0.001 - 111 23
| 16.7 16
0.000g 25 T
0 500 1000 1500 2000
Q (m3/d)
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FIGURE J-55 (CONTINUED) STEP DRAWDOWN TEST - DP18

[Step test data
Step1 Step1 Step3 Step4 Step5 Step6 Step7
Q (I/s) = 5.7 11.1 16.7 20
t(min) s (m) s (m) s (m) s (m) s (m) s (m) s (m)
1 1.01 1.35 2.83 5.87
2 0.76 1.44 3.29 5.92
3 0.76 1.48 3.51 6.42
4 0.64 1.5 3.64 6.63
5 0.64 1.54 3.65 6.65
6 0.67 1.56 3.69 6.652
7 0.69 1.56 3.74 6.652
8 0.69 1.57 3.77 6.652
9 0.69 1.57 3.782 6.652
10 0.69 1.56 3.82 6.652
12 0.68 1.57 3.91 6.653
15 0.67 1.57 3.995
20 0.67 1.58 4.03
25 0.68 1.59 4.04
30 0.69 1.635 4.04
35 0.699 1.64 4.15
40 0.73 1.652 4.22
50 0.73 1.66 4.31
60 0.73 1.71 4.44
80 0.74 1.74 4.67
Variable rate test data
7
6 o
B LA A
%47 AAAAAAAAAAAAAA
g 34 ‘
o
q 2 ™ R EEEEEE B § §E EEER R E W
1f ¢ ® 6 060000 0 6 6 606060 00 o
0 T T
1 10 100
Time (min)
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FIGURE J-56: COOPER-JACOB - DP18

Cooper-Jacob method
DP18

T(m?d) = 3416 31.91 —p
S= 9.28E-07 13.2

Cooper-Jacob

Drawdown (m)

1 10 100 1000 10000
Time (min)

FIGURE J-57: SUSTAINABLE YIELD - BASIC SOLUTION - DP18
FC-METHOD : Estimation of the sustainable yield of a borehole

Extrapolation time in years = (enter) 5 2628000 |Extrapol.time in minutes
Effective borehole radius (r,) = (enter) 3191 <— 31.91 L, Est. r, From r(e) sheet
Q (I/s) from pumping test = 13.2 22.91 4 Est 1, Qualified guess
s, (available drawdown), sigma_s = (enter) 5 2.64 <«H— Sigma_s from risk
Annual effective recharge (mm) = 0 2.36 s_available working drawdown(m)
t(end) and s(end) of pumping test = 2880 6.63 End time and drawdown of test
Average maximum derivative = (enter) 3.0 6.4 Estimate of average of max deriv
Average second derivative = (enter) 00 < 0.0 Estimate of average second deriv
Derivative at radial flow period = (enter) 1.76 4f——— |Read from derivative graph
T-early[m?/d] = 118.58 Aqui. thick (m) | 5
T and S estimates from derivatives T-late [m“/d] = 70.51 Est. S-late = 2.75E-04
(To obtain correct S-value, use program RPTSOLV) S-late = 5.50E-04 S-estimate could be wrong
BASIC SOLUTION
(Using derivatives + subjective information about boundaries) Maximum influence of boundaries at long time
(No values of T and S are necessary) No boundaries 1 no-flow 2 no-flow Closed no-flow
sWell (Extrapol.time) = 15.60 24.36 33.13 59.41
Q_sust (IIs)=[  2.00 1.28 0.94 0.52
Best case > Worst case
Average Q_sust (I/s) = 1.06
with standard deviation= 0.62

(If no information exists about boundaries skip advanced solution and go to final recommendation)

FINAL RECOMMENDED ABSTRACTION RATE

Abstraction rate (I/s) for 24 hr/d = (enter) 1.00
Total amount of water allowed to be
abstracted per month (m®) = 2592
COMMENTS
Q_sust with 68% safety = 1.32
Q_sust with 95% safety = 1.06
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FIGURE J-58: SUSTAINABLE YIELD - DP18 ADVANCED SOLUTION

ADVANCED SOLUTION

(Using derivatives+ knowledge on boundaries and other boreholes)

(Late T-and S-values a priori + distance to boundary)

T-late [m?/d] = (enter) —> 70.51
S-late = (enter) —p 1.00E-03
1. BOUNDARY INFORMATION (choose a or b) (Code =9999 = dummy value if not applicable)
(a) Barrier (no-flow) boundaries —p Closed Square | Single Barrier | Intersect. 90° 2 Parallel Barriers
Bound. distance a[meter] : (enter) 9999 9999 9999 9999
Bound. distance b[meter] : (enter) 9999 9999
s_Bound(t = Extrapol.time) [m] = 2.26 0.42 0.95 0.86
(b) Fix head boundary + noflow _—p Closed Fix Single Fix  [90°Fix+no-flow /I Fix+no-flow
Bound. distance to fix head a[meter] : (enter) 9999 50 9999 9999
Bound. distance to no-flow b[meter] : (enter) 9999 9999
s_Bound(t = Extrapol.time) [m] = -1.29 -13.23 -0.24 -0.03
2. INFLUENCE OF OTHER BOREHOLES —p» Q (Ifs) r (m) ur W (u,r)
BH1 0.00E+00 #NUM!
BH2 0.00E+00 #NUM!
s_(influence of BH1,BH2) = 0.00 0.00 1.98E-06 12.56
SOLUTION INCLUDING BOUNDS AND BH's
Fix head + No-flow : Q_sust (I/s) =] 9999.00 10.59 9999.00 9999.00
No-flow : Q_sust (I/s) =| 9999.00 9999.00 9999.00 9999.00
Enter selected Q for risk analysis = (enter) 10.00 Sigma_s = 0.000

(Go to Risk sheet and perform risk analysis from which sigma_s will be estimated : only for barrier boundaries)

FINAL RECOMMENDED ABSTRACTION RATE

Abstraction rate (I/s) for 24 hr/d = (enter) 10.00
Total amount of water allowed to be
abstracted per month (m®) = 25920
COMMENTS
Q_sust with 68% safety =
Q_sust with 95% safety =
Kotze Page J-57
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FIGURE J-59: FC DATA SHEET - VG3

DATA sheet: Enter data of constant rate pumping test and recovery (optional)
CONSTANT RATE TEST DATA : enter values in cells which are coloured light yellow

Borehole: VG3
Qis)= | 88 Recovery data

t(min) | s(m) Javas'|avas"] avgT | avgS | Timet' | Res_s | tt' |Wirise] s' | Rec T

100 13 01 | 4888 |43001] 0

2.00 16 1 35.35 | 4301 | 13.53 | 16.88 Derivative from recovery data
3.00 17.66 | 15.65] -0.90 2 | 2545 | 2151 | 23.43| 33.37

4.00 1875 | 10.33| -0.91 | 13.76 | 1.00E06] 3 194 | 1434 | 2948 | 36.34| 39 100

5.00 1981 | 912 | 0.63 | 1254 | 1.23E06] 4 | 1447 | 1076 | 34.41] 38.88| 4.1

6.00 208 | 829 | 045 | 2060 | 1.23E08] 5 | 1078 | 861 | 381 | 28.70| 50 o "\\

7.00 2158 | 985 | 267 | 18.33 | 1.23E-06] 6 948 | 7177 394 | 1961| 62 2 10 \

8.00 201 | 1651] 398 | 745 | 5.03E06] 7 79 |6153]4098] 19.95| 7.8 S \-\

9.00 2356 |27.30| 1.89 | 438 |9.14E-06] 8 7 | 5385|4188 1441| 92 8

1000 | 2483 |26.89] -219 | 405 | 9.99E:06] 9 6.33 | 4788 4255] 1219 120 ~\
11.00 26 | 1856] 337 | 7.80 | 999E-06] 10 | 582 | 431 | 4306 876 | 159

1200 | 2654 |13.23| 215 | 1332 | 9.99E06] 11 | 557 |391.9]43.31] 631 | 196 01 ‘ ‘ ‘
1500 | 2622 |1281] 025 | 1119 | 9.99E06] 12 | 532 |359.3|4356] 645 | 223 1 10 100 1000 10000
20.00 29.43 11519 0.41 8.60 | 9.99E-06] 15 47 | 287.7)144.18| 593 [ 228 Time (min) since abstraction stopped
2500 | 3089 |1590| 0.12 | 7.98 | 9.99E-06] 20 4 | 216 |4488| 598 | 243

3000 | 3202 |1447| 057 | 976 |999E-06] 25 | 337 | 173 | 4551 533 | 27.8

2000 | 3396 |1204] 065 | 1141 | 9.99E06] 30 | 307 | 144.3|4581] 393 | 320 )

5000 | 3501 |1066] 036 | 1141 | 999E06] 40 | 257 | 1085]4631| 3.93 | 365 Effective T-value from recovery data
60.00 351 | 1015] -0.34 | 1141 | 9.99E06] 50 22 | 87 |4668| 359 | 393

70.00 364 | 948 | 068 | 1141 | 9.99E06] 60 | 1.94 |72.67]46.94| 315 | 42.1 1000

80.00 369 | 8.04 | 086 | 1141 | 9.99E06] 70 | 174 |6243|47.14]| 320 | 450

100.00 | 37.56 | 669 | 0.67 | 11.41 | 9.99E06] 80 | 154 |5475]47.34| 294 | 498 S
15000 | 3838 | 595 ] 022 | 1141 | 9.99E-06] 100 | 128 | 44 | 47.6 | 232 | 504 g 100

20000 | 3931 | 572 | 023 | 1141 | 9.99E06] 150 | 09 |2967|47.98] 1.88 | 813 g //

30000 | 4061 | 503 | 050 | 1141 | 9.99E-06] 200 | 0.72 | 225 | 48.16] 1.15 | 1102 10 /

42000 | 40.71 | 400 | 067 | 1141 | 9.99E-06] 300 | 055 |15.33]48.33| 0.93 | 1488

60000 | 418 | 319 | -038 | 1141 | 9.99E-06] 420 | 042 |11.24|4846| 0.76 | 1783

78000 | 418 | 3.07 | 0.33 | 1141 | 9.99E-06] 600 | 032 |8.167|4856| 0.67 | 219.0 1 : : :
108000 | 418 | 3.88 | 0.89 | 1141 | 9.99E-06] 780 | 024 |6513|48.64| 050 | 269.0 1 10 100 1000 10000
144000 | 4291 | 507 | 037 | 1141 | 9.99E-06| 1080 | 0.19 |4981]|4869| 041 | 2752 Time (min)

180000 | 4344 | 504 | 049 | 1141 | 9.99E-06] 1440 | 0.13 | 3986 48.75| 0.62 | 241.8

2160.00 | 4404 | 6.20 | 236 | 1141 | 9.99E06| 1800 | 0.05 | 3.389| 48.83| 0.74 | #DIVIO!

2520.00 44.01 | 9.82 [ 411 | 11.41 | 9.99E-06[ 2160 0 2.991 | 48.88 [#HHHH# #DIV/O!

2880.00 44.01 [19.94| 346 | 5.75 | 2.76E-04 H | st [ #DIVIO!
3240.00 4756 |25.28 | #NUM!| 4.63 [ 5.26E-04 Hh | # (] #DIVIO!
3600.00 48.31 |#HHH#| #NUM!|  4.63 | 5.26E-04 Hitht | #t ] #DIVIO!
3960.00 48.54 | #HHHH#| #NUM!|  4.63 [ 5.26E-04 H | et [ #DIVIO!
4300.00 48.88 | #HHH| #NUM!| 4.63 | 5.26E-04 Hht | # (] #DIVIO!

A #NUML[ 4.63 | 5.26E-04 Hittht | #t ] #DIVIO!
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FIGURE J-60: DERIVATIVE PLOT VG3

DERIVATIVE PLOTS AND T-AND S-VALUES
VG3

100

= data (s)

0.1 T T T
1 10 100 1000 10000

Time (min)

log derivative = 0.14 » good fracture network

FIGURE J-61: COOPER-JACOB ANALYSIS -VG3

Cooper-Jacob method

VG3
Cooper-Jacob
60
50 - o
_— *
E 401 oo
c PRI
_§ 30 - .
; . ..00 .
& 20 oo
o o« ¢
4
10
0 T T T
1 10 100 1000 10000
Time (min)

Kotze Page J-59 PHD



HYDROGEOLOGY OF THE TABLE MOUNTAIN SANDSTONE AQUIFER — KLEIN KAROO

FIGURE J-62: VARIATION OF TRANSMISSIVITY AND STORAGE

T-value with time
25
20
<)
< 15
N
é 10 I\ - \
- l S \
5 \/ -
0 T T T
1 10 100 1000 10000
Time (min)
S-value with time
1.00E+00
1.00E-01
o 1.00E-02
=)
© 1.00E-03 {
? ,J
?  1.00E-04
1.00E-05
1.00E-06 ‘ ‘ ‘
10 100 1000 10000
Time (min)
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FIGURE J-63: DIAGNOSTIC PLOTS VG3

VG3
bl
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FIGURE J-64: STEP DRAWDOWN TEST RESULTS - VG3

Borehole: VG3 - FIRST TEST MULDER

STEP DRAWDOWN AND MULTIRATE

ANALYSIS

yes
STEP DRAWDOWN MULTI RATE
Mulder test
Q(rs) [ Qmd) [ s;(m) [ Sigmas;]| Sigmas/Q
Step 1 47 406.08 9.31 9.31 | 0.02292652
Step 2 71 613.44 19.08 28.39 | 0.04627999
Step 3 10.6 91584 | 61.74 90.13 | 0.09841239
Step 4 13 11232 | 10555 | 195.68 | 0.17421652
Step 5
Step 6
Step 7
B= -5.8E-02| d/m?
C= 1.8E-04| d?/m°
purple dot Help parameters to fit |
Xo  |324.864—p 339
0.2 X4 1347.84 —p 1166
M Yo [0.018341F 0.002
g %197 v+ [020006 ¥ 0149
B
g 0.1 3 _
= Q (I/s) |Well effiency(%) |
& 47 418
0.05 | 71 115
> T
O T T =
0 500 1000 1500
Q (m3/d)
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FIGURE J-64: STEPDRAWDOWN TEST (CONTINUED)

[Step test data
Step1 Step1 Step3 Step4 Step5 Step6 Step7
Q (I/s) = 4.7 7.1 10.6 13
t(min) s (m) s (m) s (m) s (m) s (m) s (m) s (m)
1 10.91 9.31 19.05 59.5
2 14.74 11.5 19.08 60.94
3 14.21 13.31 24.11 61.69
4 14.08 14.31 28.22 67.74
5 11.3 15.21 30.31 72.34
6 9.99 15.68 32.12 76.2
7 9.3 16.2 33.08 80.17
8 8.88 16.45 35.32 85.13
9 8.65 16.75 37.65 89.3
10 8.57 16.95 40.25 92.38
12 8.54 17.17 42.14 97.45
15 8.59 17.39 43.65
20 8.63 17.71 45.76
25 8.73 18.05 48.14
30 8.82 18.29 51.45
35 8.9 18.45 53.01
40 8.95 18.67 56.62
50 9.04 18.95 58.1
60 9.31 19.05 59.5
Variable rate test data
120
100
E g0
c
3 60 - R
b A A
5 40 AA A A 4
- A
[a] N A A AAA
20 E E EEEE BN
‘ -.'======0 ® G000 00
O T T
10 100
Time (min)
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FIGURE J-65: SUSTAINABLE YIELD BASIC SOLUTION - VG3

FC-METHOD : Estimation of the sustainable yield of a borehole

Extrapolation time in years = (enter) 5 2628000 |Extrapol.time in minutes
Effective borehole radius (r,) = (enter) 246 < 246 ﬂ— Est. r, From r(e) sheet
Q (I/s) from pumping test = 8.8 284 & Est o, Qualified guess
S, (available drawdown), sigma_s = (enter) 100 H— Sigma_s from risk
Annual effective recharge (mm) = 0 100.00 s_available working drawdown(m)
t(end) and s(end) of pumping test = 4300 48.88 End time and drawdown of test
Average maximum derivative = (enter) 105 <4 253 Estimate of average of max deriv
Average second derivative = (enter) 00 <« 0.0 Estimate of average second deriv
Derivative at radial flow period = (enter) 3.19 <«}———— |Read from derivative graph
T-early[m?/d] = 43.62 Aqui. thick (m) | 20
T and S estimates from derivatives T-late [m*/d] = 13.25 Est. S-late = 1.10E-03
(To obtain correct S-value, use program RPTSOLV) S-late =] 2.20E-03 | S-estimate could be wrong
BASIC SOLUTION

(Using derivatives + subjective information about boundaries)

Maximum influence of boundaries at long time
(No values of T and S are necessary)

No boundaries 1 no-flow 2 no-flow Closed no-flow
sWell (Extrapol.time) = 78.27 107.52 136.78 224.54
Q_sust (I/s) = 11.24 8.18 6.43 3.92
Best case > Worst case
Average Q_sust (I/s) = 6.94
with standard deviation= 3.08

(If no information exists about boundaries skip advanced solution and go to final recommendation)

Kotze
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FIGURE J-66: SUSTAINABLE YIELD ADVANCE SOLUTION VG3

ADVANCED SOLUTION

(Using derivatives+ knowledge on boundaries and other boreholes)

(Late T-and S-values a priori + distance to boundary)
T-late [m?/d] = (enter) —>

S-late = (enter) —p
1. BOUNDARY INFORMATION (choose a or b)

13.25

1.00E-03

(Code =9999 = dummy value if not applicable)

(a) Barrier (no-flow) boundaries —b [ Closed Square | Single Barrier | Intersect. 90° | 2 Parallel Barriers
Bound. distance a[meter] : (enter) 9999 9999 9999 9999
Bound. distance b[meter] : (enter) 9999 9999
s_Bound(t = Extrapol.time) [m] = 0.06 0.01 0.03 0.03
(b) Fix head boundary + no-flow —Jp Closed Fix Single Fix  [90°Fix+no-flow /I Fix+no-flow
Bound. distance to fix head a[meter] : (enter) 9999 9999 9999 9999
Bound. distance to no-flow b[meter] : (enter) 9999 9999
s_Bound(t = Extrapol.time) [m] = -0.06 -0.01 0.00 0.00
2. INFLUENCE OF OTHER BOREHOLES —p» Q (Ils) r (m) ur W(u,r)
BH1 0.00E+00 #NUM!
BH2 0.00E+00 #NUM!
s_(influence of BH1,BH2) = 0.00 0.00 6.27E-08 16.01
SOLUTION INCLUDING BOUNDS AND BH's
Fix head + No-flow : Q_sust (I/s)=[ 9999.00 | 9999.00 9999.00 9999.00
No-flow : Q_sust (I/s) =| 9999.00 9999.00 9999.00 9999.00
Enter selected Q for risk analysis = (enter) 5.00 Sigma_s = 0.000
FINAL RECOMMENDED ABSTRACTION RATE
Abstraction rate (I/s) for 24 hr/d = (enter) 5.00
Total amount of water allowed to be
abstracted per month (m®) = 12960
COMMENTS
Q_sust with 68% safety =
Q_sust with 95% safety =
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APPENDIX K: WELLMAN
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APPENDIX K-1

WELLMAN DESIGN

FIGURE K-1A: WELLMAN - TITLE PAGE

GROUNDWATER MANAGEMENT AND DATA BASE

PROGRAM FOR MUNICIPALITIES,
s ‘ GROUNDWATER SUPPLY SCHEMES AND
‘ BOREHOLE OWNERS

= Developed by Johanita Kotze
EEE SRK Consulting, Cape Town, Tel: 021-4217182
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FIGURE K-1B: MAIN MENU SHEET

sittelialoo OBS_wil MAP Rainfall || Title page Annua.l Springflow || Isotopes
Oudtshoorn | Abstraction

Overberg c of: 044 2724634

Example This is an example

VG3 GotoBH 1 Production Borehole - Voorzorg, Vermaaks Wellfield

VR6 Go to BH 2 Production Borehole - Upper Vermaaks River Valley - Vermaaks Wellfield
VR7 Goto BH 3 Highest Yielding Production Borehole - Vermaaks Wellfield

VRS GotoBH 4 Production Borehole - Upper Vermaaks River Valley - Vermaaks Wellfield
VR11 GotoBH5 Production Borehole - Upper Vermaaks River Valley - Vermaaks Wellfield
DP10 GotoBH 6 Production Borehole - Varkieskloof

DP12 GotoBH7 Production Borehole - Varkieskloof

DP29 Goto BH 8 Production Borehole - Varkieskloof

DP15 GotoBH9 Production Borehole - Bokkraal

DP25 Go to BH 10 Production Borehole - Bokkraal

DP28 Go to BH 11 Production Borehole - Bokkraal

DG110 Go to BH 12 Production Borehole - Droékloof

DP18 Go to BH 13 Production Borehole - Olifants River "Brug"

VERMAAKS Go to Wellfield 1 |Production Boreholes VG3, VR6, VR7, VR8 and VR11
VARKIESKLOOF Go to Wellfield 2 |Production Boreholes DP10, DP12 and DP29

BOKKRAAL Go to Wellfield 3 |Production Boreholes DP15, DP25 and DP28

DROEKLOOF&OLIFANTS

Go to Wellfield 4

Production Boreholes DP18 and DG110

Johanita Kotze
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FIGURE K-1C: WELLMAN — GO TO EXAMPLE
BH number Y/ex] Wellman Groundwater Management and Data base program

Wellfield Vermaaks

Municipality Overberg Y ‘ Main water strike (m) = m Recommended Q (I/s) = 2.5 216 m3/d
Owner x  [EAEIZEA BH depth (m) = Q (FC-Method)
Geological formation Altitude I Use of water IR Q (Theis-Method) 3 259.2 m3/d
Drilled \ Depth of pump instal m Q (Guess)

Topo map sheet #

Screen Type IWL (m) ‘m Blow Yield (I/s) = n Q (Equal Volume) 23 201 m3/d

Diameter ‘m Other water strikes (m)= U IEI KW of pump

Screen Depth 150 - 206.7 EVETLTICTS ‘m Pump Max. Q of pump (I/s) 4 346 m3/d

Screen Depth

Other comments: DATA | CHEM EN_ISO | Geology| Pumptest|  Manage Main |
Borehole is situated in a closed boundary (Average distance = 1 km)
PROD. (m"3) —— Recom. Q (m3/mnth) PUMP WL (m)
—— REST WL (m) ——PID (m) —«_RESTWL-PID (m)

0 28000

. M A__\—_\/ m\\J\/\,\,—

F 24000
40
£ | 20000 =
g 60 - r ;E
£ g

80 -

? L 16000 &
3 £
5 100 A =
2 o
2 F 12000 5
o 120 4 [}
> ]
o W m g
5 140 4o L 8000 a
= :

= 160 -

+ 4000

180 -

200 rrrrrrrrrrrrrrrrrrrrrrrrorrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrorrrrorrerrrrrrrerrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrorrrT O
38388333338388888858553588888838838838852%53573%3%
§23852838858238583888388838583888385238Ek

Date
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FIGURE K-1D: WELLMAN - BOREHOLE EXAMPLE PRODUCTION DATA

TOP VG3

PUMP WL REST WL PROD. Recom. Q HOURS YIELD D-DOWN PWL-PID Water strike Month RESTWL-PIC Remarks
(m) (m) (mA3) (m3/mnth) (h) (mA3/h) (m) (m) (1) Index

Jan-93 7.1 148 2455 20700 190 1 140.9
Feb-93 148 2455 20700 190 2
Mar-93 148 5248 20700 190 3
Apr-93 20.4 148 7938.86 20700 190 4 127.6
May-93 12.1 148 5849.58 20700 190 5 135.9
Jun-93 10.33 148 2836.34 20700 190 6 137.67
Jul-93 17.7 148 4285.26 20700 190 7 130.3
Aug-93 21.6 148 5500.63 20700 190 8 126.4
Sep-93 17.38 148 11041.94 20700 190 9 130.62
Oct-93 6.2 148 4560 20700 190 10 141.8
Now-93 8 148 8856 20700 190 11 140
Dec-93 10.3 148 8086 20700 190 12 137.7
Jan-94 10.49 148 8150 20700 190 13 137.51
Feb-94 10.5 148 9312 20700 190 14 137.5
Mar-94 11.9 148 5349 20700 190 15 136.1
Apr-94 11.92 148 8370 20700 190 16 136.08
May-94 13.1 148 8366 20700 190 17 134.9
Jun-94 13.56 148 7853 20700 190 18 134.44
Jul-94 8.3 148 0 20700 190 19 139.7 [PUMP REMOVED
Aug-94 5.33 148 0 20700 190 20 142.67 [PUMP REMOVED
Sep-94 35.08 11 148 4388 20700 20.304 24.08 112.92 190 21 137 INACCURATED TRANSI
Oct-94 59.9 12.22 148 7563 20700 20.844 47.68 88.1 190 22 135.78 |INACCURATED TRANSI
Now-94 54.8 18.14 148 1362 12000 20.7 36.66 93.2 190 23 129.86 [INACCURATED TRANSI
Dec-94 37.28 18.55 148 8131 12000 17.712 18.73 110.72 190 24 129.45 [INACCURATED TRANSI
Jan-95 52.2 23.41 148 7732 12000 15.084 28.79 95.8 190 25 124.59 [INACCURATED TRANSI
Feb-95 54.35 148 9774 12000 14.688 93.65 190 26 INACCURATED TRANSI
Mar-95 11.62 148 3038 12000 190 27 136.38 [BOREHOLE NOT IN US|
Apr-95 9.72 148 0 6900 190 28 138.28 [BOREHOLE NOT IN US|
May-95 8.97 148 0 6900 190 29 139.03 |BOREHOLE NOT IN US|
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HYDROGEOLOGY OF THE TABLE MOUNTAIN SANDSTONE AQUIFER — KLEIN KAROO

FIGURE K-1E: WELLMAN - BOREHOLE CHEMISTRY DATA SET

Chemistry TOP | Go to Environmental Isotopes Go to CHEM PLOTS

Class I 150-370 1000-2450 4-50r9.5-10  200-400 70-100 1.5-3.5 200-600 10-20 400-600
Class Il >370 >2450 >4 0or>10 >400 >100 >3.5 >600 >20 >600

Date EC TDS pH Sodium Magnesium  Calcium Flouride Chloride Nitrate Sulphate TAL Phosphate Silicon
mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L

Now-92
Dec-92
Jan-93 18.3 88 6.3 23 3 2 0.2 37 1.06 8 0.007 7 5.4
Feb-93
Mar-93 16.2 90 5.5 26.2 3.5 2.4 0.12 41.3 0.993 4.6 0.008 3.9 3.55
Apr-93
May-93
Jun-93
Jul-93

Aug-93
Sep-93
Oct-93
Now-93
Dec-93
Jan-94

Feb-94
Mar-94
Apr-94

May-94
Jun-94

Jul-94

Aug-94
Sep-94 18
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HYDROGEOLOGY OF THE TABLE MOUNTAIN SANDSTONE AQUIFER — KLEIN KAROO

FIGURE K-1F: WELLMAN - CHEM PLOTS (EXAMPLE)

TOP
VARIATION IN FE
7 1.4
6 1.2
5 s 105
:5_4 g 0.8 g
3 0.6 3
2 04 %
1 Q o m 0.2
0 - -0
M g2 02 PSS &cZ22>r oo mc O
e 282&67 5283850
E8e2RREESIIgE™Q
TIME
—=—0.01-.02 >.02 pH —o—Iron
VARIATION IN EC
35
30 9
T 25 (Ruo ﬂ ? Do,
& 20 & Y 1 P A N i
D 10 y(\,/
5
0 TTTTITTITTIT T T I T I T I T T I T T T T T I T I T T I T T T I T I T T I T T I T T I T T T T I T I T IT T IT I T IT T IT IT T ITTTIT I TTTT
8 © 8 eREEISTEIYLB>Y
TIME
—o_EC
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HYDROGEOLOGY OF THE TABLE MOUNTAIN SANDSTONE AQUIFER — KLEIN KAROO

FIGURE K-1G: WELLMAN - RAINFALL SUB MENU

Monthly Rainfall (mm)

Date Rain (mm)

Dec-90 32 1 r set start date

Jan-91 9

Feb-91 19

Mar-91 119

Apr-91 20

May-91 30 200 - &

Jun-91 47

Jul-91 0 -

Aug-91 29 — |

Sep-o1 108 g 150 1

Oct-91 5 & »

Nov-91 21 ~ E 5 . 1 = 5

Dec-91 10 < 100 -

Jan-92 59 ©

Feb-92 35 14

Mar-92 27 50 -

Apr-92 35

May-92 42 [

Jun-92 105 0

Jul-92 63 O = T O N O O < ¥ O O © © ©~ N~ o0 o
> O O O o O 06 o O o0 O O O O o o O

Aug-92 27 6 & O & b6 & b6 & b & b6 & b & b5 & O

Sep02 | 167 8383838383838 38 38

QOct-92 4

Nov-92 0

Dec-92 46 RAINFALL STATISTICS

Jan-93 35

Feb-93 12 1991 439

Mar-93 114 1992 574 AVERAGE |41.94141414

Apr-93 41 1993 522 MAX 200

May-93 42 1994 517 MIN 0

Jun-93 44 1995 556.2 VARIANCE | 1257.498982

Jul-93 28 1996 599 STDDEV | 35.46123209

Aug-93 105 1997 460 MEDIAN 32

Sep-93 2 1998 367 NORMAL |0.010036784

Johanita Kotze

Page K-8 PHD



HYDROGEOLOGY OF THE TABLE MOUNTAIN SANDSTONE AQUIFER — KLEIN KAROO

FIGURE K-1H: WELLMAN - BOREHOLE EXAMPLE - ENVIRONMENTAL ISOTOPE DATA

Environmental Isotopes TOP

Location Tritium Carbon 14 Oxygen 18 Deuterium
(TU) (PMC) (o/00) (o/o0)
Jul-94 VG3 -7.4 -49
Jul-97 VG 3 1.3£0.2 78.1 -7.68 -43.3
Jun-98 VG3 78.72 -8.02

FIGURE K-1I: WELLMAN - BOREHOLE EXAMPLE GEOLOGICAL INFORMATION

GEOLOGICAL LOG TOP

Depth (m) Description

0-13 Alluvial deposits: Boulders and cobbles in a clay matrix
13- 110 Dark sandstone layer, very little shale lenses (Baviaanskloof Formation - Nardouw Subgroup)
110 - 206.7 White, coarse-grained quartzite (Skurweberg Formation - Nardouw Subgroup)

Fractures at 48, 186, 165-169, 186 m
Solid from 196 m

Johanita Kotze
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HYDROGEOLOGY OF THE TABLE MOUNTAIN SANDSTONE AQUIFER — KLEIN KAROO

FIGURE K-1J: WELLMAN - BOREHOLE EXAMPLE - PUMPTEST DATA

TOP

Pumping test data

Date of test
Abstr. Rate Q (I/s)
Time (min)

22-27/05/90

Drawdown (m)

res. s (m)

1 13 Ber] e Constant rate test

2 16 1 35.35

3 17.66 2 25.45

4 18.75 3 19.4 _. 60

5 19.81 4 14.47 E 50 -

6 20.8 5 10.78 g 40 - IR o o000

: 0 75 | § 2] cort?

9 23.56 8 7] 2207 4 eeett

10 24.88 9 633 | 5§ 107

11 26 10 5.82 0 T T T

12 26.54 " 5.57 1 10 100 1000 10000
15 26.22 12 5.32

20 29.43 15 4.7 Time (min)

25 30.89 20 4

30 32.02 25 3.37

40 33.96 30 3.07

50 35.01 40 2.57 Recovery

60 35.1 50 2.2

70 36.4 60 1.94 60

80 36.9 70 1.74 -
100 37.56 80 154 ? (0 E
150 38.38 100 128 . 40 =
200 39.31 150 0.9 . -30 S
300 40.61 200 0.72 ., F20 8
420 40.71 300 0.55 L - 10 o
600 418 420 0.42 . : . 2000000ty 44 s 000peee— |
780 41.8 600 0321 | 0001 001 0.1 1 10 100 1000 10000
1080 418 780 0.24

1440 42.91 1080 0.19 t' (min)

1800 43.44 1440 0.13
2160 44.04 1800 0.05
2520 44.01 2160 0
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HYDROGEOLOGY OF THE TABLE MOUNTAIN SANDSTONE AQUIFER — KLEIN KAROO

FIGURE K-1J(CONTINUED): WELLMAN - EXAMPLE - PUMPTEST DATA

Step test data

Step1 Step2 Step3 Step4 Step5 Step6 Step7
Q (Is) = 4 | 58 | 106 | 55 | | |
s ( s (m) s (m)

4 5.8
t(min) s (m) s (m)

m

Step Drawdown

70
60 -
—
§,50-
§40-
'830- A A A A A A
; A A A A A A
EZO—M
o 10 E@D B @ =] 5] 5] 5] 5] 5] 5] 5]
fmoo ¢ o TS ° . * * * S TS
0 T T T T T T
0 10 20 30 40 50 60 70
Time (min)

¢ Step1 m Step2 A Step3 —-_Step4d x Step7 e 0 -+ 0
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| HYDROGEOLOGY OF THE TABLE MOUNTAIN SANDSTONE AQUIFER — KLEIN KAROO

FIGURE K-1K: WELLMAN - BOREHOLE EXAMPLE - EQUAL VOLUME METHOD - MANAGE

758

Q_s (m%d) = 201 )
Q_s (IIs) = 2.3
Month number X0 0 Ar 8.4
0 20 40 60 80 X4 20 — 708
0 ' ' ' Yo (58 P 211
5 v [183 4 19
T>> 10 - 8 8.4
2 start of equal volume 70.8
3 15 4 71 end of equal volume
5
® 20
e
25 4
30
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HYDROGEOLOGY OF THE TABLE MOUNTAIN SANDSTONE AQUIFER — KLEIN KAROO

FIGURE K-1L: WELLMAN - GO TO WELLFIELD 1 (EXAMPLE)

Go to Varkieskloof
Wellfield

Main ‘

Annual Abstraction from Vermaaks wellfield

ANNUAL ABSTRACTION FROM VERMAAKS WELLFELD

o 800000

2 700000

g 600000 5

~ _ 500000

n®

@ & 400000 -

o = 300000

S 200000 |

2 100000

<

0 r r r r r r
- - - - - - - N N N N N N
0 (=] (-] 0 (1] (-] (1] o o [=] o o o
© © [} © (-] © © [=} o o [=] (=] [=]
w H (3] (2] ~ (=) o o - N w H (3]
TIME

B VG3 O0VR6 BVR7 @VR8 @ VR11

TOTAL ABSTRACTION VS WATER LEVELS
800000 — 160.0 _
> 700000 — A 140.0 £
S 600000 - 120.0 4
=
= 500000 - 100.0 S
o<
< 3 400000 W\éﬁ‘\\‘ 80.0 4
= £ 300000 % 60.0 &
@ 200000 40.0 F
100000 200 =
0 T T T T T T Ihl T T T T OIO
- - - - N N N
© © © o o o o
[{=} [{=} ©o [{=] o o [=}
w (3, ] ~ (=] - w (3]
YEARS
—e— TOTAL —=—VG3 VR6 —— VR7 —a— VRS VR11

1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006
VG3 \ 69113 122688 65816 95475 84958 111903 53880 0 0
VR6 | 127794 122688 65816 95475 84958 111903 53880 0 0
VR7 | 116539 187577 161723 152159 237528 328435| 105032 0 0
VR8 | 94066 90351 39894 23515 90673 75459 17811 0 0
VR11 \ 71485 71851 55610 54251 97133 108883 22864 0 0
TOTAL 478998 595155 388859 420875 595250 736583 253467 (1 (1]
WATER LEVEL
VG3 10.3 18.6 13.4 8.0 18.1 9.9 9.3
VR6 43.0 46.4 48.7 42.4 52.5 56.8 58.6
74.2 74.6 78.5 71.7 84.6 87.7 89.7
108.7 112.4 115.6 109.6 120.9 123.9 125.4
135.5 136.9 141.0 134.9 149.0 149.8 151.0
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HYDROGEOLOGY OF THE TABLE MOUNTAIN SANDSTONE AQUIFER — KLEIN KAROO

FIGURE K-1M: WELLMAN - OBSERVATION WELL SUB-MENU

Main

- WATER LEVEL ELEVATIONS OVER TIME -
BH DP10 DP12 DP29 DP27 DP15 DP25 DP28 DP13 DP14 DP20 RN1 DP18 DP16 DP17 DP24 DP19
HH 456.50 468.50 463.10 458.30 451.10 449.10 459.10 458.90 451.40 4438.80 468.60 351.10 351.20 349.10 350.70 350.80

Jul-85 396.50

Apr-86 381.90

Sep-87 366.20

May-89

Jun-89

Jul-89

Aug-89 356.35

Sep-89 355.65

Oct-89 355.74

Nov-89 362.40 347.04

Dec-89 368.20 346.93 347.00

Jan-90 351.30 362.28 347.20 347.04 347.27

Feb-90 306.50 345.60 350.50 361.78 347.10 346.96

Mar-90 306.50 346.10 349.51 361.08 346.82 346.89

Apr-90 343.08 346.56 359.49 346.77 346.70

May-90 347.40 349.05 362.21 347.78 347.68

Jun-90 346.01 347.96 361.99 347.90

Jul-90 344.95 347.74 361.75 348.09 347.99

Aug-90 342.40 341.20 347.30 341.30 341.70 346.91 345.23 347.80 356.35 347.50 348.26 348.15

Sep-90 345.81 344.20 346.76 355.41 347.02 347.02

Oct-90 346.10 345.43 343.88 346.52 354.80 346.36 346.68

Nov-90 345.04 34417 346.30 354.15

Dec-90 344.89 344.55 346.00 354.00 345.94 346.25

Jan-91 339.25 344.23 344.92 344.66 345.95 353.10 345.59 345.95 345.99

Feb-91 336.40 330.64 343.57 344.20 343.67 345.74 352.64 345.77 345.77

Mar-91 332.83 339.10 345.00 335.20 341.10 341.70 342.30 344.62 352.58 346.15 346.10 346.23

Apr-91 342.13 341.45 341.38 340.31 338.60 341.45 341.83 342.14 344.73 352.65 345.90 345.85 345.98

May-91 341.50 339.52 340.00 341.35 341.66 341.90 344.49 351.70 346.04 346.13 346.08

Jun-91 343.90 342.69 342.72 339.61 340.96 341.26 341.45 344.13 351.13 346.33 346.37 346.40

Jul-91 344.32 343.30 343.10 340.00 341.20 341.43 341.57 344.26 350.65 345.83 345.84 345.86

Aug-91 344.42 344.15 339.68 340.97 341.27 341.36 344.00 345.50 345.49 345.53

Sep-91 331.47 340.55 339.08 340.58 340.80 341.25 343.79 349.70 334.25 339.25
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HYDROGEOLOGY OF THE TABLE MOUNTAIN SANDSTONE AQUIFER — KLEIN KAROO

FIGURE K-1N: WELLMAN - OBSERVATION WELL WATER LEVEL CHANGES OVER TIME FOR EACH WELLFIELD

BACK

WATER LEVEL VARIATIONS - VARKIESKLOOF

400.00

390.00 \\
380.00 \
370.00

\ ﬁ
360.00 >

350.00

340.00

330.00

320.00

310.00

WATER LEVEL ELEVATION (m)

300.00

——DP10 —=-DP12 —— DP29 —< DP27
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HYDROGEOLOGY OF THE TABLE MOUNTAIN SANDSTONE AQUIFER — KLEIN KAROO

FIGURE K-10: WELLMAN - MAP SUB ROUTINE

Locality map showing production and important monitoring borehole positions

X Greigevonda
°%)
R
i
. WELGEVONDEN .7
BN
AR Welgeva ey

<

PYSELSBERG
123
PO RP 2

INSET MAP C

OLIFANTS RIVER INSET AP ’
=

BOKKRAAL

1160
VERMAAKS “RIV4H

1Ba

WAGENRNDSNEK 190

22°32
5 Kilometres

LOCALITY MAP

BOREHOLES

@ Production Boreholes
@® Monitoring Boreholes

- X T STEFFEN, ROBERTSON AND KIRSTEN
KKRWS: EASTERN WELLFIELDS Consulting Engineers and Scientists
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HYDROGEOLOGY OF THE TABLE MOUNTAIN SANDSTONE AQUIFER — KLEIN KAROO

FIGURE K-1P: WELLMAN - ANNUAL ABSTRACTION SUBMENU

M Go to data An_AB

ANNUAL ABSTRACTION (m3/a)

TOTAL ANNUAL ABSTRACTION FROM ALL WELLFIELDS

1200000
1000000 | ] —
800000 - -
600000 - .
400000 |
200000 -
0
- - - - - - - N N N N N N
© © © © © © © =] o o =) o o
© © © © © © © S =) S S =) S
w H (3] (<] ~ oo ©o o - N w H (3,]
TIME

‘ O Vermaaks B Varkieskloof B Bokkraal @ Olifants O Droekloof

Varkieskloof

Bokkraal
Olifants

Droekloof

TOTAL

Vermaaks

Graph

1995 1996 1997 1998 1999

478998 595155 388859 420875 595250 736583 253467
104557 96811 175185 147113 71679 66895 28375
220429 157261 195671 200940 52631 18082 21355
160658 148416 147955 168040 167241 162120 75266

73645 49071 32293 59087 64042 21233 24480

1038286

1046714

939963 996055 950843 1004913 402943
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HYDROGEOLOGY OF THE TABLE MOUNTAIN SANDSTONE AQUIFER — KLEIN KAROO

FIGURE K-1Q: WELLMAN - SPRINGFLOW SUBMENU

SPRINGFLOW VARIATION OVER TIME

MONTHLY SPRING FLOW VARIATION

i s

3
E
3
<
w
=
&

SPRING FLOW (l/s)

\\9"» Qq‘b q'b ~\ Qg"b th *th ngt 9‘9 ‘) Qg(o QQ’ *OP Qq‘b 9'\ '\ Qé\ QQ’ % QQQ, q% §°_’% Qq‘b
Q’b c® 5@ @0 ® 50 Q‘b ® 5’0 @ >33 5’» Q'b e 50 @ 233 50 Q'b 3 3’& Q'b P
MONTHS

‘ I RAIN I PIPE [ PAR1 PAR2 0= VMKS_V —e— M_RIVER == MRWKS_V

SPRINGFLOW DATA

Jan-91 32

Feb-91 9

Mar-91 19 10.7
Apr-91 119 10.6
May-91 20 10.8
Jun-91 30 11.5
Jul-91 47 10.3
Aug-91 0 10.2
Sep-91 29 14.3
Oct-91 108 8.2
Nov-91 5 8.7
Dec-91 21 5.0
Jan-92 10 6.3
Feb-92 59 5.8
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HYDROGEOLOGY OF THE TABLE MOUNTAIN SANDSTONE AQUIFER — KLEIN KAROO

FIGURE K-1R: WELLMAN - ISOTOPES SUBMENU

[ Main ] [ DATA J Kammanassie Isotopes - Deuterium vs Oxygen 18
-25
-30 A VR6
o DP29
a5 . + DP12
~ o Ko, X VR7
X VRS
404 |AIIuviaI borehole value | o VR
3D (%o) * VG3
o4 L m DP15
] g + DP28
’-" 1\ Range of TMG o DG110
50 4% o borehole values A DP18
: — — — Cape MWL
R e gl O il SO Y e Ladhagie T A e s I PP Global MWL
-60 t t t f t } t
-8 -7.5 -7 -6.5 -6 -5.5 -5 -4.5 -4
18
870 (%o) 8D = 7.45"°0 + 18.6 Cape MWL
5D =8.05'°0 +10.0 Global MWL

Main TOP

-49 -43 -44 -35.7 -51.1 -47.3 -48.9 -47.8 -48.6 -35.5 -35.1 -9.44 -12.4 -19.6

-7.4 -7.4 -7.3 -7.27 -7.18 -6.58 -7.72 -7.66 -7.93 -7.7 -5.57 -3.8 -2.8 -3.7
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HYDROGEOLOGY OF THE TABLE MOUNTAIN SANDSTONE AQUIFER — KLEIN KAROO

APPENDIX K-2

Go to Borehole submenu - WELLMAN

GROUNDWATER MANAGEMENT AND DATA BASE
PROGRAM FOR MUNICIPALITIES,
GROUNDWATER SUPPLY SCHEMES AND
BOREHOLE OWNERS

Developed by Johanita Kotze
SRK Consulting, Cape Town, Tel: 021-4217182

Johanita Kotze
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MODELLING OF GROUNDWATER FLOW IN THE TABLE MOUNTAIN SANDSTONE FRACTURED AQUIFER

FIGURE K-2A: GO TO BH1 - SUMMARY OF ALL BOREHOLE 1’S HYDROGEOLOGICAL INFORMATION

BH number VG3

Wellman Groundwater Management and Data base program

Wellfield
Municipality
Owner

Vermaaks
Overberg Y

Topo map sheet #
Screen Type

RN oo |
m Diameter m Other water strikes (m)= (VR VCI KW of pump

Screen Depth
Screen Depth

Other comments:
Borehole is situated in a closed boundary (Average distance = 1 km)

150 - 206.7 Diameter 168 Pump

42820.8 LEIMREEST N (1)
| DWAF 'S 3715464.4 EEEE LW E
Geological formation TMG - NAR Altitude 497.3 Use of water

Drilled LEZEE I Depth of pump instal
Blow Yield (I/s) =

Recommended Q (I/s) =
206.7 Q (FC-Method)

Q (Theis-Method)
Q (Guess)

Q (Equal Volume)

Max. Q of pump (Ils)

216

259

201

346

m3/d

m3/d

m3/d

m3/d

[ DATA M CHEM M EN_ISO J[GeologyMPumptestM Manage M Main J

PROD. (m"3)
m— REST WL (m)

= Recom. Q (m3/mnth)
=——PID (m)

PUMP WL (m)
—— REST WL-PID (m)

0 28000
- Mm“'\/ """\vav'
L 24000
E40—
8 60- \ | 20000
£
;80’ I 16000
(] i
g100
3 120 L 12000
>
2 W W@f%-o
5 140 L 8000
® O RSSO OSUSOSONUSCRUSOSORORD
= 160
L 4000
180 -
200 -1 - N . i e o e e = o
M M MO O ¥ & < S OV U U WV W W © O© M~ M~ MM M © W O O O O 0O O O O O O T T - -
2222 2222222222222 2222222°2°2222%2%23222<2¢<2¢<°
§238 823882388238 823882388238828385823§8 8
Date

Production (m3/month)

TOP VG3

PUMP WL REST WL PROD. Recom. Q HOURS YIELD D-DOWN PWL-PID Water strike Month  REST WL-PI}
(m) (1) (mA3) (m3/mnth) (h) (mA3/h) (m) (m) (m) Index
Jan-93 7.1 148 2455 20700 190 1 140.9
Feb-93 148 2455 20700 190 2
Mar-93 148 5248 20700 190 &
Apr-93 20.4 148 7938.86 20700 190 4 127.6
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MODELLING OF GROUNDWATER FLOW IN THE TABLE MOUNTAIN SANDSTONE FRACTURED AQUIFER

FIGURE K-2B: GO TO BH 1 - SUB ROUTINE CHEM

Class I
Class Il

Date

150-370

>370
EC
mg/L

1000-2450 4-5 or 9.5-10

>2450 >4 or >10

TDS
mg/L

E Go to Environmental Isotopes ]

pH

200-400

>400

Sodium

mg/L

Magnesium

[ Go to CHEM PLOTS ]

70-100

>100

mg/L mg/L

Calcium

1.5-3.5
>3.5
Flouride
mg/L

Chloride

200-600

>600

mg/L

10-20

>20

Nitrate

400-600

>600

Sulphate

mg/L

Oct-92 20.9 89 5.6 25 4 2 <0.1 43 0.9 6 <0.005 <4
Nov-92
Dec-92
Jan-93 18.3 88 6.3 23 3 2 0.2 37 1.06 8 0.007 7
Feb-93
Mar-93 16.2 90 5.5 26.2 35 2.4 0.12 41.3 0.993 4.6 0.008 3.9
Apr-93
May-93
Jun-93
Jul-93
Aug-93
Sep-93
FIGURE K-2C: GO TO BH 1 - SUB ROUTINE ENV_ISO
Environmental Isotopes TOP
Location Tritium Carbon 14 Oxygen 18 Deuterium
(TU) (pMC) (o/o0) (o/oo)
Jul-94 VG3 -7.4 -49
Jul-97 VG 3 1.3£0.2 78.1 -7.68 -43.3
Jun-98 VG3 78.72 -8.02
FIGURE K-2D: GO TO BH 1 SUB ROUTINE GEOLOGY
GEOLOGICAL LOG TOP
Depth (m) Description
0-13 Alluvial deposits: Boulders and cobbles in a clay matrix
13- 110 Dark sandstone layer, very little shale lenses (Baviaanskloof Formation - Nardouw Subgroup)
110 - 206.7 White, coarse-grained quartzite (Skurweberg Formation - Nardouw Subgroup)
Fractures at 48, 186, 165-169, 186 m
Solid from 196 m
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MODELLING OF GROUNDWATER FLOW IN THE TABLE MOUNTAIN SANDSTONE FRACTURED AQUIFER

FIGURE K-2E: WELLMAN - CHEM PLOTS (EXAMPLE)

VARIATION IN FE
7 1.4
6 1.2
° ‘h o=
B
:5-4 5 0.85
3 06 o
w
2 0.4
1 2 Q 0.2
0 TTTTTTTTTITTTTTTTTTTTTT 70
m< Uz 02 r» S & zZ2>romnm < O
SEFIiaEErTEELL DS
8587 28888828858
TIME
—#—-0.01-.02 >.02 pH —©—Iron

VARIATION IN EC

0 T T T T T T T T T T T T
m < o > & & Z » O M < O
Emgz,c?%cmco-cmm‘im
T T 0 < 5 @@ ? 7 < 7T T T 0
© 8 & b L b b b © b 9 b b & &
» @w K P o o 0o 5 N J o© ©
TIME
—O—EC
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MODELLING OF GROUNDWATER FLOW IN THE TABLE MOUNTAIN SANDSTONE FRACTURED AQUIFER

FIGURE K-2F: GO TO BH 1 - SUBROUTINE PUMPTEST

Pumping test data
Date of test

22-27/05/90

Abstr. Rate Q (I/s) 8.8
Time (min) Drawdown (m) res. s (m)

1 13 0.001 48.88
2 16 1 35.35
3 17.66 2 25.45
4 18.75 3 19.4
5 19.81 4 14.47
6 20.8 5 10.78
7 21.58 6 9.48
8 20.1 7 7.9
9 23.56 8 7
10 24.88 9 6.33
11 26 10 5.82
12 26.54 11 5.57
15 26.22 12 5.32
20 29.43 15 4.7
25 30.89 20 4
30 32.02 25 3.37
40 33.96 30 3.07
50 35.01 40 2.57
60 35.1 50 2.2
70 36.4 60 1.94
80 36.9 70 1.74
100 37.56 80 1.54
150 38.38 100 1.28

200 39.31 150 0.9
300 40.61 200 0.72

420 40.71 300 0.55

600 41.8 420 0.42
780 41.8 600 0.32

1080 41.8 780 0.24

1440 42.91 1080 0.19

1800 43.44 1440 0.13

2160 44.04 1800 0.05

2520 44.01 2160 0

2880 44.01

3240 47.56

3600 48.31

3960 48.54

4300 48.88
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50
40
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20
10
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MODELLING OF GROUNDWATER FLOW IN THE TABLE MOUNTAIN SANDSTONE FRACTURED AQUIFER

FIGURE K-2G: GO TO BH 1 - SUBROUTINE PUMPTEST (CONTINUE)

Step test data

Step1 Step2 Step3 Step4 Step5
Q (Is) = 4 [ 58 | 106 | 155 | |
t(min) s (m) s (m) s (m) s (m) s

4 5.8 10.6 15.5
0.1 0.001 6.05 10.4 33.5
0.5 0.91 7.19 15.13 37.68
1 3.63 7.73 15.94 38.98
1.5 3.93 8.14 16.89 414
2 4.24 8.41 17.56 45.7
2.5 4.53 8.63 18.32 47.38
3 4.61 8.81 18.78 50.56
3.5 4.72 8.86 19.37 53.87
4 4.88 8.95 19.86 56.6
4.5 4.96 8.99 20.25 58.78
5 5.05 9.08 20.96
7 5.33 9.26 23.68
9 5.44 9.36 24.71
12 5.6 9.56 26.64
15 5.67 9.68 27.39
20 5.74 9.85 28.13
25 5.8 9.94 28.24
30 5.86 10.05 28.93
35 5.89 10.13 30.04
40 5.92 10.21 30.61
45 5.96 10.27 30.8
50 5.99 10.31 31.15
60 6.05 10.4 33.5
Step Drawdown
70
60
o| &
40
30 Aaa A A A& & A A A A A
20
“hpmmey e 7 % 0% % 8 % % 3
0 10 20 30 40 50 60 70
¢ Step1 B Step2 A Step3 o Stepd X Step7 ® 0 + 0
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MODELLING OF GROUNDWATER FLOW IN THE TABLE MOUNTAIN SANDSTONE FRACTURED AQUIFER

FIGURE K-2H: GO TO BH1 SUB ROUTINE MANAGE

Management

Q_s (m¥/d) =

Q_s (IIs) =

20

40

60

80

20

25

30

8
44

0 —P 84
20 —P 442
58 P 211

183 P 207

start of equal volume
end of equal volume
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HYDROGEOLOGY OF THE TABLE MOUNTAIN SANDSTONE AQUIFER — KLEIN KAROO

APPENDIX K: WELLMAN (continue)

APPENDIX K-3

Go to Wellfield submenu - WELLMAN

GROUNDWATER MANAGEMENT AND DATA BASE

PROGRAM FOR MUNICIPALITIES,
s ‘ GROUNDWATER SUPPLY SCHEMES AND
‘ BOREHOLE OWNERS

= Developed by Johanita Kotze
EEE SRK Consulting, Cape Town, Tel: 021-4217182
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HYDROGEOLOGY OF THE TABLE MOUNTAIN SANDSTONE AQUIFER — KLEIN KAROO

FIGURE K-3A: GO TO WELLFIELD1 - SUMMARY OF ANNUAL ABSTRACTION FROM VERMAAKS WELLFIELD

Annual Abstraction from Vermaaks wellfield

. Go to Varkieskloof
M
Wellfield

ANNUAL ABSTRACTION FROM VERMAAKS WELLFIELD TOTAL ABSTRACTION VS WATER LEVELS
(ZD 800000 800000 — 160.0
£ 700000 _ 700000 }—— — X 1400 E
Q 600000 | © 600000 - 120.0 =
& _ 500000 | F — 500000 | 100.0
E g o=
B 2 400000 & 2 400000 W\K,(/’*\\‘ 80.0 Y
j = 300000 1 £ = 300000 Q 600
g 200000 | E 200000 \ 40.0 l;:
Z 100000 | 100000 | 0~ 200 =
< 0 . . " . : " 0 e \-v-. e, 0.0

- - =y - - - - N N N N N N _ e e = = == NN DNDNDNDMNDNDDN
TIME YEARS
BVG3 OVR6 MVR7 @VR8 EVR11 —8— TOTAL ——VG3 VR6 —— VR7 —B— VRS VR11

1995 1996 1998 1999 2000 2001 2002 2003 2004 2005

VG3 69113 122688 65816 95475 84958 111903 53880

VR6 127794 122688 65816 95475 84958 111903 53880

VR7 116539 187577 161723 152159 237528 328435| 105032

VR8 94066 90351 39894 23515 90673 75459 17811

VR11 71485 71851 55610 54251 97133 108883 22864
TOTAL 478998 595155 388859 420875 595250 736583 253467

WATER LEVEL

VG3
VR6
VR7
VR8
VR11
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HYDROGEOLOGY OF THE TABLE MOUNTAIN SANDSTONE AQUIFER — KLEIN KAROO

FIGURE K-3B: GO TO WELLFIELD2 — SUMMARY OF ANNUAL ABSTRACTION FROM VARKIESKLOOF WELLFIELD

Annual Abstraction from Varkieskloof wellfield

‘ Go to Bokkraal Wellfield ‘

ANNUAL ABSTRACTION FROM VARKIESKLOOF WELLFIELD

200000
180000

160000

140000

120000

100000 |
80000 |

60000 |

40000

20000 -
0

ANNUAL ABSTRACTION (m3/a)

€661
V661
G661
9661
L1661
8661
0002
1002
ZOOZA
€002
VOOZA

= 6661

TIME

EDP10 ODP12 mDP29

S002

200000
180000

120000

80000
60000
40000
20000

0

ABSTRACTION
(M3/A)

TOTAL ABSTRACTION VS WATER LEVELS

160000 -
140000 -

100000 -

150.0
130.0
B E
‘<=4\-¢J&5=§l\\,k::.bgg. 1100
g 7 \ oo | 900 &
H \\ 700 Y
1 500
\ {300 &
T
A\ } 100 =
" " " \—!—. " " " -10.0
- - - - - - - N N N N N N
(-] © © © © © © [=} [=] [=} [=} [=3 [=3
o ©0 [} [} o [} [} (=1 o o o o o
w H (3] (-] ~ [~} o o - N w B (3]
YEARS

‘—.—TOTAL ——DP10 —8— DP12

DP29 |

1994 1995 1996
DP10

1998 1999

2000 2001 2002

2003 2004 2005

DP12

DP29
TOTAL 104557 96811 175185 147113

WATER LEVEL
DP10

DP12

DP29
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HYDROGEOLOGY OF THE TABLE MOUNTAIN SANDSTONE AQUIFER — KLEIN KAROO

FIGURE K-4C: GO TO WELLFIELD3 - SUMMARY OF ANNUAL ABSTRACTION FROM BOKKRAAL WELLFIELD

Annual Abstraction from Bokkraal wellfield

ANNUAL ABSTRACTION FROM BOKKRAAL WELLFIELD

250000

200000 -

150000

100000

50000 |

ANNUAL ABSTRACTION (m3/a)

0

- - - - - - - N N N N

© © © © © © © [= o o o

© © © © © © © (=4 o o o

w H (3] [=2] ~ © © o - N w
TIME

EDP15 ODP25 mDP28

002

S00C

ABSTRACTION

(M3/A)

TOTAL ABSTRACTION VS WATER LEVELS

250000

200000 |

150000

100000

50000

0

- - - - - - - N N

© © © ©o © © ©o (= (=

© © © © © © © o o

w S (3] (=2 ~ © © o -
YEARS

‘—.—TOTAL —e—DP15 —8— DP25 DP28 ‘

140.0

1 120.0
1 100.0
1 80.0
+ 60.0
1 40.0
1 20.0
- 0.0

WATER LEVEL (m)

1994
15496

1995 1996

DP15 89547 64305 65468

1999 2000 2001 2002 2003

2004

DP25 62108 112811 23809 0

DP28
TOTAL

68775
220429

28954
157261

107557 135472
195671 200940

WATER LEVEL
DP15

DP25

DP28
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HYDROGEOLOGY OF THE TABLE MOUNTAIN SANDSTONE AQUIFER — KLEIN KAROO

FIGURE K-3D: GO TO WELLFIELD3 — SUMMARY OF ANNUAL ABSTRACTION FROM DROEKLOOF AND OLIFANTS
RIVER WELLFIELD

Annual Abstraction from Droekloof and Olifants River

Go to TOTAL ANNUAL
Main ABSTRACTION -ALL
WELLFIELDS
ANNUAL ABSTRACTION FR;\I\;IE[;ROEKLOOF AND OLIFANTS TOTAL ABSTRACTION VS WATER LEVELS
> 250000 250000 140.0
o —
~ - 120.
E 200000 | = 200000 | 0 E
= o 1000
£ g 150000 | 5 < 150000  80.0 2
g E é & |
< = 100000 | ® = 100000  60.0
S 50000 0 L 400
z 1 < 50000 g
< } L 200 =
" 2 2 3 2 3 2 2 8 BB & B s 2 i s s zassszss
BN EEEEEEEERE
TIME YEARS
EDP18 @DG110 |—8—TOTAL —¢— DP18 —8—DG110 |

1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005
DP18 147955 168040 167241 162120
DG110 32293 59087 64042 21233

TOTAL 234303 197487 180248 227127 231283 183353
WATER LEVEL

DP18 . . . . 2.5 .
DG110 118.5 122.8 115.9 111.9 105.6 109.0 107.6
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HYDROGEOLOGY OF THE TABLE MOUNTAIN SANDSTONE AQUIFER — KLEIN KAROO

FIGURE K-3E: GO TO ABSTRACTION — SUMMARY OF ANNUAL ABSTRACTION FROM ALL WELLFIELDS

Total Annual Abstraction from ALL WELLFIELDS - Eastern Section

TOTAL ANNUAL ABSTRACTION FROM ALL WELLFIELDS
1200000
<
S 1000000 | - —
% —
= 800000 - -
Q
< -
X 600000 |
=
)]
m
<C 400000 |
-
3 =
Z 200000 -
4
<
0
- - - - - - - N N N N N N
[{e] [{] [{e] [T [{e] [{e] [T o o o o o o
g ¢ & & § g g 8 =2 8§ & g 8§
TIME
‘I:I Vermaaks M Varkieskloof B Bokkraal E Olifants O Droekloof
Graph ‘

1994

2000

2004

2005

2001 2002

1995 1996 1997 1998 1999 2003

Vermaaks 478998 595155 388859 420875 595250 736583| 253467 0 0
Varkieskloof 104557 96811 175185 147113 71679 66895 28375 0 0
Bokkraal 220429 157261 195671 200940 52631 18082 21355 0 0
Olifants 160658 148416 147955 168040 167241 162120 75266 0 0
Droekloof 73645 49071 32293 59087 64042 21233 24480 0 0

TOTAL 1038286 1046714

939963 996055 950843 1004913 402943
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HYDROGEOLOGY OF THE TABLE MOUNTAIN SANDSTONE AQUIFER — KLEIN KAROO

APPENDIX K: WELLMAN (continue)

APPENDIX K-4

OBSERVATION WELL DATA - WELLMAN

GROUNDWATER MANAGEMENT AND DATA BASE
PROGRAM FOR MUNICIPALITIES,
GROUNDWATER SUPPLY SCHEMES AND
BOREHOLE OWNERS

= Developed by Johanita Kotze
EEE SRK Consulting, Cape Town, Tel: 021-4217182
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HYDROGEOLOGY OF THE TABLE MOUNTAIN SANDSTONE AQUIFER — KLEIN KAROO

FIGURE K-4A: OBSERVATION WELL WATER LEVEL CHANGES OVER TIME FOR VARKIESKLOOF WELLFIELD

BACK

WATER LEVEL VARIATIONS - VARKIESKLOOF

400.00

390.00 \\
380.00 \
370.00

\ ﬁ
360.00 >

350.00

340.00

330.00

320.00

310.00

WATER LEVEL ELEVATION (m)

300.00

——DP10 —=-DP12 —— DP29 —< DP27
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HYDROGEOLOGY OF THE TABLE MOUNTAIN SANDSTONE AQUIFER — KLEIN KAROO

FIGURE K-4B: OBSERVATION WELL WATER LEVEL CHANGES OVER TIME FOR BOKKRAAL WELLFIELD

BACK

WATER LEVEL VARIATIONS -
BOKKRAAL

WATER LEVEL ELEVATION (m)
w
]
=)
o
=)

——DP15 —#-DP25 —&—DP28 —< DP13 ——DP14 —e—RN1
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HYDROGEOLOGY OF THE TABLE MOUNTAIN SANDSTONE AQUIFER — KLEIN KAROO

FIGURE K4-C: OBSERVATION WELL WATER LEVEL CHANGES OVER TIME FOR OLIFANTS RIVER WELLFIELD

BACK

WATER LEVEL VARIATIONS -
OLIFANTS RIVER
355.00
E
z 350.00 >es
E M‘ Q M
> 345.00 E lﬂ
]
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T 340.00 |
[11]
—
&
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HYDROGEOLOGY OF THE TABLE MOUNTAIN SANDSTONE AQUIFER — KLEIN KAROO

FIGURE K-4D: OBSERVATION WELL WATER LEVEL CHANGES OVER TIME FOR VOORZORG

BACK

500.00

495.00

490.00

485.00
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HYDROGEOLOGY OF THE TABLE MOUNTAIN SANDSTONE AQUIFER — KLEIN KAROO

FIGURE K-4E: OBSERVATION WELL WATER LEVEL CHANGES OVER TIME FOR VERMAAKS RIVER WELLFIELD

BACK

WATER LEVEL VARIATIONS -
VERMAAKS RIVER
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HYDROGEOLOGY OF THE TABLE MOUNTAIN SANDSTONE AQUIFER — KLEIN KAROO

FIGURE K-4F: OBSERVATION WELL WATER LEVEL CHANGES OVER TIME FOR DROEKLOOF WELLFIELD

BACK
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WATER LEVEL VARIATIONS -
DROEKLOOF
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HYDROGEOLOGY OF THE TABLE MOUNTAIN SANDSTONE AQUIFER — KLEIN KAROO

FIGURE K-4G: OBSERVATION WELL WATER LEVEL CHANGES OVER TIME FOR DROEKLOOF WELLFIELD
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HYDROGEOLOGY OF THE TABLE MOUNTAIN SANDSTONE AQUIFER — KLEIN KAROO

FIGURE K-4H: OBSERVATION WELL WATER LEVEL CHANGES OVER TIME FOR SOUTHERN KAMMANASSIE
MOITUINTAINS
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HYDROGEOLOGY OF THE TABLE MOUNTAIN SANDSTONE AQUIFER — KLEIN KAROO

APPENDIX K: WELLMAN (continue)

APPENDIX K-5

MANAGEMENT - EQUAL VOLUME METHOD

GROUNDWATER MANAGEMENT AND DATA BASE

PROGRAM FOR MUNICIPALITIES,
0 ‘ GROUNDWATER SUPPLY SCHEMES AND
‘ BOREHOLE OWNERS

= Developed by Johanita Kotze
EEE SRK Consulting, Cape Town, Tel: 021-4217182
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HYDROGEOLOGY OF THE TABLE MOUNTAIN SANDSTONE AQUIFER — KLEIN KAROO

FIGURE K-5A: WELLMAN — MANAGEMENT - VG3

BOREHOLE MANAGEMENT

Q_s (m’/d) =
Q s (lls) =
Xo 0 5.6
30 X4 20 69.9
V4
25 4 Yo 58 9
Y1 183 9.6
° 4
g 15 | 6 start of equal volume 69.9
g 70 end of equal volume
‘S 10 1
5 -
0 v v v v
0 20 40 60 80 100
Month number
FIGURE K-5B: WELLMAN - MANAGEMENT - VR6
BOREHOLE MANAGEMENT VR6
Q_s (m’/d) = 281
Q_s (l/s) = 3.3
Xo 0 8
70 X1 20 53.7
60 | Yo o |44 42,5
M S 457
o 50 1
>
2
5 407 8 start of equal volume
g 30 54 end of equal volume
f:
S 20 -
10 1
0 v v v v
0 20 40 60 80 100
Month number
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HYDROGEOLOGY OF THE TABLE MOUNTAIN SANDSTONE AQUIFER — KLEIN KAROO

FIGURE K-5C: WELLMAN — MANAGEMENT - VR7

BOREHOLE MANAGEMENT

Q_s (m*d) =
Q s (Ils) =
Xo 0 13.5
100 X4 20 49.3
90 1 Yo 43 72
80 1 M Y1 99 71.7
704 /
g
§ 60 start of equal volume
T 50 1 49 end of equal volume
® 40 1
o
30 1
20 1
10 1
0 v v v v
0 20 40 60 80 100
Month number
FIGURE K-5D: WELLMAN — MANAGEMENT - VRS
BOREHOLE MANAGEMENT
Q_s (m’/d) =
Q s (l/s) =
Xo 0 10.6
160 X1 20 49.3
140 1 Yo 43 109.3
Y1 58 110
120 i ./._-/.
_ - ar —-\/-‘N-;"'\
$ 100 1 o~
5 start of equal volume
§ 80 1 49 end of equal volume
2 601
40 1
20 1
0 v v v v
0 20 40 60 80 100
Month number
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HYDROGEOLOGY OF THE TABLE MOUNTAIN SANDSTONE AQUIFER — KLEIN KAROO

FIGURE K-5E: WELLMAN - MANAGEMENT - VR11

BOREHOLE MANAGEMENT

Q_s (m*d) =
Q s (lls) =
Xo 0 12.3
200 X1 20 49.3
180 1
Yo 35 133
1001 - 44 135.2
i Y1 .
2 1401 4+ == “"“"’A""‘J\'
2 120 1
‘§ 100 1 start of equal volume
% 801 49 end of equal volume
[0}
T 601
40 1
20 1
0 v v v v
0 20 40 60 80 100
Month number
FIGURE K-5F: WELLMAN — MANAGEMENT - DP10
BOREHOLE MANAGEMENT
Q_s (m*d) =
Q s (l/s) =
Xo 0 12.2
140 X4 20 57.6
120 1 Yo 97 971
- Y1 97 94.3
>
K]
g 80 start of equal volume
g 404 58 end of equal volume
@
-
40 1
20 1
0 . - v
0 20 40 60 80
Month number
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HYDROGEOLOGY OF THE TABLE MOUNTAIN SANDSTONE AQUIFER — KLEIN KAROO

FIGURE K-5G: WELLMAN - MANAGEMENT - DP12

BOREHOLE MANAGEMENT

Q_s (m’d) =
Q s (lis) =
Xo 0 12.2
160 X1 20 57.4
140 1 o Yo 126 115.4

80 1 start of equal volume
57 end of equal volume

60 1

rest water level

40 1
20 1

0 20 40 60 80

Month number

FIGURE K-5H: WELLMAN - MANAGEMENT - DP29

BOREHOLE MANAGEMENT DP29

Q_s (m¥d) =
Q s (lls) =
Xo 0 7.7
140 xi |20 48.9
1201 M, Yo |95 111
A T
v 4\\ v 107 110.4
5 100 1 AL
2
E’ 801 8 start of equal volume
©
E 60 - 49 end of equal volume
(]
e
40 1
20 1
0 . - v
0 20 40 60 80
Month number
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HYDROGEOLOGY OF THE TABLE MOUNTAIN SANDSTONE AQUIFER — KLEIN KAROO

FIGURE K-5I: WELLMAN - MANAGEMENT - DP15

BOREHOLE MANAGEMENT

Q_s (m%d) = 153
Q_s (lls) = 1.8
xo |0 21.1
140 x1 |20 51.8
120 + y0 82 101
VNS v [124 98.7
100

°©
g 80 1 start of equal volume
©
E 60 1 52 end of equal volume
[}
o
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20 1

0

0 20 40 60 80

Month number

FIGURE K-5J: WELLMAN - MANAGEMENT - DP25

BOREHOLE MANAGEMENT DP25

Q_s (m%/d) =
Q_s (l/s) =
Xo 0 12.2
140 X1 20 51.8
120 1 Yo 86 97.1
\’WV\,\A f\-\,_..M_. v 97 97.1
= 100 1
[
g 80 start of equal volume
©
E 60 1 52 end of equal volume
(]
2
40 4
20 1
0 T r v
0 20 40 60 80
Month number
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HYDROGEOLOGY OF THE TABLE MOUNTAIN SANDSTONE AQUIFER — KLEIN KAROO |

FIGURE K-5K: WELLMAN - MANAGEMENT - DP28

BOREHOLE MANAGEMENT DP28

Q_s (m¥d) =
Q s (lls) =
Xo 0 20.7
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120 1 \ = W — Yo 82 108.8
Y1 100 106.5
1009 m
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FIGURE K-5L: WELLMAN - MANAGEMENT - DG110

BOREHOLE MANAGEMENT DG110

Q_s (m/d) = 152
Q s (lls) = 1.8
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HYDROGEOLOGY OF THE TABLE MOUNTAIN SANDSTONE AQUIFER — KLEIN KAROO

FIGURE K-5M: WELLMAN - MANAGEMENT - DP18

BOREHOLE MANAGEMENT

Q_s (m’/d) = 452
Q s (l/s) = 5.2
Xo 0 8.6
6 X1 20 70.6
Yo 899 2.41
5 -
Y1 899 2.29
2 4
K]
) 3 9 start of equal volume
T 71 end of equal volume
2 \ A
$ 21
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0 . - v
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HYDROGEOLOGY OF THE TABLE MOUNTAIN SANDSTONE AQUIFER — KLEIN KAROO

APPENDIX K: WELLMAN (continue)

APPENDIX K-6
PUMP TEST DATA SUMMARY

GROUNDWATER MANAGEMENT AND DATA BASE
PROGRAM FOR MUNICIPALITIES,
GROUNDWATER SUPPLY SCHEMES AND
BOREHOLE OWNERS

= Developed by Johanita Kotze
EEE SRK Consulting, Cape Town, Tel: 021-4217182
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HYDROGEOLOGY OF THE TABLE MOUNTAIN SANDSTONE AQUIFER — KLEIN KAROO

FIGURE K-6A: PUMP TEST DATA VG3

Date of test 22-27/05/90
Abstr. Rate Q (I/s) 8.8
Time (min) Drawdown (m) t' res. s (m)

1 0.001 48.88
2 16 1 35.35
3 17.66 2 25.45
4 18.75 3 19.4
) 19.81 4 14.47
6 20.8 5 10.78
7 21.58 6 9.48
8 20.1 7 7.9
9 23.56 8 7
10 24.88 9 6.33
11 26 10 5.82
12 26.54 11 5.57
15 26.22 12 5.32
20 29.43 15 4.7
25 30.89 20 4
30 32.02 25 3.37
40 33.96 30 3.07
50 35.01 40 2.57
60 35.1 50 2.2
70 36.4 60 1.94
80 36.9 70 1.74
100 37.56 80 1.54
150 38.38 100 1.28
200 39.31 150 0.9
300 40.61 200 0.72
420 40.71 300 0.55
600 41.8 420 0.42
780 41.8 600 0.32

1080 41.8 780 0.24

1440 42.91 1080 0.19

1800 43.44 1440 0.13

2160 44.04 1800 0.05

2520 44.01 2160 0

2880 44.01

3240 47.56

3600 48.31

3960 48.54

4300 48.88
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FIGURE K-6A: PUMP TEST DATA VG3 (CONTINUED)

Step test data
Step1 Step2 Step3 Step4
Q (I/s) =
t(min) s (m) s (m) s (m) s (m)
4 5.8 10.6 15.5
0.5 0.91 7.19 15.13 37.68
1 3.63 7.73 15.94 38.98
1.5 3.93 8.14 16.89 41.4
2 4.24 8.41 17.56 45.7
2.5 4.53 8.63 18.32 47.38
3 4.61 8.81 18.78 50.56
3.5 4.72 8.86 19.37 53.87
4 4.88 8.95 19.86 56.6
4.5 4.96 8.99 20.25 58.78
5 5.05 9.08 20.96
7 5.33 9.26 23.68
9 5.44 9.36 24.71
12 5.6 9.56 26.64
15 5.67 9.68 27.39
20 5.74 9.85 28.13
25 5.8 9.94 28.24
30 5.86 10.05 28.93
35 5.89 10.13 30.04
40 5.92 10.21 30.61
45 5.96 10.27 30.8
50 5.99 10.31 31.15
60 6.05 10.4 33.5
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FIGURE K-6B: PUMP TEST DATA VR6

Time (min) Drawdown (m) t res. s (m)

0.1 5 0.01 82.23
1 13.32 0.5 67.52
1.5 17.19 1 54.8
2 20.6 1.5 45.04
2.5 23.79 2 37.09
3 26.59 2.5 31.5
3.5 26.97 3 27.75
4 27.61 3.5 24.48
4.5 27.94 4 24.13
5 28.46 5 23.03
7 30.39 7 19.38
12 42.51 9 16.99
15 46.67 12 15.23
20 49.86 15 13.8
25 52.86 20 12.86
30 53.1 25 11.85
35 53.61 30 11
40 53.62 35 10.25
45 53.92 40 9.67
50 57.27 45 9.12
60 62.26 50 8.7
70 64.11 60 7.94
80 64.89 70 7.36
90 65.65 80 6.77
100 65.98 90 6.3
120 67.37 110 5.79
150 67.77 140 5.15
200 68.94 190 4.47
250 69.63 240 3.63
300 69.9 290 3.21
400 72.44 390 2.87
500 72.59 490 2.37
600 73.27 590 2.14
700 74.2 690 1.93
800 76.01 790 1.8
900 76.16 890 1.68

1000 75.8 990 1.62

1100 77.58 1090 1.54

1300 76.77 1190 1.46

1440 78.16 1290 1.38

1560 77.65 1390 1.33

1680 77.42 1530 1.26

1800 78.36 2010 0.82

1920 75.89 2148 0.76

2040 77.75 2340 0.69

2160 79.55 2560 0.54

2280 80.35 2920 0.49

2400 81.17 3500 0.84

2520 80.72

2640 81.65

2760 82.27

2880 82.08

3000 81.8

3120 82.49

3240 82.03

3360 81.15

3480 82.09

3600 82.25

3720 82.78

3840 83.45

3960 83.25

4080 82.53

4200 82.38

4320 82.23
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FIGURE K-6B: PUMP TEST DATA VR6 (CONTINUED)

Step test data

Step1 Step2 Step3 Step4 Step5 Step6
Q (Iis) = 24 ] 5 | 67 | 86 ] 143 | 208

t(min) s (m) s (m) s (m) s (m) s (m) s (m)

24 6.7 8.6 14.3 20.8

0.5 1.35 5.35 16.77 25.3 50.18

1 1.95 5.97 12.21 17.69 26.42 54.6

1.5 2.28 6.39 12.69 18.4 27.55 60.16

2 2.43 6.73 13.04 18.93 28.07 62.07

2.5 2.48 6.85 13.28 19.31 28.48 65.21

3 2.51 7.2 13.49 19.73 28.93 67.4

3.5 2.53 7.42 13.64 20 29.3 69.41

4 2.56 7.52 13.81 20.21 30.44 71.2

4.5 2.61 7.63 13.91 20.2 32.11 75.84

5 2.68 7.7 14.02 20.38 33.36 76.56

7 2.85 7.84 14.29 20.66 37.93 78.43

9 2.99 8.01 14.49 20.97 39.1 81.2

12 3.16 8.23 14.75 21.24 40.01 83.93

15 3.27 8.4 14.94 21.41 42.17 85.78

20 3.44 8.61 15.22 21.67 43.43 87.46

25 3.58 8.83 15.42 21.84 44.6 88.59

30 3.62 8.89 15.58 22.09 45.1 89.65

35 3.74 9.12 15.75 22.24 45.64 90.89

40 3.8 9.24 15.87 22.36 46.14 91.24

45 3.89 9.35 15.98 22.49 46.47 91.82

50 3.92 9.43 16.07 22.64 46.99 92.04

60 4 9.58 16.22 22.78 47.33 92.99
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FIGURE K-6C: PUMP TEST DATA VR7

Pumping test data
Date of test 14-01-97
Abstr. Rate Q (I/s) 15.4

Time (min) Drawdown (m) res. s (m)

. 0 15.66
1 8.69 1.5 7.83
2 10.83 2 6.03
2.5 11.27 2.5 4.29
3 11.63 315) 3.64
4 11.92 5 3.33
5 12.04 7 3.28
7 12.21 9 3.11
9 12.26 12 3.07
12 12.33 15 3.07

120 13.273 20 3.11

150 13.305 25 3.09
180 13.418 30 3.07

210 13.505 35 3.015

225 13.5 40 2.97

240 13.54 45 2.95

300 13.625 50 2.91

360 13.8 60 2.85

600 14.372

1140 14.815

1380 14.862

1620 14.958

1740 14.988

2040 15.243

2700 15.38

2940 15.29

3300 15.485

3540 15.502

4140 15.66
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FIGURE K-6C: PUMP TEST DATA VR7 (CONTINUED)
Step test data

Step1 Step2 Step3 Step4 Step5 Step6 Step?
Q (Is) = 28 | 65 | 98 | 158 | 202 [ 259 | 35 |
t(min) s (m) s (m) s (m) s (m) s (m) s (m) s (m)
2.8 6.5 9.8 15.8 20.2 25.9 35

0.5 1.35 1.93 3.54 6.24 8.7 11.61 16.37
1 1.42 2.72 3.97 6.7 9.13 12.44 17.6
1.5 1.34 2.62 4.29 6.93 9.44 12.8 18.08
2 1.23 2.58 4.32 7.11 9.62 13.06 18.44
2.5 1.09 2.58 4.39 7.2 9.78 13.22 18.7
3 1.01 2.59 4.41 7.23 9.86 13.35 18.87
3.5 1.01 2.59 4.42 7.27 9.96 13.41 19.08
4 1.02 2.6 4.43 7.32 10.03 13.46 19.11
4.5 1.03 2.6 4.44 7.32 10.07 13.54 19.13
5 1.03 2.61 4.44 7.34 10.11 13.57 19.23

7 1.06 2.65 4.45 7.41 10.13 13.64 19.26

9 1.09 2.66 4.49 7.45 10.15 13.72 19.44
12 1.14 2.69 4.59 7.51 10.16 13.82 19.7
15 1.16 2.7 4.6 7.53 10.17 13.91 19.74
20 1.19 2.71 4.65 7.57 10.19 13.98 19.77
25 1.19 2.73 4.78 7.6 10.22 14.02 19.83
30 1.23 2.75 4.78 7.62 10.23 14.05 20.05
35 1.25 2.76 4.78 7.65 10.25 14.11 20.05
40 1.25 2.77 4.79 7.66 10.25 14.13 20.05
45 1.25 2.78 4.82 7.68 10.25 14.16 20.07
50 1.25 2.76 4.85 7.68 10.25 14.18 20.19
60 1.26 2.8 4.86 7.72 10.26 14.21 20.25
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FIGURE K-6D: PUMP TEST DATA VRS
Step test data

Step1 Step2 Step3 Step4

Q (Ifs) =
t(min) s ( ) (m) s (m) s (m)
4.2 9.5 16 22

1 2.39 3.63 10.91 28.45
2 2.91 6.49 11.29 28.79
3 2.96 8.14 12.84 29.19
4 2.63 8.84 18.03 31.09
5 2.39 9.24 20.63 37.65
6 2.29 9.53 22.53 41.17
7 2.04 10.07 23.79 41.87
8 1.79 10.7 24.67 43.59
9 1.55 10.99 25.21 44.34
10 1.56 11.22 25.59 45.48
12 1.91 11.34 26.09 46.35
15 2.31 11.64 26.15 46.72
20 2.92 12 26.39 47.06
25 3.14 12.03 26.92 47.51
30 3.31 10.64 27.47 48.07
35 561 10.51 27.52 48.09
40 3.56 10.84 27.91

50 3.29 10.86 27.99

60 3.63 10.91 28.45
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FIGURE K-6E: PUMP TEST DATA VR11

Pumping test data

Date of test
Abstr. Rate Q (I/s)
Time (min)

14-01-97

15.4

Drawdown (m)

1
2 6.96 1 8.32
3 7.54 2 5.47
4 8 3 4.12
5 8.46 4 4.24
6 8.76 5 3.55
7 9.08 6 2.13
8 9.32 7 1.68
9 9.58 8 1.54
10 9.79 9 1.16
11 10 1.53
12 10.13 11
15 10.5 12 1.57
20 10.97 15 1.37
25 11.33 20 1.49
30 11.48 25 1.4
40 11.71 30 1.42
50 11.78 40 1.43
60 11.79 50 1.37
70 11.82 60 1.36
80 11.83 70 1.35
100 11.91 80 1.34
150 11.93 100 1.32
200 12.05 150 1.26
300 12.68 200 1.23
420 13.07 300 1.17
600 13.16 420 1.14
780 13.37 600 1.08

1080 13.39

1440 13.39

1800 13.37

2160 13.57

2520 13.64

2880 13.81

3240 13.86

3600 13.95

3960 14.02

4320 14.57
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FIGURE K-6E: PUMP TEST DATA VR11 (CONTINUED)
Step test data

Q (I/s) =
t(min)

Step1

Step2

s (m)
6.9

Step3

s (m)
10

Step4

41 | 69 | 10 | 125 |

s (m)
12.5

1 4.58 10.57 19.11
2 4.05 6.09 10.62 19.34
3 3.89 7.18 12.78 19.5
4 3.61 7.82 13.78 20.29
5 3.63 8.12 14.75 23.55
6 3.69 8.39 15.33 24.73
7 3.83 8.59 15.84 26.08
8 3.56 8.82 16.19 27.19
9 3.95 8.99 16.53 27.99
10 4.04 9.08 16.79 28.83
12 4.14 9.16 17.09 29.55
15 4.28 9.35 17.17 29.99
20 4.38 9.55 17.49 30.73
25 4.5 9.75 17.88 31.49
30 4.5 10.01 18.23 32.5
35 4.53 10.12 18.55

40 4.55 10.29 18.76

50 4.57 10.39 18.85

60 4.58 10.57 19.11
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FIGURE K-6F: PUMP TEST DATA DP18
Pumping test data

Date of test mulder-92
Abstr. Rate Q (I/s) 13.2
Time (min) Drawdown (m)

1 2.42 0.1 6.63
2 2.72 1 1.4
3 2.72 2 1.3
4 2.02 3 1.27
5 2.22 4 1.22
6 2.02 5 1.2
7 2.22 6 1.19
8 2.21 7 1.15
9 2.25 8 1.13
10 2.25 9 1.13
11 2.25 10 1.12
12 2.29 11 1.12
15 2.22 12 1.1
20 2.22 15 1.07
25 2.22 20 1.01
30 2.23 25 0.99
40 2.51 30 0.97
50 2.51 40 0.94
60 2.51 50 0.94
70 2.51 60 0.88
80 2.55 70 0.83
100 2.63 90 0.8
150 2.815 140 0.79
200 2.91 190 0.67
300 3.37 290 0.62
420 3.68 410 0.503
600 3.81 590 0.44
780 4.1 770 0.389
1080 4.21 1070 0.31
1440 4.55 1430 0.25
1800 5.68 1790 0.24
2160 6.15 2150 0.18
2520 6.53 2510 0.17
2880 6.63 2870 0.17
3410 0.11

3830 0.067

4130 0.06

4490 0.01
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FIGURE K-6G: PUMP TEST DATA DP18 (CONTINUED)
Step test data

Mulder-92 Step1 Step2 Step3 Step4
Q (I/s) =

N 16.
t(min) s (m) s (m) s (m) s (m)
5.7 11.1 16.7 20

1 1.01 1.35 2.83 5.87
2 0.76 1.44 3.29 5.92
3 0.76 1.48 3.51 6.42
4 0.64 1.5 3.64 6.63
5 0.64 1.54 3.65 6.65
6 0.67 1.56 3.69 6.652
7 0.69 1.56 3.74 6.652
8 0.69 1.57 3.77 6.652
9 0.69 1.57 3.782 6.652
10 0.69 1.56 3.82 6.652
12 0.68 1.57 3.91 6.653
15 0.67 1.57 3.995
20 0.67 1.58 4.03
25 0.68 1.59 4.04
30 0.69 1.635 4.04
35 0.699 1.64 4.15
40 0.73 1.652 4.22
50 0.73 1.66 4.31
60 0.73 1.71 4.44
80 0.74 1.74 4.67
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FIGURE K-6H: PUMP TEST DATA DG110
Step test data

MULDER-92 Step1 Step2 Step3
Q (Is) =

A
t(min) s (m) s (m) s (m)
4.3 9.4 19.1

1 2.04 6.15 14.88
2 2.06 6.76 16.91
3 1.94 6.87 18.05
4 2.09 6.94 18.84
5 2.2 7.11 19.47
6 2.31 7.26 20.01
7 2.44 7.38 20.48
8 2.46 7.5 20.95
g 2.57 7.62 21.52
10 2.62 7.71 21.75
12 2.76 7.82 22.02
15 2.93 8.03 22.62
20 2.93 8.29 23.68
25 3.41 8.67 24.6
30 3.56 8.99 254
35 3.73 9.26 26.13
40 3.86 9.51 26.86
50 4.07 9.76 28.02
60 4.3 10.59 29.16
80 4.6 11.22 31.06
100 4.81 11.72 32.92
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FIGURE K-61: PUMP TEST DATA DP28
Pumping test data

Date of test Mulder-92
Abstr. Rate Q (I/s) 211
Time (min) Drawdown (m)

1 2.94 0.01 11.88
2 3.72 1 5.46
3 4.21 2 5
4 4.75 3 4.77
5 5.12 4 4.7
6 5.38 5 4.68
7 5.57 6 4.64
8 5.71 7 4.59
9 5.82 8 4.49
10 5.97 9 4.44
11 10 4.41
12 6.16 11
15 6.41 12 4.35
20 6.7 15 4.32
25 6.87 20 4.21
30 7 25 4.09
40 7.19 30 4.02
50 7.36 40 3.9
60 7.46 50 3.84
70 7.55 60 3.76
80 7.61 70 3.71
100 7.74 80 3.62
150 7.97 100 3.49
200 8.12 150 3.32
300 8.4 200 3.14

420 8.8 300 2.98
600 9.14 420 2.46
780 9.37

1080 9.86

1440 9.9

1800 10.38

2160 10.59

2520 10.97

2880 10.98

3240 11.44

3600 11.56

3960 11.75

4320 11.88
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FIGURE K-6J: PUMP TEST DATA DP28 (CONTINUED)
Step test data

Mulder-92 Step1 Step2 Step3 Step4 Step5
Q (I/s) =

t(min) s (m) m) s (m) ) s (m)
4.4 9 4 16.8 24 9 27.7

1 0.84 1.79 3.28 7.62 11.41
2 0.76 1.84 3.76 8.3 11.54
3 0.63 2.03 3.96 8.45 11.64
4 0.7 211 4.15 8.71 11.71
5 0.73 2.15 4.27 8.86 11.78
6 0.78 2.2 4.4 8.98 11.8
7 0.785 2.24 4.48 9.08 11.88
8 0.79 2.26 4.55 9.17 11.91
9 0.82 2.28 4.72 9.23 11.96
10 0.83 2.29 4.66 9.28 11.99
12 0.86 2.34 4.72 9.38 12.03
15 0.89 2.36 4.82 9.48 12.11
20 0.94 2.41 4.9 9.61 12.2
25 0.98 2.44 4.96 9.66 12.32
30 0.98 2.45 5 9.72 12.39
35 1.01 2.49 5.06 9.8 12.44
40 1.03 2.5 5.09 9.83 12.445
50 1.05 2.54 5.14 9.85 12.48
60 1.06 2.56 5.19 9.93 12.53
80 1.1 2.6 5.26 10.04 12.62
100 1.1 2.63 5.3 10.12 12.72
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FIGURE K-6K: PUMP TEST DATA DP15
Pumping test data

Date of test Mulder-92
Abstr. Rate Q (I/s) 5.7
Time (min) Drawdown (m)

1 2.07 0.01 6.1
2 3.28 1 1.08
3 3.2 2 0.74
4 3.21 3 0.7
5 3.18 4 0.85
6 3.18 5 0.94
7 3.18 6 1.14
8 3.18 7 1.13
9 3.2 8 1.11
10 3.24 9 1.08
11 3.29 10 1.08
12 3.29 11 1.06
15 3.35 12 1.09
20 3.48 15 1.03
25 3.55 20 0.98
30 3.61 25 0.93
40 3.72 30 0.85
50 3.77 40 0.8
60 3.9 50 0.7
70 3.9 60 0.61
80 3.95 70 0.54
100 4.07 80 0.49
150 4.08 100 0.38
200 4.17 150 0.25
300 4.31 200 0.14
420 4.8 300 0
600 5.19

780 5.38

1080 5.46

1440 5.52

1800 NS

2160 5.97

2520 6.19

2880 6.19

3240 5.91

3600 6.02

3960 6.03

4320 6.1
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FIGURE K-6K: PUMP TEST DATA DP15 (CONTINUED)

Step test data
Step2 Step3
Q (I/s) = . 3
t(min)

1 0.47 0.58 2.17 6.72
2 0.47 1.37 5.24 14.12
3 0.47 1.66 6.44 15.65
4 0.39 1.82 6.88 15.64
5 0.39 1.84 6.88 15.64
6 0.39 1.86 6.35 15.63
7 0.47 1.86 6.32 15.63
8 0.49 1.87 6.25 15.63
9 0.5 1.91
10 0.51 1.94 6.2
12 0.51 1.94 6.2
15 0.53 1.94 6.2
20 0.53 1.95 6.24
25 0.55 2.02 6.36
30 0.55 2.05 6.39
35 0.55 2.07 6.45
40 0.58 2.1 6.54
50 0.58 2.13 6.6
60 0.58 2.14 6.7
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FIGURE K-6L: PUMP TEST DATA DP29
Step test data

Mulder-92 Step1 Step2 Step3
Q (Is) = 61 | 83 | 111 |

8.3 11.1
t(min) s (m) s (m) s (m)
6.1 8.3 11.1

1 5.93 13.71 23.84
2 7.11 15.06 25.08
3 7.64 16.24 25.97
4 8.08 16.94 26.8
5 8.53 17.66 27.42
6 8.78 18.12 28.01
7 9.09 18.52 28.49
8 9.3 18.84 28.89
9 9.44 19.1 29.33
10 9.6 19.39 29.6
12 9.83 19.81 30.36
15 10.13 20.33 31.38
20 10.44 20.82 32.35
25 10.74 21.12 33.52
30 10.97 21.3 33.44
35 11.18 21.44 34.45
40 11.28 21.59 36
50 11.43 21.97 38
60 11.46 21.89
80 11.58 21.82
100 11.63 21.82
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FIGURE K-6M: PUMP TEST DATA DP12

Step test data
Step1 Step2 Step3 Step4 Step5 Step6
Q (Is) =
t(min) s (m) s (m) s (m) s (m) s (m) s (m)
24 54 9.2 15.5 20.8 27 1
0.5 1.55 2.2 5.83 11.11 22.84 39.09
1 2.18 2.8 5.88 11.15 22.97 39.81
1.5 2.34 3.46 6.78 11.2 23.1 40.38
2 2.4 3.89 7.61 13.2 23.27 40.96
25 2.33 4.21 8.22 14.53 26.15 41.69
3 2.19 4.37 8.68 15.65 27.18 42.68
3.5 2.04 4.54 8.95 16.42 28.07 45.27
4 1.88 4.64 9.19 17.04 28.82 48
4.5 1.72 4.73 9.39 17.58 29.44 50.3
5 1.68 4.86 9.54 18.12 30.03 51.87
7 1.65 4.92 9.68 18.42 30.46 53.32
9 1.72 5.12 9.78 18.77 30.94 54.3
12 1.81 5.25 9.98 19.06 31.35 55.44
15 1.88 5.34 10.19 19.93 32.65 56.39
20 2 5.41 10.34 20.51 33.13 58
25 2.06 5.53 10.49 21.13 33.73 59.57
30 2.11 5.61 10.67 21.5 34.86 61.87
35 2.12 5.66 10.78 21.94 35.77
40 2.13 5.71 10.87 22.26 36.85
45 2.16 5.74 10.98 22.48 37.62
50 217 5.77 11.07 22.65 38.25
60 2.2 5.83 11.11 22.84 39.09
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APPENDIX K: WELLMAN (continue)

APPENDIX K-7
Go to Borehole 1 -13 - WELLMAN

GROUNDWATER MANAGEMENT AND DATA BASE

PROGRAM FOR MUNICIPALITIES,
‘ GROUNDWATER SUPPLY SCHEMES AND
‘ BOREHOLE OWNERS

= Developed by Johanita Kotze
EEE SRK Consulting, Cape Town, Tel: 021-4217182
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GO TO BH1 - SUMMARY OF ALL RELEVANT HYDROGEOLOGICAL INFORMATION - VG3

VG3 Wellman Groundwater Management and Data base program

Vermaaks

Overberg 42820.8 [ 190 | 2.5 216 m3/d
| DWAF | 3715464.4 206.7 4.5 389

TMG - NAR 497.3 | Domestic | 5.5 475 m3/d
[ 15/4/89 | 148 |
| 602 | [ & ] 20 73 mad
| 965-150 | | 208 | 110,174

150 - 206.7 4.0 346 m3/d

Other comments: E DATA ]E CHEM ]E EN_ISO ]EGeology } EPumptest}[ Manage }[ Main }
Borehole is situated in a closed boundary (Average distance = 1 km)

PROD. (m*3) —— Recom. Q (m3/mnth) PUMP WL (m)
m— REST WL (m) —o—PID (m) ——REST WL-PID (m)
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HYDROGEOLOGY OF THE TABLE MOUNTAIN SANDSTONE AQUIFER — KLEIN KAROO

GO TO BH2 - SUMMARY OF ALL RELEVANT HYDROGEOLOGICAL INFORMATION - VR6

VR6 Wellman Groundwater Management and Data base program
Vermaaks
Overberg 42082.9 25 216 m3/d
| DWAF | 3720431.7 7.4 639 m3/d
TMG - PEN 7.6 657 m3/d
] 29/08/89
| sa64 | 27 20 md
108.7 - 230 | 208 |
| 230.250 | open | 35 302 myd

Other comments: [ DATA M CHEM ]{ EN_ISO JL Geology}[PumpteStM Manage] [ Main
Borehole is situated in a closed boundary (Average distance = 1 km)

PROD. (m"3) = Recom. Q (m3/mnth) PUMP WL (m)
m— REST WL (m) —o—PID (m) —— PWL-PID (m)
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GO TO BH3 - SUMMARY OF ALL RELEVANT HYDROGEOLOGICAL INFORMATION - VR7

VR7 Wellman Groundwater Management and Data base program

Vermaaks

Overberg | 120 | 10.0 864 m3/d
| DWAF | 3720 760.9 177 12.9 1115

TMG - PEN | Domestic | 13.0 1123 m3/d
] 89/10/09 | 150 |
| 15 63 546 ma
| 53152 |

152.-177 15.0 1206  mo/d

Other comments: [ DATA ][ CHEM } [ EN_ISO ]E Geology }EPump test} [ Manage } E Main
Borehole is situated in a closed boundary (Average distance = 1 km)

PROD. (m*3) —— Recom. Q (m3/mnth) PUMP WL (m)
== REST WL (m) —o—PID (m) —— PWL-PID (m)
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GO TO BH4 - SUMMARY OF ALL RELEVANT HYDROGEOLOGICAL INFORMATION - VRS

VRS Wellman Groundwater Management and Data base program

Vermaaks

Overberg | 41351.5 | 3.0 259 m3/d
DWAF 3721 065.7
TMG - PEN 786.7

Domestic
— e
| 1005 | 20 75 my
| 208 |
| 16462513 | 65| 50 a2 mug

Other comments: [ DATA M CHEM ]{ EN_ISO ][ Geology ]{Pumptest}
Borehole is situated in a closed boundary (Average distance = 1 km)

PROD. (m"3) —— Recom. Q (m3/mnth) PUMP WL (m)
== REST WL (m) —o—PID (m) —— PWL-PID (m)
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GO TO BHS5 - SUMMARY OF ALL RELEVANT HYDROGEOLOGICAL INFORMATION - VR11

VR11 Wellman Groundwater Management and Data base program

Vermaaks

Overberg 3.0 259 m3/d
2.9 855 m3/d

TMG - PEN [ 8122 | | Domestic | 12.5 1080 m3/d
| 15/10/1991 | 180 |

v | 1255 | | 20 | 23 202 m3n
| 208 | | 139,183 |
[ ]

4.0 346 m3/d
Other comments: [ DATA ] CHEM } E EN_ISO } [ Geology }[Pump test}
Borehole is situated in a closed boundary (Average distance = 1 km)

PROD. (m”3) = Recom. Q (m3/mnth) PUMP WL (m)
m— REST WL (m) ——PID (m) ——REST WL-PID (m)
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GO TO BH6 - SUMMARY OF ALL RELEVANT HYDROGEOLOGICAL INFORMATION - DP10

DP10 Wellman Groundwater Management and Data base program

Varkieskloof

Overberg 50 790.8 2 172.8 m3/d
| DWAF | 3716158.5
TMG - Nardouw [ 4565 |
24/02/1992
114.07 . 0.4 34 m3/d
] 25 216 m3/d
Other comments: [ DATA ]E CHEM ] [ EN_ISO }[ Geology } EPumptest} E Manage }E Main }
Borehole is situated in a closed boundary (Average distance = 1 km)
PROD. (m"3) = Recom. Q (m3/mnth) PUMP WL (m)
m— REST WL (m) =o=PID (m) —eo— Water strike
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GO TO BH7 - SUMMARY OF ALL RELEVANT HYDROGEOLOGICAL INFORMATION - DP12

DP12 Wellman Groundwater Management and Data base program

Varkieskloof

Overberg 50 673.2 3 259.2 m3/d
DWAF 3716324.5
TMG - Nardouw 468.5
] 23/04/91
| 1264 19 16 m3
[ 1] [ ] 4 36 mad
Other comments: [ DATA I CHEM ] [ EN_ISO }[ Geology}[Pumptest} [ Manage M Main
Borehole is situated in a closed boundary (Average distance = 1 km)
PROD. (m"3) = Recom. Q (m3/mnth) PUMP WL (m)
m— REST WL (m) =—o=PID (m) —o— Water strike
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£ 30000
5 80 25000 £
[y}
3 £
L 100 - - 20000 =
[} [=
2 2
3 120 | - 15000 S
K-l °
= 140 | o
g - 10000 *
= 160
180 - - 5000
200 r~—r——rr —rrr —rr o+~ rr—+—— o+~~~ o+~ —r+— +— ++—+—++— 1+ +—+—+—+—+—’+—’+ &+ —+rr++’+r+—T++’ "+’ ’rr+T+++r+rrrrrrrrrrrrrrrrrrrrrrrrrr T T T T T 0
[se] [ [ ] < < < < w w w 1) © © © © N~ N~ N~ N~ [c] [c] [c] [c] D D (o] (o] o o o o — -~ — ~ AN
2222 %3%%23%33233%233833%3383383%5855355%5¢g
§238528385238583885823858388238528388%2338 5
Date
Johanita Kotze Page K-76 PHD




HYDROGEOLOGY OF THE TABLE MOUNTAIN SANDSTONE AQUIFER — KLEIN KAROO

GO TO BH8 - SUMMARY OF ALL RELEVANT HYDROGEOLOGICAL INFORMATION - DP29

DP29 Wellman Groundwater Management and Data base program
Varkieskloof
Overberg 3 259.2
DWAF 3716277.4
TMG - Nardouw | 463.1 | | Domestic |
] 91/03/06 | 180 |
| 1206 | | 4| 26 222
[ ] [ ] 6 518

m3/d

m3/d

m3/d

Other comments:

Borehole is situated in a closed boundary (Average distance = 1 km)

" ontn | o | | Eiso | Gooss | Pumptest | nanage | [ v

PROD. (m"3) = Recom. Q (m3/mnth) PUMP WL (m)
= REST WL (m) =o=P|D (m) —o— Water strike (m)
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HYDROGEOLOGY OF THE TABLE MOUNTAIN SANDSTONE AQUIFER — KLEIN KAROO

GO TO BH9 - SUMMARY OF ALL RELEVANT HYDROGEOLOGICAL INFORMATION - DP15

DP15 Wellman Groundwater Management and Data base program

Bokkraal
Overberg 50468.5 5.0 432 m3/d
[ DWAF | 3717093.2 6.7 579 m3/d
TMG - Nardouw [ 4511 | 6.7 579 m3/d
] 18/04/91
PVC | 1038 | 19 165 m3/d
50 - 207 | 208 |
] 6.0 518 m3/d
Other comments: [ DATA ]{ CHEM J E EN_ISO }[ Geology ] [Pumptest] E Manage ] E Main
Borehole is situated in a closed boundary (Average distance = 1 km)
PROD. (m"3) = Recom. Q (m3/mnth) PUMP WL (m)
m— REST WL (M) =—>=—PID (m) —— Water strike (m)
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GO TO BH10 - SUMMARY OF ALL RELEVANT HYDROGEOLOGICAL INFORMATION - DP25

DP25 Wellman Groundwater Management and Data base program

BOKKRAAL

Overberg 50480.9 3 259.2 m3/d
| DWAF | 3717098.7
TMG - NAR

| 4491 | | Domestic |

| 1049
| 0203 | | 20 109, 166
L ] [ ] 6 8 ma

1.7 147 m3/d

Other comments: [ DATA M CHEM } [ EN_ISO }[ Geology][Pump test] [ Manage ] [ Main
Borehole is situated in a closed boundary (Average distance = 1 km)

PROD. (m*3) —— Recom. Q (m3/mnth) PUMP WL (m)
m— REST WL (m) =o=PID (m) —e— Water strike (m)
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GO TO BH11 - SUMMARY OF ALL RELEVANT HYDROGEOLOGICAL INFORMATION - DP28

DP28 Wellman Groundwater Management and Data base program

Bokkraal

Overberg | 50426.1 | 5.0 432 m3/d
| DWAF |
TMG - Nardouw

PV

3717072.8 16.7 1443 m3/d
[ 4591 | 21.0 1814 m3/d
91/08/03

117.8 3.8 326 m3/d

121170 | 208 |
170 - 246 e | 9.0 778 m3/d

Other comments: [ DATA ]E CHEM ] E EN_ISO ]E Geology ] EPump test} E Manage } E Main }
Borehole is situated in a closed boundary (Average distance = 1 km)

PROD. (m"3) —— Recom. Q (m3/mnth) PUMP WL (m)
== REST WL (m) =o=PID (m) —eo— Water strike (m)
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GO TO BH12 - SUMMARY OF ALL RELEVANT HYDROGEOLOGICAL INFORMATION - DG110

DG110 Wellman Groundwater Management and Data base program

Droékloof

Overberg | 49135.5 | 2 172.8 m3/d
DWAF 3715403.7
TMG - Nardouw 488.5

Domestic_
a0

1.6 134 m3/d

| 1106 |
| o2.212 | 208 | 114,137
[ ] L 1] 25 26 moi

Other comments: E DATA ][ CHEM J [ EN_ISO H Geology}[Pumptest} [ Manage J[ Main
Borehole is situated in a closed boundary (Average distance = 1 km)

PROD. (m"3) —— Recom. Q (m3/mnth) PUMP WL (m)
m— REST WL (m) =—o=—PID (m) —o— Water strike (m)
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GO TO BH13 - SUMMARY OF ALL RELEVANT HYDROGEOLOGICAL INFORMATION - DP18

DP18 Wellman Groundwater Management and Data base program

Olifants
Overberg [ 49135.5 | 6.0 518 m3/d
DWAF 3715403.7 10.0 864
488.5 10.6 916 m3/d
] 90/02/11
| 36 5.4 % mad
Other comments: [ DATA J[ CHEM ] E EN_ISO }LGeologyMPump test}[ Manage } L Main
Borehole is situated in a closed boundary (Average distance = 1 km)
PROD. (m"3) == Recom. Q (m3/mnth) PUMP WL (m)
m— REST WL (m) =—o=PID (m) —o— Water strike (m)
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HYDROGEOLOGY OF THE TABLE MOUNTAIN SANDSTONE AQUIFER — KLEIN KAROO

The main recommendations following from this research are:

In order to manage or develop any part of the TMG Super Aquifer a holistic view of all
components of the conceptual hydrogeological model and their interaction needs to be
understood. The following aspects need to be considered in order to improve management of
TMG Aquifers:

1. The TMG Super Aquifer needs to be divided into hydrogeological compartments, in

terms of the following:

e Remote sensing and satellite lineament analysis, together with geological
interpretation, is required to define the aquifer geometry and to define permeable
aquizones, linking different lithological units.

e  The lithology of the host aquifer, i.e. Nardouw versus Peninsula Aquifer.

e  Definition of the conceptual hydrogeological model for each section of the TMG
Super Aquifer.

e  Based on the conceptual hydrogeological model for each section of the Super Aquifer,
a preliminary water balance calculation needs to be carried out. This requires that
recharge and outflows (abstraction and springflow) for each section of the TMG

Super Aquifer be determined.

2. The impact of abstraction on baseflow in streams and on vegetation needs to be
addressed. Abstraction will eventually impact spring flow and the minimum spring flow

requirement that will limit impact on the environment needs to be defined.

3. It must be anticipated that with the growth in water demand, groundwater abstraction
from the TMG Aquifers in the Western Cape will become increasingly important. A
monitoring borehole network should be put in place in each of the sections of the TMG
Super Aquifer to collect information to improve our understanding of the dynamics of the

system. It is proposed that such monitoring networks include the following:

e  Network of monitoring boreholes sited on permeable structures and outside of these
zones as well, identified by remote sensing and lineament mapping across the aquifer
under consideration, to clarify all aspects of the conceptual model.

e  Monthly water level measurements at monitoring boreholes.

e  Environmental isotope and hydrochemical sampling to be carried out on at least an

annual basis.
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e  Adequate distribution of rainfall gauges.

e  Sampling of rainwater for Cl and 5180 .

e  Determine recharge from relationship of Cl in groundwater and rainwater and spring
water and 14C/3C mean residence times.

e  Carry out a spring survey and characterise the springs in the study area.

e  Capture all the information in a database such as Wellman.

e  Conduct pumping tests and determine the aquifer parameters.
4. During development of a wellfield the following needs to be considered:

e  Use remote sensing and satellite lineament mapping to site boreholes.

e  Nardouw Aquifers at lower altitudes in the absence of permeable connections to the
recharge zones in the mountains can pose all sorts of management problems, such as
iron-bacteriological clogging of borehole screens and should be avoided.

e  Identify potential highly permeable aquizones, connected to the Nardouw Aquifer at
lower altitudes with the recharge areas.

e  Characterise fracture styles, geometry and density, providing pathways for recharged
groundwater in the mountains to flow in folded bedding planes to lower elevations in
aquizones.

e  Determine from first principles the radius of influence for boreholes.

e  Avoid siting of boreholes upstream of the C/S Aquitard and rather target permeable
aquizones at lower altitudes.

e  Establish a good spring flow record, before abstraction commences.

e  Carry out pump testing and apply comprehensive aquifer testing analysis techniques in
conjunction with a water balance to determine the sustainable yield of boreholes and
wellfields.

e Use hydrochemistry and environmental isotopes in conjunction with satellite
lineament mapping to characterise groundwater flow paths.

e  Characterise environmental concerns in the study area and try to minimise negative
impacts by selecting better pumping targets, based on the conceptual hydrogeological
model.

5. Sophisticated methods of analysis must be applied to the interpretation of field data and
long-term monitoring data to establish the long-term yield of the aquifer, rather than the

capacity of the borehole.

6. An exploration drilling program addressing the following aspects should be developed:
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e  Thickness of Cretaceous sediments.

e  Water levels in the Swartberg and Outeniqua Mountains.

e  Monitoring boreholes in the Peninsula Aquifers of the Kammanassie, Swartberg,
Rooiberg and Outeniqua Mountains, to establish flow inter-relationships between the

local catchments.

7. Permeability testing of boreholes. A core drilled borehole is planned to a depth of
approximately 500 m in the project area. Due to the high cost of such a borehole it is
recommended that as much quality hydrogeological information as possible is gathered
from this borehole.

e  Determination of the vertical hydraulic conductivity profile using packers and constant
head testing is an excellent method. In a diamond drill hole it is often convenient and
quick to use wireline packers, which enable testing without withdrawing the drill
string. The alternative is to complete the borehole and conduct double packer testing
at selected intervals.

e In the latter case downhole geophysical logging using a caliper probe, natural gamma,
gamma-gamma and temperature normally precede packer testing to enable structural
and flow zones to be identified and evaluate packer seating conditions. Where
wireline packers are used, geophysical logging normally takes place once the drilling

and packer testing is completed.
8. Detailed and careful sampling for full range of isotopes.
9. Borehole logging
The following should be carried out:
e  Caliper — for borehole profile, fractures (not always with core drilling), washouts and
poor seating positions.
e  Natural Gamma — for clay content or radioactive minerals and lithological changes.

e  Gamma-gamma — for bulk rock density, fracture zones, lithological changes.

e  Temperature — for determination of flow zones and geothermal gradient.

9. Remote sensing

e In recent work by Umvoto Africa in the CAGE project area near Citrusdal more

advanced filtering tools were used to delineate recharge zones. The methodology
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involved comparison of winter and summer Landsat TM images, whereby changes in
vegetation over the seasons reflect potential seepage zones. Further, statistical tools
were applied to filter out fractures of a certain orientation, whereafter the number of
fractures in a particular fracture set were counted and the fracture spatial densities
calculated in order to determine the scaling effects on hydraulic conductivity. This
approach seems to be very useful and should be considered in future research
extensions in the Klein Karoo area.

e  Further remote sensing work should include statistical modelling of the fracture
system, e.g. polygonisation and discretisation, using different filtering techniques.
Numerical flow simulation is also required in order to identify different fracture
clusters, density of fracture clusters and inter-connecting fracture clusters in order to

determine scaling effects on hydraulic conductivity.

10. Trace elements

e It is recommended that further trace element sampling be carried out. In particular, the
dissolution of feldspars and associated trace elements, e.g. Ba, Sr and Al needs to be
investigated further. The low EC and TDS values of groundwater in the TMG
Aquifers makes trace elements an important tool in understanding the dissolution

chemistry and flow paths of groundwater in the TMG Aquifers.

11. Iron bacteria problem

e  The management of iron-bacteriological clogging of borehole screens and fractures in
boreholes requires expensive borehole construction and borehole rehabilitation
programs. These conditions should be avoided wherever possible. Warning signs for
potential iron-bacteriological clogging in the Klein Karoo are the following:

° Presence of the following trace elements in groundwater: Ni, Cu, Zn and Co, mostly
due to dissolution of minerals containing these trace elements in shales and quartz

veins, containing pyrite, resulting in the reducing conditions.

- Reducing conditions in groundwater.
- Close to the Bokkeveld contact.

- No hydraulic connection with the recharge area.
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12. Management of Eastern Sector of KKRWSS

In terms of management of the Eastern Sector of the KKRWSS, the following needs to be

carried out:

¢ Installation of further monitoring boreholes in the Keystone Block Aquizone.

e Monitoring of groundwater abstraction and water levels in the Aquizone, other than
the KKRWSS.

e Determine the storage of the Keystone Block Aquizone more accurately.

e Adjust the borehole yields of the production boreholes as recommended herein.

e Complete satellite lineament analysis and explore for more production boreholes near
the Kammanassie Mountains, according to the conceptual hydrogeological model.

e Monitor spring flow and rainfall variations across the Kammanassie Mountains.

e Rainfall sampling for chloride.

e Extend the monitoring network in the Peninsula Aquifer towards the Outeniqua and
Swartberg Mountains.

e Ongoing isotope monitoring of output and more detailed isotope data on rainfall and
springflows.

13. Database

Establish a GIS Arcview and Access database containing all the borehole, structural,
geological, hydrochemical and environmental isotope as well as hydrogeological information
for each section of the TMG Super Aquifer.
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