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“He opened a rock,
and water gushed ou,
flowing through the desert like a river”

Psalm 105 : 41
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ABSTRACT

In some regions of the Northern Province difficulties have risen concerning the provision
and management of water resources. This research project attempted to find some
solutions to the problems encountered and the principal aims were to understand the
water regime and to develop new ground water resources. A research area of
approximately 100 km® was chosen in the Jane Furse district Northern Province.

The study area is underlain by granite of the Lebowa Granite Suite, Bushveld Igneous
Complex, with Dolerite/Diabase intrusions prominent in the north. Linear structures
were identified through field mapping, existing satellite images and geophysical data.

A first phase geohydrological investigation was conducted. The initial results indicated
good blow yields, but from pump tests it was deduced that the aquifers have a low storage
capacity. The results further indicated that the ground water may have a high fluoride
content which must be addressed.



UNIVERSITY OF PRETORIA
Que®” YUNIBESITHI YA PRETORIA
Table of contents
ABSTRACT: o o oo a2 v sowm osm v 55 8o si s 5 5 5 W% 5 56 5000 5 9 % 6080 5 4 3 6 88 3 £ % 3 I
Table of COMents ... .« v vvusnmn o s s owsun wms os s i assnasisseisiss IT
LISEOTTADIRE .« « v i 5w 0w vt v v s 0 0 53 10 i e 0 0 o 10 R R B B LR A X v
Listof Figures .. ... ... v
List of Frames .. ... ... ... .. . v
List of Appendixes . . ........... ... .. .. .. v
INTRODUCTION . . ... e i 1
1.1 AIM 1
1.2  DESCRIPTION OF RESEARCH AREA ........................... 1
1.3 DRAINAGE REGIONS AND CATCHMENT AREA .. ... ... ... .. ... 3
1.4  METEOROLOGICAL CONDITIONS . ... ... .. ... ... .. ... ........ 4
1.6 PHYTOGEODGRAPHY ;uiviiantmiiv e emmmnsnmmnsnsasmensssmsess 4
1.7 SOCIOECONOMIC.DEVELOPMENT . :c.viviupviissasrsssmsvisi 8
LITERATURE RENIEW - . wsivsssnmorissmmoisipmuscspmsiss i meessamanas 6
2.1 GIS: AND GROUND ™WATER .. ;s omm oo nwm e s g5 mds 5y %506 sms 0 6
22  GROUND WATER EXPLORATION METHODS IN HARD
CRYSTALLINE ROCK AQUIFERS ... ..... .. ... ... .............. 8
221 SHNZ .o 8
222 Dnlling ... ... 10
23  GROUND WATER ASSESSMENT . .......... ... ..coiiiii... 10
23.1 Pumptesting ............. e 10
232 Pumptestanalysis .................... .. ... ... 12
24  GROUND WATER CHEMISTRY IN HARD CRYSTALLINE ROCK . .. 14
2.4.1 Inorgamic asseSSMENt . ... .. ...............oiuiiiii .. 14
2.4.2 Sanitation and microbial assessment ... ... .. ... ... ... .. ... .. 15
243 Health classifieation, . qcvsvismisssmsrissmai s o8 58aes 85074 16
244 Age classifieation , .. osissrsniitsmassamuvswEassiamg 16
2.5 COMMUNITY WATER SUPPLY . . wvozussmnsspmmyass st ssssanss 16
METHOD OF INVESTICATION . o oo cowosmmmmmeos wme e o mm e s s am s s 5 5 w0 5 e 18
3.1  GENERAL APPROACH .......... ... ... . ... . 18
3.2  IDENTIFYING POTENTIALLY HIGH YIELDING SITES (PHYS) .... 18
33 GEOPHYSICAL METHODS ... .. ... .. ... . ... .. ... 19
33.1 Air-bormemethods ........... ... ... .. ... ........ ... .. 19
332, MEZHEHEE | . . vivivin s v mis oo e tei s o m s eim oo 3 e i e v o e w3 i 20
3.3.3 Frequency domain electromagnetic (EM) method ........ ... ... 20
3.4  CONSTRUCTION OF NEW BOREHOLES ....................... 20
34.1 Rotary air percussiondrilling . .. ....... ... ... ... ... ... ... 20

-



UNIVERSITEIT VAN PRETORIA
@ VUNIBESITHI YA PRETORIA
348 Core@lBamals wic 2 5 so0 v s wmm o sn s wmn e s am0e 5 3 98 9 g § 8 5 282 20
35 PUMP TESTEVALIIETION o mue v s an s wms s wwmwms 56 g 5 g6 6 20
3570 ' Buledt tumb @eodl . Lt o i ama v s s e n s s em s s s e s 20
352 Recoverymethod .......... ... ... ... . ... ... ... .. ... ... 21
353 | B, AERotl. Bl E NIl L hon e c v s n o m om0 s 3 v 0 21
36 WATERBALANCEMODEL .. ..... ... ... ... ... ............. 23
BEBLILEES: & oons 2 5 el BBl & EBEPAE Lol o Pl 5 i 20 2 2o 5 4 5 2 s 2 26
4.1 GEOGRAPHICAL INFORMATION SYSTEM (GIS). ............... 26
42  GENERAL GEOLOGY .. ... .. .. .. . 27
43  GEOLOGICAL STRUCTURES . ... ... ... ... ... ... .......... 29
43.1 Structural setting . . ....... ... ... .. 29
43.2 Structure census and mapping . . .. ......... ... 30
433 Genetloprowth and PR ..o cisrsamisss madsassmorsssingsss 31
438  Reptonal Sefling: . . cs:simmsissvmuissvmiissdwas s wnsss 34
44  EXISTING BOREHOLE INFORMATION ........................ 34
441 BoreholeiGensuSs . :.u:.:sovmasssnmassashessssasssssmeses 34
442 Yields and water levels form existing boreholes . . . ... ... ... ... 34
4.43 Chemical analysis of borehole water ... ... ... ... ............ 36
45  SITINGOF NEWBOREHOLES .......... ... ..............c.... 37
4.5.1 Potential high yielding siteno4 ... ........ ... ... ... ... ..... 37
45.2 Potential high yielding siteno.5 ... ... ... .. ... ... ... .. ..... £ W)
453 Potential high yielding siteno.7 ... ... ... ... .. ... .. ..... 38
454 Potential high yielding siteno.8 &9 .. ... ... ... ... ... ..... 38
4.5.5 Potential high yielding siteno. 11 ... ... ... ... .. ... ... ... .. 38
4.5.6 Potential high yielding siteno.13 ... ... ... ... ... ... ... ... .. 38
4.5.7 Potential high yielding siteno.16 ... ... ... .. .. .. ........... 38
4.5.8 Potential high yielding sites n0.19,20 and 21 .. ...... .. ... ..... 38
459 Potential high yielding sitesno.22 . ......................... 38
4.6 'RADONEMANATION TECHNIQUE .......ccnvivicumesnsnsanns 39
4.7\ | CONSTRUCTIONIOF NEW BOREHOLES . ... cvi:vovnnesssmnias 39
4. 1 1wuPotential’high yieldingsite no. 4 ;. . vvvvsvmmusssmmcsiinwnsas 40
4.7.2. Potentialhigh yieldingsite no.5 . ... vvvivvim v ommivenuwas v 40
4.7.3 Potential high yielding siteno.7 ... ......... ... ... .......... 40
4.74 Potential high yielding siteno.8 ... ....... ... ... ... ... ..... 42
4.7.5 Potential high yielding siteno.9 . ...... ... ... ... ... ... ... .. 42
4.7.6 Potential high yielding siteno. 11 ... ... ... ... ... ... ... ..... 42
4.7.7 Potential high yielding siteno.13 ... ... ... ... ... ... ... .. ... 43
4.7.8 Potential high yielding siteno.16 . ... ... .. ... ... ... ... ... ... 43
479 Potential high yielding siteno.19 . ... ... ... ... ...... ..... 44
4.7.10 Potential high yielding siteno.20 .. ......................... 44
4.7.11 Potential high yielding siteno.21 ... ... ... ... ... ... ........ 44
4.7.12 Potential high yielding siteno.22 . ... ..... ... ... ........... 45
A Bme ICORE BRILLING G P it savios i i v i v dats s nad i ssaEssa 45
497« BOREHOLE ENALUATION «. .. ..« iciaotmssnemmnasioissaamass 46
40 M rnePrm, teshing alatent. o i n Do sy s s i v S S SR EH TG S Ry g 46




UNIVERSITEIT VAN PRETORIA
@Zp YUNIBESITHI YA PRETORIA

10 e RemiCalanalySIs iy D s e e e B 5 B RS G E Y R e N2
CONCLUSION AND RECOMMENDATIONS ......c.c0iovivnnvnrssins 53
5¥asre DRILLING OF NEWBOREHOLES . . .oovowcmnssmm isieamasssas 53
oi7sue PUNIP TESTING o G i ok wedt 50s acank &g oo o /s 4500 Nds 0 o0 & i & '8 0% 5 53
T8 ure AQWIPER TYPES IDENTEIFIEDY.. . . « 6 oo o s 0 cioosk o iwlons o508 5 ans 5 54

5.3.1 Fractured aquifers associated with major fractures . . .. .......... 55

5.3.2 Fractured aquifers associated with dyke material . .. ... ... ... .. 55

5.3.3 Weathered aquifers resulted from the weathering of major fractures 55
54  CHEMICAL ANALYSIS . .. .. ... 56
5.5 WATER BALANCE .. ... . 56
SUMM AR . 58
REPERENGES 00 0010 0 faird i it s Do o 5 oo 1 3 5 o & % 00 s & 3 2 % s 0 3 o cmis o 60
List of Tables
Table 1. General composition ofhumanexereta .. .....cvivvvseiisinisiimes 15
Table 2. Bacteria and Viruses and their associated illness . ................... 16
Table 3. GISinformationCaptifed. . . . . wvs o vsne v s mm s am s v e mm sy s s 27
Table 4 Fracture strike orientation . .................................... 32
Table 5.Borehole census inthe studyarea ............................... 35
Table 6.Inorganic analysis of seven existing boreholes ... .......... ... .. ..., 36
Table 7. Organic analysis of existing boreholes . . .. ... .. ... ... ... ... .. ... 36
Table 8. Boreholes selected for pump testing .. ........................... 46
Table 9. Basic pump testresults .. ......... ... ... ... ... ........... 47
Table 10. Summary of observation boreholes .. ............ ... .. .......... 51
Table 11. Summary of chemical classes and sample dates . ................... 52
Table 12. Sustainable Yields . . .. ......... ... .. ... ... ... ... ..., 54
Table 13. Assumptions made during calculations of the water balance .......... 56
List of Figures
Figure 1. Regional localitymap. ......... ... ... ... ... ... ... ... ... ... ... 2
Figure 2. Accessto studyarea. ............ .. ... ... .. ... 3
Figure 3. Three different porosity systems described by Kruseman and de Ridder. . 13
Figure 4. Air-borne magnetic data from Combrinck (1999).. . ...... .. .. ....... 19
Figure 5. Recovery method... .. ... . ... ... ... . . .. ... ... ... .. ... .. .... 21
Figure 6. Example of data sheet as step 1 in the FC Method ..... ..... .. .. ... 22
Figure 7. Step 2 with the FC Method. .. ..... ... ... ... ... ... ... ...... 22
Figure 8. Derivative plot from FC Method. ... ... ... ... ... ............. 23
Figure 9. Basic solution for FC Method.. . .. ....... ... ... ... ... ......... 23
Figure 10. Single cell water balance based onBear. .. ... ... .. ... . ... ...... 23

IV-




&

UNIVERSITEIT VAN PRETORIA
UNIVERSITY OF PRETORIA
E TORIA

A~ 4 YUNIS SITHI YA PRE

Figure 11. Schematic presentation of recharge from the river. . . . ... .. ... ... .. 24
Figure 12. Digital terrain model created from the contours. .................. 26

Figure 13. General geology and geological structures obtained from the 1: 250 000
Nylstroom:geological'sheet. . .:ovuvinimevissngiisineiyssns 28
Figure 14 Linegr features mapped: o oum o s s e s s 55 0bon § 6 50 65 § 6 ot o 8 8 b 31
Figure 15.The major strikes of the most prominent geological structures ........ 33
Figure 16.Potentially high yielding sites identified using structural and geophysical
FREEROAT: . /b a0 v Fulbe fx 5w d T ek 8 R M s T b g g B B R 37
Figure 17. EM-34 and radon data profile with boreholes drilled. . . . ... ... ... .. 39
Figure 18. PHYS selected during the structural investigation and also indicating successes
.................................................... 40

List of Frames

Fratne . I tairtie EOTsr ot S 50 BB« o 0w vk 9 o 5 5t 8 20w 8 i o K B 1
Frame 2. Marshes and wetlands are common nexttoroads . ................... 3
Frame 3. Little plant cover exists due to exploitation of available resources ....... 4
Frame 4. Typical Nebo GraniteRock . ............... ... ... ............ 27
Frame 5. The contact between the dolerite and the granite . .................. 29
Frame:6.: The Malope Dome seenfromthenorth . ...cii0i 50w isssmaiisinn 30
Frame 7. Typical movementalongshearaxes . s v sveisms s me s w6 me s 556w 30
Frame 8. Linear lineaments can be followed for several kilometres. ............ 32
Frame 9. Linearfeaturesat PHIYS 00 T 5ovvwn svvavcnmsass S as s o whe bus g w0 38
Frame 10. Fracturing highly visible at PHYS no. 21 . ... ... ... ... ... ....... 38
Frame 11. Artesian boreholednlled . ......... ... ... .. .. ... ... ......... 45

List of Appendices

Appendix 1 - Potentially high yielding sites. .
Appendix 2 - Pump test data.




	Scan0001.tif
	Scan0002.tif
	Scan0003.tif
	Scan0004.tif
	Scan0005.tif
	Scan0006.tif
	Scan0007.tif
	Scan0008.tif



