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( i ) 

SYNOPSIS 

The investigation reported in the thesis concerns an area south 

and west of Graaff-Reinet, in the Cape Province. The research 

projec t identified the existence of four groundwater units. 

The aquifers predominantly occur in Beaufort Group sediments 

and the boundary of each unit is formed by dolerite intrusives 

or with topographical highs. The objective of the study was to 

quantitatively assess these units in terms of both quantity and 

quality for possible future development as a municipal supply 

f or Graaff-Reinet. 

In order to achieve the objective, fieldwork was carried out 

involving a hydrocensus, geological mapping, drilling, aquifer 

tes t ing and hydrochemical sampling. The analysis of these data 

revealed that the Sundays and Kamdeboo aquifer units are un-

suitable for further development. The Moordenaars and Swart 

units, both of which produce good quality water, have a com-
3 

bined exploitation potential in the order of 30 000 m /d. 
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CHAPTER 1 

HYDROLOGICAL PROBLEM, BACKGROUND INFORMATION, 
AIMS AND HYPOTHESES 

1.1 INTRODUCTION 

Graaff-Reinet's major source of water is the Van Reynevelds 

Pass Dam, built in 1924. Because of droughts and ever in-

creasing water demands the dam has proved to be an unreliable 

source of water. To alleviate the problem an emergency bore-

hole scheme was developed in the alluvial bas i n north of t h e 

town. Recurring water shortages resulted in the progressive 

expansion of the well field to the present nine boreholes. A 

detailed geohydrological investigation of the alluvial basin by 

Woodford (1984) revealed that there is limited scope for fur-

ther development of this source, principally owing to the 

deterioration of the groundwater quality. 

The present investigation aims to identify, define and assess 

the potentia l of groundwater units south and west of Graaff-
2 

Reinet. The study area, which covers approximately 1800 km , 

is situated 220 km north of Port Elizabeth, Cape Province (Fig. 

1) and includes: 

a) the catchments of the Moordenaars and Swart Rivers. 

b) the portion of the Kamdeboo River catchment below the con-

fluence with the Kraai River. 
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c) the portion of the Sundays River catchment between Graaff­

Reinet and Kendrew. 

The delineation of each unit is discussed in section 3.1. The 

investigation 

groundwater 

will provide a quantitative assessment of 

resource s south and west of Graaff-Reinet. 

th e 

The 

data are required for the future planning o f Graaff-Reinet's 

water supply. 

1.2 THESI S STRUCTURE 

The thesis has been st ructur ed in much the same sequence as 

the investiga ti on was carried out. The hydrological problem 

and general background information pertaining to the investi-

gation is presented in Chapter 1 together with the aims and 

objectives of the study. The study hypotheses are included in 

the initial chapter. Chapter 2 considers the theoretical as­

pects of the geohydrological techniques employed during the 

fieldwork phase of the investigation and presents the results 

of the hydrocensus, geologica l mapping, geophysics, drilling, 

aquifer tests and hydrochemistry survey. A detailed discus­

sion of the geohydrology of the investigation area (Chapter 3) 

is followed by estimates of the exploitation potentials of the 

four groundwater units in the study area (Chapter 4). Chapter 

5 examines whether the aims and object ive s of the study have 

been fulfilled in addition to testing the validity of the 

hypotheses presented in Chapter 1. The final chapter (Chapter 
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6) deals with the conclusions and recommendations of the study. 

1.3 THE HYDROLOGICAL PROBLEM 

1.3 . 1 Graaff-Reinet's Water Supply 

Prior to the construction of the Van Reynevelds Pass Dam in 

1924, Graaff-Reinet obtained its water supply from springs 

(Mackies Pits) and, on a more sporadic basis, from the Sundays 

River. The erratic nature of the flow of the Sundays River 

prompted the decision to construct the dam, which was intended 

mainly for irrigation purposes. Because the dam would result 

in the flooding of the Mackies Pits, the following agreement 

was entered into by the Graaff-Reinet Municipality and the Van 

Reynevelds Pass Dam Irrigation Board (VRPDIB): 

a) the Municipality had the right to maintain access to the 

Mackies Pits water supp ly by means of sealed canals . 
3 

b) the Municipality was entitled to draw a maximum of 9000m /d 

from the dam. 

c) when the level of the dam fell to such a point that there 
3 

was only storage for one years supply (at 9000m /d), the 

drawing of water for irrigation purposes would cease (Nin-

ham Shand, 1947) . 

After the completion of the dam in 1924, the quality of the 

water from the Mackies Pits deteriorated to such an extent that 

the water became unfit for human consumption (Vegter, 1947). In 
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1920 the quality of the spring water was 1080 mg/l TDS while in 

1956, the total dissolved solid (TDS) content had increased to 

3290 mg/l. The water was then only used for irrigation pur-

poses and the sole source of water for the town became the Van 

Reynevelds Pass Dam. 

At 23,75% reduction of dam storage capacity over a 29 year 

period as a result of sedimentation (van der Boon, pers. 

comm.), together with long drought periods, necessitated the 

development of the emergency borehole scheme. In 1957 two high 

yielding boreholes were used to supplement the dam water 

supply. The size of the well field was steadily increased to 

the present nine boreholes (Woodford , 1984). The maximum pos-
3 

sible combined yield of the well field is 8500 m /d but, be-

cause of the limited capacity of the rising main, the well 
3 

field can only deliver 5800 m /d. The emergency boreholes are 

only used to full capacity when the dam is empty. Woodford 

(1984) noted that during the last 30 years the quality of wa t er 

obtained from the well field has shown a marked deterioration 

and at present, the TDS of this water exceeds 2000 mg/ l . 

1.3.2 Water Consumption and Future Requirements 

A continual increase in population (Fig. 2) has resulted in a 

steady increase in water demand (Fig. 3). 
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Woodford (1984) attempted to estimate the future water re-

quirements for Graaf-Reinet (Table 1). He took into account 

the expected population trends as well as an anticipated im-

provement in the standard o f living of the non-white popu-

lation. Based of these estimates, the following is evident: 

a) dur ing d rough t per iods, the presen t emergency boreho le 

scheme cannot meet peak daily demand. 

b) by the year 2003, the well field will need to be in contin-

ual use unless the 1924 agreement between the municipality 

and the VRPDIB is modified. 
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The general lowering of the groundwater level by 10m in the 

vicinity of the we ll field during periods of prolo nged 

abstraction (Marx, pers. comm.) and the continual deteriora-

tion of the groundwater quality are a l so worrying factors when 

assessing the long term water supp ly for Graaff-Reinet. 



Table 1: Ex pect ed popul a tion and water consumption tr e nd s for Graaff-Reinet (A f ter Woodford, 1984). 

YEAR 1983 2003 2023 

POPULATION CONSUMPTION POPULATION CONSUMPTI ON POPULA TI ON CONSUMPTI ON 

PER YEARLY DAILY PEAK PER YEAR LY DAILY PEAK PER YEARLY OAIL Y PEAK 
CAPITA 106m3 m3/day m3/day CAP ITA 106m3 m3/day m3/day CAP ITA 106m3 m3/d ay m3/day 
1/p/d £/p/d i/p/d 

WHITE 6 000 446 0,96 6 500 500 1, 17 7 000 520 1,32 
00 

COLOURED 14 800 71 0,38 17 200 120 0, 75 20 000 160 1,17 

BLACK 8 400 15 0,05 12 400 80 0,36 16 000 120 0,70 

TOTAL 29 200 1,39 3 808 6 093 36 100 2,32 6 356 10 170 43 000 3,19 8 740 13 984 
- ---
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1.4 BACKGROUND INFORMATION 

1.4.1 Previous Work in the Graaff-Reinet Area 

The lack of reliable water supplies for Graaff-Reinet has 

necessitated an ongoing search for further resources. A number 

of reports deal specifically with work conducted in the allu­

vial basin north of the town which includes the present emer­

gency supply scheme: Vegter (1947, 1957); Joubert (1956, 1972, 

1980, 1982); Ninham Shand (1956); Kok (1974) and Woodford 

(1984). In addition, Ninham Shand (1947, 1982) compiled re­

ports that investigated the then municipal supply, estimated 

future requirements and alternative supply schemes. The latter 

report recommended that a detailed, large-scale geohydrological 

investigation be undertaken. 

The following reports are of specific importance to the present 

investigation: 

a) Buchanan (1970) conducted a pilot geohydrological study in 

the Graaff-Reinet area and recommended that further work be 

carried out. 

b) In response to the work by Buchanan, De Bruin (1972) con­

ducted a large-scale borehole survey in the vicinity of 

Graaff-Reinet. The report lists all the geohydrological 

data collected during the survey and contains rough geolo­

gical maps based on aerial photographic studies. The 

occurrence of groundwater is discussed in te rms of yield 
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and water quality. De Bruin suggested that water for 

Graaff-Reinet could be obtained from a number of areas, in­

cluding the following farms in the present study area (see 

Enclosure 1): i) Swar t River Valley - Fertility 315, Uit­

komst 314, Krugers Kraal 322 and Doordrift 323; ii) Kamde­

b oo River Valley - Oudedrift A133, Groote Vlakte 132 and 

possibly Louws Kloof 136; iii) Sundays River Valley - De 

Hoop 436. 

c) Venables (1983) reported on the occurrence of sulphur-rich 

artesian groundwater on the farm Groote Vlakte 132. A 

north-south trending dolerite dyke on the farm Oudedrift 

A133 was presumed to be the cause of the artesian condi-

tions while the sulphur content was thought to be derived 

fro m the breakdown of sulphides in the dolerite with a pos­

sible contribution of sulphates (notably gypsum) in the 

mudstones. 

d) Woodford (1984) conducted a detailed geohydrological inves-

tigation in the alluvial basin north of Graaff-Reinet which 

showed that: i) the volume of water stored in the alluvial 

aquifer (Graaff-Reinet aquifer) upstream of the dam is 27,0 
6 3 

x 10 m. The exploitation potential of the aquifer is 
3 

9300 m /d but the quality of the water is not fit for 

direct human consumption; ii) important groundwater units 

within the Beaufort Group sediments of the study area are 

associated with dolerite intrusions. Two dyke aquifer 

units, the Welgevonden and Perries units, were identified. 
3 

The safe yields of these units are about 380 and 480 m /d 
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r espect i vely . Bo th a quif e r s pr od uce go od qualit y Ivat e r 

( TDS less t han 100 0 mg/l) . \Joodfot'd also noted that th e 

de ter iorat i on o f g ru unc \-.... n t 2r 'i ua l ity mc..y ~ a -10 .1gS t o t h e r 

factors, be related to irrigat io n practises. 

1.4.2 Climate a nd Physiography 

As th e study a r ea lie s at the base o f the So uth Af r ican escarp-

ment, two d i_ stinc t i \' e norpholo --i es a r e r ecogni s ed , naLlely the 

mountainous regi on to the north and north-west and broad, flat 

plains to the south (Encl.l, topographica l map). The mountain 

peaks are generally capped by dolerite sheets and rise to an 

elevation of almo s t 1600 m above mean sea level. The plain s 

are dissected by three gently dipping ring structured dolerite 

sheets. The average elevation of the plains is 680 m above 

mean 5 ea 1 evel. 

The c lima t e in the Graaff-Reinet region is semi-arid with most 

of the rainfall occurring in the summer months as heavy down-

pours. Some of the winter precipitation on the escarpment 

comes in the form of snow. The rainfall of the area is erratic 

(Fig. 4). The thirty year average precipitation for six 

stations within and near the boundaries of the study area is 

presented in Table 2. The slopes of the escarpment generally 

receive a slightly higher rainfall than lower lying areas. 

The local vegetation of the study area was classified by Acocks 

(1975) into two basic veld types . The plains are covered by 
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False Upper Karoo while the vegetation of the higher lying 

areas is of the False Karroid Broken Veld type . 

i! 
E 

600 

\9~.5 1960 1965 1970 

Y E "'R 

1975 1990 1985 

Figure 4: Thirty year rainfall record of the farm Krugers 
Kraal 332 , Graaff-Reinet 

The area under investigation falls into drainage subregion 1313 

(Moordenaars River, Swart River and Sundays River) and partly 

in subregion 1314 (Kamdeboo River). The orientation of the 

drainage channels is influenced by the geology of the area and 

is in a southerly to south-easterly direction. The ephemeral 
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Table 2: Thirty year average precipitation at six stations 
in the area between Graaff-Reinet and Aberdeen. 

STATION ELEVATION 30 YEAR AVERAGE RAINFALL 
(CADASTRAL FARM) (m) (mm) 

ABERDEEN 730 293 

KRUGERS KRAAL 322 745 368 

RATELSFONTEIN 329 730 323 

VAN REY NEV ELDS PASS DAM 770 317 

DE VREDE 286 910 386 

VAN DER WALTS HOEK 179 910 331 

rivers only flow after substantial rainfall events, usually in 

the summmer. The run-off from the catchments however is great-

ly reduced by a number of farm dams and weirs that have been 

built across the main rivers. The De Ho op dam was last full in 

March 1974 and has only contained water three times since. 

1.4 .3 General Geology 

The geology of the investigation area comprises of Beaufort 

Group sediments, Karoo dolerite intrusives, alluvial and collu-

vial deposits and surface limestone. 

1.4.3.1 Beaufort Group Sediments 

The relevant part of the stratigraphy of the Karoo Sequence is 

outlined in Table 3. The sediments of the Middleton Formation 

and lower members of the Balfour Formation outcrop in the study 

area . 
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Table 3' Part of the stratigraphy of the Karoo Sequence . 

PERIOD SEQUENCE GROUP SUB-GROUP FORMATION 

TRIASSIC TARKASTAD KATBERG 
225 Ma BEAUFORT 

BALFOUR 
KAROO ADELAIDE MIDDLETON 

KOONAP 
PERM lAM ECCA 

(S.A.C.S .• 1980) 

The Middleton Formation consists of a sequence of cyclic 

deposits each commencing with a lenticular body of sandstone at 

the base. The sequence fines upwards into greenish-grey mud-

stones, while red mudstones are found in places. The Formation 

represents a typical fluviatile depositional sequence. At the 

base of the major cycles, the sandstones reach a thickness of 

10 to 15 m and a lateral extent of a few hundred meters 

(S.A.C.S., 1980). Towards the top of the Formation the sand-

stone units attain a maximum thickness of 30 m. 

The boundary between the Middleton Formation and the Balfour 

Formation is generally considered to be the laterally extensive 

arenaceous Ouberg Sandstone Member. Sandstones comprise ap-

proximately 70% of this unit which has a maximum thickness of 

9 m in the Graaff-Reinet district (Tordiffe, 1978). The argi-

llaceous Daggaboersnek Member, conformably overlies the Ouberg 

Sandstone Member. 
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The deposition of the Beaufort Group sediments can be regarded 

as a c ontinuation of the infilling of the Kar oo Basin, but 

differs from the deposition of the Dwyka and Ec ca Groups in 

that it was deposited under fluviatile conditions. Thre e 

peri ods of major tectonic activity are recognised in the Beau­

fort Group sediments. The first period, which coincided with 

the first pulse of the Cape Orogeny (140 Ma) resulted in the 

rapid d epos ition of the Ouberg Sandston e Member over a vast but 

flat area. The tectonic activi ty also resulted in the gentle 

folding of t he sediments south of Graaff-Reinet. The trend of 

the f old axes is east -west. Both Tordiffe (1978) and Woodford 

(1984) found that the principal joint and fracture orientation 

is north - sou th. A secondary but still prominent east - west 

joint set is also present. 

1 .4.3 .2 Karoo Dolerite 

The injection of Karoo dolerites into the Beaufort Group sedi­

ments during the early to mid-Jurassic .resulted in the forma­

tion of dyke, sill and sheet structures (Truswell, 1977). The 

dykes vary 1n thicknesses from a few centimeters to several 

meters and have an a ve rage length o f 1 km. The dykes tend to 

be vertical to near vertical while the orientation of the sheet 

and sill structures is more complex - varying between hori­

zontal, evenly inclined and undulating. The sills and sheets 

may reach thicknesses in excess of 300 m. An important feature 

of the Karoo intrusives is the alteration of the nearby country 

rock, which may result in the alternation of the country rock's 
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porosity and permeability. The extent of alteration is, 

amongst other factors, dependent on the size of the intruding 

body and the nature of the surrounding sediments. Radiometric 

dating of the Karoo dolerites have yielded ages ranging from 

150 to 190 Ma (S.A.C.S., 1980). 

1.4.3.3 Superficial Deposits 

These deposits include alluvial and colluvial sediments and 

surface calcareouS evaporite deposits. The in-situ colluvial 

deposits are derived from the weathering and erosion of country 

rocks and usually occur as pediment close to the mountains. It 

is estimated that these very localized deposits may reach 

thicknesses in excess of 50 m. The alluvia l deposits which 

consist of clays, fine sands, pebbles and boulders, are gener­

ally confined to a strip near the drainage channels. 

Calcareous deposits are found in the study area but are very 

localized and thin. These deposits tend to be associated with 

dolerite or areas which have or have had a shallow water table 

or piezometric surface. 

1.5 AIMS AND OBJECTIVES 

The principal objective of the study is to identify and assess 

the groundwater resources south and west of Graaff-Reinet, in 

terms of both quantity and quality, for possible future deve­

lopment as a municipal water supply. 

The specific aims are: 

a) to identify and define the major aquifer within the study 
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area in terms of lithology, geometry and extent. 

b) to define the hydraulic properties of the major water 

bearing formations in terms of flow regime, storage and re­

charge . 

c) to identify the principal factors controlling groundwater 

chemistry. 

1 .6 HYPOTHESES 

In order to provide a scientif i c framework for the investiga­

tion a number of hypotheses have been formulated . These are 

based on previous Karoo groundwater investigations and on theo­

retical geohydrological concepts. 

1 . The major transmissive zones within the groundwater units 

are associated with fractured sandstone horizons . 

2. Together with sandstones, interbedded siltstones and mud ­

stones of low permeability form laterally extensive storage 

zones. 

3. The fractures and joints have a low storativity. 

4. Hydraulic continuity exists between the alluvial deposits 

and the consolidated sandstones, siltstones and mudstones. 

5. The secondary nature of the groundwater units leads to 

anisotropic geohydrological conditions. 

6. The principal recharge areas are located in the higher 

lying areas. 

7. Good quality water is associated with recent recharge. 

8. None of the groundwater in the study area is polluted. 
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CHAPTER 2 

METHOD OF INVESTIGATION AND RESULTS 

2.1 HYDROCENSUS 

An often underrated phase of a regional geohydrological inves­

tigation is the hydrocensus or borehole survey. By developing 

groundwater supplies, the local farming population has provided 

a large number of sampling poin t s from which data relating to 

groundwater conditions can be obtained. "The collection of 

this data will form the basis for a good working knowledge of 

the physical principles governing the movement and storage of 

groundwater. ,to (Walton, 1970, page 56). All data pertaining to 

water supply, from both surface asnd subsurface sources, was 

collected and analysed before the start of the main phase of 

the investigation. Much of the project planning was based on 

this early data. The region investigated is indicated on En-

closure 2. Only a few plots in Adendorp were visited as most 

of the landowners could not easily be contacted. 

2.1.1 Data collection and results 

The hydrocensus itself was conducted in two phases: 

a) a detailed borehole inventory and 

b) the collection of data conce rning land and water usage. 

Both components continued until the end of the fieldwork and 

the da ta were continually checked and updated. The data were 

supplied by the farmers in the region and hence may not be en-
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tirely accurate. 

During the borehole inventory the following particulars were 

recorded: 

- borehole location CEncl. 1) 

- borehole depth 

- borehole yield 

- piezometric level (Encl. 3) 

- water conductivity (Encl. 4) 

- type of pumping equipment installed 

- lithology and depth of water interceptions 

TI1e inventory data are presented in Appendix 1a. 

The second component of the hydrocensus concerned the collec­

tion of detailed data with respect to land and water use. The 

data were required to verify the annual abstraction figures as 

well as to help explain large variations in water quality. 

This work was not conducted in the Sundays River Valley owing 

to time and budget constraints. The data obtained are present­

ed in Appendix 1b, while fertilizer application data are pre­

sented separately in Appendix 1c. The data were used to con­

struct a land and water use map (Encl. 2). 

Since the beginning of January 1985, the hydrocensus also in­

cluded monthly measurements of piezometric levels in a selected 

number of boreholes (Encl. 5). The aim of these measurements 

was primarily to record the response of the piezometric level 

to rainfall events. However, the record is short (January 1985 
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- August 1985) and it would be ex tremely difficult to try and 

calculate a recharge estimate on the basis of these data. In 

general terms, the piezometric level of boreholes in the plains 

did not usually rise more than 0,5 m over the 6 month measur ing 

period. The response to rainfall of the piezometric level of 

boreholes in areas of lower permeability and porosity was, in 

some cases, greater than 2 m. 

Some relevant hydrocensus statistics are presented in Tables 4, 

5, 6 and 7. 

In addition to the abstraction data presented in Table 6, it 

was estimated that approximately 30 engine-driven pumps were in 

use in the Adendorp Allotment Area. Assuming an average pump-

ing rate of 5 lis and an average pumping regime of 5 hours a 

day then the estimated annual abstraction for the Adendorp area 
3 3 

is 980 000 m /year, say one million m /year. 

Table 4: Number and nature of boreholes 

EQUIPMENT 
CATCHMENT TOTAL 

Windpump Engine Open 

MOORDENAARS 82 1 5 1 7 114 

SWART 84 27 22 133 

KAMDEBOO 95 54 39 188 

SUNDAYS 105 30 1 2 147 

TOTAL 366 126 90 582 
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Table 5: Yield distribution of boreholes (%) 

CA TCHMENT 
YI ELD TOTAL 

2./s MOORDENAARS SWART KAMDEBOO SUNDAYS 

< 5 92,9 69,2 64,4 68,7 72,2 

5 - 9,9 4,4 15,8 1 3 , 3 1 5 , a 12,5 

1 a - 1 4,9 0,9 7,5 13 ,8 9,5 8,7 

> 1 5 1 ,8 7,5 8,5 6,8 6 ,5 

Table 6: Estimated annual abstraction 

CATCHMENT m3/yr % 

MOORDENAARS 397 000 3,6 

SWART 2 787 000 25,5 

KAMDEBOO 4 550 000 41 ,6 

SUNDAYS 3 210 000 29,3 

TOTAL 10 944 000 100,0 

Table 7: Fertilizer application in the s tudy area 

Fertilizer Application 
tons/year 

gypsum 2 080 

ammonium sulphate 660 

urea 75 

super phospate 375 
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2.2 GEOLOGICAL MAPPING 

Groundwater flow regimes are dependent on geological condi­

tions and topography (Allen and Davidson, 1984). The intrinsic 

permeability of lithologic units in primary aquifers is of 

great importance in the movement and storage of groundwater. 

However, during cementation and compaction of sediments, the 

pore spaces are commonly reduced to a fraction of their origi­

nal size (Earl and Meiser, 1984), rendering the potential of 

primary aquifers low. 

The creation of secondary hydraulic properties by either 

weathering,sediment compaction or by igneous or tectonic act­

ivity enhances the hydraulic potential of indurated sediments. 

The size, frequency and orientation of fractures has a large 

influence on the recharge, storage, movement and yield of 

fractured rocks. Based on the earlier geological discussion 

(section 

mapping 

tion. 

1.4.3), it was expected that structural geological 

would provide valuable informa tion in the investiga­

The interpretation of aerial photographs and LANDSAT 

imagery was particularly useful in this regard. 

2.2.1 Data Collection and Results 

Initially a provisional 1:50 000 geological map and a 1:10 000 

photo-geological map, obtained from the geological survey and 

Southern Oil Exploration Corporation (SOEKOR) respectively, 

were used as a geo l ogical framework for fieldwork. Both maps 

lacked sufficient and accurate structural data. The basic sur-
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face geology was therefore remapped and particular attention 

was paid to the structural geology of the area (Encl. 6, geolo­

gical map) . Structural mapping revealed that the joint and 

fracture orientation in the area is in accordance with that 

found in other parts of the Karoo (Tordiffe, 1978; Vandoolaeghe 

1980). A rose diagram of joint and fracture orientations is 

presented in Figure 5. 

N 

n'''40 
__ ... 0 .. %. 

Q 10% 

Figure 5: Rose diagram of joint and fracture orientations. 

2.3 GEOPHYSICS 

The geophysical work consisted of magnetics, geo-electrical 

profiling (CESP), vertical electrical sounding (VES) and geo­

physical borehole logging. Except for the magnetic work, the 



24 

geophysical programme coincided with the drilling and aquifer 

test phase of the exploration work. 

2.3.1 clagnetics 

2 . 3.1.1 ~lagnetic Theory 

A high concentration of magnetic minerals results in a local 

magnetic f i eld which is superimposed on that o f the Earth's. 

By measuring and recording the local departure from the earth's 

magnetic fie l d, magnetic bodies may be located. The size of 

departure or anomaly is dependent on th e dep th of burial, 

degree and directions of magnetism as well as the attitude and 

size of the body in relati on to the direction of the earth's 

field at that locali t y (Roux, 1979). 

Magnetic mi nera ls, such as magnetite, result in dolerite h aving 

a magnetic nature. Structural features may also result in a 

disturbance of the earth's total magnetic field. Davis and De 

Wies t ( 1966) note tha t the use of magnetometers is a rapid and 

inexpens i ve form of loca t i ng such features. Care however has 

to be taken when working near man-made magnetic structures such 

as borehole c as ing and fences. 

2.3.1.2 Da ta Collection and Results 

A total o f 5 4 000 m of magnetic traverses were run using the 

Geometrie s instrument. Most traverses were of a r econnaissance 

nature (position of traverses indicated on Encl. 7). The aim 

of the work was to trace dolerite dykes indicated on the 
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provisional 1:50 000 geological map. Many of the dykes indi-

cated were in fact old farm roads or fences. Only the most 

relevant magnetic data have been included in this report 

(appendix 2a). 

The dolerite dykes gave fairly good positive anomalies (e.g. 

magnetic traverses B.1 and E.l0) , but the magnetic data of 

traverses across the sheets was of little use for dip and 

thickness determination. However, magnetic traverse A.8 was 

used to determine the dip of the southernmost sheet on the farm 

Zeekoeigat 133. The results of the interpretations of six mag-

netic t raverses are presented in Table 8. 

Table 8 : Results of the interpretation of six magnetic 

traverses 

TRAVERSE TOTAL MAGNETIC I MAGN ETIZED WIDTH DIP OF 
NO FIELD BODY OF STRUCTURE 

(nT) BODY 
I (m) 

A.8 28 140 0,002 12-15 40° E 
E. 10 28 240 0,001 4,5 88° W or 

88° E 

E. 11 28 240 0,0008 7,5 87° W or 
87° E 

I 
0,0006 5,0 70° W E.12 28 235 

H. 1 28 070 0,003 2,5 55° SW 

J.2 28 055 0,00003 - 0° 

A number of traverses were carried out over lineaments in order 

to determine their exact location. Examples of work conducted 
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over the Brooklyn fracture (H.3, H.4 and H.6) and Vorster syn­

cline (J.l, J.2 and J.3) are included in Appendix 2a. 

The results of the magnetic work did not indicate the fracture 

location. \'here an anomaly was obtained, interpretation 

suggests that the anomalies resulted from a concentration of 

ferromagnetic minerals near the surface or close to the water­

table. 

2.3.2 Resistivity 

2.3.2.1 Resisitivity Theory 

The drilling of boreholes for the purpose of obtaining subsur­

face information is usually expensive and time consuming. The 

use of electrical resistivity surveys provides a relatively in­

expensive and rapid alternative to obtaining such data. Work 

by Van Zyl (1967), Worthington (1978) and Van der Westhuizen 

(1983) has proved the worth and applicability of resistivity 

techniques in South Africa. However, extensive resistivity 

work by B.R.G.M. (1978) and Vandoolaeghe (1978, 1980) in Karoo 

sediments indicated that, owing to poor electrical contrasts, 

the method has a limited application in such geological 

terrains. Woodford (1984) working in the alluvial basin north 

of Graaff-Reinet, used the resistivity technique with some 

success in defining the depth to bedrock. Based on these 

findings, it was decided that limited resisitivity work would 

be conducted and if successful, this phase of the work would be 

extended. The vertical electrical sounding technique (VES) was 
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used to determine alluvium thickness and locate arenaceous 

units while the fracture zones were pinpointed with the aid of 

a constan t electrode spacing technique (CES). 

The concept of resistivity is based on Ohm's Law which s tates 

that: 

R = V. I 

where R = resistance ~) 

v = potential difference (V) 

I = current strength (amps) 

Resistivity can be mathematically defined as: 

where p 
A = 

L = 

resistivity 
2 

area (m ) 

length (m) 

p = R.A. 
I -L-

(n . m) 

Each lithological unit has a characteristic range of resisti-

vity . For example, Lloyd (1981) states that the characteristic 

resistivity of sandstones ranges between 80 n. m and 1200.n. m 

while that of shales ranges between 1..!l.. m and 150 11.. m. Be-

sides being a functi on of rock type, resisti v ity is also a 

function of rock porosity, hardness, the chemistry of the fluid 

presen t and the degree of saturation or a combination of these 

factors. 
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It is impossible to measure the true resistivity of a subsur-

face formation when measurements are recorded at the surface. 

Instead, apparent resistivity, which is "a measure of the 

effects of all the layers between the maximum depth of penetra­

tion and the surface", is recorded (Bouwer, 1978, page 285). 

True resistivity is later determined by interpretation. 

The Schlumberger technique requires that the current electrodes 

(AB) are moved progressively outwards while the distance be-

tween the potential electrodes (MN) remains fairly constant. 

The AB spacing is always kept at least five times greater than 

the MN spacing (Walton, 1970). By increasing the AB spacing, 

the depth of current penetration increases while the MN elect-

rode spacing is increased slightly in order to reduce local in-

homogeneous effects. 

by: 

where K = constant 

Apparent resistivity (ra) is calculated 

v 
;:::: K. I 

The constant is a function of the elec t rode configuration. By 

plotting pa against AB/2 and comparing the field curve to a set 

of master curves, the Dar Zarrouk parameters (T and S) can be 

determined: 

T = h.y 

where T = transverse resistance 

h layer thickness 
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S=h~ 

where S = longitudinal conductance 

Once the above parameters have been determined, true resistivi­

ty and layer thickness can be caluclated (Smith, 1982). Owing 

to the effects of equivalence and suppression, difficulties are 

often encountered during interpretation. The principle of 

equivalence applies where a formation is neither resistive nor 

conductive in relation to the overlying or underlying layers 

while the principle of suppression applies where a formation 

possesses an intermediate resistivity in relation to the over-

lying or underlying layers. These two principles are thought 

to be the cause of the poor resistivity results obtained by 

B. R.G.M. (1978) and Vandoolaeghe (1978, 1980) which were dis-

cussed earlier in the chapter. 

The CES profiling technique requires that the electrode spacing 

remains constant and the whole configuration moves in the same 

direction. The depth of current penetration theoretically re-

mains constant and the lateral changes in resistivity are re-

corded . The interpretation is usually qualitative (Van der 

Westhuizen, 

termined. 

1983) but the order of magnitude of pa can be de­

The CES profile technique is particularly useful in 

defining vertical structures such as faults or fractures. 
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2.3.2.2 Data Collection and Results 

2.3.2.2.1 Constant Electrode Spacing Profiles 

A total of 14 CES profiles, each averaging 1200 m in length, 

were conducted in a further attempt to accurately define the 

location of lineaments as well as to try and determine the 

attitude of the linear features (Appendix 2b). The results 

were generally disappointing as in some places an anomaly was 

obtained but elsewhere on the same feature, no anomaly was re­

corded. A good example of this is the work conducted over the 

Brooklyn fracture (CESP 1.1, 1.2, 1.9, 1.10, 1.11, 1.12 and 

1.13). The profile positions are indicated in Enclosure 7. 

It would be expected that any fracture could be distinguished 

by a lower resistivity than the surrounding country rock owing 

to deeper and more extensive weathering in the fracture zone. 

Two anomaly types were recognised: 

a) a negative anomaly - the anomaly is principally governed by 

lower resistivities resulting from preferential weathering 

b) a positive anomaly - the resistivity values basically re­

flect the low conductance of the saturating fluid where 

fracture zones can be considered as preferential zones of 

groundwater transport . The quality of the water in such 

zones is better than in the unfractured surrounding sedi­

ments. 

A third anomaly, resembling a straight line, was also obtained. 

In this case the lower resi stivity of the fracture zone may be 
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compensated by the higher resistivities resulting from better 

quality water associated with the fracture. The compensation 

phenomena resulted in the CES profiling technique not being 

conclusive in demarcating fracture zones in the Graaff-Reinet 

district. 

2.3.2.2.2 Vertical Electrical Soundings 

A traverse consisting of 10 VES stations was conducted across 

the Swart River valley on the farms .DOORDRIFT 323 and KLIPDRIFT 

426 (position of traverses indicated on Encl. 7). The Schlum­

berger array was e mp loyed. Geological logs and geophysical 

borehole logging data of five boreholes were available for 

calibration purposes. No acceptable degree of accuracy could 

be obtained in the correlation between actual alluvium thick­

ness and interpreted thickness (Fig. 6). 

Two further soundings were conducted in areas with thick allu­

vial deposits (G 33346, DT 101) . Again, no correlation could 

be obtained. It is interesting to note that a number of sound­

ings indicated changes in resistivity in the vicinity of the 

watertable. As no useful information was obtained from the 

exercise, the resistivity work was terminated. 

2.3.3 Geophysical Logging 

Drilling is the only means of direct access to the 

The description of borehole lithology by means of 

samples is usually subjective and based on point 

subsurface. 

geological 

source mea-
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Figure 6: Geological cross-section and resistivity profile on the farms Doordrift 323 and Klipdrift 

426 (borehole positions indicated on Encl. 6). 



33 

surement. The use of geophysical logging techniques remove s 

subject ivit y, is constant, available for reinterpretation and 

provides continuous data (Keys and McGary, 1976). By l ow ­

ering a sensing device int o a borehole and measuring a variety 

of physical parameters, the following can be determined or de­

ducted. 

a) lithologica l identification and correlation 

b) boreho le construction and geometry 

c) water level and well dynamics 

In addition, the electrical logs may be used to correlate sur­

fac e electrical resistivity data . Unfortunately, much of the 

interpretation only provides qualitative data (Lloyd, 1981). 

However, the power of geophysical logs lies in the combined use 

and interpretation of the various log types. Where applicable, 

the lithological borehole logs were corrected with the aid of 

data obtained from the geophysical l ogs . 

2.3.3.1 Data Collection and Results 

Forty three project boreho les and three private wells were 

logged with a Mount Sopris geophysical logger. The statistics 

of the geophysical l ogging programme are presented in Table 9. 

The application of the various geophysical logs was limited as 

very little quantita tive data could be obtained. However, the 

down -the-hole logging did assist in the following: 

a) correction of sample descriptions 

b) refinement of geological logs : - depth of weathering 

- changes in lithology 
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Table 9: Statistics of geophysical logging programme 

y y -y N-N J R SF lily T Cal 

Number of runs 46 34 14 25 43 25 42 42 42 

To tal run 

length ( m) 3320 2514 9353 1674 3063 1674 3073 3073 3005 

Average run 

length (m) 72,2 73 ,9 68,1 67,0 71,2 67,0 73,2 73,2 71,5 

- depth of water intercep-

ion 

depth of casing 

The short normal resistivities and natu , a ]. gemr'a c ounts for the 

different lithologies encountered are presented in Table 10 . 

Table 10: Values obtained from the natural gamma and short 

normal resistivity logs 

y J 
LITHOLOGY cps 1L .m 

medium to fine-grained 
sandstone 85-95 350-700 
fine-grained sandstone 95-115 -

siltst one 120-140 170-400 
mudstone 150-180 100-200 

doleri t e 10-20 1000-3700 
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2.4 Drilling 

2.4.1 Drilling Theory 

The absence of any proven geophysical exploration method to 

differentiate between lithological units and to pinpoint frac­

ture zones in the given geohydrological environment, plus a 

widespread albeit thin alluvial and soil cover, necessitated an 

extensive drilling programme. Johnson (1980) maintains the 

surest way to learn the character of the formations beneath the 

earth's surface is to drill through them, obtain samples while 

drilling and record a log of the borehole. The chief aims of 

the drilling phase of the project were: 

a) to determine the occurrence, geometry and nature of water­

bearing formations (exploration boreholes) 

b) to determine the hydraulic characteristics of the aquifer 

units (test and observation boreholes). 

However, as drilling usually proves to be one of the most ex­

pensive phases of a geohydrological project (Lloyd, 1981), the 

following data were carefully co l lected in order to obtain as 

much information as possible from each borehole: 

a) geological samples (taken at 1m intervals) 

b) depth, yield and electrical conductivity of each water in­

terception 

c) full hydrochemical samples (taken on completion of selected 

boreholes). 

The optimum drilling depth obviously varies from region to re­

gion and is dependent on the geology of the area. "Many authors 
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have pointed out that the permeability of fractured rock de­

creases with depth and that there is an optimum depth at which 

unsuccessful wells should be abandoned" (Read, 1982, page 

191). Based on the findings of Vandoolaeghe (1980) and Woodford 

(1984), both working in Karoo geological environments, it was 

expected that not many boreholes would be drilled deeper than 

60 m. 

A rotary percussion air drill was used to carry out the drill­

ing requirements. This type of drill is most suited to hard­

rock formations (Johnson, 1980) and is advantageous in that 

the yield of a borehole can be continuously estimated during 

drilling operations. However, the electrical conduction mea-

surements reflect the "average" quality of the borehole water 

and not necessarily the quality of each individual water 

strike. 

2.4.2 Data Collection and Results 

Fifty boreholes were drilled between 05.11.1984 and 13.08.1985 

by rotary percussion air drill. The positions of t he project 

boreholes are shown in Enclosure 8. The initial reason for the 

drilling of each borehole is presented in Table 11. However, a 

number of the exploration boreholes were later used for test 

and observation purposes. 

The statistics of the drilling programme are presented in Table 

12. Four boreholes had to be scrapped after collapsing as a 

result of insufficient casing or poor construction, (G 33350, 
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Table 11: Initial reason for the drilling of project boreholes 

EXPLORATION BOREHOLES 
A. General exploration boreholes 

G 33340, G 33341 , G 33342, G 33343, G 33344 , G 33346, 

G 33347, G 33352, G 33353, G 33354 , G 33356, G 33357, 

G 33358, G 33359 , G 33363 

B Geological explorat i on boreholes 

TEST 
A. 

B. 

i) Doler i te related explora t ion boreholes 

G 33337 , G 33338, G 33339, G 33345, G 33348 

G 33349, G 33350, G 33351 

ii) Structura l related exploration boreholes 

G 33360, G 33396 , G 33399, G 33400, G 33401, 

G 33403, G 33405, G 33406, G 33407, G 33411, 

G 33412 , G 33413 

AND OBSERVATION BOREHOLES 

Standard t ests 

G 33355, G 33361, G 33362, G 33364, G 33402, G 33404, 

G 33408, G 33409, G 33410 

Multip l e piezometer tests 

G 33365, G 33393, G 33394, G 33395 , G 33397, G 33398 

G 33361, G 33363 and G 33364). Excluding the abandoned wells, 

the average drilled depth was 76,3 m and the average length of 

casing inserted was 15,5 m. The drilling and geohydrological 

details of each borehole are presented in Appendix 3. 
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Table 12: Drilling depth and casing statistics 

Borehole diameter (mm) 

I 165 mm 200 mm 
I 

Tot al drilled dept h I 3526 m 104 m 
I I Tot al casing used 676 m 50 m I 

Meterage of scrapped 
I wells 120 m - ! 

Two important relationships were established from a synthesis 

of the drilling data: 

a) the depth - water interception - yield relationship 

b) the lithology - water interception - yield relationship 

The cumulative percentage frequency diagram (Fig. 7) clearly 

indicates that the optimum drilling depth is in the order of 

60 m. Ninety percent of all water interceptions were obtained 

above this depth. The histogram (Fig. 8), showing the depth -

water interception - yield relationship also indicated the 

following: 

a) the bulk of the water interception occured at shallow 

depths (0 - 20 m) bu t individual yields were low. 

b) the greatest yield were obtained between 30 m and 55 m be-

low piezome t ric level. 

c) an increase in depth does not necessarily mean an increase 

in yield. It should be noted that the water interceptions 

struck at 100 m below piezometric level occurred in two 

boreholes 80 m apart on the farm UITKOMST 314. 
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Tabl e 13 Lithology of wa ter in te rceptio n 

YIELD (2./s) 

LITH OLOGY Damp 3 3-6 6-9 9-12 15- 1 5 >15 

Al luvium 4 3 

Siltstone/mudstone 15 37 11 1 

Sandstone 3 28 14 2 2 1 2 

Do ler i te contact 2 1 1 

Doleri t e 2 2 
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The results presented above compare favourably with conclusions 

concerning drilling depths reached in other parts of the Karoo 

(Woodford, 1984, Vandoolaeghe, 1980). 

Even though sandstones did not yield the greatest number of 

water interceptions, they were more prolific than siltstones 

and mudstones in producing yields in excess of 6 l/s (Table 

13). The alluvial deposits, though not frequently encountered, 

did not produce yields higher than 3 l/s. Little significance 

should be placed on dolerite-related water occurrences as only 

four boreholes penetrated dolerite. Besides when boreholes 

were sited on or near dolerite, dolerite was never the main ex ­

ploration target. 

It can be concluded that the alluvial deposits and weathered 

sediments produced the greatest number of water interceptions, 

all of which were low-yielding. The fractured sediments, par ­

ticularly fractured sandstone, accounted for the high-yielding 

strikes. 

Electrical conductivity measurements were co ll ected at each 

water interception while samples for hydrochemical analysis 

were taken on completion of boreholes. The conductivity 

measurements were used to expand the data base for the water 

conductivity map (Encl. 4). Conductivity values range from 60 

mS/m to almost 1400 mS/m . Litt l e variation occurred with depth 

and the change in electrical conductivity is attributed 

to borehole position. 
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2.5 AQUIFER TESTS 

2.5.1 Aquifer Test Theory 

A pumping test may serve two main objectives, namely to provide 

quantitative parameters pertaining to the hydraulic character­

istics of the aquifer (aquifer test) or to provide information 

about the well itself (Kru s eman and De Ridder, 1970). The 

latter test is referred to as a pump test or well test. Only 

aquifer tests were required to satisfy the objectives of this 

study, set out in section 1.5. 

2.5.1.1 General Theory 

Based on the early work of Henri Darcy and Jules Dupont in the 

middle of the nineteenth century, Adolph Theim put forward in 

1870 a steady-state flow equation, which required that during 

pumping, the water level or piezometric level remained con-

stant. However, this often required lengthy periods of pumping 

before equilibrium conditions were reached (Lloyd, 1981). In 

1935, Charles Theis developed the first non-steady state flow 

equation: 

where u 
2 

r . S 
4'ft 

Q W (u) 
s ; 4"'::>---;;-rr-:-"';Tr >-= 

s ; drawdown measured at a distance r from the pumped 

well (m) 
3 

Q discharge (m /day) 
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2 
T = transmissivity (m Iday) 

t = time in days since pumping started 

S = coefficient of storage. 

W (u) is read as the Theis well function and is an exponential 

integral which varies with u. By matching the drawdown-time 

data (sit) during the aquifer test to the Theis type curve, 

values of T and S can be computed . Theis also developed an 

equation involving the recovery data which permits the calcula-

tion of T and can be used as a check against the aquifer test 

results (Todd, 1980). 

The Theis equation is based on a number of assumptions, out-

lined by Kruseman and De Ridder (1970): 

a) the aquifer has seemingly infinite areal extent 

b) the aquifer is homogeneous, isotropic and of uniform thick-

ness over the entire area influenced by the aquifer test 

c) prior to pumping, the piezometric surface and lor phreatic 

surface are (nearly) horizontal over the area influenced by 

the test 

d) the aquifer is pumped at a constant discharge rate 

e) the pumped well penetrates the entire aquifer. 

The following conditions should also be met before applying the 

Theis equation: 

a) the aquifer is confined 

b) the flow to the well is in an unsteady state 

c) the water removed from storage is discharged instantaneous-



44 

ly with decline of head 

d) the diameter of the pumped well is small i.e. 

in the well can be neglected. 

the storage 

The Jacob method (Cooper and Jacob, 1946) and Chow method 

(Chow, 1952) were later developed, both of which were based on 

the Theis formula. Methods for the evaluation of aquifer test 

data from semi-confined aquifers (Hantush methods, Walton 

method) and unconfined aquifers (Boulton method) followed. The 

assumptions related to each of these methods are similar to 

those presented above. These methods (conventional methods) 

are used widely and are often successful even though the ideal 

conditions are rarely met in field situations (Smith and Vaug­

han, 1985). 
• 

Slight deviations from the assumptions are not prohibitive for 

the application of the methods. Kruseman and De Ridder (1970) 

discuss a number of interpretation methods which may be used if 

the basic assumptions are not met. However, both the conven­

tional curve-matching and straight-line techniques are subject­

ive, as unique fits are rarely obtained (Goyal, 1984). The in­

terpreted aquifer test results are thus dependent on the ana­

lyst's personal judgement and experience. Randolph et al (1985) 

found that the graphical methods produced similar results to 

those produced by a rigorous mathematical technique. 

2.5.1.2 Boundary Conditions 

Aquifers rarely have a seemingly infinite areal extent and 
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boundary conditions are often experienced during aquifer tests 

(Waterhouse and Read, 1982; Way and McKee, 1984). The detec­

tion of boundaries is important when predicting the behaviour 

of the resevoir under exploitation conditions (Sageev, et al, 

1984). Boundaries are the result of a change in one or more 

hydraulic properties of the aquifer some distance away from the 

pumped well. Such conditions, whether representing impermeable 

or recharging barriers lead to complex sit curves. Bear (1979) 

notes that the method of images is most useful in determining 

the hydraulic properties of geohydrological boundaries. Both 

the Dietz and Stallman methods are based on image well theory. 

Based on optical theory, Seward (1982), developed a method for 

identifyin g the particular boundary types and calculating T of 

the different zones. 

Boundary conditions can be recognised by an inflection point on 

the sit semi-log plot or by a sharp deviation of the sit curve 

from the type curve. 

2.5.1.3 Heterogeneous and anisotropic conditions 

The Theis formula is based on the assumption that radial flow 

conditions prevail, and that a cone of depression will form 

around a pumped well. In anisotropic fractured aquifer systems 

however, most of the flow occurs preferentially in the fracture 

and very little in the matrix rock itself (Gringarten and 

Witherspoon, 1972). The flow of groundwater would be linear 

towards a natural production surface (fracture zone) rather 
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than radial toward a pumping well. The direction of flow would 

depend on fracture orientation and a trough of depression would 

form. The longitudinal axis of the trough would be aligned pa­

rallel to the principal fracture orientation. Single fractures 

or fracture zones would then behave in a similar fashion to an 

extended well. Drawdown would be a function of the perpendicu­

lar distance from the extended well rather than a function of 

the radial distance from the pumped well (Jenkins and Prentice, 

1982). 

Amongst other, Papadopoulous (1964), Gringarten and Witherspoon 

(1972), Boulton and Streltsova (1977, 1978 a, 1978 b) and 

Jenkins and Prentice (1982) have all developed methods aimed at 

determining the hydraulic properties of fractured aquifer sys­

tems from aquifer test data. These methods either require at 

least three observation boreholes or sit data from the pumped 

well. Houlden (1984) states that the Jenkins and Prentice 

method only produces qualitative information. 

As the area influenced by the aquifer test increases, the sys­

tem begins to behave in a more homogeneous manner (Gringarten 

and Witherspoon, 1972) and pseudo-radial flow is induced. The 

induction of pseudo-radial flow is a function of time and dis­

tance. Conventional aquifer test interpretation methods may 

then be used. Randolph et al (1985), working in secondary lime­

stone aquifers, conducted a local (24 hour) and regional (21 

day) aquifer test on the same well field. They found that even 

though there were differences in the hydraulic parameter ob-
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tained from the two tests, the differences were within the 

accuracy of the interpretation methods used. Holden (1984) 

applied both conventional and fracture flow interpretation ,me­

thods to aquifer test data obtained from various different 

fractured aquifer systems in South Africa and found that rea­

listic T values could be obtained using conventional methods 

but noted that the S value tended to be overestimated. Both of 

the above examples are obviously area-bound but indicate that 

conventional methods can be applied to fractured aquifer sys­

tems. 

Linear flow can be recognised in three ways: 

a) semi-log sit plot - curvilinear graph 

b) log-log sit plot - 1/2 unit slope graph 

c) s vs t plot - straight line graph 

Once pseudo-radial flow is induced, the sit curves will follow 

conventional type curves or form a straight line when plotted 

on semi-log graph paper. 

Previous Karoo geohydrological investigations have indicated 

the environment to be extremely complex (Vandoolaeghe, 1980; 

Seward, 1983; Woodford, 1984) . The following conditions can 

be expected: 

a) confined, semi-confined and unconfined aquifers 

b) lateral boundary conditions 

c) anisotropy with linear and pseudo-radial flow. 

The oversimplification of a complex system or the indiscrimi-
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nate use of conventional interpretation methods could have led 

to the anomolous T and S values obtained, for instance, in the 

Beaufort West vicinity (Campbell, 1977; B.R.G.M., 1978; 

Le skiewicz , 1979). 

2.5.1.4 Multiple Piezometer Approach 

The ideal aquifer test would consist of pumping individual sec­

tions of an aquifer system using borehole packers and observing 

the drawdown at equal depth intervals in a number of radially 

spaced monitor boreholes also equipped with packers. Since the 

packer approach was for practical reasons not possible, it was 

decided that, in this investigation, individual aquifer ele­

ments would be tested at a few sites by means of the multiple 

piezometer approach. This approach has previously been used 

with success by Briz-Kishore and Bhimasonhoran (1982) in India 

and by Walthall and Ingram (1984) in England. 

The mUltiple piezometer approach requires that a series of 

stacked, independent piezometers are placed at predetermined 

depths in a single borehole. A number of test wells are dril­

led near the piezometer borehole in such a way that each water 

interception could be pumped independently. A series of aqui­

fer tests are required where the response of the pumped section 

of the aquifer is monitored together with the response of the 

non-pumped sections. The objectives of the multiple piezometer 

test approach are then: 

a) to compare the results of the conventional test approach 
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with the results of the discrete element test approach 

b) to monitor the change in T and S with depth 

c) to obtain meaningful hydraulic parameters which would 

assist in estimating the exploitation potential of the 

different aquifer units. 

2.5.1 . 5 Test Procedure 

The execution of an aquifer test is usually a simple proce­

dure, but can be hampered by mechanical problems, resulting in 

a variable discharge rate. Kruseman and De Ridder (1970) note 

that interpretation methods which take variable discharge into 

account are available. The following measurements are taken 

at predetermined time intervals: 

a) discharge rate 

b) water level/piezometric level in both the pumped and obser -

vation wells. 

Water samples were taken in order to assess temporal water qua­

lity variations . The distance of the observation well from the 

pumped well should also be recorded. 

2.5.2 Data Collection and Results 

2.5.2.1 General Information 

Fifteen tests were performed at nine different sites. Five of 

the tests took place on existing private production boreholes . 

Making use of these private abstraction points meant that 

observations in the pumped borehole were not possible and that 
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the duration and discharge rate of the tests were predetermined 

by farming requirements The remaining tests 

with two mobile 140 mm diameter turbine pumps. 

were performed 

One pump was 

old and troublesome and was later replaced with a third unit 

while the other unit, although relatively new, performed 

erratically. Pump and engine breakdowns and unacceptable yield 

variations necessitated that some tests be conducted twice 

(e.g. G 33365, G 33401) while others had to be shortened (e.g. 

G 33395). It was not usually possible to make water level 

observations in the pumped borehole, because insufficient space 

was available to lower an observation pipe. Prior to each 

aquifer test conducted with a mobile pump, the discharge rate 

at which each test was to be performed was determined by means 

of a thirty minute "step drawdown type test". The engine revo­

lutions were calibrated against water level recession. This 

ensured that the correct discharge rate could be obtained as 

soon as possible after the start of each aquifer test. Yield 

determinations using a tank and stop watch, as well as water 

conductivity measurements were made at various time intervals 

throughout the tests. Discharge water was piped downstream as 

far as possible in natural drainage channels. The discharge 

water of private boreholes was used for irrigation. 

The location of the aquifer test sites and the position of the 

test boreholes is shown in Figure 9. The relevant aquifer 

test data are grouped together in Table 14. Because yield 

decline with time is typical for production boreholes in secon-
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Table 14 : Relevant aqu ifer te st data 
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dary aquifers, the constant discharge rate is taken to be the 

weighted mean of all intermittent pumping rates. 

The duration of the tests varied from 1200 to 7280 minutes. 

Unfortunately some tests were cut short due to mechanical 

failure and others, specifically those on private boreholes, 

could not be prolonged for more than one or two days, result-

ing in loss of aquifer information. Taking into account both 

the economics of aquifer tests and the geohydrological infor­

mation to be gleaned from such tests, it is felt that a stand­

ard long duration test should last a minimum of 5 days in the 

given geohydrological environment. 

2.5.2.2 Multiple Piezometer Construction and Test Procedure 

\hree multiple piezometer test sites were developed: UITKOMST 

314 (G 33346) and KLIPDRIFT 426 (G 33356 and G 33358). At a 

later stage multiple piezometers were installed in boreholes 

G 33345 (KRUGERS KRAAL 322) and G 33407 (DOORDRIFT 323), (Encl. 

8). The aim of the latter two installations is to collect data 

on long-term water level fluctuations caused by recharge and 

private abstraction. 

Three exploration boreholes, with water interceptions of vary­

ing yield at different depths, were chosen for the discrete 

element test approach. Subsequently, additional boreholes were 

drilled at varying distances from the first borehole in such a 

way that each of them is hydraulically connected to only one of 

the different interceptions obtained in the original explora-
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tion borehole. A test was then carried out in the original ex­

ploration borehole with the other borehole(s) being used as ob­

servation point(s). 

The exploration borehole was then equipped with piezometers in 

the following manner (Appendix 4): 

- PVC piping was placed at the required depth, the 3 m section 

opposite the deepest interception being perforated 

- the annular space between the perforated PVC piping and the 

borehole wall was fitted with 18 mm ¢ graded gravel 

- one meter of 6 mm ~ graded gravel, followed by a few meters 

of drilling chips were then installed 

- a bentonite plug was then installed to prevent leakage along 

the bore opening. The bentonite was mixed with diesel fuel 

to retard the rate of swelling. Once sufficient time had 

passed for the bentonite to settle to the required depth, a 

few meters of drilling chips were added so that the bentonite 

would expand in a horizontal manner 

- the borehole was subsequently filled with drilling chips to 

the depth of the next piezometer. 

During the tests in the discrete production zones, observations 

were made in the different piezometer tubes. 

2.5.2.3 Aquifer Test Analysis and Results 

The following interpretation methods were applied: 

a) the Theis curve-matching technique 

b) the Walton curve-matching technique 
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c) the Chow straight-line method 

d) the Jacob straight-line method 

e) the Hantush I straight-line method 

f) the Theis recovery method 

g) the Seward lateral boundary method 

Difficulty was often experienced in obtaining unique fits when 

curve-matching techniques were used owing to the secondary na-

ture of the geohydrological environment. The sit curves fea-

tured a number of local or regional aquifer characteristics 

e.g. linear flow, pseudo-radial flow, boundary conditions, per­

meability contrasts, leakage, delayed yield, vertical flow as 

well as aquifer and fracture dewatering. The semi-log sit 

plots showed a number of segments reflecting a change in the 

dominant groundwater flow component in the vicinity of the test 

site. It was useful, prior to the actual interpretation, to 

draw up conceptual flow models for the different test sites and 

test configurations to help understand the hydrodynamics pre­

vailing at each site (Appendix 4) . 

The conceptual flow models, together with the discriminate ap-

plication of the various interpretation methods, allowed the 

determination of realistic hydraulic parameters. At least two 

appropriate methods were used on each set of sit curves in 

order to verify the reliability of the results. Owing to the 

volume of data, all aquifer test data and interpretation re­

sults are presented and discussed in Appendix 4. 

Three groundwa ter elements were identified, namely the fractur-
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ed aquifer, the transmissive production zone and, in places, a 

top leaky layer. The hydraulic characteristics of each element 

are discussed in section 3.3. 

2.5.2.4 Application of Multiple Piezometer Approach 

The mUltiple piezometer approach enabled the monitoring of 

aquifer response to abstraction at differ·ent depths. The ap­

proach allowed for only one production zone to be pumped at a 

time and hence the sit curve obtained was for that zone only. 

Also, the response of other levels within the system could be 

monitored , which assisted in the identification of various flow 

components. The sit curves tended to be less complex than 

those obtained from the standard aquifer test approach. The 

standard approach yielded complex sit curves which were an ex­

pression of the "average response" of the total aquifer system 

to abstraction. These curves cou ld easily be erroneously in­

terpreted as little insight could be obtained regarding: 

a) which part of the system was being pumped 

b) 

c) 

the dominan t flow component 

the origin of leakage 

The multiple piezometer approach, by providing a better under­

standing of the geohydro logical conditions prevailing at each 

site, yielded more numerous and representative hydraulic para­

meters than the more standard approach. 

The second objective relating to the mUltiple piezometer appro­

ach (section 2.5.1.4), was to monitor the change in T and S 
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with depth. Unfortunately no information pertaining to these 

changes could be obtained. Usually one transmissive zone in 

the borehole proved to be dominant. By pumping a lesser zone 

above or below the dominant zone, vertical flow originating 

from the dominant zone was induced (see aquifer test results of 

test G 33394, Appendix 4) and unreliable results were obtained. 

However, the multiple piezometer approach did allow for dis-

tinction to be made between the storativity of the fractured 
-3 -4 

aquifer (5,7 x 10 to 1,2 x 10 ) and the transmissive produc-
-4 -5 

tion zone (1,3 x 10 to 1,9 x 10 ) . This indicates that even 

though the fractures (transmissive production zones) allow for 

the rapid movement of water, the fracture themselves store 

little water. Most water is stored in the matrix rock i.e. the 

fractured aquifer itself . 

2.6 HYDROCHEMISTRY 

2 . 6.1 Hydrochemistry Theory 

In terms of groundwater resources, quality considerations are 

as important as quantity. Besides assessing the suitability of 

groundwater for domestic or industrial use, hydrochemical data 

can be used to obtain a better understanding of prevailing geo-

hydrological conditions. Rosenthal and Mandel (1985) were able 

to delineate flow paths by assessing the relative changes in 

certain ionic concentrations. Vandoolaeghe (1978, 1980) used 

similar principles to good effect in the Middelburg area . Par­

sons (1983) and Venables (1985) were able to define the origin 
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of subsurface flow in the Uitenhage area by determining the 

chemical characteristics of waters from the Table Mountain 

Group aquifer and Uitenhage Group aquiclude. 

2.6.1 . 1 Ionic Source and Characteristics 

Before discussing the factors controlling the hydrochemical 

nature of groundwater, the possible source of major ions as 

well as the major chemical characteristics are briefly outlin­

ed: 

a) Sodium (Na): Na is not a major rock-forming mineral. An im­

portant source of this ion is the breakdown of plagioclase 

feldspar and cementing minerals (Mathess and Harvey, 1982). 

Seawater is also a major source of Na. The element has a 

high solubility and mobile Na features in cation exchange 

with calcium (Ca) and magnesium (Mg) from clay minerals. 

b) Potasium (K): A common source of K in groundwater is from 

c) 

the breakdown of feldspars, fledspathoids and micas. The 

abundance of K in the earth's crust is similar to that of 

Na but, owing to the resistance of potassic minerals to 

weathering, the concentration of K in groundwater is far 

less than that of Na (Davis and De Wiest, 1966). K also 

has the ability to enter the structure of clay minerals 

after weathering. 

Magnesium (Mg): Mg has a relatively low geochemical abun-

dance in the natural environment. The main source of Mg is 

silicate minerals, dolomite and calcite. Hem (1970) notes 

that Mg has a relatively high solubility but, owing to a 
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low abundance, the concentration of Mg in subsurface water 

is usually low. 

d) Calcium (Ca): Ca is relati v ely abundant in soils and rocks 

(especially carbonate and silicate minerals). Marine deriv-

ed deposits are usually rich in Ca. The ion has a low solu-

bility (Hem, 1970) and attains saturation easily in a sta-

ble environment. Ca is readily exchanged for Na by clay 

minerals. 

e) Chloride (Cl) : Cl is a minor constituent of the earth's 

f) 

crust yet is abundant in most groundwater. The element has 

a high solubility and is chemically inert, and hence does 

not enter significantly into any oxidation or reduction re-

actions . The concentration of Cl and Na are often similar 

and if conditions are favou~able, the two will precipitate 

to form halite. 

Sulphate (SO 1: 
t, 

Sulphur is an abundant geochemical 
6+ 

element 

and may occur in an oxidized state (s ) or in a reduced 
2-

state (s ) (Hem, 1970). In groundwater, sulphur commonly 

occurs as oxidized 

of pH. Hydrogen 

SO, which is stable over a wide range 
4 

sulphide (H S) is a reduced form of sul-
2 

phur but is only stable when the pH is less than 7. Ox ida-

tion and reduction reactions involving sulphur are slow, 

resulting in non-equilibrium sulphur forms persisting for 

long periods. 

g) Total Alkalinity (TAL): "TAL is the capacity of a solution 

to neutralize an acid" (Hem, 1970, page 152), and is a mea­

surement of titrateable amounts of carbonates (CO) and bi-
3 
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carbonates (HCO ). 
3 

not usually present. 

60 

When the pH is less than 8.2, CO is 
3 

TAL may be derived from atmospheric 

CO, CO produced by biota of the soil and from carbonate 
2 2 

rocks and minerals (Bouwer, 1978). HCO is usually abund-
3 

ant in recently recharged groundwater. 

Hydrogen Ion Concentration (pH): The symbol pH is used to 
+ 

designate the logarithm (base 10) of the reciprocal of H 

concentration. The pH differs from TAL in that the former 

is an intensity function while the latter is a capacity 

function. Davis and De Wiest (1966) note that care should 

be taken when sampling for pH. The solubility of CO 
2 

changes with temperature and pressure, resulting in modifi-

cations in the pH. Such changes occur either during pump-

ing or storage in a sample bottle. 

2.6.1.2 Hydrochemical Evolution 

The chemis t ry of groundwater is controlled by a complex set of 

interrelated factors. These factors inc lude chemical environ-

ment, climate, geology, biochemical activity and man (Hem, 1970; 

Austrup and Axelson, 1984). It is beyond the scope of this 

thesis to fully discuss the entire hydrochemical evolution pro­

cess but the impact of climate, time and man's activity are ex-

pected to be o f importance (Tordiffe, 1978). 

The duration that subsurface water is in contact with the vari-

ous lithological units will influence the relative quality of 

the water. Kr othe (1983) recorded a general deterioration of 
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quality in the direction of flow. Chebotarev (1955), in his 

classic paper dealing with hydrochemical evolution proposed the 

following changes with time: 

HCO ~ [-ICO 
3 3 

2-
+ SO 

4 

2-
~ SO 

4 
+ [-ICO 

3 

2-
~ SO 

4 
+ Cl ~ Cl 

To propose a similar theory involving cations is more difficult 

as there are so many exceptions to the rule. Cation exchange 

between groundwater and argillaceous sediments, for example, 

continually results in alterations of subsurface hydrochemistry. 

Graaff-Reinet experiences a semi-arid climate and as a result 

the potential evapotranspiration is high. Evaporated water is 

essentially free of salts (Eaton, 1950). The salts remain in 

the soil profile and are later flushed into the groundwater sys-

tem by infiltrating rain. Therefore, it would be expected that 

areas with a shallow water table would produce relatively poor 

quality water. 

An aspect of hydrochemistry receiving more and more attention is 

the influence of man on water quality, particularly the re-use 

of groundwa ter and the impact of solid waste disposal (Bouwer, 

1978). Based on the findings o f Tordiffe (1978), it was expect-

ed that the impact of agricultural development in the Graaff-

Reinet area may require special attention. The continual re-use 

of groundwater for irrigation practises results in a progressive 

deterioration of water quality (Evans, 1983). Affected areas 

should show a progressive decrease in secondary salinization 

with depth. In addition Na and Cl, owing to high solubilities, 
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should dominate t he hydrochemistry of contaminated groundwater. 

2.6.1.3 Water Quality Classification 

The chemistry of water can be classified by either total dissol-

ved solids (TDS) or by the full hydrochemical nature of the 

water. 
-1 

(mg.l ) 

TDS is calculated by adding the major ion concentration 

as determined by full hydrochemical analysis. As the 

constant K has to be determined for each specific region, the 

following relationship will not be used: 

TDS = EC x K 

where EC electrical conductivity 

Instead, the general water quality will be indicated by EC alone 

which is a function of the type and concentration of dissolved 

solids present and temperature. 

One of the most widely used classifications is the trilinear 

diagram developed by Piper (1944). The concentration of each 
-1 

ion (mg.l ) is converted to equivalents per million (epm) and 

expressed as a percentage (Ward, 1975). The epm is calculated 

by dividing the concentration of the ion by the equivalent 

weight, where the equivalent weight is equal to atomic weight 

of the ion divided by the valence of the ion. Two forms of 

Piper diagram will be used. Firstly, the more classic diagram 

which indicates the dominant ions (Figure 10) and secondly, 

Johnson's (1975) adapt ion of this version (Figure 11) which 

indicates the hydraulic state of the sampled groundwater. 
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64 

2.6.2 Data Collection and Results 

Water samples for chemical analysis were taken from both private 

and project boreholes. The principal aim of taking the samples 

was t o assess the suitability of groundwater for domestic use . 

The selection of sampling points from private boreholes was 

based on conductivity and piezometric data obtained during the 

course of the borehole inventory. The samples were taken 

throughout the fieldwork phase of the project and the results of 

the hydrochemical analysis are presented in Appendix 5 a. 

Hydrochemical samples were taken during the drilling phase of 

the exploration programme in order to evaluate chemical varia­

tions with depth. The results of the analyses of the samples 

are presented in Appendix 5 b. It should be noted that at the 

time of writing some laboratory analysis results were still out­

standing. 
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CHAPTER 3 

DISCUSSION OF GEOHYDROLOGY 

3.1 GROUNDWATER UNIT GEOMETRY 

On a regional scale the groundwater system or any part of it 

within the study area does not stand as a separate groundwater 

unit . The units under investigation are part o f wha t can be 

termed a hierarchical chain of groundwater bodies within the 

Sundays River drainage region. As opposed to the more generally 

accepted approach of studying ind i vidual aquifers, the concept 

of groundwater units has been employed in this study . Previous­

ly the complex nature of groundwater bodies in Karoo geological 

environments was discussed (section 2 . 5 . 1) . Each i ndividual 

fracture zone c o u l d, for example, be classified as a single 

aquifer 

large 

with a characteristic set of hydraulic parameters. A 

amount of drilling work and aquifer tests would be re-

quired to quantitative l y define each aquifer in terms of rec­

harge, storage, flow regime, aquifer interconnectivity (gains 

and losses) and exploitability. Further, a detailed and com­

plexgeohydrological model would have to be developed to predict 

aquifer behaviour under a given set of conditions. The ground ­

water unit approach is more simplistic in nature than the above 

approach . A set of aquifers which can be defined b y distinc ­

tive hydraulic boundaries are considered to be fairly homogene­

ous. Zones or components within each uni t can be defined. 

Groundwater units are delineated in the study area (Encl. 3). 
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The boundaries of each unit are defined by zero-flow boundaries 

which coincide with : 

a) topographic divides on the northern, north-western and 

north-eastern highlands 

b) the ridges of the ring-structured do ler ite sheets. 

The zero-flow boundaries are intersected by flow-controlled 

boundaries which allow outflow from each unit. The outlet 

points (or inlet in relation to the unit downgradient) are 

confined to the poorts at Corndale, Kriegerskraal and Krans-

plaas (Encl. 3). Geohydrological evidence suggests that little, 

if any, outflow occurs through the De Hoop poort, while the 

southern boundary of the Sundays unit (outlet) represents part 

of the southern boundary of the investigation area and is 

totally artificial . 

Only a portion of the Kamdeboo unit was investigated, the 

western limit being defined as an internal flow-controlled 

boundary on the farm ZEEKOEIGAT 140. The surface areas of the 

four uni ts are: 
2 

a) Moordenaars unit - 430 km 
2 

b) Swart unit - 520 km 

c) Kamdeboo unit - 340 km 
2 

d) Sundays unit - 560 km 

2 

The vertical dimensions of the groundwater units are less 

easily defined, but considering the depth - water interception 

relationship determined in this study (section 2.4.2), an 

average aquifer thickness was obtained. Drilling and borehole 
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geophysical data were used to determine that 90% of all water 

interceptions occur s hallower than 65 m below surface level 

(Fig. 7). The corresponding depth below piezometric level is 

in the order of 55 m to 60 m (Fig. 8). Even though significant 

water interceptions were obtained at greater depths on the farm 

UITKOMST 314, this is considered t o be more of an excepti o n 

than the rule. 

3.2 GEOLOGICAL CHARACTERISTICS OF THE GROUNDWATER UNITS 

The geohydrological conditions prevailing in the study area are 

principally controlled by lithological and structural varia­

tions. 

3.2.1 Lithological Variations 

3.2.1 . 1 Dolerite 

The Karoo dolerite intrusives occur either as dykes or as 

irregular sheets . In an unweathered or non-fractured state, 

dolerite is imper v ious and h e nc e plays an i mportant role in 

defining groundwater unit boundaries. Initially it was thought 

that the fractured sedimentary rock associated with the sheet 

intrusives could be important transmissive zones. However, no 

high-yielding boreholes are associated with these structures. 

The high-yielding boreholes located near dolerite sheets occur 

downstream and topographically below the poorts, where impor­

The local tant river courses have broken through the sheets. 

removal of overburden and simultaneous weathering in these 
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passages probably resulted in stress relaxation and fracture 

opening. A typical dolerite sheet-sediment contact is present­

ed in Plate 1. 

Plate 1: The contact between the northern-most dolerite sheet 

and the Middleton Formation sediments. 
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Plate 2: 
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A typical Middleton Formation sequence, capped by a 

dolerite sheet. 

Five dolerite dykes, ranging from 1 km to 5,5 km in length, 

were identified (Encl. 6). Their thicknesses do not exceed 10 m 

(see section 2.3.1.2 for discussion). With the exception of the 

Brooklyn dyke, all dykes have a near vertical attitude. The 

exception has a dip of 55 SW which indicates that it could be 

an extention or the termination of the dolerite sheet that 

stretches in the NNW direction from the De Hoop dam. No high­

yielding boreholes are associated with the dykes but it appears 

that the boreholes may not have been drilled in optimal produc-

tion positions adjacent to the dykes. In a regional geohydro-

logical context, the dykes appear to be of minimal importance. 
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Plate 3: Vertically dipping sandstones which are associated with 

the Vorster syncline, as seen in the Moordenaars 

River. 

It is of interest to note that the 1: 1 000 000 geological map 

of the Republic of South Africa (1984) indicates a long dole­

r i ted y k e e a s t 0 f the Z eve n f 0 n t y n d y k e (En c 1. 6 ) . Th is" d y k e " 

was later identified to be a section of the old wagon trail 

from Port Elizabeth to Graaff-Reinet. 

3.2.1.2 Karoo Sediments 

The Middleton Formation consists of mudstones, siltstones and 

sandstones. Most of the sandstones can be classified as dis­

continuous channel sandstones (Plate 2). Due to compaction and 

cementation, these rocks have virtually no primary porosity and 
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Highly fractured and weathered sandstone associated 

with the Vorster syncline. 

permeability, but the competent sandstones and to a lesser ex­

tent siltstones, have been subjected to brittle fracturing 

which is probably a result of differential compaction. The 

sandstones and siltsones exhibit secondary openings upon weath­

ering. The secondary hydraulic properties of the rock develop­

ed in this way are important in terms of recharge, storage and 

direct or indirect (leakage) groundwater transmission. 

3.2.1.3 Superficial Deposits 

By virtue of their location (at the foot of the steep mountain 

slopes which receive higher precipitation) and composition 

(boulders, pebbles and sand) the colluvial deposits are very 
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A localized tight anticlinal structure, seen on the 

farm ZITRUG 427. 

important in terms of recharge. 

The evaporite or calcrete deposits have a limited regional geo­

hydrological importance but can be used to identify: 

a) natural groundwater discharge zones where evaporation from 

the water table was and is significant 

b) the location of ancient river courses (river terraces). 

The primary importance of alluvial deposits in the Karoo is 

their storage capacity which, in relative terms, is higher than 

that of fractured sedimentary rocks. Also these deposits have 

a more rapid recharge rate than their consolidated counter­

parts and where thick alluvial deposits occur, enhance the re­

charge of fractured sediments through leakage. Woodford (1984) 
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An oblique photograph of the Groote Vlakte and 

Oudedrift fractures, looking south. 

and Leskiewicz (1979) found the unconsolidated deposits to be 

of major importance in their study areas. 

Thick alluvial deposits are confined to areas near the major 

drainage channels where the maximum measured thickness was 15 m 

e.g. DOORDRIFT 323, UITKOMST 314 and ZEEKOEIGAT 140. However, 

hydrocensus and drilling information indicate that the total 

volume of saturated alluvium is at present small. Nevertheless, 

the potential importance of the alluvial deposites should not 

be underestimated during and after significant and prolonged 

precipitation events. 
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Plate 7: An oblique aerial photograph of the Brooklyn fracture. 

3.2.2 Structural Variations 

The secondary hydraulic features of the consolidated rock, as a 

result of jointing and fracturing, greatly enhance the geohy­

drological characteristics of the sedimentary rock. The degree 

of fracturing is partly controlled by rock competency. Sand­

stone horizons have preferentially been subjected to brittle 

fracturing while the more elastic siltstones and mudstones con­

tain tight, hairline fractures. Apart from differential com­

paction, jointing and fracturing in the study area is either a 

result of orogenic folding or dolerite intrusion. 
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3.2.2 . 1 Fold-~elated Fracturing 

A number of east-west trending regional synclines and anti-

clines were identified in the study area e.g. Kamdeboo syncline 

and anticline and Swart syncline (Encl. 6). The dip of the se-
o 

diments in these structures does not exceed 15 . A number of 

smaller east-west fold structures were also mapped (Vorster 

syncline, Fig. 12; Bloemfontein syncline, Fig. 13). The atti-

tude and the degree of fracturing of the Vorster syncline is 

seen in Plates 3 and 4. Plate 5 is another example of tight 

synclinal and anticlinal structures, here seen in the Dwarsberg 

mountains. 

The identification and detailed mapping of the smaller fold 

structures was hampered by poor exposure and the extensive soil 

and alluvial cover. However, the dip of the sediments often 

reaches a near vertical status while the length and width of 

these fold features are generally less than 2 km and 200 m re-

spectively. The Vorster syncline was, however, mapped for 9 km 

and it is possible that it extends a further 6 km westward to-

wards the farm UITKOMST 314 (Encl. 6). The positions of the 

Vorster and Bloemfontein synclines are indicated on the geolo-

gical map (Encl. 6). 

3.2.2.2 Dolerite-related Fracturing 

A number of randomly orientated linear features were identified 

on aerial photographs. Some of these linear features were later 

found to be fracture zones (Encl. 6). The positions of the 



GEOLOGICAL CROSS-SECTION of the VORSTER SYNCLINE 

Surface Structural GeoloQY Pion View 

1+" \-22" \-'6" I' 6 2" I- 70" I- 76" 'B"-1 

N G 33402 G 33401 G33399 G33400 s 

Moordencl7s River ~_-,'~"~_--~-------
1m! CI ..... s.l . 

39,0 11,0 B,B 

710 ••••••••• 

',:- :':':-:-: : :: : : 1:-:- : . :- :- : -:.:. : ' :. ' . :. " .. : . :- :. : '. ' .. ... 
.ro 

::::::::::::::: :-
160 :::: : :::: : ::::::: 

"'" 
."" bt GENO 

"" Piezometric llvel 

.'" +I~a Individual woter strike and blow yleldU,osJ 

, 
~o 

c::=J 
• 00 

~ 
~ 

.. 0 
1"--1 

Alluvium 

Sandstone 

SI Uslon • 

Mudstone 

o 10 ZO so ""0 50 m 

".~ .. )C:::;V5f(:\t11?>:::::::'· . 
,"0 

Figure 12: Geological cross-section of the Vorster syncline. 

-..) 

m 



GEOLOGICAL CROSS-SECTION of the BLOEMFONT EIN SYNC LINE 

Surface Structural Geolo~y Plan View 

I- 34" h 12· " 20" .. "-\ 6'~~",,<\ 6".>, 141 ."-\ r 4 " 

N G3341 2 G 334 II S 
!I m> a.m,s ,L 1,1 \ r 4,5 

"o~:·:.·.~ _ ':~' :<0-.. t '''' .' _L - , _ ~. _, . 

_ ~ •• _-,_-,_, • • ___.... ••• • __ •• ~ __ .'OI_·.·'r---=:l .... · _·_ ·_IL./·, _r ·1 ____ ·.,.,.. · · 
.' . :::::::::~:; •••• .. > : ., " 

"0 

"''' 
Middleton Fo rmollon $e dlmenls 

" "0 " 
"''' L EGEND 

000 Piezome rric level 

"" ............ ~. ,". ~': ' .' _ t '. ·.·.···, ,.r .... l .... \1)1----=t / . , .". :./" . f'. T' Ir.dMdJoI WIlier s trike and b low yield (ll's) 

'"" ~~" "'" ·~f·lj:t · · .~._ .. .. >:.:-:-:-.... ::-:- . 0' .•... 

C:=J Alluvium 

"''' ~:::::i:)f:""'" ~ Speckled SO"Idslone 

M Iddl.ton Formotlon Sediments ' ::.::-:-:-::~ .:- ,0 ::',' I3:':J Siltstone 
,., " . :-:.:-:,::' :,'. e---1 Mudalone 

/1 
M[crofoull '" 

1 \:'t ° '0· "" ... .0 .0 . 

II 

Figure 13 : Geologica l cross-section of the Bloemfontein sync l ine 



78 

Groote Vlakte and Oudedrift fractures are indicated on Plate 6 

while the Brooklyn fracture is seen on Plate 7. Venables 

(1983) identified the Oudedrift fracture as a dolerite dyke . 

Although their exact origin has not yet been described) it is 

hypothesized that these linear features might be the result of 

volatile releases which often accompanies magmatic action 

(Hobbs et al, 1976) . Such releases would fracture both the 

dolerite and sedimentary formations and encourage preferential 

physical and chemical weathering. These points would be the 

easiest places for river courses to erode their way through and 

would eventually result in the formation of poorts . 

3.3 HYDRAULIC CHARACTERISTICS 

The aquifer systems in the study area are usually semi-confin­

ed, although locally they may be more of a semi-unconfined na­

ture. Geological evidence and the results of the aquifer tests 

(Appendix 4) favour the division of the aquifer system into 

three components, each with distinctive hydraulic characteris­

tics. 

3 . 3 .1 Fractured Aquifer 

The upper part of the Beaufort Group sediments which contain 

groundwater in secondary openings can, on a large scale, be 

considered to be uniformly fractured. The aquifer matrix ran­

ges in thickness from 20 m to 80 m with an average thickness of 

approximately 45 m. The range of hydraulic parameters obtained 
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for this part of the system are: 

Hydraulic conductivity (k) 

Transmissivity (T) 

Hydraulic resistance (c) 

Vertical permeability 

Storativity (S) 

(k I ) 

0,5 - 10.0 m/d 
2 

10 - 300 m /d 

30 - 800 days 

0,1 - 0,5 m/d 
-3 

5,7 x 10 t o 1,2 

average S = 1,1 x 

3.3 .2 Transmissive Production Zones 

-4 
x 10 

-3 
10 

The trans missiv e production zones are the seemingly random and 

discontinuous zones within the fractured aquifer from which 

groundwater can be produced in large quantities. The horizon-

tal to sub-horizontal fracture zones tend to be associated with 

sandstone horizons. The zones occur at varying depths. The 

maximum recorded thickness of a fracture zone was 10 m. The 

hydraulic parameters obtained for these transmissive production 

zones are: 

hydraulic conductivity (k) 

transmissivity (T) 

storativity (S) 

5 - 40 m/d 
2 

20 - 400 m /d 
-4 

1,3 x 10 
-5 

to 1,9 x 10 

Only one major vertical fracture zone was tested (Brooklyn 
2 

fracture) and a transmissivity value of 1270 m /d was obtained . 

The hydraulic characteristics of the fractured aquifer and the 

transmissive production zones indicate that: 

a) the fractured aquifer is chiefly responsible for the stor-

age of groundwater and little water is stored in the dis-
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crete production fractures proper. 

b) groundwater movement takes place preferentially along the 

discrete fracture zones which, when pumped, act as extended 

wells. 

3.3.3 Top Leaky Layer 

The top leaky layer is a combination of saturated alluvium 

(where present) and the underlying weathered zone. The pre-

sence of this top layer above the fractured aquifer results in 

semi-confined conditions. The distribution of the leaky layer 

is generally confined to the central part of the groundwa t er 

units with a thickness ranging between 15 m and 25 m. The 

characteristic hydraulic parameters are: 

hydraulic conductivity (k) 

transmissivity (T) 

hydraulic resistance (c) 

vertical permeability (k') 

3.4 PIEZOMETRIC LEVELS 

3 - 4,5 mid 
2 

70 m Id 
500 - 30 000 days 

-3 -4 
5,0 x 10 to 7,5 x 10 mid 

The piezometric level contour map (Encl. 3) was used to 

determine the general pattern of groundwater movement. Flow-

lines were used for this purpose. The patterns indicated are 

validated by electrical conductivity trends (Encl. 4) and by 

the relative change in the HCO ICl ratio (Fig. 14). Figure 14 
3 

is based on the chemical changes resulting from hydrochemical 

evolution, as proposed by Chebotarev (discussed in section 
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2.6.1.2). Anomalies do however exist, the causes of which are 

outlined in section 3.8.2. 

The problems associated with calculating groundwater unit ex-

ploitation potential from limited qualitative data are discuss-

ed in Chapter 4. In an attempt to provide realistic potential 

etimates three types of terrain were delineated: 

a) recharge zone 

b) aquifer zone 

c) discharge zone 

The zones were demarcated on the basis of potentiometric and 

hydraulic gradient characteristics as well as the dominant hy-

drological function of each zone. The characteristics of each 

zone are discussed in sections 3.5, 3.6 and 3.7 . 

The discharge zones are located at the poorts but are t oo small 

to indicate of Figure 15. The surface area of the recharge and 

aquifer zones is given in Table 15. 

Table 15: Extent of the aquifer and recharge zones. 

Groundwater unit Aquifer Zone Recharge Zone Total km2 

km2 km2 

Moordenaars 110 320 430 

Swart 110 410 520 

Kamdeboo 160 180 340 

Sundays 340 220 560 
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3.5 RECHARGE 

The most important recharge mechanism appears to concern the 

direct infiltration of precipitation in the high-lying areas 

towards the sides of the g Loundwater units. This statement is 

based on limited periodic piezometric level monitoring (section 

2.1.1) and field observations during rainfall events. Percola-

tion takes place either through the permeable colluvial depo-

sits or directly through the surface fractures and joints. The 

precipitation in these areas tends to be somewhat higher than 

in the flats (380 mm p.a. as opposed to 330 mm p. a. ) . The 

recharge zones are characterized by a steep hydraulic gradient 

(in the order of 0,01) and relatively low potentiometric pres­

sures. Probably the most difficult part of any regional ground-

water investigation is the estimation of annual recharge. How-

ever, in the Karoo environment, it is often assumed that 5% of 

the annual precipitation is effectively recharging the ground­

water system (Seward, 1983~ although there is little evidence 

to substantiate this figure. The following formula is used to 

estimate the average recharge in the recharge zone: 

(surface area x mean annual rainfall x 5%)~ 365 days. 

The average precipitation recorded at VREDE 286 (386 mm p.a.) 

is considered to be representative of the average precipitation 

of the recharge zones. The estimated average recharge from 

precipitation for the four groundwater units is then: 

Moordenaars unit 
3 

16 660 m /d 
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3 
Swart unit 21 340 m /d 

3 
Kamdeboo unit 9 370 m /d 

3 
Sundays unit 11 450 m /d 

It should be emphasized that the se estimates are for the re-

charge zones only (Fig. 15). During prolonged periods of rain­

fall, recharge of the groundwater units will also take place in 

the aquifer zone, through soil or river bank percolation. This 

mechanism is time dependent and occurs at very irregular inter-

vals. Without long-term rainfall and piezometric data, it was 

not really possible to calculate the proportion of recharge of 

the aquifer zone from direct infiltration. The contribution 

is however reckoned to be small. 

The recharge figures presented above are therefore conservative 

estimates for the groundwater units as a whole. Limitations 

associated with the average recharge estimates are discussed in 

Chapter 4. 

Water passing through the groundwater unit outlet (poort) is 

also considered to be a form of recharge to the down-gradient 

unit and will be discussed in section 3 .7. 

3.6 AQUIFER ZONE 

The aquifer zone is characterized by fairly low hydraulic gra­

dients (in the order of 0,001) and relatively high potentiome-

tric pressure in boreholes. These zones are located in the 

plains of the study area (Fig. 15). A s triking feature of the 

groundwater movement in the aquifer zone is that groundwater 
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flow generally tends to concentrate towards the middle ~f the 

unit. The position of the flow convergence zone appears to be 

controlled by lithological, structural and topographical fac­

tors but does not necessarily coincide with the major drainage 

channels (Encl. 3). The above condition is probably a natural 

condition as: 

a) piezometric levels ln th e plains are generally sha ll ow 

(between 5 m and 15 m) which indicates that little, if any, 

permanent lowering of the piezometric level due to ground ­

water abstraction has occurred 

b) piezometric levels in the higher lying regions of the study 

area tend to be at a greater height above mean sea level 

than the average elevation of the plains 

c) the Moordenaars unit, from which relatively little ground ­

water is abstracted, exhibits similar trends as the other 

three more developed groundwater units. Groundwater ab­

straction may however have enhanced the flow convergence 

pattern slightly. 

All high-yielding boreholes in the study area are located in 

th e vicinity of the flow convergence zone. This is illustrated 

by the results of drilling work conducted on the Vorster and 

Bloemfontein synclines (Figs. 12 and 13). Both synclines are 

structurally simi lar. The former, which is located on the 

Moordenaars unit convergence zone, produced two high-yielding 

boreho les while the latter, located north of the Kamdeboo con­

vergence zone, produced boreholes with very average yields. The 
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relationship between the location of high-yielding boreholes 

and the position of the flow convergence zone in the st udy area 

is extremely inte~esting. The contention that the analysis of 

piezometric and structu~al geological data could be a useful 

exploration tool for the siting of high-yielding boreholes 

would however have to be fully tested in other areas with 

similar geohydrological conditions . 

The artesian conditions prevailing on the farm GROOTE VLAKTE 

132, previously investigated by Venables (see section 1 . 4.1), 

are the combined result of : 

a) the hydraulic head difference between the upper and lower 

points of the Groote Vlakte and Oudedrift fractures 

b) the presence of a hydraulic discontinuity at the discharge 

zone of the fractures, which is a result of the dipping 

argillaceous sediments. 

The above two controls, togethe~ with the semi-confined natu~e 

of the aquifer, provide the correct geohydrological setting for 

artesian conditions. 

The storage characteristics of the fractured aquifer have pre-

viously been discussed (section 3.3). All aquifer tests were 

conducted in the aquifer zone, thus no storativity value for 

the recharge zone is available. A low coefficient of storage 
-4 

of 1 x 10 will therefore be used. The volumes of groundwater 

stored in the aquifer and recharge zones can therefore be esti-

mated (Table 16). 
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Table 16: Estimated groundwater storage in the four ground-

water units 

CATCHMENT AQUIFER ZONE RECHARGE ZONE 
(x 106 m3) (x 106 m3) 

Moo rdenaars 5,45 1,44 

Swart 5,45 1,85 

Kamdeboo 7,92 0,18 

Sundays 16,83 0,99 
" 

3.7 DISCHARGE 

Discharge from the groundwater units takes place by way of 

either groundwater abstraction, evapotranspiration or by sur-

face or subsurface outflow through the poorts. An estimate of 

the annual groundwater abstraction is presented in Table 6. 

Most abstraction takes place in the aquifer zone. For purposes 

of standardization (as opposed to the annual abstraction esti­

mates presented in Table 6), the average daily abstraction is 

presented in Table 17 and includes t he abstraction from the 

Adendorp Allotment Area. 

At present it is impossible to es t imate the volume of ground-

water lost from the units by way of evapotranspiration. The 

mean annual potential evaporation is 1210 mm (Woodford, 1984). 

However, substantial evapotranspiration loss e s can only be ex-

pected in areas which have a shallow water table (less than 4 

m), which are densely vegetated or which are intensively irri-

gated. 
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Table 17: Estimated average daily groundwater abstraction. 

Groundwater unit Average dai ly abstraction 

(m
3
/d) 

Moordenaars 108 
Swart 7 640 

Kamdeboo 12 470 
Sundays 11 530 

The outlet zone at the poorts are characterized by a very flat 

hydraulic gradient above the flow-controlled boundary, a shal-

low water table, dense vegetation and springs. The presence of 

the latter is determined by the depth of weathering of the do-

lerite, the width of the poort itself, the transmissivity of 

the outlet zone and the hydraulic gradient across the poort 

outlet. 

Previously (section 3.1) it was noted that little, if any water 

passes through the De Hoop poort, probably as a result of 

limited weathering and the presence of the De Hoop dam wall. 

The Kamdeboo unit can therfore be considered to be a closed 

basin which receives input from either precipitation or from 

subsurface f l ow through the western internal flow-controlled 

boundary on the farm ZEEKOEIGAT 140. 

Attempting to estimate the volume of water passing through the 

southern boundary of the Sundays unit is difficult because: 
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a) the arbitary boundary is approximately 30 km in l ength 

b) the piezometric level contour map (Encl. 3) indicates that 

most of the outflow occurs near the western portion of the 

boundary . 

The average daily discharge from the Moordenaars and Swart 

units and the daily inflow into the Kamdeboo unit were calcu-

lated using data obtained from aquifer tests (Appendix 4) and 

piezometric data (Encl. 3). The estimates are presented in 

Table 18. 

Table 18: Average daily through-flow thr ough the flow-

contro l led boundaries 

GROUNDWATER FLOW-CONTROLLED SURFACE FLOW SUBSURFACE FLOW TOTAL 
UNIT BOUNDARY (m3 / d) (m3/d) (m3/d) 

Moordenaars Corndale 130 100 230 

Swart Mooifontein 170 -

Kransp laas 80 940 1190 

Kamdeboo Zeekoe igat - 2000 2000 

3.8 HYDROCHEMISTRY 

3.8.1 General Observations 

The groundwater of the four geohydrological units can be 

classified into NaCl or stagnant type (Appendix Sc). This is 

in accordance with the findings of Tordiffe (1978) in his re-
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gional hydrochemical survey of the Karoo. There are however a 

few exceptions, namely groundwater south of the Kriegerskraal 

farm dam (G 33345, KK22, VN12 and VK2) which is of the bicarbo­

nate type (dynamic) 

3.8.2 Lateral Water Quality Variation 

The groundwater quality within the study area varies consider­

ably and will be discussed separately for each unit. 

3.8.2.1 Moordenaars Unit 

The quality of groundwater in the recharge areas is good (EC< 

100 mS/m) but steadily worsens in the direction of groundwater 

flow (Encl. 4). The Corndale spring water has a conductivity 

of 500 mS/m. Figure 16a is a hydrochemical profile of the unit 

(see Encl. 5 for sampling positions) but the profile is not re­

presentative of down-gradient mineralization as the following 

influences are apparent: 

a) the addition of fresh water via the Vorster syncline (GD19 

and G 33401) 

b) the addition of local recharge originating from the 

dolerite hills which form the southernmost boundary of the 

unit (CE9) 

c) the build-up of salts as a result of transpiration and eva­

poration from the shallow water table (GDS1) 

d) the dispersion of concentrated salts and the addition of 

better quality water below the Corndale poort (GD9). 
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3.8.2.2 Swart Unit 

The quality of groundwater in the Swart unit is fairly good (EC 

< 200 mS/m) except near the outlet where the evapotranspiration 

of shallow water and the addition of poor quality water from 

the Moordenaars unit has resulted in a high salt concentration 

(EC ranges between 200 mS/m and 500 mS/m). The hydrochemical 

profile of this unit (Fig. 16b) is probably most representative 

of natural hydrochemical changes that take place in the direc-

tion of groundwater flow. However, the chemistry of water 

sampled from G 33358 is modified by the addition of local re-

charge water originating from the dolerite hills in the south. 

3.8.2.3 Kamdeboo Unit 

The lateral hydrochemical variations of groundwater in the unit 

are complex (Encl . 4· , Fig. 16c) with EC measurements ranging 

between 100 mS/m and 800 mS/m. For t he reasons listed below, 

no natural hydrochemical evolution of groundwater along this 

portion of the Kamdeboo unit is apparent: 

a) highly mineralized water is present in the vicinity of 

irrigated lands (ZK2, TN6) 

b) areas downstream of the irrigated lands undergo natural hy-

drochemical evolution as well as receive additional soluble 

salts from irrigation return flow (G 33343) 

c) the addition of fresh water from the north (00 5, G 33340 

and G 33363). However, the water quality does deteriorate 

to the eas t. Note the high concentration of Na and Cl in 
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all seven boreholes, which indicates a relative reduction 

in the concentration of Ca, Mg, HCO 
3 

and SO 
4 

d) the addition of good quality water from the flanks of the 

valley (DP45). 

3.8.2.4 Sundays Unit 

The quality of water in the Sundays groundwater unit is genera-

lly good (EC < 200 mS/m) except in the following areas: 

a) south-east of the De Hoop Dam (EC < 900 mS/m) 

b) south of the Kransplaas outlet (EC < 500 mS/m) 

c) in the Adendorp Allotment area (300 mS/m < EC < 400 mS/m) 

d) on the farm KRUIDFONTEIN 413 (EC < 700 mS/m). 

The poor quality of groundwater south-east of the De Hoop Dam 

is probably a result of irrigation practices as geohydrological 

evidence suggests that little, if any, groundwater passes 

through the De Hoop poort. The quality of wa ter in the Aden-

dorp area may a lso be explained by irrigation practices while 

th e poor quality groundwater south of the Kransplaas outlet is 

due t o the evapotranspiration of shallow groundwater north of 

the poort and is possibly also influenced by agricultural 

activities. 

The poor water quality on the farm KRUIDFONTEIN 413 cannot be 

explained. The electrical conductiv ity and hydrochemical com-

position of the samples taken indicate similar mineralization 

trends, so the reason cannot be measurement error. The centre 

of poor quality water is in the vicinity of KN21 (Fig. lod) and 
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it is evident that the source is very localized. The north-

south hydrochemical profile on the farm KRUIDFONTEIN 413 indi -

cates a high proportion of Cl and an almost total absence of 

HCO . 
3 

3.8.2.5 Possible Factors Responsible for the Occurance of Min-

eralized Groundwater in the Study Area 

Tordiffe (1978) concluded that the dominant control on the qua-

lity of the groundwater in the Middleton Formation is the natu-

ral h ydrochemical evolution. The major fac t ors controlling 

this evolution include geology, topography, climate and time. 

For practical purposes the former two factors can be considered 

constant. The influence o f the semi-arid climate becomes domi-

nant in places with a shallow groundwater table, usually in the 

discharge zones. In such cases, the soluble salts are concen -

trated by evapotranspira ti on. The duration with which water is 

in contact with the various lithological units varies consi-

derably. It is not possible to plot salt concentration against 

distance from source as no water quality data were available 

for the portion of the Kamdeboo unit west of the investigation 

area. For this reason a comparison of the hydrochemical evolu-

tion of the waters in all four catchments cannot be made. How-

ever, except for isolated areas, the mineralization trends in 

the Moordenaars, Swart and Sundays units are similar. The Kam-

deboo unit contains hi ghly minera li zed water even after mixing 

with good quality water from the mountain slopes in the north. 

The mineralization in this unit could be a result of the dura-
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tion of water-rock contact and/or the closed basin nature of 

the unit. 

A comparison of the water conductivit y map (Encl. 4) and the 

land-use map (Encl. 2) indicates a good visual correlation be­

tween the location of poor quality groundwater and centres of 

irrigation activities. It was calculated that on a regional 

scale, the appl ication of fertilizers to irrigated lands con­

tributes a limited volume o f salts to the groundwater system in 

comparison to the volume of salts originating from the use of 

groundwater for irrigation purposes (Table 19). 

If irrigation practices are to some extent responsible for the 

deterioration of groundwater quality, 

pected to become apparent: 

two trends would be ex-

a) contaminated groundwater would contain a higher percentage 

of relatively inert and soluble salts (Na and Cl) than un -

contaminated water 

b) TDS-content of groundwater would decrease with depth. 

A comparison of Na and Cl concentrations in water samples taken 

from both windpumps and production boreholes in or near irriga­

tion areas is presented in Figures 17 and 18. The following 

deductions can be made: 

a) poorer quality groundwater is used for irrigation (Fig. 17) 

b) waters from both sources have a similar Na concentration 

(Fig. 17) 

c) irrigation waters tend to have a higher Cl concentration 

than non-irrigated water (Fig. 18). 
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Table 19: The relative contribution of soluble salts to t he 

groundwater system f r om fertilizer application a nd 

gro undwat er irrigation 

GROUNDlMTER UNIT Moordenaars Swart Kamdeboo 

GROUNDWATER ABSTRACTED 

FOR IRRIGATION 
3 6 

m /yr (xlO ) 0,33 2,70 4,47 

AVERAGE TDS CONTENT OF 

WATER USED FOR IRRI-

GATION (mg/l) 75 0 1000 2200 

SALTS ORIGINATING 

FROM GROUNDWATER 

APPLICATION 
6 

kg/yr (x 10 ) 0,25 2,70 9,84 

SALTS ADDED TO LANDS AS 

FERTILIZERS 
6 

kg/yr (x 10 ) 0,04 0,19 0,03 

% SALTS FROM GRO UND-

WATER 86,0 93,1 99, 7 

Water quality and hydrochemical samples (resu lts of analyses 

presented in Appendix 5b) taken during drilling operations in­

dicate that litt le stratification of water quality with depth 
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occurs. 

However, Foster and Bath (1983) noted that in the upper zones 

solute movement is strongly dispersive with a rapid downward 

movemen t. This, t ogether with the flushing o f salts into the 

groundwater system by either flood irrigation practices or 

rainfall r e charge, would account for the limited variation in 

mineralization with depth. 

It is not been possible to statistically establish the i mpact 

that irrigation has on groundwater quality . Firstly, the hydo-
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Figure 18: Cl c oncentration plotted against TDS 

chemical sampling programme was geared towards assessing the 

suitability of groundwater for domestic use and secondly, a 

comparison between the quality of water obtained from irrigated 

and non-irrigated areas with similar geohydrological conditions 

was not possible (see section 3.8.2). However, the evidence 

presented here strongly supports the contention that salts are 

being recycled by groundwater abstraction for irrigation pur-

poses and may have led to an acceleration of the rate of 

groundwater mineralization. This state of affairs can be 

expected in a closed basin situation. 
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3.8.3 Water Quality Variations with Depth 

No evidence was found that the concentration of the major ion 

constituents or the general water quality var ie s with depth. 

3. 8.4 Water Quality Variati on with Time 

3.8.4.1 Short-term Variations 

Electrical conductivity measurements taken during the aquifer 

tests indicate little quality variation with time (Appendix 

5d). Where a recently drilled borehole was tested, an improve­

ment in water quality was recorded in the first 1000 minutes 

and thereafter the TDS-content remained constant. This is pro­

bab ly a result of the removal of oil (from the drilling ma­

chine) and fine dust particles during the early stages of pump­

ing. 

3.8.4 . 2 Long-term Variations 

The hydrochemical data of samples taken from six boreholes in 

1972 (De Bruin, 1972) and 1985 were compared (DT1, DP49, GD7, 

GV14, ZF21 and US30). The following trends were recorded: 

a) an average Cl concentration increase of 7,5% epm 

b) an average TAL concentration decrease of 8,3% epm 

c) a 10% and 22% epm Na increase in the case of ZF21 and DP49 

and an 8% and 17% epm Na reduction in water sampled from 

US30 and GD7. Water sampled from DT1 and GV14 contained 

similar Na concentrations 

d) ZF21 and DP48 waters show a 12% and 21% reduction in Mg 
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concentration while samples taken from G07 and US30 show a 

reducti o n of appr o ximately 9 %. The Mg concentration in OTl 

and GV14 remained constant 

e) the SO and Ca c oncent r ati o ns remained constant in all six 
4 

cases. 

These changes indicate that the trend is towards increased min-

eralization in certain areas (OP49, G07, ZF21) . 

3.8.5 Sulphurous Water 

Sulphurous-smelling groundwater is found throughout the study 

area and may be an important consideration in the planning of 

groundwater abstraction for domestic use. The H S-type water, 
2 

although found at various depths, occurs in the fractured 

aquifer only. It is often associated with sediments containing 

an abundance of pyrite. The water gives off a gas which smells 

of rotten eggs and the gas is inflammable. The H S-type water 
2 

can be freed of its smell by inducing turbulence or aeration 

but a black residue may remain. 

A plot of the H S-type and non-H S-type waters on separate 
2 2 

Piper-diagrams (Figs. 19 and 20) reveals that: 

a) the H S-type water is classified as "stagnant" to "NaCl-
2 

type" while the non-H S-type water ranges from "recent re-
2 

charge-type" to "stagnant-type" water 

b) the H S-type water has a cation range from "no dominant 
2 

cation" to "sodium-type" while the non-H S-type water has 
2 

"no dominant cation-type" 
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c) the anions of the H S-type water can be classified as "Cl-
2 

type" while the non - H S-t ype water has a anion concentra-
2 

tion that ranges between "HCO -type" and "Cl-type". 
3 

The two water types contain similar concentrations of SO 
4 

In order to assess the origin of the H S-type water/the stabi -
2 

lity fields of various sulphur compounds need to be considered 

(Hem, 1970). 

H S (aq) 
2 

HS 

SO 
4 

2-

FeS 
2 

stable in reducing conditions with a pH less 

than 7 

stable in reducing conditions with a pH greater 

than 7 

stable in oxidizing conditions with a pH range of 

2 to 14 

stable in reducing conditions and the pH may 

range between 0 and 14. 

Because of the slowness of the oxidation and reduction reac-
2 

tions invo l ving S -ions, non-equilibrium S compounds can per -

sist for long periods of time , e . g . H Sand FeS can persis t in 
2 2 

aerated zones . Also, 
2-

non-equilibrium forms such as H Sand 
2 

SO can co-exist under the same conditions. 
4 

The o rigin of H S-type water may b e two-fold. 
2 

Firstly the 

"stinky" water appears to be exclusivel y associated with the 

Middleton Formation which was deposited under reducing condi-

tions. The Karoo sedimen ts stra ti graphically below and above 

this formation were all deposited under oxidizing conditions. 
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The H S within the system is thus probably inherent to the 
2 

Middleton Formation and remains under non-equilibrium condi-

tions. The second possible origin of the H S-type water is of 
2 + 

a more contemporary nature. 
2-

For the pr oduction of H S, the H 
+ 2 

ion and S ion are required. The H ion is produced in many 
2-

chemical reactions involving water while the S ion may ori-
2-

ginate from the oxidation of pyrite or the reduction of SO 
4 

compounds. Bacteria may be important in this regard. 
2-

Impor-

tant sources of SO include rainwater, weathering of sedi-
4 

ments (especially mudstones and gypsum) as well as the weather-

ing of dolerite. 

The sulphurous gas is soluble under pressure and will remain in 

solution in the groundwater system. The migration of the gas 

in groundwater systems is complex and is beyond the scope of 

this report. However, when H S containing groundwater is ab-
2 

stracted, a rapid pressure reduction forces the gas out of so-

lution. The volume of gas released is dependent on the press-

ure reduction. Thus by agitating the water, most of the H S-
2 

gas will be released. 

3.8.6 Suitability of the Groundwater for Domestic Use 

The criteria used to assess the suitability of groundwater for 

domestic use are presented in Table 20. 

Water sampled in four areas consistently contained excessive 

concentrations of TDS, Na, Cl and SO. These areas are: 
4 

a) the whole Kamdeboo unit 



Table 20: 
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Some concentration limits affecting the suitability 

of water for domestic purposes. 

PROPERTY RECOMMENDED LIMIT MAXIMUM ALLOWABLE 
(mg/£) LIMIT (mglQ) 

TDS 500 2000 
pH 6 - 9 5,5 - 9,0 
Na . 100 400 
K 200 400 
Mg 100 150 
Cl 250 600 
504 250 400 
Total hardness 

(as CaC03) 20 - 200 1000 
F 1 , 1 1 ,5 

Nitrate (as N) 10 -

(5.A.B.S., 1971) 

b) south of the De Hoop dam 

c) south of the Moordenaars unit outlet 

d) the area in the vicinity of KN21 on the farm KRUIDFONTEIN 

314. 

All samples analysed had a pH of between 7,0 and 8,1 while no ex-

cessive K or TAL concentrations were recorded. 

Most of the recorded F concentrations were below the recommend-

ed limi t. However, water samples taken during drilling opera-

ti ons near the southern boundary of the Vorster syncline, in 

the middle of the Swart River valley and on the farm Grootvlak-
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te contained F concentrations ranging between 2,2 and 6,7 mg/l. 

These apparently anomalous concentrations cannot readily be ex­

plained. 
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CHAPTER 4 

EXPLOITATION POTENTIAL ESTIMATES 

4.1 INTRODUCTION 

"\-/hen the hydrogeological investigation has been completed and 

the inflow and outflow component of the aquifer have been quan­

tified, the overall groundwater balance of the basin must be 

assessed" (Boonstra and De Ridder, 1981, page 69). Because of 

time and budget constraints it was not possible to quantify all 

the parameters required to satisfy the general groundwat er ba­

lance equation, as proposed by Boonstra and De Ridder (1981). 

In addition it was felt tha t because estimates of the required 

parameters could lead to large errors in the final calculation, 

alternative methods would be employed. Three simple equations, 

based on parts of a groundwater balance equation presented by 

Boonstra and De Ridder (1981), were derived and applied in an 

attempt to estimate groundwater unit exploitation potentials. 

It should be noted at the outset, however, that the methods are 

conservative. 

(1) RECHARGE METHOD 

EXPLOITATION POTENTIAL = R + I - 0 

where R long-term average potential recharge from precipita­

tion in the recharge zone (section 3.5) 

I = subsurface inflow into the groundwater unit 
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(Table 18) 

o ; outflow (subsurface and springflow) from the ground­

water unit 

The assumptions related to the method are: 

a) 5% of the average annual precipitation effectively recharg­

es the groundwater units (Seward, 19 83) 

b) recharge in the aquifer zone is intermittent, assumed to be 

lower than in the recharge zones and can be considered to 

compensate for evapotranspiration losses 

c) based on the 100 year rainfall record of Graaff-Reinet 

(Woodford, 1984), below-average rainfall lasts about 3 

years and is followed by a 2 year above-average rainfall 

period. This means that, on average, the groundwater units 

can be expected to be fully recharged every 3 years. 

The exploitation figure obtained with this method is probably 

the mean volume bf groundwater which could, on an annual basis, 

be abstracted under optimal exploitation conditions. This im-

plies a widespread production network and an optimal management 

strategy. 

(2) GROUNDWATER OUTPUT METHOD 

EXPLOITATION POTENTIAL ; A + 0 

where A; the mean volume of groundwater currently abstracted 

from each unit (Table 17) 

o ; outflow (subsurface and springflow) from the ground-
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water unit (Table 18) 

The exploitation figure derived using this method is the mini-

mum volume of groundwater which can be taken from each unit 

without c reat ing undesirable effects, except when such effects 

have already been encountered as a result of existing ground-

water withdrawal . This is the only method not based on an as-

sumption. 

(3) AQUIFER STORAGE METHOD 

EXPLOITATION POTENTIAL = S ; 3 

where S the volume of groundwater in the aquifer zone (Table 

16) . 

The aquifer storage method is based on the assumption that the 

volume of groundwater stored in the aquifer zone has to last a 

run of three years with limited effective reharge. The average 
-3 

storativity value of 1,1 x 10 ,as derived from aquifer tests, 

was used. This method is the most conservative of the three 

because: 

a) a run of three years with no recharge is unlikely to occur 

except under extreme conditions 

b) the volume of water stored in the recharge zone is not con-

sidered. It is considered to compensate for the residual 

volume of groundwater in the aquifer zone which can never 

really be abstracted economically 

c) the average storativity value is probably conservative. 
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Vanhoolaeghe (1985) determined an $-value of 2,5 x 

for the Gamka fractured aquifer north of Beaufort 

which has similar characteristics to the units in the 

-3 
10 

West 

pre-

sent investigation area. He calculated this value from the 

abstraction record and piezometric data of an aquifer that 

was effectively dewatered by pumping during the recent 

drought. 

(4) MINIMUM EXPLOITATION POTENTIAL 

Without the required quantified data, the calculation of ex­

ploitatio n potentials is extremely difficult. Of the three 

equations employed, the recharge method must be considered to 

be the weakest owing to the assumptions related to the method. 

Johnson (1980) notes that recharge is controlled by both physi­

cal conditions (topography, vegetation, geology, soil charac­

teristics) and climatic conditions (individual precipitation 

event characteristics; seasonal climatic characteristics). In 

this thesis it was not possible to take cognizance of all fac­

tors effecting recharge owing to the lack of quantified data. 

Rather, average conditions have been used. By delineating the 

recharge and aquifer zone (section 3.4) it was felt that a more 

realistic effective recharge volume for the whole unit was ob­

tained. The simplistic approach employed is conservative, ne­

cesitated by the lack of the quantified data. 

The groundwater output method is not based on an assumption but 

the resul t s ob t ained are dependent o n the extent of groundwater 
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development in each unit. Unless undesirable effects such as 

the lowering of the piezometric levels or the induction of 

poorer quality water have been recorded, this method is consi-

dered to be a minimum exploitation potential. 

The assumptions related to the aquifer storage me thod are out-

lined in detail in section 4.1. The major weakness of the 

method is the assumption that the aquifer is only fully re-

charged every 3 years, except under extreme conditions. How-

ever, as municipal groundwater abstraction from the study area 

will probably only take place during drought periods, the as-

sumption is justified. 

The minimum exploitation of a given groundwater unit is the 

lowest of the three methods with the provision that the ouput 

figure (method 2) will be preferred whenever higher than the 

volumes derived with the other methods. It is however ruled 

that no undesirable effects should have been recorded whenever 

method 2 has to be accepted. 

4 .2 POTENTIAL ESTIMATES OF THE FOUR GROUNDWATER UNITS 

4.2.1 Moordenaars Unit 

3 
EXPLOITATION POTENTIAL Method 1 = 16430 m /d 

3 
Method 2 = 430 m /d 

3 
Method 3 5000 m /d 

For undetermined reasons, large-scale groundwater utilization 

in this catchment has not yet taken off. Method 2 therefore 
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gives a grossly underestimated figure. The minimum exploita-
3 

tion potential of the the Moordenaars unit is 5000 m /d while 

the long-teem optimal exploitation potential is in the order of 
3 

16400 m /d. 

Because the quality of groundwater in this unit is good (EC < 

100 mS/m), the safe yield of the unit will ultimately be deter­

mined by: 

a) the effect that increased groundwater abstraction has on 

recharge and/or evapotranspiration losses 

b) the effectiveness of groundwater abstraction which is, 

amongst other factors, a function of the availability of 

economical abstraction points 

c) legal constraints. 

4.2.2 Swart Unit 

3 
EXPLOITATION POTENTIAL Method 1 20370 m /d 

3 
Method 2 8660 m /d 

3 
Method 3 = 5000 m /d 

The volume of groundwater current l y abstracted for irrigation 

purposes has not yet led to a drastic decline of the piezome-

tric surface nor a noticeable increase of groundwater minerali-

zation. 
3 

The minimum exploitation potential is therefore 8660 

m /d while the 

tential is about 

average long-term 
3 

20000 m /d. 

optimum exploitation po-

The groundwater quality of the Swart unit is fit for direct 
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human consumption (EC generally less than 150 mS/m) except 

north of the Kransplaas poort. This portion would have to be 

avoided if large-scale abstraction schemes were to be develop­

ed. All abstraction should therefore take place west of 

G33356, G 33357 and G 33358. The optimum exploitation potential 
3 

would then be in the order of 14000 m /d. 

The observations about the "safe-yield" of the Moordenaars unit 

are also applicable to the Swart unit. 

4.2 . 3 Kamdeboo Unit 

3 
EXPLOITATION POTENTIAL Method 1 = 11370 m /d 

3 
Method 2 = 12470 m /d 

3 
Method 3 7230 m /d 

The future long-term assured supply from this unit is probably 
3 3 

closer to 7230 m /d than to 11370 m /d, because recharge comes, 

to a large extent, from upstream subsurface import. The inflow 

is likely to decrease in future as indications are that g round -

water utilization, in the middle and upper reaches of the 

Kamdeboo catchment, is still expanding. During periods of 

average and below-average rainfall, groundwater storage is 

already being abstracted and therefore little room for additio-

nal groundwater development exists. 

The potential is further reduced by the poor quality of ground­

water in the aqifer zone (maximum EC recorded was 800 mS/m). 

The quality is bound to worsen because of the closed basin 
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nature of the unit, irrigation practices and poor quality water 

import. 

The fresh wa ter exploitation potential of this unit is limited 
3 

to 420 m /d (EC < 90 mS/m). Th is can be obtained at the 

Kriegerskraal poort (KK21 and KK25) . 

4.2.4 Sundays Unit 

EXPLOITATION POTENTIAL Method 1 ~ not applicable 
3 

Method 2 ~ 11530 m /d 
3 

Method 3 ~ 153 70 m /d 

Apart from the hydrocensus, limited research was carried out in 

the Sundays unit. The lack of geohydrological information 

across the arbitary southern boundary makes it very difficult 

to estimate the recharge potential of the unit. 

Large-scale groundwater abstraction takes place in the Aden-

dorp Allotment area and on the farm DE HOOP 436, south of the 

De Hoop dam. Both areas produce poor quality groundwater which 

is not fit for direct human consumption (EC ranges between 200 

mS/m and 900 mS/m). Because of the undesirable quality of the 

groundwater, the minimum exploitation potential of the Sundays 
3 

unit (11530 m /d) has to be accepted with reservation. 

The prime target areas for developing large-scale production 

boreholes are located in the flow convergence zones. In the 
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Sundays unit, this zone is located near three areas which pro-

duce groundwater not suitable for direct human consumption 

(Adendorp Al lot ment area, south of Kransplaas and south of the 

De Hoop dam). Therefore, it is unlikely that large volumes o f 

good quality groundwater could be obtained from the Sundays 

unit. 

4.3 DISCUSSION 

Some basic exploitation potential calculations have shown that 

the possibilities for large-scale additional groundwater deve-

lopment in the Sundays and Kamdeboo units are slight to almost 

non-existent. Most groundwater in these units is also unsuita-

ble for direct urban and industrial supply. A portion of the 

water could not even be recommended for irrigation purposes . 

The present large-scale use of poor quality groundwater is 

borne out of necessity. With time, less surface water, either 

directly as flood water or indirectly via reservoirs (e.g. Van 

Reynevelds Pass Dam, De Hoop Dam), has become available and the 

deficit is increasingly drawn from groundwater sources. It can 

be expected that both the water supply and water quality situ-

ations will worsen even further in these units, because irri-

gation-based agricultural development in the upper sectors of 

the catchment is apparently still expanding. 

The lower limit of 

Moordenaars units 

groundwater exploitation in 
3 

was determined as 8660 m /d 

the Swart 

and 5000 
3 

and 
3 

m /d 

respectively. However, if a groundwater draft of 8660 m /d can 
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easily be maintained in the Swart unit, surely the same quanti-

ty could i n the long run be withdrawn from a unit of similar 

size and nature. The combined minimum potential o f these units 
3 

is therefore no less than about 17000 m /d. Their optimum com-
3 

bined potential may be of the order of 30000 m /d. The volume 

of surplus groundwater currently available from these units is 
3 

approx imately 21000 m /d. 

The groundwater in these units is suitable for direct urban 

supply. No drastic quality deterioration is anticipated if the 

above-mentioned vo lumes are to be exported from the units. 

4.4 POSSIBLE LARGE-SCALE PRODUCTION SITES 

If the Swart and Moordenaars units are to be developed for 

large-scale abstraction, widely spaced abstraction points would 

have to be found. The spacing of the production boreholes that 

would be required is best illustrated by considering five high-

yielding boreholes in the Swart unit (US30, KK17, DT100, 

G33358 and KD103). If these boreholes were to be pumped for 22 
3 

hours a day, 11000 m /d could easily be abstracted. In order 

to abstract similar quantities from the Moordenaars unit, as 

many as 10 production boreholes may be required because this 

unit does not appear to have many high transmissive zones. 

The best si te s for the production boreholes are associated 

with: 

a) the flow convergence zone 

b) densely fractured geological structures (synclines, anti-
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clines, fracture zones). 

The Vorster syncline in the Moordenaars unit would be an obvi­

ous prime target as two high-yielding production boreholes (± 
15 lis) could possibly be sited on the structure. Fracture-re­

lated geological structures do exist to the north of this syn­

cline but would have to be explored and located. Aerial photo­

graphic studies may be helpful in this regard. A number of 

potential production zones were also identified in the Swart 

unit (Brooklyn fracture, Brooklyn dyke, Swart syncline, e t c . ). 

Further detailed geological mapping may reveal more structures 

of a similar nature in this unit. 



119 

CHAPTER 5 

FULFILLMENT OF OBJECTIVES AND HYPOTHESIS 

TESTING 

The principal objective and the specific aims of the study were 

outlined in Chapter 1. A set of study hypo theses were also 

proposed. Chapters 3 and 4 discuss in detail the geohydrology 

and estimated exploitation potential of the investigation area. 

This chapter serves to check whether the aims of the study have 

been fulfilled and to test the hypotheses presented earlier 

(Chapter 1). 

5.1 FULFILLMENT OF THE AIMS AND OBJECTIVES OF THE STUDY 

The principal objective of this study was to quantitatively 

assess the groundwater potential south and west of Graaff-

Re inet, in terms of both quantity and quality. Four ground-

water units were identified (section 3.1), namely the Moorde-

naars, Swart, Kamdeboo and Sundays units. Owing to the lack of 

quantified data requied for the implementation of a groundwater 

balance equation, three simple equations were derived in an 

attempt to estimate groundwater exploitation in the study area. 

The former two units were found to be suitable for further 

groundwater development as both contained good quality water 

(section 3.8.2.1 and 3.8.2.2). The combined optimum 

of the Moordenaars and Swart unit was put at 30000 

potential 
3 

m /d of 
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3 
which 21000 m Id would be available for municipal use (section 

4.3). The Kamdeboo and Sundays units, owing to low exploita-

tion potentials and poor quality groundwater are not suitable 

for further development. 

In order to fulfill the above objective, three specific aims 

and a set of hypotheses were proposed. As the two are closely 

related, the discussion regarding the fulfillment of the aims 

of the study is included in the next section. 

5.2 TESTING OF HYPOTHESES 

Hypothesis 1 The major transmissive zones within the ground-

water units are associated with fractured sand-

stone horizons. 

Forty percent of all water interceptions were obtained in sand-

stone layers while the remaining sixty percent of interceptions 

were obtained in mudstone, siltstone, alluvial deposits and do-

lerite (Table 13). Of the 8 interceptions that yielded more 

than 6 lis, 5 were related to the presence of sandstone. A 

number of minor water strikes were obtained in siltstone depo-

sits. Although it was not possible to determine characteristic 

T values for the different lithologies, the hypothesis, based 

on the drilling results, is accepted. 

Hypothesis 2 Together with sandstones, interbedded siltstones 

and mudstones of low permeability, form lateral-

ly extensive storage zones. 
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The upper part of the Beaufort Group sediments which contains 

the groundwater in secondary openings can, on a large scale, be 

considered to be uniformly fractured. Three aquifer elements 

were identified, namely the fractured aquifer, the transmissive 

production zones and the top leaky layer (section 3.3). The 

transmissive production zones 
-4 

ranging between 1,3 x 10 and 

were found 
-5 

1,9 x 10 

the fractured aquifer ranged between 5,7 

to have a storativity 

the storativity of 
-4 

and 1,2 x 10 
-3 

x 10 

while the storativity of the leaky layer could not be quanti-

fied. It is evident from these figures that most groundwater 

is stored in the . fractured aquifer which consists of sand-

stones, siltstones and mudstone. The hypothesis is therefore 

accepted. 

Hypothesis 3 The fractures and joints have a low storativity. 

The storativity of the fractured aquifer and the transmissive 

production zones (fracture zone) are presented in section 3.3. 

From the storativity values obtained for the two aquifer ele-

ments, it is evident that most water is stored in the fractured 

aquifer and little in the transmissive production zones. The 

production zones are areas which are highly fractured or con-

tain fracture zones. These zones act as conduits and allow for 

the rapid movement of groundwater, but store little water 

themselves. The hypothesis is accepted . 

Hypothesis 4 Hydraulic continuity exists between the allu-

vial deposits and the consolidated sandstones, 
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siltstones and mudstones. 

A top leaky layer, which consists of both alluvial deposits and 

weathered sediments, was identified (section 3.3.3). The layer 

is not found throughout the study area but is generally con-

fined to the central part of the groundwater units . The pre-

sence of this layer above the fractured aquifer results in 

semiconfined conditions. The vertical permeability 
-3 

range between 5,0 x 10 

of the top 

was measured to and 7,5 x layer 
-4 

10 mid. Even though these values are relat ively low, hydrau-

lie conductivity does exist between the alluvial deposits and 

the consolidated sediments. This hypothesis is therefore 

accepted . 

Hypothesis 5 The secondary nature of the groundwater units 

leads to anisotropic geohydrological conditions. 

The initial interpretation of aquifer test data proved pro-

blematic. The construction of conceptual flow models, based on 

geohydrological conditions, and the relative change in piezo-

metric levels indicated the anisotropic conditions prevailing 

at each site (discssed in section 2.5.2.3 and Appendix 4). 

Linear flow or fracture flow was encountered on numerous occa-

sions. Pseudo-radial flow was induced after the early stages 

of pumping, the time of induction being related primarily to 

the degree of anisotropy. The aquifer test data from boreholes 

KK21 and G33401 are good examples of anisotropic flow condi­

tions (see notes in Appendix 4) . The hypothesis is accepted. 
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Hypothesis 6 The principal recharge areas are located in the 

higher lying areas. 

For the sake of convenience, each groundwater unit was divided 

into a recharge and an aquifer zone (section 3 . 4). The divi­

sions were made on the basis of piezometric data (Encl. 3), 

water quality data (Encl. 4) and the principal function of each 

area. Groundwater flow directions indicate that the greater 

part of groundwater recharge takes place in the high-lying 

areas. The recharge zones are characterised by steep hydraulic 

gradients and low potentiometric pressures. It was also recog-

nised, 

charge 

in the 

however, that during prolonged periods of rainfall, re­

would take place through the alluvial deposits located 

central parts of the groundwater units (section 3.5). 

As it was not possible to accurately quantify recharge in each 

zone, the hypothesis cannot be accepted. 

Hypothesis 7 Good quality water is associated with recent re­

charge. 

On the basis of piezometric and water quality data, it was 

found that good quality groundwater is associated with recent 

recharge (section 3.8.2). Electrical conductivity measurements 

taken near the recharge zones tend to be less than 100 mS/m, 

gradually increasing in the direction of flow. Artificial 

recharge from the Kriegerskraal farm dam also resulted in good 

quality water (EC < 100 mS/m). The hypothesis is accepted. 

Hypothesis 8 None of the groundwater in the study area is 
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polluted. 

The change of water quality in the direction of flow (Encl. 4' , 
Fig. 14) indicates that natural hydrochemical evolution of 

groundwater plays an important role in determining water quali­

ty. However, a comparison of the water conduct ivity map (Encl. 

4) and the land-use map (Encl. 2) indicates a good visual 

correlation between the location of poor quality groundwater 

and centres of irrigation activities (discussed in section 

3.8.2.5). This together with the comparison of Na and Cl 

content of waters sampled in irrigated and non- irrigated areas 

(Fig. 17; Fig. 18) strongly suggest that man's act iv ities also 

playa major r ole in determining groundwater quality. It was 

calculated that the application of fertilizers to irrigated 

lands contributes a limited volume of salts to the groundwater 

system, in comparison to the vol ume of salts originating from 

the use of groundwater for irrigation purposes (section 

3.8.2 . 5). The h ypothesis is rejected. 
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CHAPTER 6 

CONCLUSIONS AND RECOMMENDATIONS 

6.1 CONCLUSIONS 

Four large groundwater units were identified to the west and 

south of Graaff-Reinet, the lateral boundaries of each unit be-

ing defined principally by topographic highs and ring-str uctur-

ed dolerite sheets. The aquifers consist of three componen ts , 

namely the fractured aquifer, the transmissive production zones 

and, in places, a top leaky layer. Of the four units identi-

fied only the Moordenaars and Swart units were found to be 

suitable for further large scale groundwater development. The 

combined optimum po tenti al of the two 
3 

30000 m /d, of which about 21000 

units 
3 

m /d 

is in the order of 

is available for 

municipal supply. The mos t sui table areas for production bore-

holes are associated with flow convergence zones and highly 

fractured sedimentary rocks. Any production boreholes would 

have to be spread over the entire aquifer zone. Groundwater 

quality is chiefly determined by natural hydrochemical evolu-

tion processes but, in places, large scale abstraction for 

irrigation has lead to the acceleration of groundwater minera-

lization. 

Detailed hydrocensus work and geological mapping provided a 

basic framework of the geohydrology of the investigation area 

from which further exploration could be planned. The conjunc-
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tive use of geological and piezometric data (used to define the 

flow convergence zones) proved to be an effective exploration 

tool for the siting of high yielding boreholes, while resisti ­

vity work had a limited application to the investigation. The 

mUltiple piezometer aquifer test approach helped to develop a 

good understanding . of the prevailing geohydrological condi­

ti ons and meaningful hydraulic parameters could t hus be ob­

tained. 

6.2 RECOMMENDATIONS FOR FURTHER RESEARCH 

In order to facilitate the re -evaluation of the groundwater ex­

ploitation potential and to monitor the response of the system 

to increased abstraction, th e following work should in future 

be conducted in the investigation area : 

a) a large scale hydrocensus at, say, five yearly intervals; 

b) monthly water level measurements in a selected number of 

boreholes in both the recharge and aquifer zones . Perma­

nent automatic water level recorders should be placed in 

key areas such that inflow, outflow and abstraction 

patterns can be monitored; 

c) periodic water quality monitoring in specific boreholes: 

- electrical conductivity meas urements should be taken at 

the start and end of the irrigation season (August and 

April); 

- full hydrochemical sampling once a year at a fixed date 
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(either August or April). 

Little attempt has been made in the past to quantify effective 

recharge in the Karoo. Rather a percentage of average annual 

precipitation has been assummed to effectively recharge ground­

water systems (section 3.5). Owing to the importance o f re-

charge when considering groundwater balance equations, it is 

imperative that recharge studies be conducted. Greater atten­

tion s h ould also be paid to the hydraulic charac teri s tics of 

what was in this study termed the recharge zone. The Moorde­

naars groundwater unit would be s uitable for such a study as: 

a) limited large scale abstraction takes place in the unit 

b) the on ly input into the sys tem is recharge from precipita-

tion 

c) ou tflow from the unit can easily be determined. 

The results obtained from such a study could then be applied to 

other parts of the Karoo which exhibit similar geohydrological 

characteristics as the present study area. 

In this study the conjunctive use of piezometric and geological 

data was found to be a useful exploration tool. The contention 

that the analysis of these data could be used in other areas of 

similar geohydrological characteristics would however have to 

be tested. 
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LIST OF INVENTORIED FARM UNITS 

CADASTRAL FARM 

ADENDORP ALLOTMONT AREA 

BASONSKRAAL 126 

CORNDALE 333 

DE HOOP 436 

DE VREDE 286 

DOORDRIFT 323 

FERTILITY 315 

GRASRAND 334 

GROOTE VLAKTE 132 

HONINGNEST KRANTZ 277 

KLEINE FONTEIN 195 

KLIPDRIFT 426 

KLIPPEDRIFT 194 

KRUGERS KRAAL 322 

KRUIDFONTEIN 413 

LOUI,S KLOOF 136 

OUDEDRIFT A133 

OVERSHOTT 274 

RATELSFONTEIN 329 

RONDE GAT 191 

RHYNHEATH ESTATES 417 

SPITSKOP 408 

UITKOMST 196 
UITKOMST 314 

VAN DER WALTS HOEK 179 

VAN DER WALTS KLOOF 130 

VLAKPLAAS 131 

LOCAL FARM 

Stockdale 

Corndale 

De Hoop 

Klein De Hoop 

Tandjies View, The Island 

Vrede 

Brooklyn 

l,Iatervlei 

Uitkomst 

Erica 

Grasrand 

Mimmosadale 

Grootvlakte 

Honing Kranz 

Roodeberg 

Kransplaas 

Mooifontein 

Klipdrift 

Klipdrift 

Kriegerskraal 

Belmont 

Kruidfontein 

Melrose 

Daglumier 

Oudedrift 

Beaconsfield 

Irene 

Bothashoop 

Rhynheath 

Spitskop 

Klipdrift 

Uitkomst 

Uitkomst 

Van Der l,Ialts Hoek 

Grand View 

Grand View 

Vlakplaas 



CADASTRAL FARM 

ZEEKOEIGAT 140D 

ZEVENFONTEIN 440 

LOCAL FARM 

Zeekoeigat 

Zeekoeigat 

Charlwood 



roREl DIE IV. roRElDlE YIElD \vATIR ffiIILCT- WATIRLEVEL CU1AR ELEVATIm AB'DU.JTE TYPE OF ANNUAL RfrIARKS 
DEPIlI(m) Q/s IVITI mS/m(25°) IlElJ).v (m) a .m.s .l WATIRLEVEL EQJIFMENJ' A1lSWACITm 

CUlAR (m) ELEVATIm (m') 
(m) a.m.s . 

AD 1 60 I 317 Krag H, S wate r 

AD 2 60 1 Mono H, S water 

AD 3 60 13 ,84 695, I 681, 3 \vp 82 1 

AD 4 60 11,64 698,2 686,6 

AD 5 12 376 Mono 

AD 6 45 13,52 707 ,3 693 ,8 WP 821 

AD 7 45 WP 821 

AD 8 45 25 474 Mono 

AD 9 35 25 193 Mono 

AD 10 55 25 Turb 

AD 11 65 16 19,00 7.16 , 5 697,5 Subm 

AD 12 70 22 - 1 - l sealed 
---------- - ------ - - --- ---------------- --------- --- ----------- --------- --------- ---------- --- -------------------- ----

ADENDOR P ALLOTMENT AREA 



Jnill DLE I'D. JnillDJ E YTEill 14A TIR crnI:IrnvrIY WA1ERLEv'EI., CDUAR ElEVATIaJ AJ:£alIIE TiPE OF EQJIR-1OO' ANNUAL ABSIRACITaJ REMARKS 
mPllI(m) e/s mS/m (25°c) BEl.tJ..I (m) a.m.s. l. WA'TfRLEIIEI.. (m' ) 

CD!1.AR (m) ElEVATIaJ 
(m) a .m.s. 

----- -- - - ------- L.... ___ 

KAMDEBOO lJNTT 

------~---------------------------~-----------------------~----------------------------------------------

VS 20 2 186 WP 821 

BK 2 10\v 126 IvP 82 1 

BK 3 2 WP 821 

BK 4 30 2 Mono 18396 

UK 5 45 2 Krag 18396 

BK 6 25 2 248 Mono 18396 

BK 7 8 ~Iono 73584 

BK 8 8 Mono 73584 

BK 9 6 Mono 55188 

BK 10 1l, Turb 128772 

BK 11 1 1 Mono 101178 

BK 12 17 Mono 156366 

BK 13 110 11 Non o 101178 I\-k;ter strikes lOn, 

25m, 37m 

::_;i _____ l __ :; ___ j __ : ____ l ___ 242 __ ______ ~_:;:: _____ j ___ ;:;:: _____ j __ ;::;~_~ ______ 'O:O ____ __ ___ 4S990 _______ ~ ______________ 

TOTAL : 793491 m 
, 

OIVNER : ~IR. A. CRlIICKSIIANK 
CADASTRAL FARM NMIE : BASSONS KRAAL 126 LOCAL FARM NAME STOCKDALE 



Inlf:HU t\O. tnlliUE YIElD [,JAIm crnarnvrrr WAIHlLEVEL 
Df:PTII(m) e/s rrS/m (25°c) IlI'I.J»I 

mUAR (m) 

MOORDENAARS UNTT 
----------r------------------------------··-----------
CE 3 48 I 0.5 i 245 

CE 4 55 
CE 6 
CE 7 
CE 8 13 
CE 9 24 
CE100 54 

0.5 
8.8 
8.8 
1.0 
1.0 
2.0 

74 

1CX> 
1m 

8,10 

CXlllAR ElEV Anm AlffiWIE 1YPE Of EQJLftflNf 
(m) a .m.s .]. WA11'RI.EVEL 

ELEVATIa; 
(m) a.m.s.l 

WI' 

WI' 

707,3 699,2 WP 

TOTAL: 

ANNUAL ABSIRACITa; 
(m') 

821 

821 

821 

2463m' 

REMARKS 

Alluvium, 
Sediments 
Alluvium, Sediments 
Ible collapsed 
IIJle collapsed 
dry pi t, alluvium 4m 
domestic supply 
sedimmts 38m,dolente 
54m 

NOTE: Spr ingflow originates on the farm and has an es timated flow of 187 955 m'/yr (see lan d use questionnaire) 

S\,ART UNIT 

CE 1 60 0.6 
CE 2 60 0.6 79 
CE 10 42 1.5 100 
CE 11 48 0.2 
CE IS 33 0.1 
CE 16 SO 2.0 
CE 17 66 2.5 104 
~_~~ _____ L __ ~ ____ 4.0 149 ------ - -------------

OWNER: ~IR. W. F. 13. VORSTER 
CliDASTRAL FAR~1 NANE : CORNDALE 333 

[,I' 821 Sedi.Irel1ts 
\V!' 821 Sediments 
\V!' 821 Sediments 

Sediments 
Blocked 
Blocked 

\,P 821 Sedirents 
__ l_t.,~ _____ _ __ ~-,2 ______ __ ~~"'....l ____ Turb 35942 Sediments 

-------------- --------------- -----------------
TOTAL: 3922Ern' 

LOCAL FAR~1 NA~IE CORNDALE 



rrnElUE 110. a:mOE YHlJ) lvATIR CXJoJUXTIVITY I WATIRLEVEL CDU.AR ELEV ATICN AIroWIE twE OF ~JTIt1l'NT ANNUAL AB$IRACIICN REMARKS 
J:EPJl 1(m) e/s mS/M (25°c) IlEl.(J.oJ (m) a.m.s.l. WATIRillVEL (m') 

: I CXLl.AR (m) ELEVATIQ'J 
(m) a. m. s.l 

I I 

KAMDEBOO UNIT 

DP I 45 0.2 
, 

61,35 774 ,4 713 ,0 Sedinents 
DP 2 70 O. I 39 ,67 777 , 4 737,3 IvP 821 Sedinents, borehole 

collapsed. 
DP 3 45 1.0 132 29,02 747,0 718 ,0 WP 82l Sedinents 
DP 4 Blocked 
DP 5 45 0.5 138 31 , 38 685 ,9 654,5 WP 82l Sedinents 
DP 6 30 2.5 16.56 716,5 699,9 Sediments, dolerite 
DP 11 66 10\'" WP 821 Sedinents 

TOTAL: 3284m' 

SUNDAYS UNIT 

11 __ i _____ l:_!!::::::-:;:-:::::::_:~::::1-::;:·i~:-1-::::::_;:-:-l--::;~-;::1:::_::il-::_::J::_:_:!1i_:~ __ ~::::-_: ___ ::::-:: 

TOTAL: 2463m' 

OlmER : O. J. OLIVIER --
CADASTRAL FARM NAME : DE HOOP 436 LOCAL FARM NAME DE HOOP 



ffJREJ Ill: t\O. 1rnElOlE YIElD \,Al1'R crnru;rrVIIY \,A'I'ERlliVEL CXlLAR BEY ATICN AlID1J1E TYPE OF EQJlTMENf ANNUAL ABSIRACTICN REMARKS 
DEPTlJ(m) Q/s mS/m (25°c) BElJJ.' (m) a.m.s .l. WATERJEVEL (m') 

mUAR (m) Jll.VATICN 
(m) a .m.s.l 

KAMDEBOO UNIT 

!!_1!_::: __ ::~i:-:J::61!:l_: __ ill:::::::::---::-:::-J:::::::-:-::::l-::::;;:-:-::::::f,:::::::[::::::!!t-:::::J::::_::::: __ ::_:: 

TOTAL: 2463m' 

SUNDAYS UNIT 

---------------------1-------- ----------------------------------------------------------------- ------------

DP 41 
DP 42 
DP 43 

DP 44 
DP 49 

60 
60 
60 

60 
60 

19 
0 . 2 

6 

5 
0. 5 

621 

200 
143 

OWNER: MR. P. VA N DER [lEJ~G 

CADASTRAL FARM NAME: DE IJOOP 436 

12, 87 

14 , 09 
31,66 

628 ,0 

634,1 
637 , 2 

615 , 1 

620,0 
60S,S 

submer s 49275 

WP 1 821 
- -------------- ----------------

TOTAL: 50096m' 

LOCAL FARM NAME KLEIN DE HOOP 

Collapsed 
Collapsed, alluvium 
12m, Sediments 
Doleri te at 42m 
Dolerite at 42m 



!Dill OLE 1\0. IrnEllXE YIElD HATIR crnrtCTIVTIY WATIRLE.VEl. 
DtPIlI(m) €/s .s/m (25°c) BElJJv 

CXlli\R (m) 

KA~1DEIlOO UNIT 

DP 50 65 101' 
DP 51 10\" 
DP 52 65 10" 
DP 53 65 10\.J 

DP 54 55 ] ,0 17l 

DP 55 I J ], 0 
------------------ ----- -

ID,15 111 

SUNDAYS UNIT 
---------------------------------------------- ------

DP 56 10" 11, 50 
DI' 58 10" 23,17 
DP 60 55 101' 19,98 
DP 61 10" 235 19,07 
DP 62 55 10" 230 14, 74 
DP 66 55 
DI' 67 60 3 6500 
DI' 68 66 3 734 

DP 69 
DP 70 
DP 71 
DI' 72 

DP 73 
DI' 74 
DP 75 

DP 76 
DP 78 

90 
90 
90 

]0 
60 
60 

60 
60 

8 
10 
18 

I Oh' 

]8 
18 

18 
20 

796 
926 

937 
903 

OIVNER: NR. R.A.II. MURRAY 
CADASTRAL FARM NAHE: DE 1I00P 436 

]] ,82 

CXlli\R E11YATIa-J 
(m) a. m. s .l. 

652,0 

634,1 
661,6 
661,6 
649,4 
640,2 

621 ,9 

AImJJIE 
WATIRLEVEL 

ELEVATIa-J 
(m) a .m.s.l 

641,8 

622,6 
638,4 
64],6 
630 , 3 
625,5 

610 ,1 

1YPE OF EIXJTFt-OO 

IvP 
IvP 
IvP 
IvP 
IVI' 

IvP 

TOTAL: 

IvP 

IVP 
IVP 
IVP 
Mono 
Hono 

Mono 
Mono 
Mon o 
Ivl' 

Ivl' 
Turb 
Turb 

Tur b 
Mono 

TOTAL: 

ANNUAL ABSIRACTIa-J 
(m') 

821 

821 

82 1 

2463m' 

821 
821 
821 

39420 
39420 

1051 20 
181400 
236520 

236520 
236520 

236520 
262800 

1526703m' 

REMARKS 

Broken, sed:iIrents 

Broken, sediments 
Broken, sediments 
On calcrete muge, 
sedjments 
Sedjments 

Broken , sedjments 
Sed:irrents 
Sedjments 
Sed:iIrents 
Sedjments 
Poor condition 
Sediments 
Sediments ,struck water 

at ±aln 
Sed:irrents " 
Sedirrents " 
Secii.rrents f I 

Dried up by pumping 
DP 70, DP 71 
Broken, dry 
j.I,S water 
Sed:iIrenlS, struck l;ater 

at ± SOn 
Sedjments 
Sedjments 

" 
" 

LOCA L fARM NAME TANDJIES VII'W, TIlE ISl.ANJ:6 



00REI1JiE N::J. OOREIOLE YIlliJ HATER <LNIXUTVITY HATIRI.EVEL CU1.AR ilEVATICN AlIDlfIE 'WE OF EQ-Jffi1I'NI' ANNUAL ABSIRACTICN IID1ARKS 
DEPTII(m) e/s mS/m (25°c) BE1JJ,.J (m) a.m.s.l. WATIRLEVEL (m') 

CDll.AR (m) ilEVATICN 
(m) a.m.s.l 

---- - ---



roREJ Dill I'D. IUlf:HH: mUl \,ATER c:xML01VI1Y WATERLEVEL CDIl.AR ElEV ATIm AffiJ!lJIE TIPE OF ElJlTF!'IfN)" ANNUAL AffiIRACTIm RFMARKS 
DEPllI(m) e/s m.')/m (25°c) BEl0..J (m) a.m.s.l. \,ATERLEVEL (m') 

CD:JAR (m) ElEVATIm 
(m) a .m.s.l 

6f-'fof-~Jilloo--T-o~I--I---------------T--21~03-T---756~1-----r-735~1---I-------=-------T--------=-----rib~~:;:te-----------
SI,ART UNIT ----------------------------------------- ----------r-------------1----------r------------------------------ ------------------
DT 1 I 25 I 8 I 'I' Turb 29952 Domestic use,sedi-

I ments 
DT 2 30 2,5! 10,75 ~ 716,5 : 705 , 7 I WI' 821 Effected by Dr I 
Dr 3 12 5 : ! \.JP 821 All uvium & SediIrents 
Dr 4 31 2.5 11 ,70 716,5 704 ,8 i \.JP 821 Sedjrrents 
Dr 5 38 3.8 ' WI' Broken 
Dr 6 27 5 10,27 716,5 706 ,2 
Dr 8 36 I 159 17, 18 704 ,3 687 ,1 
lJl' 9 30 2.5 197 20,55 701 ,2 680,7 
Dr 10 30 2.5 
Dr 11 35 2.5 
Dr 12 36 4.4 
Dr 13 68 13 
Dr 14 30 2.5 
Dr 15 78 lJ 
Dr 16 36 3.8 
Dr 17 34 2.5 
Dr 18 29 
Dr 19 60 
Dr 20 30 
Dr 21 42 
Dr 22 2() 
Dr 23 45 
Uf 27 30 
Dr 28 47 
Dr 29 58 
Dr 1m 70 

Dr 101 1 1m 

- ---- - - --- ------~ 

I 
0 .3 

2.5 
2.5 
2.5 
2.5 
0.6 
35 

35 

142 
175 

nil 

222 

68 
1m 
157 

152 
118 
94 

8,23 
lO , 1O 

10,60 

14 ,81 
11,46 
13,22 
21 ,89 
10,22 

13,61 
30,03 
13,97 

710,4 
704 ,3 

698 ,2 

698,2 
707,3 
708 ,8 
719 ,5 
719,5 

725 ,6 
777 ,4 
716,4 

j 7,87 I 707 ,3 

--------------- ---------j--------------

702 ,2 
694 ,2 

687,6 

683 ,4 
695 ,8 
695 ,6 
697,6 
709 ,3 

712,0 
747,4 
702,4 

699,4 

\.JP 
WI' 

WI' 
WI' 
Turb 
WI' 

WI' 

\.JP 
\.JP 
WI' 
\.JP 
WI' 
\.JP 
WI' 
WI' 
T1IRB 

821 
821 

821 
821 

468ffi 
821 

821 

821 
821 
821 
821 

821 
821 
821 

433620 

am. m PAGE 2 

Q,llapsed 
I{'S ;.ater 

Blocked 

!J,S ;.ater 
II,S ,,,,ter 
U,S ,,,,ter 

Brd<en 

Sediments, water s trikes 
24 ,36-56,70 , II,S ,,,,ter 
Sedements , ;.ater stru<es 
13,22-46 ,54 ,70, alluvium 
14m 



roRl'l DiE 1'.0. ro<ElDiE YID.D I,A'IHI a:MXD1VTIY WATIRLEVEL CXX1.AR EI Ell ATIOO AB'll1JJE TYPE OF EQJmn'Nl' ANNUAL ABSIRACTIOO REl-1ARKS 
DfPIll(m) e/s mS/m (25°c) BEl1J.Y (m) a .m.s .l. WATIRLEVEL (m') 

CXX1.AR (m) ELEVATIOO 
(m) a.m.s . l 

----- -

TarAL: 523:al m' 

KAMDEBOO UNIT 

~!::ll::::[--:j-::l---l--J:::::!!:-:::::_J:::;9:14::[:-::;~5:::::_[::::~~~:5-[::::::~~-:::::1::_::::!l::--::l_::--_::_:::--:::-
TOTAL: 2463 m' 

N 

OIYNER MR. D. W. HEROLD 
CADASTRAL FAR~l NA~1E DOORDRJ FT 323 LOCAL FARM NA~1E BROOKLYN 



IrnElDLE t{). IrnDDlE YIELD "ATIR crnurnVTIY WATERLEVEl. OJ:1.AR El.EV ATIa.I AID)flJTE TYPE OF m!1'1ENT ANNUAL ABSIRACTIa.I REMARKS 
DEPIl I(m) e/s mS!m (25°c) BElJ»J (m) a .m.s.l. WATERLEVFL (m') 

CDIlJIR (m) ELEVATIa.I 
(m) a.m.s.l 

~-

MOORDENAARS UNIT 

~~~~~~~~~~J~~~;~~~~[~;~~~~[~~~~;;~~~~~~~~]~~~~~~;;~~[~~~~~~;:;~~~~]~~~~~~~:;~I~~~~~~~~~~~~~~J[~~~~~~~;~~~~~~]~~~~~~~~~~~~~~_ 
TOTAAL: 821 m' 

SWART UNIT 
- - - ------- - ------- ----- - - -------------- ----------------------------------- ------------------------------r------------------
DT 30 20 0 . 5 140 9,47 725,6 716,1 WP 821 Sedierrents 

DT 31 60 9 147 12,94 727 , J 714 , 2 WP 821 

DT 32 30 4 147 WP 82 1 

KK 2 20 0.5 

KK 4 20 0.5 130 WP 821 

KK 5 20 0.3 15(, WP 82 1 

KK 6 25 0.3 13 , 42 737,8 724,4 WP 82 1 

KK 7 25 0.3 136 WP 821 

KK 10 30 0.5 81 16,30 739,3 723,0 WP 821 

TOTAL: 6568 m' 

OIvNER MR. N. KROON 

CADASTRAL fARM NAME DOORDRlfT 323 LOCAL FARM NAME WATERVLEI 



InmDLE r-D. InmDLE YTEW \vATI", crnarnvm I \vATIRLEVT':L I CUlAR Fl.EVATIOO AlmllJlE TYPE OF H7-lfH lENT' ANNUAL Al£IRACITOO lIDlARKS 
D1P1lI(m) e/s ,nS/m (25°c) I BElJJ..! (Tn) a.m.s.l. WA'J1'RLEVEL (m') 

I CDlllJl (m) E1.EVATIOO 
I (m) a .m.s.l 
I 

S\vART UNIT 
---------- -----------------------------------------r--------------------------------------------------------------------------
FY 40 7 .5 

FY 2 30 23 

FY 3 50 28 

FY 4 20 10 71 

FY 5 15 

FY 6 40 7.5 

FY 7 30 25 

FY 8 70 5 

FY 9 30 5 

FY II 65 12 

OWNER HR. J.A. IIAARIlOFF 

CADASTRAL FARN NAflE FERTILTTY 315 

12 , 85 

24,85 

10 , 13 

786,6 

823,2 

838 ,4 

13,85 I 820 ,1 

41,72 l 87l ,9 
--------- --------------

773,7 

798,3 

828,1 

806,2 

803,2 

\VP 

Turll 

\vP 

\VP 

\VP 

WP 

WP 

WP 

Krag 

TOTAl,: 

LOCAL FARM NAME 

821 

112320 

821 

821 

821 

821 

821 

18532 

135778 m' 

IIITKOMST 

Sediment s 

SediIlfflts,Il,S water 
Blocked 

Broken 



!Dill [lIE t{). IrnDDlE YHlJl \,ATm crnax:;rrvrry WATIRLEVEL 'CX)LUlR illEVATIa< AIIDUJIE 'IYPE OF I11-W'l'OO ANNUAL ABSIRACTIa< RfMARKS 
DWIH(m) e/s mS/m (25°c) BflJJ-i I (m) a ,m.s.l. \,ATIRLEIIEl" (01') 

m:1.AR (m) I !'LEVATIa< 
(m) a .m.s .l 

._---- - - ---- ---

SIYART UN rT 

GD 1 55 3.1 306 \,p 821 Contact zone 

GD 2 64 2.8 437 I \,p 821 Contact zone 
I 

GO 3 55 " j "", ""~" _, 
H ,S water broken 

CD 4 I 48 I 101; I I 8,63 701,2 692,6 - - Brack, blocked 
__________ ~ _______ ~ ______ ~ ________________ ~_________ _ ____________ ~ __________ ~---------------~-------------- 4--------------

SWART UNIT 

GD 7 31'i 

GD 8 36 

CD 9 

CD 10 

36 

43 

8. I 

15 

1.5 

138 

412 

469 

100 

TOTAL : 

Turll 

\,p 

Mono 

27 , 18 714 ,9 687,7 \v!' 

TOTAL: 

Note : lias got low yi elding seasonal spring with Il,S smell - not used for any purpose 

O\YNER MR. C. J. VAN DEN BERG, MR . K. VENTER 

CADASTRAL FARM NAME: GRASRAND LOCAL FARM NAME 

1642 m 
, 

58787 &mdstone ? 
H,5 waLeI' 

821 II,S "ater 

117936 

821 

178365 m' 

ERICA, GRAS RAND 



IDRElD!.E rIO. InillDIE naJl I,ATER a:NruTIVTIY I,ATERlliVEL CDl.J.AR F1EVATICN AB'DllITE 'ffi'E Of 81JlFl'HNr ANNUAL AffillQ\CTICN R8'lARKS 
llEPTl I(m) e/s nS/m (25°c) BElJJ.1 (01) n.m.s .l. l'ATEHI.1ML (m') 

aUAR (m) El.EVATICW 
(m) a.m.s.l 

MOORDENAARS UNIT 
-------------------1------
GO 11 76 I 0 . 4 

GO 12 30 0 . 4 

GO 13 31 I 12 

----~~--------l----------r-------------l-----------------:~------

248 I I wr 
821 sediments 

821 sediments 

sediments 

GO 14 30 1.3 I,P 821 sediments 

GO IS 30 1.3 Ill' 821 sed"i.ments 

GD 16 27 I. J I,P 82 1 sediments 

GO 17 30 3.8 Tlirh 4914 

GD 18 30 1.3 I,P 821 sediments 

GD 19 40 35 Nonn 24570 sedi.ments 

GO 20 30 3.8 201 TlIrll 14742 IJ,S ""ter. se<bIrCI' 

TOTAL: 49152 01' 

OIINER NR. D.C. CONRAllTE 

CADASTRAL FAR~1 NANE GRASI~ANll 334 LOCAL FARM NMIE HH10SADALE 



BJREJ or E t{). 

KANDI'lIXl lINTT 

GV 1 
GV 2 
GV 3 
GV 4 
GV 5 
GV 7 
GV 8 
GV 9 
GV 10 
GV 11 
GV 12 
GV 13 
GV 14 
GV 15 
GV 16 
GV 17 
GV 18 
GV 19 
GV 20 

BJREJOIE YIEW 
Df:PIl 1(m) e/s 

- - ----

50 37,5 
40 25 

30 

30 
30 

30 

30 

80 

12 
12 

50 

1m, 
Jow 

10\.,1 

IvATER CXNILCJ1VTIY 
mS/m (25°c) 

'---------- --

97 

114 
141 

143 

144 
68 

WATERI.EVEL CIUAR El.EVA'ITaJ AIIDI1JIE i . TYPE OF EQ.ITFmIT ANNUAL AffiIRACTIaJ 
nF1JJ.v (m) a.m.s.l. WA1i'RLEVEL (m' ) 

CXUAR (m) El.EVATIO!'1 

----~-------
(m) a.m.s.l 

, - -

-----------------------l----------l-------------------------------
2,54 I 676,8 674,3 I - I -
2,04 

4,60 
4 ,60 
2,29 
0,48 
0,32 
0,80 
0,00 
3,58 
2 , 92 
9 , 30 

19,02 

676,8 

676,8 
676,8 
670,7 
670 , 7 
670 , 7 
673,8 
670 , 7 
68J , 4 
676 ,8 
670 , 7 
670 , 7 

I TLI r b 54000 
i Turb 36000 
! 674,8 

I 
! , 672 , 2 

672,2 
668,4 
670,2 
670 , 4 
673 ,0 
670 , 7 
677,8 
673 , 9 
661,4 
651,6 

IvI' 

IvI' 

CentrH 

WI' 
\VP 

IVP 

82 1 

821 

74520 

821 
82 1 

821 
---------------~--------~-------------~----------

TOTAL: 168625 m' 

o\VNER NR. C. DORFLINC 

CADASTRAL FAR~I NMIE GROOT VLAKTE 132 LOCAL FARM NAME GROOTVLAKTE 

lID1ARKS 

H,S water 
H,S water 
II,S water 
II,S water 

Dry hole 

artesian 
artesian 
artesian 
artesian , H1S,flowin~ ) 

dry hole 



IllillUE t{) . 1llill0i.E YIElD HATER (DIIIlXTIVITY WA1lRJEVEL aUAR ELEVATIO'l AlffiWTE 1YPE or H}JIThIENf ANNUAL AlmRACTIO'l Rl'MARKS 
DtFIll(rn) e/s n6/rn (25°c) BOO, (m) a .m.s .l. I,ATERLEVEL (m') 

CU.LAH (m) ELEVATIO'l 
(m) a .m.s .l 

KA~1DEBOO UNIT 

_________ ________ _ _____ ~______________ --------__ l _____________ l__________ ______________ _ ______________ J ______________ _ 
::--~----l---~~---l--~:~------;~~--------l---~~::~-------~~~::---------~~~::-[------~:------[-------:~;----------------------

TOTAL : 1642 m' 

OI,NER HR. B. HOBSON 

CADASTRAL FAR~I NANE KLEINE FONTEIN 195 LOCAL FARH NMlE ROODEBERG 



BJRElDIE in. BJRElDLE YTElll WATIR CLNl1rITVITY WATIRLEVEL ClllAR ElEV ATIal AJ3."()llJIE TYPE OF RUIlffiIT ANNUAL Affi1RACITal REMARKS 
DEPllI(m) e/s ITS/m (2S0e) BElli, (m) a.m.s.l. WATERI1M'L (m') 

aJllAR (m) ElEVATIal 
(m) a.m.s.l 

-----

NOORDENAARS UNIT 
----------------------------------------------------r - ------------T-----------------------------------------------------------

45 I I I 153 I I I I WP I 821 
HZ 1 

HZ 4 45 J ! I,P 821 

HZ 5 

HZ 6 

HZ 7 

HZ 8 

HZ 9 

lIZ 10 

HZ 11 

HZ 12 

HZ 13 

HZ 14 

HZ 15 

HZ 16 

HZ 17 

HZ 18 

HZlOO 

60 

45 

55 

45 

2.5 

45 

45 

60 

45 

45 

45 

45 

45 

45 

1 

1 

2.5 

1342 

2.5 

1 

1 

1 

1 

3.8 

OWNER NR. R. BIGGS 

67 

349 

164 

129 

CADASTRAL FARN NANE HONINGNEST KRANZ 277 

I 
43,93 I 

12,60 

15 ,78 

20,16 

8 ,43 

25,33 

817,1 

777,4 

777,4 

780,4 

789,7 

798 ,8 

773,2 

764,8 

761,6 

760,2 

781,3 

773,5 

WI' 

1,1' 

WP 

I,P 

I,P 

I,P 

WI' 

IvP 

WP 

I,P 

WP 

WP 

I,P 

Turb 

TOTAL: 

LOCAL FARN NANE 

821 

821 

821 

821 

821 

821 

821 

821 

821 

821 

821 

821 

821 

5200 

17515 m' 

HONI NG KRANZ 

weak 

weak 

dyke contact 



IDREl ru 110. IDRElOLE YIEIll \VATER cnnx.crNITY l'ATIRl.EVl'1J 
DEPIlI(m) RJs mSim (25°c) BEW, 

c:ruAH (01) 

SWART UNIT 

KD I 50 low 
KD 2 23 10'''' 8 ,59 
KD 3 blocked 
KD 4 60 3 197 8 , 07 
KD 5 33 0.2 178 11,51 
KD 19 66 50 457 

KDlOO 100 20 460 7 ,80 

KDI03 44 50 372 

c:ru.AR EillVAl1(}1 AB.'DIlJlE 
(01) a .m.s.l. l'ATIRI..r.'VEL 

ilEVAl1(}1 , 
(01) a.m.s .l i 

689,0 680,4 1 

685 ,9 677 ,8 
689,0 677 ,5 

685 ,9 678 ,1 

TYPE OF E17JIItllM' ANNUAL ABSIRACIT(}I 
(m') 

WP 821 
IV? 821 

\vP 82 1 
WP 821 
Turb 483840 

REMARKS 

doleri te at SOn 
sediments 
II,S, artesinn 
sediments 

sediments, strikes a 
at JOn, 4:m, 52m 
II,S water , 250nm 
diam2ter 
Mlin ,;ater strikes 
ISm, 4%, 6Qn, 73m, 
speckled snndstone 
60n to 75m 
,I,S ""ter, 250n 
diameter 
Main water strikes 
16m, JOn, 43n 

---------~-------~-------~---------------~---------~-------------~---------

SUNDAYS UNIT 
------ -------------------
KD 6 76 0 . 2 
KD 7 66 low 

KD 8 60 low 

KD 9 55 0 . 2 
KD to 66 low 
KD II 85 low 
KD 12 55 0 . 2 

TOTAL: 487124 m' 

--------------------------1--------------,-----------, -------~~-------, -------82~-----

419 WP 821 
i 

30 ,80 j 652,4 621 ,6 
I 

20 , 66 i 655,4 634,7 
203 WP 821 

20,84 I 658,5 637 , 3 
WP 821 

sediments , ,;ater 
level dropped 
dolerite contact , 
waterlevel dropped 
sediments 
sediments 
sediments 
sediments 

CONT . PAGE 2 



IrnEIDLE 110 0 IDRElDlE YIDll \oJATIR crM:tCITVlTY WATERLEVEL CDl.LAR ml'ATIOO AIDJLUIE 1YPE OF EQJID1ENI' ANNUAL ABSIRACTIOO REMARKS 
DEPIH(m) 2/s mS/m (25°c) BEW, (m) a omosol. WATERlEVEL (m') 

CXXlJ\R (m) ElEVATIOO 
(m) aomosol 

SlINDA YS UNIT (CONT o FROM PAGE 1) 

KD 13 33 10" 14,24 662 ,4 648,2 sediments 
KD 14 40 544 16 , 16 667,8 651,6 WP 82l sediments 
KD 15 40 50 560 16 , 74 670,7 654 ,0 WP 821 yield sus pect? 
KD 16 66 10\4 19 ,40 673,7 654 ,3 sediments 
KD 17 40 10" 163 41 , 33 701 , 2 659 , 9 wp 821 sediments 
KD 20 66 6 475 Turb 11 700 domestic use 

--------- --------- ------------ --- ---------- - -------- --- ---------- -------- ------- ------ - ----- - -- --------------
TOTAL: 17447m ' 

OWNER MRo CoBo ENSLIN --
CADASTRAL FARM NAME KLIPDRIFT 426 LOCAL FARM NAME KRANSPLAAS 



IDREHlLE 1'.(). EffiElOlE 
DEl'IlI(m) 

SlyART UNIT 
--------- -------

KD 22 60 
KD 23 60 
KD 24 60 
KD 25 60 
KD 26 60 
KD 37 106 
KD 38 60 
KD 102 50 

KD 104 60 

KD 105 50 

SUNDAYS UNIT 

KD 27 60 
KD 28 60 
KD 29 60 
KD 30 60 
KD 31 60 
KD 32 60 
KD 33 60 
KD 34 60 
KD 35 60 
KD 36 100 
KD 39 60 
KD 40 36 
---------- --------

YIElD lyAm CXNILCITVITY WATIRl...EVEL 

~~'TIiliI: [~~-Us mS/m (25°c) BEIiNJ (m) a.m.s.l. IYATERLEVEL 
CUlAR (m) ElEVATION 

(m) a .m. s .l 
- ---- - ----

------r----------------------------------------r---------6 266 6 , 56 682,9 676 , 3 
0 .6 23 , 72 713,4 689 , 7 

13 178 9,51 699,0 689 ,5 
1 
1 

0.1 100 
0.1 107 
1. 5 3,77 

0.4 

3 

0 . 5 35,71 682,9 647,2 
6 
6 8,09 637,2 629, 1 
1 

0.2 
101< 

101; 

15 
5 
18 
3 205 
6 

------~---------------

lyP 
I.JP 
Turb 
lyP 

lyP 
W1' 

TOTAL : 

IvP 

WP 

Turb 

Turb 
Turb 
Turb 

TOTAL: 

OIYNER MR. J. KROON 

CADASTRAL FARM NAME KLIPDRIFT 426 LOCAL FARM NAME MOOIFONTEIN 

ANNUAL AIlSIRACTICN 
(m' ) 

- --- --

821 

10483 
821 

821 
821 

13767m' 

821 

82 1 

78840 

94608 
27594 

202684 m' 

REMARKS 

H,S sediments 
broken 
sediments 

blocked 
sediments, dolerite 
sediments, dolerite 
O-an sed iments, 
7-33 dolerite 
34SOn sediments 
drilled in spring 
sediments, water 
strikes 43n,53n 
sediments 

collapsed 
H,S water 
sediments 
blocked 
blocked 
blocked 

sealed 

not in use 



fDREIDlE m. IDREHXE YIElD I"ATIR CXl\IIlU'IVTJY VlA'IERLEVEL CXlllAR EillVATICl'I AffiliJIE TYPE OF ANNUAL ABSTRACTICl'I REMARKS 

DEPTII(m) 2/s mS/m (25°) I3I'l.O..J (m) a .m. s .l. WA'IERLEVEL EWIR1ENT (m') 

CXlli\R (m) ElEV ATICl'I 

(m) a .m.s. l 

MOORDENAARS UNIT 
--------- -------- ----- ---------------r----------------------l---------- --------- ------------- ---------------------------
KT 1 60 low brak I WP 821 effected by level of dam 
KT 2 40 1 WP dolerite, WP brcken 
KT 3 30 1 WP 821 sediments 
KT 4 30 0.5 116 WP 821 sediments 
KT 5 60 low sediments 
KT 6 60 low 21,65 656,7 835 ,0 WP broken 
KT 7 29 3.8 sediments 
KT 8 38 1 
KT 9 67 6 Mono 55188 H,S water 
KT 10 55 7 sediments , collapsed 
KT 11 55 H,S wate r , blocked 
KT 12 67 1 24,15 875 850 ,9 Subm 9198 H,S , dolerite 12m,sediments sSm 
KT 13 67 I WP 821 H,S , dolerite 12m, sediments 5Sm 
KT 14 30 16,37 884, I 867 , 7 
KT I S 25 I 56 WP 821 
KT 16 11 8 0.1 33 , 28 939,0 905,7 dolerite to 69, sediments 49m 
KT 17 125 0 .1 hit dolerite at 125m 
KT 18 100 0.1 dolerite to 72m 
WE 1 55 I 27 ,62 826,2 798,6 WP 821 sediments 
WE 2 67 I WP 821 bated sedimen t s 
WE 3 24 0.1 dolerite from 8m 
--------- -------- --------------- ----------------------- - - --- -------- ------ - ------------ ----------------- -------- ---

TOTAL: 70133 m 
, 

OWNER MR. C. J OUBERT --
CADASTRAL FARM NAME KLIPPEDRIFT 194 LOCAL FARM NAME KLIPDRIFT 



BJREBJIE 1\0. IrnElDI.E YTIlll \vATIR crnrtCITVITY 

DEPIlI(m) e/s rrS/m (25°) 

MXRDENAARS UNIT 

--------- -------- -

KT 20 60 11 

KT 22 45 loh' 

KT 21 60 8 

KT 24 90 0.2 

KT 25 24 0.1 

------ - --- - ------

OWNER MRS. W. KROON 

CADASTRAL FARM NAME KLIPPEDRIFT 194 

, 
WA'fERLE)JEl. CXl.lAR fiEV Anal AB'DUITE TYPE OF 

BElD, (m) a.m.s.l. \vATIRLEVEL ~ 
CXLLAR (m) ELEVATION 

(m) a.m.s.l 

Mono 

WP 

TOTAL: 

LOCAL FARM NAME 

ANNUAL AHSTRACITal 

(m') 

72270 

821 

73091 m' 

KLIPDRIFT 

REMARKS 

dolerite 2l-52m 

blocked, allivium & sediments 

alluvium & sediments 

collapsed 

collapsed 



BJRflDLE N:) . IrnEIDLE YIEIJ) WATER c:r::NIU:TIVITY IVA'ImLEVEL CXliAR ELEVATION AB'DWTE 

DEPIH(m) e/s rrS/m (25°) BElIJ.oI (m) a.m.s .l. WA'rmEIEL 

CXliAR (m) ELEVATION 

(m) a.m.s .l 
SWART 

! I 

I KK 12 60 I 12 i 
KK 13 85 I 8 
KK 14 100 3 83 I 
KK 15 30 2 I 

KK 17 85 19 
KK 16 85 6 88 j 
KK 18 60 2 11 0 33,76 762,2 728,4 
KK 19 32 1 137 24 , 62 743,9 719 ,3 
--------- ------- - - ----- - - ------------ --------- ------------- ----------

KAMDEBOO 

KK 20 24 2 
KK 21 75 40 
KK 22 53 low 
KK 23 60 15 
KK 24 60 15 
KK 25 6 
KK 26 73 15 
VN 12 25 2 
VN 13 30 2 
VN 14 30 2 
-------- - -------

OWNER MR. G.O. SPENCE 

91 

93 

89 
89 

13,53 
13 ,50 
15,26 

716,5 703,0 
716,5 703,0 
716,5 701 , 2 

TYPE OF ANNUAL ABSTRACTION REMARKS 

EWIR1ENT (m') 

Mono 26460 sediments 
- - sediments 

(-IP 821 sediments 
WP 821 sediments 
Mono 1404 sediments 
Turb 75600 sediments 
WP 821 sediments 
HP 821 dolerite at 25m? 

--------- -------------- ---------------------------

TOTAL: 106748 m' 

WP 821 
Turb 57915 
HP 82 1 

blocked 
Turb 22275 flows with good rains 

open 
open 

HP 821 
WP 821 
WP 821 I broken 

TOTAL: 84295 m' 

CADASTRAL FARM NAME KR!JCERSKRAAL 322 LOCAL FARM NAME KRIECERSKRAAL 



IDRfl DLE t,O. !DIDDLE YIEIJ) WATIR crnru::nVITY WATffiLEVEL CXlLAR ElEVA1100 AlIDLUIE TYPE OF ANNUAL AffiIRACI100 REMARKS 

DEPI1I(m) e/s mS/m (25°) BlliNI (m) a.m.s.l. WATffiLEVEL EIJJIF!'1lNI' (m') 

CXlLAR (m) ElEVATIOO 

(m) a.m. s .l 
--

SUNDAYS UNIT 
- - ------- ------r------------------r-------- ------------------------ -------- ---- ----- ----- ------------ - ---- -----------
KN 1 83 1 92 22 ,00 762,2 740,2 WP 821 sediment s 
KN 2 66 I 108 WP 821 sediments & al luvium 
KN 3 66 1 WP 821 sediments & alluvium 
KN 4 66 , 1 WP 821 alluvium & sediments 
KN 5 73 1 25,40 765,2 739,8 WP 821 alluvium & sediments 
KN 6 93 19,00 774,4 755,4 WP 821 
KN 7 73 1 102 WP 821 alluvium & sediments 
KN 8 90 10 11 0 Turb 131400 alluvium & sediments water strike 25m 
KN 9 83 1 35,20 762,2 727,0 WP 821 alluvium & sedimen ts 
KN 10 66 1 126 WP 821 alluvium & sediments 
KN 11 
KN 12 107 WP 821 I sediments 
KN 13 107 WP 821 
KN 14 552 WP 821 
KN 15 50 I 110 WP 821 I alluvium & sediments 
KN 16 66 1 WP 821 sed i ments 
KN 17 121 WP 821 
KN 18 168 31 ,60 759,1 727,5 WP 821 
KN 19 60 1 WP 821 alluvium & sediments 
KN 20 70 1 145 58 ,48 759 , 1 700,6 WP 821 alluvium & sediments 
KN 20 50 1 755 26 , 47 725,6 699,13 \,P 821 alluvium & sediments 
KN 22 96 WP 821 
KN 23 183 WP 821 
KN 24 192 23,30 689,0 665 , 7 WP 821 I sediments 
KN 25 66 348 WP 821 
KN 26 50 558 22 , 62 713 , 4 690,8 WP 821 I alluvium & sediments 

CONT. ON PAGE 2 



B'JREHllE t..o. InlElIXE YIEl1l I,ATIR crnru:TIVITY WATERlEVEL CXlJJ.AR ElEV ATICN AB'DWfE TYPE OF ANNUAL ABSIRACTICN REMARKS 

DEPIlI(m) e/s mS/m (25°) !lEW. (m) a.m.s.l. WATERlEVEL EQJIMNI' (m') 

CXlJJ.AR (m) ElEVATICN 

(m) a.m.s .l 

KN 26 60 1 j 370 24,81 710,4 I 685,6 WP 82 1 alluvium & sediments 
27 33 

, 
327 21,72 695 , 1 673,4 WP 82 1 KN 1 

I 
alluvium & sediments 

KN 29 , 314 I I'P 821 I 
KN 30 60 1 207 17,64 683 , 2 665,6 WP 82 1 al luvium & sediments 
KN 31 30 10 : 221 

I 
I Turb 131 400 

KN 32 63 1 , I WP 821 alluvium & sediments 
KN 33 36 1 ; 12,20 673,8 I 661,6 , WP 821 alluvium & sediments 
KN 34 i I,P 821 sediments 
KN 35 76 1 I WP 82 1 alluvium & sediments ! 
KN 36 36 1 I 92 27,54 865 ,8 838,3 WP 821 sediments N 

KN 37 211 47,30 817 ,1 769,8 WP 821 
KN 38 106 WP 821 
KN 39 53 39,88 754,6 714,6 \,P 821 alluvium & sediments 
KN 40 60 1 92 30,96 84 1, 5 810 ,5 WP 821 sediments 
------------------ ----- ------------- - ------------------ ------ - ----- --- - ------- - -------------- --------------- -----------

TOTAL: 293177 m' 

OWNER MR . A.G. MC NAUGHTON 

CADASTRAL FARM NAME KRUIDFONTEIN 413 LOCAL FARM NAME BELMONT 



rowlJlll I'D. rowlJlll YIDJ) HATIR cmru::r- \vATIRLEVEL CXl1.AR ELEVATICl'i AlmI1JfE TIPE OF ANNUAL REMARKS 
DEPIH(m) e/s IVTIY mS/m(25°) BlliJ,v (m) a.m.s .l IVATIRLEVEL EqJIFMENJ' ABSJRACITCl'i 

CXli.AR (m) ElEVATIOO (m') 
(m) a.m.s.l 

SUNDAYS UNIT -------------------1------1------------------------7 -------------'-----------I---------r --------------- - ---------------- ------- _. 
KN 41 25 I low 124 1 I IVP 821 I Sediments , H, S 

KN 42 

KN 43 

KN 44 

KN 45 

25 

25 

60 

45 

8 

8 

10'4 

low 

106 

97 

OWNER MR . O.P.J. FOURIE 

CADASTRAL FA RM NAME KRUIDFONTEIN 413 

SUNDAYS UNIT 

10,77 731,7 720,9 

LOCAL FARM NAME 

Turb 

Turb 

WP 

WP 

TOTAL: 

105120 

105120 

821 

821 

212703m ' 

KRUIDFONTEIN 

---------------------------------------------------r---------------------------------l----------
KN 46 I 40 I low I 144 I , I 1 WP ! 821 

KN 47 40 

KN 48 30 

KN 49 33 

KN 50 35 

10\v 

8 

21 

8 

11 7 

5 ,63 728,7 

KN 51 66 

nL2L ____ 35 - -------
_l~~ __________________ ~~~~ ___ l _____ ;~:~~ __ _ 

OIVNER: MR. N. L. KROON 
CA DASTRAL FARM NANE : KR UTDFONTEI N 411 

723,1 

WP 

WP 

Tur b 

Turb 

_ __ ;~~~: __ L;:Q~. __ _ 

821 

821 

105120 

105 120 

821 

65700 ---------
TOTAL: 279224m' 

l.OCA1. FARM NAME : Mrll?n<:r 

Sediments , H, S 

Sediments, H, S 

Sediments 

Sediments 

Sediments 

Sediments 

Wind pump 

large well, water level perched 

Sediments, H,S water 

Sediments, H,S water 

_~~Q!~~~t§~_~~2I_Q!t _________ _ 



lDREl UE t{). IffiElUE YIElD IVATER crnro:::r- IVATERLEVEL • CXllAR ELEVATICl'I 
DEPIH(m) £/s IVITY mS/m(25°) J3ELCM1 (m) a .m. s .l 

CXllAR (m) 

KAMDEBOO UNIT 
--------------------------------------------- --------------------

OD 1 
OD 2 
OD 3 
OD 4 
OD 5 
OD 6 
OD 7 
OD 8 
OD 9 
OD 10 
OD 11 
OD 12 
OD 13 
OD 14 
OD 15 
OD 16 
OD 17 

35 

33 

21 
33 

22 
22 

I 13 1 
40 : 

101. 
20 
12 

101; 

10\" 
10h' 

lo\.,r 

low 
low 

3 

148 

85 
59 

127 
120 

75 

148 

60 

61 

OIVNER MR. H. STEVEN - JENNINGS 
CADASTRAL FARM NAME OJDEDRIFT A133 

12,57 
9 , 77 

10,42 

8 , 08 
11 , 05 
30 , 56 
9,64 

694 ,5 
686 ,0 

689 ,0 

676,8 
682,9 
722,6 
678,4 

AB9JllIIE 
IVATIRLEVEL 
ELEV ATICl'I 
(m) a.m.s.1 

681,9 
676 , 2 

678 ,6 

668 , 7 
671 ,8 
692,0 
668,8 

TYPE OF ANNUAL REMIIRKS 
aprFMENf ABSIRACITCl'I 

(m' ) 

--::::---r----------~-:::-::-:::------------------
Mono 
IVP 
IVP 
Mono 
Mono 
IvP 
IVP 
IvP 
IVP 
IVP 
IVP 
IVP 
IVP 
lVP 
IVP 
Sub 

TOTAL: 

I 

82l 
82 1 

14400 
821 

821 

821 
82 1 
821 
821 
821 
821 

16848 

39458m' 

LOCAL FARM NAME 

not in use 

sediments 
HlS, sediments, not in use 
H,S, sediments 

broken 
alluvium= 14m 
broken, sediments 

domestic supply 

OUDEDRIFT 



! 
, , I I 

IDRElDLE I'D. IDREllJIE I YffiD I,ATIR CXNXa- WATIRLEVEL . COlJ.AR ElE.VATICN AlillLUIE TIPEOF I ANNUAL REMARKS 
DEPlH(m) , e/s IVITY mS/m(25°) BEl.O..J ! (m) a.m.s.l WATIRLEVEL ErPIfMENI' ABS1RACTICN 

COUAR (m) 

I 
ElE.VATICN (m') 
(m) a.m.s.l 

- - ---- - - - - --- -

KAMDEBOO 

-------------------]------DL 1 73 19 
DL 2 2 
DL 3 1 

-------------------------------------l-------------------,-----------------------------------------
477 I I I Mono I 65520 

! - I - Collapsed 
664,6 658,5! - - very brack, near river 6 , 11 

DL 4 45 1 
DL 5 30' 1 

WP 82 1 very brack 1370 

DL 6 45 1 
DL 7 33 7 
DL 8 45 2 
DL 9 45 1 
DL 10 1 

121 
102 
126 

DL 11 26 8 110 

20,36 
20,34 

40,50 

676,8 
676,8 

722,6 

656,4 
676 ,8 

682,1 

DL 12 60 1 23,75 689,0 665,2 
DL 13 1 17,67 676,8 659,1 
DL 14 1 15,37 667,7 652,3 

WP 82 1 
WP 821 
Sub 68796 
WP 821 
IVP 821 
WP 82 1 
Mono 65520 

DL 15 63 12 Mono 45864 
821 
821 

DL 16 45 1 30,93 716,4 685 , 5 WP 
DL 17 30 8 HP 
DL 18 30 4 

H,S water 

DL 19 45 0.1 WP 821 _______________ ~___ ____________________ ________________________ _________ _ ________ L __________ ~ _____________________________ _ 
TOTAL: 253089m' 

KAMQ~~QQ ______________________________________________ ---------------------J--~~-----l-----~;i---l---------------------
~~-1 ___________ ~! _________ ~~~ ________________________________ _ 
------------MN 2 ------------------------------------------------- TOTAL: 1642m' 

OI-INER MR . S. STEYNBURG 

CADASTRAL FARM NAME LOUWS KLOOF 136 LOCAL FARM NAME DAGLUMIER 



IrnElUE N:J. IrnElOLE YIEI1l I WATER cx:m.cr- WATERLE\IEl, I CXl!LAR ElEVATION AlIDJJIE TYPE OF ANNUAL 
DIPIH(m) e/s IVTIY mS/m(25°) BlliHI , (m) a.m.s .l WATIRLEVEL ErPffi'1ENI' ABSIRACITaI 

CXUAR (m) ElEVATIaI (m' ) 
(m) a.m.s .l 

MXlRIlfNAAR<; (INTI 

OT 1 50 
OT 2 90 
OT 3 60 
OT 4 90 
OT 5 50 
OT 6 50 
OT 7 50 

-------------------l---------------------------------------------7----------
lo,, ! 119 I i WP I 821 

5 • I 33 ,82 768,3 ! 734,5 ; WP I 821 
4 I 12, 33 753,0 i 740,7 ; - I -
3 I' 11,12 753,0 741,9 

low WP i 82 1 
l ow WP I 821 

5 204 I WP . 821 
OT 8 50 low 80 WP 821 
OT 9 90 10" WP 821 
OT10 50 0 . 5 70 8,64 780,4 771,8 IvP 821 
OT11 50 10\; 110 WP 821 
OT12 50 low 127 WP 82 1 
OT13 90 15 Turb 46656 
OT14 90 6 Turb 18662 
OTIS WP 821 
OT16 12, 97 753 ,0 740,0 WP 821 
OTl7 WP 821 
OT18 WP 82 1 
OTl9 137 11,44 753,0 741,6 IvP 821 
OT20 90 3 Turb 3888 
OT21 15,40 756 ,1 740,7 WP 82 1 
OT22 WP 821 
OT23 WP 821 
OT24 50 
OT25 50 __ ~~~ __ l ____________ l __ ~~~~9 __ J _____ ~~~ ______ 1 __ ~~~~~_--J--~;---- ____ ~Jl __ _ 

TOTAL: 85626m' 

OlvNER MR. T. SPENCE 

Rlli\RKS 

Sediments 
Sediments 
sandstone - soft 
sandstone - soft 
Sediments 
Sediments 
alluvium & sediments 
alluvium & sediments 
water level dropping 
Sediments 
Sediments 
alluvium & sediments 
Sediments 
Sediments 
Sediments 
Sediments 
Sediments 
Sediments 
Sediments 
Sediments 
effected by river flow 
Sediments 
Sediments 
domestic supply, sediments 
Sediments 

CADASTRAL FARM NAME OVERSHOT 274 LOCAL FARM NAME BEACONSFIELD 



1 
roRElDLE I'D. roRElDLE YIElD I,ATER crnrx.cr- I,ATIRLEVEL CXlUAR E1EV ATICN APa)WIE TYPE OF 

DEPIll(m) Us M1Y mS/m(25°) J3ElO..J (m) a.m.s.l WATERLEVEL EQJID1ENT 
CXlUAR (m) ELEVATIQ'I 

(m) a.m.s.l 

MOORDENAARS UN IT 
--------------------------r------------l---------------------------------------------
RN 1 I 60 I O. 1 ! I I I \,p 

RN 2 

RN 3 

RN 4 

RN 5 

RN 6 

RN 7 

RN 8 

RN 9 

RN 10 

OWNER 

30 

45 

45 

45 

45 

60 

60 

60 

60 

low 

101; 

low 

low 

low 

60 

0.2 

10 

low 

MR. Iv. F . B. VORSTER 

231 

145 

138 

8 , 42 725 ,6 

15, 14 739,3 

29,99 743,9 

7J 7,2 

724 , 2 

713 ,9 

WP 

\,P 

WP 

WP 

WP 

Turb 

WP 

\,P 

WP 

TOTAL: 

ANNUAL RB1A.RKS 
ABSIRACITCN 

(m') 

- _. -

82 1 I Sediments 
82l 

82l 

821 

82 1 

82 1 

821 

82l 

821 

7389m' 

H,S, Sediments 

Sediments 

Sediments 

Sediments 

Sed i ments 

broken , sediments 

Sediments 

Sedi ments 

Sediments 

CADASTRAL FARM NAME RATELSFONTEIN 329 LOCAL FARM NAME IRENE 



I ! 
OORE]DlE i'D. roRElDLE ' YIElD I1ATER CXNLCT - I I1ATERLEVEL 

DEPTII(m) ! Us IVITY mS/m(25°) l3ELO.1 
ClliAR (m) 

-

MOORDENAARS UNIT 
- ----- - --- - - ------------- -------------,- ---- ----

GT 1 45 0 . 3 71 

GT 2 15 I 2.5 70 

GT 3 75 0.3 156 

GT 4 15 2.5 70 6,36 

GT 5 45 2.5 

OWNER MR. S. ROSE-INNES 

CADASTRAL FAR~1 NAME RONDE GAT 191 

I 
ClliAR ELEVATIQ'l AJU)llJIE TIPE OF ANNUAL REMARKS 

(m) a.m.s.l WATERLEVEL Er;UIFMENl' ABS1RACIT~ 
ELEVATI~ (m' ) 
(m) a.m.s.l 

-------------1------------------------------------------------------------

I 
I 

960,4 954,0 

WP 

Krag 

WP 

Krag 

Mono 

821 

9034 

82 1 

18067 

26280 

TOTAL: 55023m' 

LOCAL FARM NAME BOTH AS HOOP 



I 

roREl DLE NJ. roREHlLE YIElD WATIR crnw::;r - I WATIRl.EVEL CDUAR ElEVA110N AlIDWIE TYPE OF ANNUAL REMARKS 
DEPIlI(m) Q/s IVTIY mS/m(25°) I BEJ.O,.J (m) a.m.s .l WATIRl.EVEL HmFMENI' ABSTRACTION 

i CDUAR (m) ElEVA11CN (m' ) 

, (m) a .m.s.l
l I 
j 

RE 36 10 34 , 13 698,2 664,1 - - Corrosi ve water 
RE 39 9 370 Mono 59]30 
RE 40 60 3 35 ,86 716 , 5 680 , 6 WP 821 
REF 1 33 3 Flowing pit 

________ ___ ______ _ _ _____________________________ ______________ _ ________ _ _ __________________ L _ ________ _ ____ _ _ _ _ ___ ______ _ _ 

TOTAL: 307142m' 

OWNER MR. J. VAN RENSBURG 

CADASTRAL FARM NAME RYNH EATH ESTATES 417 LOCAL FARM NAME RYNHEATH 



IDREHlLE t>(). 

SUNDAYS UNIT 

SP 1 

SP 2 

SP 3 

SP 4 

SP 5 

SP 6 

TH 1 

SPF 1 

InilllJLE 
DEPTI1(m) 

52 

33 

27 

12 

20 

26 

90 

YIELD 
Rls 

0.6 

0 .6 

1 

10\'" 

4 

1 

3 

I 

WATER crnIXIT-
MIY mS/m(25°) 

63 

107 

131 

,------..!.------------

O\,NER MR. VAN DER RYST 

CADASTRAL FARM NM1E SPITSKOP 408 

I 

WATERLEVEL auAR ElEVATICt'l ABSJUJIE TYPE OF ANNUAL 
BEl.(l' (m) a.m.s .l WATERLEVEL EqJID1I'NT AlETRACITCt'l 
OJU.AR (m) ElEV ATICt'l em') 

em) a.m.s.l 
- ---- . - ---- ------ -- - - --- - --- --------- -

---------------------------------------------r---------

8,91 841,5 832 ,6 

12,40 832,3 819,9 

12,28 795,7 783,4 

WP i 821 
WP 

WP 

Well 

Mono 

WP 

TOTAL: 

821 

821 

82 1 

3284m' 

LOCAL FARM NAME 

REMARKS 

- -

dolerite 

dolerite 

dolerite 

sandstone 

dolerite 

not in use 

in good years fountain 
± 5R Is 

SPITSKOP 



! I 
IDREHlE 110. IDRElIJlE YIElD WATIR crnru::::r- WA'IERLEVEL I CXliAR ELEV ATIa; AIHlWIE TIrE OF ANNUAL REMARKS 

DEPIH(m) €/s IVITY mS/m(25°) llEl1J..I ! (m) a.m.s.l WATIRLEVEL ~ AlBIRACTICl'-I 
Clll'\R (m) ELEVATIa; (m') 

(m) a.m.s.l 

MOORDENAARS UNIT ---------------------------------------T-----------------------------------T---------r----------r-----------------------------
UI 7 I 70 I low I !! , WI" i 821 Sed:iJrents 

UI 8 3'J low i 17,60 ' 798,7 I 781,1 i wp : 821 Sed:iJrents 

UI 9 3Cl low wp 821 Sed:iJrents 

UI 10 40 lo_ 29,64 004,9 775,3 wp 821 Sed:iJrents 

ur 11 30 low wp 821 alluvium & sed:iJrents 

UI 12 30 low 052 25 ,47 881,1 855,6 wp 821 sed:iJrents 

UI 13 so 10l' wp 821 sed:iJrents 

m 14 73 low collapse:<! 

UI 15 36 wp 821 

UI 4 so I 101< 44,21 868,9 824,7 wp 821 

TOTAL: 7389m' 

OWNER MRS . . W. KROON 

CADASTRAL FARM NAME UITKOMST 196 LOCAL FARM NAME KLIPDRIFT 



IDREHlE i'D. I IrnElUE YIEUJ \vAID c:rNIlIT- \vA'IERI..E.VEL ffil.AR ElEV ATIa; AIffiWIE 1YPE OF ANNUAL REMARKS 
DEPTH(m) Q/s IVI1Y mS/m(25°) BEllioJ (m) a .m.s.l \vA'IERI..E.VEL EIPffi'1ENT ABS1RACTIa; 

CXJLlAR (m) ELEVATIa; (m') 
(m) a.m.s.l 

-~~ 

SUNDAYS UNIT ---------- ---- - --------------------- - - - --------- ------------- ------------------------------- -----------------------------
RE 1 75 0.5 Sediments 
RE 2 75 0 . 2 Sediments 
RE 3 76 0.6 128 \vP 82 1 Sediments 
RE 4 60 0.6 WP 821 Sediments, dolerit e 
RE 5 60 0.6 286 20,58 634,0 613,4 \vP 821 Sediments, dolerite 
RE 6 75 0.2 WP 821 Sediments 
RE 7 90 0.6 798 10,34 632,6 622,3 \vP 82 1 Sediments 
RE 8 55 5 Collapsed, H,S water 
RE 9 55 5 52 3,33 646,3 643,0 \oJP 821 H,S water, sediments 
RE 10 85 0 . 2 8 , 69 646,3 637,6 WP 821 10m of calcrete 
RE 11 90 0.8 WP 821 dolerite SSm to 90m 
RE 12 45 0 .9 173 27,41 667,7 640,3 \vP 821 calcrete , sediments 
RE 13 62 0.8 blocked 
RE 14 62 0.2 
RE 15 62 1 \,P 821 Sediments, dolerit e 
RE 16 60 12 277 Turb 78840 
RE 17 45 0.8 335 23,58 685 , 9 662 , 3 WP 821 dolerite, sediments 
RE 18 75 1 207 24 ,80 707,3 682 ,5 WP 821 dolerite, sediment s 
RE 19 30 13 409 Turb 85410 d~1erite , sediment s 
RE 20 90 1 120 19,97 689,0 669,0 \vP 821 dolerite, sediments 
RE 21 55 0.2 183 11,82 716, 5 704,7 \vP 821 Sediments 
RE 22 75 0.9 129 21,80 747 , 0 725,2 WP 821 Sediments 
RE 23 75 1 153 \vP 82 1 Sediments, dolerite 
RE 24 75 1 222 20,70 701,2 680,5 WP 821 Sediments , dolerite 
RE 25 75 0.9 WP broken 
RE 26 60 2 163 12,40 707 , 3 694,9 WP 82 1 Sediments 
RE 27 60 2 228 28 , 34 686,0 657 , 7 WP 821 dolerite, sediments 
RE 28 60 2 25 , 48 725 , 6 700,1 \,P 821 dolerite 
RE 30 705 11,39 631,1 619,7 \,P 82 1 
RE 29 10 , 32 692,1 681,8 WP broken 
RE 35 60 10 203 Mono 65700 II, S 

CONT. ON PAGE 2 



0CREl UE I'D. OCRElDLE YIEIJ) WATIR cx:N1X.cr ... WATIRLEVEL OllAR ELEVATION AB'XlWIE TIPE OF ANNUAL REMARKS 
DEPTI I(m) €/s IVl1Y mS/m(25° ) BEIJJ.I (m) a .m.s.l WATIRLEVEL EQJIFMENr ABSTRACTION 

OllAR (m) ELEVA'ITON (m') 
(m) a.m.s.l 

MOORDENAARS UNIT 

~~~~~~~~~~I~~~~~~~~~[~~~~I~~~~~~~~~~~~~l~~~~~~~~~~l~~~~~~~~~~~~~~[~~~~~~~~~]~~~~~~~~J~~~~~~~~~~~J~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
TOTAL: 821m' 

SWART UNIT 
---------- ~~~~--~~~1~~~~~~~~~·~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~ --- ----------------- -----------------------------
US I 53 7 121 \12,14 I 788,1 . 776,0 WP 82 1 H2S water , sediments 
US 2 120 13 ! Turb 112320 Sediments 
US 3 23 4 103 12,33 : 791,2 778 ,9 WP 821 Sediments 
US 4 23 3 106 9,04 I 785, 1 776, I WP 821 Sediments 
US 5 23 ' 4 107 10,56 I 785,1 774,5 WP 821 Sediments 
US 6 56 4 108 WP 821 Sediments 
US 7 30 8 91 39 ,3 759,1 719,8 WP 821 Sediments 
US 9 60 2 61 WP 821 Sediments 
US 10 60 2 WP 82 1 Sediments 
US 11 55 low 73 28,01 823,2 795,2 WP 821 Sediments 
US 12 50 low 12,60 838,4 825 ,8 WP 821 Sediments 
US 13 65 IvP 821 Sediments 
US 14 82 13 131 Turb 285 120 Sediments 
US 15 53 7 Sediments , blocked 
US 16 54 0.6 14,80 798 ,8 775,0 IVP 821 

TOTAL: 407292m' 

OWNER MR . J.A. THERON 

CADASTRAL FARM NAME UITKOMST 314 

LOCAL FARM NAME UITKOMST 



CXliAR ELEVATION I AB'Dl11lli 
! 

roREIDLE r-D. IrnElDLE YIELD WATER a::NIU:r- \liATERLEVEL I TIPE OF ANNUAL Rm\RKS 
DEFllI(m) e/s IVI1Y mS/m(25°) I3E1.CNJ (m) a.m.s .l WATIRLEVEL EQJIFMENf ABSIRAClION 

CXliAR (m) rllVATION (m' ) 
(m) a.m.s.l 

MXl<DI'NAARS UNIT 
---------------------------------------------------------------------------1--------[----------------------------------------

~~ __ =~ ____ J---~:------:~:-------~~-----J--==~==---i---_~~=~= _____ l ___ ~=~~~_ __~~____ _ ___ ~=: ___ l __ ~~~=~~~~~~_~~:~~=~~ _______ _ 
SWART UNIT 
-------------------l------r-------------!---------
US 21 45 i 10l; ! 156 
US 22 66 I I 143 
US 23 46 101; I 159 

I 
US 24 100 101; : 89 
US 25 I 102 
US 26 133 

100 
')0 

133 

19 195 

45 130 

62,82 
40,22 
11 ,59 
8 , 48 

789,6 
798,8 
769,8 
769 ,8 US 27 

US 28 
US 29 
US 30 
US 31 
US 32 

13 I . 
13 113 ,1 6 I 765,2 

-------------------- ------------------------

OWNER MR. P.A . CROUSE 

CADASTRAL FARM NAME UITKOMST 314 

TOTAL: 821m' 

WP 821 Sediments 
WP 82 1 Sediments 
WP 821 

726 ,8 WP 821 Sediments 
758 ,6 WP 821 Sediments 
758,2 WP 821 Sediments 
761,3 WP 821 Sediments 

Turb 37800 Sediments 
WP 821 Sediments 
Turb 63504 Sediments, H,S water 

blocked 
752 ,0 I - 1 - l open 

- ------------------ ---------- --------- ---------------------
TOTAL: 107872m' 

LOCAL FARM NAME UITKOMST 



I ., 

roRElDI.E m.· rom DI.E YIEI.1l (vATER CX\\IlXIT- WATERl..EVEL CXlUAR ELEV ATICN AIroUITE TYPE OF ANNUAL 
DtP11I(m) E/s MTY mS/m(2.";o) l3EWtI (m) a.m.s.l WATERlli'VEL ~ Al>S1RACITCN 

CXlJ..AR (m) ELEVATICN (m' ) 
em) a.m.s.l 

M:X:IIDENAAR$ UNIT 

----·---------------------l------------l--------------------------------------------------------
VD 7 I 45 I 2 ' . 2 , 17 I 914 , 6 912 , 4 I - I -
VD 8 60 10'''' I 42 ! 16,15 I 914,6 898,4 I WP I 821 

VD 9 5 4 WP 8n 
lin 10 60 lOW 

VO II 60 19 Mono 24966 

VD 12 45 19 2, 47 1036,S 1034 

VD 15 45 low 5,57 920,7 915,1 

REMARKS 

open 

fractured sandstone 

sediments 

on minor fault 

sediments 

sediments 

VD 16 35 2 115 23,09 984,8 961,7 WP 821 sediments 

TOTAL: 27429m' 

OWNER MR. M. VAN VUUREN 

CADASTRAL FARM NAHE VAN DER WALTS HOEK 179 LOCAL FARH NAME VAN DER WALTS HOEK 



IXlREHJLE t{). roREllJ!E YID.D WATER CXl'lIXIT- WATERLEVEL <XliAR ELEVATION AB.'DWIE TIPE OF ANNUAL REMARKS 
DEPIH(m) £/s IV11LY mS/m(2S0) BEUJ..! (m) a .m.s.l \,ATERLEVEL EQJIFMENI' AffiIRACITON 

<XliAR (m) ELEVATICN (m') 
(m) a.m.s. l 

---

TOTAL: 17960Sm' 

OWNER MR. J . HARTZENBERG 

CADASTRAL FARM NAME VAN DER WALTS KLOOF 130 LOCAL FARM NAME GRAND VIE\; 



IDREHLE ID. JnIDDLE YIElD WATER crnw:::r- WATERLEVEL ((liAR ELEVATIOO AlillWIE TYPE OF ANNUAL REM\RKS 
DEPffi(m) 2/s IVITY mS/m(25°) BEl..a;, em) a.m.s.l WATIRLEVEL El1JIFMENl' ABSIRACITOO 

((liAR em) ELEVATIOO (m' ) 
(m) a.m.s.l 

---

KAMDEBOO UNIT 

VN 20 60 low 218 WP 82 1 sediments 
VN 21 45 2.5 96 14,25 734, 8 720 ,6 WP 82 1 sediments 
VN 22 12 totally covered 
VN 23 45 9 79 24,00 762 ,2 738 , 2 WP 821 sediments 
VN 24 WP 821 sediments 
VN 25 92 2.5 57,44 807 ,9 750,5 WP 821 decomposed dolerite, fracture 
VN 26 62 18,11 798,8 780,7 WP 821 sediments 
VN 27 70 34 , 26 810,9 776 ,6 WP 821 sediments 
VN 28 81 16,25 753, 0 736 ,7 WP 821 sediments 

TOTAL: 6568m' 

OWNER MR. N. KROON 

CADASTRAL FARM NAME VRIJNSFONTEIN 319 

LOCAL FARM NAME FREYNSFONTEIN 

KAMDEBOO UNIT 

VS 1 40 low 162 WP 821 
VS 2 40 low 99 WP 821 
VS 3 109 21 ,38 707,3 685,9 WP 821 
VS 4 25 115 13,10 695,1 682,0 I,P 821 
VS 5 45 120 WP 821 
VS 6 55 26,04 743,9 717,9 
VS 7 75 J WP l 821 
VS 8 20 low 110 --------- --~~---- ----~~!----~------------------------------------ -------- - ----- ------------ - ---------- - - ------------

TOTAL : 5747m' 

OWNER MR. J. HARTZENBERG 
CADASTRAL FARM NAME VLAKPLAAS 131 LOCAL FARM NAME GRAND VIEW , VLAKPLAAS 



IDREiUE ID. KRElUE YIE1ll WATI'R cx:NILCr- WA'IERLEVEL CXUAR ELEVATION AffilWIE TYPE OF ANNUAL REMARKS 
DEPTII(m) 2/s IVTIY mS/m(25°) BEl..CNI (m) a.m.s.l WATERLEVEL EJ:PIFMENl' ABSIRACTION 

CXUAR (m) ELEVATION (m') 
(m) a.m.s.l 

KAMDEBOO UNIT 
-------------------------- -------------------------------------- --------- -------------------- - ---------------------------
ZK 1 45 6 411 6,12 698,2 692,1 Mono 86400 sediments 
ZK 2 45 19 Mono 273600 sediments 
ZK 3 45 19 4,00 698,2 694,2 sediments 
ZK 4 45 12 Mono 172800 sediments 
ZK 5 45 19 blocked 
ZK 6 45 19 1,86 695,1 693,2 in river 
ZK 7 45 1 13,80 716, 5 702,7 WP 821 contact zone 
ZK 8 45 1 15,26 716,5 701,2 WP 821 contact zone 
ZK 9 45 1 19,45 716,5 697 ,0 WP 821 contact zone 
ZK 10 45 1 18,68 701,2 682,5 WP 821 dolerite, sediments 
ZK 12 45 1 165 23,07 781,7 708 ,6 WP 82 1 contact 
ZK 13 45 1 106 WP 821 contact zone 
ZK 14 45 1 24,66 707,3 682,6 WP 821 contact zone 
ZK 15 45 I 8 ,88 698,1 689,2 WP 821 
ZK 16 45 9 Turb 129600 
ZK 17 45 9 Mono 129600 slightly H,S water 
ZK 18 45 15 Turb 216000 
ZK 19 45 5 collapsed, alluvium & sed:iJrents 
ZK 20 45 19 770 8,90 695, I 686,1 WP 821 
ZK 21 45 1 6,28 698,2 691,9 WP 821 
ZK 22 45 15 889 Mono 180000 
ZK 23 45 6 used to be equiped with t1Jno 
ZK 25 55 5 sediments 
ZK 26 45 15 9 ,1 6 698,2 689,0 contact zone 
ZK 27 45 18 1,00 682 ,9 681,9 in river 
ZK 28 45 18 in stream 
ZK 29 45 19 8,69 695,1 686,4 Mono 144000 recently cleaned 
ZK 31 45 6 Mono 86400 recently cleaned 
ZK 33 45 1 812 7,58 692,1 684,5 WP 821 
ZK 80 45 6,10 695,1 689,0 dolerite at 27m 
---------- --------- ----------------------- ------------- ---------- -------------------------------------------------

TOTAL: 1, 427431m' 

OWNER MR. A.J. FEATHERSTONE -.. 
CADASTRAL FARM NAME ZEEKOEIGAT 140D LOCAL FARM NAME ZEEKOEIGAT 



IDREIDLE t-D. lUWIXE YIElD WATER <XNIU:r- WATIRLEVEL CXllAR Er.EV ATIOO AIBJUJIE TYPE OF ANNUAL REMARKS 
D!PIH(m) Q/s IVTIY mS/m(25°) BElliJ (m) a .m. s .l WATERLEVEL EIPIIMI'NI' ABS'IRACITGI 

CillAR (m) ELEVATIOO (m' ) 
(m) a .m.s .l 

--~~~ 

KAMDEBOO UNIT 
---------- - -------- ------ ---------- ------ - - - ------------------- ----------------------------- ------------------------------
ZK 40 45 10 175 Mono 11 8260 sed i ments , contact zone 
ZK 41 45 15 Tur b 118260 sediment s , contact zone 
ZK 42 45 18 330 Turb 164250 sediments 
ZK 43 45 18 374 Turb 164250 sediments, H,S water 
ZK 44 35 0.5 469 3,24 707,3 704,1 WP 821 sediments 
ZK 45 35 0 . 5 172 13,70 716,5 702 ,8 WP 821 sediments 
ZK 46 35 0 . 5 202 WP 821 sediments 
ZK 47 55 18 173 Turb ]18260 
ZK 48 55 23 Turb 118260 sediments, contact zone 
ZK 49 35 1. 5 7 , 16 719 ,5 71 2, 3 WP 821 sediments, contact zone 
ZK 50 35 1.5 WP 821 sediments, contact zone 
ZK 51 55 14 311 Tur b 118260 sediments 
ZK 52 55 10 132 Tur b 78840 sediments 
ZK 53 30 0.5 575 WP 821 sediments 
ZK 54 30 0.5 477 9 ,86 695,1 685,2 WP 821 sediments 
ZK 55 30 0 . 5 544 12,29 692,1 679,8 WP 821 sediments 
ZK 56 30 0 . 5 403 WP 821 sediments 
ZK 57 55 10 10,33 710,4 699,6 sediemnts 
ZK 58 55 10 154 10 ,54 710 ,4 699,9 sediments 
ZK 59 50 2 Mono 32850 sediments 
ZK 60 60 2 Mono . 32850 sediments 
ZK 61 60 4 Mono 52560 sediments 
ZK 62 60 4 Mono 52560 sediments 
TN 9 WP 82 1 
TN 10 SS I 9 10." 707.3 696.8 Mo"" '8840 j ""~eo'" . co"'"" woe 
TN II 55 12 Turb 78840 sediments, contact zone 
TN 12 55 14 244 Turb 78840 sediments, contact zone 
TN 13 55 18 244 Turb 164250 sediments, contact zone 
----------- - ------- -----~------------- - -------- - -------------- -------- ------ --- --------- ------------------------------

TOTAL : 1578440 
OWNER MR. J. D. VAN DER MERWE 
CADASTRAL FARM NAME ZEEKOEIGAT 140D LOCAL FARM NAME ZEEKOEIGAT 



BJREIDLE NJ. IrnEIDLE YlllD IVATER o::NJ::lCT- IVATfRLEIIEL mUAR ElEV ATIal AffilWI'E TYPE OF ANNUAL REMARKS 
DEPIH(m) £/s IVTIY mS/m( 25°) BMv (m) a.m.s .l IVATfRLEIIEL EXmIt1ENI' ABSIRACTIal 

CXUAR (m) ELEVATIal (m') 
(m) a .m.s .l 

SUNDAYS UNIT 
--------------------r------------------------------------------------------ --------- ---------- -----------------------------
ZF 2 35 I 2 I blocked 
ZF 3 30 6 167 10,10 ' 652 , 4 642,3 IVP 821 sediments, H,S 
ZF 4 35 4 blocked 
ZF 5 30 1 171 IV? 821 sediments 
ZF 6 60 10 307 Turb 131400 sediments 
ZF 8 45 2 173 IVP 821 sediments 
ZF 9 40 12 Sub 86400 sediments 
ZF 10 45 12 15,04 649,4 634 ,4 Sub 86400 sediments 
ZF 11 60 9 sediments, blocked 
ZF 12 30 2 123 IVP 821 sediments 
ZF 13 collapsed 
ZF 14 30 0.1 21 ,1 9 678,4 657,2 IVP 821 sediments 
ZF 15 30 2 132 32 ,55 704,3 671 ,7 IVP 821 sediments 
ZF 16 30 1 98 13,59 676,9 663,3 IvP 821 dyle contact 
ZF 17 30 2 20,62 692 ,0 671 ,4 IVP 821 sediments 
ZF 18 35 1 131 IVP 82l sediments 
ZF 19 30 1 137 24,20 676,8 652,6 IVP 821 sediments 
ZF 20 30 16,01 667,7 651,7 IVP 821 sediments 
ZF 21 30 2 168 IVP 821 sediments 
ZF 22 38 2 276 23,13 646,3 623,2 IVP 821 sediments 
ZF 23 162 IVP 821 sediments 

TOTAL: 315694m' 

OIVNER MR. R.H. VAN DEN BERG 

CADASTRAL FARM NAME ZEVENFONTEIN 440 LOCAL FARM NAME CHARLlvOOD 



Appendix lB 

Land and water usage questionairre 

-, 



LIST OF FARM UNITS COVERED BY THE LAND AND HATER USE SUREVEY 

CADASTRAL 

CONRNDALE 333 

DE VREDE 286 

DOORDRIFT 323 

FERTILITY 315 
GRASRAND 334 

GROOTE VLAKTE 132 

HONINGNEST KRANTZ 277 

KLIPDRIFT 426 

KRUGERS KRAAL 322 

LOUIVS KLOOF 136 

OUDEDRIFT A133 

OVERSHOTT 274 

RATELSFONTEIN 329 

UITKOMST 314 

VAN DER HALTS KLOOF 130 

ZEEKOEIGAT 140D 

LOCAL 

Corndale 

Vrede 

Brooklyn 

Uitkomst 

Grasrand 

Erica 

Mimmosadale 

Grootvlakte 

Honing Kranz 

Kransplaas 

Mooifontein 

Kriegerskraal 

Daglumier 

Oudedrift 

Beaconsfield 

Irene 

Uitkomst 

Uitkomst 

Grand View 

Zeekoeigat 



, , . 
,..." -

I.AHD AND WATER USE 

QUE S T I On ;; A I n E 

PlsQs6 oomplete thQ appropriate sections or mark v'where applicable 

A. GEUERAL TITFORM.'TION 

1 . C.dA.otral Farm ~e and number - Local Farm name 

2. Dhtriot 

). Proprietor - Poetal address - Tale~hono Code & N~bor 

4. ~1agG rc&lon & n~bo~ 

5. SI=e of Farm uni t 

6. Total area of Cultivable ~1d (drJ land, f lood irri ga~ lon , furrow irrigatIon etc.)? 

1. Add1tionaJ. area that could be brought undflr C"..l.l'tivat1on? 

8, What h t·h'!l fl.vera.ge total IIISa. .... hlch is hTigated at lenst onoa a year ~ 

1. 

2. 

3. 

CORNDA!.E 333 I CORNDA!.E-

GRAAFF-REINET 
,- MNR . - \~ F B- VORSTER .... -- - --

~~EINEI' I 0491 21m 
1313 

215D ha 

45 ha 

12 ha 

ha 

ha 

h. 

hA 

9. "''hat 19 tno bal'lnCO (area \lh! C' ~1 is root l::rlS'..:.tcd In an a'larage year) ? 

4. 
5. 
6. 
'I . 
B. 
9. 

10. 
~ffi ha 

I~u'_ lack of I euffic1ent u_ - ,- ] 10. For .... hat re3S0n(s) 19 the balance not irrigated? 

11. At \/hat (approx.) tit'le has lrrltr.1tlon ooa:.monc!ld ar.d/or ""as significantly expanded 
on tho farm ? 

B . WATER SOIJRCES Ah""D :!)IS~TBUTl '):1 

12. Is the i rription vater supplied fro!D 8U: .. "raca or ground .... ater resourcee or from both? 

1) . If 8'UIfaco and ground \r.l,.tor Q.l' O u~od conjt<1lctivoly, .... hat 10 the genoral pattern of 
intoraotion (e.g. ground water pun:ped when l:iv(tl·nO~ lecreasee . • • ) 1 

14. If tho farm unit 10, partly or entirely, supplied .... ith ~~faoe water , 18 the flo .... 
diverted at one aite or at Bever.\ l sites and iG (are) the tllverelon(e} by gTa.v!ty 
or by pumping 7 

15. Do any storage reoervoir~ exlnt and if B~, is thio 3toragg mainly fo r daily, 
eea8~nal or oarry-over (~~nual) stOrag9 ? 

16 . ire tho r~Bervolr8 uoed f or tho sto=age of ourface ~{ater or ground ..m.ter or t or both? 

11. Pleass list tho oap~lty of all rege1~i~e uoed for th~ storage ot i rrigation water. 

18. What 1s the volums of ourfacs .... ater divertod (either for dir ect application or for 
temporary storage) par annum ? 

19. If wurfaoe .... ater is available on an 1rra~lar baoio. what is ths frequenoy and 
a V8r&g8 duration of availability? 

20. DoGS the surface vater no .... , pa"L"tly or entirely, orig1nab from errr1ngflo .... and if 
80, .... hat 1s tho pattern and aver~ annual oontr ibution of opring!1o .... to the total 
volume of ourfaoe ",o(ator diverted? 

21. Are any surface vater reeourceo 8ha-~d with othor proprietors at the diV9reion 
point, and if eo, 1e thia done on an or~lizad basis (e . g. Irrigation Board) ? 

11. 

12. 

13 . 

14. 

Commenced 
Expanded 

....atar " rainfal 

(about) 
(a.bout) 

Surface water Surfaoe & Ground vater 
x 

one site, gravity 

Groundwater 

Y<1ar 
yoox 

15 . -d.."\~- C"--;oaeonal L~_~~l other 

I I I I 
16. Sut'fo.oe vater Surface & Ground .... ater Ground",ater -.J 

I 
1). 1 -----;} " ;.> 

2 oi' S oi' 
3 oi' 6 oi' 

lB. m'fyoar 

19. everY yearo 
days/voeke/monthe/ycaro All year round - Spr:i.ngfl.CM 

20. Springflov oontribut .. on a r l .... onol I ~ I bOei47313~ 
21. [TIf]~ I:~ I 

Name of organization 



2Z. What is the quality of thQ surface ~ater and has the ovorall quality changed ov~r tho 
yearo ? 

23. If tbe ra1~ un1t, partly or ent1roly, 1e GUpplied frem gTound~ator , what 1a the average 
total yearly groundwater abetraotion from all oource3 (bo=oholeo and oprings other 
than 1nol~ded under Bootion 20) ? 

24. Supply the fol lowing particul~3 for each borehole pumpei for irrigation: n~bor; 
teBte~ , pumpod and ceasured 71eld; abotractlon schedule; averagc ~~tnl volume 

.abstraoted per year; ~aterqualitYi waterlevele at the onsst and end of an irri­
gation cyol~_ 

.. 

22. 

23. 

24. 

2S. If 8p~1ngf1ow (other than that included in section 20) is used for irrigation purpoees, I 25. 
what 18 the (estimated or mcauurcd) fl ow rate and averaso total annual flow of eaoh 
opring ? 

26. Do borehole yielde and rates of springf1cw doollne with timBo and if 00. when and to 
what e:xtent 7 

27. 

2B. 

Vha.t io the overall quality of the groundwater used for irrigation and hilS a. quality 
cbangv with time been noticed? 

Is the preaont tJUpply of surfaoo and/or ground water for irrigation purposes BU!fio1oot? 

C. AGRICULTURE 

26 . 

27. 

2B . 

29. Please list the ~eo of crops under irrigation, the (a) gro .... ing or irrigation season, t 29. 
(b) the acre~ of each crop. (0) the average monthly con~tive use of each of the 
oro,s and (d) the averng9 monthly irrigation field application 

.. 

brackinh fresh • mg/J (25"c) mB/o @ 25"C 
x 

I YES I !"}iLl X 
.I lye." 

GrCllllld\o<lter 41689 m' /yr Springflow 187 955 m' /yr 

Borehole no. 

'restod yield 
SEl l/, 

Plmrped yield J/e 
11Gaau:rcd yield ll. 

Abstraction 

hours/day 
days/ .... eek 
'Woeks/yaa.x 
months/year 

TOO (@ 25"0) moll 

Total ab3traction m3/y 
(x'06) 

Wabrlcvels 

onaet m 
end 0 

Spring flowrah - -!Ls to ,,1 no, . Ji.. 
Estim:ted 11eaaurcd Annual , 

2 
3 
4 

I funy !Sfl!R90nal rI6'ngt~1 

p6pt4 1
2
/) I '12 1 '/3 I '/4 1 '/511~lq 

\salino I brackish slightly 
dinh 

X 
ohange/variation ~n quaUt.' 

§LjQ c:[iiii"",1O..J-1_--, 

CROP TYPE • 

lYES 

b 
(ha) 

- y~ 

Perma-
n"nt 
~rope 

Seasonal 
or 
cash 
crop a 

'.'-- ' 

freoh I very fresh 

lIO 

n d 
( "") (mm) 

of average original 
rate/yield + alkaline j 8'U.lPhurous~ 

I 



,-
)0. What field irrigation ~ethod(a) 13 (are) used? 

31. Is the ~at8r convoyod fro~ the point(s) of dlvorsion, lsau~ or ~umping by meane Qf 
pipes, earth~n oanars or linllld cilnala or a. combinatiJln of t· ... o or LlOr§'.? 

32. Hov can tbe curfaoo Boll and the BUb3tra~ (subsoil) of the irrigated Inn1s be 
cha.raoterbed ? 

33. Does any salinity or alhUinity occur in the Doil ? 

34. Bov often 18 gyp~ or lime appljcd O~ the lan~9 1 

35. What fertilizers ara regularly usod ? 
36', Is the erou.n!\ W'atcr !:a'Qh .... ithin I!:co..surablo distance from the auri'aco, and if BO, 

w~t 13 tho ayer~o dc~tb of the watertable belo .... the surface ? 

31. If the .... at~rtabl~ fluctuates BeR90r~ly or on a longte~ basis, what 10 approximately 
the fluctuation ? 

)6. AIry rema:rks 1 

• 39. tnt. 

. 40. ortio!al 

", 

, 

30. 

J1. 

32. 

33. 

34. 
J5. 
36. 

37. 

3B. 

:aasin ,"urrow Flooding Subaurface !lprin.k:lers m.1crojet 
irrigation pattorus irrIgat i on 

X X 

Plpes I Earthon canals Lined canals COClbina tion J 
1 X J. 1 I 

OIL Clnyey 10_ Sll!;L Sandy Gravelly Rocky Other 

X 

~OIL 
Cloy.y Silty Sandy_ Gravelly Shale Sletone Gra>:1i tic I other 

X 

'malinity I :" I X IiI = 8.1 
(Bailnl ty cl :S",~,-"---, __ -----,-

Onoe eVGry 4 ~fyenr( D) 

gw>lIll 
±lOn 

I Seasonally I:: I X 

~ 

~ 

1 Lo"8'e", . l: I ] 
NO . X 

JII01nL 

intends drilling in near future 00 that lands can be extended 

39. Dote 22.04.85 

40. :lame R p~ 

" 

othor 



., 
- ' .. LAun AHD '.lATE!!; USE 

QUE D T I 0 » II A r n E 

Please oODl})lete the appropriate /lootians or mark V",here applicable 

A. GENERAL rH}'ORMATION 

1. Cad.1otral Farm l;1a.:ne and [j,umber - Local Fa.rm name 

2. Dlstrf.o t 

J. ~~~rietor - Fostal address - Telephone Code & Number 

4. Dralnage region & number 

5. Size of Farm untt 
6 , Total arca of Cultt\~ble r~d (dry land, [1001 IrrigatIon, furrow irrigation etc.)? 

7. Additional area that coul~ be b~~ugh~ unc~r cu1tlv~tlon? 

6. wr~t Ie the average total area wr~ch is irrigated at lenst onoe a yoar ~ 
9. What is the balance (lLrea which ie Dot i:=-ricated in an avarage yoa.r) ? 

10,· For 'o/hat reaeon(s) is the balanc o not ll.'rigatad ? 

'1, At vhat (approx.) time ~~e i~Tigation co~enc9d and/or was 8ignirio~tly expanded 
on the far.n 1 

lL WATEH SOURCES AND D!STR,i1!liTI;;n 

12. In tho irrif.ilUo:1 vator G'l,;;ppliad fro~ 6U.!"fo.ce or g=ound .... ater ro~0\trce8 or from both? 

13. If 8UJ:face Il.J\d grounJ. IoIater aro used conjunetivGl y, ",hat is the general pattern of 
1ntftra.otion (e.g. cround "'iltor p~ed "When rivet·no .... dccreaese ..• ) ? ' 

14. If the farm ~t 10, rartly or en tirely, su?plled 1.'1th uurface water, 10 the flow 
diverted at one eite or at e8ve:::-al siten and Is (o.r~) tho div8::-e1on( o) by S'Z'3.vlty 
or by pwuping '1 

15. Do any storag9 re!lo1~1=o exiot and if 80, io th1s otorage ~lnly for daily, 
'. seasonal or carry-aver ( a1l.oual) Gt.o:!:'aga ? 

1. 

2. 

3. 

4. 
5. 
6. 
7. 
8. 
9. 

10. 

DE VREDE --I 286 I VREDE I 
GRAAFF-REINET 

I~J.--'Ltli~ ~ 
Box 34rnAAFF= I 0!t91 2Am 

1313 
5400 ha ro 

400 ha ~ 

50 ha ha 

350 ha ~ 
50~ ~ 

I ~ suffici ent 
rainfa 

11. COlIlillenced 
Expanded 

y.ar 
year 

12. Surface wa.ter Surface & Ground water Groundwater 
x 

13. Use groundwater when limited surface water available 
1h. 6 sites, gravity 

1,. r- -d-;-iiy---F fl(H1S~nal wmual other 

16. Are the roaorvoiro used f or tho storage of ourfaco water or ground water or f or both? I 16. S'~rfac (! va tel' Surface &. Ground .... ~tel' J. Ground .... ater .--.l 

17. Please list tbs cap~oity of all renervolrs uncd for ths storage of irrigation water. I 17. 

10. 

19 · 

20. 

\ih.a.t io tho volnmo of :rurface \later diverted (either f or direot application or for 
tempornrJ storage) per r~n~ ? 

If ~rnce water is availabls an an irregular baaia, I.'hat is tho froquency and 
average duration of availability? 

Daea the surface water flow, partly or entirely, originate from epringflov and if 
80, y~t 1e the pattern aod aver~ annual contribution of oprulgflow to the total 
volums of surface vatsr dive rted ? 

21. Are any eurfacs vater ~aouro8o sh&red I.'ith other proprietors at th8 diversion 
po lot , and 1t .0, is this done on &n organitod basi9 (e.g. Irri8?tion Doard) ? 

18. 

19. 

20 . 

21. 

l=-
X I .J ggg-ooo .~ -

4 -;;; 1 

2 · Total of 7 dars ,; 5 m' 
3 ,( 6 ,( 

don't kna.r ,( /y.or 

once every 2· year!) 
6 ~""'nth81x:xx:iOo 

Springflow contribu.¥_ ... -on a ryr,ontJ. annual bade 
.~ 

fTIfl I:~ I ~I 
N~e ot organization 



" 

~-

22. ~t ie the qualIty of the aurfnce wa ter and has the ovo=all qUAlity chDngod over the 
years ? 

23. 

24. 

It the farm unit, partly or entiroly, Ie supplied from groundwator, what ie tho average 
total yearly groundwater abstraotioc from all sourceo (boreholos and ap=inge ot her 

, than inoluded under Beotion 20) ? 

Supply the following particulars for eaoh borehole pumped for irrieation: ' number) 
teeted, pumpod and aeasured yield; abotract ion sohedule; average ~~tal volume 
abstracted per yearj waterqunlitYi watarlcvals at the onset and ecd of an irri­
gation cyolp4 

.. 

22. 

23 , 

24. 

25. If epringfloy (other than that included in seotion 20) is used for irrigation purpose8, I 25. 
what is the (estLmatsd or mr.~~ed) flow rate end average total annual flow of eaoh 
eprb:ig ? 

26. Do borehole yields and rates of eprlpgflov d6cllr.o with time , and it so, when and to I 26. 
what extent ? • 

21. Vhat iu the overall q\uUity of the ~undvat~r used for irrigation and haa n quality 
chang. vith time been nuticed ? 

2B, Ia the pr8!lent supply of surfaoe and/or ground \;a'tex for irrigation purposee suffioient? 

C. AGRICULTURE 

27 . 

2B. 

29. Please list the typoo of crapo unde~ irrigat ion. the (a) grovino or irrigation saaaoo, I 29. 
(b) the aoroBf:'O of oach ero;:., (c) tho averAge monthly con::I'.m;ptive U80 of each of the 
orops and (d) the avor~ ~nthly irrigation f ield application 

" 

--. 

bra.ck1eh frdoh 
x 

I YES I J 
Tl9 674 m'/year 

I lr"=T-r=-] 

Boreholo no. 

'['ested yt.eltl 
SEE YDROCE SUS D Pumped yield 

Maamu'Eld yield 

Abstraction 

hours/da .. , 
daya/week 
weeke/year 
months/year 

TOO (@ 25'0) 

Total abstraction 

Yaterlevels 

onset 
ond 
Spring novrate - ll~ 

Esti!D3.ted Neaoured 
1 
2 
3 
I, 

Ilh:1Y is."',?n,: 

olightly freoh 

ohange/variation in quality YES 

[YEs I ] 11101 X I 

CROP TYPE a b 0 

(ha) ( =) 
1 

PII:nna-
nent 
orops 

Sea.eonal I'IlE'Bl WlIl1E 

or 
oaeh , 
crope I 

"81' (25'C) oS/m" 25'0 

.? /year 

TA 
'Ie 

I lie 
'Ie 

"8ll 
.?/y 
(x106) 

m 
m 

total now - m' 
Annuli 

[100,":'"" I 

very froeh 

x 
NO 

d 
(""') 

:D 

of Qverngo original 
rate/yield 



" , 

.r 

JO. Wha.t field i rrigation method(s) 13 (axe) uge,i ? 

)1. Ie the water conveyed from tho pointee) of diver3ion, ieaue or pumping by me~~e of 
pipes, eg,rtban o.}.Il.:l.l!J or lina!d C.:1:lalo or a. oOlUbinatlon of two 01: Itortt.? . 

)2. Hoy can the aurlace soil and the BUbBtr3t~ (subsoil) of the irrigated lands be 
charaoterhcd ? 

33 . Does any salinity or alkalinity occur tn the 8011 ? 

34. Ho. .... often in gypfJU.Jl or l ime applied on the lands? 

35. ~4t fertilizers are r8gul~lY used? 

36. Is ~bd cround .... ater tuble within Dcasurable distance from the curface, and if DO , 
.... ha.t ie tho ~\'er:l.ge d~ .. t h of the .... 3tertable bolow the surfO\ce 7 

37. If the .... o.terlable fluctuatos esasonall:r or on a lor.gi:or:n ballis , what I s ap;rox.1.rnately 
thS fluotua t1on ? 

)8. Any r8~rk8 ? 

39. Ib.te 

40 . QUieia! 

I 

3D. 

31. 

3:2 . 

33 · 

34. 
35 . 
36 . 

37. 

38 . 

Surface - Groundwater 
Basin li'u ..... L'Ow Flooding Suhourfnce sprinklers IOlicrojet 
irrigation pattern!) irrigation 

X X 

Pipes _L Earthen CfU1alO L Lined cQ.1UI.l fJ ~ Combination J 
I I I X J 

~OIL Clayny La_ Sll!l., S:mdy Gravelly Rocky Other 
X 

pUB- C1,y.y Snty Sanqy Gravelly Shale S'stone Gran! tic I Other 
~IL X I 

~nlty rES [AlbUn", 1 =1 X 7.2 to 8.0 
~10 L. ~N",O;-,--. ~_--' 

Onc. eV,ry 10 ~.ar(.) ± 5-10 per: hectare 

..!!tres 

rsoaa.nall9!T x [ Langt.n. . It I 
lTD X 

5 ::Ietraa -""-"=-

39. Date rJ2/07/85 

40. Name R. PARSONS 

" 

other 



( , . 

'" 

I.AND AllD WAT ER USE 

Q. 1] EST I 0 !; tf A. IRE 

Ploaee complete the appropriate Boctiono or mark v'vhere applicable 

A. GENERAJ. nTFORMATION 

1 • Cadas t r::u Farm ~ame and DUlIIber - f.ocal Faa name 

2. Distriot 

). Proprietor - Postal addrees - Teleph~no Code & Number 

4. DraInage region & n~ber 
5. Size of Farm unit 

6. Total area of Cultivable Land (d1~J land, flood irrigation, furrow irrigation eta.)? 

7. Additional area that could bo b.oUOht und~r cult i vation? 

8. What is the avarage t otal area w!uch 1& irrlga:ed at leas t once a year ~ 

1. 

2. 

3. 

10. 

5. 
6. 

7. 
8. 

DOORDRIFT-------T 325 .. \BROOKLYN 

GRAAFF-REINET 
pYnr:-IJ. ,i. Herold 

L- ___ ~~O~4~9~I~ __ .~2~3~O~6~3~ __ ~ 
13lJ 
5000 ha 
150 ha 

100 ha 

h. 

ha 

ha 

h. 

9. Yhat Is the balance (area which 1~ not lrri~~:ed In an average year) 1 

10 . For vhat reason{s) 10 the balance not irrisatod ? 

9. Y' h~ 
10. laok of irr. Bu.l~l.Cl.en"li 

oJ .u:. .. 

aconemia ha 

11 . At what (a~prox.) time has lr~i£3tiOD co~menced and/or was significantly expanded 
00 t he f~ ? . 

B. WA'!'ER SOURt,'ES /lND nIST!UBlrtIO!-l 

12. Is the irrigation w ... tcr sup~l1ed fro:n ou't"foco or ground .... ator resonrces or from both? 

13. If sarraco and gTound water are used conjunctively, what ia the general pattern of 
i nterac tion (e.g. ground \ .. atsr pu:!l¥ed ... hen river n ov decreases .,.) ? 

14. If the farm. unit io, p:u:tly or cntirol,-, ~mppl1ed witt surface water, is the flow 
diverted nt oll e alto or at oeveral oites and ia (aro) tho divera.ton(o) by n'a.vlty 
or by pumpin8 ? 

15. Do any atorage rea6rvoiro exiot nnd if DO, is this otorage mainly fo r daily, 
seaoonal or carry-over (annual) ~torago ? 

16. Are the TeBervoiro used for t he DtO:-aoe of ourfa.ce .... nter or ground .... ator or for both? 

17. Please list tho capacity of 0.11 roo~rvoiro uuod for the otorago of irrigation .... ator. 

18. What 10 the vol \~e of au:-face .... ater diverted {eith~r for direct application or for 
temporal"'J 0 loraQU} per a:l.T J :n ? 

19. If wurfacB 'Water is available on an irregular baoie, what ie the frequency and 
average duration of availability? 

20. Does the surface .... a ter flow, pa~tly or entirely . originate from epringflow and if 
00, .... hat is the pattern and ('.verag-e annua.l contribution of epringno .... to the t otal 
volume of aurfaoe .... ater divorted ? 

21. ~ any surface water reoourcao shared with other proprietors at ths divorsion 
point, and it BO, 1s this done on an organizod basis (e.g. Irrigation Board) ? 

11-

12. 

13. 

, .. 

facilities r info 

Commenced ~about~ 
Expanded about l qR'i 

Surface water Surface & Ground water Ground .... ater 
X 

use groundwater when no Sllrface water 

one site, gravity 

yoar 
y.ar 

15. r- Mily aeaaonal annual other 

16. ..~ f.__ C1 •• _¥,. __ • I' •• _A Surf: ze & Ground .... ater Surface _~~~_ Groundwa ter 

17. BE- ~ U I ~I 
18. don·t KnOW .; hoar 

19. once eve~ f i ve yearn 
? day~wQek8JmonthoJyear8 

20 . Spr1.ngfl ew contribu.tes on a. I daily seaaona.1 annual. basis 

-2l. 

21. lliEl-----, G~ I ~ l 
Namo of organizat i on 



22. "''hat is the quality of the surfa.ce water n.nd has the OV01:a11 quality changod ovor the 
yearo ? 

23. II the farm unit , partly or entirely, is aupp11ed from eroundwater, ~hat 10 tho average 
total yeArly groundwater abstraction from all souroes (boreboles &ld 6prings other 
than inoludsj under 8~otion 20) ? 

24. Supply the fo110wing p~ticulars for each borehole p~ped for irrigation: number; 
tested , p~~cd and ~easured yield; abotraation schedule; average ~~tal volUQe 
abstracted pe= year; watorqualitYi watcrlcvels at the onsst and end of an irri­
gation cy~leA 

.. 

22 . 

23. 

>.4. 

'25. If springflow (other than th3t includod in oeotion 20) i3 uaed for irrigation purposes, 1 25. 
what is the (est~tad or me~uu=cd) flow rate and averace total annual flow of each 
opring ? 

26. Do borehole yiel ds anu rateo of sprtngilow doclir.e w1th t~e, and if 90, when and to 
what erlent ? 

27. 

26. 

'Wlv.~ 1s the overall qual i ty of tha r,roundwa.tor uSfld for irrigatJ.on and has a QUAli ty 
chans9 with tj~e b~ en noticed? 

Is ths pres8nt 8UP111y of nu..rf3C8 and/or ground ~ater for irrigation purp0600 rru.fficlcnt? 

c. ~TURE 

26. 

27. 

28. 

29. Pleass list the types of orops under irrigat i on , the (a) growing or irrigation se~Aon, I 29. 
(b) the acreo.ge of each cro" (0) the avorage monthly conaumptive Use of each of the 
croPG and (d) the avongg monthly irrigation field application 

brackil3h freeh ",,/l (25'C) oS/m @ 25'C 

U!iI=:=J [>10 1 X 
,; /y·"" 525971 

Bo:::'ohole no. 

'routed yle1u. SEE ~YDROC NSUS I ATA l/. 
Pumped yIeld l/. 
l"ieaaured yiold l/. 

, 
Ab~traction 

hours/day 
t1Aye/woek 
weeks/year 
months/year 

TOO (I!I 25'c) mg/l 

Total abstraction or/y 
(x106) 

Waterlevels 

onaet m 
.nn m 

Spring floW'X'ate - J, 3 to t"Lo..Q..'<-=-.iIL 
E6tl!r.3.t~d Heasured An.'1ual 

I 
2 
3 
4 

I fully \SF!6S0nal r T{logterro I 
pLif3;'1 ,2/) 1 '/21 '/) \'/41'/51 of avera&~ original 

nte/yield 

i Salino _ i brackl ch slightly , 
x 

c~~e/variation in quality LYES 

[YESCLJ c.:1 "",-0 .... 1 _-' 

CROP 'l'YPE a b 
(ho) 

pgs lire a ~ . ...!.Y. 

PflT!(l;\'iuc pme e 
nent 

n Vffil 'j) 

orope 

Seasonal 
or 
cash 
~~opn 

fresh __ L very freeh alkaline oulPhurouj 

j 

~ l"U J 

c d 
(om) ("") 

0') 



)0. ~t field irrigation Method(s) is (are) ueod ? 

)1. Is the vat&r oonveyed from the point(s) of diversion, !ODua or ~umping by meane Qf 
pipes, earthon oanata or lined o~alB or a ~mblnatiDn of t~o or mor~.? 

)2. Hov can the aux!aoe 80il and the substratum (subsoil) of the irrigated lands be 
characterized ? 

33. Does any salini~/ or alkalinity occur in tho Doll? 

34. How often 1s gypuum or lima applied OD the lands ? 

35. What fertilizers are resilarll used ? 

)6. Is tho gr~und ~ter t3ble wIthin ~c3surable distance from the curfeoQt and If BO, 
what io tho nverage do~tb of the w3tertabl~ below the surface ? 

31. If tho ~~tertable fluctuates sSBsonally or on n longtsr.n b3Sio, what io appro%Jmatsly 
thO fluQtuatioD ? 

36. Aoy.re~ka? 

39. Data 

~o. O!tloial 

," 

, 

--, 

)0. &,10 Fu.-row FloodIng Sub:rurfa.ce s;Jrinlclers microjet 
i.rrigaf:!on pattorne irrig3tion 

X X 

) 1. [ripes I Earthen canalo I Lined canals I Combination J 
I X I X I I I 
~OIL 

Cloyey 10_ Silty Sandy Gravelly Rocky Other 
X 

32 . 

fnrn- Claye, Silty Sandy Gravelly Shale Slstone Gran1 tio I otr.or 
OIL ')( I 

D. !Sali;ity rYES 
c! N"'O'--_X"--_--' 

Glkal10ity I : I X 

34. 
35. 
)6. 

Oncs every months/year( B) NEVER 

± IOn 1!!.~ 

37. rSeason:ally YES 

NO 
[ L<>n,;t~rm It 

"0 
don't know ~ don't know ..... .,,""- . 

)8. 

)9. Dat. 23/4/85 

40. Nama R. PARSONS 

" 

otiler 



. ~ 

,,' 
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, AND AND W ATE R IT S E 

QUE S T IOn U A IRE 

Please oOl:lpleh the nppropl."iate seotions or m'll'k: v .... her.:! IlpplJ cable 

A. GENERAL nTFOn."IATIO:J 

1. Ca.dall tral Farm ~o and number - Local F~ name 

2. Dl."tdot 

). Proprietor - Postal A.ddre8& - Telephone Code &: Number 

4. Dr31n:l.88 region &: number 

5. Size of Farm unit 

6. Total area. of Culti. ... 'Uule Land (dry land, flood irrigation, furrow irrigation etc.)? 

7. Add! tional area tMt could bo br:mght. undElr cul tlvation? 

8. "''hat is the average total :sIoa \{hlch la irrigated at least once a yoar ~ 
9. What la the balance (area ... tuch 10 not irri~~ted in ~n average year) ? 

10. For 'What reason(s) 10 the b.a.lanco not irrigated? 

11 . At vh.'\t (approx.) til::o ras lrrig:ltion cO:-oL'lonced and/or 'Was significantly expand6d 
00 th!:t farm 1 

B. WATER sounc::s urn JJlSTRTIlOTI ('~1 

12 . Ie the irrigation ~,J.tor 8Up~lied f~~~ surfaco or f;TOUndy~ter rosourQee or from both? 

1). If ~face and ground ~ter are uscd con junctively, what ie the g6neral pattern of 
into~ction (e.g. ground \lator p~ed loihen rive~·no'", dccreages •• . ) ? 

14. If tho fa.r.n unit ie, putly or r:ntiro-l:r, cupplied .... ith o-J.Xface water, 10 the no .... 
diverted at one uito or ~t 89veral situ IUld is (arR) the diveraion(o) b:r gravity 
or by pumping ? 

15. 

16. 

Do Ell:IY otorage rescrvolro e:dot and if so, 10 this otOTagg JnJ.Jnly for dally, 
eeasonal or carry-ov~r (~~ual) otor~ ? 

J.re the reoervoirG uoed fvT thB sto~~ of ourfaco <.mter or ground .... ater or for both? 

I. 

2 . 

3. 

I,. 

5. 
6. 

7. 
8. 
9. 

10. 

11. 

12. 

13. 

14. 

15. 

16. 

l FERTILITY 315 I -UITKOMSTI 

GRAAFF-REINET 
I Mr. J. A. Haarhoff .. \ 

g~;~¥~ moet 0491 I 2301 0 
1313 
2465 ha 

86 ha 

86 ha 

lack of ixl.'. suffic1ent 
ratnfa 

Con:m<!nced ~about~ ] 940 
Expanded about ____ _ _ 

SIt:rfaco wator Surface & Ground water Groundwater 
x 

use groundwater when surface water not available 

several Sites , gravity 

dally BGR3Xnal @ual otSJ 

~urface \lator Surface & Ground w~ter Ground\later 
X 

yoar 
yoar 

17. Plcaoe 1iet thB copnoity of all resorvoiro uacd for th~ storage of 1rrignt1on water. 17. ITt 123400 ' fitl ~ I 
18. \/hat ia the volumo of B'arface water diverted (eith~r f or direot application or for 

te:npornry etoraoe) per 8.-"l."l'J.QI ? 
18. don 't know .. /Yo.r 

ha 

ha 

ha 

ha 

ha 

19. If surIaoo .... ater 1e available on an irre~lar baoio, .... hat 18 the frequency and 
averago durat1~n of availability? 

19. Dams last for 6 months when full ever.! year~ 

daya/ .... oc"ka!nlOntho/ycnra 

20. D:>u the eurface vater flow, pa ... ~tly or entirely, originate froID epringflow and if 
eo, \lMt 1. thtl pattern tlr.d o.v(.r~ ... 1n11.3.1 oontributicn of opringn.,,,, to the tot.l 
volume of surface vater diverted ? 

21. Are any ffUr!ace vater ~oourcea ohared .... ith other proprietors ~t th~ divaroion 
point, and it 80, 18 thie dono on an organizod baaio (e.g. Irrigation Board) ? 

20. Sprin8!1ow oontdbuteo 

21. \: 1 :3 

on a ~=lt season.l annual 
~ 

basi. 

f:~ 1 ~ 1 
Name of organization 



'. 

22. What is the qulllity of the nurface water Ill'ln. has the ovoral l quality c1al1sod over th", 
years ? 

22 . E,,,e I 'racki.h f",~ ~ ""It (25·c) oS/m I) 25·C 

23. If the f arm unit, partly or entiroly, ie o"u.pplied from grCllll1dwater , what 19 tho average 
total ysarly GToundwater o.botra-:tiOll trolL. all sonrceo (Lora holes and sprines other 

. than inoluded under a~otion 20) 7 

23. 

24, 

1 riis l
u 

-I 1 ''0 X 

135778 " ",'/yau: , 
m Iyear 

Borehole no. 24. Supply the follo..nne particulars for each borehole pU!IJped for irrieation: number; 
tested, pumpod and m.easurod yieldj abstrn.ctioll Behodul&; averaso \. .... tal volum., 

.abstraotsd par yearl waterqU3litYi watcrlovcla at the onaet and end of an irri­
gation eycle-. 

Ta~rtAd y.f.eld 
rumpe:l yioid SEE IYDROCE NSUS D TA ·'1. 

II. 

.. 

25. If spring!1o~ (other than that includod in aection 20) is used for irrigation purpoees , I 25. 
what is the (est~ted or measured) flow rata and averago total anr.ual flo~ of each 
Erpring ? 

26. Do borohole yields and ratos of epringflow decline with time, and if SOt when and to I 26. 
what erlent ? ' 

I'loacnu'ud yield 

Ab9t~:l.ction 

hours/day 
daye/woE'k 
weeks/year 
mont.he/year 

TIE (@ 2S·C) 

Total nb3tr~ction 

Wate~ 

onset 
end 

Spring nowrate - 1./8 

Esti!:lilted I·lea-sured 
1 
2 
3 
4 

. - p"l1~ ISI!~SQna; . 

No 
27. What i8 the overall quality of the groundYater ueed for irrigation and baa a quality I 27. ISaiinG I brackish slightly I fro oh 

chang9 with time been noticed? 

ohange/variation in qual1t;, lIYE~SJ.I __ ---.J 
28. Is the preaont eupply" of B"\lI"faoe and/or ground \later for :Irrigation p'..L.-POIJ09 suffiohnt? I 28. I YES I xl l-"""O_Il-_---.J 

C. AGRlCULTGRE 

29. Please list the types of OTQP~ under irrigation , the (a) growing or irrigation soason, I 29. 
(b) tho aore~e of each cro~, (c) tho avorAgB monthly congumptiv8 uoe of Bach of the 
crops and (d) the averag9 monthly irrigation fio ld application 

CROP 'l'Yl'E 

lu 
Pet""'a\a,- f1l3 
nent 
Oropll 

Sea.Bonal 
or 
oash 
orapo 

~.--. 

• 
em aJ 1 vear 

~7P Rl VPRr 

• c 
(ha) (mm) 
J:> 

lfl 

l/. 

"Olt 

.r/y 
(xlC6) 

m 
m 

tot~l rln1 _ m? 
Annual 

I r"o"!,"" I 

very {reoh 

NO 

d 
(mm) 
1:1.. 

1R 

of average original 
rate/yield 



)0. What field i rrigation mo t hod(s) i3 (ara) uBad ? 

)1. I e the water convoyed from tho point(s) of diversion, iosue or ?umpir~ by m~rulB of 
~1peB, e~then OJ,.J1.."\lo or lined emaio or a. COlobin&:':iot". of t· ... o Ol.' n:or:t.? 

)2. How can the ourfaC6 ooil and tho 8ubBtrat~ (oubs~11) of the irrigated landB ~e 
cha.rllotori~ed '/ 

)). Doell an:.! salini ty or a.lkalinity occur 1n tho 0011 ? 

34. 
35. 
36'. 

37. 

Row often is gyp~~ or ll~o appl1eJ on tho 1~~d3 ? 

'What fertilizors C'O rac;ularly u3ed ? 

I. t~o ground wator ta~le within Lc~s~ble J13tance fro~ the surfaco, and 1f co, 
wt-.a.t io tho Ilv.3rag-a dc;tth of tho .... ~tertabl'!l bol oW' the s',lrfaco ? 

If the "'at",rbble nuetuatds seasonally or on a longtenc: basiS, what is a.pproxi..:na.tsly 
tha nuo~tion ? 

)8. ~ re~k8 1 

• 39. ]hte 

40. Offioial 

, 

30. 

31. 

32. 

3). 

31;. 

35. 
)6. 

37. 

)6. 

s1n FV,rrov l~l'Jod1ng Subourfaeo sprinklers mlcr:>jet 
Tlgat.lon pattornlJ irr~EPt!on I ~: t: 
I.pea ~ Earthen canal e ~ Linod eannla I ComblMtion J 

'-- I X i I I 
rOIL f Cloyey 

10_ Sll.",L Sond,y Gravelly Hocky Other 

X 

"I!ll- lsl!ll'!.L ._SJili- Sandy Gravolly Shale S'atone Gra'litic I othor 
lSon r X . I 

!Sal:f~it.l - li"'S 
NO X 

lUblin!'), I YES I 
~. -"ll0"--.J.._---"X_-, 

Onoa evog montl':A/ye.u-(.6) 
Does'nt use fertilizer 

30 m metrQS:~ 

18",onall), r:-I Tml [~;,g..m l: 1 __ ---' 

:notrea .IlJlk<t ... 

Yields ~f hydrocensu s data not reliable 

39. Date 23/04/85 

40. NeJD& R. PARSONS 

o t her 



o 
~ 

IoAND AHI) \o,'ATER USE 

QUE S T Ion n A IRE 

Plsaoe oo~lete the appropriate aoctlona or ~~k v'~here applicable 

A. GENERAL DTFORMA'l'ION 

1 • Cad.1.o tral Fum ~a.:ne and number - Local Farm n2.lliO 

2. Distl.'iot 

). Proprietor - Paota! ad.lrils9 - Telophone Code & !:wnbe.r 

4. Drainago region &: nu.:::;ber 

5. Size of Fa~ un~t 

6. Total a..rt:a of Cultivable L:md (drJ land, flood irrlg;l.t!on, f'urrow irrigation eta.)? 

7. Additional area that could bo brought under cultivation? 

B. What Ie the average total aroa , ... hleh Ie lrr!gat<;!d at loaet onoe a year ~ 
9. What is the balance (area ",hich j 9 nc.t irriGlted in art average year) ? 

10. For what roneon(s) Is the balance not irrigated? 

11 . At \that (IlPPro'X.) tao has irri~tion cQl!ll1lonced and/or vaa e1gnifioantly expanded 
on tho fa.I1D ? 

B. WATE:R SOUP.C1'S AND !)ISTRIBUTI('l-! 

12. Is t~e irrigntion water suppli~d fro~ surface or groundwater rosources or from both? 

13. If ~face and ground wat~r nTe used conjunctively, ~hat is the general pattern of 
interaotion (e.g. ground ~ator p~~od ~hen riverflow decreasss ••• ) 1 

14. If ths farm unit iu, p~tly O~ entirely, supplied with surface ~ater, is the flow 
diverted at one sito or at several siteD and is (are) the diversion(s) by gravity 
or by pucping ? 

15. Do any storage r~9cr/olr~ cxint and if AO, is this Dtorag9 mainly tor daily, 
leasona! o~ carry-ovor (annual) oto~ ? 

16. Are the raoervoira uoed for tho stO::'<lt;tl or surfaco va.tor or ground water or for both? 

1-

2. 

3. 

I,. 

5. 
6. 

7. 
8. 

9. 
10 . 

11. 

12. 

13. 

14. 

15. 

16 . 

GRASRAND 334 . 1 GRASRAND 
GRAAFF-REINET 

~HrK veo~:~ o~ 1:30; 0491 22207 Graaf£- net 
1313 
970 ha 

85 ha 

10 ha 
75 ha 

lack of 
vater 

X 
Commenced 
Expanded 

(aboutl ! 0 I L 

(about 1 q7 S 

SuriacG water Surfaoe & Gro\md .... ater 

X 

Ground;(ater 

use both coojuntively all the time 

one sit, gravity 

1 ___ - _~~liy----- l seMonal 1- annual other 

Surfaco ... ater Surface & Ground water ~ Groundwatsr 
I 

ycar 
y • ." 

17. Ple~oe liot tho capacity of all reservoirs uccd for tho storage ot irrigation vat~r . 

18. \/hat 10 the volll..:l::8 of !JUrface .... ater div~rted (eithe:c for direot application or for 
t.~pornry stora£s) per annum ? 

11. tt/-_ .. -~-~~~-illIJ 
18. 

ha 

ha 

b. 

ha 

ha 

19. If ourface Vater 1s availablo cn an irregular baain. what is the frequency and 
lLV0rilEe duration of lLvailabllity ? 

19. eveS? . year. All year round - Springflow 
daYB weeks/months/years 

20. fuea the !hll'face .... ater flo ..... p;n·t1y f')r £Intirely, or1g1nata from springflcw and if 
so, wh..."\t is the pattern .ll:.d a.,'cra.:;e annual contribut i on of npringflow to the total 
volume of surface vater diverted? 

21. Ar. any ~rf~e vater resources op~d with other proprietors at the diversion 
point. and 1! 80, io {hie done on iW organized basis (e.g. Irrigation Rollrd) .( 

20. 

21. 

Springflow contributes on a I dall!..._t_~ea9onal annual 

k~ 11 

basis 

.--!'l. 
30111 

rnfl ~ . 
Name or organi~ation 

,. 

m'/year 



22. \.111:;" 10 tho quality of the BUl.'fa.ce ..... ~ter and ha~ the ovorall quality ch3:':18ed over i;h(.l 
yous ? 

23. If the farm unit, portly or cntiroly, is supplied from eroundwat9r, wha.t 10 th~ &.verag9 
total yearly groundllator a~stractloo f1'ol:1 a ll oourccs (boreboles and flprlngs o~her 
than inoluded u.,der egotion 20) ? 

24. Supply the follo ..... iO£ pa.r~iculara for c~ch borahole pumped for irrigation: nu~bori 
tested, FUAlpod and Iteasured yield; abotraotion 8ch'3duloi averago " ... tal volume 
abstracted per year, waterq~itYi watcrlevela at the onset and ond of an irri­
gation oyoIe-... 

.. 

25. If aprtngflow (other than t~~t included iD seotion 20) is ueed for irrigation purposes, 
what is the (eat~ted or mcaeurcd) fl ow =lte and averago total annual flow of eaoh 
apriIig ? 

26. Do borehole y1elda anJ. rntl!oJ "f epdr,gfloW' dao11es ..... ith time, and it 80, vhan Ilnd to 
vh&t extent? 

27. What 1& the o\"erall quality of 'Cho g-rounJlo'lltor used for irrigation Md haa a quali'b/ 
ohangv with tima benn nvticcd 1 

28. Is ths present ~pply of nurfaoe and/or grounJ. water for irrigation purpoees guffioieot7 

C. ACRlCULTlJRE 

22. 

23. 

24. 

25. 

26. 

27. 

28. 

29. Plea.se liat. the typefl of C%"C'p9 under irrigation. the (n) gTOwing or irrigation 8eaSOD, I 29. 
(b) tho acre~ of oach crop, (0) the aVqrBgo monthly conaumptive usa of eaoh of tho 
orop. and (d) the averuge monthly irrigation field application 

brAckieh 

x 
~,-,-I _-, 

I Boreholo no. 

Tm:ltod yield 
Pumped y1eld 
Moasured yield 

Abs t raction 

hours/day 
days/woo ... 
wecks/year 
months/year 

TJ>l (<1J 2S·C) 

Total abstraction 

~levels 

onset 
ond 
~ 

fl.'ooh - ""It (2S·C) 

I lia 0 
178365 

SEt HYDROCENSUS IDATA 

rrS/a ~ 25-0 

or Iyo" 

l/a 
l/a 
ll. 

""Il 
d/y 
«106) 

• 
m 

fSPr"' '.log flowr~tG - !.In 

Eetimated 

total _ no.~_ 

, 
2 
) 
4 

Neasured Annual 

1":,6 W'l I --[fully . IS · ... 
~/W) I '/2 ,i) r '/4!'/S[ <lnr"! with draught 

slightly I frenh very fresh 

x 
NO r.c::-r_",;"U_"..,lty I YES !-' __ -' 

1"0 I X 

CROP TYPE • b c d 
(ha) (mm) ("" ) 

luc rrn aL year lL 

PerJM.-
n(tnt 
orops 

Sea.eonal 
or 
cQah 
crops 



30. ~t field irrigation methodes ) Is (are) use~ ? 

31. Is thQ water conveyed f=em the poin~(D) of d!ve~sion, l~ouo or yu~ino by means of 
pipes, ea.rthon oanals or liD~d ~a..;:J.ala 0r ;'\ conbil'.ation of tt<;Q or i!lor~.? 

)2. Hov can the aurlaoe soil and th& aubstrat~ (subsoil) of the irrigated lands be 
charaoterized ? 

33. toes any salinity or alJ.:..1.1inity occur in the 0011 ? 

34. Ro ..... often 1a D'J'liJUlll or lime applied on tho lands? 

35. What fartiliz ers a re regularly u3ed ? 

36. Is the ground vater table ~lthin ccasu--ablo distance from the aurfacc, and if DO, 
~r~t io the average dc~th of the w~tert~blo below the eurface ? 

31. If the '.:atertable fluctuates eeasOl".ally or on a long-torm baais, .... hat is approxilr:.a.taly 
thB fluotuatioD 1 

J8. Any remsr:Ce 1 

, 39. Dlta 

40. Offioial 

, 

~--

30. Basin io'urrow Floodlng 8ubuurface eprinklel'B microjot 
Irrigation patterns irrigation 

X 

31. \PIPes Earth~ Ca.:1a1S Lined canale Combination I 
32. OIL 

Clayey Lo_ Silty Sandy GravellL Ro~ Oth>lr 

lTB- C1""oy Silty Sandy Gravelly Shale SI atone Gra.-d tio I 0 ~hor 
~~ I 

3). ISalinity I YES 
".''''10'-__ -' 

[Alb.linlty I :5 I X 
34. 
35. 
)6. 

Onoe every three ~/Year( e) 

IOn 

31. [&laBOnally YES X 

NO 
1 IDatrefJ 

)8. 

39. Date 23/rA/85 

40. Name R.P. P~S 

~ 

~ngt;';"; 1m I 
~ _. __ .... 
~ 

othor 



~ 

I.AND AND WA'l'ER (JaE 

QUE S T I a Ii n A IRE 

Please cocplete the appropriate aootl~na or mark~wher6 nppllcable 

A. GEJIEnA L nm:mMATrON 

1 • Cad..J.a tral Farm n.llD8 llDd number - local io'a.r;u n<UIlo 

2. Distriot 

J. Proprietor - Poet~ addro8B - Telephcno Codo & Numbor 

4. Drainago region & n~ber 
$. Size of Farm unit 

6. Total aroa of Cultivable Land (~I land, flood irrig~tion. fUrrow irrigation etc.)? 

7 . Additional area that could bo broUSht. ur.dcr cultivation? 

8. What i9 the aVBr~8 total a=oa which ia irrigated at lenst once a year ~ 
9. What Is the halanc" (area which is not lrri£O.ted i n an averaoe year) 1 

1. 

2. 

). 

4. 
5. 
6. .,. 

GRASRAND -O~I ERIKA 
GRAAFF-REINET 

~. fJ. van ([et1Oer~ -~ 
BOr:~gff Re j opt 1 49J 2302 J 

1313 
978 ha 

7 ha 

7 ha 

10. For whnt reason(s) Ie the balanco not i~ri~tod ? 

B. 
9. 

10 . ~l~a-c~k--o~r~i-r-r-.-,rc~~-c~-Y--.-uf~f~i~c-i~'-n~tC---r-------~--'------:---,c-~c----, 

11. At what (approx.) tice hac lrri~tion co~onced and/or waa significantly expanded 11. 
on the f~ 7 . 

B. WATER SOURI.'ES hllD DISTRIIltrrlml 

12. Ie the irrigation wat~r S\\ppHed frc:D DlJxface or groulldwater resources or from both? 12. 

13. If surfaco and ground wter (\'l'6 \!9cd conjunctively, wh.'lt ie the goneral pa.ttern of I 1). 
intonation (e.g, sround .... a.ter pnzpoJ 'When riverflow decreases ••• ) ? 

14. If the farm unit ie, p~tly or entirely, ~JPplied .... ith 3urface water, is ths flow 
divertod at cne Aito or at Deveral site9 and ia (are) tho divaroion(a) by pravity 
or by puruyino ? 

1',. 

~ilitie3 ralnfa 

Coa:nenced raboutl 
Expanded (about 

Surface \later 
x 

Surfa08 & Ground \later 

one site, gravity 

year 
year 

Ground\laler 

15. Do Br~ otorage r~~crvoi~3 exiot and if so, io this otoragg mainly for daily, 
seasonal or carry- over (annual) sto~~o 7 

15 . r- daily seasonal annual other 

16. A.re tho reservoirs uGed {or the sto::'3.0_ of ourfacc \later or ground 'Water or for both? 

17. rle~ 8 e liot the capacity of all reoortoire uocd for the Rtorage of irrl~tion water. 

18. 'Io'lut 10 the volUlr.O of aurfolce \Jater Jlvcrtcd (eill-.or for direct application or for 
te!:!porary etora6o) por aJ'Inum ? 

16. 

17. 

1B. 

Surface .... ater Surf ' -:e & Ground wate r Gro1ln,; Surf ' -:e & Ground wate r Groundwater Surfac. 

r.r-------

;T~I ~ ttl " . __ 

ha 

ha 

hn 

hn 

l~ 

19. If surfaoe \Jater is available on an irregular uaoic, what i6 tho frequency and 
averago duration of a~ilability ? 

19. eveR) Year.'] All year round - Springflow 
daYA weeke/months/years 

20. Does the o'JIfaca \J3ter 00 ..... partly or entirely, orlg1nate from epringflow and 1f 
80, what is the pattern a:.d Q"lcra. .... "'O 1U'J1l1.'l1 contribution of springOo .... to the total 
volume of ~face wator divorted ? 

21. ire any surface ~ter resourceo eharud with other proprietors at the diversion 
pojnt. and if 90. ia {his dono on an organizod bBei9 (o.g. Irrigation Board) ? 

20. 

21. 

Sprin&flow contribut,. on a ldail! __ ]_ ., •• on.l annual 

§=! : I:~ I - I 

bade 
,,; 

30111 

N~8 or or~dnization 

m'/year 



22 •. ' 'oI'h:..t is tho qual! ty of the aurface water and has the ovvrall <;'\L.'\lily dmn.ged over 'he 
yea:ru ? 

23. If the farm unit, pO-etl)' or cnt1roly, 1e ou<,plie<! from c::roune. .... ato~' ..... hat is the a ...... raga 
total yearly groundwater abstraction from all Bourceo (borehole~ and upring~ other 
than inoluded under ~oetion 20) ? 

24. Supply the follo .... ing particulars for each borehole p~ped for lrr1eation: n~bo~; 
tested, pumpod and m~asu:ed yield; abotraotion echedul~i average ~~tal vol~o 
abst:rtl¢ted per year; watorqu.a.litj'; \;aterlnvels at the onset and end of an irri­
gation cycle .. 

.. 

~2. 

2). 

24. 

25. If uyringflow (other tr4n that included in section 20) i3 used for irrigation purposea, I 25. 
what i~ the (estiLatcd or mca~cd) flow =atc and averaoe total annual flow of each 
spring ? 

26. Do borehole yielda and rates of springflo .... decline with time, and if 00, whan and to 
wlut extent 7 

21. ~.t is the overall ~uallty of the £TOund .... ~tcr usod !or i~igation and haa a quality 
change with time been notioed ? 

26 . 

27. 

-' , 

pali~o ~lbraC;i"h ] fre.h 1- ",,/t (25'0) ..s/m @ 25'0 I 
[Eoir=:J ryo-= I X 

1642 m' /year ~ /yo= 

Boraholo no.. 

'!'ostfld yield l/e 
PunT?cd yield SEE II DROCEN ~US DA irA l/e 
Mca::rur~d yield l/e 

Abstraction 

hClIT3/day 
days/weele. 

I 
'Woets/Y83X 
months/yaM. 

TIS (El 25'0) I mo/1 

T0tal abstraction ~Ir 
(x106) 

W'atc'C'lavols 

onoet m 
end m 

Spring flowrat~ - '('/6 tot:).l -
Eatbl3.ted Hca:Jured Annu~l 

1 
2 
3 -4 

!lltl1v Isea~Qn;tl x winter f TOpg.:.:::..1 
PS-P/4 12/-L1 1/21 '9 1'/41'/51 =l of averago original 

rate/yiold 

slightly 
v 

change/variaticn in quality 

freah 

YES 

veri fresh 

NO X 

28. Is the pre Dent ~pply of BUIfacs ~d/or 6ro~1d wator for irrigaticn p~cses ~fioient? 28. IYES i [1:0 I X =:J 
C. AGRICUlJI'UnE 

29. Please Hst the typea of crop::J under irrigation, the (a) growing cr irrigaticn Boaeon, I 29. 
(b) the aoreage of oach cro?, (c) tho ayerCtge monthly cou6Wilptivs use of each of tho 
Cro~8 and (d) tho avorag9 monthly irrigation field applicaticn 

CROP TYPE 

~uc rna 
cit 118 ~. 

Perml1-· 
nent 
crops 

Soaecnal 
or 
~dsh 

crops 

a b 0 d 
(ha) (=) (""') 

year 3 
vear "-



30. 

31. 

'W'hat. fiold lrrigat.1.on mothod(s) is (are) 'used? 

Is the .... atAr cvm'oyod froc tho po:l,nt(e) of dlversion, issuo or p'U!l" .. lins by mc2.110 Qf 
pipes, euthr.rn oa..nala or linad c;:.nala or a cOJ!ll,)ino.t1on of two or 1l,l·:;lr!l'.7 

)2. Hov can the GurIa~e soil ~1d tho oubstratuc (~ubsol1) of the irrigated lands be 
chliraoterized 7 

33. Does any salinity or alkalinity occur in the 50!1 ? 

34. Hev often is Q"PS'J.:!l or 1i&:.0 applied an thlf land~ ? 

35. \/hat f9rtil izera are rer:;u.l:l:O.·ly used? 

)6. Is the eroun1 vat~r table .... ithin r.oa~urable distance from tho ~~facc, and if so, 
.... hat in the D.\'orase do;.th of the .... atertable belo .... tho surface ? 

37. If the \,ah .. "table fluctuates aO.l!lOnally or on a longtorm baDis, .... h..1.t is nppro::d.m.:l.toly 
thO fluotuation ? 

)8. Auy . re~k9 7 

39. Data 

40. OfL'iobl 

, 

30. 

31. 

32. 

33. 

34. 
35. 
36. 

37. 

3B. 

Ensin Furrow I Floodlng Suoourfaco spriru::lo.:T.B microJElt 
irri.J)utlon pattorna ir;:lgat1on 

.I othc~ 
X --.1. __ 

Ip1,.o -pa~thG: cnr.ay Lined canal. comb1n::on-[ 

~L -rCioycy Lo:JZY Silty 3anq Gravellz_ r!O~-V 
-r.o::--- -

Other _ 
. I 

X 

'un- 'Clayey Sil:tL SZln!ly . Gravalll Shale S'stona Gra."1i tic I otbr 
,,0I~ X 

~1nHY [:S x3 ~lkalin1tY 
110 I-I 

I YES I 

Onca evory 6 Itonthafyear(s) 

gypourn 
10m 

rse;;aonallY [ YES x 
NO 

~ 

E'otroB 

[ Longtarm. ~'OS 
UQ.. x 

..mOlL 

drought ii effecting springflow , to get turbine working soon. 

39. Date -22/04/85 

40. liam.e R.P. PARSONS 
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LAN DAN D W l ? E R U 3 E 

QUE s 'r IOU n A IRE 

Pleaae compl.,te the appropriato suotions or ma.l:.'X: V",here applioable 

A. G1:.,.lERAT. nrrq!t:"1AT!C!l 

1. Ca:"..astr:1l Far:n n.3 .... <l0 and oUlllbor - Loc.u ('a.rm lJ.:una 

2. D1Btriot 

). Proprietor - Paota! addross - Telephone CoJe & Number 

L. Dra.1nago region 1 number 

5. Size of Farm unit 

6 . Total area of Cultl·...-ablo Land (drJ la..'1d, flood lrrlgo.t1<:n, furrow irrigation otc.)? 

7. Add! tiona.l artla that could be b::-o\1.ght under c:ul tivation? 

B. 'y,'hI:I.t 10 the a'/erase total arca vhlch 10 11.'ricated at loast onoe a year ~ 
9. Yhst is tho bslwlCO (arc~ which is not irrt~~ted 1n ~ average year) 7 

10. For ""hat rE':1900(9) 10 th6 bal ,.nce nnt irrigatod ? 

11. At .... hnt (a'PPro:r.) time baR irrib'ltio:l c,:)IfJllenced and/or ,,;ae significantlY' expMdad 
00 the fan! ? 

B. WATER SotmC'SS ANn DIS'l'~IPlf1'r~.: ' 

12. I3 the irrigation \l3te~ ~~??lied fro~ eurf~c~ or bTQundu~t6r rasouroeo or from both? 

1 . 

2. 

). 

4. 
5. 
6. 

1. 
8. 
9. 

10. 

11. 

12. 

I GRASRAND 334 I Hn10SADALE 

GRAAFF-REINET 

~ Conrarlje -=J 
Box 10 Graaff Remet . 23J13 

1313 
1970ha 

2Sha 
ISha 
lOha 
ISha 

lack of lrr. sufficisnt 
facill tieo rnir,fa' 

Commenced ~about~ 1935 
Expandod a~out 

Surface water Surface &: Ground vater ~ Groundwter I 
X 

ha 

ha 

ha 

"" ha 

year 
year 

1). If eu.rface and ground \oI3.ter nro uso,," conjW1ctively, uhat iB the generoJ. pattern of 
inte:::-aotlon (e.g . t.~Ulld wator pll:Di>0d when rivel'fiou docreases ••• ) ? 

14. If the flU1ll unit 10, p.rtly or entirely, cuppl1l)d ..... ith aurfao3 ..... a.ter, 1a ths flo .... 
diver~od at one oito or at sovstal oiipo ruld 1s (are) the Qtvoreion(n) hy gravity 
or by pUl[;p~ ? 

1). 

14. 

after rains - fload , pump groundwater when dams are empty 

several, gravity 

15. Do any storage re~grvot~~ cxi~t nnd if 80, i9 thie otorags mainly for daily, 
seaoon.a.l or carry-over (annual) flto~;t! ? 

16. Aro tho rooervoiro used for t he s toraQ9 of surface water or ground ..... ator or for both? 

17 . Pleaes list the capMity of all !'ea a :~:voira uocd [Ol' the storage of irrigation ~Iater. 

18. ~~t 10 th~ vol~o of ~~=race wa t er diverted (eith~r for direct application or for 
t~zporary etorage) per d~~um ? 

19. If eurface uater ie available on an irregular baaia , what is tho frequency and 
average duration of availability? 

20. Doee the surface water flow, partly or ontirely. or1g1nato from epringflou and if 
so, what i3 the pattern and avp.=~-e annual contribution of epringflow to tho total 
Tolume of surface water diverted ? 

21. Are any surtace water r,OOurcCD shar9d vith other. p~oprletors at the d1verBion 
point, and it ao, is th10 done on au organized b~s1a (e . g . Irrlgntion DoQrd) ? 

15. I dai1~ seo.sona1 annual other 

16 . 

11. 

18. 

19. 

20. 

21. 

Surface uater Surface &: Ground water Groundvater 
X §1 3 

earth ~Size notlm~~ ffl ~ I 
don ' t know ~Y.3: 

cve~ Years 
day;(woeke/D1IJnthe/ycaro· 

when it rains 

Spr1n6flow contributes on & ~ ., •• on&l annual ta8is 

~-----l B~ I ~ 1 
Name of organizatioc 

--E'.. 



22. 

2). 

' ~hat 10 the qUlI.lity of tho) surface water and has the ovorall quality chanaad OVer the 
yeara ? 

If the farJI unit, partly or ('ntir!lly, is supp] led froiD e-roun.1water, what ill thg average 
total :rea:::::ly B'l.'oun:lwatcr abotracti:m rrom all souroeo (boreholes and o::?:ring3 o '~her 
than inoluded u.~der egotion 20) 7 

24. Supply the Iollowine particulars for each borehole p~pei for irrigation: n~~b~r; 
tested, pun:pod and :ncasured yield; abstraction schedule; avera,;o \. .... tal volume 

.&bstracted por ye~; waterG.u.a.lityj ..... atcrlevala at the onoat and end of an irri­
gation cycle. 

.. 

22. 

2). 

24. 

2$. If ~rtngflow (othar than that included in ueotion 20) i~ used for irrigation purposes, I 2$. 
vhat is the (est~ted or mc~uurcd) flow rate and averaso total annual flow of each 
a,ring ? 

26. I:o borahole yields and rates of eprirogDow decUlia wHh time, and if BO, "'hen and to 

27. 

28. 

what extent ? . 

'.oI1ui.t is the overall quali to/ of the grcnlIld-.r.:tter used for irrigation Rnd hao a quality 
chano~ with tima been noticed? 

Ie the prsoent supply of uurface ~nd/or ground water for irrigation pur,08oe suffioient? 

C. AGRICULTURE 

29. Please list the types of crops unrl~~ irri gation, thv (a) g1~wing or irrigation season, 
(b) the acre~ of Qach crop, (0) tho avar.lga reDnthly coo:rumptive USe of each of the 
crope and (d) the av~r~ monthly irrigation field application 

26. 

27. 

28. 

29. 

saH~ 1. trackioh fri!;h mg/l (25'c) ..s/c @ 25'C 

fJESr-] OC I X 
r;? /year 

-
BoroJholo no. 

TO:Jted yiel'1 t/. 
Pumped y i 9ld SEE I1YDROC NSUS ATA t/e 
Non.aurod yield. t/, 
Abstracti.on 

hours/aay 
dayo/week 
weeks/year 
months/year 

nil (@ 25'c) ~/1, 

Total abstraction d/y 
(xl06) 

Waterlevels 

onset m 
and u 

Silring flowrats - J,fo total fiO>L - JJi. 
E~t1mted Hea.sur'Jd Armual 

1 
2 
) 
4 

IS<>-'lSOnal 1])("1, rlongt~1 

1~13/1' 1
2/

) 1 '/21 '/J 1'/4\'/51 nol of average original 
rate/yi6ld 

lsalina brackish ~lightly 
i flh 

X 

ohange/variation in G.ualit.' 

IYES I x J ",1";,:,0-,-1_--, 

CROP TYPE a 

lYES 

b 
(ha) 

Cen1 

PernJ,"l. oats II ve r 0 
nent 
orops 

Soaeonal 
or 
cash 
crope 

freoh very fresh alkaline.l sulPhurous! 

.J ~ .J 

c d 
("") (mm) 
"2' flood 

lU spray 



30. What field irrigation methoJ(s) 13 (ard) uaed ? 

)1. 19 the ~ater convuyed fron tho pointeD) of diversion, i~auo or pumpino by ~e~nB of 
pipeo, earthen oa.nata or lined c.J.:Ialo or a CO:::lbinat!.Dn of two or rcor£'.? 

)2. Halo' can the auria¢e eoil and the aubstr3tum (eub~oil) of the irrigated lando be 
characteri'l.od 7 

J). lbes any salinity or alkalinity occur in the 0<..111 ? 

34. Bov often i~ 87P~ or li~a applieJ on tno lands ? 

35. Vhat fertIlizers aru r2c~arly u~cd ? 

)6", 10 the ~und vate:: t:l.b.1e ".:1 t.hin cl(:asurable distance fro:n tho G'.l . .rfaco. ann if (la , 
vhat 10 tho avc=a.ao d~i)th of tho \.'3tcrtab).e bolo ..... tho surfilce 7 

31. If t he .... atdrlable fluctuahs oensonally ~r on II. 10ngtorlOl basis , W"ha t io nprroxiJM.l;ely 
the IluQtuation 7 

)8. Any re~ke ? 

• 39. Inte 

40. Offiold 

, 

)0. 

31. 

32. 

3). 

)4. 
35. 
)6. 

31. 

38 . 

Ballin E'll.rro· ... FloodIng . I SlIb:nll:face tlpriuklera microjet 
irrigat::"on pattorns ir:dgation 

X j X 

IPipe6_1 E:u'thon canals 'j Linod canale Co:nbina.tio~ 

~_.L .· .. _1 
~OIL 

Cleyey Lo_ Silty 

X 

Sandy Gravelly aocky Other 

~~ Clayey S11ty San...sL- Gravelly Shale S'stone Crll.'11..tio I Othor 
I 

ISali~1 tyU I: X IAlkal!ni-t~·-·00]-3' 
Onoe evary 6 montha~ 

±lOn motrca 

[Se~90naiiYl- ~~-1 ~~ fLongt.rm l: 
NO X 

tlAtreo JUll .... 

39. Date 23/04/85 

40. NllJIle R. PARSONS 

othar 
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I,AI-fD AN!) ',iATER USE 

QUE G T IOU 11 A IRE 

Please oomplete the nvpropriate Dootione ar markvr~hera applicablo 

A. rnTrn.AL TITFORMATION 

1. Cad..ao tral Farm na.me and Dwaber - Local Farm name 

2. Distriot 

). Proprietor - Poetal address - Telephone Code & Numbor 

4. Dra.inage region &: number 

5. Slze of Fa~ un!t 

6. Total aren of CUltlvabla Land (d1~J lruld, flood irrigation, furrow irrigation eta.)? 

7. Adcllt10nal c.rea that co~ld be b:'O'.l6l':t \Uldo= cuJ.Uvation? 

fL \&at!B the averaga total area \/hich itl irrigatod at lOBst onoe s yoar ~ 
9. '«lul.t is the b:u.a.nco (are.]. 'oo'h1.::h is not ir:dC.lted in an average year.) ? 

10. For ~hat reaeon(s) 1s the balance not irrigatod ? 

11. At V~At (~pprox.) time has irrigation commoncod and/or vas significantly expanded 
on the far.n ? 

11. WATrn SOURC'.:"S .o\lm DI31'RIE1ITIC~ 

12. 19 the irrigation wat~r suppliod frc~ ourfac~ ~r ~undw.J.ter resources or from both? 

1). If GUrface :!.Jld ETound watf:r are used conjWlctlvely, lIh.:1t 10 the general pattern of 
intor:lction (e.g- . gro\L'1d \ .. ator ptu:i>0d \/hen riverflo· ... dec reases •.. ) ? 

14. If tho far.:! unit 10, pa=tly or entirely, Z"llpplieJ. ...,ith ourfaco water, 1s tho flo .... 
div~rted nt cn~ oilo o~ &t sevoral site9 and 16 (a.e) tho divero!on{s) by grav1ty 
or by pu=."ili::g ? 

15. Do any stor~e re:lorvoir!J exiot and if 80, 1:l this otorage tl11illly for oaily, 
seaconal or carry-o,rer (annl.l.1.l) storage ? 

16. Axo the rosorvoiro ur,ed for tho otor.l.r:.-e of surface water or ground water or for both? 

17. Please list the o.J.?<loity of all resorvo!rc uocd for tho ator~o of ir.rlg::ltion water. 

18. What ie the volu=o of nurfaco w.\h·r diverted (e1 ther for direot appl1ca.tion or for 
te:zJj),Jr:uy slorace) per ann'J..III ? 

'9. If su.rface water ie e:rnllable on on irregular baoie , ..... I-oat ia tho fl'eq'.lOncy and 
averago dUr3tion of availability? 

20. IkIee the o:.lrface .... ater Do ..... partly or entirely , originate from epringflow and if 
eo, \Jh.."\t 19 the pattern ;u\d, avera.e,-e annual contribution of opringnow to the total 
volume of aurface water divertod ? 

21. Are any aurfACe water resourc~9 ehared ~iih other proprietors at tho divereion 
point, and it ao, ia thJe done on .n ore~ized b~ai5 (e.g. Irrigation Board) ? 

1. 

2. 

). 

[jiROOTVLAKTE 132 GOTVLAKTE 
ABERDEEN t I'lr-~nC-:-noi"Inng -- - -------­
Grootv akte 
Abecle;p I Aw n l""" I 2703 
1314 
2400ha 

250ha 
ha 

ha 

h. 

4. 
5. 
6. 
7. 
8. 
9. 

50ha 
200hR 

ha 

ha 

10. r1~.-c~k--o~r-i7r-r-.--rcc-c-~--'--.-uI~f7i~c~i-.-n7t---r-------C---r----~---r--~---' 

11. 

12. 

, ). 

14. 

·nciUttao _rainf; 

COlIllllenced 
Expanded 

x 
about) =::t!t~l\4\4t== about) ... tj.) 

Surface vater Surface & Ground .... ater Ground ..... ater 
x 

previous owner also used sur f ace water 

year 
year 

15. [ daily no r-· 8oo.e~nal Brulual other 

,6. Su:-faco wa.tor Surface & Ground water Groundwator 
x 

17. ff[ 128535 ~ r~1 ~ 
16. don't kn ow -~.r 

19. cver'J .'felira when it rains daye/weeko/mantha/year s 

20. Spr1ng!1ow oontribut •• on a E--I .... on.1 =1 
,; 

78840 m' / year 

basie 

21. ~-----l I :~ I ~ - I 
Nam. or organization 



22. \lhat is tho qunlity of the ourface .... ator and haG tho overall qualHy changod. over tho 
yearll ? 

23. If the farm unit, I_ilrtly or entirely, ie aupplied from ~undwa.terJ .... hat ie the average 
total yoarly ,gToWldwater ablltraction from all Bouroe::] (boreholo~ and cprings other 
than Inol~ded under sQotion 20) ? 

24. Supply the following pilIticulara for each borehole p~ed for irrigation: numb~r; 
tested, pu.w;ped and measurod yield; ab3traction schodulo; avo ragA "..tal volume 
abstracted per ysarj 'oIaterquality; .... atcrle·'sla at the onset and end of an Ini­
g::ltion oyolp .. 

, 

22. 

23. 

24 . 

25. If upringflow (oth~r than that includod in section 20) 19 used for irrigation purposes, I 25. 
yhat Is the (estimatod or mca~uxc~) flow rate and avoraee total annual flow of each 
sprtng ? 

26. Do boreholo yields and ratoD of opringflow declir.o with time, and if so, ~hen and to 
vhat extent? 

27. What Is tbe overall ~uallty of the groundwater used for irrigation and has a quality 
chang9 ~ith tima been noticed? 

28. Ie the prenant gu~ply of gurfaoe and/or ground water for irrigation PUX?oeBB ~fioient? 

C. AGRICULTURE 

26. 

27. 

28. 

29. Pleaas list the typea of crops under irrigation, the (a) growing or irrigation aeaooD, I 29. 
(b) the &orc~ of each crop, (a) the average iWnthly conGU.I:lptiv8 USB of each of the 
crops and (d) tha nvorag9 monthly irrigation field ap?lication 

'. 

brackieh frooh "S/' (25°c) .s/m @ 25°c 

[msr=:J l iro - ·r~ 
,; lyo= 

Borehole no, 

Teotod yield lis 
Fum;led yloid S ~E HYD, OCENSL S DATA lis 
J1ea!J\U'~d yield .tIs 

Abatraotlon 

hours/da,y 
days/weeic 
weeks/year 
months/year 

TUS (@ 25°c) ."Il 

Total nbstract10n ';/y 
(xl06) 

Waterlevels 

onset m 
,nd m 

Spring flowrate - -t a tot".l - ~ 

Eot1mted Heasured Annual 
1 
2 
3 
4 

1lli.l1y X r Tangtepn I 
---

J~l1 nSQn~l 

[ "/5 [J 141 2/3 L 1 12P3\ U 1
jl;r 'sfl of averago original 

rate/yield 

1 very tresh ~kallne ~s'l1n. brackish slightly 
brack~ 

X 

eulPhurouj fresh 

IYES I INO ~ " I chnng-;j1variation in quality 

I1§:L;::J I,-"N:::...o ,-I _--' 

CROP TYPE a b c d 
(ha) ( mm) ("" ) 

lu ·erne 11 "'" '14 h' 
Pertna- 18ts a Veal YJ 
nent 
orops 

Seasonal 
or 
caBO 
cropo 

',- -



30. \./h.;Lt fielJ. irrisation method(s) is (are) usod ? 

31. Is the vater con·' .. >10J. froID tho :point(s) of diversi on, lcsue or pu:npil'..g by means Qf 
pipes, es..rthon o~19 or l ined Ca..:lalo or Q CO:::li>lnat1.o1l of tlo'O or 1ll0%';9.7 

32. Hov can the surface 6011 and the oubotratuo (cubaoll) of the irricateJ lends be 
chaxactarhcd ? 

33. Deas an;{ salin1 ty or alknlini ty occ~ in the 0011 ? 

34. Ho ..... often 1s gypOU.:lI or lime appl1eJ. 0:1 the lands? 

35. \./hat fertilizers axe regul.a.rly u:)od ? 

36. Is the croW1d .... ater tabla .... i thin OC:lsuri11ila distance from the ourfilca , and if 00 , 
""hat is the c:,orao(l dc;:th of tho .... atert:l.blo belol.' tho nurf.J.ce ? 

37. If the .... atertable fluctuatos saasona.lly or on a 10n.&turIiI baslo, 'What is appro:d.J:l,o.tely 
the fluotuat!on ? 

38. Any remnrks ? 

39 . Do.te 

lt~. Offioial 

I 

-
30. Busin Furro" }llood!ng Sub:rurfacc sprinklers IIlicrojet 

lrrlsation pattonts i rrigation 

X 

31. [LPOS 1- Earth;n canals r inCd car.al e Combin:Ltion 1 
--

32. Clayey Lo""" Silty SO::ldy . Gravel Iv Rocky Othol' 
X ~OIl' 

r.UB- Clo.YElY Silty flonrs Gravell'! Shale S'otone Greni tic I nth!)%' 

3). 

~OIL x 

:s~li;.n~it~- y~===~l'YE~SC=======] 
lEo x 

Ii.}"un! ty I YES, H 
NO 

)4. 
J5. 

Once every montha/year(a) 
never 

)6. 5 to lOn a;otl'es 

37. [5",on,lly 1:- I x 1 [Lon .... ", . l: '_=J 
1/2 cotr". .:illl.:tl.. 

)6. 

39. ])o.ta 24/05/85 

40. Name R. PARSONS 

.. 

I 

other 



# 

I,AHD AND 'WATER USE 

Q IT EST ION U A IRE 

Please oo~lete the appropriato aootiooe or markvrwhore applicable 

A. GmrtA4.L nl'FOID-'_~TION 

1. Cadaatral Farm ~G and number - Local Farm na!llft 

2. District 

). Proprietor - Poetal address - Telephone Code ~ N~bor 

4. Dra.in~e region &: nu:nber 

5. Size of Farm unit 

6. Total area of Cultivable Land (drJ land, flood irrigation, fu.rrOl~ irrigation etc.)? 

7. Additional a~ea that could bo b=ought ~,dc= cultiv~tion? 

8. 'What Ie the avengo total area .... l"..icb Ie irrigated at le .. st once a year ~ 
9. What is thg balanco (area vhich Is not lrrisatcd in an average year) ? 

10. For vhat rea30n(a) is the balance not irrigated? 

11. At vhat (approx .) t~9 haa irrigation co~m~nced and/or vae significantly eXpanded 
on the f~ 1 . 

B. WATS:R SOITnL'ES I ... no DISTRTBUT!:)!l 

12. Ie the irrigatIon wat~r suP?lied frc~ ~~rf~ce or groundwater resources or from both? 

.13. If uurface and ground vater are used conjunctively, what is the general pat torn of 
intoraction (e.g. ground .... atar ptUipad .... hen riv8l:Qow decreases .•• ) ? 

14. If the farm unit !.o, p:u-tly or e:1t1rcly, s·.IppliC!d with aurfaoe water, is the flow 
diverted at one slto or ~t eevural Dite~ and ie (are) the divereion(a) by pravity 
or by pwnpir.g ? 

15. Do any atorage reaer\~iro exiot and if eo, is thin otoragu mainly for daily, 
eeaoonal or carry-over (ar~ual) ~to~ 7 

16. Are tho roservoiro ueed f or tho Dto~ao-e of ourface water or ground water or for both? 

1-

2. 

). 

4. 
5. 
6. 

7. 
R. 

9. 
10. 

11. 

12. 

1 ). 

14. 

HONINGNEST KRANTZ - r· -2"17 I HONING KRAN~ 
GRAAFF-REINET 

~
. - - Biggs -] 

r. :; _. ZlO14 
Graaff Re.inet [ 0491 

1313 
3:ffl ha 

3 ha 

3ha 

lack of ir~·. sufficient 
facilities ra nf; 

Commenced fabout~ 
Expanded about 

Surface water Surface & Ground water Groundwater 
X 

use ground,rdter when surface water not available 

15. I daily -r --;;;-a;nal annual other 

16. Surface \la.ter Surf :?e &: Ground wa.ter Ground .... a ter 

your 
year 

17. Pleaso liet tho capacity of all rcoervoiro uned for tho etorago of irrigation wator. 

17 . ffl--Uf45lrr? ~ G I ~ I 
18. What ie the vollmo of surface .... ater divorted (either for direct application or for 

temporary atora,se) per ann':..l.lll ? 

19 . If surface .... ater is available on an irregular baoie, .... hat ie tho frequency and 
average duration of availability? 

20. Doea the eurface .... ater flo ..... partly or entirely , originate from epringflow and if 
00 ..... hat ia the pattern and nve~aae annual contrihution of Bpringflow to the total 
volume of BUrfaoo water diverted? 

21. Are any BUrface vater reeourceo shared with other proprietors at the dlvorolon 
point, and if eo, ie thio dono on an organized baeis (e.g. I rrigation Board) ? 

18. 

19. 

20. 

21. 

was last full in 1)1/4 

eve~ yearEl 
day~weekB/months7yeara-

.? /y.nr 

Springflov contribut •• on a Ll ".eono! annual basi. 

~ 

fITfl I:~ I ~ 
Name of or&anization 

ha 

ha 

ha 

ha 

ha 



~::::. Wh3.t is tho qU.3.11ty of the surface .... :lter and has the overali qU&.l1ty changod ovor the 
yearo ? 

2 ). If the fQrm unit , partly or entiroly , 10 au~p11ed fro~ groundwat~r, wha~ 10 tho average 
total y early &round .... ator abatract10n f1~~ all eo.uroc3 (boreholos and oprings other 
than inoluded under 890tion 20) ? 

24. Supply the follo .... ing partioulars fo= each borehole pu~ped fcr irrigation : numberj 
tcated, pumped and measured yield; abstracticn eotedulo; averaga ~~tol vol~e 
abetracted per year, waterqualitYi watorlovele at tho cnse t and end of an irri­
gation oyol~. 

.. 

22 . 

2) . 

24. 

25. If springflow (other than th~t incl~dcd in seotion 20) is ~eed for irrigation purposes , I 25. 
what 1 3 the (e3t~ted or £cauurcd) flow rate and av~.a£o total annual flow of each 
spr1n& ? 

26. D:> bonhole yields and rateD of Bprln&flcw declin!) ..,Hh time , and if 00. , when and to I 26. 
.... hat extent ? 

27 . \/hP.t i8 thG oyarall quality of the ground·oIater us ed for irrigation and Me 0. quality 27. 
c~ .... ith time baen ncticed ? " 

2B. Ie the present B1.tpply of BUrfaos and/or ground "\la ter for t "n:lgatlon purpoeos BUfflcient? 28. 

C. ACRICUL'l'URE 

29. Please liot tr.e types of orops under irrigation , the (a) growing or i rrleaticn aesson, I 29. 
(b) the LCre~ of c~ch crop , (c) tho aver~ge monthly conoUQptive use of oach of tho 
c rops and (d) the avernge £onthly irrigaticn fie ld app lication 

brnckil.lh frcoh - melt (25'c) mS/m iii 25'c 

[YEs"C:-J LEU-,>-=::J 
"J Iycar 

Bo!."oholo no.. -::---_. 
Tosted yield 
Pumped yiold SEE . 
110aaured yield 

IIb9tracticn 

hcur~/Uay 
days/woe\: 
.... eeks/year 
months/year 

TOO (iii 25'0) 

Total abstraction 

Waterlevel3 

onset 
,nd 

Spring flo.wrate - l/s 

Est im ted 
1 
2 
) 
4 

, , ..11»:1= ISe~9CQ:l; 

slightly 

change/var~ation in quality YES 

~I 1110 I X I 

CROP 'l'YPE a b 
(ha) 

"' erne ~y~. 

Perma-
nent 
crops 

Seasonal 
or 
cash 
crops 

DATA 

Heasurcd 

X 

frosh 

x 

0 

(rom) 

tl, 
tl' 
tl' 

molt 
"l/y 
(x106) 

m 
m 

to hLIJ.<»<-=..L 
Annual 

IIQc,":erm I 

very fresh 

NO 

d 
( "") 

borehole on hills 
of average o.riginal 

rate/yield 



30. What field irrigation method(e} Ls (are) usod ? 

31. 

32. 

Is the .... a.ter convoyod .from tho pointes) o.f divorsion, iOSUQ or ll'JJDping by means o.f 
:pipeD, earthon oanai"s or linado. ca.=.als or a oombination of two or mor6l'.? 

, 
Ho .... can the sur.fa.ce 11011 a:ld the cubstra-tum (subs::lil) of the lrrig-o.l.tad lands be 
ch.n.raoter1zed 1 

33. Does any l1alinity or alWinity occur in tho soil ? 

3~. How oft~n iu gyp~ or li~e applied 00 the lands ? 

3,. Vhat fertilLzors are reOUlarly u::led ? 

36. Is the ground water tabla within cC~3urable distanoe from the uurfaco, and if 00, 
what 13 the average dei>th of the .... atertable below the 6urface ? 

31. If the \o."aterta.ble fluctuates soasonally or on a longto::-::a baflia, uhat is a.pproximately 
thb fluotuation ? 

36. Any.remarks? 

39. Into 

40. Of1'ioial 

I 

30. 

31. 

32. 

33. 

34. 
35. 
36. 

37. 

38. 

, 
[ Imsin Fu=ro .... Flooding Subourfa.ce sprink:lera micl.~:>jet 

Irrigation patterns irri.gation ,. . X L_E Earth~n canals Lined canals Combin:dion 

'OIL Clayey 1,,- Silty Sand,y Gravel!L Ro~ other 
X X 

31jD- Cl .. yey Silty Sar~ Grave1!L Shale 8'stons Grani tie I Other 
.... OIL 

IS~Hnity I:S x [Alk.11nity I :s I X 

Once every months/year( s) 

[ Se.eonallY YES X -I 
NO 
5~ 

~ 

II"~-;-rm l: I =t 
~ 

39 . Ib.te 24/0'./85 

40. Name R. PAKrnS 

other 



# 

LAN DAN D W ATE nus E 
QUE S T Ion Ii , IRE 

Please complete the 8.:Ilpropriate sections or mark v'WheTe nppl1cabla 

A.. GEUUUr, niFO!Dt~Tm!f 

1. Caruaetr:ll Farm pa;ne and nWlbor - Local Farm naJllB 

2. Distriot 

). Proprietor - Postal addreo6 - Telephone Coda & Number 

4. Dra-wage region &; number 

$. Size of Farm unit 

6. Total Araa of Cultivablo L~d (d17 land, flood lrrig~tlon, furrow IrrigatIon eto.)? 

7. Additional area tbat CQO.l.ld be b!."OU2ht unc.c= cultivation? 

B. What la the average total aIO.J. whicb Is irrigated at least onoe a year ~ 
9. ~~t is the bal~~o (area which Ie n~t lrrlcntod in an average yoar) ? 

10. For what roason(o) Is tho balance not IrrIcatod ? 

11 . At ""hat (.3PProX.) tirto has lrrlc,-:lt1on cOII".clonced and/or ",as elgn1iicantly expa.nded 
on tte faT::! ? 

B. '.I.o\nm SO::rnC!-:S ~N'D DTS~nlIjTI I)l I 

12. Is the l~l~tlon wato~ 6U?~lled fro~ ~~face or groundwater rcsources or from both? 

1). If surface ond ground V3,tf'r (lre usod conjunctively ..... hat Is the goneral pattol.TL of 
intoraotion (e.e. grour.d .... a.ter pn.'urod \thon riverno .... decreases ..• ) ? 

14. If the fa.rm unit le, rart1:r or enti::017, oupplied .... ith S"..trfaoe water, 10 tho no .... 
diverted at one sito or at sev~ral aite~ and Is (ara) the diversion(o) by gravIty 
or by Pu:!Iping ? 

15. Do any etorag9 rc~ervoiro oxiot and if 90, Is thin otorage cainly for daily . 
oeaoonal or carry-over (annual) otorage ? 

16. Are the rooervoiro uDed for the sto::'a.oe of eurfaco un.ter or ground .... atar or for both? 

17. Pleaee liet the capaoity of all rCQorvoiru uocd f or the otorage of irrIgation .... ator. 

18. What is the volu1%:e of ourfilce water diverted (eithr.r for direot a?plication or for 
tempor3.IY otorage) ror ar~~ ? 

19. If eurfnoe .... ater is available Oil an irregular baoio. what is the froquency and 
average duratIon of ~va1labl1ity ? 

20. noell the 8urface vater now, flu't)y or ollti.rllly, ortgi~te frolll epringnO\( and if 
110 , .... hat 1s tha pattern and aver~ annual contribution of opringnow to the total 
volume of eurface water d!vQrted ? 

21. Are any eurfaae water resour'Ceo shared with other pr.opr1etot'1! o.t the divereion 
point, and if so, is thie dcne on an or~~lzod baei9 (e.g. Irrigation Bo~d) ? 

1-

2. 

3. 

4. 
S. 
6. 

7. 
B. 

9· 

I KL:IPL'RlIT '426 ,. KRANSPlAAS 
GRAAFF-REINEI' 

rrtr~ c:u:-Ehs-rrn---- .. ~ 
&lx 384 ~raa£i Rei net I CWll 23'151 

1313 
4440 ha 

~ ha 

400 h. 

~~ ha 

4OO~ ha 

10. lack of irr. lack of I sufficient 
facllitlsG watAr __ r~hl.f noDa Call aa 

11 . 

12. 

13 . 

14. 

Coa:or.encod 
Expanded 

aboutl 
a.bout 

Surface water 

l R'iO 

Surface & Ground water Groundwater 
x 

use groundwater when surface \.ater not available 

2 sites, gravity 

year 
year 

15. cla-ily ---- [------;~naonal I~_~~at other 

I X I I I 

16. Surface water I Surface & Ground .... ater ..i Groundwater 
X ..i 

1 100 CXDn m' 4 2!: 
2 1 7ffin' or S 0' 

1]. 

3 or 6 or 
1B. don't know or /y.nr 

19. eve~ Year, 1 d· 1 3 
dayfwaske/lIlOnthe/Yeo.re one ea mg turn over ast years 

Sprinl!Ilov contribute. on a r=' I .. ';"01 an.-rual 20. buh 

~ 
315m 

21. ITrn] ~ 
Name of organiZation 

I:~ I 
Van RyneveldsPBs Dam Irrigatlon Board 



22. Vhat h tho quality of the S'..u'faoa \later o.nd has the overa.ll quality oha..ngsd over the 
yeara ? 

>3. If tbe farm unit, partly or ~ntiroly, io supplied from eround~nt8r . ~hat i6 tho average 
total yearly groundwater abs traction from 0 11 SGUt'OC3 (boroDoles and uvrings ot her 
than lucluded under ~Qvtion 20) ? 

24 . Supply tho f ollowing particulars for each borehols p~pcd for irrigation: n~bert 
tested, PWDIled nnd ceo.sured yieldj abotraction 6oheduls; averago ... .,.,tal volume 

.abstracted per ye~i waterqunlitYi watcrlovels at t~9 enDet and end of an irri­
gation cyob .. 

... 

22. 

23. 

24. 

braokish 

l YES-LI_-, 

Doreholo no. 

Teoted yield 
Pumped yiold 
11ce.ourcd yield 

Abstrac tion 

hours/day 
daya/llael.:: 
wecko/Yl3ar 
lUOnths/year 

TOO (@ 25'C) 

Total abstraction 

Ylaterl evels 

onoe t 
on' 

f reoh - ma/l (2,'C) 

I no-I don 't know .r /y.", 

l/B 

S 'E . 1\ TA l/B 
l/B 

ma/l 

m'fy 
(x106) 

m 
m 

25. If upring£1ov (other than that included in seotion 20) is used for irrigation purpODSS, I 25. 
what is the (est1.m&ted or IlcOI.mlrcd) flow rate and avor<\80 tC,lta} annual nO\{ of saoh 

ISprl~ flowrato - l/s t otal .£". - ~ 
spring ? 

EeUanted Hea8UIed Annual 
1 
2 
3 
I, 

26. 26. DJ borehole yIelds c.nd ratss of sprlngflow doo1109 with time, and if so, lfhen and to 
what extent? 

I I»lly ISeASQnal p&n~1 

101 3ip3 1 '/21'/) 1'/4 1'/,1 no l 
21. \lh.a.t ie the overall qu.oJ.ity of the ground~,a.ter used for irrigation and has a. quality 
c~ with time been noticed 1 

27. ISalino I brackish slightly I freoh 

change/variation in quaUt: IYES=LI __ -' 
28. Is the present supply of uurface nnd/o r 6TOund water for irrlcation purposee BUffioient? 28. I YES I 1110! X 

C. AGRICULTURE 

29. Please liat the tyyeo of C~lP~ under irrigation. the (a) growing or irrigation BeaSOD, I 29. 
(b) the aore~ of each crop, (0) the averAge monthl ] con~pt1ve US8 of each of tho 
crops and (d) the average monthly i r ri gat i on field application 

CROP TY!'E 

lu 

Pere3.-
nent 
Ol"OPS 

Seasonal 
or 
cash 
cropo 

a 

erne SUT11E 

oas W1Jl e 

b c 
(ha) (=) 
~ 

LU 

very fresh 

NO 

-
d 
(~) 

of average original 
ra.te/yield 



)0. Wh.t [1old irrigation ~etho~(3) i9 (are) llDQJ ? 

31. Is tho vater conv<Jyod froll the point(s) of diver!lion, istrua or PUlI?ing by moane qf 
pipee, Itarthliln ca.r.afu or lined C:ulalc; or a comblnat1.on of two or morb'.? 

32. Ho .... can the surface 0011 and the !JUbstnt\UI (eltbsoil) of the irrigated ID.::lds be 
charactorized ? 

3J. D::les any nal1nl ty or alkAlinity ('CCllI in tho Doil ? 

34 . Do',./ often 1s c;:rplrJ..:!l or lUh' applied on tha lands? 

35. 'w'hat fert';'li::<:era nro re6U1arlj' u~cd ? 

36'. 10 thd gTOund .... ater ta~le ..,ithin rlc;l:01UOlble distance fro:n t.ho nurfaco, and if 00, 
""r.at iB tr.c o:/o:::-ago dCi'th of tho .... .:ltertablo beloW' the :;urfaco ? 

37. If tho ~at~rtable fluctuate3 sO;l!lonally or on a 10r~orm basio, ""hat is aprroximately 
the fluctuation ? 

)8. Any remarks 1 

• )9. Date 

40. Official 

I 

)0. I BIlsin Furrou Flooding Sub3Urface eprlnklGro m.1c:rojet other 
h:rigation p8.t~orn9 lrrJgat.ion 

L X 

)1. tiP'. Ear,no: can'l~ Lin,1 c,n.l, CO~bin.ti~ 

)2. 
OIL Clnyoy I.o_ Silty Sand.! Gravelly nocq Other 

X X 

Im- Cl::L\'cV Sll~y_ Sandy Grav(olly Shale Slatone Cra.'J.i tio I Oth e::o 
O:::L .1 

)). [fu.linity G: ImmUnity I :s I X 8.5 

34. Onoe evorJ 1 ~(year(s) 
35 . arrrromlml sulphate, phosphates 
)6 . 15 to 20n metres 

I Lo"§"", l: 
NO X 

)7. ISeaoonally I yu~ 
L. N",O,-,-...,-,XL---.J 

m=r.. ~ 

)8. 

39. Data 24/lA/85 

LO. Nus R. P. PARS::NS 



., 
,/. 

~ 

LAUD AND WATER USE 

QUE S T I 0 9 U A IRE 

Please oo~lete the appropriate sections or mark~yhare applicable 

'.'. 

A. GENEnAT. TIrFORMATION 

1. Cada:Jtral Farm !lamo and numb6r - Local Farm nl\m~ 

2. Dietriot 

). Proprietor - Postal address - Telephone Code & Numbor 

4. D.mJ..n3.8o region ~ number 

S. Si~e of Farm unit 

6, Total arca of Cultivable Land (drJ land, flood irrigation, ~-row irri gation eta. ) ? 

7. Addi tiona! area tha.t could be b:-ou,ght wldo::- cul tiva.tion? 

6. What 1s the avera&e total area \"!1i-::h .!os irrig3ted at lea$t once a year \ 

9. ~t is tr.e balanco (area \oI'hl~h is not in'1t.-ated in :m averaoe year) ? 

10. For what reaoon(o) 10 the balance not ir~ignted ? 

11. At what (appl'Ox.) time hao irr!sation co:r.menoad and/or W::18 aignificantly 8Xpande'd 
00 the far:o ? ' 

II. WATER S0URl.'ES Mm D!STRT~tJ'rIml 

12. Is t~e irrigation water ~pplied fro~ curfcce or groundwater resources or from both? 

1). If surface and ground Volt"r n.re used conjunc1.1vely , l,hat 1s the genera.! pattern of 
inhractlon (e.g. f.Tound vater p'l.:'lYcd .... hen rivel:Oov decreaseD ..• ) ? 

14. If the far:n unit iB, partly or entiri:l::. !J'lpplied .... itt> s-.u-faoa water, 18 the Dow 
diverted ut 0 .. 9 aito or at 09yo":." <11 sites and is (arll) the divoralon(o) by p-;:'avity 
or by p\l.Clping ? 

15. Do any storage reser\~ i ro exiot ~~d i f 00 1 ie thia otoraga mainly for daily , 
90Q.SOnal or c::.rry - over (:umu.:tl) otorage ? 

16. ~IJ the reservo1ro u8e1 for the sto:::'a.:,-e of our!aco water or g;:ound .... ator or f or both? 

17. Please list t ho c~pac l ty of all r~sorvoirD uoed for the storago of irri~tion ~ator. 

16. 'w'hat 10 the vo l ume of aurface water diverted (eithflr for dlrec t applloation or for 
tempornrJ Dtoraoe ) per nn:1'.lm ? ' 

1. 

2. 

J. 

I,. 

s. 
6, 

7. 
a. 
9. 

10. 

11. 

12. 

13. 

111 . 

[JLIPClillT .. . [426--r ~mIFGIIEIN 

GRAAFF- REINET 

[:~-~-::~~~eillet ~~ 513 -] 

1314 
4'm ha 
4:D ha 
2CXXl ha 
1:D ha 

Commenced ~about~ 
Expanded about 

Surface water Sll.rfaoe &. Ground water 

x 
use grOlllldwater when no leadjng t urns 
one site gravity 

Cr 01mdwater 

yoar 
y".r 

1 s. I dailY -I seasonal annual other 

16. Surface wator Surf: ~e &: Ground water Ground .... ater 

17. 

ffi ~ I ~ I jJ 
1a. don ' t Imow . or /Yo.r 

ha 

ha 

ha 

ha 

loa 

19. If wurface .... ~ter io ava i lable on an irre~lar baDia, w~t i s tho frequency and 
average duration of Bvailability ? 

19. "'87 , .. co In last five years only 9 leading turns 
daya waekA/montha/yeara 

20. Doee the euxfac e water flo ..... partly or entirely, orl~nate f rom opringflov and i f 
eo, vhat i s the pattsIn an~ avcrao-e 8.IUlual contribution of epr1ngno~ t o the tota l 
vol ume of uurface .... ater div~rted ? 

21. Are anr ~face vater resourceo ohared v1th other propri e tors at the divors10n 
point, and i f 8 0 1 10 tbio dOOB on an or~izod baa1a ( e .g. Irri gat i on Board) ? 

20 . 

21. 

S,ringflow contribut .. on a ~pa.on&1 annual ba.s la 

~ 

[TIff -j G'-+--j ----i 
Nnma ~~,a~t~l~o~n"-__________ __ 

as previous Board 



2l". 'r/hJ:Lt is the qUill! ty of the surface \later and ha:l the ovorall IJ,uality cha.nged ever the 
yOiU'1J ? 

23. If the farm Wlit, partJy or entiroly, ia ::ruppUed fro<D CToundwatar, what is the average 
totoJ. yearly g=oundO/at9r ab:ltractioD froID llll (Iource:l (boreholes and oprings other 
than included under ~~otion 20) ? 

24. Supply the follo~ine particulars for (!ach borehole pumped fcr irrigation: nwnberj 
tested, pumpod and ~easured yield; abotraction Dchodulei avorage ~~tal volume 
a.bstracted par year; .... aterqunlitYi .... aterlevela at the onset and end of an irri­
gation cyole ... 

.. 

22. 

23. 

24. 

25. If B;lringflow (other than that includou ill section 20) 1:1 u!;;ed for irrigation purposes, I 2$. 
~hat is the (eatLLated or ~c~uured) flow rate and avorago total annual flo~ of each 
spring ? 

26. D:::I bor~hole yields and rates of aprineflow dacl1r.s .... .tth tue, and if so, when and to 
~hat extent ? 

27. ~_~ is the overall quality of the gro~,d .... ator unsd for irrigation and has a quali~ 
cha~ ~ith tLae been noticed? 

28. Is the present supply of sur~aoe and/or ground ~a.ter for irrigation purposes suffioient? 

C. A.GRICULTURE 

26, 

27. 

26. 

29. Plense list the typeu of oropo under irrigation. the (a) growing or irrigation eeaeoD, I 29. 
(b) the acre~ of uach crop, (0) tho avernge reonthly consumptive uee of each of the 
crops and (d) the ~vorage monthly irrigation field application 

bra~kish fresh • mglt (2$"0) mS/Q @ 2$"0 
x 

[YEsr~ I tID [-x-~ 
rr? /year 

Borehole no. 

Tooto(l yield tla 
I'u..m";ed yiold. SEE , lliT tis 
11naaurcd yield tlB 
Abstraction 

hours/day 
dayo/woe'.c. 
weeks/ya:u: 
IJ'IOntho/yeax 

TOO (@ 2$"0) ""It 
Total abstraction '//y 

(x·105) 

Watorlevals 

onsot m 
and m 

Spring flowrata - .lIs total flo. d 
E!Jt1!l::~. ted Meaoured Annual , 

2 

I 3 
4 

tl><i~ _ [S~~~l f Taorlpo I 
r "/5!3/4=Plf!2f'/3P4[ ·'/51 no 1 

Isa.una I brackieh elightly frash very fresh 

X 
ohango/variation in quality INO 

@:sl 11m Jv_:::J 

CROP 'I'YFF.l • b 0 d 
(ha) (.~) (mm) 
f{) 

Perm.~- ,neat ~ t1.. 
nent 
oroP'" -

Seaoonal 
or 
cash 
crops 

of average original 
rate/yield 

alkaline I aulphuxoUB 



30. What field irrigation method(s) is (are) used? 

31. Is the ~ater conveyod from tho point(s) of diversion, iaouo or ¥umping by means QI 
:pipea, earthon e&nattJ or linlfd callale Ol' s. oo:nbtnatiDn of two or morti.? . 

32. How can the aurICloe Doil and tbe rrubstratWi (subsoil) of the irrigated lllllds be 
charaoterized ? 

33. Does:my salinity 0= alk.a..linity occur in the floil ? 

34. How often is gypuum or limo applied on tho landd ? 
35. What fertilizers aro raSildrly used? 

)6 . 19 the ground wat~r table vithL. ~~a=urablB distance from the uuxfaoe, and if so, 
what is tho average dopth ~f the vatortable below the surface ? 

31. If the \,·ahrtable fluctuatos 9cd.sor.ally or cn a lon¢torm basis, what is approxil:la.tely 
the .auot-.utton ? 

)8. Any.remarkB 1 

)9. Date 

~o. Offioial 

I 

30. 

31 . 

32. 

33. 

31,. 

3S. 
36. 

37. 

3B. 

Ba.sin Funcw Flood.Lng Subcurface sprinklers microjat 
irrigation pattorns irrigation 

X X 

!pipes·· Earthen canals 
X X 

--
± Lined Cail:1.la F~~~ 

Clayoy La_ Silty Sa.'1dy Gravelly_ Rocq-. Othe-r 
X X ~ 

b~IL 
Clayev Silt' Sand.v GravellY Shale Slstone Grani tio I Other 

[Salinity L YES X ~lin1ty 1:1 X 1 
Once eyory 

lno . __ -'-
5 _(y,ar(.) 

10 to 15 m 

[S&nsonally I l~sl 
O-c. 1",10~.-,-"x_--, 

[ Langto= It I 
NO X 

DllOlL ~ 

I 

metree 

39 . Date 75/r:x./85 

40. Na.zr;& 
R.P. P~ 

" 

othe:c 



.. LAnD AND ',J ,\T~R USE 

QUE n T I 0 11 ;i A IRE 

Please co~leto the approprl~te aootlon~ or mark ~~hore applicable 

A. GEllE:RA!. nrtOF!:-v.TTON 

1. Ca.dastr.1l Fa.rm ~o and nurlJer - Local. FaJ..'1U name 

2. District 

). Proprietor - Postal addreBs - Telephone Code & Number 

4. Draln.l.go region &: nU:%;ber 

$. Sl:e of Farm unit 

6. Total oraa of Cultl.~ble Land (dry land, flood irri~701tl~n, furrow irrigation etc.)? 

7. bdditlonal area that could bo b~ught under cultiv~tlon? 

8. Vhat is tho average total area \,'hich i e irrigatod a t lenst onoe a you ~ 
9. What is the balanco (a.rc.J. whic h 19 not 1rdS.lted In nn average yooU') ? 

10. For vr~t reason(s) Is the balance not irrigated? 

11. At ... hat (approx.) time has irrigation cO:!lC'".oncod anu/or ..... ::l!;l eignificantly expanded 
on the IIlXln ? 

:S. WATI:R Sau:tCES MID D!STRIBUTle ! 

12. Is the irrigation .... ater supplied fro:n S"",l:"C'iace or g=:oundyator rcsou.rcee or froID. both? 

1). If surface and ground ~tar nIe ue~d conJlmctively, ~hat io the general pattern of 
intnraotion (e.g. ground vater pu.>vpod ~hen rlve:..'nov docreases • •• ) ? 

14. If the farm unit io, partly or entirely. supplied with aurfaoe ~ator, io tho flov 
diverted at one eite or ~t several 3i t e~ and ia (aro) the divorsion(s) by gravity 
or by pw::p1ng '? 

15. Do acy stor~ rc~orvoiro exiot and if 00, is thia otoraga maJnly for daily, 
seasonal or carry-over (annual) ~to~ ? 

16. Are the roeervoiro ueed {or the ntorage of surfaco va tor or ground vator or for bo t h? 

11. Please list the capnoity of nIl r~Do=voirB uDed for the st~rage or irrigation v~t8r. 

10. What ie the volume of Burfaco vater diverted (eI t her for direot appli cation ~r for 
te~ornry 9tor~) per ~L'um ? 

19. If auxeses vater 10 available on an irrogular baDia, vhat 10 the fro~uency and 
aV0rLg0 dUrQtion of availabilIty? 

20. Does the surface ~ater flow, partly or enttrely •• orla1nate from apringflov and if 
eo, what is the pattern ~d over~' annual oontribution of apringflov to the total 
volume of ~f&Oe vater divorted ? 

21. Axe any .urfacB vater reaourceo ohared with other proprietors at the diversion 
point, and 1! 80, 18 {hh dor.e on ~ org<mized ba01~ (e.g. Irrigation Baud) ? 

1-

2. 

J. 

~. 

5. 
6. 
, ,. 
8. 

9. 
10 . 

11. 

12. 

1 J. 

1~. 

I I<RUElS KRAAL 322 ] KRlEGEllSKRAAL 
GRAAFF-R£INEI' 

FAr. G.O. Spence 
Pox 14~ff_Re:inet 0491 2Jl27 

1313/1314 
33Xl1a 
IIT.ha 

'Tha 
7:JJ 

l ack of irr. sufficient 
fa il1t1an r nf...lit 

COlilDlenc!ild abcut~ 19'11 
Expanded about 

Surface water Surface &: Ground water Groundwater I 
x 

use grounm..ater when surface water not available 

one site. punping 

year 
year 

15. ,- -~ilY-- 1 BC~Bonal annual othel' 

16. Surface water Surface & Ground va t er Ground .... ater 

17- ti~~- rrn ~ I 275<XXl "'_5 _ m' 
J '" 6 ,; 

18. don't know . .; (yoor 

19. once every five years every yearo 
dnye/weeks/lDOnths/years 

20. on a. Cf..!..:.Cl.sonal annual Springflov contrlbut~o baai. 

~ 

21. [TIff nun I I:~ I : J 
Name of organizatl<m 

ha 

h3. 

ha 

ho 

h. 



22. \~~t is tho quality of the surface water and has the ov~rall quality changod over the 
yeRro ? 

2]. If the farm unit, partly or entirely, io supplied from groun~w~tor , what 1e tho average 
total yearly groundwater abstraction froc all sources (boreholes and springs ~thsr 
than included under 8Qotion 20) 7 

24. Supply the following particulars for each borehole pumped for irrigation: n~beri 
teo ted, pumpod and Itcasllr(ld yieldj abotraotion echedulo; averago " ... tal vol\1lllo 

.abstracted pdr ye~i waterquality; waterlovels at the onoet and ond of an irri­
gation cyolt" ... 

, 

22. 

23. 

24. 

2$. It springflov (other than that included in BBction 20) i~ UBed tor irrigation purpOBeo, I 2$. 
what 10 the (estimated or mCiltJUrcd) flo:..l' rate and avo::,OtOo total a.rur.lal flow of_ each 
spring ? 

26. Do borehole yields and ratee of apringflow decline with time, and if 80, when end to 
.... hat extont ? 

27. What is tho overall quality of tho groundwato= used for irrigation and haa & quality 
ch.a..n,se with t1:ue been noticed? 

28. Ie the prueent uupply ot surfaoe and/or ~\~d water for irrigation purposee BUffioieot? 

C. AGRICULTURE 

26. 

27. 

28. 

29. Plea~e list the typec of crops under irrigatinn. the (a) £TOWing or irrigation neason, I 29. 
(b) the acreaoe of each crop, (c) the aver~~s monthly consumptive use of each of tho 
crops and (d) ths average ~nthly irrigation field application 

brackieh fresh . mg/> (25'c) mS/~ @ 25'c 
x 

L~.L-J I >1O [-~ 
.? /year 

--
Borehole no. 

Tootod yield >/B 
Pumped yield SE1 DA1 r' 

>/B 
MoafJ\U'ed yiold >/e 

Ahstrac t .'.on 

hour3/day 
dnyo/ ... ·oc\c 
..... eelee/year 
months/year 

TIE (iii 25·0) mg/t 

To t al abstraction m3J y 
(x'06) 

Waterlevola 

oneet m 
Bod m 

Spring flowrato - "'[s tobl flo ... - -d_ 
Eat.lmted Heas-urad AnnuM. , 

2 
J 
4 

I Jaily _1~e!l~Qn*l _II"n~1 
f3£f J

/kTIJ I '/2\ '/) \'/4\'/5\ 
slightly freeh 'Iery fresh 

X 
qual1t,r YES NO 

IYES I v [l1O I 

CROP TYPE • b c d 
(ha) (=) (=) 

It.-erne t ,,1 v' IHr --'il .-tll 

PO:rm2.-

nent 
orop., 

S&&oonal 
or 
oash 
crops 

.,_. 

effected by da1 
of average original 

ra.te/yield 

levels 

eJJraline i eulPhuroUj 



30. What field irrloatlon methodes) is (are ) uacd ? 

)1. Is tbe "Water convoyod fro~ tho point (s) of ~tvor~ion, lstlUO or pumping by means at 
pipes, u.rthan oa.na.la or lined canals or n combinatiDn of two er mor3.7 

32. Halo' can the ou.rCaoe 0011 L1d tbe substratum (subooil) of the irrigatod lande be 
charaoteri1.ed 7 

33. lliea a.ny sal1cl1:"'J or alkalinity OCC'lr in the soil ? 

)4. Halo' oiten Is 6YP~ or lime a~plied on the 1~d9 ? 

35. What fertilizers are regularly used? 

36'. Is the l!T;)und "Wator tab.ls loIithin 1:l(!,J.9ura.blo distance from the curfac.:!, and If 00, 

"What io tho nverage dc?tb of the Io'~tert~ble below the surface ? 

31. If tbe ..... a.tttrbble nl.:.ctuat"s se,J.sonally or en a long-torm barJi o. "What 10 approximo."toly 
thB fluo tuation ? 

)8. Any rema.r~9 ? 

• 39. Date 

40. Offioial 

, 

)0. Rasin Furrow Flooding Submlrfaco sprinklers c.icrojet 
irriention pattorns irrig3.tion 

X X 

)1. Pipe a I Earthen CaJ".alo I Lined ca.'"lOlla COODbinat ion I 
X I X _L 1 J 

)2. 
OIL 

Clayoy Lo_ S11ty S.,.."" Gravel..!L Ro~ Other 

X X 

~ Clayey Silty Sandy Gravelly Shale S l e tone Gra"lt1c I other 

». ~!n1ty rYES='----I 
.no x 

I Alkalinity I :,: I 9 8.6 

)4. 
)5. 
)G. 

Onoo every 0 manthe/year( 0) 

~ 

)7. rs.;:;;;,aily I:: x I Longton> l: I 
NO X 

~ 

)8. use KK 21 and KK24 on1 y in drought 

)9. Data 8/5/85 

40. Nama R.P. PARgN) 

othor 



.". 

·, 
~ . 

,[ .. 
LAND AnD '.lATER USE 

Q.UESTIOllUAIllE 

Please complet.a the appropriate soctions or mark v vhere a.pplicable 

A. GENERAL DfFOm1ATION 

1 . Ca.dastral 7arm ~a1De and number - Local Farm naJ!;B 

2. Distriot 

). Proprietor - Poetal addrclls - T~lephone Code &: number 

4. Drain38'S region &: nUl:l'ber 

5. Size of Faro unit 

6, Total area of Culttvable Lruld (drJ lruld, flood Irrigation , furrow irrigation ata.)? 

7. Additional area tha.t could bo b=ought under cultiva.tion? 

8. \oIl'.at Ie the average total aroa \,'hich Is irri~ted at least once a year ~ 
9. Vhat 19 the balanco (are:). which is not irrie-dted in an aVAra.ge year) 7 

10. For what reasoneD} 19 the balance not irrlgatod ? 

11 . At what (approx.) time baa irrigation commenced and/or was significantly expanded 
on the fana ? 

B. WATER SOUR~ Alm nrSTRJEUTIC' 

12. Ie the irrigation w:ltcr supplied fro~ ourface or ~undwater resourcee or from both? 

13. If uurface and ground vater are uscd conjunctlvely, what in the general -pattern of 
interaotion (e.g. ground .... ater pu:!:ped 1Jhen riverflo;.o decreases • •• ) ? 

14. If ths farm unit In, partly or entirely, supplied ~ith surface water, 19 the flo .... 
diverted at one elto or at Beve=al Sit~9 and is (ar~) the diversion(s) by gravity 
or by PUlIlf!1ng ? 

15. Do ar~ storage rcacrvoir3 cxi ~ t ~~d if SO, is this "torage mainly for dally, 
. seasonal or carry-over (ar.llWl.l) e torRo' ? 

I. 

2. 

). 

I,. 
5. 
6. 

7. 

~ Kl!XF 136 T· Ili\CliJMR 
GRAAFF-REINEl' 
Mr. S. Steynbrg 

Box Aberdeen IAberdeen 2112 

1314 
2457 ha 
.'XJha 

6. 20 ha 
9. Xl ha 

10. lack: of 1rr. sufficient 

11. 

12 . 

fncilitieg re.infa 

Commenced 
E7panc.ed r~~~g ~~~7VV======= 

~u.rfac~ water Surface &; Ground water Groundvater 

1) • use groundwater when surface water not available 

1l~. several, gravity & jUlllping 

15. ~~L_~<!Q.s<?na) annual - - f --;;-th~-r- l 
I X I I I 

16. Are the rossrvoiro usod for tbe Dtor.::i.o-e of sur face ·..(iJ..ter or ground water or for both? 16. Surface · .... J.ter I Surface &; GroW1d ..... a t er I Ground .... ator I 

17 . PleaS~ list tho capncity of all reaervoirs uood for the storage of lrri~t1on .... ater. 

4 smll earth danE 

18. What 10 th!l volume of ourface vater diverted (either for direct application or for 
tempora!"), storace) per ann'.O ? . 

19. If ~face .... ater ls availa~le on an irregul ar baaio, .... r~t ia tho frequency and 
average duration of availability? 

20. Does the surface .... ater flc ..... pa~tly 

so, what is the pattern and nver~ 
VOl~8 of surface .... ater diverted? 

or entirely, orlginat~ from epringfl o .... and i f 
annual contribu t ion of springflo .... to the total 

21. Are a.ny surface vater nsouroeo sha.red vith other proprietors o.t the diversion 
point, and it 80, i.s thie dona on an organized basi!:! (e.g. Irrigation Board) ? 

17 . 

18. 

19. 

20. 

21. 

1 rn' I, 

2 ,j' 5 
) ,j' 6 

don't kn"" 

1 every 2· yearn 
daya/ .... eeks/ClOnthelYeaxs 

SpringIlov contributes on a ~l ... oona1 I annual I basie 

I:~ I ~ ml 

yoar 
yoar 

rn' 

~ 
,j' 

.r honr 

-.!l. 

\: I 
Hamil g! organ!~ation 

' . 

ha 

ha 

ha 

ha 

ha 



22. \(iUlt is tho quality of the surface .... ilter and h.'l:l the ovorilll quality chil.nged over the 
yea=3 ? 

23. If t.Le farm unit, partly or entirely, is supplied from ground .... a.tor, .... hat 1s tho a.verage 
total ye~rly groundwater abstraot ioo from all oource3 (boreholes nnd oprings other 
than inoluded under sQotion 20) 1 

24. Supply the folloving particulars for each borehole pumpad for irrigation: n~ber j 
tested, pun;ped and measured yieldi abstraction schedule; average '\.~tal volllr.'.D 
abetraoted per year, vatsrq~itYi watcrlevels at the one6t and end of an irri­
gation oyole .. 

.. 

22 . 

23 . 

24. 

2S. If a;trmgflov (other than th3.t ir.cludcd in oeoUon 20) 1:1 uoed for ir.cigntion purposes, I 2$. 
wh~t iR thfl (esU.l!;.J.tod or meaeu.rcd) flow rate nnd avorago total annual flo.., · of eaoh 
spr1..Dg ? 

26 . Do barDholo yial~ and ra.tos ot springflow dacltne with tice, and if so, when and to 
what extent 7 

27. What 18 tha ovsrall q\uUltl of tho groundwater used for irrigation and hOB a quality 
c~ .... lth time baen noticed? 

28. Ia ths pressnt aupply at ~faoo and/or groun1 water for irrigation purposea ~fioient7 

C. ACRICULTURE 

26. 

27 . 

28. 

29. Ple&sa liet the typeD of orops wlde~ irrigation, the (a) grovlng or irrigation aeaoon, I 29. 
(b) the aoreD{>9 of each ere?, (0) thlJ aver;tge I:'IOnthlr cone\l:lptive use of each of the 
orops and (d) the avorage monthly i rrigation field application 

brac1d.ah f.a:ooh "'B/l (2S·C) oS/. " 2S·C 
x 

In'Sr- ] O@.::L:.!C:::J 
m'fyear 

-
Boroholo no. 

Testod yield l/. 
Pu:oped yiflld SEE I DATA l /. 
11caaured yield l/. 

Abstra.::t1on 

hours/dlly 
d:J.ye/ .... eo'£ 
wecks/year 
months/yes.r 

TOO (~ 2SoC) ",,/ t 

Total abstraction aljy 
(x,06) 

Watorlevelo 

onse t c 
ond • 
Spring floW'X'atc - l s to b 1 1"1!l.!L.=...ll!'. 

Eotlm..'lted Heasured Annual 
1 
2 
3 
4 

jn...ny 
X 

Iseason:» 
X 

r I,ongte rn I mITD I 1/
2

\ '/3 1 '/41 '/SI=1 
II. I, II. 11 

of avorago origin.:U 
rate/rinId 

elightly frorJh very fresh 

change/variation in quality YES NO x 
- , INa I x 

CRap TYPE • b 0 d 
(ha) (mm) ("'" ) 

.L' "",me 

Pe'I"D!a- oal:S 1U 
nent 
arops 

Seaaonal 
or 
caoh 
cropB 



30. 

31. 

32. 

Wba.t field irrigation lIIotbod(s) is (are) used? 

Is the vater convoyed from tho point(s) of diversion, iS~le or ~~ing by means Qf 
pipes, earth,n oanata or linltd canals er a co:nbinati.,;:m of t .... o or ;nor,-.? 

Bow can the ~face Boil and the nubstratU2 (subuoil) of the irrigatod lands be 
charaoterizad ? 

33. fues any salinlty or alkalinity occur in tha coil ? 

34. Ho.w often Is gypsum or lilDol applied on the lo.nds ? 

35. What fertlli7.ers are regularly used ? 

36. Is thg eround \later table .... it.hin c~a::mrable distanctl frOID tho ~lUrfncu, ar,d if BIl, 
.... rAt 10 tho av~rage dc~th of the \I'~t~rtablo telo .... the surface ? 

37. If the watertable fluctuates seasonally or on a lonote~ basis, .... hat is approximately 
the fluGtuation ? 

)8. Any remarks? 

39. Date 

40. Official 

, 

30. Basin ''u=ow Flooding 1 Subsurfaco sprinklers microjet 
irrigat.ion pattorns irrig:ltion 

X X 

.t£ Earthen canale I Line d canals I Combination I PIPe~: 
X ~ 1 J 

31. 

~OIL 
Clayey 10_ Sil~ Sandy G::ave1!1.... Ro£5t. Other 

X 
32. 

~~ 
Cloyey Silty S"'~ G.ravelly 8!"'3.1e S I atone Groni tio I Other 

I 

33. IS~.l1n-ity I:s X 3 [Alkalinity I ~: 1 X 

34. 

3S. 
36. 

Onoe every 5 OHB<XX/year('J 

anroniun sul{ilate (3Xkg/ha) 

37. [S~;;~na:iiY--[:S 1· - x - - -] 

matree 

38. 

39. Do.te 25/4/85 

40. Name R.P. PAlSN3 

ll!etroa 

I . ---------=4 
I.ongt,= l: I x 

.mo1nl!.. 

other 



22. Wh.s.t is the quality of the surface water and h:ls the ovorall qualHy chAnged over the 
yearn? 

23. If tbe farm unit, partly or entiroly, 1e aupplied fro~ groundwater, wrAt 1e the a.erage 
total yearly ~~undwater abstraction from all DOllrceS (boreholos and springs other 
than included under sgotion 20) ? 

24. Supply the following partioulars for each borehole pumped for irrieation: numb~rl 
tented, p~od and measured yield; abetractlon ochedule; averago ~~tul volume 

.abetraoted per year; wnterqualitYi waterlevels at the ooost and end of an irri­
gation cyole~ 

... 

~2. 

23. 

24. 

25. If springf10w (other than that included in section 20) is usud for irrigation purposeD, I 25. 
what ia the (estimated or mca~Jred) flow rate and average total anr.ual flow of each 
spring 1 

26. DJ borehole yields and rates of spring-floW" declir:e .... .tth tilne, and if 00, when and to 
what e:xtent ? 

27. 

28. 

'''hat i8 the overall quality of the groundwater used for irrigation and hae a quality 
c~ with time been notioed ? 

Ie the present supply of surfaoe and/or ground water for irrigation purposes euffioient? 

C. AGlUCULTURE 

26. 

27. 

23. 

29. Please liet the typtlB of orapo under irrigation, the (~) growing or irrigation eeason, I 29. 
(b) the acre~ of nach crop, (0) the averAge ~nthly cOl18UWptive use of each of the 
cropa and (d) the average monthly irrigation field application 

I Salioo brackish freeh - mglt (25"0) mS/E iii 2,"C 

[TI;sr--] don't know I lIO r ===:::J rrr /year 

Borohole no. 

Tootad yield tlB 
Pumped yield tlB 
l'1eacru..red yield 

:EE ~TA 
tl· 

Abstraction 

hourt:Jjc.a:y 
daya/woelc 
weeJ.:s/YGar 
months/ye&.r 

TLG (@ 25'e) mglt 

Total abstraction r:?/ y 
(.,06) 

Wattl"l'levele 

(llleet m 
snd c 

Spring flowrate l s tua - ,r 
EstiIr3.ted HeaS'lXp.d Ann~ 

1 
2 
3 
4 

I wily Isensonal t tandem I 
-,--' pLqJf4 J"IJ I 1/21 '/3 1'/11 \'/,1 

Isaline 1 brackish elightly fresh I very fresh 

oh.a.n&e/variation in qual it: YES NO 

~.iJ<=::J !.E2l.._::::::J 

CROP TYPE a b c d 
(ha) ( "") ("" ) 

J 32J 

Perrna.- "J .JLJJ 
Dent rvp 
orops 

Seo.Bonal 
or 
cash 

~ropo 

., .. _--

of average original 
ra.te/yield 

I allcalin. I oul:hurOUB I 



~ 

)0. 'What field irrigation methodes) 13 (aro) uBcd ? 

)1. Ie the water convoy~d fro~ tho point(s) of div~rsion, i~BUO or p~ing by weana Qf 
pipes, earthan oanals or linltd C3!lals or a cvmblnatLm cf two or tIlor",? 

32. How can the auxfa08 8011 and. the substratum (eubaoil) of the ix-clgated Innda i)s 
charaoteriz.ed ? 

33. IQes any salinity or alka.lblty occu.r in tho floil ? 

34. How often io gyp~~ or li~a applied on the lands ? 

35. 'What fartilizers R.ro regularly used? 

36', Is the ground \late::-: tab.le .... 1 thin Dcasurable distance from the surface, and if BO, 
... hat 1n the o'forage dapth of the .... ahrta.ble below the surface ? 

37. If the .... a.tllrto.ble fluctuatos eOiloClnally or on a l ongtsrJiI baai!!, .,hat 1s a.,pro:dr.utoly 
the iluotuntlon 1 

)8. Any remarka ? 

• )9. Inte 

~o. Officia.l 

, 

30. 
r-" 

I BeGin Furro-.r Flooding . Subcurfaco Bjlrlnklcre microjet other 
irrigation pattorna irrigation 

X I 

~06 Earthen canale 

1-
Lbled cana.le Combination I 

X 

31. 

fOIL ~~L 1,0_ Sil+.y Sandy Gravelly Rocky Other 

X X 

,2. 

~~ f-.2Bl'EL Silty Sandy _ Gravelly Shale S'aton .. Graui tio I other 
I 

)). 15au~;;ltq.cY",E=s ____ , 
NO X 

I AlkalinIty I :5 I X 8.0 to 8.S 

34. Ono.:! every 6 I!lontha/~ 

35. 
36 . 5 - IOn cotrza 

37 . I Soa,onally ttl--=] I ··· . -_····-- ·-1 
I~ngt.rm l: I 

NO X l 
1 ~ea Ell1nL 

)8 . 

39. Date 24/4/85 

40. Nama R.P. PAIroE 



J 

,. 
I,AND A?1:i WATER USE 

QUE S ~ I U H If A IRE 

PleaEl~ coto?l ('.~ ... the appropriate sections or mark v where applicable 

A. GENERAL INFQID'I.ATION 

1. Cadastral Farm Dn.:nO nnti number - f.:"':'&.l Farm name 

2. Distriot 

). Proprieto;.· - Poot!1l address - Telephono Code & NllLbor 

4. .Drainage region &: number 

5. Size of Farm unit 

6. Total area of Cultivable LanJ (~~ land, flood irrigation, furrow irrigation etc.)? 

1. Additional area that could be b=ought under cultivation? 

8. wr~t Is tho average total area wr~cb 10 irrigated at least onoe a year ~ 
9. What is the balanco (area 'Which is not lrri~\ted in an average year) ? 

10. For what roaaon(e) 10 tee balance not irrigated? 

11. At what (approx.) time cas irrigation commenced ann/or was significantl y expanded 
on the farm ? . 

B. WATER SOUR.l.'ES .urn DISTRIBUTION 

12. Ie the irrigation wat er supplied from ~'face or g1~undwater reeources or fro~ both? 

13. If surface and ground vater nre used conjunctively, what i9 tho general pattern of 
interaotion (o.g. ground wator p~~od vhen rivarflow decreaoea ••• ) ? 

14. If tho fa~ unit ia, partly or entirely, ~lpplied with surface wat~r, ie the flow 
diverted at ono oito or at several sites and io (aro) ths divorsion(s) by pTavity 
or by pumping ? 

lS. Do any storage rege~'olr9 exiot and if BO, is this otorage mainly for daily, 
seasonal or carry-over (annua:) storaga ? 

16. Are the roservoirs ueed for tho Btor~ of eurface water or ground vater or for both? 

17. Please list the capaoity of all reoorvoirs uoed for the storage of irrigation water. 

18. What is the volume of mlrface wnter diverted (oithor fo r direct application or for 
temporary storase) per annum ? 

19. If gurface vater is available on ~ irregular baaia, what is tho frequency and 
&vera£e duration of avai13biltty ? 

20. IkIes the surface .... ater Dow. partly or entirely, originate from apr1..ngflo't( and if 
60, what 1:3 the pattern and n:.cri.1...59 annual contribution of apringQo,", to the total 
volume of surface vator diverted? 

21. Are any ffUrface vater reeourceo shared with other proprietors Dt the diversion 
point, and 1f 8 0, i8 thie done cn ~ organized basis (e.g. Irrigation Bosrd) ? 

1. 

2. 

3. 

4. 
5. 
6. 

OYffiStIJIT I 274 I BEACLNSFIElD _nn, 
GRAAFF-REINEr 

~. T. Spence 
x 135 

Graaff Rejnet CXt91 2'll] ] 

1313 
3%7ha ha 

ha 

7. h& 

B. 8 ha ha 

9. ha 

10. lack of irr. sufficient 
fneili tioe ra 

11. COJlllllenced (about ) :reaL' 
Expanded (nbout) year 

12. Surface wator Surface & Ground water Groundwater 

13. 

14. 

X 

irragate 3 ha with groundwater, 5 ha with surface water 

surface dams 

15. [--dillY- -T 6eae~n~1 annual other 

I I I I X 

16. Surface water I Surf: -,0 &: Ground water Groundwa tar J 
I 

17. 1 don't know "J 4 
2 ,; 5 
3 ,; 6 

lB. 

19. ~very yenra 
don't know d;>.ye/.:ioek-a/monthn/yeara 

20. Springflow contributee 
--,-, 

on a r~,onal ann~ bub 

21. I:~ I ~ n 1 

or' 

.:.' 
,; 

...!il,.ar 

~ 

ffiH------i 
N3.CIe .or orsan1zation 



22. What ie the quality of the ~~face water and has tho overall qualIty c~d ovor the 
yoars ? 

23. If tbo f~~ unit, pnrtly or entiroly. io supplied from L~undw~ter. what i~ the average 
total yearly groundwater abotractioD froc all sourceo (boreholes ~d uprings other 
than inoluded UDder s~oticn 20) ? 

24. Supply the follo·",~ p3.rtloulars for each borohole pump'!d f or irrigation: number; 
tested, plUlpod and a::easured yiold; abotra.ctiotl Llch*,dule; averll80 '-_h.1 ,,-oIU:le 
abot::-6.0ted per year; wate::-qWllity; waterls\'e!s at the ,:m~at and end of all irri­
gation cycle' .. 

~ 

22 . 

2J . 

24. 

2$. If upringflow (other than th~t included in cection 20) i3 used for irrigation purposes, I 2$. 
what is tho (est~ted or mc~uurcd) flow rate ar.d average total ~~ual flow of each 
spring 7 

26. Do oorehole yields and. ratos of epringflo ..... decline with tilllB, nnd if 80, when =md to 
.... h..i t e:rton t 7 

27. Wb?t is the overall q\uUity of the ~oundwater used for irrigation and has a quality 
change with tilLle been noticed? 

26 . 

27 . 

b::.-acklsh fre :lh - "8/' (2S"C) .s/ . @ 25"0 

x 
Ij;,:sr~ I liO;-X-J 

.MJ /year 

Doroholo I!O. 

Tastod yield 'I· 
FllJDl.Ied yiold 'I. 
He3.rnll'ed y ield 

SEE lIS DAT 
'I. 

Abetrilctlon 

hours/day 
duye/wfJo'4 
wacke/year 
month!l/year 

TLIl (<'I 2S"C) "",/1. 

Total abstraction 0'/1 
(x106) 

Waterl evel s 

oneet • 
end • 
Spring flowra to - 1. s total flo'tl.::..JIL 

Eot1D3ted r·ieao\.l.rcd Annual , 
2 
3 
4 

ITRilv ISf!;t!!nn;ll r r.onrl fOTn t 

rs~4121l-:1 '/21 '/3 1~~L~d n~ 
slightly fronh very fresh 

ch.<1ng"e/variation in quaUty NO x 

of aver3.ge orieif'.a.l 
rate/riol!:. 

28. Is ths present ~~ply of curfacs and/or grolmd water f o r irrigaticn p~oBoe ~ficient? 28 . @S-1.:iLJIc..:N:.:,o,J.,I_--, 

C. AGRIcutTTJ'RE 

29. Please list tho typeD of crops un~er irrigation, the (n) ero~ing or irrigation aeaoon, I 29. 
(b) the ~cre~e of each croP. (0) the aver~ge monthly con oumptive use of each of tho 
crope and (d) the average monthly irrigation field application 

CROP TYPE 

~t f-'" "" 
PA:nna- oacs 
nent 
oropa 

Seasonal 
or 
ca.sh 
crops 

:-. --

• b 0 d 
(ha) (m.n) (""') 

pH Y" 1'" -=-
"lIl er ...::. 



)0. \rIhat Iield irrigation method(s) is (are) ueed. 'f 

)1. Is the v~tsr convoyod f~m tho point(s) of divorsion, issus or ~umping by muano Qf 

pipes, earthon 0 .. n",10 or lined canals <or 0. combina.tion of t .... o 01' mar,,? 

32. How can the aurfacs soil ar.d t~e oub9tr",t~ (8ub~oil) of the irrigated lande be 
c~a.oterizad ? 

33. Does any salinit"'/ or alknl1r.lty occur in i.he ooil ? 

34. Bow often i8 gypuum or lime applleu 00 the lands ? 

3$. What fertlli~erA ars ~Sil~ly u~od ? 

36. Is the ground water tablo within ~caourablo distance from the surfaoe, and if ao, 
what ia the o.ve:nga depth of the w~tertable below the sU1'!ac8 ? 

37. If the vatertable fluctuates seasonally or on a lor~erm baSis , what ie approximately 
tt~ fluotuatioD ? 

36. An:f . rema.:rks ? 

39. lAte 

!.o. Offioial 

, 

30. 

)1. 

)2. 

33. 

34. 
35. 
)6. 

37. 

36. 

'-' Baain FuITO_ FlooUlllg . Subcrurface sprinkler!! microjet 
~l:'Tigat.1on ___ l'attorna 

X 

r==s J Earthen canal s J . 
I 

FOIL ~~ayoy to_ 
X 

gu~ I C1"Yoy SU~ 

'3aH~.itY----rYES -"X_-j 
no 

I 
Silty 

Sang;'. 

irrig.ltlon 

Lined can~le I Combination J 
X I J 

Sandy Gravelly Rocky Other 

Gravollv Shale S I stons Gran! tic I Otht! t' 

~k.ilr.1ty I :" I x I 
Onoo avary 1 mlfiOOili'yearM 

12-1:m ~ 

Is.;;;;onaiiY·l!Tx J ItonJterm l: I J 
NO X 

1 to 10 ~ with drought IDnL 

39, Date 24/4/85 

40. Name R.P. P~S 

' . 

other 



, 

# 

t,AUD AND wAT En USE 

Q.UESTIONlT,AIJtE 

Pleass completo the appropriate sootions or mark ~whore applicablo 

A. GEUEllAL IUFOITMATION 

1. Cadastral Farm !lams and number - Local Fann n.:una 

2. Distriot 

). Proprietor - Postal addreoe - Telephone Code & Numb~r 

4. Drain~8 region &: n~ber 

5. Size of F~~ un!t 

6. Total area of Cultl~~blc Land Cdr! land , flo od lrrj~tion, furrow i~4igation etc.)? 

7. Addi tional area that could be brought undo: cultivation? 

fl. What 13 the f\verage total Uf!a ,.,h ieh Is lrri g3tod a t leallt once a year ~ 
9. \rrIhat is tho! balaHco (arca .... h1.:::!., is not irrigated in an avaraga year) ? 

10. For what reason{ s) Is the bal~co cot irrigatod ? 

11. At what (approx.) time ~,e irrigalion co~encod and/or vas 8igniflc~~tly expanded 
on the farm ? 

B.. WATER SOURC£S AUD DI ST~IBU'I'! ,)~! 

12. Is the ir=lgatlon .... ato~ sup~lied f=om surface or groundwat~r rosources or from both? 

13. If surfaco and ground water nre uoot1 conjunctivoly. wh3t 1a the general pattern of 
interaotion (e.g. groWld .... ater pU!!l'poJ. .... hen riverflo'"" decreases . . . ) ? 

14. If the fnrc unit 10. p.tt'tly or enti rely . ~pplied with surface .... ater, 1s the no,", 
diverted nt one eite or at several sites ~1d is (aro) the dtversi on{ o) by gravity 
or by pUll.p!.ng ? 

15~ Do any otorage ~c~ervoir3 exint ~1d if no . in this storagG mainly for daily. 
8eaDonal or carry-over (annuo.l) ator~ 1 

16. Are the roeorvoirn used for the stor~ of ourface water or ground water or for both? 

1-

2. 

3. 

4. 
5. 
6. 

1. 
8. 
9. 

I lJTIl((H)T - r-jiL; . r~ Uj 
rnAAFF-REINEI' 

Mr. J.A. Thei"ori ·1 
fuX 149 

Graaff--Rej net I 7\119 

1313 
3(iX) ha 
40ha 
8Jha 
40ha 
8Jha 

10. I lack of lrr . sufficient 

11-

12. 

13. 

1!.i. 

l'a j r. fa 

Commenced ~about~ 
Expanded about 11m 

Surface vater Surfac e & Ground ~at e r 

x 
use groundwater only when river flows 

gravity. one site 

Groundwater 

15. f cb.i~-- r seaaonal annual othf'r 

16. Surfaco · ... ater Surfaee & Ground water Ground .... ater 

year 
ye"" 

17. Please list the capacity of all rp.90rvoir.s uerd for tho storago of lrrib~tion water . 

17. fl rG I ~ 
18. 

19· 

'w'hat ia the volun::o of O".JIfn.ce water div~rted (either fnr direct application or for 
temporary stor:![s) 1)"'1' a.Il:lU:U ? 

If surfaoe vater 1s ava1ldblo on an irregular baois, w~t ia the frequency and 
average duration of Olv'aihbiHty ? 

lB . 

19 · 

? a? /yenr 

doo t t la:J".r eve;) . Year!! 
day~veek8/month8IyearB 

h3 

ha 

ha 

ha 

ha 

20. Does the ourface vater fl o\l, partly or ~ntirely, originnte from epringflow and if 
80, vha:t 1e the pattern and nve:-~ annual contribution of epringflow to the total 
volume of ~faco wat~r divert eJ ? 

20. Spr!n<rflow contribute. on a LF ee •• on.l annual ba'~20 -!!l/yezr 

21. Are any ~rrac. vater reeoureeo shAred wi th othor proprietors at the diverAion 
~o1nt, and if 80, i8 thie dono on an orean1zod basis (e.g. Irrigation Board) ? 

21. 

2 springs at .'ill g/hr 

ffr----j I:~ I ~ . 
Nama of organization 



22. 

23. 

\/ha.t 13 the ~ua.l1 ty of the ::rurface water and has the overall quality ch:..no-o:l over the 
yOa.r3 ? 

If t.bo ["arm WIlt, partly or entirely, 10 supplied from crouno!l(lI,hr, what 10 tho a· ... or~ 
total yearly groundwater. ab3traction f=oa all sourCC3 (borobolos and springs other 
the! inohlded under eGotlon 20) ? 

21~. Supply the following partiet:.la.xs for ea.ch boreholo pumptld for irrigation: nm:lberj 
testod, ~umped aud measured yield; nbotraotion schedul e; average ~~tnl voluce 
abstrnoted per year; vater~U3lity; I(atcrlevels at the onsut and end of an irri­
gation cyolt .. 

.. 

22. 

23 · 

24 . 

25. It 8'?ringflow (other thhn that includod in eecHon 20) 10 used for irrigation purposes, I 25. 
~hat i8 the (eBt~tad or meaau=cd) flow rate and avorago total annual flow of each 
spruig ? 

26. Do borehole yields and rates of eprlngflow decline wUh tir.le, and if 0 0 , when and to 
what erlent ? 

27 ..... bat io the ovorall <i.1wity of tho groundwater usee. for irrigation and has a quality 
c~-e with time been noticed? 

28. Ie the preeent supply of ~faoe rulc/or ground water for jrrigation purpose e suffloient? 

C, AGRICULTURE 

26. 

27. 

28. 

29. Plcaes list the typee of crops undor 1rri~tion, the (~) growing or irrigation soason, I 29. 
(b) the scro~ of 03ch crop, (0) tho averRgo monthly con Aumptive use of each of tho 
o~pe and (d) the o.voragg monthly irrigation field app lication 

bra~k1E:1h freon ""!, (2,·C) .s!m @ 2,·C 
x 

[m;[=:-J ~-x-J 
.,; /year 

Bore:'olt! no. 

'i'Asted yield '!B 
Pumped yield '!B 
11aacurGd yiGld 

SEE DATA liB 
Abstraction 

hOklrs/da.v 
fulyfl/· ... ~c':c. 
.... eeks/year 
months/yac..r 

TIll (@ 2,'C) mg!' 
Total abstraction o?/y 

(x106) 

Watat'levels 

onoot m 
ond m 

Spring flOW"rate '!s total fl ow - nt 
Esti!ll3."ted 11easured Annual 

1 
2 
3 
4 

I Dally ISAnsom) 'I.on~1 

P¥41 2
/J I 1/21 '13l '/41 ' /'1 of averago origi~l 

rate/yield 

slightlj" fresh very fresh 

x 
quality YES NO 

11:0 I 

CROP TYPE a b c d 
(ha) (=) (~) 

4U J:J 

Penoa-
nent 
orops 

Seo.sonal 
or 
cash 
crops 



30. What field irrioation methodes) is (are) ussd ? 

31. Ie tl:e vater eonve:rcd from tho point(s) of divs::-sion, i!HluC or pumping by :n~ana of 
pipa:!, earthen c&.n.J.ls or lin ad ea=3.is or a eo:tblna tion of t wo or mor~.? 

32. Bow can the gurfacs soil and the subGtra~ (subsoil) of the irrignted lands be 
characterized ? 

33. Ikles a:n:y s3.linity or allcalinlty occur io t he ooil ? 

34. Ho.w often Ie gyp8'JJD or lim') applied on the lands? 

3.5. What fertilizors axe regul.arly used? 

36. Is the growld v.:a.ter table \.lith in c:casurablo dist .... .,ce fr::Jm the ourfu.co , and if eo, 
what ie tho average depth of t he watertable below the surface? 

31. II tbe ·.:a.tertable fluctuates eeasonally or on a longteno. baols, what is approximately 
the iluotuation ? 

}B. Any re~rks ? 

39. Into 

40. OUiois.!. 

, 

30. Basin furrow Flooding Snbffilrf-'l..ce sprinklers mlcrojet 

31. 

32. 

33. 

irrigation patterns 

Pipes I Eart11co canale 

X I 
~OIL CIIlyey Loamy Silty 

X 

~UB- Clayey SlHy San"" 
~OIL x 

[Salinity I YES q 1"" 
no 

Irrigation 
x 

I Lined canals I Combination I 
I I I 

San"" Gravelly Rocky Otht!r 

Gravelly Shale S'stone Grl'.nitto I Dther 

- - -- -

[ ,mali nity I :" I x 

34. 

35. 
36. 

Oncs overy 6 JQOi:I)()bofyea.r( s) 

15 to 20n ~ 

37. [S ••• ~nailYr:I xl iLong-term . ·ltlU - 1 
NO X 

metree J!lOil:.n. 

36. 

39. Date 23/4/85 

40 . Name R.P. PAR310B 

other 



,. 
.. L A H DAN D W ATE R USE 

~ U B S T I 0 IT N A IRE 

Please oomplete the appropriate seotions or mark~where applicable 

A. GDiERAL INFOffi!!!l.TION 

1. Cada~tra.l Farm na:no and number - Local Farm na.me 

2. District 

). Proprietor - Palltal address - 'i'elephone Code &: :lu:obQr 

4. Drainago region &: nu..:nber 

5. Size of Farm unit 

6. Total ar~a of Culti~~b18 Land (dry land, flood irrigation, furrov irrigation etc.)? 

7. Additlontll area that could be b=O\\ght undo= cultivation? 

B. What 13 the average total area which 1a lrrignten at least once a year ~ 
9. What is the balance (area ...,h1oh is not lrrlc,atod in an avorage year) ? 

10, For what rea8on(~) ia the ba1~,co not irrigatod ? 

11. At what (approx.) time has irrigation co~enced and/or was aignificantly expanded 
on the f~ ? . 

:S. WAT£R SOURt:ES Alm !)!ST~p'!UTI0~1 

12. Il tlls irrigation water supplied fr-:;,:D uurface or ground .... ater resources or frOID both? 

1). If surface and grollT\d water 0.1.'0 ul'Ied conjunctlvoly, .... t-oat 1n tho general pat torn of 
interaction (e.g. ground \Jate"r pw:~ed \Jhen riverflo· ... decreaeee ••• ) ? 

14. If the f~ u.Lit is, rartly or entirely, ~lpplled witb ~~face .... ater, is the flo .... 
dlverted at one sito or at eevD.::al !lites and lA (ar,,) tho d.1voraion(o) by ,..-ravity 
or by I:u::JO:I1ne ? 

1$. Do any otorago re!ler\~iro exiot and if 00, 1s this storage mainly for ~ily, 
oeasonal or carry-over (annual) otOrng9 ? 

16. A.re the r~!lE:rvo!ro uaed for the stor~-e of eurfaco '~ater or grou. ... d wator or for both? 

1. 

2. 

3. 

I,. 
S. 
6. 

7. 
8. 

9. 

lJTIl«M)I' 314 I lJIll«l1IT 
GlAAFF-REINEI' 

J I ~~~~ 
1313 
2OCO ha 
25ha 
<xl 
25ha 
<xl 

10. I lack of irr. 

11. 

12. 

13. 

14. 

facl1itiQs 
I 

Commenced ~about~ l<m 
Expnnded about 

Surfac~ water Surfaoo « Ground water Groundwater 
X 

ure groundwater when surface water not available 

several, gravity 

15. ~i-iY---1 Baasxnal Mnual other i 
16. F~"'3ter Surf'"::o 0& Ground .... ater Ground SUrrUCI Surf'"::o «Ground .... ater Groundwater 

year 
y,ar 

17 . P1eaae list the cap:LCity of :\11 reoorvolro u:)cd f or the storage of irrigation .... ater. 17 . r~r"-i lill I ~I 17 an ~~~ffi ~ I 
18. wn.a.t 10 the volw:o of D"".Jr(ace water diverted (el the I.' for direct application or for 

telllpornry storage) per a."l..""IUll ? 

19. If ~faoe \Jater 1s available on an irregular baoio, .... hat 10 tho frequency and 
average duration of availability? 

20. Does the surface water flo ..... partly or pntlrely, originate from epringflo .... end 1f 
eo, what 1s the p~ttern and over~' annual contribution of op=ingflo .... to the total 
volumo of surface wator diverted? 

21. Are any surface wnter reoourcea ohared with othe r proprietors nt the diversion 
point, and if eo, is this dono on an organized ba6i~ (e.g. Irrigation Board) 1 

16. 

19. 

20 . 

21. 

don't know ' ~>--

eve~ y~arB. 
dAy~ .... eekB/lOOnth!llreare \oJhEn It rains or .8l""OIS 

SpringIlow contributQ~ on a t~S~a~ f annuaI-, bade 
~ 

[TIf] ] I:: I ~. 
Name of organization 

ha 

ha 

ha 

r.a 
ha 



22. \lhnt is the q\1ali ty of the ourfaco ...,ator and ha:l the ovor3.11 IlUAlity chllngod over tho 
YtlUO ? 

22. rune EiCh fr':h I· .&It (2S'C) «<;1. @~ 

23. If tbe farm unit, partly or entiroly, 1s supplied frc~ L~andwater, what 10 the average 
total yearly groundwat~r abstraction froc nll sourceD (ho=6hole!l and oprings other 
than included undor 8~otlcn 20) ? 

24. Supply the following parti cular!] for each bo:.:eholo pUlllped for irrlption: nu.:tbl)r; 
teste~, p~od and weasured yiold; abotrsction ochedulo; sVAr&go ~~tal volume 
abstraoled per yoar; waterquality; watcrlovela a~ th~ cns~t and end of an irri­
gation cyclt>~ 

.. 

23. 

24. 

25. If spr1ngflow (other than that inolu~ou in section 20) i9 usod for irrigation purpOS8S, 25. 
what 1s the (e6t~t8d or ~ca~ured) flow rat~ and averaoo total annual flow of each 
spr~ ? 

26. Do borohole yields and rateD of s?ri~gf1o~ dcoltnp with tLma, and if 00, when and to I 26. 
~ha~ extent 1 . 

27. ~t 1s the o~erall quality of tha 5=0~1dwalor used for irrigation and haa a quality I 27. 
chanse "1 th tima be!:" noticed ? 

li!!iL_--..I ~I x 

, 
lIorehol e no. 

'l"astad yiold 
Pum?!Hl yi~ld SEE DATA McaflUred yield 

bb:'Jtrnotlon 

ho;,;.rH/day 
d:J.yo/WfJfJ~ 
wecb/ye3X 
IlJOnths/yeal." 

TllS (@ 2S'C) 

'rotal abstraction 

I.{aterlevels 

onset 
end 

Spring flowt':1te - :!La 
Estlm.tcd t1eamrred 

1 
2 
3 
4 

IlP lL -. • 
pL£f!L!L. ~L3 'J'l '.D 'Del 'l5 

Saline I brackish I slightl:r fresh 
b ,ok 

J.. 

1= > I 
28. Ie the presont BUP?G of mtrfilce ar.d/oT: ground \later for lrrig:ltion purposeD suffioisnt? 

chang~\'a:riation in qual! tj' 

28. IITSI X It;ol 1 
C. AGRICULTURE 

29. Please list ths typeD of crop~ under 1rrication. the (a) growing or irrigation ~ea90n, 
( b) the aorea.~: .. '"6 of el.ch c:::-o;:., (0) th~ a·'or?go 1I;0nthl y con6UJ1lptivtl use of each of the 
crops and (d) the s."/oraga lI.onthly irriga.tion field a?ylicll:tton 

29. CROP TYPE 

11> 
Pern:a-
nen~ 

orops 

Seasonal. 
or 
cach 
crope 

• b , 
(ha) ("" ) - -

:erne D 

-

.? Iye:u: 

tie 
tie 
tiD 

"",It 

o?/y 
(xl06) 

m 
m 

tobl...fl.Q: ... -.J:L 
Annual 

J . of average original 
rate/yield 

vary fresh J alkaline J eulphur(JU,B I 
I I X 

NO 

d 
(=) 
1= for 6 IlllI1ths 



)0. 

)1. 

What field irrigation mathed(s) In (aro) uead ? 

Ie the w~tcr conv~Jed from tho point(s) of divers ion, loauo er pumpIng by coana QI 
pipes, ~o.:.:thon ouuls or lined c;u:;alOJ or Q. co;oblnatiDn of two or ,1IOr;l,? 

)2. Ho .... can the au=facB 8011 and the IJUbs t:::'.:l.tu:n (oubeoH) of the irrigated lando be 
charaoterized ? 

3). I):,ss any salinity or allcalinity occur in tho !loil ? 

34. How often 19 e:fYmL"II or lie.) <,i)pl1cll on tho land!) ? 

35. !Jhat futilizers are re~h.rlJ u9sd ? 

JG. Ie the erow1d .... ate-r !;&.ble '.r Ltilin r.c.1.::n:.rable d.J.stance frot; tho ow:loC'c, s.nd i f 80, 
v!':at io tho nYerago dc:>,tb of the \J:\t ertab16 balo .... thr surfaoe ? 

)7. If the .... ate=tahle fluctuatGs BCaS On.1.J.ly or on a lO:104:tlrta basie, .... hat i9 apklroximately 
thO fluotuatloa ? 

)8. Any.re~~9? 

39. Date 

~O. Oftlolal 

/ 

Furrow Flooding Suhcurface tlprlnklero mlcroje 
n pattorJls irrigation 

x 

)0 . ~I othor 

-
)1. - I Eartholl eanall;! Lined ClUlalo I Comblna tion -I 

I X 1 ~ J 

r Byey Lo_ s!.! t y Sand,:{ Gravel !L Ro.£!sL Other 

X 

)2. 

~ I Cl ., ey sntv Sandy Crn,velly Shalo S l otOf'.9 ·G:r3Ilitio I Other 
OIL X 

)). [S~iWtY--I: X IAlkalinity l:sr X ] 

34. 
35. 
)6. 

Onco ovary o conths/year(o) 

10 - XIn ~ 

)7. [8%""oo.11y I YES J 
no x 

I Lonetern l: Ix .. ] 

~ HWl"-. 

)8. 

)9. Date 26/4/85 

40. N8.llIS R.P. PAJrof)' 



.. LAN D A U D W A T B R USE 
Q IT EST I a H II A r R E 

Planee oomplete the appropriate sootlono or mark~where applicable 

J.. GBUERAL TI1FOIDlATION 

,. . Cadastral Farm pame and Dw:lber - Local Farm name 

2. Distriot 

). Proprietor - Postal addreoe - Tolephone Code & Number 

4. Drainage reglon ~ n~bor 

S. Size of Farm UP-~t 

6, Total aroa ,)f Cultlvuble Land (dr; land, flood f.rrig:1t1on . furrow irrigation ota.)? 

7. Additional area that could bo b:oUbht under cu1tiv~tion? 

8. What is tho nverago total area. which 19 irriDted at least once a :leu ~ 
9. What is the balance (~a v~~ch 1s not irricated i n ~ averago year) ? 

10. For ",hat reaaol:l(a) 10 tho bah.llca not irrigated? 

11. At what (approx.) t1Qe has irrigation co~enced and/or vas eignificantly expanded 
OD tho farm ? 

B. WATER souncss AlTO D!S~reOTI0~! 

12. Is tho ir=lgatlon water supplied fro~ surface or groundwater rosourcea or from both? 

13. If ff~!tlCe and ground ~ter are u~ed conjuno~ively. what 10 the general pattern of 
interao tion (e.g. ground ~ator pl~od v~en riverflow docrea38s ••• ) ? 

14. If the farc unit io, p~ly or enti=aly, supplied ~ith ~~face wat~r , 1s the flow 
diverted at one si to or at Bev£ra l sites and is (are) the diversion(s) by gravity 
or by pumping ? 

15. Do any storage rcservoiro cxint and if so, Is this otorags mainly tor daily, 
. seasonal or carry-over (annual) otoragg ? 

16. Are the rOGorvoirs used for t ho oto~ag9 of eu=faco water or ground wator or for both? 

17. Pleaos list the capacity of all rese=voirn uocd for the storago of irrigation wator. 

1a. W'hat ia t he volwto of uurface water diverted (either [ or direct application or [or 
temporary atorago) p9r annum ? 

19. If surfaoe water is available on an irregular bania, what Is tho frtlqlll'!ncy 'lnd 
aTor&gs duration of availability? 

20. Doee the surface water !low, p~~tly ~r entirely, origi~te from springflov and if 
so, what is the patto=u and 4ver~s annual oontribution of springflow to the total 
volume of BUrface water dlvortsd ? 

21. Are any ~f&C8 vat~r roRourceo shared with other proprietors at the diversion 
point, and if 80, io thill dor.o on an organized basi~ (o.g. Irrigation :Ikard) ? 

1. 

2. 

3. 

4. 
5. 
6. 

7. 
B. 
9. 

10. 

I VAN u;R WALlS KlfX)F I 13) I aWii) VlJ'W-1 
GRAAFF-REINEr 

I~r~- -I 
. ~Graaff--Reinet 

1314 
l,4O) ha 

:Dha 

~.c_--~'~'~-'~':-~-.;-:-~.--T-:.uf~f"i~ci~.~n~t~-r~~~~~~~~C-~~~~~ 
rainfall 

11. Commenced 
Expanded 1';6] 

yo." 
ye." 

12. Surface water Surfaoe & Ground water Groundva ter 

13 . use ground ... ter >.hen surface ... ter not available 

14. 

15. f dailY r oeae~n:ll nnnual other 

16. Surfaoe water Surfaoe & Ground water G=oundwater 

17. ~n X mro- TT4 ~g 
; -- 2D em ~ H-I ~ 

lB. don't krKM - .? (year 

19. ------------~ . yp.arn dans are filled twice a year 
daY6/w6ek8/~ntha/year8 

"pr!nsflov contribu'.. on a t=ail~~~r=~.~e.~o~o~n~'~l.-r-~anrn==~"~l", b~616 20. 
-1i. 

lit I :-"=1 
... Nama of organization 

21. [:1 J 
.. 

ha 

ha 

ha 

ha 

ha 



22. 7.1~Ul.t 10 the G.unlity of the surfa.ce vater anJ ha:l the ovorall Cillil.lity changed oysr tha 
yeara ? 

23. If tho far.:n unit, partly or entiroly, ia suPl'lied froiD Ll""t'Oundwn.ter, what is the a.vorage 
total yearly groundwater ab/ltraction fro.:!. all BOUXCC3 (bCir9hol()~ and flilrings other 
than included un.i.n I!~otlon 20) ? 

24. Supply tho follovlr~ p~~iculars for o:lch borehols pu~p8d for irrigation: n~torj 
tested, pua.p'ld and c easured yield; abotraotion. schedule; avs~a,s8 "I. _tal voluce 
Qb8trcct~d pdr ¥earl vaterqunlitYi watcrloval9 at t he onsot and end of an irri­
gation c.yolE> ... 

.. 

22. 

23. 

2h. 

25. If ~rjngflow (0 thor th~ that inclu~od in aeotieD 20) 12 used for irriaation purposes, I 25. 
what is the (eatL&atod or mc~uurcd) fl ow rate and average t otal ~~l flo~ of eaoh 
8pr~ ? 

26. Do bo~holo yields and rates of 8pril~ow deol ine vlth tico, and if DO, when and to 
what erl"nt ? ' 

21. 

28. 

\/hat is the o\"&::.'a11 qualHy of the grounc.w:ltar used f o:: irrigation and has a quality 
change with time been noticed ? 

10 the present supply of aurfaoo. and/or gro'Uld water for irrigation purposes 8Ulfioient? 

C. AGRICULTURE 

29. Pleaos liet the typoa of crops under lrrig3tion , the (B) growtno or irrigation oaason, 
(b) the acre~ of oach ero?, (0) the averAge ~onthl7 consumptive uoe of each of tho 
o~ps and (d) the avsrnge monthly irrigation fi s ld application 

' . 

26. 

21. 

28. 

29. 

~nc bracki.h pr~.h r me/t (25'c) .s/c @ 25'01 
GESI~ I llO X I 

,; /y·"" 

Do;ceholo no. 

Tested yield l/e 
Pl..u!:ped yitlld SE P DA: 'A t/e 
11c9.UlU'ed yield t/e 

~~ 
hourR/&.;;{ 
daye/woe~ 
'vIeeks/yenx 
months/year • 

·rm (@ 25 0 0) .0/t I 

I Total cbs traction ';/y 

l 
(xI06) 

Waterlevels 

onnat • 
on' 

0 

m 

Spring flowrate - ~a tot.ll...O.2~ 
Estimated Heaoured .!\nnu"l 

1 
2 
J I 4 

1X<!!l v rrandprn I isen~QOi!l 

[0T/4 121) 1/21 '/3 Pil'/51 of average original 
rate/Yield 

Isalino r braclc:ish elightly 
h"-;u"'.lr iflh 

change/variation in quality YES 

IrES I I"o I x 

CROP TYPE a b 
(ha) 

1 Icerne SlJIlJEI" lU 

Pertta- ca L1J 
nent 
orope 

Seasonal 
or 
caoh 
cropo -

. .... -

fre :lh I vary !roeh 

X 
tlO f 

0 • (=) (mm) 
fi 

llU 

0 

± alkaline 

I 

for 6 IIDlths 

for 6 IIDlths 

o ""'PhUXOU81 



30. \Jb.a.t !'.teld irrigation aoet.hod(:;) is (are) 11sad ? 

)1. 18 tho ... ater conveyed from tho I-oir.'C(e) of d.!vo::::,sito;'l, i::;oull 0:- .pll:P.ping by twanG of 
pil!0s, t!cthlln oanal"::l or linold C.:l:"ia.lll or a c~Qb _t;'l<.t"!.on of t .... o oX' ruOl.'!i.? 

32. Hoy can the surtaca 5011 and the aubstrat~ (6~~lloil) of the irrigated lana~ be 
charaotorhed ? 

3). toes any salinity or alkalinity oc=ur in th9 soil ? 

34. 80.w often is g(pSUlll or ] ilte applied 00 the lands? 

35. What fertilizers are raguJ..a.xl:,- usod ? 

36. Ie tho ground wato::: table · ... i~hi.'1. t=.C .l.Slu--ablo dist..2J1ce from the surfa.oe, and if 00, 
what io the avo::::age dc~th of the .... ate::::table b3101o{ the su.rfaco ? 

31. If th3 .. aterlable fluct-.J.£tes seasonally or on a longter;n baaia, .... hat 16 approximn.tely 
the !1uatuation ? 

38. AJ:q r.earl:::e ': 

39. D:a.ta 

40. Offiotal 

, 

r---
)0. Basin Fu..-"""l.'O .... Flcoding Sub~rf.!lco iJprinklero m!crojot other. 

irrigation pattorn/) irl'igaLlon 

== ..x 

=- ---- - - - , 

31. G _L Earthen canalu 1ined can~le Combln~tion I 
)2. ~on Clayoy to."". Silty SandJ Gra.volly !!ocky ather 

X 

llD- Clo.,yflY S!ltv Sandy Gravelly Sh.1.le 8'atone Granitio I othnr 
mT. I 

10a11oity IrES [!:lk.>lln1ty ,YEO, L1 
no NO 

)). 

34. Once evcr', 2 mR!lyearW 
)5. su~te 
)6. 10 - Th matros 

)7. I Seasonally ,:: I X 3 [U:ngter.n l: I 
NO X 

10 _motrao ~ 

)8. 

)9. I>at·a 11/6/85 

LO. NQlD9 R.P. PAR!'nS 

" 



·, ... 
'* 

LAUD AND WATEn USE 

QUE S T IOU N A IKE 

Ploau complete thd approllria'l;o cactiona or mark: v \,'here applicable 
I 

A.. r.F.J1FJlAL DJ)'OllMATION 

1. Cadaotral Farm ~e and numbftr - Local Farm nama 

2. Distriot 

). Proprietor - Poetal addr~B8 - Tele~hone Coda ~ Numbar 

4. Dra,1n.:s.ge region & number 

,. Size of Farm unit 

6. TotaJ. ar'Ja of Cultivable Land (dry land, floCtd irrlgation , furrov irrigation eta.)? 

7. ~dd1tlOJlal CLXea tha.t could be b=cUght under cultivation? 

6. 
9. 

10. 

11. 

Vhat 1s tho £l.vsrago total area w~~ch 18 irrIgated at least onoe a yoar \ 

Vh.at 10 the bl\la.nce (ru-ea .... hich 1s not lrri.£'O.ted in an average year) ? 

For what renDon(s) 18 the balance not irrigated ? 

At .... hAt (approx.) t~e has irrlgation co~enced and/or .... as significantly expanded 
on the fsL.'D ? 

B. WAT£R SOURCES AND DrSTRnUTrr)~1 

12. Ie the irriGation water auppl1ed r~~ ~faco or groundllater rD~ource9 or from both? 

1). If surfnce and ground ~t~r nrA used ccnj~~ct1vely. what 10 the general pattern of 
int~raotion (e.g. ground vater P·,J.:u.,cd 'When rlverflow docreall6U .•• ) ? 

14. If the farm Wlit iO, p:u-tly or entirel:.'. suppliod with GUrfaoe water, is the now 
divertod at one aito or at o6vern.l aites and is ( aro) the diverslon(e) by lf4'a.vity 
or by pumping 1 

1$. Do any etorage re~ervoira axiot nn~ if eo, 1s this atorag9 maJuly for daily, 
ilellBonal or carry-over (<,,_nnU<ll) storage ? 

16. Are the roservoiro ur.ed for tho ~torase of Burfaco water or groWld vater or for both? 

11. Pleaoe list the capacily of nIl reeervolro uoed for the storage of irrigation watar. 

18. What is the vol~e of mtrface water divorted (either for direct application or for 
temporary etoraoe) per ann~ 1 

19. 

20. 

If wur!ace ~ater 18 availablo on an irregular baoia, vhat is the frequ~noy and 
aTsrLg6 duration of availability 7 

Does the ourface water flow, partly or entirely, ortginate from sprlngflow and if 
eo, what io the pattern and aver~ ann~l oontribution of aprlngflow to th6 total 
Tolums of ~face water diverted ? 

21. Ar9 any uurfaoe v~ter re~ource8 oh&r~d with other proprietors at the diversion 
point, and if 80, 1e th1e done ~~ an organ12od basia (a.g. Irr1gnt1on Bo~rd) 1 

1. 

2. 

3. 

4. 
S. 
6. 
'/. 

B. 
9. 

I :zmffiIGAT [1400 r iffKr.ErGAT 
GRAAFF-REINEI' 

I=l;~ W·FeatlciStone 

. Aberdeen _ IAbenleen L_.272.L1 __ -' 
'---~=' 

GRAAFF-REJNEr 
:rro ha 
5Xlha 

l~ 

ha 

ha 

~ha ha 

mha ha 

10 . lack of irr. sufficisnt ~~onom1o annual othsr 
facillt1~ a .rainf~ll. ea3QD3 fallow 

(about) 
tabout) 

11 . 

12. 

13. 

14. 

Commenced lCHl 
Expanded T<:H1 

Surface 'Wo.tor Surface & G~und water Groundwater 
x 

use groundwater ~ surface water not available 

several sites, punping 

15. ~~ I scaeo1al annual other 

16. 

17. 

16. 

19. 

20. 

21. 

Surface water 
A 

1 

2 

) 

don't I<n<:M 

I Surface &: Ground wa t er 

r 
.? 
.? 

I!ve~ yearn 
day~w8ek9/month~/years-

4 
S 
6 

Groundwater 

Springflow oontr1butea on a t==r¥sonal OM.w buill 

year 
year 

'" , u • 

.? 
.Il'fyear 

don't I<n<:M 

5 nnnths a year 
~ 

[TIS} .. I RtF::::.... .--.j 
Name ~"zc!a.:.t"'io"'nL ____ _ 

' . 



2. What is the quality of the surface water and I~s the over31l qualit] c~d OV6r th9 
years ? 

) . If tbo farm unit, partly or entiroly. ie supplied fro~ tToundw~tor, wJlat io the aver~~ 
total yearly ground .... .:lter sbah'action froc all eou=ces (ho~'ohole9 ar.d springs oth.u 
than ·inoluded \L~der 8~otion 20) ? 

4. Supply the folloving particulars for each borohole pumped for irrigation: uumb'rj 
testod., pWllpod and measursd yield; ab!Jtraction eche::!ulei avoraso " ... tal volWlle 

. abstracted per yearJ .... aterquality; watcrlovola at the on::Jet and end of an irri­
gation cyolt" .. 

.. 

22. 

2). 

24. 

'$. If upr1ngflow (ot~~r th3n that included in section 20) i3 used for irrlgation purposes, I 2$. 
.hat is the (estLLatad o~ ~e~gured) flow rate and ave~as9 total annual ~~ow of each 

,6 . 

~ 7 • 

~ 8. 

spring ? 

Do borehole yields anu ratos of apringflow decline with t~e, and i f 80, .... hen and to 
what extent? 

'What is the overall quality of the grou.'d .... ater used f or irrigation and hae a quality 
change with time b~en noticed? 

Is the present supply of tru=!'ace and/o~ gl"ound water fOL· irrigation p\ll1'oees suffioient? 

ACRlCULTtlRE 

?9. Ple&Be list the types of c~ps unrle~ irrieati~n. tho (~) growing or irrigation asaeon, 
(b) th'J aor01l{fO 0'[ each crop, (,,) the avorl'ga monthly ,:,onm.unptive U8'J of each of tho 
crops and (d) the flVOraoa lIIOnthly irrigation field application 

26. 

27. 

28. 

29. 

brac"dah freoh ""/_ (2S ' C) oS/. @ 2S'C 
x 

I Th:sr--] 1 110 X =:J 
m) /Y9ar 

Boreholo no. 

Tes tod yield t/, , 

Pumped y1 eld SEl' Th\T. t/. 
I'1oaourcd yield t/e 

Abstra~tion 

hOUX3/day 
days/week 
weck.s/yo.:...r 
tconths/year 

TIS (0 2S"C) mg/.' 
Total nbstracti on ,?/y 

(xl06) 

lrIatnrlevels 

onee t m 
end m 

Spring flowrate - J./!J t ob1 nnw - ;;;>1 
Estin:ated Heaaured Annual 

[l&ilY _~as~nal - p61pderm I 
-~ .....---J 

~1)/4 12/L_t 1/2 \ '/J ~ 1'/51 
t n"" <." __ I ~ I ISaline I brac~ich "LL'~l1~J.y 

L h ·,";uo-V' 
.L.L"tlsh I very fresh 

L_ 
cha.rlge/v.ariation . in quali toT YES I NO 

@r::::::J 1110 I :J 

CROP TYPE a b c d 
(ho) ( . ..,,) (=) 
1») 

Perma- IWI ""'L sumer ~ OJ 
ner:t 
orope es --
Seasonal 
or 
cash 

-E_rope 

spring in river dry 
of aver~~ ori8in~1 

rate/:1iold 

I alk.line + 

for 6 nnnths 

for 6 rrnnths 

for 6 nnnths 

m.Ll.Phurou~ 



)0. ~t field irrigation method(s) is (are) ueod ? 

31. Is the \la.ter conveyod .froID. tho point(s) of d1vor~lion. iUlrUO or :pumping by mea.oe Qf 
:pipe~. f'arthen OJ.nal'a or l ined o:)::Ialo or il c.:Jlllolnation of t ,,{o or roOl.'u.? 

)2. HoW' can the ourfa06 soil a."ld tho Bubetratu:n (subeoil) of the irrigatod lands be 
characterized ? 

< 

)). Does anJ 8alin1~J or ~lknlinltl occur in thQ Boil 1 

)4. HO\l often Is E)'pBUC or lice ~p~llej on the land~ ? 

35. What f&rtilizere are regul~ll used? 

36. Ie the bTOund \later ta~le within censurable distance from the aurfaco , ani if BO, 
"hat io the a.verago depth of tho \liltertablc balo~ the surfnce ? 

31. If the ~aturtnble f1uc~~tes saasonally or on a longterm basis, \I~t is approximatsly 
the fluotuation ? 

)8. l.IJ¥ re~ke ? 

• 39. Date 

40. Official 

I 

30. :Basin Furrow Flooding Submll.'face s~rln.ide=9 microjet 
irrigation patt~rns irrigation 

x 

tp,~ 
I 

Earthen canale Llnod car.als I Combination J 
X 1 -.l -' 

31. 

32. 
r~IL 

Clnyoy 1.0_ Sll.'L Sandy Gravel.!L Ro=.!sL Other 
X X 

h.m- Cl"".y Silty Sanoly Grr.vally Shale Slctone Gra!li tic I Other 
~JIL x , I 

3j. [Sal1nity I YES X 

liD 

34 . 
35. 

OnOE' BVBry 

li,lkdinl!;- -]-:f---J 
o monthe/yt!o.r( s) 

36. 5 - 15n ~ 

31· ! Seh-aonniiy l-: 1- x -I [!.,ngte= bES I 
Um. --lJf-<--' 

:netres .aWL 

)8. 

39. Date 25/4/85 

40. Name R.P. PARS:N3 

,. 

other 



# 

",AllD AND Wl.TRR USE 

QUE S T I GUll A IRE 

Please o\J!ltplete the appropr::l.A.to Gllotians or IIl8.Xk v 'Where o.ppli~able 

.L GEJIERAt, nrroffi1ATIO!-1 

1. Cr\daatral Farm ~!I and number - klcal Fa...~ name 

2. Distrlot 

3. Proprietor - Postal addreas - Telephone Code & Number 

L. ~ain.3.ge regIon &. mlbl~cr 

5. Si=e of Farm unit 

6. Total area of Culti\~blo k~,d (drJ land , flood lrrlf,atlon, furrow irrigation etc.)? 

1. Add1tl~nal area that could b~ bro~-ht under cQltivatlon? 

8. WhAt In the aver3So total area \oI~~ch Is irrigated at lea9t onco a year ~ 
9. What in the balanco (area which is not irrigated in' an avoragol year) ? 

10. For .... h3t rf'!:>.oon(a) Ie the balance not irrigated? 

11. At .... hat (approz.) ti.zr.e MS lrriga Uon commenced Md/or was significantly expanded 
on tlJo fOor.n 1 . 

d. WAT:!':H SOIJRL~"S MID D!STRrEUTI Ol'I 

12. Is t~e lr=igatlon wato:::- cupplicd from surface 0:::' gro'll1d1Ja tor rosources or from both? 

13. If ~~race ~d ground water are used conjunctively, what ie ths general pattern of 
int~raotion (e.g. ground vater pumped when riverflow decreasss •• • ) ? 

1L. If the farm unit io, partly or entirely, supplied with surfaos water, 10 ths flow 
diverted at ons sito or a~ several siteo and io Carol the diversion{o) by pr3vity 
or by pumping ? 

1$. Do ~~ oto~age reservoiro exiot and if so, is this otorag9 mainly for daily , 
Beaoonal or carry-over (annual) otorage ? 

16. Are th!) reservoirs UG~d for the stora.g9 of surface water or ground ...-a.tsr or for both? 

1. 

2. 

3. 

4. 
S. 
6. 
7. 
B. 
9. 

10. 

11. 

12. 

13. 

14. 

[,iEExmrGAT 
GRMFF-REINEl' 

Illil D I ZEE«lliGAT 

flli·JJ)·vandert1iri.e 
xStl 

Aberdeen I 
1314 
2IDJ ha 
lSCl ha 

lSCl ha 

lack of irI." . auIfiden!; 
facll1ticll rainfal 

COI:IiDencod abO\l'~ ~ 
ExJ:o.nded about 

Su.rface ',.later Surface &: Ground water Groundwater 

use groundwater when no surface water available 

several, gravity & JlU1IPing 

15. L~:~i--FBeaso~al__ 1_ annu~~_ _I othe~_J 

16. Surface "il ter Surf: :o &: Ground .... at~r Ground .... ater 

year 
yl'!c 

17. Pleaso list the cap~ity of all renorvoire uocd for tho storage of irr1gution water . 17. 

ITr- ru I ~I 
16. 

19. 

20. 

'oIhat io tho volume of DUrface water diverted (eith')r felr direct application or for 
tp.mporarj etor~e) per R;t."lum ? 

If surfaoe wat~r 1s a~ilable on an irregular baoio, vhat is the froquency and 
avenae duration of availability? 

Does the surface water f1~w. ra~tly or entirely, originate from Rprlngflow and if 
so, v~~t is tho pattern and avc~ annual oontribution of oprln~flow to the total 
vol~e of surface water divertod ? 

21. Are &.llJ" surface .... ater noourcea ehared with other proprietors at the diversion 
point, and 1f eo, is this dono on an organized basl~ (e.g. Irrigation Board) ? 

1B. 

19. 

20. 

21. 

don't kn<:M . .5.J= 
everY yearo 

when it rains dayer .... e~nonth9/Year8 

Springflo. contribut •• on' ~~.a.onal ~ 
~ 

basie 

§3 _u I I:~ I ~ I 
NQ.III8 of organhation 

ha 

ha 

M 

ha 

ha 



What 1a tho quality of the ourface water and hao the ovorall quality changed ave::: the 
yearo ? 

If the farm unit, partly or entirely, is aupplied from croundwater, what 10 tho average 
total yca=ly growldwator abstraction f~m all eourceo (boreholes and aprings oth9r 
t~, included under egotion 20) ? 

Supply tho following particulars for eaoh borehole pumpel for irrigation: number; 
tested., pumped and measured yield; abotraotlon schedule; average ....... tal volw:lo 
~betracted per ye~; waterquality; waterl9vele at the onsot and end of an irri~ 
satioD cy01(> .. 

.. 

22. 

23 · 

21~. 

If gpringflow (other tr~ that jncluded in seetien 20) 19 used for irrigation purposes, I 25. 
what itl th(l (estimated or IIlc:uru:r:ed) flow ra.te and a.vet"t1£C< total annual flow of each 
spri.I:g ? 

lb borehole yields and rate~ of springflo", dealing with timo, and if so, "'hen and to 
.... hat extent? 

\Jhr.t; it! tbe overall quality cf tho erowldvater used for irrigation and OOe f\ quality 
eh.a.n6"11 ",lth time been nottcr.d ? 

Is ths prel!ent supply of ourf30e Md/or ground water for in:ig::\tion p\ll?osea fN.!fioieut7 

AGRlCULTURE 

' . Plr.ase 11ut the typeD of orops under irrigation, tho (0) &rOwing or irrigation 8e~GOa, 
(b) the aoro~-e of each C~~PI (c) th~ ~verAge monthly Gonrrumptive UD9 of each of tho 
cropo and (d) the av~ra~ monthly irrig3t.ion fiald application 

26. 

27. 

28. 

29. 

~ brackioh r:eOh 1- ",,/t (2'·C) oS/. @ ~ 

[YES I I ••• 1-I >1O I ~ 
.? /year 

Boreholo no. 

Teoted yield t/B 
PulIryed yiGld SfE lim t/o 
11031J\U"od yiold t/B 

Abstra~t _{on 

hOur9/d.9.y' 
daYD/woek 
woeks/yea.r 
months/yoar 

Tlll (iii 2S·C) ",,/t 

Total abstraction rrr'/ r 
(x106) 

'l/3,terlevels 

onset m 
end m 

Spring flowro.te - Me total n " _ rrr 
E3t!~ted r':easurcd Annual 

1 
2 
3 
4 

pA1l ... IS,..n9ona.1 !Ian~1 

P8T/4 /2/1-L 1/21 '/3 1'/41'/51 
slightly frosh very fresh 

of avo rage origInal 
rate/yield 

m..U.PhuxOu~ 

!Iu:].li t:r YES "N:.:0c..L ____ ..J 

"'[li""D'. ~_-'J 

CROP TYN • 
SUIITEr 

PertM- :..IDm. inter 
nflnt 
orope 

Seaeonal 
or 
ca3h 

~p.! 

b 0 

(ha) (=) 
. ILl 

LA) 

U 
(-2 

lLl.. 

tjJ 

for 6 IIIJ<lths 

for 6 IIIJ<lths 

for 6 IIIJ<lths 



30. What field irrigation methodes) is (are) used? 

)1. Is the .... at~r conveyed frem the pOlnt(e) of diversion, iOllua or l'Wflllino by meana of 
pipes, earthon O~r8 or lined c.:male: .?r a comblnatiDn of tva or rcor6.1 

32. lIo'J ca.:! the DurIace son and tho aubotra.tum (!lubsoil) of the irrigated llmd3 be 
charactorized 1 

3). Doee any Ralinit-J or allrolinity occur in th-9 (loll ? 

3b. HoW' oft~n 1s gyp6U.III or lime applied 00 the lands 1 

35. w:.lat fertlli~C!n ru:e l."e{;Ularly u30d ? 

36. Is the cround .... ator table vithin J:lct).:lU'ablo distance fro:n the surface, and if BO, 
.... r.at 10 the ave=age dOi'th of the .... .3tt'!rtable belo .... the surface? 

37. If the ·,.atertable fluct-.l.ates sensonally or on a long-t~ rm baeis , W'hat is approximately 
tr~ fluotuation ? 

38. Any.remarks? 

39. D3.te 

~O. 0.!'f101al 

, 

30. 

31. 

3'--

33· 

34. 
35. 
36. 

37-

38. 

I B.,i, 

t= 
-r-" 

1 FIJ.rrow Floeding Subrrur.!'o.ce sprinklers rucrojet ot~er 

~t1on pat terns irr1.gation 

-r--- X 

Eartha'l canals ~ Lined canale combln~ 
X 

l!'!J~~-J 
L I 

OIL Claye~' ~ Loacy ;;-11 ty Sandy Gravell-y--Uo~k;r -- TOth~;- , 

~-+---~-r---~---r----r-~--'--1 
lIB- ~lc.yey I Silty ~ Gravel!L Shale S'Rtone Granitio I Other 
On. 

- ---- ---

I S~lir.i ty I ~~S x3 
Or:oe ovary 0 J:Onthsjyeor( 8) 

[AI'alln1 'Y I :" I X 

10 -:un 
~ 

I Seasonally I ::31 X [~-;~ l: 1_3 
10 :netree D.1.I; ..... 

31. Date 23/5/85 

40. Nace R.P. P~ 



Appendix Ie 

Fertilizer application data 



Local farm Fertilizer Area fertilized Quantity Frequency 

ha kg/ha yea r s 

CORNDALE gypsum 5 6000 1/5 
DAGLUMIER gypsum 10 5000 1/5 

ammonium sulphate 10 350 2/5 
GRASRAND gypsum 10 5000 1/3 
ERICA gypsum 7 5000 1/6 
KRANSPLAAS ammonium sulphate 100 350 1/5 

KRIEGERSKRAAL gypsum 2 5500 1/10 
MIMMOSADALE gypsum 10 5000 1/2 

MOOIFONTEIN gypsum 100 2500 2/10 

ammonium sulphate 100 100 5/10 

urea 100 50 5/10 

super phosphate 100 50 5/10 
BEACONSFIELD gypsum 8 5000 1/10 
UITKOMST ammonium sulphate 40 350 2/1 

gypsum 40 5000 1/6 
GRAND VIE\v super phosphate 30 100 1/2 
VREDE gypsum 100 5000 1/10 

ammonium phosphate 100 250 1/1 

urea 10 500 1/1 

super phosphate 100 200 1/1 



APPENDIX 2: 

GEOPHYSICAL DATA 



Appendix 2A 

Magnetic anomalies 
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Appendix 2B 

CES profiles 
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Constant Elect rode Seacing Profile' 1-4 
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Constant Electrode Spacina Profile : 1-10 
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Constant Electrode Spacing Prof il e ' 1·13 
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APPENDIX 3: 

PROJECT BOREHOLE LOGS 



llORE!!O!.E NO G33337 
DATE DR1LJ .f::D 5/11/84 to 6111/84, deepened 19/12/84 to 20/12/84 
C"D,\STRAl. FARH CORNDALE 333 
CO ORDr ~l ,\TES LATITUDE ; 32°18'42" {.O~GITUDE 24°27'11 " 
TOTAL DEPTH (m) gOm CASING ~ of 165 steel casing 
\,',\TER LEVEL (m) 12,91m COLLAR ELEVATION (a.m.s.l) :707,30 
DEfYrll OF INTERCEPTIONS (m) BLOW OUT YIELD (tis) CONDUCTIVITY (mS/m) 

GEOLOGY 

llm 
76, 
final m 

0-4 m highly weathere:l dolerile 
-21n rra:liun-grairal dolerite 
-29:n blue-grey fine-graine':l ~tooe 

da>'\l 
0.1 
0.1 

- 74m rre.:lilXll-gra.i.neU dolerite -caJ.cite a t 72- 74m 
...J;X}n alternating blue-grey .siltstme and 1lBl"0CI"I nuist<n! -calcite at 7lm-81m 

BOREHOLE NO G333JB 
DATE DRILLED 8/11/84 La 9/11/84 
CADASTR,\L FARM KLI1'l1UFT 426 
CO-OROrNATES UnTUDE 32°21 ' XJI 
TOTAL DEPT!! (m) (;{})1 
WATER LEVEL (m) 1l,62m 
DEPTH or INTERCEPTIONS (m) BLOW-OUT YIELD 

35m 0 , 1 
46n 4,4 
final 4 ,4 

GEOLOGY 
()...) m s.:.ludy alluviun 

- 7 m \<oU.LdIC!'C...J blue-grey fine-grained SUfllsta'le 
-4'in rn:;'\liltrt-grair .... ,1 dolerite 

LONGITUDE 24"28 ' 27" 
CASING 6:n of 16511TI1 steel ca':iing 
COLLAR ELEVATION (a . m. s . l.) : 670,7m 

( 2/s) CONDUCTIVITY (mS/m) 

4W 
438 
440 

-ron a! tt!(1L.,L ing blue-grey si! tstone and blue-grey fine-graine:i saruslOlIe -calcite at SCm 

BOREHOLE NO GJ.J33<J 
D,\TE DRTU.ED 12/1!/~ lCL 13/11/84 
CADASTRAL r,\RM 11:: [[.(Xl 4"£) 
CO ORDTNATE.S LATITUDE 32°27'15" LONGITUDE 24°25'25" 
TOTAL DEPT!! (m) : wn 
\~ATER I.EVEL (m) : 7 16n 

CASING 13n of 16511n .'<.1 ,-,\-·1 ,.;a-;ill!:t 
S ot:teo lQ...l ~n 

COl.UR ELEVATrO:-l (a.m.s . l.): 64U,2m 
DEPTH Of [!'ITERCEPTIONS (m) BLOW-OUT YIELD (Us) CO~UUCTIVITY (mS/m) 

·GF.OLOGY 
0-3m 
- 5 m 
-6m 
-21m 
-£(ffi 

11m 
finLlI 

S:ll'LJy alluviun 
ro,L1ddl l;cbblE::i 
\.6.l~n:1..l blue..grecn S<.LIrl.stone 

1.9 
1.0 

!;!l!t:!~rey fi.ne-graine.l ~ltlstooe - calrite ill 17-2~ 
ultemuLing blue-grey siltstooe and Iffinx;o rnlilstOlle 

475 
475 



BOREIIOl.E NO = 
DATE DRILLED 14/11184 
r.AO"STRAJ. FAR~I GRrorE VL.\KTE 132 
CO-ORDINATES LATITUDE 32° 25 I 00" 
TOTAL DEPTll (m) 60m 

-LONGITUDE: . 24°17'59" 
CASING ; an of 165rrn steel c.asi.ng 

WATER LEVEL (ml 3,08m ~ ELEVATION :(a . m.s.l) : 673,8m 

DEPTH OF' INTERCEPTIONS em) BLOW OUT YIELD (Us) CONDUCTIVITY (mS/m) 

GEOLOCY 
o=r;;;­

-6 m 
-12m 

12m 
22m 
26m 
32m 
34m 
37m 

1~~al 
calcrete 

damp 245 H,S 
4,7 263 II,S 
5,4 268 II,S 
6,0 267 11,S 
8,1 268 II,S 

10,5 283 

!t'e ~gt 

-24m 

weathered brown-grey siltstone 
blue-grey fine-grained sandstone 
alternating blue-grey siltstone and maroon mudstone 
blue_grey fine to medium-grained sandstone - calcite and pyrite staining 
1 ight blue fine-g ra ined sandstone - calcite 

-JOm 
-34m 
-48m blue- grey siltstone - Cilkite and pyrite staining 
-57m 
-60m 

blue-).\rey fine to medium-grained sands[one - calciLe and pyriLe staining 
dark blue-grey slltsLone 

BOREIIOLE NO G33341 
DATE DRILLEO 15/11/B4 
CADASTRAL P.4,RM CIUJIr: VLAKTE 132 
CO-ORD[NAT~S LATITUDE 32°25'16" 
TOTAL DEPT!! (m) 60m 
\.lATER LEVEL (III) 6 ,60m 

: 24°18'28" LONGITUDE 
CASING 
COLL.\R 

: an of 16Smn steel casing 
ELEVATION: (a .m.s. l.) :669,2m 

DEPTII OF INTERCEPTIONS (m) 8LOW-OUT YIEl.D (11 s) CONDUCTIVITY (mS/m) 

GEOl.OGY 

0-2m 
- 13m 

13 
20 
41 
f i nll 1 

sandy alluvium 
weathered g{eenish grey siltstone 

damp 
3,4 
4,5 
4,5 

-20m 
-53m 
-SSm 

blue-grey f ine-gra ined sandstone - calcite at 20m 
alterniJl:ing blue-grey siltstone and maroon mudstone 
blue-grey finc-grdined sandstone 

- 60m dark \.IIue-grey silLstone 

BOREIIOLE NO G33342 
OATE DRILLEO 16/11/84 t u 19/11/84 
CADASTRAL F,\R~l GROOTE VLAKTE l32 
CO ORDTNATES LATITUDE: 32°26'05" 

1379 H,S 
739 
680 
569 

: 24°18'51" 

TOTAL DEPTH (m) : 60m 
WAn:R LEVE!. (m) : 13 , 94m 

LONGITUDE 
CASING 
COLLAR 

: 7m of 165mn steel casing 
ELEVATTO,'-l : (a . m.s. l.) : 672 , 3m 

DE~f1I OF INTERCEPTIONS (m) BLOW OIiT YI ELD (e/ s) CO~mUCTIvITY (mS/m) 
491 

'GEOLOCY 

0-5 m 
-37m 
-41m 
-60m 

15m 
26m 
4 1rn 
f ina 1 

damp 
0,2 
1,0 
1,0 

491 
440 
380 

U,S 

culcificd sHndy till\IVium 
ulLcrn'lting blue-grcy silt::;Lone l:lnd mu roon mudstone - pyrite stHining tit 25m- 27m 
~peckled blue-grey medium-grained sandstone 
alt,ernaLing blue-grey siltstone and maroon mudstone 



IlOREHOl.E ~IO G33343 
DATE DRILLED 19/11/84 to 21/11/84 
C,\O,\STRAL FARM ZEEKOEIGAT 1400 
CO ORDfNATES LATITUDE: 32°25 ' 55" -LONGITUDE : 24° 13'02" 
TOTAL OEPT!! (m) 60m CASING :12m of 16~ steel casing 
\.lATER I.EVEL (m) B,74m COLLAR ELEVATION :(a.m.s.l) : 689 ,Om 
DEPT!! OF TNTERCEPTIONS (m) BLOW-OUT YIELD (2/s) CONDUCTIVITY (mS/m) 

GEOLOGY 

0- 6 m 
- ) m 

10 
1 ) 
45 
final 

calcareous sandy alluvium 
rounded pebbles 

damp 
0 , ) 
0 ,8 
0 ,8 

659 II,S 
54B 
540 

- 52m 
-60m 

alternating blue-grey siltstone and maroon mudstone - calcite at 45-52m 
fine-grained dol er ite 

BOREHOLE NO G33344 
DATE DRILLED 21/11/84 to 22/11/84 
CADASTR:\L FARM ZEEKOEIGAT 1400 
CO ORorNATES unTUDE : 32°25'39" LONGITUDE : 24 ° 13 t 101t 
TOTAL DEPTH (m) 60n CASING : lErn of 16m steel casing 
WATER LEVEL (m) 9 . 06m COLLAR ELEVATION: (a.m . s.l.) :690 , 5m 
DEPTII OF INTERCEPTIONS (m) BLOW-OUT YIELD ('/ s) CONDUCTIVITY (m5/m) 

GEOLOGY 
0-6 m 

- 12m 
-loOm 
-49m 
-60m 

t 2 
21 
30 
47 
r j nal 

calCilreous sandy alluvium 
rounded pebbJ es 

damp 
1 ,8 
2 , U 
2,3 
2 ,6 

<ll LernaLing uiue-grey siltstone and maroon mudstone 
blue-grey fille-grc.lined sandstone - calcite . py rite staining 
hlue-grey silLstonc - calcite. pyrite staining 

BOREIIOLE NO G33J45 
D.lTE DRILLED 23/11/85 LO 2) /11/B4 
CADASTR AL FARM KRUGERS KR,\,\L 322 
CO- ORDINATES LATITUDE: 32°21' 50" 
TOTAl. [)EPTH (m): CJGm 
\.lATER I.EVEL (m): 23,!lrn 
DEPTH OF I "TERCEPTTOtIS (m) 

"GEOLOGY 

0-3 m 
-4 m 
-6 m 

25m 
34m 
43111 
f j n3 1 

sandy alluvium 
rOll nded pebbles 

0,1 
0 , 2 
0 ,8 
O,B 

-25m 
-42m 

hlShly wetl.~hcred kharkl mudstone 
alternatIng blut:!-grcy siltstone lind mCiroon mudstone 
finc - grained dolerite 

-44m 
- 54m 
- 96m 

blue-grey siltstone 
speckled blue-grey fine-grained sandstone 
nlternuting blue-grey siltstone and maroon mudstone 

636 
664 
659 
634 

:24°16'58" 

74 
)0 
)5 
8t 



IlOREHOLE NO G3])46 
OATE DRII.LED 2B/1I/84 
CMlASTRAL F'ARM UITKmlST 
CO OfWrNATES LATITUDE 
TOTAL DEPTH (m) 117m 
WATER LEVEL (m) 6,85m 

to 7/12/84 
314 
32 0 18 ' 39" i...ONClTUDE .24°16'42" 

CASINC ; !fin of Iftmn steel casing, 
COLLAR ELEVATION :(a.m.s.l) : 774,4m 

OEPTII OF INTERCEPTIONS (m) 
20m 
27m 
50m 

"B",LO"W:.:-",O"-UT,--!Y-;;I=EL"O,-,-("U,,s'-l.) CONOUCTIVITY (mSI m) 
0 , I 134 
0 ,8 134 
2 , 6 133 

116m 
final 

24,1 121 
24,1 121 

GEOLOGY 

0- 8 m 
-16m 
-25m 
- 27m 
-69m 
- 10m 
- 83m 
-89m 
-103m 
- 116m 
- 117m 

sandy alluvium 
rounded pebbles 
alternating blue-grey siltstone and maroon mudstone 
weathered light-grey medium-grained sandstone 
allernating blue-grey siltstone and maroon mudstone 
blue-gr~y medium-grained sandstone 
alLernating blue-grey siltstone and maroon mudstone 
speckled Llue-grey m~dium-SrHined sandstone - calciLe 
alternating blue-g rey siltstone and maroon mudstone 
speckled blue-gre)' medium-gra ined sandstone 
blue-grey siltstone - calcite 

BOREIIOLE NO G33347 
OATE DRILLED 7/12/84 to 19/12/84 
CADASTRAl. F'ARM UITKmlST 314 
CO- ORDINATES LATITUDE; 32° 18' 2211 LONGITUDE ,24°16 ' 49 11 

CASING ; 20,511 of 16!nm steel casing TOTAL DEPTfl (m) 70m 
I,JATER LEVEL (m) 13,18m COLLAR ELEVATION : (a.m,s ,l.) : 777,4m 
OEPTII Or- INTERCEPT[ONS (m) BLOW-OUT YIELD ( 'Is) CONDUCTIVITY (mS/m) 

GEOLOGY 

0-12 m 
-20 m 
- 22 m 

17m 
54m 
65m 
f 1 na 1 

sandy alluvium 
rounde d rH~ubles 
blue-grey fille-grained salllblune 

0,2 
9,3 

13, I 
13, I 

-66 III 

-70 m 
1IIL~rl\i.lljl\g hlue-grey ::;llL::;Lolle and muroon mudstone 
speckled uluC!-gr~y medium-grained sand::;;tOlle 

OOREIIOLE NO G3334S 
IMTF. DRIl.LED 20112184 
r."OASTR AL FARH CmmD,\L£ 

186 
143 
116 
109 

CO-ORDINATES UT!TUUE : 

to 14/1/B5 
333 
32 °18'41" I.ONGITUOE 24°27'30" 

TOTAL DEPTII (m): 66m 
\~ATER l.EVEL (m): 9,09m 
DEPTfl OF' I~TERCEPTIONS (m) 

'G EOLOGY 
0-5 m 

- 7 m 

10m 
231n 
f in81 

sandy alluvium 
rounded dulerite pehl.tles 

BLOW- OUT YIEl.O 

dump 
5, I 
5, I 

CASING 
COl.LAR 
( as) 

- 66m allcrnuting blue-grey siltstone and maroon mudstone 

<)n of 165nn SLL-ei CilSlng 

ELEVATroN (a . m.s.I.): 698,2m 
CONllUCTTVITY (mS/m) 

192 II,S 
192 II,S 
221 II,S 



IlOREHOLE NO G33349 
DATE DRILLED 15/1/85 to 17/1/85, deepened 29/4/85 to 6/5/85 

CADASTRAL FARM'" CORN DALE 333 
CO-ORDINATES LATITUDE: 32'18'46" LONGITUDE : 24'27' 13" 
TOTAL DEPTH (m) 101m CASING :00 of 165m steel casing 
IIATER LEVEL (m) 8,33m COLLAR ELEVATION ,(a .m.s.l) : 698,2m 

DEPTH OF INTERCEPTIONS (m) BLOW- OUT YIELD (e/s) CONDUCTIVITY (mS/m) 

GEOLOGY 

0-6 m 
-28m 
-30m 
-gim 
-99m 
-101m 

22m 
final 

rounded. dolerite boulders 

0,6 
0,6 

alternating light and da rk blue-grey siltstone 
light grey fine-grained sandstone - pyrite staining 
alternating blue-grey siltstone and maroon mudstone 
speckled blue-grey medium-grained sandstone - calc i te 
blue-grey siltstone 

G33351 
23/1/85 to 24/ 1/85 
CORN DALE 333 

500 
445 

BOREHOLE NO 
DATE DRILLED 
CADASTRAL FARM 
CO-ORDINATC:S LATITUDE 32' 18'44' LONGITUDE 24~27 ' 13!t 

CASING ; 9n of 165m steel casing 
~ ELEVATION: (a .m.s. l . ) :698,2m 

TOTAL DEPTH em) 42m 
WATER LEVEL (m) 6,92m 
DEPTH OF INTERCEPTIONS (m) "B",LO",W",-"OU",'T,--,-Y",I E",L",D'-'C( e",l."sCL) CON D UCTI V IT Y ( mS / m ) 

GEOLOGY 

0-6 m 
-B m 

11m 
final 

clayey alluvium 
dolerite boulders 

damp 
damp 

-42m alte rnat ing light and dark blue-grey siltstone 

BOREHOLE NO G33352 
DATE DRILLED 24/1/85 to 2B/I/B5 
C,IDASTRAL FARM ZEEKOEIG.IT 140D 

434 
434 

CO-ORDINATES LATITUDE: 32'25' 55" LONGITUDE 24'12' 58" 
TOTAL DEPTH '( m): 60m CASING 12m of 165m steel casing 
IIATER LEVEL (m): 9,83m COLLAR ELEVATION (a.m.s.1.), 689,Om 

DEPTH OF INTERCEPTIONS (m) BLOW-OUT YIELD (els) CONDUCTIVITY (mS/m) 

'GEOLOGY 

0-7 m 
-9 m 
-S2m 
- 60m 

8m damp 
16m 0,1 
20m 5,0 
29m 5,1 
final 5,1 

677 
667 
672 
731 

sandy alluvium 
rounded pebbles 
alternating blue-grey siltstone and maroon mudstone - calcite at 40m-54m 
fine-grained dolerite 



BOREHOLE NO GJJJ5J 
DATE DRILLED 29/1/85 to J0/1/85 
CMlASTR,\L FARM ZEEKOEICAT 1400 
CO-ORDINATES LATITUDE : 32°24 1 47" i.ONGlTUDE : 24°13'03" 
TOTAL DEPTH (m) 60m 
WATER LEVEL (m) 1I,87m 

CASING 
COLLAR 

<'Is) 

: Ian of Ib5tm steel casing 
ELEVATION :(a.m.s.l): 693 ,6m 

DEPTII OF INTERCEPTIONS (m) BLOW- OUT YIELD CONDUCTIVITY (mS/m) 

GEOLOG Y 

20m 
50m 
final m 

calcified sands 

1 , 5 
4 , 6 
4 , 6 

171 
194 
214 

0-2 m 
-20m 
-4'4m 
-49m 

weathered alternating blue-grey siltstone and maroon mudstone 
alternating blue-grey silts tone and maroon mudstone - calcite at 41-44m 
speckled blue-grey fine-g ra ined sandstone 

-54m 
-57m 
-60m 

alternating blue-grey siltstone & kharki mudstone - calcite 
blue- grey fine-grained sandstone - calcite 
bluc-grey siltstone 

BOREHOLE NO GJJJ54 
DATE DRILLED J1/1/85 to 112185 
CADASTRAL FARM ZEEKOEIGAT 1400 
CO-ORDINATES LATITUDE: 32°25 ' 11 11 : 24°13'09" 
TOTAL DEPTH (m) 60m 
WATER LEVEL (m) 10 , 60m 
DEPT!! OF INTERCEPTIONS (m) BLOI.J-OUT YIELD 

LONGITUDE 
CASING 
COLLAR 

: 21m of 16~ steel casing 
ELEVATION: (a.m.s.1.) : 692 , lm 

CONDUCTIVITY (nlS/m) ('Is) 

GEOLOGY 

0-4 m 
-5 m 
-8 m 
-16m 
-20m 
-25m 
- 6Om 

16m 
25m 
final 

calcified sands 
rounded pebbles 
kllor!':i mudstone 

0 ,2 
1 , 7 
1,7 

weathered blue-grey medium-grained sandstone 
\leathered kharki mudstone 
\leathered speckled blue-grey medium-grained sandstone 
alternating blue-gr~y siltstone and maroon mudstone 

BOREIIOI.E NO GJJJ55 
DATE DR1LLED 1/2/85 to 5/2/85 
CAO,\STRAL F'ARM ZEI::KOErGAT 1400 

750 
750 
728 

CO-ORDfN/\TES LATITUDE: 32025'11" LONGITUDE : 24°13'07" 
TOTAL DEPTH (m): 60m CASl~G : IErn of 16~ steel. casing 
WATER 1.EVEL (m); 10,93 COLLAR ELEVATION: Ca.m.s.l.) :692,lm 
DEPTH OF [NTERCEPTIONS (m) BLOW-OUT YIELD U/s) CONOUCTIVITY (mS/m) 

'GEOLOGY 

0-4 m 
-5 m 
-17m 
-23m 
-"Jm 
-li7m 
-S Im 
-52m 
-60m 

12m 
42m 
final 

calcified sands 
rounded pebbles 
kharki mudstone 

0,1 
1,5 
1,5 

w~athered speckled blue-grey medium-grained sandstone 
alternating blue-grey siltstone and maroon mudstone 
spec kled blue-grey medium-grained sandstone 
blue-grey siltstone - calcite 
speckled blue-grey medium-grained sandstone 
blue-grey siltstone - calcite 

762 
762 
679 



BOREBOI.E NO G33356 
DATE DR ILI.ED 11/2/85 LO 12/2/B5, deepen 8/5/85 to 9/5/85 
CADASTRAL FA RM KLIPDRIFT 426 
CO-ORDINATES LATITUDE : 32 °21 ' 27" {.ONGITUDE .24°25 '08" 

CASING ;12rn of 165nn steel cas.ing TOTAL DE PTH (m) ~Om 

WATER LEVEL (m) 15,18m cm::r::Aif ELEVATION ;(e,m.s.l) : 693 , 6m 

DEPTH OF' INTERCEPTIONS (m) ~B",LO",Wo::-",0"UT,--,Y..±I=EL",0~(;.2!.J/ '!.1.) CON DUCTI V ITY (mS/m) 

GEOLOGY 
o 9 m 

-29m 

IBm 
35m 
44m 
final m 

sandy loam 

0 , 1 
0,3 
6,4 
6 , 4 

- 41rn 
-49m 

al ternating bl ue- grey siltstone and maroon mudstone 
speckled blue- grey medium-grained sandstone - calcite at 34m t o 36m 
el l ernating blue- grey siltstone and maroo n mudstone 

-SOm 
-66m 
-68111 
- 74m 
-~4m 
-90m 

speckled blue- grey fine- grained sand~t one 
oltern~ting blue-grey siltstone ~nd maroon mudstone 
speckled blue- grey medium-grained sandstone 
blue-grey siltstone 
speckled blue-grey meuium- grained sandstone 
alternating blue-grey siltstone and maroon sanu::;tone 

BOREllDLE NO G33357 
DATE DRILLED 12/2/85 LO 14/2/85 , deepened 9/5/85 to 10/5/85 
CADASTRAL PARM KLlPORlf'T 426 
CO-OROINATES LATITUDE 32°21 ' 55" LONGITUDE . 24° 25' 00" 

CASING ; 1411 of 165nm steel casing TOTAL DEPTH (m) 88m 
WATER LEVEL (m) 9 , 04m 
Dt::PTI I OF' INTERCEPTIONS em) 

9m 
21m 
44m 
47m 

'lbQ!!::Q\!I...JJj~!..li.CLO~LlL"'A"-R_E"'L"E"VfAQT~IO~N : (a. m. s , 1.) : 693 , 6m 
.llLOW- OUT YIELD (£/s) CONDUCTIVITY (mS/m) 

damp 

GEOLOGY 
0-5 m 
-9 m 
-23m 
- 36m 
- 46m 
- 48m 
- 69m 
-81m 
-88m 

f ina 1 

weathered brownish siltstone 

damp 
0 , 3 
1 ,0 
1 , 6 

weat hered brownish speckled medium-grained sandsonte 
\ .. eathered blue- grey siltstone 
weathered blue-g r ey speckled medium-grained sandstone 
alternating blue-grey siltstone and maroon mudstone 
speckleu blue-grey medium-grained sandstone 
alternating blue-grey siltstone and maroon mudstone 
speck led blue-grey medium-grained sandstone 
allernating blue- grey s ilts tone and maroon mudstone 

BOREHOl.E NO G3335B 
DATE DRILLED 14/2 /85 LO 19/2/85 

83 
84 
B5 

CAD,\STRAL PARM KLIPORlf'T 426 
CO-ORnI~'\T£S LATITUDE: 32°22'16" LONGITUDE 24°24'47" 
TOTAL DEPTH (m): 87m CASI:-IC lim of 16S,m ::;lre.l CllSUIg 

WATER LEVEL (m) : 7,JOm COLL.-\R ELEVATIO~ (a . m.s , l , ) : 69S , lm 
DEPT!! OF' INTERCEP1'TO~S (m) BLOW- OUT YIELD (2/s) CO~DUCT I \'ITY CmS/m) 

·GEO l.OGY 

0-3m 
-14m 
- 16m 
- 32m 
- SBm 
- 6Jm 
- B3nl 
- 87m 

25m 0,1 
SBm 7,5 
BOrn 11 , 3 
final 11,6 

highly weulhered kha rki muds t one 
weathe r ed blue- gre y si l tstone 
wea t he r ed browni sh fine- grained sandstone 
alternating blue- srey siltstone and ma r oon mudstone 
s peckled blue-g re y mediu m- grained sundston e 
blue-gr ey silts t one 
speckled blue-grey medium-grained sandstone 
alternating blue- grey s il t stone and maroon mudstone 

165 
148 
138 
132 



BOREHOI.E NO G33359 
DATE nRILLED 20/2/85 Lo 28/2/85 
CADASTRAL FARM OOORDRlFi 323 
CO- ORDINATES LATITUDE: :32°20'57 " -LONGITUDE :24°25'09" 
TOTAL DEPTH (m) 96. CASING : 17m of 165nn steel casing 
\.lATER LEVEL (m) lO,46m COLLAR ELEVATION ;(a,m.s.l) : 690,6m 
DEPTH OF INTERCEPTIONS (m) BLO~-OUT YIELD (e/,) CONDUCTIVITY (mS/m) 

GEOLOGY 

0-10. 
-21m 
-27m 
- 4Dm 
-S7m 
-60m 
- 96m 

18m 
final 

clayey alluvium 

1,9 
2,8 

weaLhered speckled brownish medium-grained sandstone 
alternating blue-grey siltstone end maroon mudstone 
speckled blue- grey medium-grained sandstone 
alternating blue-grey silts t one and maroon mudstone 
speckl~J blue-grey fine- grained sandstone 
alternating blue- grey siltSlone and maroon mudstone 

BOREHOLE NO G33360 
DATE DRILLED 1/3/85 to 5/3/85 
CADASTRAL FARM OUDEDRIFT Al33 

168 
156 

CO-ORDINATES LATITUDE 32°24'36" LONGITUDE · 24°16'40 11 

TOTAL DEPTH (m) 60m CASING; 6n of 165nn steel c.as.i!lg 

\.JATER l.EVEL ( m) 4, 51m 'b~:Q1!Ll!.!Sb!u.i.CLO~LlLA""'R-"'EL"E"VfAQT~IO~N : (a. m. s . 1.) : 676,8 
DEPTH OF' INTERCEPTIONS (m) ]LOW-OUT YIELD (e/s) CONDUCTIVITY (mS/m ) 

16m 
final 

1,7 
1,7 

119 
193 

GEOLOGY 

O-Slm 
-S7m 

alternating blue- gl'ey siltstone and maroon mudstone - calcite at 41-44m 
speckled blue-grey fine -grained sandstone - calcite 

-60m blue-grey siltstone 

llOREHOLE NO G3336, 
DATE nRIl.LED 21/3/85 lO 25/3/85 
CADASTRAL FARM CROOTE VLAKTE 132 
CO- ORDINATES LATITUDE: 32°25'0011 LONGITUDE 24°18'2111 
TOTAL DEPTH (m) : 60m CASING ~ of 165-rm steel c..1Sing 
WI\TER LEVEL (m): 4,I:IBm COLLAR ELEVATION (a .m. s.l.) : 670,7m 
DEPTH OF' rNTE~CEPTIONS (m) ~B",LQOW,,-~0~U!IT:...rYI!JE~11"DJ(!e /t'~)l===~C~O~N~I1UCTI VTTY (mSI m) 

"GEOLOGY 

0-36m 
-42m 
-43m 
-4Sm 
-53m 
-SSm 
-60m 

6m 
7m 

22m 
40m 
final 

0 ,1 
0,4 
1,8 
3,3 
3,5 

alternating blue-grey siltstone and maroon mudstone 
speckled blue-grey medium-grained sandstone - calcite 
blue-grey siltstone - calc i te 
speckled blue- grey medium-grained sandstone - calcite 
blue-grey siltstone 
s peckled blue-grey medium-grained sandstone 
alLernating blue-grey siltstone and maroon mudstone 

510 
400 II,S 
389 II.S 
398 H,S 
407 II.S 



IlOREHOLE NO G33365 
DATE DRILLED 7/5/85 '08/5/85 
CADASTRAL FARM KLIPDRlfT 426 
CO OR[)INATES LATITUDE: 32°21'27" i..ONG ITUDE 24°25'08" 
TOTAL DEPTH (m) 53m CASING: 37,an of 16Smn steel casing 
WATER LEVEL (m) 14,18m COLLAR ELEVATION :(a . m.s.l): 693,6m 

DEPTH OP INTERCEPTIONS (m) BLOW OUT YIELD (£/,) CONDUCTIVITY (mS/m) 
16m damp 
18m damp 
24m 0,1 . 
32m 1,6 115 H.S cased off 

---------4Tm---------------------------------l~2------------------------113--H~S--------------

~1~ 13:~ m ~:~ 
GEOLOGY 
0-3 m 

-26m 
-27m 
-31m 
-41m 
-49m 
- 5110 
- 53m 

final . 9,8 117 H, S 

sandy loam 
alternating blue- grey siltstone and maroon mudstone 
speckled blue-grey medium-grained sandstone 
alterna~ing blue-grey siltstone and maroon mudstone 
speckled blue-grey ,medium-grained sandstone 
alternating blue-grey siltstone and maroon mudstone - calcite 
speckled blue- grey medium-grained sandstone 
blu~-grey siltstone 

BOREHOLE NO G33393 
DATE DRILLED 11/5/85 '0 20/5/85 
CADASTRAL PARM KLIPDRIFT 426 
CO- ORDINATES LATITUDE 32°22'16" LONGITUDE; 24°24 ' 27 11 

TOTAL DEPTH (m) 89m CASING: ~n of IffiJm steel casing 
WATER LEVEL (m) 7,99m cm::c\R ELEVATION: (a,m.s .l.) : 695,lm 
DEPT!! or INTERCEPTIONS (m) BLOW OUT YIELD (its) CONDUCTIVITY (mS/m) 

----------~~:---------------------------------~~~------------------------~~----------~~~~~-~£! 

eEOLOGY 
0-14m 

- 17m 
-32m 
-SSm 
-63m 
- 81m 
-89m 

63rn 
final 

0,1 
D,l 

wei:lthered .,lternating blue-grey siltstone and khaki mudstone 
weathered brownish fine- grained sandstone 
alternatlng blue-grey siltstone and maroon mudstone 
speckled blue-grey medium- grained sandstone 
blue-grey siltstone 
speckled blue-grey medlum- grained sandstone 
green-grey siltstone 

BOREHOLE NO G33394 
DATE DRILLED 21/5/85 to 22/5/85 
CADASTRAL FARM KLlPDRlff 426 

69 
70 

CO-ORDINATES LATITUDE: 32;)22' 16" LONGITUDE 24°24'27" 
TOTAL DEPTH (m): 65m CASING 37m of 165:rrn steel c.asins 
~ATER LEVEL em): 7, 90m COLLAR ELEVATIO~ (a,m ,s,L ): 695,lm 
DEPTH or INTERCEPTIONS (m) 8LOW-OUT YIELD ('I,) CONDUCTIVITY (mS/m) 

30m 0,1 100 
c~s~d off -----------------------------------------------------------------------------------------------

·GEOLOGY 

a-14m 
-17m 
-35m 
-57m 
-63m 
-6510 

5810 
62m 
63m 
f i na 1 

2,9 
6,2 
7,7 
8,0 

weathered alternat ing blue-grey siltstone and maroon mudsLone 
speckled blue-grey medium-grained sandstone 
alternating blue-grey ~iltstone and maroon mudstone 
speckled blue-grey medium-grained sClndstone 
blue-grey ~lltstune - pyrite staining 
speckled blue-grey medIum-grained sandstone 

156 
081 
093 
093 



BOREIIOLE NO G33395 
DATE DRILLED 23/5/85 to 27/5/85 
CADASTRAL rARM KLIPDRIIT 426 
CO-ORDINATES LATITUDE: 32°22' 16" LONGITUDE 24°24'47" 
TOTAL DEPT!! (m) 90m CASING : €4n of 165nn steel casing 
WATER LEVEL (m) 7,92m C'OiIAR ELEVATION :(a.m.s.l) : 695,lm 
DEP'f1l OF INTERCEP'fIONS (m) BLOW-OUT YIELD (e/s) CONDUCTIVITY (mS/m) 

17m damp 177 
25m 4,4 186 

_________ ~~~ _____ ~ ___________________________ ~~ ________________________ ~~ ________ ~~~~~~!f 

GEOLOGY 
0-12m 

-18m 
-29m 
-SSm 
-61m 
-79m 

BOrn 
B4m 
final 

0,7 
4,4 
5,0 

alternating blue-grey siltstone and maroan mudstone 
speckled blue-grey medium-grained sandstone 
alternating blue-grey siltstone and maroon mud stone 
speckled· blue.-grey medium-grained sandstone 
alternating blue-grey siltstone and maroon mudstone 
speckled blue-grey fine-grain ed sandstone 

12B 
165 
149 

-90m alternating blue-grey siltstone and maroon mudstone - calcite at 85m 

BOREIIOLE NO G33396 
DATE DRILLED 27/5/B5 to 30/5/B5 
CADASTRAL FARM KLIPDRIF1' 426 
CO ORDINATES LATITUDE : 32°22' 52" LONGITUDE : 24°24' 46" 
TOTAL DEPT!! (m) 76m CASING : fm of 165nn steel casing 
WATER LEVEL (m) 9 ,91m COLLAR ELEVATION : (a.m,s.l.) :698,2m 
DEP'f11 OF INTERCEPTIONS (m) BLOW-OUT YIELD ( 2/s) CONDUCTIVITY (mS/m) 

GEOLOGY 

0-7 m 
-1 2m 
-22m 
-41m 
-42m 
-48m 
-60m 
-63m 
-64m 
-66m 
-76m 

16m 
43m 
final 

blue- grey siltstone 

O, B 
4,2 
4,3 

speckled blue-grey medium-grained sandstone - calcite at 12m 
alternating blue-grey siltstone and maroon mudstone 
speckled blue-grey medium-grained sandstone - calcite 
blue-grey siltstone 
speckled blue- grey medium-grained sandstone 
bl ue-grey siltstone 
speckled blue-grey medium-grained sandstone 
blue-grey siltstone 
speckled blue-grey fine-grained sandstone 
alternuting blue-grey siltstone and maroon mudstone 

BOREIIOLE NO G33397 
DATE ORILLED 3/6/85 LO 6/6/85 
C,\DASTRAL FARM UITKOMST 314 
CO ORDINATES LATITUDE: 32'18'39" 

152 
170 
167 

24°16'42" 

TOTAL DEPTH em): SSm 
WATER LEVEL (m): 9,64m 
DEPTH OF INTERCEPTIONS (m) 

LONGITUDE 
CASING 
COLLAR 

36n of 165nm steel casing 
ELEVATION (a,m,s.l.): 774,4m 

CONDUCTIVITY (mS/m) BLOW-OUT YIELD refs) 

20 2,3 cased off 
-----------------------------------------------------------------------------------------------

·GEOLOGY 

O-lOm 
-19m 
-24m 
-SSm 

.. ~. 

44 
49 

sandy alluvium 
rounded pebbles 

damp 
1,5 

weathered speckled blue-grey fine-grained sandstone 
alternating blu e-grey siltstone and maroon mudstone 



I 

l 

BOREIlOLE NO G33398 
DATE DRILLED 6/6/85 to 12/6/85 
C .. \D,\STRAL fCARM UITKOMST 314 
CO-ORDINATES LATITUDE 32°18 ' 39" LONGITUDE 24Q16'4211 
TOTAL D!::PTH em) 118m CASING: 64m of 165m! steel casing 
WATER LEVEL (m) 5,94m cou:::AR ELEVATION :(a,m.s.l): 7744m 

DEPTIl 0, INTERCEPTIONS (m) 8LOW-OUT YIELD ie/s) CONDUCTIVITY (mS/m) , 
Ibm 0,1 . 130 
22m 0,2 121 
27m 1,8 111 
59m 4,7 121 cased off 

----------96m---------------------------------o~1------------------------093--H~S--------------

m~ $;1 n~ W:1i 
114m 7,7 114 H.S 
final 7,7 116 H.S 

GEOLOGY 

0-10m 
-20m 
-24m 
-32m 
-53m 
- SSm 
- 82m 
-93m 
-102m 
- 109m 
- 118m 

sandy alluvium 
rounded pebbles 
blue-grey siltstone 
light grey medium-grained sandstone 
alternating blue- grey siltstone and maroon mudstone 
speckled blue-grey medium-grained sandstone 
alternating blue-grey Si l tstone and maroon mudstone 
speckled blue-grey medium-grained sandstone 
blue-grey siltstone 
speckled blue-grey medium-grained sandstone - calcite at 108m 
alternating blue-grey siltstone and maroon mudstone 

BOREIlOLE NO G33399 
DATE DRILLED 13/6/85 to 17/6/85 
CADASTRAL rARM GHASRAND 334 
CO ORDINATES LATITUDE 32° 18 1 38 11 

TOTAL OEPTII (m) 109m 
LONGITUDE 24°2414111 
CASING : ), of 165m> teel casing 

WATER LEVEL (m) 5,91m COLLAR ELEVATION; la.m.s-.T.j ;716 Sm 
DEPTH 0, INTERCEPTIONS (m) BLOW-OUT YIELD (~/s) CONDUCTIVITY (mS/m) , 

GEOLOGY 

O- S3m 
-S7m 
-61m 
-62m 
-90m 
- 92m 
-gem 
- 98m 
-1 01m 
-109m 

9m 
37m 
final 

blue-grey siltstone - calcite 

damp 
11 , 0 
11 ,0 

blue-grey fine-grained sandstone - calcite 
maroon mudstone 
blue-grey fine-grained sandStone - calcite 
alternating blue-grey siltstone and maroon mudstone - calcite 
speck l ed blue-grey medium-grained sandstone - calcite 
blue-grey sillstone - calcite 
speckled blue-grey medium-grained sandstone calcite 
alternating blue-grey siltstone and maroon mudstone 
speckled blue-grey medium-grained sandstone - calcite 

097 
069 H,S 
070 !J,S 

BOREHOLE NO G33'00 
DATE DRILLED 17/6/85 to 19/6/85 
CADASTRAL FARM GRASRAND 334 
CO-ORDINATES LATITUDE 32° 18 1 44" LONGITUDE 

CASING 
COLLAR 

24°24 1 41" 
TOTAL DEPTH (m): 126m : IOn of 165nn steel casing 

ELEVATION: (a.m.s.l.) : 716 Sm WATER LEVEL (m): 5, 92m 
CONDUCTIVITY (mS/m) , DEPTH 0, INTERCEPTIONS (m) 8LOW-OUT YI ELD ( ~/ s) 

·GEOLOGY 

0-9 m 
-37 m 
- 39 m 
-SO m 
-52 m 
-84 m 
-87 m 
-100m 
-1 05m 
-111m 
-116m 
-126m 

12m 
32m 
69m 
final 

alluv ium and rounded pebbles 

damp 
0,7 
1,2 
1,3 

allernating blue-grey siltstone and maroon muds~one 
blue-gre y fine-grained sandstone 
alternating blue-Srey sil~stone and maroon mudstone 
hlue-"srey fine-grained sandstone - calcite 

074 
137 
12D 

alternating blue-grey siltstone and maroon mudstone - calcite at 53m to 72m 
speckled blue-grey mediu~-grained calcite 
alternating blue-grey siltstone and maroon mudstone - calcite at 98~ 
speckled blue- grey medium-g rained sandstone - calcite 
alternating blue-grey siltstone and maroon mudstone - calcite 
speckled blue-grey medium-grained sandstone - calcite 
blue-grey siltstone 



DOREHOLE NO G33401 
DATE DRILLED 19/6/85 to 2D/6/85 
CAD/\STRAL FARM GRASRAND 334 
CO- ORDINATES LATITUDE: 32°18'37" 'lONGITUDE 24 ° 24 I 43" 
TOHL DEPTH (m) 44m CASING :Sm of 2COrm steel casing 
WATER LEVEL (m) a,35m ~ ELEVATION :(a.m.s.l) : 717,9m 
DEPTH OF IHTERCEPTIONS (m) "B"LO",W"-"O"-UT......,Y-"I,,,EL,,,D,--,"( ,,'/,,5<L) CONDUCTIVITY (mS/m) 

GEOLOGY 

0-2m 
-1 0m 
-12m 
-17m 
- 39m 
-44m 

18m 
36m 
38m 
42m 
final 

4,4 105 H~S 

calcareous sandy alluvium 

7,0 
lD,2 
28,0 
39,0 

alternating blue-grey siltstone and maroon mudstone 
blue-grey fine-grained sandstone 
maroon muds t one 

072 H,S 
072 HIS 
072 H,S 
072 H,S 

speckled blue-grey medium-grained sandstone - calcite and pyrite staining 
alternating blue-gr.ey and maroon mudstone - calcite 

BOREHOLE NO G33402 
DATE DRILLED 20/6/85 to 21/6/85 
CADASTRAL FARM GRAS RAND 334 
CO-ORDINATES LATITUDE 32° IB ' 36" LONGITUDE . 24°24' 42" 

CASING ; 11m of 165rm s teel casing TOTAL DEPTH (m) 59m 
WATER LEVEL (m) B,BBm COLLAR ELEVATION: (a.m.s .!' ) : 719 , Sm 
DEPTII OF INTERCEPTIONS (m) "B",L"OW"--"O"U"T--:,-YI,:,E",L,,D,-,( ,,-' /,-,5,-,-) CO N DUCTI V lTV ( mS 1m) 

GEOLOGY 

0-5m 
- 16m 
- 26m 
- 33m 
- 34m 
-59m 

13m 
44m 
final 

calcareous sandy alluvium 
weathered blue-grey siltstone 

0,3 080 
B,B 090 
B,B D85 

speckled blue- grey medium-grained sandstone - calcite 
alternating blue-grey siltstone and maroon mudstone 
speckled blue- grey medium-grained sandstone - calcite 
blue-grey siltstone - calcite 

BOREHOLE NO G33403 
DATE DRILLED 24/6/85 to 25/6/85 
CADASTRAL FARM DOOIWIUtr 323 
CO-ORDINATES LATITUDE: 32°20'44" : 24°23'00" 
TOTAL DEPT'! (m) : 83m 
WATER LEVCL (m): 10,63m 

LONGITUDE 
CASING 
CDLLAR 

: Em of l65rrm steel casing 
ELEVATION: (a.m.s.l.) : 716 , Sm 

DEPTII 0, INTERCEPTIONS (ml BLOW-OUT YIELD ( 2/,) CONDUCTIVITY (mS/m) 

'GEOLOGY 

0-19m 
- 20m 
- S2m 
-64m 
-8 3m 

15m 0 , I 
20m 3,4 
25m 5,0 
S2m 6 , 2 
final 6 ,2 

133 
133 
134 
128 
laD 

alternating blue-grey siltstone and maroon mudstone 
weathe red speckled brownish medium-grained sandstone 
alternating blue-grey siltstone and maroon mudstone - calcite at 37m to 52m 
speckled blue- grey medium-grained sandstone - calcite 
alternating blue-grey siltstone and maroon mudstone 



IlOREHOLE NO G33404 
DATE DRILLED 25/6/85 to 26/6/85 
CADASTRAL FARM DOORDRIFT 323 
CO-ORDINATES LATITUDE: 32°20'42" LONGITUDE : 24°23'00" 
TOTAL DEPTH (m) 59m CASING :Em of Iffinn steel casing 
WATER LEVEL (m) IO,83m COLLAR ELEVATION :(a.m.s.l): 716,Sm 
DEPTH OF INTERCEPTIONS (m) 8LOW-OUT YIELD ('/s) CONDUCTIVITY (mS/m) 

GEOLOGY 

0-24m 
-25m 
-59m 

17m 
23m 
final 

0,2 
1,8 
2,9 

alternating lHue-grey s iltstone and maroon mudstone 
weathered speckled brownish medium-grained sandstone 
alternating blue-grey s iltstone and maroon mudstone 

BOREHOLE NO G33405 
DATE DRILLED 26/6/85 to 16/7/85 
CADASTRAL FARM DOORDRIFT 323 

132 
138 
117 

CO- ORDINATES LATITUDE: 32°20'18" LONGITUDE : 24°22 '32" 
TOTAL DEPTH (m) 10 1m CASING : On of 165tm steel cas.ing 

WATER LEVEl. ( m) 13, Dam "k!~:2!!L.:m1P..J.!~C~O~L"LA",R,--,E",L",E~VAgT~I~0!!hN : (a. m. s. 1.) : 719 t Sm 
DEPTH OF INTERCEPTIONS (m) .!!LOW- OUT YIELD U/s) CONDUCTIVITY (mS/m) 

GEOl.OGY 

0- 13 m 
. -15 m 
·-16 m 
-20 m 
-24 m 
-29 m 
-56 m 
-57 m 
- 59 m 
-60 m 
-7 1 m 
-74 m 
-78 m 
-82 m 
-101m 

16m 
34m 
final 

damp 
2,2 
2, 2 

weathered alterna t ing blue-grey siltstone and maroon mudstone 
speckled blue-grey med i um-grained sandstone 
muroon mudstone 
speckled blue-grey medium-grained sandstone 
blue-grey siltstone 
speckled blue-grey medium-grained sandstone 
alternating blue-grey siltstone and maroon mudstone 
speckled blue- grey medium-grained sandstone 
blue- grey siltstone 
speckled blue-grey medium-grained sandstone 
alternating blue-grey siltstone and maroon mudstone 
speckled blue-grey medium-grained sandstone 
blue-grey siltstone 
speckled blue-grey medium- grained sandstone 
ailernating blue-grey siltstone and maroon mudstone 

BOREHOLE NO G33406 
DATE DRILLED 16/7/85 to 23/7/85 
C,\OASTRAL FARM OOORDRIn 323 

117 
118 
097 

CO- OROIN,\TES LATITUDE: 32 0 20' 51" LONGITUDE 24 0 23 I 04 II 
TOTAL DEPTH (10): 101m CASING 12m of 16m steel casing 

WATER LEVEL ( m): 9 I 99m "!:Q!!::QI!Lill:1Jl~CLO~L~LJA"R-"'EL"'E"V"A£TQIO~N (a. m. s . 1.) : 714, 9m 
DEPTH OF INTERCEPTIONS (m) ~LOW-OUT YIELD (2/s) CONDUCTIVITY (mS/m) 

"GEOLOGY 

0-11 III 

-29 III 

-)6 III 

-39 m 
-40 m 
-93 In 

-97 In 

-100m 
-1 01m 

17m 5,8 
final 5,6 

sandy alluvium 
alternating blue-grey siltstone and maroon mudst one 
blue-8r~y fine- grained sands tone 
maroon mudstone 
blue~grey fine- grained sandstone 
alternating blue-grey siltstone and maroon mudstone - calcite 
speckled blue-grey med ium-g rained sandstone - calcite 
blue-grey siltstone 
speckled blue-grey medium-grained sandstone 

128 
112 



l , 

G33407 
23/7/85 to 25/7/85 
DOORDRIFT 323 

BOREHOLE NO 
DATE DRILLED 
CADASTRAL FARM 
CO-ORDINATES 
TOTAL DEPTH (m) 
WATER LEVEL em) 

LATITUDE: 32°20'58" 
100m 

{.ONGITUDE 24°23'06 11 

CAS INC : 15:n of 16~ steel casi.ng 
B,69m COLLAR ELEVATION :(a.m,s,l) : 70S , Bm 

DEPT!! OF INTERCEPTIONS (m) BLOW-OUT YIELD (e/s) CONDUCTIVITY (mS/m) 

GEOLOGY 

0-13 m 
-15 m 
-61 m 

-65 m 
-100m 

22m 
41m 
final 

sandy alluvium 
rounded pebbles 

0 ,.8 
12,1 
12,1 

138 
118 
117 

alternating blue-grey siltstone and maroon mudstone - calcite and pyrite staining 
from 33m to 61m 
speckled blue-grey medium-grained sandstone - calcite 
alternating blue-grey siltstone and maroon mudstone - calcite from 87m to 100m 

BOREHOLE NO G33408 
DATE DRILLED 25/7 /85 to 29/7/85 
CADASTRAL fARM OOORDRIFT 323 
CO ORDINATES LATITUDE 32°20'5011 LONGITUDE : 24°23 1 06" 
TOTAL DEPTH (m) 100m CASING : lEm of 165rrn steel. casing 
WATER LEVEL (m) 8,50m COLLAR ELEVATION: (a.m.s.l . ) : 70B , 8m 
DEPTH Of INTERCEPTIONS em) BLOW-OUT YIELD (2 /5) CONDUCTIVITY (mS/m) 

GEOLOGY 

0-12 m 
-15 m 
- 20 m 
- 24 m 
-67 m 
-69 m 
-82 m 
-83 m 
-100m 

24m 
41m 
6am 
final 

sandy alluvium 
rounded pebbles 

0,5 
1,8 
5,6 
5,6 

alternating: bl.ue-grey siltstone and maroon. mudstone 
speckled blue- grey medium-grained sandstone 

149 
139 
117 
lIB 

alternating blue-grey siltstone and maroon mudstone - calcite fr om 33m to 67m 
speckled blue- grey medium- grained sandstone - calcite and pyrite staining 
alternating blue- grey silt~tone and maroon sandstone - calcite 
speckled bl ue-grey medium-grained sandstone 
alternating blue-grey siltstone and maroon mudstone 

BOREHOLE NO G33409 
DATE DRILLED 30/7/B5 to 31/7/B5 
CADASTRAL fARM KLIPDRlfT 426 
CO-ORDINATES LATITUDE: 32°21 '38" LONGITUDE 24 ° 28' 54" 
TOTAL DEPTH em) : 60m CASING 12m ofAXlnn steel. cas.i.ng 
WATER LEVEL em): 8 , 47m COLLAR ELEVATION (a.m.s . l.): 663 , lm 
DEPTH OF' INTERCEPTIONS (m) BLOW-OUT YIELD (e/s) CONDUCTIVITY (mS/m) 

'GEOLOGY 
0-7 m 

-12m 
-15m 
- 24m 
-31m 
-34m 
"16m 
-47m 
-49m 
-56m 
-60m 

12m 
34m 
54m 
final 

alluvium 
rounded pebbles 
highly weathered brownish siltstone 

l,B 
5,6· 

10,2 
10,2 

alternating weathered blue-grey siltstone and maroon mudstone 
highly weathered speckled blue-grey medium-grained sandstone 
alternating blue-grey siltstone and maroon mudstone 
speckled blue-grey med ium-grained sandstone 
alternating blue-grey siltstone and maroon mudstone 
speckled blue-grey medium-grained sandstone 
alternating blue-grey siltstone and maroon mudstone 
speckled blue-grey medium-grained sandstone 

4B3 
486 
489 
472 



IlOREHOLE NO ,; G33410 
DATE DRILLEO ,'" 3117/B5 t o 1/B/85 
CADASTRAL FARM KLIPDRIFT 426 
CO ORDIN ATES LATITUDE 32°21 '46" LONGITUDE 24°28 ' 54" 
TOTAL DEPTH (m) 11m CAS ING : 11m of 165tm steel. casing 
WATER LEVEL ( m) 7,87m COLLAR ELEVATION : (a . m.s.l) : 660,Om 

DEPTH OF INTERCEPTIONS (m) BLOt/-OUT YIELD (1/5) CONDUCTIVITY (mS/m) 

GEOLOGY 
0-4 m 

- 6 • 
-28m 
-31m 
- 32m 
- 34m 
- 45m 
-48rn 
-S6m 
-61m 
- 67m 
- 11m 

16m 
53m 
final 

3,6 
5,3 
5,3 

sandy alluvium 
rounded pebbles 
alternating weathered blue-grey silts tone and maroon mudstone 
weathered speckled blue-gr ey medium-grained sandstone 
blue-grey silts tone 
speckled blue-grey medium- grained sandstone 
alternating blue-grey siltstone and maroon mudstone 
speckled blue-grey medium-grained sandstone 
alte rnating blue- grey siltstone and maroon mudstone 
speckled blue-grey medium-grained sandstone 
alte rnating blue-grey siltstone and maroon mudstone 
speckled blue-grey medium-g ra ined sands t one 

BOREHOLE NO G33411 
DATE DR ILLED 2/8/85 t o B/8/B5 
C,\DA5TRAL FARM BLOEMFONTEIN 429 

452 
421 

CO-ORDINATES LATITUDE , 32°25' 22" LONGITUDE • 24"21' 17" 
CASING ; Sm of 165:Tm steel casing TOTAL DEPTH (m) 101m 

WATER LEVEL (m) 1l,29m COLLAR ELEVATION: (a.m . s . l.) ;661 , 6m 
DEPTH OF INTERCEPTIONS (m) BLOW- OUT YIELD ('/s) CONDUCTIVITY (mS/m) 

GEOLOGY 
0-5 m 

..:.13 m 
.. ..:.20 m 
- 53 m 
-56 m 
-72 m 
- 73 m 
-81 m 
- 91 m 
-99 m 
-100m 
-1 01m 

34m 
37m 
final 

bo ulders 

damp 
4,5 
4 ,5 

highly speckled blue-grey medium-gra ined sandstone 
s peckled blue-grey medium-grained sandstone 
alte rnating blue-grey siltstone and maroon mudstone - calcite 
speckled blue- grey medium-grained sandstone - calcite 
alternating blue- grey siltstone and maroon mudstone - calclte 
speckled blue-grey medium-grained sandstone - calcite 
alte rnating blue-g re y siltstone and maroon mudstone - calcite 
speckled blue- grey medium-grained sandstone - calcite 
alternating blue-grey siltstone and maroon mudstone 
speckled blue-grey medium- gr ained sandstone 
maroon mudstone 

BOREHOLE NO G33412 
DATE DRILLED B/8/85 to 12/8/B5 
CADASTRAL FARM BLOENFONTEIN 429 

155 
140 
138 

CO- OR DINATES LATITUDE: 32° 25' 20" LONGI TUDE : 24"21' 15" 
TOTAL DEPTH (m): 65m CASING: ~ of 165:Tm steel casing 
WATER LEVEL (m): 13 I 30m COLLAR ELEVATION: (a.m.s.l.) :664 , 6m 
DEPTH OF INTERCEPTIONS (m) BLOW,OUT YIELD ('/5) CONDUCTIV I TY (mS/m) 

'GEOLOGY 
0-17m 

-20m 
-25m 
- 27m 
-29m 
-30m 
-35m 
- 36m 
-48m 
- 5Om 
-.65m 

26m 1 ,1 
final I,l 

highly weathered blue-grey siltstone 
weat hered speckled blue-grey medium-grai ned sandstone 
alternating blue-grey siltstone and maroo n mudstone 
speckled blue-grey medium-grained sandstone - calcite 
blue~grey s iltstone - calcite 
s peckled blue-grey medium-grained sandstone - calcite 
alternating blue-grey si l tstone and maroon mudstone - calcite 
speckled blue-grey medium-grained sandstone - calcite 
alternating blue-grey siltstone and maroon mudstone - calcite 
speckled blue-grey medium-grained sands t one - calc i te 
alternating blue-grey siltstone and maroon mudstone - ca lc i te 

154 
152 

" 



BOREHOLE NO G33413 
DATE DRI LLED 12/8/85 to 13/8/85 
CADASTRAL FARM BLOEMFONTEIN 429 
CQ-ORDINATES LATITUDE: 32°25'41" LONGITUDE : 24°21 '21" 
TOTAL DEPTH (m) 59m CASING : 11m of Iffirrn steel c:asi.ng 
~ATER LEVEL (m) 5,34m COLLAR ELEVATION : (a.m.s.l) : 646,3m 

DEPTH OF INTERCEPTIONS (m) BLOW-OUT YIELD (t/.) CONDUCTIVITY (mS/m) 

GEOLOGY 

0-9m 
-11m 
-19m 
-59m 

9 
37 
final 

sandy alluvium 
weathered blue-grey siltstone 

damp 
1,1 
1 , 1 

speckled blue-grey medium-grained sandstone 
alternating blue-grey siltstone and maroon mudstone 

1175 
1112 
1075 



APPENDIX 4: 

AQUIFER TEST DATA 



Multiple piezometer construction diagrams 
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AQUIFER TEST SITE UITKOMST 314 
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Sire Planar Multiple Plelomerllr Pumpln<;i Test' UITKOMST 314 

USJO 
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water levels in G33346 indicate that alluvium is partly saturated 
groundwater is under increasin~ pressure with depth 
i f vertical flow takes place or is possible, it is in an upward 
di rection 



CONST.lI'IT OISCHARGE R,.l':'( .1.0UIFER TEST , US:30 
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Concepluol flow mO<lS pumpll1Q US30 

US30 G33346 
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G333 4 6' 
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,'" 
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typical standard test approach 
discharge water presumably derived mainly 
from upper fracture, contribution from 
lower fracture not known 
tis curve reflects pseudo- radial flow 
(fracture dewatering) 
leakage from matrix rock, if present , 
is not yet apparent 
T and S values considered representative 
of upper fracture 
interpretation methods : Theis curve­
matching, Chow straight-line 
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C~NSTt/ljT ::JISCH.::RGE AOUrFt:R TEST G 333<:6 

R.~Dyery 

!. 
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- this plot clearly shows that the Theis recovery method is 
difficult to use for the i nterpretation of the recovery data 

COl'"lca;ltual flow model pumptnQ G33346 

G33346 G33297 G33398 

mr--r------.-----~I 

11 1----
AIIUY i Um 

20'~-4---7---;------~--

---.-~.-,- _._._,_.--_ . --~ -

II 1::::,._.=_ .. _._._._._._._. 

I 
5: 2,J, 10 

l: IJOm 

c:eoo«>n 
~·'I,J . Q':.va 

/I':66m 

, 
'f)J5m/a 

- the relative contribut i on of the upper 
fracture to the yield is unknown, but 
is probabl y negligible at later t i mes 
thus interpreted results for G33397 are 
suspect 

- interpreted hydraulic parameters are 
representative of the lower fracture 
and lower matrix block 

- interpretation methods : 
matching method, Hantush 
line method 

Walton curve- , 
I straight -
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Concepfllal flow model pumpmQ G 33398 

G33398 G33346 G 33347 

m 

I --- ----------- ----_._--_. 
tnUYiUm 

I 
~We<;lm"""d ~Idl,...nl:r 
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.-. _. _._ l.. .. . _._ . _._~_. _. _. ~._. 

I I • 

FraCTured U d1m.nlt 
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, I 
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I 
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! 
I 

S. 

C · .. ,,00-
,. 
,. 

I , • 30 m~~ ., . 
• a JOm/d 

- cu rve G33346/3 is typical of water level 
recession in a leaky layer, later affected 
by infiltrating dischar ge water 

- G33346/0 , G33346/1 and G33347 are situated 
in the same transmissive zone 

- G33346/2 may be an expression of leakage 
and/o r vertical flow 

- interpretation methods : Walton curve­
matching, Chow straight-line 



Hydraulic Model: Uirkomst 31 4 

m,-____________ --, 

Leaky layt 

l '0 
JO~----------------------~ 

'0 T' Ofllm'Hl\le , '''''Ie 
-"-;'OO-~-, --_ . _.- ';;,~,; ;ij:; -r-·- --

$= 2,3Jl0· 1 S= 2,4.10-) 

L= 130 m L= 540 m 

<;: 8oo00Y I c= 15CO.7tXX)d 

k'= O, !3m/d kl=I,2xI0m:5d 

frO<;lured 

TronsmiS$l\It ,one 
116 ._._. _._._._._._._._._._._. __ _ 

T=30m/a k=:!Om/d t:>=lm 

the fractured sediments between the two f racture zones 
are less resist i ve than the rock above the upper fracture 
storativity and vertical permeability of the aquifer is 
fairly high 
T- value for the upper fracture is probably an overestimate 
(being derived from standard test, the drawdown was positively 
influenced by leakage and f low from the l ower f racture) T is 
closer to 10 m'/d 
US30 can produce at a rate of : s hort term = 30Q/s 

medium term = 20Q/s 
l ong term = 12Q/s 



AQUIFER TEST SITE 1: KLIPDRIFT 426 

(see fig. 4 for geological cross-section) 
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5110 PIO'l 01 Muiliple Pllw>rl1tla" Pumplnq T\!$f ' KUPOAIFT 426 
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water levels indicate that under s teady state rest conditions, 
groundwater flow concentrates in the f r actured sandstone between 
30 m and 40 m 
recharge therefore comes from both alluvial deposits of the Swart 
River and from underflow from the southern dolerite hills 



CONSTANT DISCHARGE R~TE AOUI~ER TEST : 0333:56 

A~ Y..,kI · 7~ ", 
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1 1 
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linear flow is apparent at early times 
on test hole curve 
drawdown is otherwise typical for an 
isotropic, homogeneous semi- confined 
(leaky) aquifer 
interpretation methods : Walton curve­
matching , Hantush I straight-line 



CONST~NT ::ISO'!.lRG ( RATE ~OULF~R TEST G3336.5 
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curve G33356/3 i ndicates a typical re­
sponse in a l eaky l ayer 
t/ s curves are similar to those obtained 
f rom the standard test 
f ractured aquifer is semi- confined 
interpre tation methods : Ivalton curve­
matching . Hantush I straight-line 



Hydraulic ,rrodel Kl ipcrlft 426 test site I 

m'~ ______________________ --. 

15 ---______________________ _ 

........ Lw iT] '0 m' " ., 
:on. anCi 

Leaky layer 

:0 r'-'- '------- .--- ----.- .- '----------
Transminlv, l ane 

. - '-' _.- . -, - . - . _._.- . _._.- ._ . _. _. 

Fra(:fureCI 

aquifer 

6C . _ __ ._. ___ ____ __ ._. _ __ • __ _ . ___ ._ 

- the local aquifer system is : 

L: IOOOm 

$: 21.10'" 

tI': 25m 

k':: 7,5 I lo-'1ntd 

1 
T~IJmt.-d 
L:20m 

s: !> 1. 1O'" 

b'~ I!lm 

i) at least two-layered with two transmissive production 
zones and both an upper and intermediate leaky layer 
anisotropic, particularly in a vertical direction 

laterally continuous 
ii) 

iii) 



AQUIFER TEST SITE 2 : KLIPDRIFT 426 

(see fig . 4 for geological cross-section) 



Sit. PIon of Mulnpl. PlezomehH PumpiOQ resl . KUPOAIFr 426 
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under steady state rest conditions, groundwater exchange 
between the different zones is in a downward direction only 
the system is situated in a recharge area 



CONSTANT OISCHARGE RATE AOUIFER TEST: G 333~ 
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Conceptual flow model pUrmUlQ G 333513 
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T-values for G33393, G33394 and G33395 
are similar (120 m'/d) and reflect the 
transmissivity of the fractured sediments 
and leaky layer 
S-values for G33394 and G33395 reflect the 
the storativity of the middle and lower 
transmissive fractures proper 
S-value for G33395 stands for storativity 
of secondary aquifer (this borehole did not 
penetrate any of the discrete transmissive 
fractures 
downward leakage is apparent 
interpretation methods: Walton curve-matching, 
Hantush I straight-line 



CON ST;;/H ~ISOIARGE HAT E l,O(JIFER T!:ST , G 33394 
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fractured aquifer between 35 m and 80 m 
acts as a hydraulic unit 
pumping at 58 m induces an excessive upward 
flow component , laminar flow conditions a re 
not reached, thus drawdown da t a is unreliable 
leakage is a pparent (curve G33358/3 ) 
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- the yield variation is excessive after 500 mi nutes 
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the recove r y data was used t o check t he hydrauli c parameters obtained f r om the 
drawdown data 



Co ncepNal flow model' PlJmplnQ G 33395 

G33395 G33396 G33394 G33393 
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rl 
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- leakage is apparent (G33358/3) 
t/s curve of G33358/ 0 affected by turbulent 
flow until 50 minutes 

- T and S for the fracture aquifer(transmissive 
Zones and matrix) can be calculated 

- interpretation methods : Walton curve-matching 
Hantush I and Chow straight-line 



H ydrOlJlic model Klipdrift 426 rest site 2 

Froell,lred 

oQui' er 
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the leakage facto r and vertical permeability of the 
system was obtained from the standard test data 
the l eakage factor and vertical permiability of the 
fractu red aquifer was calculated from G33358/1 
k ' of the upper leaky layer could then be calculated 
k' of the bottom leaky layer was derived from G33358/0 
the hydraulic conductivities of the discrete f ractur es 
cannot be obtained 



AQUIFER TEST SITE 3 : KLIPDRIFT 426 

(see fig. 4 for geological cross-section) 



CONSTANT OISC>lARG( RATE AQUIFER TEST, 1(0%4 
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- thi s is a typical standard test 
the discharge water is derived from two 
zones , but indi vidual yield contributions 
are unknown 

- the origion of l eakage and the thickness 
of the leaky zone(s) are not known 

- the \oJalton curve-matching and Hantush I 
straight-line interpretation methods 
gave the folloWing parameters for G33396: 
T 130 m' /d • 
S 4,5 x 10-:J 
L ~ 260 m 
c 500 days 

- it cannot be determined whether T and S 
are representative for the transmissive 
zones only or for the entire sequence 



AQUIFER TEST SITE 4 KLIPDRIFT 426 
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CDHSTANT DISOiARGE RATE AOUIFER TEST : 1<019 
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two semi-permeable boundary effects are noticeable 
the leakage effects are suppressed by the boundary conditions 
interpretation methods : Theis curve-matching, Seward 
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Conceptual flow model pumping KOl9 
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Conceptual flow model: pumplno. K 019 
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Hy draul ic model Klipdrift 426 test site 4 

m 
semi-permeob'e boundary semi-permecble boundJry 

2 
T=250m / d 

5=5,7x /0-3 

leak y layer 

~--~~ ~-~ ---~~r ~~~~~~~-~ 
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8 ----- ----

T,ro m~d 
5=3,O XIO-

4 
T=70 mt/ d 

5=3,0 x 10- 4 

28 

froctured aquife r 

transmissive 5 
zone 

2 

J 
T = 430m/d 

- 4 
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the T-value obtained for the transmissive zone is probably a minimum 
value owing to turbulent losses near t he product i on wel l 
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the curvilinear nature of this graph is characteristic 
of linear flow conditions 
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sl t relationship is typical of linear flow conditions, 
but here the straight-line relationship is an expression 
of linear flow, pseudo-radial flow, the semi-permeable 
boundary and leakage 
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_ the response of the water level to pumping is typical of a leaky aquife r 
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the water levels in all piezometers continue to drop after pumping was stopped, 
this is due to the leaky nature of the system and hydraulic head differences 
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The analysis of the aquifer test data revealed that a rather unusual set of geohydrological conditions occur at 
this test site - leakage from the north-east to the south-west takes place through the poort under steady state 
rest conditions and when pumping. 

_ when pumping KK21, initially linear flow conditions prevail before pseudo-radial flow is induced 
- a semi-permeable or semi - impermeable boundary is present 
_ the volume of water stored in the dolerite-related fractured aquifer is limited but is replenished by leakage through 

the poorL, which was calculated to be in the order of 420m'/day. The leakage figure is only relevant for the hydraulic 
conditions that prevailed at the time of the aquifer test. 

The safe yield of the test site, assuming effective recharge occurs only once in 5 years, was calculated to be 440 m'/day. 
It is therefore evident that the dolerite- related fractured aquifer is merely a transmissive zone. 
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piezometric levels indicate that under steady 
state condit i ons, flow of groundwater converges 
to the zone between 30 m and 60 m 
the multiple piezometer was not used for aquifer 
test purposes 
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- the curve of G33404 shows semi- unconfined aquifer response (delayed yield , 
gravity drainage) thus the Boulton interpretation method was used 

- as from 500 minutes the i nflue nce of a semi- recharging boundary is noticeable 
(Brooklyn fracture) and the Seward method of interpretation was employed 
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pseudo-radial flow is the dominant flow component, linear 
flow only evident at early times (until 12 minutes) 
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the fractures act as an extended well 
G33404 and G33406 do not appear to have intersected the horizontal fracture zone, therefore the parameters 
obtained from these two wells cannot be taken at face value 
in terpretation methods : Walton curve-matching, Hantush I and Chow straight-line 
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groundwater transmission across the Zeekoeigat section occurs through the weathered zone and along a 
transmissive zone in the fractured sandstone 
leakage from the upper zone will take place if the transmissive layer is pumped 



1 
o • 
8 • 
;; 

C~STA"'T OISOiARGE RATE AOUflR TEST , G 333$. 

~~---------,----------~----~---r----------~---------' 

.. . . .. ... ......... ... ........ :: ...... ,.,~~ 
.. .. . 

.. . 

o.,i-------1----:-..,.-----f- --- ---i-------+ --- ----j 

o.~L ______ ..L _ _ ____ __.l.. ______ __.l _ ______ L ______ .J 
0.' o '0000 

ConcepTual flow ma:lel pumping G 33354 in the pumped well water was inter­
cepted at 25 m, t hus on l y water from 
the weathered zone is abstracted 
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the drawdown in G33355 is to a large 
extent an expression of the pressure 
head reductions in the underlying 
layers which results from upward 
seepage 
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GEOLOGICAL CROSS SECTIOO of the VORST ER SYNCLINE 
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the sit curve of G33400 is the typical I{ater level response for an observation 
point in a leaky layer 
the other curves indicate linear flow, pseudo-radial flow and boundary conditions 
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Concep rual flow model pumping G33401 

104 rr._ po r mO<lO • Dound<lry j 
\ r~IOro;)l peZcrTl e frlC 

\ Qr<ldl l nl 

j 
\ I 

1 \ oG33402 

~r<ln~m'loiiY o lone ----. · G 33401 

r-

. G33~9 

seml_ ImpermOQDlo bD<.lr(!<lry t t 
T I 

.G33400 

I 

I 
f- , 

Concep ruol flow model pu mpino G 33401 

G33402 G3J401 G3J3 5a GJJ400 

mi l \ \ r I 

8H---t ---- ~ --- ---------r-' ___ _ --- - "-

/ 
4

3

:/1 --7 • T,,~mlw~ 
r FrOClured 1C'dlmenl:!i r 

an extremel y anisotropic flow pattern is deve loped , 
particilar l y at eu rly pumping times 
the transmissive zone ac t s as an extended well 
the hydraulic gra llient between G33401 and G33399 
and the attitude of the f r actured transmissive zone 
must be taken into account when interpret i ng the 
drawdown data of GJ3399 
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The usefulness and applicability of the discrete element approach 

The basic aim of an aquifer test is to obtain useful hydraulic parameters 

which can then be used to dertermine the exploration potential of a given 

aquifer unit. The standard test approach yielded complex drawdown- time 

curves which were an expression of the "average response" of the total 

aquifer system to abstraction. These curves could easily be erroneously 

interpretated as little insight can be obtained regarding: 

i) which part of the system is being pumped. 

ii) the dominant flow component. 

iii) the origin of leakage . 

Also, is was found that the S-value obtained from this approach represen­

ted the storativity of the transmissive fracture zones only. 

The discrete element approach enabled the monitoring of aquifer response 

at different depths. This approach allowed that only one production zone 

was pumped at a time and hence the drawdown- time curve obtained was for 

that zone only. The curves tended to be less complex than those obtained 

from the standard tests. By evaluating each drawdown- time curve for the 

different depths and understanding the geohydrology prevailing at each 

site , more numerous and more representative hydraulic parameters were ob­

tained . 
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HYDROCHEMICAL DATA CONSTITUENTS IN mgll 

Hl<!l1lE ll\1E ca ~ 
,., K lID] SJ4 

Q Nitrate F Si P Nll4 fH TAL E.C. 1IS Nitrilte 

If' asN as oWl as t{)3 
cam] 

fIOORDENI.ARS UNIT 

CE 9. 23-1-85 72 48 65 1.5 243.84 57 lJI B.84 0.6 21.1 0.010 0.02 7.9 200 110.9 679 39. 13 

GO 19 5-2-85 123 82 148 1.0 159.72 183 399 1. 22 0.7 16.1 0.028 0.25 7.8 131 186.6 1120 5.40 

GDS 1 31-1-85 367 272 413 4.8 214.58 622 1637 0.54 0.5 15.5 0.006 0.04 7.8 176 554.3 3549 2.39 

RN 3 23-1-85 155 76 130 0.5 276 . 76 193 347 2 .12 0.5 15.7 0.012 0.01 7.9 227 193.9 1205 9.38 

SWART UNIT 

DT1 7.2.85 85 64 83 1.3 241 .1.0 80 226 3.76 0.6 17.7 0 .031 0 .07 7.8 198 129.2 817 16 64 

DT 19 12-4-85 48 18 132 0.7 243.84 73 110 0.23 1.7 12.6 0.028 0.03 8.0 200 93.3 641 1.02 

DT 31 12-4-85 106 60 109 1.1 29 7 .49 122 226 2.33 0.6 16 .2 0.029 0.05 7.9 244 141. 1 949 10.31 

GO 7 16-1-85 66 36 170 0.5 34.14 125 366 1.54 0.5 4.8 0.054 0.02 6.8 28 152.1 811 6.82 

GO 9 16-1-85 175 98 703 5.9 190.20 486 lJ63 0.08 4.6 13 .0 0 .020 0 .02 7.8 156 486.6 3039 0.35 

KD 24 9-1-85 145 72 94 1.8 206.05 80 387 4.78 0.4 16.7 0.005 0.04 7.9 169 177 .8 1025 21.16 

KDS 1 30-1-85 lJl 60 89 1.8 232.87 73 289 6.51 0.5 19.2 0.021 0.03 7.9 191 156.3 925 28 .82 

KK 16 10-2-85 75 30 63 0.5 260.91 42 95 1. 72 0 .7 15.8 0.009 0.03 7.8 214 93.1 589 7.61 

KK 18 29-1-85 97 26 91 1.8 254 .82 48 143 8.59 1.0 13.8 0.020 0 .03 7.9 209 114.6 715 38 .02 

RP 1 14-5-85 320 83 221 3.9 85.35 187 998 0 . 72 1.1 9.6 0.031 1. 33 7.6 70 350.1 1914 3.19 

AMDE800 UNIT 

DP 45 30-9-84 108 64 107 4 . 2 25/, .82 107 264 11. 70 0.7 16. i 0.021 0.09 7.5 209 157.3 977 51. 79 

DP 54 3-9-84 65 47 98 1.9 106.07 80 244 4,59 0 .7 14 . 5 0,006 0.03 7 .8 87 120.3 678 20.32 

DT 26 30- 1-85 111 58 107 4.1 231.65 92 290 6.51 0.6 lJ.5 O.O:)i. o 03 7.9 190 169.6 936 28.82 

XK22 30-1-85 60 37 60 1.5 259 .69 50 72 2.67 0.6 14.4 0.D07 0 .02 7.8 2lJ 92.6 567 11.82 

KK22 3-9-84 50 34 60 1.8 295.05 55 80 2.22 0.9 14.1 0.011 0.07 8.0 242 78.8 602 9.83 

KK 24 30-1-85 54 36 59 1. 0 315 .78 32 50 5.85 0.5 17.3 0 .04 0.02 8.0 259 91.8 591 25.90 

00 4 3-9-84 17 9 13') 0.7 135.33 1,4 lJ8 0.24 1.5 8.2 0.006 0.02 8.2 III 83.0 495 1.06 

00 5 10-2-85 95 11 488 6 . 2 9~. 22 37 848 D.14 1.8 7.7 u,n05 0.03 7.8 74 292.7 1586 0.62 

TN 6 22-8-84 441 202 326 3.9 225.55 1.91. 1290 4.22 0.7 15.8 0.021 0.09 7.6 185 478.6 3020 18.68 

TN 25 22-8-84 399 205 522 2.8 b15. 7~_L-..?!!,- __ 1.49 1. 29 U.8 15.4 0.021 0.09 7.8 259 553.1 3431 5.71 
-



HYDROCHEMICAL DATA CONSTITUENTS IN mg/1 

lIl!EHl£ = c, ~ Na K Hll3 9)4 Q Nit:rate f S1 P Mi4 '" T.I1 E.C. m; Nitrate 

If' asN as mYl as to) 

c,co3 

VK 2 22-B-B4 39 2B 56 1.6 254.R2 23 93 0.9B 0.7 l'J.9 '3::)09 0.09 B.O 209 67.0 514 4.34 

V~.12. 29-I-B5 59 39 55 1.0 342.60 31, 54 3.65 0.5 16.5 0.004 0.03 B.O 281 96.1 619 16.16 

ZK 2 20-8-84 260 179 1140 6.5 375.~2 847 1803 6.39 1.6 12.R 0.021 0 .09 7.9 308 722.0 4654 28.29 

SUNDAYS UNIT 

DP 9 30-9-B4 512 231 400 6.1 19S.07 582 1559 3 . 93 0 .8 12.3 0.021 0.09 7 .6 160 572.5 1517 17 .40 

DP 49 5-9 84 62 I 236 1.2 67.06 175 292 0 . 12 5.0 6.6 0.013 0.10 7.3 55 142.5 847 1J.53 

DP 74 5-9-84 572 356 1347 . 26.6 187.76 1826 2863 'J. 01 1.4 14.5 0. 011 0.10 7.6 154 1004.8 7195 0.04 

KD 7 25-2-85 233 157 340 ~;.3 20,~ .83 490 882 8.70 0.8 12.8 0.',34 0.21 7.1 )68 319.0 2364 38.51 

KD 36 7-9-84 147 90 223 4.0 114.61 511) 433 7.97 0.8 13.3 0.021 ·).09 i' , 8 94 272.7 1571 35.28 

KD 39 .;0-1 ·85 151 79 14 '1 1.2 310 .90 125 368 13.83 IJ.6 21.3 0.013 0 ,04 7.0 255 199.9 1266 61.22 

KN t8 12 9 84 79 65 101 1.0 l7l1.35 91 272 6.BI 0 . 7 i6,R ;),021 0 ,09 7.6 143 16J..3 831 30 .15 

KN 21 25-9 84 621 342 417 20.0 58.52 597 2389 8.32 O.B 13.2 0.021 0,09 7.5 48 77'1 .0 4496 36.83 

KN 22 30-1-85 60 37 60 1.5 259.69 50 72 2.67 0.6 14.4 0 .007 0.02 1.8 213 82 . 6 567 Il.B2 

KN 25 12-1-84 232 133 IBB 1.7 102 .4 1 345 7B6 7.76 0.7 14.0 0,021 0.09 7.B 81, 340.5 1848 34.35 

KN 47 25-9-84 35 52 74 1.2 23H,97 84 102 3,34 0.7 17,9 0.021 0.09 7.8 196 Ill. 4 621 14.78 

Zf 21 __ ?)-9 -84 3B 14 1~~093.B'; 61 142.0 0.50 2.3 9.3 0.021 0.09 7.7 159 101. 7 602 2.21 



HYDROCHEMICAL DATA CONSTITUENTS IN meq/l 

~UEI fa I ~ I Na K NalK JOfAL Ua li'~ ~K 1m3 
914 

Q tD3 F Q+ill)+F JOfAL =3 nJ4 %Ct. SAR 
CA'I1ll€ AJII(}S tD,+F 

HOORDENAARS UNIT 

CE 9 3 .59 3.95 2.83 0.04 2. 87 10 .41 31. . 5 37 .9 27 .5 4. 00 1. 19 3 . 70 o 63 0 .03 4.36 9 . ,4 41.9 12 4 45 7 1 5 

GD 19 6.14 6.75 6.44 0 .03 6.46 19.35 31:7 34 .9 33.4 2.62 3.81 I\. 26 0.09 'J.04 11.38 17.Bl 14 . 7 21.4 63.9 2.5 

GliS 1 18.31 22.37 17.97 U. 12 18 .09 58.78 31.2 38.1 30 .8 3.52 12.95 ·,.s .lS 0.04 a,O) 45.24 62.71 5.6 20 . 7 73.7 I~. 0 

RN 3 7.7J 6.25 5.6u 0.01 5.67 19.65 39.4 31.8 28.8 4. 54 11 .02 9. 79 0.15 0.03 9 .97 18.52 24.5 21 . 7 S"l. 8 2.1 

SWART UNIT 

DTI 4.24 5.26 3 .61 1).0) 3.64 13.15 32 .3 ',0.0 27.7 8.96 1.67 6.38 0.27 0.03 6.68 12.30 '$ 2.'2 13.5 54.3 1.7 

DT 19 2.40 \.48 5.74 0,02 5.76 9. 64 2/~. 9 15.4 59.8 4.00 1. 52 3.10 0.02 0.09 "l.21 8,73 45.8 ~ 7.4 36.8 .4.1 

DT 32 5.28 4·.·94 4.74 0,03 4.77 Ifi.99 35.3 ]).9 31.8 4.88 2.54 6.38 0. 17 0.03 6.57 13.99 34.9 IS.:! 47,0 2.1 

GD 7 3.29 2.96 7.40 0.01 7,',1 13.61) 24.1 2!.7 54.2 0 . 56 2.60 I() . 32 0.11 1).03 10.46 i3.62 4.1 19.1 76.8 4.2 

GD 9 8.73 8.06 )0. sa 0.15 30.73 47 .53 18.4 17.0 fA.7 3.12 10.12 38.45 0.0\ 0 . 24 38.70 5 L. 93 6.0 19.5 74.5 70.6 

KU 24 7.24 5.92 4.09 0.05 4.14 17.29 41.8 ]f. .2 23 .9 :;.38 1.67 10.92 0 .34 0.02 11.28 16.32 20.7 10.2 69.1 1.6 

KDS 1 6.54 4.94 3.87 0 .05 3 .92 1'.),39 42 . 5 32. 1 25.5 3.82 1.52 '3. \5 0.46 0.03 8.64 13.98 27.3 10.9 61.8 1.6 

[K 16 3.74 2.47 2 . 74 0.01 2 . 75 8 .96 41.8 27 .5 30.7 4.28 0.87 '.68 0.12 0.04 .!.84 7.99 53.5 10.9 35.5 1.5 

KK 18 4.84 2.14 3.96 0.05 4.00 10.98 1,4.1 19.5 36.5 4.18 1.00 4.03 0.61 0.05 :1.70 9.88 42.3 10. \ 47 .6 2.1 

RP 1 5.97 6.83 9.61 0.10 9.71 '12.51 49.1 21.0 29.9 1. 40 3.89 28 . 15 0 .05 0.06 28.26 33 .. ,6 4 . 2 11.6 84.2 2.8 

KAHDE800 UNIT 

DL 4 4.51 39.48 37.1S 0 . 28 37.43 121. 42 36.7 32.5 30.8 4 . 94 20. 74 9. 93 0,37 0,04 0,34 116.01 4.3 17 .9 77.9 5.7 

OP 45 5.39 5.26 4.65 0.11 4.76 15.42 35.0 34 .2 30.9 4.18 2.23 7.tIS 0.114 D.04 8.32 14.72 2B.4 15 .1 'j5.5 2.0 

DP 54 3. 24 3.87 1,.26 0.05 4.31 11. 42 28.4 33 . 9 37.R 1. 74 1.67 6.88 0.33 0.04 7.25 10.66 16.3 15.6 68.0 2.3 

DT 26 5.54 4.77 4.65 0.10 4.76 .l5.07 36.8 31.7 31.6 3.80 1 .ll2 8.18 0.46 0.03 8 .58 14.39 26.4 13. J 60.3 2.1 

KK 22 2.99 3.04 :!.61 0 .04 5.65 8 .69 34 . 5 35.0 30.5 4.26 1.04 0.n4 0. 19 0.0) 0.26 5.56 76.6 tB.7 4.7 1.5 

KK22 2.50 2.90 2.61 0.05 2.66 7.95 31.4 35.2 33 . 4 4.84 1,15 2.26 0.16 0.05 2.46 8.44 57.3 13.6 ~9,2 1.6 

KK 24 2.69 2.96 2.57 0.(1) 2.59 tL25 32.7 35 .9 31.4 5.11) 0.67 1.41 0.42 (1.03 1.85 7.70 67.2 8.7 24.l 1.-' 

'OD 4 S.85 0.74 6.05 0.02 6.06 7.65 11.1 9.7 79.2 2.22 0.92 3.89 {J.02 ')' 09 3.99 7.12 31.1 12.9 56 .0 6 8 

OD 5 4.7 /1 O.QO 21. 23 0.16 21. 39 27 .03 17 . 2 ].3 79.1 1.48 0 . 77 23 .92 f) . OI 0.09 24.03 26 .28 5.6 2.9 ·71.4 12 .6 

TN6 22.01 Ifi.62 14.18 0 .15 14.33 52. 95 41.6 p1.4 27.1 3.70 10 . 29 36. 39 0.30 f).04 36.73 50.71 7.3 20.3 72.4 5.3 



HYDROCHEHlCAL DATA CONSTITUENTS IN meg/l 

KRElUE Co ~ No K Na+l( 1UfAL :lea lI'~ ~K 1m3 9)4 Cl NJ3 F Cl+ID3tF TOfAL l<CD3 lSJ4 %Ct+ &\R 
I/" CATlllS OOCllS NJ,tF 

VK 2 1. 95 2.30 2.'4 0.04 2.48 6.73 28 .9 34.2 36 .8 4 . 18 0.48 2.62 0 . 07 1),04 2.7) 7.39 56.5 6.5 37.0 1.7 

VN 12 . 2.94 3.21 2.39 :J.03 2.41 8.57 34.4 J7.4 28. 2 5.62 0.71 1.52 0 . 26 0.03 1.8 8.13 69.0 8.7 22.3 1.4 

ZK 2 12.97 14.72 49.59 0.17 49.76 77 .45 16.8 19.0 64. 0 6.15 17.63 50.86 0.46 0.08 51.40 75. \9 8.2 23.5 68.4 13.3 

SUNDAYS UNIT -
DP 9 25.55 19.00 17.40 0.16 17.56 62.11 1..1.1 30.6 28.3 3.20 12. 12 43.98 0.28 0.04 44.30 59.62 5.4 20.3 74.3 3.7 

DP 49 3.09 0.08 to.27 0 . 03 ID.30 13.47 23.0 0.6 76,4 LID 3.64 8.24 0.01 0.26 8.51 13.25 8.3 'V.S 64.2 8.1 

DP 74 28.54 29 . 28 58.59 :).68 59.27 117.ID 21....4 25.0 ~O . 6 3.oa 38.0 80.77 (J.07 80.84 121.93 2.5 31.2 66.3 10.9 

KD 7 11.63 12.91 14.79 0.14 14 .93 39.47 29 . 5 32.7 37.8 3 . 36 IO.~O 2' •. 88 0.62 fl,D4 25.54 39.10 8.6 26.1 65.3 4.2 

KD 36 7.34 7.40 9.70 0.10 9.80 2/~. 54 29.9 30.2 39.9 1.88 10 .62 12.21 0.57 fJ.a4 12 .83 25.32 7.4 41.9 50.7 3.6 

KD 39 7.53 6. '0 6.39 0.06 6.45 20 .48 36 .8 31.7 31. 5 5.10 2.60 1!l.38 0.88 0 .03 11.40 19.10 26.7 13.6 59.7 2.4 

KN 18 3.Q4 5.35 4.39 0.03 .'. .42 13.71 28.8 39.0 32.2 2.86 I.R9 7.67 0.49 0.04 B. ~o 12.95 22.1 14.6 63.J 2.0 

KN 21 30.99 28.13 lB.I4 0.51 113.65 77 . 77 39.8 36 . 7 24, 0 0.96 12.43 67.39 0.59 0.04 68.03 81.42 1.2 15.3 ,1:)3.6 3.3 

KN 22 1.90 1.15 6 .05 0.02 6.07 9.12 20.8 11.6 66.6 3.18 1. 27 11 .01 a.Ot, 0.12 4.16 8.61 36.9 14.B 4B.3 4.9 

KN 25 11. 58 10.94 8.18 0 . 04 8.22 lO.74 37.7 JS.6 16 . 7 1.6B 7.18 22.46 0 .55 0.04 23.05 31.91 5.3 22.5 72.2 2.4 

KN 47 1. 75 4. 28 3.22 0.03 3.25 9.27 18 .8 46.1 35.0 3.92 1. 75 2.B8 0,24 0 .04 3.15 8.82 44.4 19 .8 35.B 1.9 

ZF 21 4.69 3.54 6 . 13 0.20 6.34 14 . 57 32.2 24.3 i.3,S {'.O2 , .79 6.97 0,84 0.06 7.87 13.67 29.4 13.1 57.5 3.0 



Appendix 5B 

Hydrochemical data - departmental boreholes 



HYDROCHEMICAL DATA CONSTITUENTS IN mg/ l 

DF.PTIl KIl!lUE DAIE Ca f~ Na K 1ID3 9)4 Q Nittac.e F Si P :.ll4 fH TAL LC. lIE Nitr.Jr.e 

• Ii"' asH as mg/l as ~O) 

~ 

11m. 33339 13-11-84 287 261 466 . 2.4 11 4.61 486 161.8 0.25 1.3 13.1 0.60 0.06 7.8 94 '5J4.~ 3280 1.11 

22m 33340 14-11-84 105 45 355 6.0 151.18 22 748 0. 15 1.8 10 1 O(fl'l 0.03 7 8 124 272 3 1445 0.66 

37 33340 14-11-84 131 52 351 2.4 1l:7 .52 21 806 0.07 1.6 11. 1 I 0.025 0.03 I 7.8 121 2R9.1 1524 0.31 

F 1114n : 14_11 _R4 92 1 20 674 11.3 1106 . 07 56 1090 0.15 3. 5 9.7 0.031 0.13 7.8 87 1409.6 2053 0.66 
, 

13. 33341 15- 11-84 1136 682 548 9.1 56.08 1114 5358 0.10 1.2 7.9 0.028 0.42 7.5 46 566.1 9924 0.44 I 
, 

20. 11141 15-11-84 619 299 696 7.2 80.47 393 2582 0.07 1.3 10.8 0.0 19 0.03 7.6 66 823.6 4690 0.31 

11141 436 227 599 1.6 64.62 271 2221 0.09 11.1 10.4 0.019 0.04 7.5 53 660.0 3831 0.40 i 
F 15 It 84 

13. 33342 16-11-84 267 194 456 ~0.4 142.65 I 376 1407 7.16 0.7 12.0 0.010 0 ,04 7.5 117 518.4 2898 31.69 

41. 33342 16-11-84 243 1160 524 5 .6 139.66 389 1453 14.45 0.6 14.3 0.049 0.10 17.6 159 482.6 3023 19.70 

F 33342 19-11-84 156 128 360 6.5 15.21 262 1046 5.31 0.6 13.6 10.013 0,04 10.7 42 375.7 2070 23.51 

17. 33343 20-11-64 216 1207 1066 132.7 11 92.64 I 771 2104 1.44 11.3 6.7 0.02410,03 7.7 158 1742.9 4605 6.37 

45. 33343 21-11-84 185 145 908 27.4 117.04 610 1797 1.49 1.4 9.1 0.022 0.29 7.6 96 630.8 3807 6.60 

21. 33344 21-11-84 605 326 558 40.4 29 . 26 739 2412 3.06 0.7 7.7 0.028 0 .07 7.5 I 24 141 2.0 732 13.55 

47m 33344 21-11-84 543 285 590 7.2 135.33 1729 1967 3 .05 1.0 ~1. 5 0 .022 ~ . 03 7 .6 111 708 .5 4263 13 .50 

F 33344 22-11-84 436 276 571 2.9 54.86 709 1953 13 .07 iD· 3 5.6 0 .010 0.02 7. 5 45 660.0 4032 13 .59 

24m 33345 26- 11 -84 17 24 72 8 .0 234.09 35 40 2.07 .7 0.9 0.010 .05 8.5 192 60 .0 450 9.16 

34. 33345 26-11-84 16 22 73 21.8 268.23 33 32 12.10 1.1 1.1 0 .114 . 17 8.5 220 61.6 486 9.30 

F 33345 7-11-84 17 22 85 19.1 07.24 51 32 b.70 1.0 . 11. 2 0.002 .53 16 .0 1m 80,4 563 16.36 

27m 33346 3-12-64 34 54 101 26.7 36.53 77 188 .51 .5 11. 1 10.118 .25 18.2 1194 14.6 735 6.68 -
50m 33346 3- 12-84 68 54 109 9.5 29.21 224 171 .83 .7 14.3 0.017 0.02 7.9 188 23.6 683 3.67 

F 33346 5-12- 84 46 40 80 1.7 57.25 56 149 0 . 31 0.4 14.1 p __ OOO 0.22 7.8 211 10.0 647 1.37 

17m 33347 0-01-85 25 70 155 7.8 88.93 131 191 1.06 0 . 6 13 .9 p.016 0.17 7.9 319 140 .8 968 4 .69 

54. 33347 0-01-85 65 36 83 4 . 5 198 . 73 49 172 0.)7 0.3 14 7 023 o 06 17 R 1,01 
"' 7 

10" . 1 04 

65. 33347 7-01-85 61 36 78 1.3 198.73 50 136 O.nn o 2 16 8 011 o 02 '9 161 gog I"g 0.27 

F 33347 19-01-85 73 41 80 1 7 17" .67 62 148 1.14 0.4 . 4 n n" n4 q 191 ,In? 4 "9 , 91 

23. 33348 21-01 85 106 96 174 6.5 251.16 126 431 0. 06 2.7 17.2 .077 0.11 ~.1 206 219.4 1213 0.27 

66. G33348 13-1-85 134 96 206 7.9 249.94 191 484 0.00 4.2 14.7 0.036 0.06 8.2 205 241.3 1387 0.00 

22. 33349 15-1-85 286 359 476 31.5 363.33 717 1507 4.69 1.0 15.8 0.030 0 .05 8.01 298 603.0 3778 20.76 

F 33349 17-1-85 226 238 I 41~JI5.8 329.191 514 1190 13.571 1.9 12.8 0.022 0,04 6.0 I 270 463.6 3002 60 .07 -



HYDROCHEMICAL DATA CONSTITUE~TS IN IDg/l 

DEI'rn B:REHIE !l.\IE Ca 'I! Na K lill3 9)4 Cl Nitrate F 5i P toi4 f1i L\L E.e. m; Nit..rate 

• If' asH as ,.yl as tD3 
CailJ3 

11. 33351 23-1-85 242 299 485 55.7 277.98 684 1488 0 .94 1.4 13 .0 0.016 0.04 7.6 228 540.9 3551 4.16 
16. 33352 25-1-85 329 272 841 24.5 203.61 886 2097 2.16 0.8 8.8 0.017 0 .04 7.6 167 734.0 4672 9.56 

20. 33352 25-1-85 259 260 946 5. 6 187.76 844 2019 2.63 0.8 14.6 0.005 0 .09 7.7 154 723.2 4548 11.64 -
29. G 33352 26-1-85 204 260 1064 11. 2 209.70 890 2033 2.96 1.0 14 .0 0.007 0.05 7.7 172 743.1 4701 13.10 

F .33352 28-1- 85 284 . 220 1083 6.4 186. Sf, 1006 2098 2.49 0.8 13.6 10.029 0. 05 7.8 153 773.1 4909 11.02 

19.n 33353 29-1-85 105 55 144 16.7 207.27 96 346 2.92 0.6 11.8 0.023 0.03 7.7 170 171.7 994 12.93 

So" 33353 30-1-85 52 70 153 7.2 182.88 106 373 2.99 0.5 13.3 0.011 0.06 7.8 150 167.7 971 13.24 

f 33353 28-1-85 121 70 153 6.4 215.80 112 397 2.97 0.6 13 .0 0 .03910.05 7.8 177 187.5 1101 13 .15 

16m 33354 31-1-85 673 384 646 8.4 41.45 983 2668 I 1. 21 0.4 14.910.002 0.85 7.5 34 867.8 5426 5.36 

25. 33354 31-1-85 600 396 699 28.9 53 65 986 2728 I 42 0.6 12. 8 10.015 I 0 .93 7.5 44 871. 2 5509 6.29 

f 33354 31-1-85 674 404 645 . 5 .9 56.08 930 2504 1. 03 0.4 12.1 0.024 0.21 7.4 46 818.0 5236 4.56 

12. 33355 2-2-85 515 366 702 6.6 53.65 953 2244 1. 49 0.6 15.710.006 0.93 7.6 44 839.4 4865 6.60 

42m 33355 2-2-85 745 452 541 6.0 9.75 992 I 2771 0.581 0.1 12.5 0.003 0.90 7.5 1 8 874.0 5533 2.57 

F 33355 5-2-85 651 365 557 11.7 64.62 740 2314 0.231 0 .6 10.2 0.040 0.17 7.4 53 769.5 4714 1.02 

35. 33356 11-2-85 54 I 21 175 1.8 210.92 5 281 0.08 3.0 8.7 0.028 0.03 I 7.5 1 173 121. 7 762 0.35 

44m 33356 11-2- 85 31 10 143 5.8 277 .98 1 157 0.07 I 2.4 8.9 0.213 0.06 7.7 228 89:5 638 a 31 

f 33356 8- 5-85 51 17 159 3.8 186.54 8 246 0.13 I 2.5 7.6 .085 a .17 I 8.0 153 114.5 682 0.58 

54m 33357 13-2-85 31 19 107 2. 7 206.05 11 131 0.39 0 .8 9.2 .025 0.02 7.8 169 79.1 520 1.73 

f 33357 13-2-85 47 16 112 I 3 .5 193.86 51 131 0 .49 2.5 9.1 .025 \0.06 8.0 159 85.2 569 2.17 

25. 33358 14-2-85 111 52 143 22.6 137 .77 59 419 3.77 0.6 5.4 .015 0.02 7.3 113 167.6 967 16.69 

58m 33358 14- 2- 85 138 37 109 6.9 199.95 47 342 0.24 0.6 12 .3 0.012 0.03 7.3 164 148.5 893 \ 1.06 

80m 33358 15-2-85 117 33 111 2.7 219.46 42 307 0.68 0.6 12. 2 .131 0.07 7.3 180 134.9 848 3.01 

F 33358 15-2-85 101 24 111 2.3 143.87 45 254 I 0.40 0.8 11.5 kl. 028 0.07 7.3 118 122.1 694 1.77 

18. 33359 20-2-85 74 61 166 3.3 268.23 55 347 2.56 0.8 16.5 b.048 0.02 7.5 220 159.0 1004 1111 

F 33359 20-2-85 79 52 155 6.8 197. 51 81 325 2.07 0.7 15.3 p.06a 0.14 7.8 162 1~ ...2ll ....!L..l.Q. 

f 33363 25-3-85 166 35 752 5. 7 213.36 63 1277 0.32 2.2 7.1 .035 ~ . 13 7.9 175 451.8 2523 1.42 

F 33365 8-5-85 55 16 170 2.6 176.79 7 260 0.12 2.5 8.4 .066 b.08 8.0 145 119.8 700 0 .53 

F 33393 22-5-85 90 14 90 8.1 149.96 34 188 0.17 1.4 8.9 0.127 0.24 7.8 123 97",'l. 585 a l~ 
F 33395 ' ~3-5-85 135 32 125 8.3 87 .76 80 322 0.22 0.8 11.0 0.099 0.15 7.6 154 148.4 904 0...2,7 



HYDROCHEMICAL DATA CONSTITUENTS IN mg/l 

lrnElUL ll\lE Ca ~~ Na K lID) 9J4 Gl. Nitrate f SI P t.l14 Hi 'L\L E.C. llS Nittat.e OEPTH 
asN as "yl as 10) m H" 

Qffi3 

f 33396 29-5-85 151 72 97 9.1 201.17 107 370 5.87 0.6 14.6 0.056 0 .13 7.6 165 170.7 1049 25 .98 

f '33399, , 13-6-85 19 6 136 , 6.5 182.88 4 115 0.46 6.7 8.4 0.170 0.64 8.1 150 72.4 487 2 04 

F, 33400 17-6-85 33 12 220 10.7 213.36 6 306 0.31 4 .9 7.1 .330 1.38 8.0 175 125.4 816 1.37 

F 33401 20-6-85 19 5 142 1.4 167.03 57 121 0.14 1.2 8.3 .075 LIB B.I 137 76.7 , 524 0.62 -- -- - ---, - - ---- - ---



HYDROCHEMICAL DATA CONSTITUENTS IN /1 

DEPTII B:R!JU.E Ca ~ Na K NatK 101M.. :rca ~~ t'latK 1m3 SJ4 Cl 103 F Q+..\Q)+f 1OI.u. %1m3 :tSJ4 <0.+ "'" • N" D.rrCNS AN!CNS IIJ,+F 

11. G33339 111.32 21.47 20.27 0.06 20 . 33 56.12 25.5 38.3 36.2 1.88 10.12 46,49 0.02 0 .07 46.58 58.57 3.2 17,3 79.5 4.8 

22. 33340 5.24 3.70 15.44 0.15 15.60 24.54 21.4 15.1 63.6 2,48 0.46 21.10 0.01 0.09 21. 21 24.14 10.3 1.9 87.8 7. 3 

37. 33340 4.28 15 .27 0 .06 15 . 33 26.14 26.14 25.0 16.4 58.6 2.42 0.44 22.74 5.00 0 .08 22.83 25.68 9 .4 1.7 88.9 6.6 

F 33340 4.59 1.65 29.32 0.03. 29.35 35.59 12 .9 4.6 82.5 1. 74 1.17 30.75 0 .01 0.18 30.94 33.85 5.1 3.4 91.4 16.6 

13. 33341 : 56.69 56.10 67 . 34 0,49 67.83 180 .61 31. 4 31.1 37 .6 0.92 23. 19 51.15 0.01 0.06 151. 22 175.33 0.5 13 .2 86.2 9.0 

20m 33341 30.89 24.60 30.28 0.18 30.46 85.94 35.9 28.6 35.4 1.32 8.18 72 . 84 5.00 0.07 72.91 82.41 1.6 9. 9 88.5 5.7 

F 33341 21,76 18. 67 26.06 0.04 26.10 66.53 32.7 28.1 39.2 1.06 5 .64 62.65 0.01 0.06 62.71 69 .42 1.5 8.1 90.3 5.8 

13m 333~~ 13.32 15 96 19.84 o 27 20 10 49.38 27.f 32 3 40 .7 2.34 7.83 39.69 0 . 51 0.04 40.24 50.41 4.6 15.5 79 .8 5.2 

41. 33342 12 . 13 14 81 22 79 0.15 22.9ll 49. 87 24 .3 29.7 46 .0 3.18 8. 10 40 .99 0.32 0.04 41.35 52.63 6.0 15.4 78.6 6.2 

F 33342 7.88 10.53 16.53 0. 17 16.70 35.11 22.5 30 .0 47.6 0.84 5.45 . 29 . 51 0 .38 0 .03 29 .92 36.21 2.3 15.1 82.6 5.4 

17. 33343 10.78 17 .03 46.37 0.84 47.21 75.01 14.4 22.7 62.9 3.16 16.05 59 . 35 0.10 0.07 59.53 78.73 4.0 20 .4 75.6 12.4 

45m 33343 9.23 11.93 39.50 0 .70 40.20 . 61.36 15.( 19.4 65.5 1. 92 12,70 50.69 0. 11 0 .07 50.87 65.49 2.9 19.4 77.7 12 . 1 

21m 33344 30.19 26.82 24.27 1.03 25.31 82.81 36.7 32.6 30 .7 0.48 15.39 68.04 0.22 0.04 68.30 84.16 0.6 18.3 81.1 4.5 

47m 33344 27 . 10 23 .44 25.67 0. 18 25.85 76.39 35 .5 30.7 33.8 2 . 22 15.18 55.49 0.22 0.05 55.76 73.16 3.0 20 .7 76 .2 5.1 

F 33344 21.76 22.70 24.84 0,07 24.91 69.37 31.4 32 , 7 35 .9 0 .90 14. 76 55.09 0.22 0.02 55.33 70.99 1.3 20.8 77 .9 5.3 

24m "'4' 0.85 1. 97 3. 13 0 .20 3.34 6.16 13.8 32 .1 54.2 3.84 0,73 1. 13 0.15 0.04 1.31 5.88 65 .3 12.4 22.3 2. 6 

34m 33345 0 .80 I.AI 3. 18 0.56 3.73 6.34 12.6 28.5 58.9 4.40 0.69 0.90 0.15 0.06 1.1 1 6.19 71.0 11. I 17 . 9 2.8 

F 33345 0 .8a 11.81 3.70 0.49 4 .1 9 6.84 12.4 26.4 61.2 5.04 1.06 0.90 0.26 0.05 1. 22 7.32 68.8 14.5 16 .7 3.2 

27. 3:1346 1.70 11.44 4.39 o 68 5.08 I I 21 15.1 39.6 45.3 3.88 1.60 5.30 0. 11 0 .03 5.44 10.92 35.5 14 .7 49.8 2.5 ., 
50m 33346 3.39 4 . 44 4.74 0.24 4.98 12.82 26.5 34.7 38.9 3.76 4.66 4.82 0.06 0 .04 4.92 13.34 28.2 35.0 36.9 2.4 

., 33346 2.30 3.29 3 .48 0.04 3.52 9.11 25 . 2 36.1 38.7 4.22 1. 17 4 . 20 0.02 0 .02 4 . 25 9.63 43.8 12.1 44.1 2.1 

17m 33347 1.25 5.76 6.74 0.20 6.94 13.95 8 .9 41.3 49.8 6.37 2.73 5.39 0 .08 0 .04 5.51 14.61 43. 6 18.7 37.7 3.6 

54m 33347 3 . 24 2.96 3.61 0. 12 3.73 9.93 32.7 29.8 37.5 3.26 1. 02 4.85 0 .03 0.02 4.89 9.17 35.5 11.1 53.4 2.0 

65. 33347 3.04 2.96 3.39 0.03 3.43 9.43 32.3 21.4 36.3 3.26 1.04 3.84 4 . 28 0. 14 3.98 8.28 39.3 12 .6 48.1 2.0 

F 33347 3 .64 3.37 3.48 0.04 3.52 10 .54 34.6 32.0 33 .4 3.82 1.29 4.18 0.10 0.01 4.20 9.40 40.6 13.7 45.7 1.9 

23m 33348 5.29 7.90 7 .57 0.17 7.74 20.92 25.3 37.7 37 .0 4.12 2.62 12.16 4.28 0 . 14 12. 30 19.04 21.6 13.8 64.6 2.9 

66. 33348 6.69 7.90 8 .96 0 .20 9.16 .23.75 28.2 33.3 38 .6 4 . 10 3.98 13.65 0.00 0 . 22 13.87 21.95 18 .7 18.1 63.2 3.3 

22m 33349 14.27 29.53 20.71 0 .81 21. 51 65 . 31 21.9 45.2 32 .9 5.95 14.93 42.51 0.33 0.05 42.90 63.78 9.3 23.4 67.3 4.4 

F 33349 11. 28 19.58 18.01 0.40 18.4 1 49.27 22.9 39 . 7 37."- , 5.40 10.70 33.57 0.97 0.10 34.64 50 .74 10.6 21.1 68.3 4 .6 



IfYDROCHEHICAL DATA CONSTITUENTS IN meq/ l 

DEPTH Jrn!KLE Co f~ Na K NatK 'JOfAL ~ It& m,tK 1ID3 9)4 0 /{)3 F O..nJ3fF 'lOW. =3 nJ4 %CIt SAR 
• N" CATICNl ANIOti /{),fF 

llm · 33351 12.08 24. 61 21.10 1. 42 22.52 59.19 20 ,4 41.5 38.0 4.56 14.24 41.98 0.07 0.07 42.12 60.91 7.5 23.4 69.1 4.9 

16m 33352 16.42 22.37 36.58 0.63 37.21 76.00 21.6 29.4 49 .0 3.34 18.45 59.16 0.15 0 .04 59 .35 81.14 4 . I 22.7 73.2 8.3 

20m 33352 12.92 21.3' 41.15 0.14 41.29 75.61 I7: I 28 . 3 54.6 3.08 17.57 56.96 0.19 0.04 57.19 77 .84 4.0 22.6 73.6 9.9 

29. 33352 10.18 21.3' 46.28 0.29 46.57 78.14 13 . 0 27.4 59 .6 3 .44 18.53 57.35 0.21 0.05 57.61 79.58 4.3 23.3 72.4 11. 7 

F 33352 14. I7 18. ]( 47.11 0.16 47.27 79.54 17.8 22.8 59.4 3.06 20 .94 59 .18 0.18 0,04 59.40 83.41 3.7 25.1 71.2 11. 7 

19m 33353 5.24 4.52 6.26 0.43 6.69 16.45 31.8 27.5 40.7 3.40 2.00 9.76 0.21 0.03 10.00 15.40 22.1 13.0 65.0 2.8 

50m 33353 2.59 5.76 6.66 0.18 6.84 15.19 17.1 37.9 45.0 3.00 2.21 10 . 52 0 . 21 0 .03 10.76 15.97 18.8 13.8 67.4 3. 3 

F 33353 6.04 5.76 6 . 66 0.16 6.82 · 18.62 32.4 30.9 36.6 3.54 2.33 11.20 0.21 0.03 11.44 17.31 20.4 13.5 66.1 2.7 

16m 33354 33.58 31. 59 28.10 0.21 28.32 93.49 35.9 33.8 30.3 0.68 20 .47 75.26 0.09 0.02 75.37 96.32 0.7 21.2 78.1 4.9 

25m 33354 29.94 32.57 3~. L.1 0.74 31.15 93.66 32.0 34.8 33,3 0 .88 20 . 53 76.96 0.10 0.03 77 . 09 98.50 0.9 20.8 78.3 5.4 

F 33354 33.63 33.2 28. 06 0. 15 28.21 95 . 07 35.4 35.0 29 . 7 0 .92 19.36 70.64 0.07 0.02 70.73 91.01 1.0 21.3 77.7 4.9 

12m 33355 25.70 30 . 11 30.54 0.17 30.71 86.51 29.7 34,8 35.5 0 . 88 19 .84 63 . 30 0 .11 0.03 63.44 84.16 1.0 23.6 75.4 5 .8 

42m 33355 37.18 37.1 23.53 0.15 23.69 98.04 37.9 37.9 24.2 0.16 20.65 78.17 0,04 0.01 78.22 99.03 0.2 20 .9 79.0 3.9 

F 33355 32.48 30.02 24.23 0 . 30 24. 53 87.04 37.3 34.5 28 . 2 1.06 15. 41 65.28 0.02 0.03 65.33 81. 79 1.3 18.8 79.9 4.3 

35m 33356 2.69 1. 73 7.61 0.05 7.66 12 .08 22 .3 14.3 63.4 3.46 0.10 7.83 0 .01 0.16 8.09 11.65 29.7 0.9 69.4 5.1 

44m 33356 I. 55 0.82 6.22 0.15 6.37 B,74 17.7 9 .'1 72.9 4.56 0 .02 4.43 0.005 0.13 4.56 9.14 49.9 0.2 49.9 5.7 

F 33356 2.54 1.40 6 .92 0. 10 7 .01 10.96 23.2 12.8 64.0 3.06 0.17 6.94 0 .01 0.13 7.08 10.30 29.7 1.6 68.7 4.9 

54. 33357 1.55 1.56 4 .65 0.07 4.72 7.83 19.7 20. 0 60 . 3 3.38 0.23 3 . 70 0.03 0.04 . 3.77 7.37 45.8 3.1 51.1 3.7 

F 33357 2.35 1.32 4.87 0 .09 4.96 8. 62 27.2 15.3 57.5 3.18 1.06 3.70 0.03 0.13 3.86 8.10 39.2 13.1 47.7 3 .6 

25m ·33358 5.54 4.28 6.22 0.58 6.80 16.61 33 . 3 25.7 40.9 2.26 1. 23 11.82 0.27 0.03 12. 12 15.61 14.5 7.9 77.7 2.8 

58m 33358 6.89 3.04 4 . 74 0.18 4.92 14,85 46.4 20 . 5 33 . 1 3.28 0.98 9.65 0.02 0.03 9.70 13 .95 23.5 7.0 69.5 2. I 

80m 33358 5.84 2.71 4.83 0 ,07 4.90 13",45 43,4 20. 2 36.4 3. 60 0.87 8.66 0.05 0.03 8.74 13.21 27.2 6.6 66.2 2.3 

F 33358 5.04 1. 97 4.83 0 .06 4.89 11.90 42.3 16.6 41.1 2.36 0.94 7. 17 0.03 0,04 7.24 10.53 22.4 8.9 68.7 2.6 

18m 33359 3 .69 5.02 7.22 0 .08 7. 31 16.02 23.1 31.3 45.6 4.40 1.15 9 . 79 0. 18 0.04 10.01 15.56 28.3 7.4 64.4 3.5 

F 33359 3. 94 4.28 6,74 0 .17 6.92 15.14 26.0 28 .3 45.7 3.24 1.69 9.17 0.15 0.04 9.35 14.28 22.7 11 .8 65.5 3.3 

F 33363 8.28 2.88 32.71 0.15 32.86 44,02 18.8 6.5 74 . 6 3.50 1.31 36. 02 0.02 0.12 36.16 40.97 8.5 3.2 88.3 13 .8 

F 33365 2.74 1.32 7,40 0.07 7 . 46 11.52 23.8 11 .4 64.8 2.90 0.15 7.33 0.01 0,13 . 7.41 10.52 27.5 1.4 71.1 5.2 

F 33393 4.49 1.15 3.92 0.21 4.12 9.76 46.0 11.8 42.2 2.46 0 .71 5.30 0 .01 0.07 5.39 8.56 28.7 8.3 63.0 2.3 

F 33395 6.74 2.63 5.44 0.21 5.65 15.02 44 .9 I7 . 5 37.6 3.08 1.67 9 .08 0.02 0.04 9.14 13.88 22.2 12.0 65 .8 2.5 



HYDROCHENlCAL DATA CONSTITUENTS IN meq/l 
------

DEPTH lDIDtLE Ca f~ Na K NatK 10TAL ;:c,. ~i ?Na.K fill3 9J4 Q N:l3 F Q.NJ3tf 10TAL InD3 :tSJ4 ;:0. SAR 
m I/' C\T!a6 A.'IlU5 N:l,tf 

F 33396 7.53 5.92 4.22 2.33 6.55 20.00 37.7 29.6 32.7 3 .30 2.23 10.44 0.42 0.03 10 .89 16.41 20.1 13 . 6 66.3 1.6 

F 33399 0.95 0.49 5.92 1.66 7.58 9.02 10.5 5. 5 84.0 3.00 0.08 3.24 0.03 0.35 3 .63 6.71 44.7 1.2 54.1 7.0 

F 33400 1.65 0.99 9.57 0 . 27 9 .84 12.84 13.2 7.9 78.9 3.50 0 .12 8.63 0 .02 0.26 8.91 12.53 27 . 9 1.0 71. 1 8.3 

F 33401 0.95 0.41 6.18 0.04 6.21 7.57 12.5 5 . 4 82.0 2.74 1.19 3 .41 0.01 0.06 L ~:49 7.41 36.9 16.0 47.0 7.5 



Appendix SC 

Piper diagram showing the hydrochemical composition of the 

groundwater in the different groundwater units 
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Appendix SD 

Electrical conductivity variations 

during aquifer tests 
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