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CHAPTER 1 

1. INTROOUCTION 

This study is concerned with the factors responsible for 

mineralisation of water in the Great Fish River, in particular 

the irrigation return flow and groundwater seepage components. A 

small irrigated area in the lower Fish River Basin was chosen for 

a detailed study of irrigation water input, ground\~ater and 

seepage water f1 uctuati ons, and the affect of soil s and rocks on 

river water mineralisation. The sections that follO\~ provide a 

regional and physiographic background for the Middleton study 

area. 

1.1 Irrigation in the Great Fish River Basin 

The Great Fish River Basin, comprising 30 500 knf, is situated 

in the Cape Province of the Republic of South Africa between 

1 atitudes 31 0 to 330 5 and 250 to 270 E (Fi gure 1.1). With 

its source in the Nardousberg east of Graaff Rei net, the river 

flows 630km before entering the sea north-east of Port Alfred. 

Irrigation in the valley began just after the turn of the 

century, when flood waters Viere diverted onto 1 ands by means of 

small weirs along the river. The use of highly mineralised 

"fountain" or seepage water (le Rou x , 1979) during periods of 10\~ 

flow resulted in the application of substantial volumes of 

soluble salts to the cultivated lands. The sporadic flow of the 

river necessitated the construction of 1 arge 

namely Grassri dge Dam, Lake Arthur and 

storage reservo irs, 

Kommandodrift Dam. 

However, due to rapid sedimentation and a consequent loss in 

storage capacity of the reserivours, a voluntary de1isting 

programme, where irrigab1e land was taken out of production, was 

implemented in 1961 (Hall, 1978). From 1961 to 1971, 5800 ha of 

land were de1isted in the Fish River irrigation schemes 

(Tordiffe, 1978). 

With the completion of the Oviston Tunnel in 1975, which linked 
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the Orange Ri ver with the Great Fi sh Ri ver Basin, a new assured 

supply of water became available for irrigation (Hall, 1978). 

This resulted in 3000 ha of land being rescheduled for irrigation 

in 1975, with a further 12000 ha being planned for the future. 

The emphasis has shifted from quantity to quality of irrigation 

water. 

The irrigation area can be divided into two main zones 

1. The Grassridge Dam region \~hich supplies the Great Brak and 

Great Fi sh Ri ver up to the Mi dd1 eton i rri gati on area with 

water. This region can itself be divided into two areas, 

namely, the area upstream, and the area downstream, from 

E1andsdrift Barrage. 

2. The Kommandodrift Dam/Lake Arthur region \~hich supp1 ies 

irrigation areas along the Tarka River with water (Hall, 

1978). 

The old system of water distribution has been retained in the 

valley with weirs diverting water into unlined irrigation 

canals. Small furrows, fitted with sluices, infrurn lead water to 

private unlined storage ponds. Flood irrigation is the accepted 

system due to a number of factors 

(i) the high capital cost of overhead irrigation in relation 

to the crops that can be cultivated; 

(ii) the existing distribution system of furrows which lends 

itself to flood irrigation; 

(iii) the slow intake-rate and high salinity of the soils (van 

der Ryst, 1981). 

Ground water, because of its high salt content and low yields, is 

unsuitable for irrigation purposes. 

1.2 The Mineralisation Problem 

Water applied to croplands is enriched in soluble salts by a 
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number of processes. Firstly, high evapotranspiration rates 

concentrate salts al ready present in the irri gation water, as 

a lmost salt-free water is removed 1 eavi ng behi nd a mi neral i sed 

residue (Hem, 1959). 

Evapotranspiration, as well as the initial salt content of the 

water passi ng into and through the root zone, exert a strong 

influence on soil water quality (Rhoades and Merrill, 1975). As 

the percolate passes through the soil it may mobil ize soluble 

salts present in the soil as well as react chemically with 

adsorbed cations and anions present (Mill er et al., 1981). Sal ts 

may also be precipitated from the soil water during these 

processes. The enriched leachate may then be discharged through 

either seepage from the soil or, if the leachate has percolated 

into the solid rock aquifers, by groundwater discharge to the 

river or drainage canal. 

One of the major problems associated with irrigation farming 

worldwide is that the river serves both as the main conveyor of 

irrigation water as well as the drainage canal for seepage flow 

returning to the river. Rivers, such as the Syrdarya, Chirchik 

and Zeravshan in Central Asi a (Stepanov and Chembari sov, 1978), 

the Price River in Utah (Ponce and Hawkins, 1978), the Rio Grande 

in southern Texas (Hipp, 1977), the Salt and Gila Rivers in 

Arizona (Hem, 1959) and the Great Fish, Sundays and Berg Rivers 

in South Africa show a progressive mineralisation downstream due 

to leaching of salts from irrigated land (Hall and Gorgens, 

1978). In the case of the Great Fish River, mineralised 
Qre 

irrigation return flOlvs of the upper schemes j-S discharged into 

the ri ver and again used 1 o~ler down stream wi th the i rri gati on 

water. Coupl ed wi th "natural" groundwater seepage, the result is 

a progressive mineralisation of the Fish River water as it flows 

downstream (Tordiffe, 1978). 

Detail ed hydrochemi cal surveys of the Fi sh Ri ver duri ng October 

1982 and April 1983 (Lindley, 1983) were conducted in an attempt 

to place the high degree of mineralisation at Middleton 

(Table 1.1.) in the broader context of mineralisation in the Fish 

River System. These surveys confirmed the trend of progressive 
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mineralisation downstream (Figure 1 . 2). 

TABLE 1.1 Salinity Values of Fish River Water showing 

progressive mineralisation downstream 

SAMPLED AT RANGE AVERAGE 
mg/l mg/l 

Grassridge Dam 415 - 530 470 
Katkop Wei r 420 - 800 600 
Elandsdrift Weir 830 - 1 130 980 
Mortimer Wei r 1 400 - 1 825 1 610 
Inkeer 1 055 - 1 715 1 400 
Middleton Weir 1 000 - 1 800 1 400 

(van der Ryst, 1980) 

Al though serious mineral isation of soil s and adjacent rivers may 

result during dryland farming (Miller et al., 1981; Hillman, 

1981; Jenkin, 198]), the application of large volumes of 

i rri gati on water 1 eads to an acce 1 erati on in the mi neral i sati on 

of both surface and groundwater bodies and the annual loss of 

thousands of hectares of arable land (Hipp, 1977). However, poor 

quality irrigation water (in excess of 200Omg/l dissolved solids) 

is being used successfully in Texas (Hipp, 1977), Isreal, India 

and Algeria (Kovda et al., 1971) but under careful management and 

where the occurrence of well drained soils permit its use. Where 

soil drainage is limited, such as in the Great Fish River Basin, 

waterlogging and the build up of soluble salts in the soil 

profi l e is inevitable (le Roux, 1979). 

The agricultural sector is currently the 1 argest water consumer 

in South Africa and expectations are that this will remain the 

case for several decades to come. Legi 51 ati on concerni ng the 

drainage of mineralised waters may be needed if the 

mineralisation problem is to be solved. 

1.3 Mineralisation Research in the Great Fish River Basin 

Many s tudi es 

attempt to 

and research programmes have been conducted in an 

determine the nature, extent and origin of 
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mineralisation in the Great Fish River Valley. A summary of the 

more salient research programmes is listed in Table 1.2. Most of 

the research has been co-ordinated by a standing Working Group 

for Mineralisation comprising representatives from government 

departments, research organizations and universities. Since 1974 

these various efforts have been progressively reigned together to 

form an intergrated work programme with the primary objective 

being the development of a conceptual mathematical model of the 

whole system (Viljoen and Gorgens, 1976; Van Rooyen, Hall and 

Gorgens, 1977; Van Veelen et al., 1978; Viljoen and Hall, 1978; 

Ha 11 and du Pl ess is, 1979; Gorgens and Stone, 1981). Much of 

the research has been related to the spatial and temporal 

variations in river \~ater quality, particularly during irrigation 

releases from the main storage reservoirs . 

1.3.1 Hydrogeo-chemical Research 

The rel ationshi p between groundwater chemi stry, and geology and 

topography \~as studied by Tordiffe (1978) and Tordiffe and Botha 

(1981) respectively. 

Tordiffe (1978) considers rock weathering and the adsorption and 

ion exchange during the interaction of surface and groundwater 

with the surroundi ng rocks to be the mai n geochemi cal factors 

responsibl e for changes in the chemical composition of 

groundwater. 

to release 

r~udstone, in particular, is able, upon weathering, 

substantial quantities of ions into solution. 

Groundwater in the Great Fish River Basin is restricted mainly to 

joints and fractures in the sedimentary rocks. Consequently, 

fracture zones, as well as the formati on of groundwater 

compartments, resulting from the intrusion of dolerite dykes and 

sills, exert a strong influence on both the flow and quality of 

groundwater. 

Macrotopography appears to exert a 
and 

strong 

Botha, 

i nfl uence on 

groundwater chemistry (Tordiffe 

percentages of Ca++ and HCO; are 

Interior Plateau (Figure 1.3), 

1981) . Hi gh 

observed in the higher lying 

whil st hi gh Na + and Cl-

percentages are encountered in the groundwater of the Headbasi n 

and Marginal Region. These chemical compositions are 
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characteri sti c of areas of recharge and di scharge respecti vely. 

It is proposed that the higher lying areas, that is, those areas 

l060m above mean sea level, are characterised by a dynamic 

groundwater system while the lower lying areas ( 760m a.m.s.l) 

are characterised by stagnant conditions. There is also a close 

corre 1 ati on between groundwater chemi s try and river water 

chemistry which, according to Tordiffe (1978), is conclusive 

proof of the i nfl uence of groundwater on the basefl ow of the 

ri ver. 

Vi ljoen and Li ebenberg (1974) conducted an intensive sampl i ng 

programme at various weirs down the river in order to determine 

the change in chemical quality of the seepage water. They found 

a positive correlation between the amount of seepage at a weir 

and the size of the irrigated area within that particular reach 

of the river. 

An environmental isotope survey was undertaken by Verhagen (1979) 

where it was found that extreme groundwater salinities are due to 

leaching of the soils on infiltration. Tritium measurements of 

saline seepages from the river bank suggest that they are 

associ ated wi th shall ow cycl i ng waters, and may be sUbstanti ally 

separate from deeper groundwater movement. 

1.3.2 Pedological Research 

The National Institute for Water Research conducted a prel iminary 

deep strata pedological survey in 1974 on irrigated lands along 

the Fish River. Thirty profile holes were drilled between Fish 

River Stati on in the north and Mi ddl eton in the south. The salt 

contents of the different strata in each profile were 

determined. The results (Viljoen, 1975) indicated such a large 

variation in soil chemical properties that it was decided that an 

intensive survey of the deep strata soil sin a 1 imited river 

reach \~oul d be necessary to understand thei r role in the 

mineral isation of the river reach (Hall and Gorgens, 1978). 

An intensive study of the deep soils was undertaken by le Roux 

(1979) between Katkop and Baroda Weirs. The most significant 
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findings of Le Roux's survey are: 

(i ) there i s great vari ati on in soil texture with depth in 

alluvial soi ls resulting in complex movements and 

storages of water and sal ts; 

(ii) the so i l water is rich in sodium and chloride ions 

indicating stagnant flow conditions; 

(i ii) salt accumulation appears to be related to the presence 

of clay-rich l ayers; 

(iv) deep soils from irrigated lands appear less saline than 

those from non- irrigated areas due to the leaching effect 

of irrigation water . 

In order to obtain a greater understanding of the processes 

contributing to the geohydrological problem, study aims and 

objectives have been formulated (page 13) . 
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TABLE 1.2 Research Undertaken in the Great Fish River Basi n 

STUDY BY 

du Toit 

Frommurze 

Bond 

Kent 

Johnson 

Hydrochemi cal 
Worki ng Group 
for the Orange 
River Project 

Scott, All anson 
and Chutter 

Viljoen and 
Liebernberg 

Vil joen 

Viljoen and 
GBrgen s 

Kingsley 

Viljoen and 
Hall 

NATURE OF INVESTIGATION 

A study of the porosity of rocks in the 
Karoo System 

Investigation of the water-bearing 
properties of the major formations 

Geochemical survey of the groundwater 
supplies 

A study of the thermal waters, 
parti cul arly the "sul phuretted spri ng" 
north of Cradock 

Investigation of the stratigraphy and 
sedimentology of the Cape and Karoo 
Systems in the Eastern Cape Province 

Assessment of the extent of minerali­
sation in the Fish and Sundays Rivers. 
Recommends the canalization of 
irrigation water from the H F Verwoerd 
Dam 

Investigation of the possible effects 
of the implementation of the Orange 
River Project on the hydrobiology of the 
Fish River and Sundays River 

Qualitative and quantitative 
investigation of seepage water from 
Grassridge Dam to Sheldon 

A study of the salt content and 
distribution in alluvial soils along the 
Fish River 

Correlation studies of the hydro­
chemistry of groundwaters in irrigated 
and non-irrigated areas in the upper 
Fish River catchment 

A study of the stratigraphy and sedimen­
tology of the Ecca Group in the Eastern 
Cape Province 

Hydrochemical investigation of the Fish 
and Sundays Rivers 



1978 

1978 

1979 

1979 

1979 

1980 

1980 

1981 

1982 

1983 

Van Veelen, 
Tri ebe 1, Bang 
and van 
Robbroeck 

Tordiffe 

Hall and 
du Plessis 

1 e Roux 

Verhagen 

Hall,du 
Plessis and 
Hudson 

van Robbroeck, 
Triebel, Schultz 
and van Veel en 

Tord i ffe and 
Botha 

du Plessis, 
Hahne, Hayma n, 
Hall and Viljoen 

Li ndl ey 
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TABLE 1. 2 (continued) 

Study of mineralisation in the Fish 
River by making use of the results of a 
test release from Grassridge Dam . 
Confirmed the i nfl uence of groundwater 
seepage on river mineralisation 

Qualitative assessment of the major 
aspects responsible for the chemical 
quality of the groundwater in the Fish 
River Basin, and its effect on 
irrigation water quality 

Simulation of flows and salinity in the 
upper catchment of the Fish River using 
daily flow data and total dissolved 
solids levels for the period 1-5-77 to 
30-4-79 

Investigation of salt accumulation and 
distribution in deep alluvial soils in 
the upper catchment of the Fish River 

Environmental isotope and chemical study 
of groundwater and r i ver water in the 
Great Fish River Basin 

r~odelling river flow salinity. It was 
concluded that chloride concentrations 
are associated with surface or near 
surface mineralisation processes 

Feasibility study of a water supply 
scheme in the Commi tteesdrift area of 
the lovler Fi sh River 

As investigation was conducted to 
determine the relationship between 
macrotopography and the groundwater 
quality in the Fish River Valley 

Description of data used in the 
development of the systems model, 
FLOSAL, which was developed for use in 
simulation of the natural hydrological 
and mineralisation processes in a river 
system with particular reference to the 
Fish and Sundays River catchments. 

An investigation of factors influencing 
mineralisation in the Great Fish River 
with particular reference to water 
quality surveys conducted in October 
1982 and April 1983. 
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1 .4 Study Objecti ves 

The main objective of the study is to obtain detailed and 

accurate data on, as well as determine the major 

contributing to, the water quality of base flow, in the 

factors 

form of 

groundwater seepage and irri gati on return flows, enteri ng the 

Fish River. 

The specific aims are as follows: 

(i) to obtain data on the thickness and extent of the 

saturated lithologies, both consolidated and 

unconsol i dated; 

(ii) to define and identify the major aquifers and investigate 

the rel ati onshi p between 1 i thol ogy and geochemi stry in 

both irrigated and non-irrigated areas; 

(iii) to identify the locations and directions of flow for 

groundwater and i rri gati on seepage contri buti ons to 

s treamfl ow; 

(iv) to identify recharge areas and mechanisms of groundwater 

flow; 

(v) to determine the effect of soils on the hydrochemistry of 

groundwater and return flows; 

(vi) to investigate the relationship between irrigation and 

increased mineralisation. 
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CHAPTER 2 

THE STUDY AREA 

2.1 Locati on 

Based on the research aims, it was necessary to select a study 

area in the Fish River Valley, representative of the Valley as a 

whole, where detailed research could be undertaken. 

An area of approximately 25 km2 just south of Middleton 

(latitude 250 49'15"; longitude 320 57'lO") (Figure 2.1) was 

chosen on the basis of map, aerial photographY, and field visit 

data as it fulfilled a number of important requirements: 

(i) Substantial area of gently sloping irrigated lands of 

both colluvial and alluvial origin (Plate l); 

(ii) Irrigation by a single source, Middleton Canal (Plate 2), 

which terminates within the study area; 

(iii) Presence of non-irrigated 'control' area on the adjacent 

right bank of the Fish River; 

(iv) The presence of water courses 1 ikely to carry water at 

times of heavy or prolonged rain (Plate 3); 

(v) The irrigated lands are under the control of one 

irrigation board; 

(vi) The general accessibility of the area by vehicle to 

nearly all places where drilling and other equipment may 

be required. 

(vii) Situated some five kilometres south of the southern limit 

of the Karoo dolerites, the effect of dolerite intrusion 

on the occurrence and flow of groundwater in the 
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PLATE ,. Gently sloping irrigation lands in the study area. 
(a ) canal (b) river 

PLATE 2. The Middleton Canal - An example of an unlined earth 
canal. 

" 



PLATE 3. 

-16 a-

Ephemeral tributary of Great Fish River. Jointed 

bedrock exposed in the stream bed (a) 
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Middleton area is considered insignificant. 

The study area can be divided into three main zones (Figure 2.2) 
namely : 

1. The gently sloping irrigated lands adjacent to the river; 

2. The non-irrigated veld north-east of the Middleton canal; 

3. The non-irri gated IIcontrol area ll on the ri ght hand bank of 

the river. 

2.2 Physiography 

2.2. 1 Re 1 i ef 

To pl ace the study area into the broader context of the Great 

Fish River Basin, there follows a brief description of the 

topography of the Basin. 

Tordiffe (1978) describes the topography of the Great Fish River 

Basin in terms of four provinces, namely, the Marginal Region, 

the Great Escarpment, the Headbasin, and the Interi or Pl ateau 

(Figure 1.3). 

The Marginal Region: 

Below the Great Escarpment (760 metres a.m.s.l.) lies the rather 

undulating landscape of medium to low relief termed the Marginal 

Region (of which the study area forms part). 

The Great Escarpment: 

This forms the area of high relief lying between the 760m and 

l370m topographic contours. Parts of the province, which have 

only a sparse vegetati on cover, are easi ly eroded, the resul t 

being the development of colluvial pediments at the base 

(Tordiffe, 1978). 
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The Headbasin: 

The 1 argest part of the Headbasi n 1 ies between the 1060m and 

1370m topographi c contours and consists of an almost ci rcul ar 

basin, 100 km in diameter, which has been eroded into the 

Interior Plateau. 

The Interior Plateau: 

This geomorphologic province constitutes the water divide between 

the Great Fish River Basin and the Orange, Kei and Sundays 

Rivers . Relative to the Marginal Region and the Headbasin, this 

province exhibits high relief (Tordiffe, 1978). 

2.2.2 Climate and Vegetation 

The cl imate of the Great Fi sh Ri ver Basi n can be descri bed as 

arid to semi-arid (Acocks, 1975) with hot summers and cold 

winters. The rainfall, which occurs mainly in the form of summer 

thunderstorms, varies between 350 and 450mm per annum (le Roux, 

1979). Although most of the rain falls during January, February 

and March, when evapotranspiration is at its highest, great 

vari ati ons do occur. Monthly evapotransp irati on a 1 ways exceeds 

monthly precipitation, resulting in less than 5 percent of 

rainfall reaching the groundwater table (Tordiffe, 1978). 

The natural vegetation is sparse and can be described as Fal se 

Karroid Broken Veld (Acocks, 1975), although Grassveld appears 

along the Great Escarpment and Valley Bushveld (Fish River Scrub) 

in the lower part of the Marginal Region (Tordiffe, 1978). 

2.2.3 Farming 

Mixed farming is practised, with sheep being largely sustained by 

feed grown under irrigation. With the assured supply of water 

after the advent of the Orange-Fish River Scheme, farming has 

been geared more towards cash crops (le Raux, 1979). 

In the Middleton study area the main crops are maize (sweetcorn), 
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lucern and \~heat, while sheep are grazed on the non- irrigated 

land above the canal. 

2.3 Geology 

Geology exerts the most important influence on the occurrence, 

magnitude and qual ity of subsurface waters. As it is the soil s 

and rocks that are the major sources of soluble salts in seepage 

and groundwaters, an examination of the geology is of paramount 

importance in any mi neral i sati on study . Tab 1 e 2.1 1 i sts the 

lithologies found in the Middleton study area as well as their 

percentage outcrop area. 

TABLE 2.1 LITHOLOGIES FOUND IN THE STUDY AREA 

Formati on Percentage 
Outcrop area 

cal crete 1 

Recent coll uvi um 38 

Increasi ng alluvium 37 
age 

olive green "pencil" 
5 

weathered mudstone 

Koonap greenish-grey silty 
8 

Formati on mudstone 

mottl ed grey sandstone 11 

2.3.1 Consolidated Formations 

The study a rea i s underlain by sedimentary rocks of the Koonap 

Formation of the Beaufort Group (Figure 2 . 3). The Koonap 

Formation lithologies represent a transitional environment of 

deposition between the marine or lacustrine deposits of the Ecca 

Group and the fl uvi al sediments of the Beaufort Group (Johnson, 

1976). (Figure 2.4). 
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The cyclic, upward fining beds of the Koonap Formation are 

characteristic of a delta plain depositional environment (Plate 

4) . Lenti cu1 ar bodies of mott1 ed grey, medi urn to fi ne grai ned 

sandstone grade upward into greeni sh-grey, si1 ty mudstones and 

massive mudstones (Kingsley, 1977, 1981). 

A1 though the regional dip of the strata is between 40 and 100 

towards the north (Soekor, 1966), 

characteri sed by gent1 e fo1 ds with east -

during the 

the 

west 

Cape 

formations are 

trending axes, the 

Orogeny. Intense fo1 di ng 

jointing 

present. 

havi ng occurred 

and fracturi ng, a 1 so wi th an east - \~est trend, is 

2.3.2 Recent Deposits 

Overlying consolidated sedimentary rocks in some areas are fairly 

substanti a1 thi cknesses of recent deposi ts of all uvium and 

colluvium. The alluvial soils are concentrated close to the 

river while the colluvial soils, derived mainly from weathering 

of the surrounding rocks, are found on the slopes and plains (van 

der Ryst, 1981). A lack of leaching, related to the high clay 

content of the soils, has resulted in the precipitation of 

calcium carbonate and the development of a calcrete layer at or 

near the surface of most of the soils (Tordiffe, 1978). 
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CHAPTER 3 

HYPOTHESES 

Based on past research and theoretical concepts, a number of hypotheses 

have been formulated. 

Aquifer Geometry and Lithology 

(i) A laterally extensive water table situation is present in the 

alluvial aquifer, while the consolidated formations are 

represented by discrete aquifers. 

(i i) Al though the fractured rock aqui fers are themsel ves di screte 

there is hydraul i c conti nui ty between the fractured 

sandstone/mudstone aquifers and the overlying alluviul aquifer. 

(iii) The main aquifer is found in the fractured sandstone, while minor 

amounts of water are associated with the mudstone and alluvium . 

(iv) The fractured sandstone aquifer is anisotropic resulting in a 

strongly directional component to flow (in joints, fractures) 

while the alluvial aquifer is isotropic (flow takes place in 

various directions). 

f{ydrochemi stry 

(v) The weathered mUdstone is the principal lithological contributor 

of mineral salts to the groundwater. 

(vi) Because salts are 1 eached from the soil s to the groundwater and 

irrigation results in a rising of the groundwater table, the 

groundwater below irrigated 1 ands will have a higher salinity 

than groundwater from non-irrigated veld. 

(vii) Recharge takes place through irrigation, precipitation, and 

leakage from unlined canals and farm reserviors. 
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Soil s 

(viii) Particle size distribution influences both soil moisture content 

and salt accumulation in soils. 

(ix) Concentration of salts in the soils by processes of 

evapotransporati on and the appl i cati on of 

results in a progressive mineralisation 

vertically and laterally through the soil s. 

irrigation water 

of water movi ng 

In order to test the hypotheses, data are required. The data collection 

phase of the project encompassed three main fields, namely, geology, 

hydrology and pedology, all of which included the appraisal of work 

already undertaken in the Great Fish River Catchment. 

1. Geology 

This involved the scrutiny of 

photographs, the mapping of rock 

geological maps and aerial 

outcrops, which included the 

measurement of dip and strike of the beds and the collection of 

rock samples, the measurement of electrical properties of the 

rock formations using surface geophysical methods, and the 

drilling of exploration boreholes to determine lithology and 

provide access to the acquifers. 

2. JiYdrology 

Based on an initial borehole survey and conductivity measurements 

of all water points, selected water samples were collected for 

detailed hydrochemical analysis. River, canal and seepage water 

chemi stry was moni tored, water samples obtained duri ng drill i ng 

were analysed and aquifer and tracer tests were undertaken to 

determine aquifer parameters such as transmissivity and storage . 

The collection of water samples for tritium determination 

provided valuable information on recharge and water residence 

time, while the monitoring of groundwater levels provided data on 

the effect of irrigation on groundwater movement . 
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3. Pedology 

The role of soils in terms of water retention, salt accumulation 

and salt mobilization were studied using various field and 
1 aboratory techni ques. 

The components of a mineralisation study may be summaried as 
follows : 

WATER POINT 
SURVEY 

SOIL 
ANALYSIS 

MONITORING 
OF SEEPAGES 
RAINFALL,FLOW 

SOIL AND ROCK 
CHEMISTRY 

DESK STUDY 

MINERALIZATION 

STUDY 

SURFACE 
GEOPHYSICS 

MAPPING 

WATER CHEMISTRY 

DRILLING 

AQUIFER TESTS 

TRACER/ISOTOPE 
EXPERIMENTS 

(AFTER GREY,197S ) 
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CHAPTER 4 

GEOLffiY 

4.1 Geological Mapping 

Geological mapping was subdivided into the mapping of: 

1. Recent deposits; 

2. Consolidated formations 

1. Recent Deposits: 

Recent deposits consist of alluvium, adjacent to and 

deposited by the river, and colluvium, derived from hill­

slope weathering and transported by various processes to the 

base of slopes. For hydrological purposes the alluvium + 

colluvium will be grouped together. The alluvial soils vary 

in thickness from 10m at the river bank to less than a metre 

in the non- irrigated veld above the canal (Figure 4. 1). 

Near river areas are covered by approximately O,Sm of river 

sand deposited during the 1974 flood . Depositional features 

such as cross bedding and pebble lenses are present 

throughout the alluvium profile, while a pebble/boulder 

layer is laterally extensive at the base of the alluvium. 

Promi nent seepages are evi dent in certain a reas above ri ver 

level but seepage probably occurs below river level along 

the entire length of the river. 

2. Consolidated Formations: 

Exposures are restricted to road cuttings and to various 

places along the river. Poor exposures are found on hill 

slopes . Immedi ate1y evi dent is the cyc1 i c nature of the 

sandstones and mudstones (Plate 4), characteristic of a 

deltaic environment of deposition . In outcrop, the beds are 

generally 1 to 2m i n thickness although beds i n excess of 
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10m are encountered. Lenses of mudstone and channel 

sandstone which pinch out over 10's of metres are conmon. 

The dip of the beds is predominantly towards the north but 

gentle folding does occur. Sandstone beds have a strike 

between 1150 to 1500 and a dip between 50 and 190 , 

north and south. Mudstone beds s tri ke between 1140 and 

1560 and dip between 20 and 150 , north and south 

(Figure 4.1). The sandstones are medium to fine grained 

(Plate 5), are grey in colour, and are characterised by 

micro-cross-lamination, flat bedding, and in thicker strata 

by large-scale trough-cross-bedding. The sandstones are 

overlain by dark grey silty mudstones, with minor 

crossl amination, and grey to green massive mudstones which 

exhibit "pencil" weathering (Plates 6 & 7). The mUdstones 

are often characterised by a red or purple staining. 

Intensive jointing and fracturing, exerting an important 

influence on groundwater occurrence and flow, is present in 

both sandstones (Plate 8) and mudstones. Joints in 

sandstone strike between 1200 and 1450 and dip between 

800 and 900 , north and south. These joints, which are 

often filled with quartz, were formed by stress relief and 

by various forces during the folding of the strata. The 

mudstones are characterised by two prominent jointi ng 

patterns, 800 and 1380 , with a dip of between 750 and 

900 , north and south (Fi gure 4.2). The absence of good 

exposures resulted in a need to examine the geology in 

greater detail by geophysi cal methods and expl orati on 

drill i ng. 

El ectrical Resistivity Soundings 

Introduction 

Surface geophysical methods are used to obtain i nformation about 

subsurface conditions, such as type and depth of materials, depth 

of groundwater, depth of bedrock, and salt content of groundwater 

(Bouwer, 1978; Fretwell and Stewart, 1981). The success of the 

various techniques employed depends on variations in phYSical 



" ~ , ';. , , : .... , .... 

35 •• 2S 

~---
Monteray 

MIDDLETON RESEARCH AREA 

ALLUVIUM 

COLLUVIUM 

SANDSTONE AND MUDSTONE 
22 - EXPLORATION BOREHOLE KD 22 
A4 - PRE-EXISTING BOREHOLE 

SS3 - BANK SEEPAGE SITE 3 
PIT 1 - SEEPAGE COLLECTION PIT 1 
SHC 2 - SOIL CORE SAMPLING SIlE FOR SATURATED 

" 24 HYDRAULIC CONDUCTIVITY DETERMINATION~~ J< 

'\ DIP AND STRIKE OF BEDROCK Fi.gure 

A - BOREHOLE SECTION A 
B.- BOREHOLE SECTION B 
C - BOREHOLE SECTION C 
National road 

Secondary road 

. Other roads 

Railways I . I I 

, 
'\ , 

- -~"".- - -~ - ... -
--~--;-+----

ooS\'-----.. 

Fence ~ 

Rivers co~,.. 

Dams ~ 

Canal /"' 

Farm Boundaries Contour interval in feet 

o 
I 

0.5 1,0 1,5 , 

4.1 
KILOMETRES 

Geological outcrop map of the Middleton Stud~ area, and 
borehole and seepage sites. 



2700--------------~~~============cu~ 2700----------------~~----------------

ORIENTATION OF JOINTS AND FRACTURES IN MUDSTONE ORIENTATION OF JOINTS AND FRACTURES IN SANDSTONE 

Figure 4.2 Rose diagram of joint and fracture patterns. 

." ..... 



PLATE 4. 

PLATE 5. 

- 31 -

The cyclic, upward fining beds of the Koonap Formation. 
(a ) Sandstone (b) Mudstone 

A thin s ection of the fine to_ medium grained mottled 

sandstone (magnified 2.5 x) 

" 

, 
" i 
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PLATE 6. 
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A thin section , of the massive :lpencil" weathered mUdstone 

(magnifi.ed 2,5 xl 

" 

, 
\ I 
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, 

PLATE 7. The massive "pencil" weathered mustone in outcrop 

PLATE 8. The jointed and fractured mottled sandstone in outcrop. 
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properties of the earth, such as density, electrical 

conductivi ty, and magneti c susceptibil ity, as well as the 

complexity of the geological units (Davis and de Wiest, 1966). 

Electrical resistivity and seismic refraction are the two most 

widely applied techniques (Barker and Griffiths, 1981), these 

bei ng most successful in the mappi ng of horizontal or gently 

dipping strata at relatively shallow depths (Davis and de Wiest, 

1966; Van Zijl, 1977). The electrical resistivity method has 

been used successfully in moni tori ng groundwater qual i ty 

(Fret~lell and Stewart, 1981), in predicting aquifer properties 

such as permeability and transmissivity (Kosinski and Kelly, 

1981; Heigo1 d and Gilkeson, 1979), and in determining extent and 

thicknesses of geological layers (Van Zij1 et al., 1981; de Beer 

et a1., 1981). The wide use of the electrical resistivity method 

is related 

dri 11 i ng . 

to its re1 atively 1 OI~ cost when compared with test 

Resistivity surveys are not practical in all 

groundwater investigations, and usually a combination of drilling 

and geophysi ca 1 measurements wi 11 provi de the optimum sol uti on 

(Zohdy et al., 1974). 

4.2.2 The Electrical Resistivity Method 

Although all earth materials are able to conduct electricity to 

some degree, the presence of high resistivity quartz, calcite and 

feldspar in sedimentary rocks results in most of the electricity 

being conducted by mineralised water contained within pores and 

fissures within the formation itself this is known as 

electrolytic conduction (Fretwell and Stewart, 1981; Davis and 

de Wiest, 1966; U.S. Department of the Interior, 1977). 

Consequently, resistivities in a porous rock system are 

predominantly the result of : 

(1) electrical properties of the ionic solutions, 

(2) porosity of the rock matrix, 

(3) the degree of saturation of the formation, 
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(4) the volume of water present, 

(5) the presence of clay minerals (Barker and Griffiths, 1981). 

The resistivity of earth materials is a very widely varying 

parameter because of the variability in resistivity of naturally 

occurring water. One of the inherent weaknesses of the 

electrical resistivity method is that measured variations in 

apparent resistivity may be related to interstitial fluids and 

may have nothing to do with changes in formation (Van Zijl, 1977). 

The resistivi ty method is based on evaluating the apparent 

resistivity (p a) of subsurface material, by passing a known 

current through the ground between 2 current el ectrodes (A and B) 

and measuri ng the resulting potential difference between 2 

potential electrodes (M and N) (Worthington, 1978). Unless the 

volume of earth being measured is isotropic and homogeneous, the 

resistivity measured is not the true resistivity of the layer but 

rather the apparent resistivity, which can be written as the 

rati 0 of the measured potenti alto the theoreti ca 1 potenti a 1 

created in a homogeneous isotropic earth by the same current (Van 

Zijl, 1977). The apparent resistivity is neither a measure of 

the true resistivities of the subsurface formations nor the 

average resi stivity of the formati on, but is a measure of the 

effect of all the layers between the maximum depth of penetration 

and the surface (Davis and de Wiest, 1966). 

Based on Ohm's Law for direct current, 

R _AV; . . . .. (1) 

I 

where V is the potential difference between the ends of a 

conductor and I the intensity of the current which flows in the 

conductor (in the direction of decreasing current); the apparent 

resistivity (pa) of the volume of earth between the electrodes 

can be written as 

=K AV ••• • • (2) 

I 
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K is the geometric factor, and is calculated from any specific 

array of 4 electrodes by 

K = ____ --"2'--11-'-'----__ _ • . ••• (3 ) 

(1 1 1 1 
lAM - IAN - IBM - IBN 

(Van Zijl, 1977). 

The basis for making an electrical soundi ng, irrespective of the 

array used is that the further away from a current source the 

measurement of potential difference is made, the deeper the 

probing will be (U.S . Department of the Interior, 1977). The two 

most common arrays used in vertical sounding are the Schlumberger 

array and Wenner array. In both , all four electrodes are placed 

symmetrically in a straight line. Howeve r , in t he Schlumberger 

array, the voltage (MN) electrodes do not have to be moved each 

time the distance between the current electrodes is increased to 

measure? a at increased depth (Bouwer, 1978). In practice MN 

1/ AB in the Sch 1 umberger confi gurati on (K = 1\ _fJJ:..:~-,-.:..:.A;:.;N,--), 
MN 

whil e AM = MN = NB = a in the Wenner confi gurati on (K = 211 a) 

(Van Zijl, 1977). 

The Schlumberger sounding method was used in t his study. A 

soundi ng is performed by progressively i ncreasi ng the current 

electrode spacing AB and measuring the potential di f ference 

between M and N. The Schlumberger technique is consequently the 

least prone to electrode effects as only AB is moved while MN 

remains fixed, or vice versa (Van Zijl, 1977). At each current 

electrode spac i ng an apparent resistivity (pa) is calculated 

according to formula (2) and the values are plotted against 

AB/2 on bilogarithmic graph paper (Van Zijl, 1977). The graphs 

of pa agains t AB/2 form the bas i s for interpreting the 

geo-electric properties of the subsurface. 

4.2 . 3 Data Collection 

As the main aim of vertical electrical sounding was to delineate 

the contac t between the unconso 1 i dated all uvi urn and the 
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underlying consolidated bedrock, i.e. to produce geo-electric 

profiles, soundings were 

perpendi cul ar to the 1 eft 

Schl umberger (1929) sounding 

undertaken in three profil es 

bank of the river, using the 

technique. Consequently, little 

i nformati on concerni ng the geo-el ectri c nature of the underlyi ng 

bedrock coul d be expected as the soundi ngs were carri ed out 

perpendicular, and not parallel, to the strike of the bedrock. 

As the drilling of calibration holes forms an integral part in 

the interpretation 

were undertaken, 

drill i ng ri g. 

of geo-electric sounding curves, the soundings 

where possible, in areas accessible to a 

Lands contoured parrallel to the river made Siting of the 

soundings relatively easy and high contact resistance was limited 

to those areas where dry sand (deposited duri ng the 1974 flood) 

overlays the more conductive clayey top soil. In addition, four 

single soundings were undertaken in the non-irrigated veld to 

determine geo-electric properties of those areas overlain by less 

than a metre of soil (Figure 2.2) . 

Maximum AB/2 di stances vari ed between 100m and 500m, the 

soundings being carried out until the final rising portion of the 

curve was defined by at least S points. The presence of metal 

fences and electrical pylons also restricted the AB electrode 

separation. The distance between successive soundings on a 

profile at first varied between 100m and 300m (profiles Band 

C). As thi s di stance proved too great for vari ati ons in the 

pre-alluvium erosion surface to be detected, a spacing of SOm was 

chosen for profile A. 

Oa ta were obtai ned for each sound i ng in accordance with s tanda rd 

CSIR procedures (Van Zijl, 1977) and were plotted on 

bilogarithmic graph paper. Thereafter, the curves were 

interpreted according to the method followed by Smith (1982), the 

final curves being modified, using geological data, by a computer 

technique (Ghosh, 1971). 
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4 .2.4 Curve Matching and Data Interpretation 

The goal of the interpretation of an electrical resistivity 

survey is the extraction of the geological and geohydrological 

information contained in the measured sounding curves (de Beer et 

al., 1981). Initial interpretations of the Schlumberger VES 

(vertical electrical sounding) field curves were made by a 

partial curve matching technique, based on the determination of 

the relevant Dar Zarrouk parameter for each layer (Joubert, 

1977; Smith, 1982). The Dar Zarrouk parameters described by 

Maillet (1947), are transverse resistance T and longitudinal 

conductance S. In a resistive bed between two more conductive 

beds, electrical current will tend to flow perpendicular to the 

bedding so that such a bed will be characterized by its 

transverse resistance (T = thickness x resistivity). However, in 

a conductive bed between two more resistive beds, electrical 

current will tend to flow along the conductive bed, parrallel to 

the bedding so that such a bed is characterized by its 

longitudinal conductance 

(S = thickness 

resistivity 
(de Beer et al., 1981; Van Zijl, 1977) . 

As a first step in this interpretation procedure the multi-layer 

sounding curve was decomposed into simpler three- l ayer sections. 

This decomposition was achieved by matching the different parts 

of the sounding curve to theoretical curves contained in Joubert 

(1977). The method followed is well described by Smith (1978). 

In this way the number of 1 ayers was determined. The sounding 

curves measured in thi s survey are of various types. The most 

numerous are 4-1 ayer HA and KH curves and 3-1 ayer H and A 

curves. However, some 5-layers curves, e.g. KHA and QHA are also 

found. Given these calculated values of T and S, combined with 

estimated resistivity values obtained from curve matching, it was 

possible to calculate resistivities and thicknesses for all 

geo-el ectri c 1 ayers present. Exampl es of soundi ng curves from 

the study area are shown in Figure 4.3, while the remaining 

curves are contained in Appendix A. 



SOUNDING No. 1/1 
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LAYER RESISTIVITY E 
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SOUNDING No.3/14 
EARTH MODEL 

LAYER 
THICKNESS (m) 

2 

RESISTIVITY E 
(ohm.m) 

267 
15 18,4 
R 2000 

E 
.r. 
o 

TOTAL S = 0,8227 Si emens 
TYPE H 

SOUNDING No. 3/15 
EARTH MODEL 

LAYER RESISTIVITY 
THICKNESS (m) (ohm.m) 

1 , 35 65 
3 50 

10,6 30 
30 250 
R 750 
TOTAL S = 0,5492 Si emens 

TYPE QHA 

SOUNDING No . 3/17 
EARTH MODEL 

LAYER RESISTIVITY 
THICKNESS (m) (ohm.m) 

1 , 9 
2,4 
8,7 
6 

15 
30 
14 
80 

R 850 
TOTAL S = 0,9031 Siemens 

TYPE KHA 
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The geo-electric section obtained in this way is not a unique 

interpretation and did not in all instances correlate with the 

geologic section because of these problems of equivalence and 

suppression, which cannot be resolved without the drilling of 

calibration boreholes. The principle of equivalence relates to a 

formati on whi ch is ei ther res i sti ve or conductive in re1 ati on to 

the overlying or underlying formation, while the principle of 

suppression re1 ates to a formati on whi ch possesses i ntermedi ate 

resistivity in relation to the overlying or underlying formation 

(Worthington, 1978). Consequently the boreholes were drilled 

along two section lines perpendicular to the river and using this 

data the geo-e1ectric sections were checked and modified using a 

1 iner filter technique described by Ghosh (1971) and Johansen 

(1975). The resistivity parameters obtained in this way were 

used to interpret curves measured away from boreholes. 

The aim of delineating the contact between the alluvium and solid 

bedrock was, in most instances, achieved. 

anticipated, little geo-e1ectric data of 

However, as was 

the con sol i dated 

formations was obtained, except for an apparent resistivity value 

for all units below the alluvium. This lack of differentiation 

of the geology into separate geo-electrica1 units was due not 

only to the soundings being undertaken perpendicular to strike of 

the bedrock but also to the cyclic nature and limited thickness 

of the sandstone and mudstone layers . 

Based on sections A, Band C (Figures A.2 to A.4, Appendix A) the 

alluvium could be divided into 5 geo-e1ectric categories. These 

corre sp ond more to moi sture content wi thi n the a 11 uvi um than to 

geo-e1ectrical differences between clay, sand and pebbles, 

although moisture content may be related to the presence of these 

units. The foll owi ng categori es are based on apparent 

resistivity values: 

CATEGORY (GEO-ELECTRIC) APPARENT RESISTIVITY (n.m) THICKNESS (m) 

Dry clay-rich top soil 
Moist clay-rich top soil 
Dry ri ver sand 
Moist sand and clay 
Sand and pebbles 
Bedrock 

36 - 75 
8 - 15 

85 - 267 
8 - 23 

33 - 46 
Average 762 

0,6- 1,8 
1,4 - 1,7 
0,6 - 2,0 
6 - 18 
7 - 11 
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Accurate logging of the alluvium was made difficult by the use of 

an a i r-l ift percussi on dri 11 i ng ri g duri ng the drill i ng 

programme. In some instances, no sample was blown to the surface 

duri ng dri 11 i ng 0 f the all uvi urn and therefore i naccuraci es coul d 

be present in the borehol e logs. Al so the presence of fractured 

weathered bedrock below the alluvium may have resulted in an 

overestimate in the thickness of the alluvium. When soil 

sampling holes were drilled near boreholes (using a sampling 

tube) a discrepancy of up to 2m in the depth of alluvium was 

found. 

Because of irrigation practices, the alluvium was in various 

moisture holding states . For example, in sounding 3/14 

(Figure 4 .3 ), the very dry river sand, (deposited during a flood 

event) showed up as a resistive geo-electric layer having a 

resistivity of 267.n.m. This was followed by a single conductive 

layer of lSAm which geologically included moist sand, clay and 

pebbles . In the case of sounding 3/19 (Figure A.1, Appendix A), 

the partially moist top soil had a resitivity of lSJlm, followed 

by saturated sand (9SLm) and unsaturated sand and pebbles (71.n.m). 

In section C, sounding 1/3, 1/4 and 1/5 overestimated the 

thickness of the alluvium by between 1 and 4m. This is probably 

due to the effect of suppression where the weathered/fractured 

bedrock is too thin to be recognised as a separate unit and is 

included with the alluvial layer above it . HO~lever, sounding 1/2 

showed no correlation between geo-electric layers and the contact 

between the alluvium and underlying bedrock - in fact the base of 

the third geo-e1ectrical 1 ayer corresponded to the base of the 

second mudstone 1 ayer. Soundi ng 5/1 showed the presence of two 

geo-e1ectri cal 1 ayers before the final 1 ayer. These correspond 

to dry river sand and clay (45.Rm - 2,3m thick) and moist clay, 

sand and pebbles (llO~m - l4,2m thick) . In the case of sounding 

3/24, the weathered sandstone located below the clay was picked 

up as part of the unconsolidated material. 

It must be stressed that it was only after careful borehol e 

correlation and modification of the initial curve-matching 

results by a computer techni que that the contact between the 
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all uvi um and bedrock was defi ned. A1 though the YES method is 

ideally suited to two layer problems, (e.g. alluvium overlying 

bedrock), the presence of clay, calcrete, sand and pebbles, all 

in various moisture holding states, resulted in difficulties in 

matching geo-e1ectric to geologic layers. The YES method, 

although confi rmi ng the heterogeneity of the a 11 uvi um, was of 

little value in defining the thickness of the alluviUm and in 

locating groundwater reservoirs. 

4.3 Drill ing 

4.3.1 Purpose and Site Selection 

The drilling of test holes provides the most accurate information 

about the geologic profile and the depth and quality of 

groundwater at a given site (Bouwer, 1978). During this 

investigati on 38 boreholes and 7 soil sampling holes were 

drilled. The purpose of drilling was 

to obtain data on the thickness and extent of the saturated 

lithologies (both consolidated and unconsolidated), 

to collect soil and rock samples for laboratory analysis 

(soi 1 and rock chemi stry , soi 1 moi sture content, and 

particle size analysis), 

to identify the major aquifers, 

to provide access to the aquifers in order to undertake 

aquifer tests, 

to provide observation holes for aquifer tests, 

to collect water samples and measure piezometric levels, 

to calibrate the results obtained from vertical e l ectrical 

soundi ngs. 
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4.3.2 Test Boreholes 

Initial site selection was based mainly on the location of 

resistivity soundings, ten borehol es being drilled on such 

soundi ng sites. In order to provi de detailed hydrogeol ogi c data, 

drilling was concentrated in the central portion of the study 

area on the farms Kl ippedrift (Voorspoed) and Moordenaarsdrift 

(Monterey) (Figure 4.1). The boreholes were drilled in two 

sections perpendicular to the river, the purpose being twofold 

to determine variation in the thickness of alluvium from the 

canal to the river, 

to obtain data on variations in water quality, water 

occurrence and water levels from the canal to the river. 

Three holes, KD 2, KD 32 and KD 37 were drilled near prominent 

saline seepage sites (i n an attempt to understand the origin of 

the seepage water); hol es KD 5 and KD 45 were dri 11 ed in 

non-irrigated veld; hole KD 36 was drilled in the "control area" 

on the ri ght hand bank of the ri ver (no observati on hol e was 

drilled because of the low yield encountered); and holes KD 3, 

KD 4, KD 33, KD 34 and KD 35 were drilled as observation holes 

for aquifer tests (for holes KD 1, KD 5, KD 32, KD 25 and KD 26 

respectively). Hole KD 6 vias drilled to monitor seepage from the 

Middleton Canal and KD 7 to monitor seepage from an irrigation 

pond. With the excepti on of KD 45 and the seven soil sampl i ng 

holes, all boreholes were drilled using a Rock Giant air - rotary 

drilling rig. Casing ~Ias installed in all boreholes, the length 

of the casi ng varyi ng accordi ng to the thi ckness of the 

unconsol idated or weathered/fractured zone . Casing, perforated 

on site using an oxy-acetelene cutting torch, was installed in 

those holes where monitoring of the irrigation seepage was deemed 

necessary. 

4 .3. 3 Soil Sampling Holes 

A cable-tool percussion drill ing rig was employed to obtain soil 

samples, us i ng the drive core sampl ing tube method as described 
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by Johnson, (1972), for chemical, particle size and soil moisture 

analysis. A drilling-tool was used to penetrate layers of 

calcrete and clay, when encountered, and sampling was restricted 

to areas of unconsolidated alluvium. Samples were collected at 

one metre interval s. Three hol es were cased wi th perforated 

casing to facil itate the use of tracers. In addition, hand-dug 

pits and auger holes were excavated along the river bank to 

provide data on irrigation return flow water. 

4.3.4 Sampling Techniques 

Both the availability of an air-rotary drilling rig and the need 

for a large number (37) of fairly shallow holes (between 20m and 

60m in depth) in as short a time as possible, made the air-rotary 

method the most feasible in this investigation. This method, 

where air is used as the circulating fluid to bring samples to the 

surface, yields limited geologic data (non-representative 

samples) because of grinding of the samples and mixing from 

various depths (U.S Department of the Interior, 1977). 

Consequently, accuracy in samp 1 i ng was sacrifi ced for dri 11 i ng 

speed. The rapi d dri 11 i ng acti on is achi eved by a pneumati c 

hammer fitted to the lower end of the drill pipe, which combines 

the percussion effect of cable-tool drilling and the rotary 

action of rotary drilling (Johnson, 1972). The air-rotary 

method, best suited to the drilling of hard rock formations, 

resulted in poor samples being obtained from the alluvium and 

weathered bedrock, due to the blowing of material into cavities 

within the borehole. Water samples were taken every time water 

was encountered and a blow test to determine the final yield was 

undertaken after the completion of the drilling. 

In order to obtain accurate data on the unconsolidated alluvium, 

a drive-core sampling method was employed. A sampling tube, 

attached to the drilling jars of a cable-tool percussion rig, was 

driven into the alluvium and a sample obtained at one metre 

intervals. According to the U.S. Department of the Interior 

(1977), a sample 

sample because, 

so obtai ned may be 

although density 

defined as a representative 

and structure were not 
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preserved, soil moisture and grain size are retained. 

4.3.5 Results of Drilling Programme 

(a) Unconsolidated Formations: 

Table 4.1 contains the data obtained during the drill ing 

programme, Figures 4.4 to 4.7 contain examples of the borehole 

logs, (the remaining logs being contained in Appendix B) 

while the geological sections (A, B and C) are drawn in 

Figures B.l to B.3 (Appendix B). From section A it is 

evident that the thickness of the alluvium varies from about 

12m in the vacinity of the river (borehole KD 1) to less 

than 1m near the canal (borehole KD 6) (Plate 9). River 

migration, during earlier geological times, has resulted in 

variations in the elevation of the pre-alluvium bedrock 

surface, as can be seen in section C (borehole KD 19), where 

23m of alluvium overlie the bedrock. Calcrete was 

encountered at varying depths in the majority of holes 

(Plate 10), and a fairly continuous pebble layer was found 

at the alluvium/bedrock contact in most holes in section C, 

while only in these holes nearer the river in section A. 

The typically fl uvi al depositional envi ronment was evi dent 

in the heterogeneity of the alluvial soil s. Although most 

consisted of a mixture of sand, silt and clay, some profiles 

consi sted predomi nantly of sand (KD 26) whil e others 

predominantly of clay (KD 25). Water was encountered at the 

Alluvium/bedrock contact in those holes near the river, 

while partially saturated horizons were encountered at 

various depths during the drilling of some holes (e.g. KD 34 

and KD 40). Details of particle size analysis and soil 

moisture content are discussed in Chapter 7. 

(b) Consolidated Formations 

The nature of the consolidated formations, as discussed in 

section 4.1, was confirmed during the drilling programme. 

The lenticular form of the mudstones and channel sandstone 

results in vertical and horizontal variations in lithology 
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over fairly short distances. The apparent randomness in the 

depth at whi ch water was encountered is re 1 a ted to the 

discontinuous and discrete nature of the sandstones and 

mudstones (section A, Figure B.1). The dip and gentle 

folding of the rocks further complicates the discontinuous 

nature of the 1 ayers. Water was encountered in fractures 

and joints in the sandstones and mudstones. These fracture 

and joint zones, which are of limited width (O,20m to O,40m, 

although fracture zones of 2m were encountered) are related 

to stress relief, differential compaction and/or folding of 

the strata. Not only does the depth at whi ch water was 

encountered vary, but the quantity and quality of the 

groundwater varied over short lateral and vertical distances 

(expanded in Chapter 6). The occurrence of dipping 

permeable strata over less permeable strata may result in a 

structural trap situation where water is forced to the 

surface in the form of a spring, below river level. 

GROUNDWATER 
GRADIBNT 

LAND -SURFACE 

DIP OF FORMATIONS 
TOWARD NORTH 

FRACTURED SANDSTONE/MUDSTONE ~ 

IMPERMEABLE LAYER 
SPRING BELOW 
RIVER LEVEL 

STRUCTURAL TRAP SITUATION WHERE WATER IS FORCED TO THE SURFACE 

From the drilling results, a discontinuous, discrete aquifer 

system is postu1 ated where local i zed areas of hi gh 

transmissivity are found within areas of low 

transmissivity. The presence and flow of water is directly 

re 1 ated to the presence 0 f permeable secondary fractures. 

Only 1 imited amounts of seepage water are found wi thi n the 

alluvium, which, due to its high clay content and poorly 

sorted nature, exhibits a low transmissivity . 



- 47 -

'UILr. 'dl ~.u OnU"ID OUl:1MO OItlLLlltG ,aocu_. _ ..... 
.~. Oll'T1t At ,,"reM. 'OQU,TU* III QUAI.Ul' 0' ".ll. rul.O CASUIO 

I.' Itun VAS VMlell \/Ud. VATU IIIAIl' Ttu} I...II:IIIGnr hi) If 

IDICOIJIIIHUD I" vu D'CWlItu.&D 1 .. 1.) (M" /'Dn) Ol.u.:rA (*) 

" ' ... lA./IoMI'TQII& .... ... " " MUtlS1'O"_ "., ' 7" tI" If I"~ 
JO" rlMI SAJiOJf'OII& '''1 ... .. "'17&&;. J.U.Ul'IUM 140" 11" J. .. , .. , " " .,ult.uIHuD.TOII.& U., I1 , J It,) If .. , ,. I-UO)S'fOlU:: .... ... " ),10 J.utDI1'OtI1/WJ03to111& "U, .7,) 

' . ' If I"~ 

" s.uf1I'TOIUI ,,44. .. , " " "'-1OSTOll.& nl, ".' '. t .l I', 
" LUnlS'tl*1l .... .. , .. SI.U'ACI MUDSfOfIl '" I. t .I 1" .. , " JUJ'.LIO' IIVO'TOIIJ. 101," '.1 If 1" ... .. .. rurs J.UfaJ1'OIIC, "" :11.) ' . t J: I"~ 

Io&1OStoMl .. , " " s.u!Dlt'Oftl '7h ,,' ',I I ." 
.. " " SIUAce 1'12 ',I J: .. , 
.. .. " " UJ(OSTOfIIf 1371 ", U,. If I', .. U " " I.IJIOltotl& -. ,a,' n,' .l I"~ .. " " " I&IDS1'Ot/r/ .... ,10.' ... ) If 1" 

UoJIO.lt'CH1 

.. " " " J.UfDUOII& Jilt "I' 'I., :It t', ,. u.JaI'!'OWS .,,, 
... , " .. J.URlSTOII.I n" l"J II,) If I" 

" FlI'K S.urtlSlQIl 111' 

.t.J ,un: S,utDSTOlllC/ liD .~t..l .... " )IIJD'toMS 10'1, • II,) If I"~ 

" _lI'f'Otj& 
_. 

.. " " 
., J.URlSf'O"l un U,' " S I', 

.... " ., .",n'l'OlIl/ la,) 10,., U,I S I" 

"" ..... 
JAIIDlItOHl 10" ", *-'.-' 1. ." 

"" .. " " 
" 

1IJfDST'OfII "U ,,' J.,,' 1. ." .. '" " 
" 

S.orDJ.TOKI U19 ,-.,' tl,) x '" .. " " 



- 48 -

t.lILC , .~. DAtA PHUnG DtIIIllfG PULLr)IG 'IIOG",-_. -...... ,uno DU'T)I .I., IiMtt" ,ouu,UOW 111 QUALITr 01 'UIA!. UItUl ~,~ ,.) ".TlIt liAS VIlle" VAtU ... uc. hLO¥ TIIU) 
_n 

(It) J: 
IHCCMnITlUAI (II) VU f.lfCOUHrum 1 .. / ., ,"/0.1.1') OLUlaUol ,., 

on " ~'.J SAJlPSTOIfI. .,,.. '7.7 II,J J: n1 

0., " " I'naLu/ " .. tIS,) J: ta7 

...utDS1'O/I'C 

0" " ,. s.utaS'tOII'E/ , 1011 ,,' tI,l J: la1 .... n_ 
0., " " PUIU.S!s.utaSfO/f& "" ') , 6 I'., I: 127 

l :' . l M,lDSl"OI'Ill m, 

0" " ~ $.UIOSTOQ )211 ,,' ,I,J J: 1117 

,0., 'IR/SAHPStolfll '''' 
u" JIO WU'U1 :12., x 137 

DlCOVIItlJUll 

u" " " SAlfDSTONIt/ 1810 ' ,' 6,t X 16, 
HlJDSt'OtU: 

un " .. ,~ ' .... OST'OllIV al6, ,,' '.t J: 16, 
"",OStotolC 

u)o " " PI/fa SAIIOSTOMI 11.17 ',' 6,1 J: ,6, 

0" " MO VAUR 6,1 X 16, 
DCDUIITU&D 

° " " " HlJOSl'OJlIl ,,72- 1)09 I'.' X UI 

" "",0.11'011' ,-
U" " " .... noM. ,,1, , ... II., J: 16, 

" IlUD,stoltll ,e., 

u" " ., SoUfUSTOJUI 17" 17" ,10., :l 16, 

0" " " PUIL&:S/SAJlP.rOll& )2:11 S09,1 " X ttlS 
)a, , K\I'OS'f'ON& )27' 

u" J1 " PUIUS/MUOJTOHI 172' ,,' ,I., X '" .. MlOSTON& :U11 

u" " " .u.u,r,luM/)lullstoHIl ,611 4),6 tl., I: I" 

"" JM)S1'Olt 1l ",. 
" N1VSTONI "'7' 

IaI )' • ", 

1aI,,- " 
0\0' " m h· n t J SUP ... ". .t.U.UWlUII t6 .It ,,, 

IQI h· n.' .sup.a. AU.tlI'lUM )1,. ",:I x,., 
aD " • " sCU.G. Au.uVUIM ":I' 'l' '" aD" • U.' SUI'.'I ULlJnUM '" '" aD" • " " :t.UrUSTOIII "" ,~.' ) J: U:I 

• ~,. SAWUIIG HOU 



BOREHOLE NO: 

CADASTRAL FARM: 

BLOW TEST YIELD: 

KLl 1 

Kl1PP~ DRifT 

1,01 £/s 

- 49 -

DEPTH 
h.) 

STATIC 
WATER 
LEVEl 

BOREHOLE 
CONSTRUCTION 

WATER 
STRIKING 

LEVEl 
& WATER 
QUALITY 

LITHOLOGY OESCRI PTI ON 

o 

5 

10 

15 

20 

25 

30 

35 

40 

45 

50 

FIGURE 4.4 

w 
.....J 
0 
X 

z: 
w 
c-
o 

WMEt ." ..... ,' .. . . ::: .. :.:.:: .... : 

I--~ =---=­
f- .-
f--.-

Clayey soil and calcrete 

Sand and calcrete 

Sand and Pebbles 

Fractured grey-green 
mudstone 

I- .-
f- .- Grey-green mudstone 
1--
I- ~ 

---'---;-- .----=-
1625 mg/1 

1937 mg/1 

· . .... ..... · .. . .. ..... · ..... ... .. . · . . . . . . . . . . . 
tIne grained grey 
sandstone 

. Grey-green sandstone 

Grey mottled sandstone 

Geological log of borehole KD 1 



- 50 -

BOREHOLE NO: 

CADASTRAL FARM: 

BLOW TEST YIELD: 

Kll 5 

KLi PPE DR I FT 

0,63 Q/s 

DEPTH 
(10' 

o 

STATIC 
WATER 
LfVEl 

BOREHOLE 
CONSTRUCTION 

WATER 
STRIKING 

lEVel 
& WATER 
QUALITY 

5 

10 

15 

20 

E 
E 

l<) 

'.0 

lITHOLOGY 

r--
~ --:: 
~ --:: ---r·....:..:: r---" 

DESCRIPTION 

Sandstone and calcrete 

Olive green mudstone and 
ca lcrete 

Mottled grey sandstone 

Olive green mudstone 
Grey sandstone 

- Si Ity mudstone 
- -" Grey sandstone 1----

25 

30 

35 

40 

45 

50 

FIGURE 4.5 

, .... 
-' o 
::c 
z: 
w 
"­o 

1287 mg/ fL 

2099 mg/ Jl 

--
I- -­
I- .-
1--'---1--' -

~ ----

.-
t-.~ 
1---'-
f-'-;-: _.-

"=---
1--'-

Geological log of borehole KD 5 

Grey silty mudstone 

Purple stained grey silty 
mudstone 
Grey sandstone 
Grey s ilty mudstone 

Green sandstone· 
Olive green mudstone 

Grey silty mudstone 

Grey sands tone 
Grey silty mudstone 
Grey sandstone 

Grey silty mudstone 

Grey sandstone 



I , 
I 

BOREHOLE NO: 

CADASTRAL FARM: 

BLOW TEST YIELD: 

- 51 -
KO 25 

MOORDENAARS DRIFT 

1.26 Y..ls 

WATER 
STRIKING 

DEPTH 
STATIC 
WATER 

BOREHOLE LEVEl LITHOLOGY 

0 

5 

10 

16 

20 

25 

30 

35 

40 

45 

50 

(.) 
LEVn 

CONSTRUCTION 

I 

UJ 
--' o 
:l: 

Z 
UJ 
Q. 

o 

I 
& WATER 
QUALITY 

3250 mgl Y.. 

. '. " , . 

f-_.-...... . . . . . . . . . . . . 
.......... .......... :.:.:.:.:. 

::-:- .. -
::-:- -
::-:-'-

DESCRIPTION 

Sand 

Silt and clay 

Sand and pebbles 

Weathered mottled grey sandstone 
and qtz. veins 

Mottled grey sandstone 

Grey silty mudstone 
Fine grained grey sandstone 
Mottled grey sandstone and 
qtz. veins 

Fractured grey silty mudstone 

Fine grained grey sandstone 
Mottled grey sandstone 

FIGURE 4.6 Geological log of borehole KD 25 



- 52 -
BOREHOLE NO: KD 32 

CADASTRAL FARM: 

BLOW TEST YIELD: 

MOORDENAARS ORIFT 

15.20 1/5 

DEPTH 
1 .. 1 

o 

5 

10 

15 

20 

25 

30 

35 

40 

45 

50 

STATIC 
WATER 
LEVEl 

BOREHOLE 
CONSTRUCTION 

I I 

E 
E 

0 
U') 

""-

UJ 
--' 
0 
:l: 

:z: 
UJ 
a.. 
0 

WATER 
STRIKING 

LEVEl 
& WATER 
QUALITY 

5772 mg/i 

5200 mg!i 

LITHOLOGY 

.... .. 
- -- ,-------+---,-
-=--=:::: ...... . . . . . . 

--­'--

DESCRIPTION 

Si it and clay 

Sand 

Sand and pebbles 

Pu rp Ie sta i ned 
'grey silty mudstone 
Fine grained grey sandstone 
Purple stained grey silty mudstone 

Grey-green fine grained sandstone 

Fractured,pyrite stained purple 
silty mudstone 

Grey-green fine grained sandstone 
Pyrite stained grey silty mudstone 

FIGURE 4.7 Geological log of borehole KD 32 



PLATE 9. 

PLATE 10. 

- 53 -

A view of the Great Fish River in the study area showing 
(a) alluvium thickness and (b) l aterally extens ive 

pebble layer 

Fractured calcrete (a) ene l os; ng a fractured fi ne gra i ned 

sandstone. 
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CHAPTER 5 

GEOHYDROLffiY 

5. PRI NC IPLES OF AQUIFER TESTS 

5.1 Aquifer Test Objectives 

The controlled abstraction of water from boreholes or wells is 

one of the fundamental aspects of groundwater resources 

investigations. It leads to the determination of the aquifer 

characteristics of transmissivity (T) and storage coefficient 

(5), which are in turn important in providing a quantitative 

understanding of the natural flow of water through an aquifer and 

its response to abstracti on (Jones and Rushton, 1981 ; 

Narasinham, 1969). 

Transmissivity is "the product of the average hydraulic 

conductivity and the thickness of the aquifer" (Kruseman and de 

Ridder, 1970, pg 20) and can be thought of as the ease with which 

an aquifer is able to yield water. T is expressed in terms of 

m2 per day. Storage coeffici ent is defi ned as "the vol ume of 

water released or stored per unit surface area of the aquifer per 

unit change in the component of head normal to that surface". 

(Kruseman and de Ridder, 1970, pg 21). It is a dimensionless 

term, has an order of magnitude of 10-4 to 10-6 for the 

confined parts of the aquifer, and depends on the elasticity of 

the aquifer material and the fluid (Kruseman and de Ridder, 1970). 

Pumping tests provide data on which long-term yield potential, in 

the supply of ground\~ater for domestic and industrial use, can be 

estimated. When investigating yield of an aquifer, tests may 

range from a few short steps to long-term tests lasting a number 

of months (Del Mar Gonzales and Rushton, 1981) and may vary from 

a single pumping well with a battery of multilevel observation 

well s (Bri z-Ki shore and Bhimasankaram, 1982) to a si ng1 e pumpi ng 
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well with no observation well s (Johnson, 1972). In addition to 

providing values of Sand T, pumping tests were undertaken to 

provide data on pumping induced changes in water quality as well 

as data on the presence and influence of hydrological and 

geological boundaries, following the method outlined by Brereton 

( 1 979) • 

5.2 Well Hydraulics 

The total drawdown induced in a pumping well consists of two 

components, namely aquifer loss and well loss (Brereton, 1979). 

Aquifer loss is the inevitable loss of head due to laminar flow 

of water through the aquifer, while well loss is a function of 

turbulent flow within the well and immediately adjacent part of 

the aquifer (Jones and Rushton, 1981). 

Consequent to the well discharge a pressure gradient is created 

in the vi ci nity of the pumped well, resulti ng in the "cone of 

depression", which includes the necessary flow of water to 

sustain the well discharge (Narasinhan, 1969). The behaviour of 

the cone of depression is a function of several factors, such as 

the aquifer parameters, the aquifer configuration and the rate of 

well di scharge. At the begi nni ng of the test, the cone develops 

fast as the pumped water is initially derived from the aquifer 

storage iTll1lediately surrounding the well. But as the pumping 

continues and the area of influence increases, the cone expands 

and deepens at a decreasing rate due to a 1 arger vol ume of water 

becoming available (Kruseman and de Ridder, 1970). The decline 

in water-levels is proportional to the pumping rate, and 

decreases logarithmically away from the observation well. 

Various types of controlled pumping tests have been devised in 

order to study the characteristics of the cone of depression. 

5. 3 Types of Pumping Tests 

Pumping tests may be divided into two main categories, namely 

well tests and aquifer tests. 
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5.3.1 Well Performance or Step-drawdown Tests 

The step-drawdown test is a test in which the drawndown in a well 

is observed whi1 e the di scharge rate from the well is increased 

in steps (C1 ark, 1977). Orawdown measurements are made within 

the abstraction well and the discharge is kept constant during 

each step. Step-drawdown tests are usually undertaken to enable 

the determi nati on of the yi e1 d-drawndown characteri sti cs of the 

abstracti on well for the se 1 ecti on of pump type and for 

estimation of the maximum potential of the well (Brereton, 1979; 

Kruseman and de Ri dder, 1970) . However, the step-drawdown test 

also provides valuable information on well efficiency which is 

important for modifying drawdown values when undertaking constant 

rate tests, especially when no observation wells are present . 

Fa i1 ure to take account of well loss results in an 

underestimation of the transmissivity of the aquifer (Clark, 

1977) . The determination of aquifer and well losses, and the 

selection of a suitable yield for the constant rate aquifer tests 

were the main reasons for undertaki ng step-drawdown tests in the 

present study . Pri or to undertak i ng these tests, the well s were 

developed by bailing and surging followi ng the techniques 

described by Jones and Rushton (1981). 

5.3.2 Aquifer Tests 

Whereas the step-drawdO\~n tes t provi des i nformati on on the 

hydraulic conditions in the i mmediate vi cinity of the well, the 

aquifer test provides information on the hydraulic properties of 

the aquifer wi thi n the area of pumpi ng i nf1 uence of the 

abstracti on well (Brereton, 1979) . An aqui fer test consi sts of 

pumping one well at a constant rate and recording both the 

drawdown in that well and the drawdown caused by this pumping in 

other nearby observation wells (Johnson, 1972). The yield is 

determined from the precedi ng step-drawdown test with a vi ew to 

producing measurable drawndowns in all observation wells (Jones 

and Rushton, 1981). 

Ouri ng thi s study, measurements of drawdown were made at 

predetermined intervals using an electric sounder , and yield kept 
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constant by using a valve in the pump outlet pipe. The yield was 

calculated by measuring the time required to fill a container of 

known volume. The duration of an aquifer test depends on the 

type of aquifer to be tested and the degree of accuracy required 

in determining the hydraulic properties. A period of 24 hours is 

generally accepted for confined aquifers, as are encountered at 

Middleton (Kruseman and de Ridder, 1970). The advantage of a 

longer period of pumping is that the presence of boundary 

conditions, previously unknown, may be revealed. 

The hydraulic characteristics of an aquifer are found by 

substi tuting the val ues of drawdown measured in the observation 

wells, their distance from the abstraction well, and the well 

discharge in an appropriate formul a (Jones and Rushton, 1981; 

Kruseman and de Ridder, 1970). 

5.3.3 Recovery Test Data 

By measuring the recovery of water levels after the cessation of 

pump; ng, a mi rror image of the pattern of drawdown measured 

during the abstraction phase should "be obtained (Jones and 

Rushton,1981; Johnson, 1972). 

Recovery test data may be more reliable than drawdown data 

especially when the yield of the abstraction well was not 

constant during the pumping period (Kruseman and de Ridder, 

1970). The phenomena of surcharge, \~here water level s recover 

rapidly duri ng the early phase of recovery due to the return of 

water from the pump column, was particularly noticable when 

pumping low yielding formations during the Middleton study. 

In low yi el di ng formati ons it is often diffi cult to undertake a 

conventi onal constant rate aqui fer test, because of the well's 

low speci fi c capaci ty, whi ch may cause the pump to break sucti on 

during the test. Al so , most of the drawdown data obtained \~ill 

probably reflect casing storage effects rather than true aquifer 

parameters. The best method for analysing these formations is to 

pump the borehol e to pump sucti on and then monitor recovery 

levels (Schafer, 1980) . During the Middleton study, the aquifer 
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parameters of the low yielding alluvial aquifer were determined 

by performi ng recovery tests on 1 arge-di ameter, parti ally 

penetrati ng dug well s (Pl ate 11). The method employed requi red 

monitoring of the recovery to 50% of the maximum drawdown level. 

The advantage of us i ng a recovery method is twofold: 

there is no head loss due to turbulent flow caused by 

pumping; 

all the water that flows into the well s must come from the 

aquifer and consequently aquifer properties play a 

significant part in the recovery (Herbert and Kitching, 

1981) . 

A transmi ssi vi ty val ue of 1,1 m2/day was determi ned for the 

aluvial aquifer in this way (test curves contained in Appendix C, 

Figures C.l and C.2). 

5.4 Methods of Analysi s 

A number of techni ques exi st for determining aquifer parameters 

from data obtained during pumping tests. These are based largely 

on the work of Theim (1870), Theis (1935) and Jacob (1946). The 

various methods of analysis are well documented in Kruseman and 

de Ridder (1970). 

Analysis of pumping test data from the Middleton study followed 

mainly the assumptions of the non-equil ibrium well formula 

devised by Theis (1935) where the parameters T and S can be 

determined from the early stages of a pumping test rather than 

having to wait until water levels in observation wells have 

reached equil i bri um (Johnson, 1972). Step-drawdown tests were 

analysed using a computer programme (Seward, 1982) based on the 

work of Bierschenk and Wil son (1961) . Constant rate aquifer 

tests were analysed using the Jacob method (Jacob , 1946), the 

Theis recovery method (Theis, 1935), the Hantush image method for 

one recharging boundary (Hantush, 1956) and a calculator method 

devised by Paschette and Mc Elwee (1982), while aquifer 

parameters from large diameter dug wells were determined by the 

recovery method of Herbert and Kitching (1981). 
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A number of assumptions under1y these methods of analysis 

the aquifer has a seemingly infinite areal extent; 

the aquifer is homogeneous isotropic and of uniform 
thickness over the area influenced by the pumping test; 

prior to pumping, the piezometric surface is horizontal over 
the area influenced by the pumping test; 

the aquifer is pumped at a constant discharge rate; 

the pumped well penetrates the entire aquifer and thus 

receives water from the entire thi ckness of the aquifer by 
horizontal flow (Kruseman and de Ridder, 1970, pg 46). 

Step-drawdown Test Analysis 

The step-drawdown test provides data for the calculation of well 
loss (C) and aquifer loss (B) (Brereton, 1979). The well loss 
calculation is vital in the analysis of tests ' on abstraction 
wells with no observation wells. The knowledge of the well loss 
component of drawdown allows correction of drawdown data to yield 
the true drawdown, thereby making possible the analysis of 
constant discharge tests in such wells. (Clark, 1977). 

A computer programme by Seward (1982) was used to derive values 
of well loss and aquifer loss. From those values a factor called 
"well effi ci ency" defi ned as "the rati 0 of aquifer los s to total 
drawdown" (Clark, 1977, pg 137) was calculated. Theorectically, 
in a 100% efficient well, there will be no well losses so that 
well drawdO\~n is equal to drawdown caused by aqui fer losses 
(Jones and Rushton, 1981). 

The Jacob Method of Ana1ysi s 

The Jacob method (Cooper and Jacob, 1946), based on the Thei s 
formula (Kruseman and de Ridder, 1970), is a straight line method 
of analysis, in which the time-drawdown relation is plotted on 
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semi10g paper and the best fitting straight line is drawn through 

the plots, disregarding a few early points. The slope of the 

straight line determines the transmissivity while its intercept 

wi th the zero drawdown axi s ai ds the determi nati on of S 

(Narasinhan, 1969). 

The Thei s Recovery Method of Ana1ysi s 

Transmissivity is calculated using the Theis recovery method by 

plotting residual drawdown, i.e., the difference between the 

original water level prior to pumping and actual water level 

measured at a certain moment t" since pumping stopped, against 

tit" on semilog paper (tit" is the time since pumping 

commenced divided by the time since pumping stopped) (Kruseman 

and de Ridder, 1970). A straight 1 ine is fitted to the data 

plots and T is determined from the slope of this line. 

Hantush's Image Method (for one recharge boundary) 

The concept of a homogeneous isotropic aquifer of seemingly 

infinite areal 

Geohydro10gica1 

departures (in 

extent is seldom encountered in nature. 

boundaries occur which manifest themselves as 

observed time-drawdown data) from the classical 

Theis curves. They may take the form of either positive recharge 

boundaries (e.g. a stream or another aquifer in hydraulic 

conti nui ty wi th the pumped aqui fer) or negati ve barri er 

boundari es (e. g. fault planes, impervi ous 1 ayers or merely a 

decrease in permeability of a particular layer) (Oe1 Mar Gonzalez 

and Rushton, 1981). 

The problem of an inhomogeneous finite aquifer is solved by using 

image well s and the principal of superposition (Kruseman and de 

Ridder, 1970). During this study Hantush's image method was used 

for those wells, situated near the Great Fish River, which showed 

recharge boundary effects. 

Calculator Method of Paschetto and Mc E1wee 

This method is based on the Theis equation and the "best" T and S 
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values in the least squares sense were obtained (Paschetto and Mc 

Elwee, 1982). A feature of the progral1l11e is the calculation of 

the absolute error at an "average" data point in the drawdowns. 

An error of several tenths of a metre or' more woul d indicate 

either poor data or a hydraulic situation that cannot be 

represented by the Theis equation. 

5.5 Aquifer Test Results 

Du ri ng the Mi ddl eton study 8 constant rate aqui fer tests 

(duration varying between 420 and 2880 minutes), 4 step-drawdown 

tests (step duration varying between 60 and 90 minutes) and two 

50% recovery tests (on partially penetrating well s) were 

undertaken. In six of the 8 constant rate tests observation 

holes were sufficiently close to provide storativity values for 

the aquifer. 

Well selection for the pumping tests were based on "blow yields", 

obtained by jetting compressed air into the well during drilling 

and after completion of the well . 

5.5.1 Step Drawdown Tests 

The step drawdOl~n test data are plotted in Figures 5.1 to 5.4. 

"Well effi ci ency" val ues were cal cul ated usi ng aquifer and well 

losses (Clark, 1977). It is noted that well efficiency decreases 

with increasing yield, this being due to an increase in the 

turbul ent flow and consequently 1 eadi ng to greater well loss 

(Brereton, 1979). The reasons for the high "well efficiency" 

values are twofold: 

most of the water is derived from shallow aquifers, hence 

low frictional losses in the casing string; 

most of the water is deri ved from secondary jOints and 

fractures doing away with the need for screens, hence low 

turbulent losses in the vicinity of the well (Brereton, 

1979; Clark, 1977), 
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The negative B value is usually attributed to recharge boundary 

conditions. However, in the case of well KD 35 it is probably 

due to pump inefficiency at high pumping rates. Pumping rates 

for the constant rate aquifer tests were selected on the basis of 

provi di ng su i tabl e drawdowns in both abstracti on and observati on 

wells (i.e. measurable, but not too closely approaching pump 

suction) . 

5.5.2 Constant Rate Aquifer Tests 

of 
Figures 5.5 and 5.6 contain examples " the data for both the 

abstraction and recovery phases of these tests, while the aquifer 

parameters are tabulated in table C.l, Appendix C (the remaining 

aquifer test curves are contained in Appendix C) . 

5.5 . 3 Aquifer Test Curves 

Four main types of aquifer can be identified from the tests. 

These reflect the heterogeneity of both the sandstone and 

mUdstone aquifers present in the Koonap Formation. 

Type 1 

The first, most abundant type is defined by rapid drawdown during 

the early stages (within first ten minutes) followed by a 

constant, gentle increase in drawdown. Wells which show this 

type of drawdown relationship i nclude KD 1, KD 15, KD 22, KD 25, 

KD 35, KD 34 and KD 37. The i ni ti al rapi d drawdown refl ects 

water deri ved from casi ng storage, whi 1 e the 1 atter constant 

increase shows the response of the enti re aquifer system to 

pumpi ng. Al so duri ng the early stages of pumpi ng, the 

permeabil ity of the aquifer inmedi ately surroundi ng the well is 

low; consequently the rate at whi ch the aquifer is dewatered 

from the zone of influence is not equal to the rate of pumping 

resul ti ng in rapi d drawdowns (Sri tz-Ki tshore and Shimasankaram, 

1982), i.e. further development occurred during the early stages 

of the test. In most cases the entire plot is a smooth 1 ine 

indicating that the groundwater flow during pumping is laminar. 
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Type 2 

The second type is similar to Type 1 but shows negative boundary 

conditions during the final stages of the test. As this type was 

only encountered in well KD 5, where the test was run for 2880 

minutes, it is a reasonable assumption that either recharge or 

barri er boundary condi ti ons may have been encountered, shaul d 

pumpi ng have been conti nued, in the 1 atter stages of Type 1 

curves (which were pumped on an average for 1440 minutes). 

Type 3 

The third type, of which wells KD 32, KD 33 and KD 4 are 

examples, is typical of aquifer tests undertaken in "patchy" 

aquifers (Barker and Herbert, 1982). Here it is postulated that 

the aquifer is generally of low transmissivity but has within it 

pockets of rel ati vely hi gh transmi ssi vity. Well s KD 32, KD 33 

and KD 4 are drilled within pockets of fairly high 

transmissivity, this being reflected in the gentle slope of the 

aquifer test curve during the early stages of the test. However, 

as pumpi ng progresses, the zone of i nfl uence extends into the 

area of low transmissivity resulting in a rapid increase in 

drawdown, thi s bei ng refl ected ina conti nuous increase in the 

slope of the test curve. The rate of drawdown then becomes 

domi nated by the transmi ssi vity of thi souter regi on. However, 

the final stage of the curve shows once more a flattening of the 

curve refecting the influence of a postive recharge boundary. 

Type 4 

This type is defined by a curve \~hich shows a constant increase 

in drawdown with time. Well KD 3 is representative of this 

type. The very limited drawdown (O,27m) measured in this 

observation well after 1440 minutes of pumping, compared to 6,8m 

measured in the abstracti on well (KD 1), 18m away, i ndi cates a 

very low connectivity between the wells (probably a lower degree 

of fracturing in the vicinity of KD 3). This again illustrates 

the "patchy" nature of the aqui fer, where the transmi ss i vi ty 

varies greatly over fairly short distances. 
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Aquifer Type 

Based on the aquifer test curve. the fractured rock aqui fers of 

the Middleton study area can be defined as being "confined" in 

nature, i.e. "a confined aquifer is a completely saturated 

aquifer whose upper and lower boundaries are impervious layers" 

(Kruseman and de Ridder, 1970, pg 19). 

Aquifer Yield 

Aquifer yield varies considerably over the study area and did not 

appear to be related to rock type. For example, yields from 

mudstone aquifers varied between 38 and 588m3/day, and the 
sandstone aquifers between 57 and 72m3/day. The yield appears '~ 
rather to be related to the degree of fracturing present. Such a 
variability in yield was observed by Barker and Herbert (1982) in 

the Deccan Trapps of India. 

PLATE 11. Seepage water collection Pit 2. Water level in Pit (a) 
;s approximately O,4Om above river level (b). 
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CHAPTER 6 

HYDROCHEMISTRY 

6.1 Sources of Soluble Salts in Water 

Soluble salts, which eventually find their way to rivers, may be 

derived from a number of sources, namely, groundwater seepage 

(Tordiffe, 1978), air-borne salts or aerosols (Wipp1inger, 1980), 

decaying natural vegetation (Ma1ekuti and Gifford, 1978), 

nitrogen and potassium chloride fertilizers (Hill, 1982) and salt 

pickup by overland flow (Ponce and Hawkins, 1978). In the 

Middleton area, however, the contribution of soluble salts by 

irrigation return flow, and the chemical weathering of soils and 

rocks, far outweighs any contribution by rainfall and overland 

flow, which have an average total dissolved solid (TDS) content 

of 20mg/1 and 190mg/1 respectively (from 4 rainfall events 

measured during 1982). 

As depicted in Figure 6.1, irrigation water forms the 

into the hydrochemical system (70% of applied water). 

major input 

During its 

resi dence in and its passage through the soil, as well as its 

storage in and transmission through the fractured sandstones and 

mudstones, the irrigation water undergoes chemical changes which 

result in an increase in the TDS content of seepage water. 

Irri gati on water possesses two major characteri stics whi ch may be 

detrimental to both seepage water quality and soil properties, 

namely salinity and sodicity (Cass, 1979). 

6.1.1 Sal inity 

Salinity r efers to the total quanity of salts present in 

i rrigation or soil water. These salts usually consist of 

chlorides, sulphides, carbonates and bicarbonates (ani ons) and 

sodium, calcium and magnesium (cations). The presence of 

dissociated ions in solution renders a water electrically 

conductive , the conduct i vity being dependent on the number and 
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kinds of ions present, their rel ative charge and their "mobil ity" 

(Hem, 1959) as well as the temperature of the solution (Johnson, 

1972). Salinity is usually measured in terms of electrical 

conductance of water, expressed in millisiemens per metre (mS/m) 

at 250C, or as a TDS value, expressed in mg/l (Cass, 1979). 

6.1.2 Sodicity 

Sodicity, which refers to the quantity of sodium in relation to 

calcium and magnesium in soil or water, is discussed more fully 

in Chapter 7. Calcium and magnesium, provided they are not in 

excess, have a favourabl e effect on soil properties, whereas 

sodium has an adverse effect on s\~ell ing and aggregate stabil ity 

(Hem, 1970; Rhodes and Merrill, 1975). 

6.1.3 Salt Accumulation in the Soil 

The portion of irrigation water actually consumed by plants or 

evaporated is essentially free from dissolved salts. 

Consequently, most of the soluble matter originally in the 

irrigation water remains behind after evaporation and increases 

the salinity of the soil solution (Hem, 1959). Unless the soil 

drainage is adequate, salt and water will tend to accumulate in 

the soil (Cass, 1979). Drainage is important because even poor 

quality water (TDS content of 2000 to 4000 mg/l) has been applied 

successfully on well drained soils in Israel and Texas. In 

contrast fresh river water in Northern Indi a, Iran and Central 

Asia has induced strong secondary salinization after a relatively 

short peri od of time due to adverse soil properti e s (Kovda et 

al.,197l; Edmonds, 1981). 

Since irrigation causes the intensification of soil moisture 

movement, natural salts are mobilized from high-lying areas to 

low-lying areas and from well drained soil s to poorly drained 

soils, where they accumulate or are discharged as saline seepages 

(Cass, 1979). Studies in the North American Great Pl ains (Miller 

et al., 1981) revealed that TDS values ranged from 3200 mg/l in 

recharge areas to 40900 mg/l in discharge (seepage) areas. 
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Because of the processes of adsorption and dissolution in the 

soil, the salt content of seepage water not only increases but 

also changes in composition. 

6.1.4 Relationship between Water and the t~inerals with which it comes 

into Contact 

A general relationship exists between the mineral composition of 

a natural water and tha t of the sol i d materi al s wi th whi ch the 

water has been in contact (Hem, 1950). This is a consequence of 

the relatively slow movement of groundwater in both soil sand 

consolidated formations which results in chemical reactions 

between the water and solid material s (Johnson, 1972). A simple 

relationship exists between the chemistry of recharge and 

discharge water when an aquifer receives direct recharge from 

rainfall or i rri gati on without encounteri ng any other aquifers. 

More complex relationships occur when the aquifer is overlain by 

soils in which dissolution, base exchange and precipitation 

occurs, as well as mixing with other waters (Hem, 1959). 

The degree to which chemical equil ibrium is reached between the 

groundwater and the environment in which it occurs depends 

largely on the residence time of the water. The residence time 

is inturn dependent on the permeability of the geological strata 
the 3ro'.) i" ?~o....I;-cr 

through which Yt~ flows and on the hydraulic head which is 

developed. Tordiffe and Botha (1981) found that the 

macro-toprography of the Great Fish River Basin appears to 

exercise some influence on the rate of groundwater movement which 

can be observed in the regional distribution of dissolved salts. 

Hi gh percentage of Ca ++ and HC0
3 

ions are found in the 

high-lying recharge areas of the catchment while high Na+ and 

Cl- percentages are found in the low-lying, "stagnant" reaches 

of the river valley. The role of soils as a reservoir for salts 

is discussed in Chapter 7. The irrigation water, which 

percol ates through the soil s, enters the con sol i dated formati ons 

through pores, joints and cleavages, and reacts with the mineral 

surfaces with which it comes into contact (Tordiffe, 1980) . 

Water acts as a solvent on practically all minerals, its chemical 

action bei ng increased by the presence 0 f d i ssol ved CO
2 

(Hem, 
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1959}, leaving behind a residue enriched in less soluble 

components . The predomi nant sedimentary rock types in the Fi sh 

Ri ver catchment are mudstone and a fine grai ned sandstone or 

greywacke (Tordiffe, 1980) . The mudstone, because of its 

fractured nature (great surface area exposed to weathering) and 

abil i ty to re1 ease 1 a rge amounts of di ssol ved ions upon 

weathering, is very important in terms of mineralisation of 

groundwater. 

6.2 Water Sample Collection and Analysis 

Although a si ng1 e samp1 e from a surface water source may have 

little value , a single sample from a groundwater body may 

represent closely the quality of water from that source for many 

years (Hem , 1959) . 

Conductivity measurements of all water points in the Middleton 

study area were made and on thi s basi s over 200 samples were 

analysed by the Hydrological Research Institute for pH and major 

element (i.e . Total alkalinity, NH4, C
e
<;'''- C1, N03 , Na, Mg, F, 

Si, K, S04 and P) determinations. Th j,.S data were then stored 

and analysed usi ng a computer programme \~hi ch converted parts per 

million, to equivalents per million and percentage equivalents 

per million. It also provided a means of comparing various ions 

graphically by the use of a plotting routine. 

In an attempt to understand the great variations in water quality 

over the study area , the samples were grouped according to 

various categories, e.g. i rrigation and seepage water, water from 

sandstones and mudstones, and plotted on Piper trilinear diagrams 

(Figures 6 . 2 and 6.3, and Figures D.1 to D.6, Appendix D) . The 

ions were al so compared by calculating various ratios (Table 6.1) 

and, following the procedure of Hem (1959), by plotting selected 

ratios against total dissolved sol id content (Figures 6.4 and 

6.5). 
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TABLE 6.2 A COMPARISON OF TYPICAL IRRIGATION, ALLUVIUM AND 

SEEPAGE WATERS 

PERCENTAGE EQUIVALENTS PER mLLION 

CATIONS ANIONS 

Mg Ca Na K S04 Cl TAL 

Irrigation 22,5 17,0 60,0 0,5 18,8 38,4 42,8 

1\11 uvi urn 12,0 10,8 76,6 0,4 22,5 55,5 22,0 

Seepage 9,7 0,8 89,0 0,6 18,5 61 ,9 19,6 

6.3 Irri gati 0 n, All uvi urn and Seepage Water Chemi stry 

Typi ca 1 i rri gati on, all uvi urn and seepage water sampl es are 

tabulated in Table 6. 2. 

6.3.1 Irrigation Water 

All irrigation water samples, which form the input into the 

system, plot within the "NaCl" field of the Piper diagram, but 

towards "recent recharge". The TDS content of the samples range 

from 599 mg/l to 1291 mg/l (average is 821 mg/ll. The equivalent 

percentage Na is approximately 60% while that of Cl varies 

between 40% and 50%. 

6.3.2 Seepage Water 

Seepage water samples, on the other hand, have higher equivalent 

percentages Na and Cl and plot in the vacinity of "NaCl brines" 

(equi va 1 ent percentage Na 80% and Cl 50% to 60%). The higher 

percentage Na, as well as the higher Mg/ Ca ratio could be as a 

resul t of base exchange between the irrigation percolate and the 

adsorbed salts in the soils (see Chapter 7). 

SO 
In both irrigation and seepage water, the 4/Total anions 
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ratio remains constant at 0,20 . The most striking feature, 
however, is the great increase in TDS content of the irrigation 
percolate as it drains to the river. This is particularly 
evident in samples taken from seepage SSl and pit 2 (Table 6.3) . 
The TDS value of pit 1 is not representative of seepage water as 
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COLLECTION DATE T.D.S. CONTENT 
SITE 

19/2/82 5352 * 

4/3/82 5842* 

29/4/82 6765 

SEEPAGE 23/6/82 6741 

SI TE 22/7/82 6643 

SS 1. 6/8/82 6578 

9/9/82 6565 

13/10/82 5993 * 

27/10/82 6500 

15/2/83 5707 

3/6/82 2242 

13/6/82 2309 

PIT 2 9/9/82 3120 

28/3/83 2347 * 

PIT 3 16/11/82 6500 

28/3/83 5317 * 

6/5/82 1859 

PIT 13/5/82 1820 

20/5/82 1807 

KD 2 3/8/82 2496 

SS 4 5/10/82 3237 

KD 37 24/8/82 2603 

* OWN CONDUCTIVITY MEASUREMENTS 
Cl MIXTURE OF SEEPAGE WATER AND RIVER WATER. 

TABLE 6.3. T.D.S. CONTENT OF SEEPAGE WATER FROM VARIOUS SAMPLING POINTS . 
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it consists of a mixture of seepage and river water. The higher 

Cl- content of seepage and ground\~ater can be attri buted to a 

change from a bicarbonate character to a chloride character as 

the water gradually passes from the envi ronment of recharge 

(irrigation) to the environment of discharge (seepage). 

There are large spatial variations in seepage water quality along 

the length of the river (i .e. from 2242 mg/l to 6643 mg/l). 

Although this may be related to changes in soil salinity, this 

does not appear to be the case with seepage site 551. 

no evidence of abnormally high salinities in soil 

obtained from borehol e KD 41, situated north-east of 

There is 

samples 

551. A 

possible explanation is the seepage of "deeper", mineralised 

groundwater into the alluvium at this point. In fact 

hydrochemical analyses from borehole KD 32 and 551 reveal similar 

chemical characteristics. 

A comparision of irrigation water samples which have been 

enriched, hypothetically, by evaporation with no salt 

mobilisation in the soil (Rhoades and Merrill, 1975), and seepage 

water samples collected in the field, on a trilinear graph, 

reveals similar equivalent percentages of the various ions 

(Figure D.6, Appendix D) . This is further evidence that bank 

seepage represents an enrichment of irrigation water. 

6.3.3 Alluvial Water 

Alluvial water from soil sampling holes shows similar equivalent 

percentages and TD5 conte nt to the river bank sf'epag e sampl es 

(especially KD 2 and pit 2) (Table 6.3). Water from boreholes 

near the canal and farm reserviors, e.g. KD 6, A 6 and KD 7 show 

low TD5 values and low equivalent percentage Cl due to direct 

seepage of irrigation water. Le Roux (1979) suggests significant 

losses of i rri gati on water from both 

pond s, whi ch may 1 ead to water 

mineralisation problems . 

canal s and earth storage 

1 oggi ng and subsequen t 
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6.4 HYdrochemistry of the Sandstone and Mudstone Aquifers 

Both the sandstonp. ann mUdstone aquifers show considerable 

variation in percentage equivalents. The majority of samples 

plot in the "NaCl" field of the Pi per diagram, both within the 

areas representing stag~ant and dynamic environments. 

Although the Piper dia9ram illuminates the varying percentage 

equival ents of the ions, it does not di sti ngui sh between waters 

having a high or low TDS content. Table 6.1 shows that, 

generally, the water associ ated with the mudstones has a hi gher 

TDS content than that with the sandstones. Al though equivalent 

percentage Na is approximately the same for both sandstone and 

mudstone waters (.::. 70%), the mudstones have on average a hi gher 

equivalent percentage Cl (62%, as opposed to 52% for the 

sandstones) . 

This is to be expected as the mudstones contain a high percentage 

adsorbed cations and anions which can be mobilized upon 

weathering and during base exchange. The percentage Cl is a good 

indicator of the residence time of the water. That is, waters 

with a high Cl content are i ndicative of a stagnant environment 

while a low Cl content indicates a more dynamic environment (Hem, 

1970) . 

The alternating, cyclic nature of the sandstones and mudstones, 

however, result in water found within some sandstones (e.g. 

borehole KD 45) having a similar composition to that found in the 

mUdstones . Thi sis as a resul t of the percol ati on of water 

through the vari ous 1 ayers, and consequently changing chemically, 

as it returns to the river. 

Al though waters found within a thick sequence of mudstones, for 

exam~e KD 32, KD 33 and KD 37, have a high TDS content, some 

waters encountered in mudstones have low dissolved solid values, 

e.g. KD 1 and KD 5. Other factors such as residence time, the 

salinity of the overlying soils and the quality of irrigation 

water play an important role in determining the TDS content of 

the groundwater. Both boreholes KD 6 and KD 10, whose water 
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levels fluctuate greatly during flow in the canal and application 

of irrigation water respectively, show that in some areas rapid, 

preferential flow of groundwater within the soils is possible. 

The TDS content and equival ent percentage Cl is al so low in these 

two boreholes, indicating good circulation of groundwater. 

6.5 Tracer Tests for the Determination of Groundwater Flow Paths and 

Residence Times 

Tracers, both natural and artificial, were used in this study to 

determine the direction of movement of groundwater, its residence 

time in an aquifer, and consequently the transmissivity of the 

aquifer. 

Tracers may be chemical, radioactive or biological in nature 

(Llamas, et al., 1981; Neretnieks, et al., 1982) . 

(a) Natural Isotope Tracers 

Environmental tracers present a distinct advantage over 

artificial tracers in that the system can be sampled at a 

particul ar instant and 1 ocati on, whereas a rtifi ci al tracers 

often require long pp.riods of sampling before the tracer is 

detected (Verhagen, 1980). Environmental isotopes i ncl ude 

tritium (3 H), deuterium (2H) and radio carbon (14Cl. 

Tritium, being part of the water molecule, moves essentially 

as water does and is therefore an almost perfect tracer 

(Allison, 1980). The tritium content of the atmosphere and 

water increased si gnificantly after 1952 because of 

thermonuclear weapon testing (Toran, 1982). As its natural 

occurence in the atmosphere is negligible, its appearence in 

groundwater is an almost certain indication of recharge 

(F .A. 0., 1982). Triti um analysi s was performed on seven 

water samples. Thi s revealed that all waters sampled are 

younger than 20 years, with some of the higher tritium 

values indicating complete turnover within the last 10 

years. The tritium analyses are 1 isted in Table 6.4 
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TABLE 6.4 TRITIUM ANALYSIS OF SELECTED GROUNDWATERS IN THE STUDY AREA 

BOREHOLE TRITIUM UNITS DESCRIPTION OF WATER 

KD 34 
KD 5 

seepage site SSl 
KD 32 

11,0+0,8 
8,7 + 0,7 
7,6+0,6 
5,1 + 0,6 

Indicates recent recharge from 
irrigation water 

KD 36 

KD 15 
KD 37 

5,4 + 0,6 

2,7 + 0,4 
0,2 ~ 0,3 

water from non-i rri gated control 
area 
fairly stagnant water indicating 
little interaction with irriga­
tion water 

Tritium analyses of waters from boreholes KD 34, KD 5, KD 32 

and seepage site SSl poi nt to recha rge taking pl ace 
partially through direct infiltration by rainfall in areas 
of sparse soil cover and mainly by percolation of irrigation 
water through the soil s to the fractured rock aquifers. 
Very little water (0,06 lis) was .encountered in borehole KD 
36, in the non- i rri gated control area on the ri ght hand bank 
of the river. The fairly "young" water encountered in this 
aquifer reflects recent, direct recharge from rainfall. 

The low tritium values of waters encountered in holes KD 15 
and KD 37 are indicative of stagnant conditions with little 
recharge from irrigation percolation taking place. 

(b) Artificial Tracers 

Two fluorescent dyes, fluorescein and Rhodamine B, were used 
at Middleton in an attempt to determine : 

(i) rates and direction of flow of seepage water within the 
unconsolidated alluvium; 

(i i) the i nteracti on between shall ow water withi n the 
all uvi um and the "deeper" groundwater. 
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Artificial tracers include various chemical, radioactive or 

biological compounds which are introduced at a point source, 

and whose appearence at natural or artificial po ints of 

outflow are then monitored. Flourescent dyes radiating 

various colours are available which are very effective for 

direct observation in clear water. In quantitative 

measurements a fl uorimeter is used (White, 1976; McLaugh­

lin, 1982). 

Duri ng the Middl eton study, tracer tests were undertaken 

both under natural flo\'/ conditions (boreholes KD 43 and KD 

15) as well as under induced flow duri ng an aquifer test 

(borehol es KD 23 and KD 24 - Fi gure 6.6). No tracer was 

detected in observati on holes KD 15 and KD 24 even after 

lengthly periods of sampling (720 hours and 149 hours 

respectivel y) . Tests undertaken at seepage pit 3 and 

seepage site 1, where the tracer was injected into auger 

holes 1,5m up gradient from the monitoring pOints, revealed 

that preferential seepage zones exist adjacent to the 

river. Whereas fluorescein \~as detected after only 15 hours 

in seepage site 1 (Plate 12), no dye was detected in seepage 

pit 3 even after 720 hours. 

The rather i nconcl us i ve resul ts from the tracer tests coul d 

be attributed to a number of factors: 

(i) dye was adsorded onto clay particles; 

(ii) the horizontal flow rates at the base of the alluvium 

are very low; 

(iii) interaction between alluvial water and "deeper" 

groundwater only takes place in the vacinity of 

fractures; 

(i v) tracer tests were undertaken duri ng the early part of 

the irrigation season (low hydraulic gradient and 

limited flow within the alluvium); 

(v) In some areas there is no percolation of alluvial 

water into the fractured rock aquifers (KD 23 and 24) . 
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6.6 Spatial and Temporal Variations in Hydrochemistry 

6.6.1 

Changes in hydrochemistry during drilling and aquifer tests 

provide a frame\~ork for examining spatial and temporal variations 

in water quality. 

Changes in Hydrochemistry During Drilling 

Some noteworthy changes in TDS content and equivalent percentage 
ions of waters encountered during drilling were observed. These 
changes are important in the explantion of the spatial variation 
in water qual ity and in determining the nature of the aquifers 

(Table 6.5, and Sections A and C, Appendix B). 

(a) Variations in Hydrochemistry with Depth 

Borehole KD 5, for example, shows a progressive increase in 
TDS content with depth. The good qual ity water associated 
with the mudstone at 37m (1287 mg/l) is probably related to 

a dynamic circulation of water (see low Cl value) while the 
poorer quality water associated with the sandstone at 53m is 

as a result of stagnant conditions (high percentage Cl). 
This is again observed in boreholes KD 1, KD 14 and KD 37. 

In borehole KD 15, however, the opposite occurs. Poor 
quality water (3783 mg/l), high in percent Cl, is found in 
the sandstone at 29m whi 1 e good qual i ty vlater wi th a low 

percentage Cl is associ ated wi th the fi ne grained sandstone 
at 35m. Boreholes KD 37, KD 32 and KD 25 show a similar 

trend although not as pronounced as KD 15. 

In two out of six boreholes drilled where water was 
encountered at the contact between alluvium and bedrock, the 
alluvial water had a higher TDS content than water 

encountered lower in the fractured rock aquifers (indicating 
low flow conditions) . Not only does this support Tordiffe's 
(1978) theory that due to the low hydraulic conductivity of 
the alluvium, most of the seepage takes place in 
and joints in the consolidated bedrock, but 

fractures 
it also 
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reinforces the assertion that a preferential f10wpath -
discrete aquifer system exists. 

(b) Lateral Variations in Hydrochemistry 

Not only does water qual ity change with depth but changes 
are also observed over fairly short lateral distances. 
Boreholes KD 4 and KD 5 are examples where a change of over 
900 mg/1 is observed over a distance of 35m. Together with 
variations in the depth at which water was encountered and 
the limited hydraulic continuity between some boreholes, 
these three trends reinforce the assertion that the aquifers 
are di sconti nuous or "patchy" in nature and that groundwater 
flow is governed by the size and number of fractures and 
j oi nts present. Groundwater f1 O~I may therefore become 
restricted resulting in fairly stagnant conditions . 
Preferential f10wpaths through the soil, by means of cracks 
and solution channels in the calcrete, and through the 
fractured sandstones and mudstones, is consequently an 
important mechanism in explaining large variations in water 
quality over short distances. 

Preferenti a1 
pit 2, and 

seepage sites 
554, i ndi cate 

along the river bank, e.g. 551, 
that through the mechanisms of 

i rri gati on return f1 O\~ is sorting and compaction, 
concentrated in certain areas. 

From secti ons A and C (Appendi x B), there appears to be a 
trend of i ncreasi ng TD5 con-ten·t- o·f.- !!jroundwa-te-r- from- the----­
canal to the river, found also by 1e Roux (1979). This 
confirms the assertion that seepage water becomes 
progressively mineralised as it returns to the river. Those 
waters far from the river whi ch have a hi gh TD5 content 
(e.g. KD 5 at 53m and KD 45 at 65m) were encountered at some 
depth and are probably indicative of stagnant conditions. 

6.6.2 Changes in Hydrochemistry During Aquifer Tests 

Of the eight constant rate aquifer tests undertaken (Table 6.5), 
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two showed a slight increase in TOS content with time, two a 

decrease in TDS content, while TOS content of four remained 

fairly constant throughout the duration of the test. 

The constant water quality again supports the idea of limited 

interconnection between aquifers, i.e. flow of water with a 

higher or lower lOS content was not induced from other aquifers. 
Boreholes KD 32 and KD 37 show an improvement in water quality 
during plmlping as compared to during drilling. This was a 

consequence of direct recharge from the river, both boreholes 

being situated within 100m of the rive r . The water quality 

monitored during the pumping of borehole KO 5 showed that flow 

was induced from the vac;nity of borehole KD 4. Genera11y. 

however, the water quality was dominated by the highest yielding 
formation encounted during drilling. 

PLATE 12. Tracer test at seepage site SS,. (a) injection site 
(auger hole) and (b) seepage of fluorescei.n dye from 

SSl. 

, 



TABLE 6.5 TDS CONTENT OF WATERS OBTAINED DURING DRILLING AND 
AQUIFER TESTS 

~t 
POIUIA'1'1011 

BO'l'TLE NO. <f' ....... ·"'> ....... DATE TIME TDS CONTENT AND DEPTH 

, .... 
BOREHOLE KD , 015040 lal7'lIII/l ., .udatt»ne '7-

DRILLING 028531 2099 •• nd.tone 50. 

028227 3516 .andatone ". 

AQUIFER TEST 

132522 21/7/82 10.30 1092 

03~8oo 21/7/82 12.21 1125 

021112 21/7/82 19.~0 1086 

029780 22/7/82 00.15 1099 

032)29 22/7/82 07.0) 1112 

024134 22/7/82 09.10 1105 

017216 18/8/82 1268 

0,1764 19/8/82 10.04 1437 

BOREHOLE KD 1 
Al1uviWd 

DRILLING 016956 1580 lIIud"tone 1ft. 

0)0081 1937 Ii" ... and.tone ,0,5_ 

028011 2028 .and.tone 37-

AQUIFER TEST 

016549 9/8/82 14.22 2191 

021212 9/8/82 18.25 2204 

025684 9/8/82 22.20 2165 

027700 10/8/82 12.50 202!?t 

BOREHOLE KD 22 

DRILLING 020545 6/8/82 5772 .ud.tone 18. 

0))072 9/8/82 5200 .udatone 26. 

0)2677 9/8/82 4602 .udaton. )1. 

AQUIFER TEST 

017759 4/10/82 17.46 4212 
~ 

017967 4/19/82 24.00 4154 

030420 5/10/82 11.40 4108 

BOREHOLE KD 2~ 
~ 

DRILLING 029943 19/8/82 3211 .udatone 1_ 

017982 19/8182 '276 .udatone ,2, ,. 

AQUIFER TEST 

024030 24/8/82 10.41 "9' 

019,4, 24/8/82 16.00 ,406 

019987 26/8/82 09.20 ,,80 

BOREHOLE KD l4 026027 1617/82 1768 •• nd.tone 26. 

DltILLING 0,4956 16/7/82 1671 •• nd.ton. '7-
AQUI FER TEST 0)4640 21/8/82 12 .. 20 1742 

0)2948 31/8/82 13.20 1742 

031999 ,1/8/82 14.25 17,6 

024569 ,1/8/82 15.55 1755 

024488 1/9/82 09.)7 1749 

0)1984 1/9/82 09.57 1749 

023091 . 1/9/82 15.15 1775 

0)2615 2/9/82 09.10 1781 

BOREHOLE KD 15 

DRILLING 28/6/82 378) •• nd.tone 29_ 

28/6/82 1118 t .. •• nd.tone ]5-

AQUIFER TEST 

02126, 22/9/82 09.28 ",6 

016,05 22/9/82 14.2, ",6 

019920 22/9/82 15.2, 3,,6 

BOR EHOLE KD lZ 
~ 

DRILLING n~'.864 24/8/82 ,621 ' lliud_tone 10111. 

019549 24/8/82 2600 .ud.tone 21 .. 

017041 24/8/82 2275 mud.tone 57-

AQUIFER TEST 

020776 24/9/82 1996 

024504 27/9/82 211) 

." .J< 
..,I. 
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6.7 HYdrochemistry of Water from Non-irrigated Areas 

Fifteen water samples were collected from boreholes in the 

non-irri gated farmi ng areas near Mi dd1 eton. TOS content of these 

waters varied between 1100 and 4160 mg/1, although the average 

salt content was 1959 mg/l. Mos t of the samp1 es plotted in the 

"NaC1" field of the Piper diagram (Figure 0.6, Appendix 0), close 

to samples from boreholes KO 5, KO 36 and KO 45 (stagnant water 

areas). In comparison to samples obtained from irrigated areas 

(average TOS content 3385 mg/l) , these waters contai n 1 ess Na 

(due to the lesser importance of base exchange) and a greater 

percentage C1 (because of static water conditions). 

6.8 f1ydrochemistry of Great Fish River Water 

Although the TOS content of river water vari ed between 1008 mg/1 

and 2490 mg/1 during 1982, the equivalent percentage cations and 

anions remained fairly constant - Na + 70% and C1 + sm. When 

compared to irrigation 

percentage Na and C1. 

water, the river water contained a higher 

All points p1 otted wit~~ the" NaC1 " fie1 d 

of the Piper diagram. "Normal" (non-release) Fish River water 

always had a higher TOS content than irrigation water because the 

percentage "basef10vl" of the ri ver water is greater than that of 

irri gati on water (the i rri gati on water bei ng di 1 uted wi th Orange 

Ri ver water). 
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CHAPTER 7 

THE AFFECT OF SOILS ON MINERALISATION 

7.1 Sources of Soluble Salts 

Salts originate from the physical and chemical weathering of 

rocks and minerals (le Roux, 1979; Fitzpatrick, 1980) and 

consist mainly of various proportions of the cations sodium, 

ca 1 ci urn and magnesi urn and the ani ons chl ori de and su1 phate as 

well as carbonate and bicarbonate (Richards, 1954) . Chemical 

weathering involves the processes of hydrolysis, hYdration, 

solution, oxidation and carbonation. It is particularly the 

feldspars that play an important role in the release of soluble 

salts, e.g. K+ ions from K-feldspar and Na+ and Ca++ ions 

from plagioclase (Mackenzie, 1975). The concentration of salts 

in soils, which leads to the formation of saline soils, is 

frequently brought about by irrigation, which not only introduces 

salts from other areas into the soil but also stimulates a 

capillary rise of groundwater (Richards, 1954; Fitzpatrick, 

1980 ). 

The processes of evaporation and transpiration tend to 

concentrate the salt in the soil solution resulting in an 

accumulation of salts released by weathering (Bresler, 1977l. 

This is particularly prevalent in arid and semi-arid regions 

where evapotranspiration exceeds precipitation and where natural 

leaching is limited (Tordiffe, 1978). 

7.2 The Affect of Excess Soluble Salts on Soils 

In arid and semi-arid regions leaching is usually local in nature 

and soluble salts may not be transported far. Restricted 

drainage is a factor that usually contributes to the salinization 

of soils. This low permeability, which impedes the downward 

movement of water, is brought about by unfavourable soil texture 

or the presence of indurated layers (Richards, 1954). 
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Soluble salts effect the physical properties of soils in numerous 

ways, e.g. swelling, water adsorption and drainage. They also 

effect the chemical properties in terms of cation and anion 

adsorption, and precipitation of salts (1 e Roux, 1979). A 

permeabil ity probl em rel ated to water qual ity occurs when the 

rate of infiltration into and through the soil is reduced by the 

effect of specific salts such as sodium (Ayers and Westcot, 

1976). Soil particles adsorb and retain cations as a consequence 

of electrical charges at the surface of the soil particle. 

Cation adsorption, being a surface phenomenon, is identified 

mainly with the fine silt, clay and organic matter fractions of 

soils. The reaction whereby a cation in solution replaces an 

adsorbed cation is termed cation exchange (Richards, 1954). The 

presence of sodi um i nfl uences the physi ca 1 properti es of the 

soil, particularly permeability, by effecting the swelling and 

dispersion of clay. If the ratio of soldium to total cations is 

high in the irrigation water and initially low in the soil, the 

increase of the equivalent sodium percentage causes a reduction 

in the permeability (Kovda et al., 1971). The rate of 

i nfiltrati on is al so greatly dependent upon the nature of the 

soil. A fine grained soil exerts an initial positive influence 

on the infiltration ratio which later becomes negative due to 

swelling. Soils rich in clay minerals such as montmorillonite, 

for exampl e, expand greatly when wet and consequently have a 

deleterious effect on the infiltration rate (Tordiffe, 1978). 

Texture exerts a strong influence on drainage (Dan, 1973). Soil 

layers rich in silt and clay may result in lateral rather than 

vertical movement of soil water. Because of their lo\~ hydraulic 

conductivity, clay rich layers are usually rich in salts (le 

Roux, 1979). The great variation in texture of alluvial soils 

results in a complex movement of salts and moisture in the soils 

and therefore also in salt accumulation. 

7.3 Distribution of Salts in Soils 

Although under present conditions of over irrigation at Middleton 

water is able to drain through to the water table, in semi-arid 
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regions precipitation is insufficient to leach the soils. The 

combined effect of lack of water and lack of organic acids, due 

to sparse natural vegetation, results in less leaching and the 

precipitation of a calcium carbonate or "calcrete" layer in the 

soils (Tordiffe, 1978; Fitzpatrick, 1980). Irrigation water can 

play the role of a very strong solvent but many soluble 

components present in applied water can precipitation after 

irrigation (Kovda et al., 1971). Le Roux (1979) found that in 

the Fish River Valley, soluble salts tend to accumulate at 2m and 

4,75m while calcrete accumulates at 2,5 and 7m. Not only does 

the salt content vary between 1 ayers but al so between sampl ing 

profil es. 

7.4 Changes in Soils Brought About by Irrigation Water 

Irrespective of its source, all irrigation water contains 

dissolved salts, the type and amount of which depends on its 

origin and on its course before use (AYers and Westcot, 1976). 

Water-soluble salts entering the soil profile through the process 

of irrigation may accumulate in the root zone or may be leached 

out of this zone, depending on the transport processes and solute 

interactions within the soil (Bresler, 1976). The long-term 

action of irrigation water on different types of soil depends on 

the properties of the soil itself, and especially on draingage 

conditions and on the balance of subsoil \~ater and salts (Hanks 

et al., 1976). Irrigation water can either suppress the 

elevation of the salt layer or, through the formation of a \~ater 

table and capillary action, salts may be precipitated higher up 

in the soil profile. Coupled with the total dissolved solid 

content of the irrigation water, drainage and leaching will 

determine whether irrigation will have a positive or negative 

effect on the mi neralisation of soils. There is evidence (le 

Roux, 1979) that the use of the \~ater since the i ncepti on of the 

Orange River Project has had a positive effect on Fish River 

Valley soils and that salts are being leached from the soil 

profile. The T.D.S. content of thi s leachate, however, 

determines the amount of salts being returned to the river in the 

form of irri gati on return flows. The wrongs caused by irri gati on 

with hi gh ly mi nera 1 i sed water duri ng the yea rs before the Orange 

River 



- 96 -

Project (le Roux, 1979) are nO~1 being righted but at the "cost" 

of highly mineralised return flows. 

7.5 Analysis of Soils from the Middleton Study Area 

Va ri ous 

alluvial 

physi cal 

analyses were undertaken on soil samples from the 

profile in an attempt to determine the effect of 

soil parameters on moisture movement and to elucidate 

the role of soils as both a reservoir for, and source of, soluble 

salts. These included particle size and soil moisture analysis, 

determi nati on of saturated hydrau1 i c conducti vi ty , and 

macro-element and adsorbed cation determinations. 

7.5 .1 Particle Size and Soil Moisture Analysis 

Thirty-nine samples from four boreholes, obtained using the drive 

core sampling tube method, were analysed for variations in 

particle size. On average, 67 percent of particles fell in the 

range 0,05 - 0,147mm (fine sand). The size range "less than 

0,005mm", i . e. fine silt and clay, was singled out for special 

attention as it was assumed that thi s category wou1 d be most 

significant in terms of moisture retention (Tables 7.1 and 7.2). 

Duplicate samples, which had been stored in airtight containers 

after sampling, were then analysed gravimetrically and the 

percentage moisture in each sample noted (Tables 7.1 and 7.2) and 

Tables E.1 to E. 7, Appendix E). 

Figures 7.1 to 7.4 are plots of "percent silt and clay" and 

"percent moisture" against "depth" in the soil profile . In all 

cases there is a direct relationship between "percent silt and 

clay" and "percent soil moisture" . This is not surprising as the 

finer particles, through various chemical and physical bonds 

(Richards, 1954), are better able to retain moisture than the 

coarser particles. 

sample profiles is 

between 5 and 6m. 

these being : 

An interesting feature of all four soil 

a decrease in soil moisture in the area 

There may be a number of reasons for thi s, 



TOTAL DISSOLVED SOLIDS (oSL') • ADSORBED CATIONS. 

P.S.A. CATION 

DEPTH PERCENT PERCENT CONTENT 

(M) HOISTURE SILT + CLAY TAL NH. C. C1 NO) N. Hg F Si K 504 P TDS N. Hg K c. (.g/l) n. Mg K C. (lie/l00g) 

1 5,2 17,6 2600 5 400 1000 1.4 17)) 1)) 60 180 47 800 1,4 81)} 7)) 800 413 4267 6213 0,96 2 0 ,4 6,4 

8,2 '" 2 5,2 ...... 

) 5,2 14,4 2867 6 200 1800 )1 2667 67 60 )5) 1)) 11)) 1 10067 9)) 13) 667 5867 8200 1,2 1,8 0,5 8 ,8 

6 ),4 1,6 1000 ) 67 200 ) 5)) 0 27 9) 47 667 4 2867 1667 13) 6)) 1267 4)00 2,1 1,8 9,5 1,9 

7 7,6 0,6 27J) ) 0 ))) 4 1400 0 40 200 27 7J) 1,) 6267 600 4799 427 1))) 7150 0,8 11,8 0,) 2 

8 27,6 4,6 867 1 0 1)) 1 400 0 27 9) 27 5)) 6 2400 1466 67 460 1267 )260 1,9 0,2 0,4 2 

9 7,5 1,6 2267 4 0 1)) ) 11)) 67 20 160 27 667 2 5000 1120 1667 61) 1267 4667 1,6 4,1 0,5 2 

10 7,4 0,6 1667 2 0 267 ) 1067 0 20 140 47 600 1 4467 1))) 1067 560 19)) 591) 0,7 2,6 0,5 ) 

TABLE 7.1. VARIATION IN SOIL TEXTURE AND CHEMISTRY WITH DEPTH - BOREHOLE 1W 3'-. 



TOTAL DISSOLVED SOLIDS (mg/I). ADSORBED CATIONS. 

P.S.A. CATION 

DEPTH PERCENT PERCENT CONTENT 

(M) MOISTURE SILT + CLAY TAL NH~ Ca Cl Hg F 51 K T05 N. Hg K c. (lag/l) Na Hg K Ca (me/ 100g) 

' /2 

" /2 6 

2 1/2 1,2 

) 1/2 8,8 

41/ 2 9,5 

5 ' /2 8,5 

61/2 7,5 
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12,J 

16,6 
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22,4 
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9JJ J 

2067 7 

14-00 2 

27JJ 4 

25JJ 6 

2067 5 

1800 4 

17JJ 5 
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o JJJ 4 

o l1JJ 9 

67 lJJ 1 

IJJ 200 2 

lJJ 9JJ 1 

lJJ 467 J 

200 667 

67 llJJ 

o 667 
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5 

1 

4-00 . 67 40 220 67 467 17 2600 267 

1200 a 20 80 47 600 2 4867 5JJ 

15JJ 507 5JJJ 7640 

1200 267 6067 8067 

17JJ 41J 0 2746 1400 a 07 15J 60 7JJ 16 5400 600 

11 5667 5JJ 2000 )67 221)) 250)) 
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220 7J 

207 7J 

600 4 

600 5 

1200 67 27 147 60 600 5 
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7JJ 
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20 
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TABLE 7.2. VARIATION IN SOIL TEXTURE AND CHEMISTRY WITH DEPTH - BOREHOLE KD J8. 
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0,6 
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1,9 9 0,8 0 
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(il the water infiltrating below the root zone does not reach 

the lower alluvial layers; 

(ii) there is pronounced macropore flow within the alluvium 

through cracks and sol uti on channel s wi thi n the cal crete 

layers; i.e. 

SOIL SiJIlPLING HOLE 
IRRIGATI ON 'i/A 'TER 

liLACROPORE FLOW 
THROUGH CALCRETE 

SOIL SURFAC"; 

ALLUVTIJM 

FRACTURED CALCRE'rE LAYER--­
~-- "\"' 

LEAKAGE THROUGH CAL'CRETE 
12 __ ~~ __ ~ __ ~ __ ,, __ ,,~~L-~~~~o~c>~C)~~~o~oc)~.~~~<J~o~o~~~ __ ~ __ ~ __ __ 

(; i il 

(i v 1 

the soil sampling was undertaken towards the beginning of 

the irrigation season; consequently the soil/alluvium 

profile was only partially moist; 

As mentioned above, the moisture appears to be associated 

with the 1 ayers possessi ng a hi gher percentage sil t and 

clay. The sandy layers, i.e. those which have a high 

percentage of particles greater than O,05mm, are 

conspicuous in their lack of soil moisture. Good 

examaples of this are the samples obtained at 9 and 10m 

in borehole 40, i.e. 90% and 92% particles greater than 

O,OSmm respectively. 

The first possibility is discounted because of the moisture 

located lower in the profile, as well as evidence from bank 

seepage. The other three probably all affect the soil moisture 

content to a certain extent. 
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PERCENT SILT AND CLAY 
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7.5.2 Saturated Hydraulic Conductivity 

Six undisturbed soil cores were collected from various locations 
and depths (Figure 4.1) and, after being saturated in the 
laboratory, were tested in a constant head permeameter, following 

the technique described by the Klute (1965). From the Darcy 
equation, v = ki, k, the hydraulic conductivity, is the effective 

flow velocity of water in soil at unit hydraulic gradient, i .e. 
when the driving force is equal to one gravity (Richards, 1954). 

The results from the tests are tabulated below: 

Profile Depth Saturated hydrau1 i c Specific permeabi1 ity 

1 

2 

2 

3 

3 

4 

TABLE 7.3 

(m) conductivity (m/day) (Darys) 

D,45 7,224 x 10-3 8,69 x 10_3 

0,55 5,397 x 10-3 6,49 x 10-3 

1 ,0 69,530 x 10-3 83,70 x 10-3 

0,30 6,599 x 10-3 7,94 x 10-3 

0,65 20,60 x 10-3 24 80 x 10-3 , 

0,35 3,610 x 10-3 4,34 x 10-3 

Saturated hydraulic conductivity determinations of. 
selected Middleton soils 
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The values compare \~ell with the category "fine sand, sil t and 

clay" as given by Todd (1960). Al though Cores were only 

collected from the first metre of the soil profile, (due to 

difficulties in extracting an undisturbed soil core), they none 

the less reveal the low saturated hydraulic conductivities 

present. Even if the saturated hydraul i c conductivi ty increases 

with depth, soil water percolation (drainage) will be limited by 

the low values found in this upper layer. Particle size analysis 

was undertaken on three of the core samples (Table 7.4). This 

revealed that the low saturated hydraulic conductivities are 
associ ated wi th hi gh percentages silt and cl ay. 

Depth % Fine % medium % Coarse Saturated 
Profil e (m) % Cl ay % Si lt sand sand sand hydraul ic 

cond m/day 

3 0,30 32,45 16,39 48,74 2,39 0,03 6,6xlO-3 

1 0,45 18,22 8,69 68,63 4,31 0,15 7,2xlO-3 

2 0,55 22,89 8,70 42,56 23,78 2,07 5 3xlO-3 , 

TABLE 7.4 Particle size analysis data of soil s used in saturated 
hydraulic conductivity tests. 

Impli cati ons 

The fact that the soil moisture appears to be related to the 

presence of sil t and clay, and that there are layers of low 

saturated hydraulic conductivity present which limit percolation, 

all point to poor drainage and consequently low leaching of the 

soil profile. It is to be expected that if the saturated 

hydraul i c conducti vity of surface soi 1 is as low as 24 x 10-3 

m/day, leaching and irrigation may present serious difficulties 
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(Richards, 19541. However, the presence of fairly substantial 

amounts of bank seepage (1,0 litre per minute per metre of bank1 

indicate that deep percolation is occurring which means that the 

mechanism of preferential macropore flow through the calcrete is 

probably important. 

7.5.3 Soil Chemistry 

Sixty-eight soil samples from eight boreholes and three surface 

samples were analysed for macro-element determination as well as 

adsorbed cations, using various standard extraction procedures 

employed by the Hydrological Research Institute (H.R . I.1. The 

results are presented in Tables 7.1 and 7.2 and E.l to E. 7, 

Appendix E. From the macro-element analysis, the T.D.S. values 

of the saturated extract are in the order of 6000 to 7000ppm and 

are fairly constant throughout the soil profil e (i n the same 

order of magni tude 1. Na, Cl, TAL and 50
4 

make up 82 percent of 

the total disso1 ved sol ids. 

In an attempt to correlate variations in chemistry with soil 

moisture and particle size, tJa was plotted against depth in 

Figures 7.1 to 7.4. Although discrepencies do occur, there does 

appear to be a positive relationship between the amount of Na and 

the variables "percentage silt and clay", and "percentage 

moisture". This can be accounted for by the fac t that ions would 

tend to accumulate in areas of high moisture content, i . e. areas 

of poor drainage. The major anomaly is in borehole KD 34 where 

the lowest proportion of Na ;s associated with a fairly high 

percentage silt and clay, and percentage moisture. 

A better corre 1 ati on exi sts bet\1een exchangeable Na and 

percentage silt and clay. This can be explained in terms of 

chemi cal (e lectri cal) bondi ng where the Na ions a re adsorbed onto 

the surface of clay particles. Na, Ca and Mg cations are always 

readily exchangeable. During the cation exchange process, the 

reaction between calcium saturated soil and NaC1 solution may be 

wri tten : 

CaX 2 + 2NaC1 ~ 2NaX + CaC1
2

, 
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where X designates the soil exchange complex. l~here the 

percentage exchangeable Mg exceeds Ca (as in the case of 

Middleton soils) and where the percentage Na is high, the soils 

have adverse physical properties, i.e. low hydraulic conductivity 

and high swelling of clays. Sodicity is defined as the effect of 

an excess amount of exchangeabl e sodium in the soil on soil 

permeability and structure deterioration, and a direct toxic 

effect of exchangeable sodium on plants specifically sensitive to 

sodium (Richards, 1954). 

Examination of data reveal that there is a great reservior of 

exchangeable cations available for mobilization by deep 

irrigation percolate (Tables 7.1 and 7.2, and E.l to E.7, 

Appendix E). The high percentage calcium is somewhat unrealistic 

as this is mainly as a result of calcrete present in the soil 

profile . Calcrete itself is evidence of calcium carbonate and 

calcium sulphate precipitation due to poor drainage and high 

evapotranspiration in the geological past. 

Soils in the Middleton area can be classified as saline as the 

saturation extract exceeds 260Omg/l (4000y S/cm) and as base 

saturated (exchangeable sodium percentage,> 15) i.e. saline­

alkali soils (Richards, 1954). There are consequently sufficient 

salts due to the process of leaching alone to give rise to 

SUbstantial mineralisation. 
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Characteristics of Saline - Alkal i Soil s 

Soils of this class are characterised by their appreciable 

content of soluble salts and exchangeable sodium. As can be seen 

from Table 7. 5, the Middleton soils have both a total dissolved 

sol i d content greater than 260Omg/l as well as an exchangeabl e 

sodium percentage greater than 15. Both repl acement of 

exchangeable sodium and leaching are required for reclamation of 

these soils. 

7.5.4 The Affect of Irrigation Water on Soils in the Study Area 

So far, only the salts, both in the soil solution and adsorbed to 

silt and clay particles, have been considered. Now the focus 

shifts to the role of irrigation water, as this ultimately 

determines the dynamism of the system. The actual suitability of 

a given water for irrigation depends on the specific conditions 

of use crop grown, various soil properties, irrigation 

management practices, especially leaching fraction, frequency of 

irrigation and climatic conditions (Kovda, 1971) . In the 

hypothetical case where no salts are mobilized in the soil during 

downward percolation of irrigation water, enrichment of the 

percolate occurs only be means of evapotranspiration. In order 

to study the effect of enrichment due to evapotranspiration 

alone, irrigation water samples were analysed using a computer 

programme modifi ed by Oster and Rhodes (1975). Bri efly, the 

model calculates the resultant equilibrium chemical compositions 

of waters assumed to be concentrated from the initial 

composi ti ons by the factor ( 1 /LF a) , LF a bei ng the 

particular leaching fraction, appropriate for a given fractional 

interval of the rootzone (Rhoades and Merrill, 1975). Tables E.8 

to E.20, Appendix E contain the calculated ion concentrations of 

i rri gati on water passi ng below the rootzone for fi ve 1 each; ng 

fractions, namely 5%, 10%, 20%, 30% and 40% (the leaching 

fraction is the fraction of infiltrated water that passes beyond 

the rootzone). Figure Ll, Appendix E is a Piper plot of the 

leachate for the various leaching fractions. It is clear that 

the greater the leaching fraction, the lower is the T.D.S. 

content of the leachate . This is well illustrated in Figure 7.5 
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SELECTED SATURATION EXTRACT DETERMINATIONS 

Soll Tl)S Cations m~/l Anf::lMs mel' SAR Exchange. 
Type & Sampl e content able Na 

No. Ca Mg Na K Total TAL SO Cl Total ~ 

~ 

mg/1 ~ 

Nonnal Solls ~ 

R-2867 546 2,76 1.69 5,22 0,18 9,85 6,63 2,67 0,44 9,74 3,5 3 

Saline Soils 574 9035 31,5 37,2 102,0 0,21 170,95 4,5 90,0 78,0 172,5 17,4 13 

Nonsal1ne Alkali 
Soll s 535 2053 1 t 10 0,3 29,2 4,1 34,7 27,1 4,6 7,5 39,2 35,0 46 

Saline Alkali 
Soils 2740 10855 32,4 38,2 145,0 0,51 216,2 3,29 105 105 213,3 24,4 26 

Middleton KD34-lm 8133 20 11 75,3 1,2 107,5 52 17 28 97 19,1 36 

Middleton K034-3m 10067 10 5,5 116 3,4 135 57,3 23,6 50,7 131,6 41,7 40 

Table 7.5 Comparison between saline-alkali soils and Mfddleton soils. 
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where leaching fraction is plotted against T.O.S . content of 

leachate. It is also evident that an increase in initial T.O.S. 

content of irrigation water (for a particular leaching fraction) 

will resul t in an exponential increase in the T.O.S. content of 

the leachate. The deleterious effect of poor soil texture and 

structure can be seen in Figure 7.5 . The lower the drainage, and 

consequently the smaller the 1 eaching fraction, the greater will 

be the T.O.S. content of the leachate. 

The preceeding discussion, which assumes no salt pick-up in the 

soil, shows that even with a good quality irrigation water 

(400ppm) and a leaching fraction of 20%, the e xpected TOS content 

of the leachate can be as high as 1900ppm (i.e. almost a 5 fold 

increase). One must therefore assume that in the field situation 

where there ~ salt mobilization in the soil, and where T.O.S. 

content of irrigation water is high (up to 1147ppm), the sal inity 

problem will be magnified greatly. (Figure 7.6 illustrates the 

effect of i ncreasing T.O.S. content of irrigation water on T.O.S. 

conten t 0 f 1 eachate) • 

One cannot assume that an improvement in irrigation water quality 

will result in a lowering of the TOS content of the seepage water 

in the short term (although from Table 7.6 there may be some 

evidence to support thi s). The hi gh TOS content of the soil 

solution as \~ell as the great reservior of salts available in 

adsorbed form will result in the high salinity values being 

maintained for some time (when irrigating \~ith good qual ity 

water, H+ ions replace adsorbed Na+ ions on a one to one 

basi s). As the soil s are base saturated , there are many ions 

available for future mobil i zation. Exchange will occur until a 

new equi 1 i ori urn is reached between soil and water, after whi ch 

seepage water quality will again remain constant. 

Figure 7.8 shows a diagram for the classification of irrigation 

waters (Richards, 1954). All irrigation samples from the study 

area fall into one of three categories 

(i) C2-S1 - medium salinity water with low Na content. Need 

a moderate amount of 1 eachi ng in order to avoi d 

salinization of soils. 
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(ii) C3-S1 - high salinity water with low Na content. Cannot 

be used on soils with restricted drainage. 

(iii) C3-S2 - high salinity water with moderate Na content. 

Thi s type of water presents a seri ous Na hazard in fine 

textured soils having high cation - exchange capacity, 

especially under low leaching conditions. 

It is therefore evident that little improvement in soil, and 

consequently seepage water, salinities can be expected under the 
present dissolved solid content of irrigation water. 

7.6 Affect of Improved Water Qual ity on Irrigated Soil s 

Borehole K036 was drilled in the non-irrigated control area on 

the right hand bank of the Great Fish River (Figure 4.1l. This 

area has never been i rri gated with Orange Ri ver water and has 

i~lfact been lying fallow since 1974. Table 7.6 is a comparison 

of T.O.S. and adsorbed Na values for K036, and two boreholes 

drilled in irrigated lands . It is interesting to note that the 

T.O.S. values for K036 are higher than those for K038 and KD41, 

while adsorbed Na values are approximatele the same for all three 

profiles. This may support the argument that the use of higher 

quality water since the Orange River Project has resulted in a 

leaching of salt from the soil profile of the irrigated lands. 

On the other hand, variations in soil salinity over short 

distances do occur (compare KD38 and KD44 which are only SOm 

apart) and the different salinities observed may be a function of 

factors not directly related to irrigation water quality. 



TABLE 7.6 COMPARISON OF TDS AND ADSORBED Na CONTENT FROM IRRIGATED AND NON-IRRIGATED SOILS. 

DEPTH KD41 KD ,8 KD 36 KD ~1 KD 38 KD 36 

T.D.S. mg/1 T.D.S. mg/L T . D.S. m9/1. ADSORB. Na ADSORB. N. ADSORB .. N. 

1 6200 2600 37JJ 667mo/l 267 267 ~ 

~ 

2 3467 ~867 6339 399 533 667 '" 
3 6067 5400 8400 533 600 667 

4 5333 5667 9733 . 733 533 867 

5 4000 5667 8~67 867 533 733 

6 37J) 6067 8200 600 467 800 

7 61)3 5133 10133 ~67 ~67 867 

8 39)) 5200 4~67 17)) ~oo ~oo 

9 45)) 7400 12067 1800 1467 . 2067 

10 41)) 6133 15))3 2467 1600 )600 

11 37J) 139)) 2667 2667 

12 109)) 1600 

1) 11~67 2267 

14 9800 1133 

15 27)) 600 
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7.7 Factcrs which may Lead to. a Reducticn in the Salinity cf the 

Sci1s and Leachate 

7.7.1 Irrigation Efficiency 

This is mainly related to. the quantity cf water app1 ied and the 

frequency cf applicaticn. The higher the salt ccntent of the 

water, the greater the amcunt cf water that must be passed thrcugh 

the sci1 to. keep the sc1ub1e salt ccntent at cr be1cw a critical 

level {Rhcades and Merrill, 1975; Cass, 1979}. HC~lever, overuse 

and waste cf irrigaticn water contribute to. drainage difficulties 

and sal inity prcb1ems. The quantity cf irrigaticn water applied 

should therefcre be carefully ccntrc11ed and shcu1 d be based upcn 

ccnsumptive demand cf the crcps and leaching requirements cf the 

sci1 s {i .e. overirrigate cn1y to. ensure a certain predetermined 

leaching fracticn, e . g. 30%} {Frenkel et al., 1978}. Increasing 

irrigation frequency can markedly effect the qual ity cf scil 

sc1uticn, particularly in the rcct zcne. When irrigating with 

sal ine water it is important to. irri gate frequently. Infrequent 

app1icaticn and the use cf saline water result in crcps being 

expcsed to. critical total soil water potentials for long periods 

{Rhoades and Merrill, 1975}. 

7.7.2 Leaching 

The 1e~ching of soluble salts from the root zone is essential in 

irrigated soil s. This can be accomplished by ponding an 

appreciable depth of water on the soil surface by means of ridges 

and thus establishing downward water movement through the scil 

{Richards, 1954}. Pre1eaching of the soil at the beginning of 

the crop season {van Rooyen and Mco1man, 1980} and ccntro11ed 

overirrigation are the most feasible methods for soil leaching in 

the Middleton area. 

7.7.3 Drainage 

Drainage in agriculture is the process of removal of excess water 

from soil {Richards, 1954}. Salts in the irrigation water and in 

the soil increase the drai nage requi rements. The hi gh adsorbed 
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Na percentage of Middleton soils results in unfavourable soil 

structure and consequently poor drainage. By adding gypsum to 

the soi 1 or i rri gati on water, the exchangeable Na percentage is 

decreased as Na ions are replaced and go into solution (Cass, 

1979). The soil structure is thus improved and the leaching 

fracti on increases (parti cul arly soil s of the C3-S2 type) . 

However the addition of gypsum may enrich the deep percolate with 

salts (especially Na and sulphate). The construction and 

improvement of drainage canal s must be encouraged as a means of 

diverting the saline seepage water away from the river. 

7.7.4 Irrigation Water Quality 

In the light of the present mineralisation problem, the 

improvement of irri gati on water qual ity is probably the most 

feasible solution. Both an improvement in leaching and in 

drainage results in highly mineralised return flows reaching the 

river and consequently causing problems in irrigation water 

quality lower down stream. An improvement in irrigation water 

quality will result in the need for less water to be applied in 

order to reduce root zone sal inity and therefore less water 

reaching the groundwater table. Although this may not reduce the 

salt content of the deeper soil layers, plant growth will not be 

effected as the root zone will be low in soluble salts. Although 

not a problem at Middleton, a near surface water table causes 

many problems in certain parts of the Fish River Valley, e.g. 

Golden Valley. The use of smaller quantities of low T.D.S. 

content water will also prevent water logging and salinization of 

these soil s. 
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CHAPTER 8 

RECHARGE AND THE WATER AND SALT BALANCE 

8.1 Recharge To The Alluvial And Fractured Rock Aguifers 

The construction of a groundwater level contour map (Figure 8.1), 

based on careful levelling of both existing and exploration 

boreholes, confirmed the effluent nature of seepage along the 

Great Fish River. The groundwater level contours closely mirror 

the topographic contours. 

Ten water level recorders were installed on various boreholes to 

moni tor fl uctuati ons in water 1 evel s duri ng rai nfall events and 

irri gati on loads. These 1 evel s were moni tored between No vember 

1982 and November 1983, the following observations being noted. 

1. Recharge to the alluvial and fractured rock aquifers takes 

place mainly through the infiltration of irrigation water 

(34% of volume applied), although precipitation (13% of 

total rainfall) and leakage from canals and irrigation ponds 

( 1%) of recharge contri buted to a 1 esser extent . 

Substantial leakage from the Middleton Canal, resulting in 

an elevated groundwater table, takes place where the canal 

traverses weathered bedrock (Figure 8.2). A recorder on 

borehol e KD 6 , adjacent to the Middl eton Canal, recorded 

rapid fluctuations in water level during irrigation leads. 

A ri se of 10m, over a peri od of 2 months, was recorded in 

the borehole after the commencement of irrigation in August 

1983. 

FIGURE 8.2 IRRIGATED LAND - GROUNDIIATER TABLE WITHOUT (l) AND 

WITH (2) CANAL SEEPAGE 
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Fluctuations were also noted in borehole KD 7, situated 

immediately below an irrigation pond, reflecting leakage 

from the pond. 

In borehole KD 27, adjacent to where the canal flows through 

clay-rich alluvial soil, no leakage was observed due to the 

sealing effect of the clay. 

2. There exists a definite correlation between irrigation and 

groundwater levels, both in the unconfined alluvial aquifer 

and in the semi -confi ned/confi ned fractured rock aquifer. 

During the irrigation season from late August to April, 

water 1 evel s sho\~ a substanti a 1 ri se, whi 1 e a corre spondi ng 

decline is observed during May, June and July when no water 

is lead onto the lands. 

This correlation is most marked in borehole KD 10, which 

receives water solely by seepage from fractured bedrock, 

having penetrated no alluvial soil or fractured rock 

aquifers during drilling. Eleven days after an irrigation 

lead on 22 July 1983, the water level in the borehole rose 

4,40m in 48 hours. After three months of no irrigation 

duri ng the wi nter season, the effect of the i rri gati on 1 ead 

during July 1983 was observed in boreholes penetrating both 

alluvial and fractured rock aquifers, clearly demonstrating 

the fairly rapid infiltration of irrigation water into both 

aquifer types. The lag time before the irrigation pulse was 

recorded varied from five days (KD 2, KD 12 and KD 14) in 

the alluvial aquifer to fifteen days (KD 4 and KD 5) in the 

"deeper" fractured rock aquifer (Figure 8.3). Macro-pore 

flow through fractured cal crete and rock 1 ayers is therefore 

an important mechanism in explaining this fairly rapid 

recharge rate. 

The water level rise in borehole KD 1, which reflects only 

fl uctuati on sin the "deeper" sandstone aquifer, i s more 

subdued than those water 1 evel s mea sured in borehol es in 

hydraulic continuity with the alluvial aquifer. This is a 

consequence of the dampeni ng effect of the overlyi ng 
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confining layers. 

8.2 The Water Balance 

The catchment water cycle is often described by a water balance 

equation of the form : 

p + I - s - E - Q z = 0 

where p = precipitation 

I = i rri gati on 

S = surface runoff 

E = evapotranspiration 

Qz = vertical drainage (or capillary rise, 

respectively positive or negative) 

all expr essed as a dept h of water measured over some convenient 

time period, such as a year (Cass, 1980). 

In the following calculations it has been as sumed that the amount 

of seepage leaving the study area is equivalent to the amount of 

water passing below the root zone of the irrigated lands . This 

is probably a valid assumption when the varying water levels over 

a period of one year are examined, i.e. although fluctuations 

take place, the pre-winter water levels are restored after 

irrigation commences once more during the sping. 

391,6 hectares of land are irrigated within the study area. Of 

this, 50% is covered by lucerne, 40% by maize, and 10% by wheat. 

The amount of water applied during the 1982 season amounted to 3 

580 549m3, i.e. approximately 914mm per hectare, whilst 

precipitation added a further 394,7mm. 

Rainfall and potential evaporation data for the period 1980 to 

1983 are shown in Tabl e 8 . 1, whil e tha actual evapotranspiration 

values are contained in Table 8.2 (actual evapotranspiration = 

crop factor x potential evapotranspiration x percentage area 

cultivated) (Richards, 1954). Based on these values, the total 

evapotranspiration for 1982 is 951,3mm per ha. The amount of 



JAN. FEB. MARCH APRIL MAY JUNE JULY AUG. SEPT. OCT. NOV. DEC. TOTAL 

POTENTIAL 
EVAPOTRANSPIRATION 282,9 245,2 157,9 120 ,4 101 , a 87,1 78,0 118,3 145,3 217,9 257,0 316,5 

MAIZE 0,4 0,5 0,55 0,55 0,55 0,1 0,1 0,1 0,1 0,13 0, 2 0,23 

CROP 
LUCERNE 0,8 0,5 0,5 0,4 0,4 0,3 0,3 0,5 0,5 0,6 0,8 0,8 

FACTOR 

~ 

WHEAT 0,1 0,1 0,1 0,1 0,1 ° ,1 0 , 15 0,3 0,45 0,6 0,5 5 a ,1 N 
w 

ACTUAL MAIZE 45,3 49,0 34,7 26,5 22,2 3,5 3,1 4,7 5,8 11 , 3 20,6 29,1 255,8 
EVAPOTRANSPIRATION 
(CROP FACTOR 

X POT.EVAP. X 
LUCERNE 11 3,2 61 ,3 39,5 24,1 20,2 13,1 11 ,7 29,6 36,3 65,4 102,8 126,6 643,8 

PERCENTAGE 
AREA CULTIVATED) WHEAT 2,8 2,5 1 ,6 1 ,2 0,9 1 ,2 3,6 6,5 13,1 14,1 3,2 51 ,7 

TABLE 8.1 . POTENTIAL EVAPOTRANSPIRATION, CROP FACTOR AND 

ACTUAL EVAPOTRANSPIRATION FOR STUDY AREA (1982). 



N ... 
JAN. FEB. MARCH APRIL MAY JUNE JULY AUG. SEPT. OCT. NOV. DEC. TOTAL 

1980 RAINFALL 30,5 65,9 38,4 27,6 2,8 10,8 5,0 8,5 26,1 14,5 86,2 24,5 340,8 

1980 POT.F.VAPOR. 264,0 204,4 182,4 184,6 132,3 106,8 13 3 , ° 130,3 142,8 230,0 212,2 256,5 2179,3 

1981 RAINFALL 19,8 62,7 94,9 1 2 , 1 ·; 57,5 7,0 6,6 39,5 5,0 70,6 48,3 66,5 490,5 

1981 POT. EVAPOR . 245,3 190,2 166,4 120,6 76,3 63,5 123,1 101 ,8 173,5 200, 1 234 ,3 254,5 1949,6 

1982 RAINFALL 14,9 50,2 31 ,4 81 ,9 0,0 46,6 40,5 23,3 29,5 37,4 28 ,5 10,5 394,7 

1982 POT.EVAPOR. 282 ,9 245 ,2 157,9 120,4 101 ,0 87,1 78,0 118,3 145,3 217,9 257,0 316 ,5 21 27,5 

1983 RAINFALL 8,2 8,5 21 ,5 5,0 10,8 0,0 

1983 POT . EVAPOR. 309,7 241 ,5 199,5 143,5 117,3 146, 5 

TABLE 8.2. RAINFALL AND POTENTIAL EVAPORATION DATA FOR THE PERIOD 

1980 TO 1983 FOR STUDY AREA. (DEPT. OF AGRICULTURE, MIDDLEBURG) 
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water reachi ng the 1 and surface was l309mm per ha, of whi ch 

951.3mm per ha was lost through the process of 

evapotranspiration. It is assumed that no water was lost by 

overl and flow because of the contoured nature of the 1 and s. 

357,7mm per ha is therefore available for percolation to the 

alluvial and fractured rock aquifers, i.e. 1 400 753m3 over the 

study area. In addition, 139 040m3 can be added for 

precipitation falling on 704 ha of non-irrigated veld (assuming 

that 5% of the preci pi tati on reaches the groundwater table in 

non-cultivated area (Tordiffe, 1978, pg. 38). 

The average dissolved solid content of irrigation water is 

820,5mg/l, which means that 2,9378 x 106 kg of dissolved salts 

were applied to the land in 1982 (the contribution of salts by 

rainwater was ignored because of the low TDS content of 

rainwater, i.e. 2Omg/l). 

The discharge to the river can be divided into 

(a) riverbank seepage and 

(b) groundwater flow. 

(a) Riverbank Seepage 

Discharge (Q) 

Aquifer Width (W) 

Transmissivity (T) 

= Aquifer width (W) x Transmissivity 

(T) x Hydraulic gradient (1) 

= 8737m, i.e. the length of the 

ri ver in the study area. 

= 2 1,lOm /day. Thi sis the average 

transmissivity of the alluvial 

aquifer as cal cul ated from a 

"1 arge di ameter dug well" aquifer 

test. 
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HYdraulic Gradient (I) = 1 :33 , 3. The 

vari ed between 

hydrau1 i c gradi ent 

1:24,6 and 1:50. 

An average value 

chosen for the 

di scharge from 

aqui fer. 

of 1: 33 , 3 was 

calculation of 

the all uvi a1 

Based on thi s fi gure, the average di scharge per metre of 

river bank adjacent to irrigated areas is 0,02 1 itres per 

minute. Although concentrated seepage sites are found where 

the seepage flow rate is in the order of 1 litre per minute 

per metre of riverbank, these sites are more the exception 

than the rule. The flow from these seepage sites varied 

according to the irrigation season. The flow rate of 1 

litre per minute deminished to 0, 2 litre per minute during 

the wi nter. 

(b) Groundwater Discharge 

Similarly, for groundwater discharge, where T is the average 

transmissivity as calculated from 8 constant rate aquifer 

tests : 

Q = WII 

= 8737m x 38,4m2/day x 1/85 

=. 3947m3/day (1 440 655m3/year) 

i.e . 3947m3 of water is, on average, discharged each day from 

the "deeper"fractured rock aquifers. Consequently, riverbank 

seepage accounts for 7% of discharge to the river while basef10w 

from "deeper" aquifers accounts for 93% of discharge. 

8. 3 The Salt Load 

The average dissolved solid content of 

4550mg/1 . If 105 343m3 of water are 

riverbank seepage is 

discharged from the 
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riverbank each year, the salt load reaching the river is 

479311kg . Similarly, the average dissolved solid content of 

groundwater is 3385mg/l, which means that 4 876 617kg of salt was 

di scharged vi a groundwater seepage in 1982. The total mass of 

salt leaving the study area in one year is therefore 5 355 928kg 

or 13 677kg per ha (37,5kg/ha/day). On average, 20,6kg/ha/day of 

salts are applied to the lands which mean that 16,9kg/ha/day of 

soluble salts are being leached from the alluvial soil sand 

consolidated formations. 

Vi 1 joen and Li ebenberg (1974) found that the salt load from the 

Middleton area was in the order of 19,4kg/ha/day. As this value 

was determi ned before the increase in i rri gati on (coupl ed with 

the advent of water from the Orange River), it is probable that 

effluent seepage to the Great Fish River, and consequently salt 

load, has increased since 1976 . 
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CHAPTER 9 

HYPOTHESIS TESTING AND DISCUSSION 

Each of the hypotheses stated in Chapter 3 is exami ned in the 1 i ght of 
data obtained during the geophysics, drilling, aqu ifer testing, soil and 
hydrochemi cal phases of the study. Each hypothesi sis restated and a 

summary of the basis of acceptance or rejection is provided. 

AQUIFER GEOMETRY AND LITHOLOGY 

Hypothesi s 1 

A 1 aterally extensive water table situation is present in the alluvial 
aquifer ,whil e the con sol i dated formations are represented by di screte 
aquifers. 

Two aquifer types can be disti nguished in the Middleton study area 

Type 1 : All uvi a 1 Aquifer 

This aquifer, which is found at the contact between the alluvium and 
solid bedrock, is unconfined and laterally extensive, and was encountered 
in 23 of the 45 boreholes drilled. 

It is composed of weathered bedrock material and a poorly sorted 
conglomerate of sand, silt, clay and pebbles/ cobb les. It exhibits marked 
temporal fluctuations in groundwater level which is related to irrigation 
leads . The aquifer has a very low transmissivity in the order of 

lm2/day {Chapter 5, section 5.3.3 for detailed discussion}. 

Type 2 : Fractured Sandstone/t~udstone Aguifer 

A di scontinuous confined/semi-confi ned aquifer system exists in the solid 
formations where water is confined to secondary fractures and jOints in 
the sandstones and mudstones. The low drawdown measured only 18m away 
from pumped holes during aquifer tests {e.g . boreholes KD 1 and KD 3} and 
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large variations in salinity over short distances (KD 15 and KD 16) 

demonstrate the di screte nature of the aquifers (Chapter 6, secti on 

6.Lll. Water in thi s aquifer type is under 

demonstrated by a rise in water level during 

encountered in this aquifer type on 30 occasions. 

The hypothesis is accepted. 

Hypothesi s 2 

piezometric 

drilling. 

pressure, 

Water was 

A1 though the fractured rock aquifers are themselves discrete, there is 

hydrau1 i c conti nui ty between the fractured sandstone/mudstone aqui fers 

and the overlying alluvial aquifer. 

Tri ti um ana1ysi s of both seepage and ground\~ater reveal ed a fai r1y rapi d 

circulation of water in the system. All water samples analysed had an 

age of less than 20 years, while some groundwaters (e.g. KD 5 and KD 34) 

showed complete turnover within the last 10 years (Chapter 6, section 

6.5). Corresponding fluctuations of water levels in boreholes 

penetrating the alluvial aquifer {KD 2} as well as the fractured rock 

aqui fers {KD 10 and KDl4}, suggest hydrau1 i c conti nui ty between the two 

aqui fer types {Chapter 8, secti on 8.ll. Macropore flow through sol uti on 

channel s and fractures in the cal cretes as well as through fractured 

mudstones and sandstones accounts for the fairly rapid effect of 

irrigation on the "deeper" groundwater. 

The sodium chloride character of both the all uvial and fractured aquifer 

water is further evidence of this hydraulic continuity {Chapter 6, 

sections 6.3.3 and 6.4}. 

The hypothesis is accepted. 

Hypothesi s 3 

The main aquifer is found in the fractured sandstone, while minor amounts 

of water are associated with the mudstone and alluvium. 

Aquifer yield varies considerably over the study area and does not appear 

to be re1 ated to rock type but rather to the degree of fracturi ng 
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present. Water was encountered on 13 occasions in fractured mudstones, 

on 20 occasions in fractured sandstone, and on 8 occasions at the contact 

between the two formations. The largest yield was obtained from borehole 

KD 32 penetrating a very fractured mudstone layer (15 lis) while 9 out of 

20 sandstone aquifers encountered yielded less than 0,5 lis (KD 9 and KD 

11) (Chapter 5, Table 5.1). Very low yields, in the order of 0,5 to 1,0 

1 per minute, were measured in the saturated alluvium. 

The hypothesis is rejected. 

f{ypothes is 4 

The fractured sandstone aquifer is ani sotropi c resulti ng ina strongly 

directional component to flow (in joints, fractures) while the alluvial 

aquifer is istropic (flow takes place in various directions. 

Both sandstone s and mudstones exhi bi t promi nent faulti ng and joi nti ng 

patterns related to folding, stress relief and the lenticular nature of 

channel sandstones and mudstones. The predominent east-west orientation 

of joints and fractures, as outlined in Chapter 4, facilitates an 

effl uent seepage of groundwater to the river. The fracture zones vary in 

width from 0,2 to 2m. 

The low hydraul i c conducti vity of clay ri ch 1 ayers in the all uvi urn 

inhibits the natural downward percolation of irrigation water. 

Consequently lateral flow may take place \~hen an impermeable layer is 

encountered. r~acropore flow, in solution channels in the calcretes 

therefore becomes an important mechani sm in transmitti ng the i rri gati on 

pereol ate to the all uvi a 1 aquifer and "deeper" fractured rock aquifers 

(Chapter 8). The flow in the alluvium may therefore be anisotropic and 

so the fourth hypothesi sis rejected. 

Hydrochemi stry 

f{ypothesi s 5 

The weathered mudstone is the principal lithological contributor of 

mineral salts to the groundwater. 
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The lenticular nature of the mudstones and channel sandstones resulted 
not only in variations in lithology over fairly short distances, but also 
in the randomnes s of groundwater occurence and hydrochemi stry. Although 
the di ssol ved sol i d content of water in both sandstone and mudstone 
aquifers varied from moderate (111&11g/1) to fairly high (5772mg/l) 
because of their interconnectivity and consquent mixing, water from 
mudstone did, on average, possess a higher dissolved solid content. 
Water encountered in a thick sequence of mudstones, e.g. KD 32 and KD 37 
was found to be rich in dissolved salts, particularly sodium and chloride 
(TDS content 5200mg/1 and 2265mg/1 respectively). 

Although the equivalent percentage sodium was approximately the same for 
both sandstone and mudstone aqui fers (70%), the equi va 1 ent percentage 
chloride was higher in the case of mudstones (62%, as opposed to 52% for 
sandstones). Depth to aquifer, which governs recharge, appears to exert 
an important influence on the quality of groundwater. Sandstone aquifers 
occuring at depth (e.g. KD 45 at 65m) are often highly mineralised 
(3556mg/1) . 

However, pedological studies (Chapter 7) revealed that the soils are able 
to both store and discharge large quantities of salts and it may well be 
that the unconso1 idated soil s are the pri nci pal 1 itho1 ogica1 contri butor 
of mineral salts to the groundwater. Until further study on the 
weathering properties of mudstones is undertaken, the hypothesis is 
rejected. 

Hypothesis 6 

Because salts are leached from the soils to the groundwater and 
i rri gati on resul ts ina ri si ng of the groundwater table, the groundwater 
below irrigation lands will have a higher salinity than groundwater from 
non-irrigated veld. 

Although large variations in total dissolved solid content of groundwater 
occur withi n both i rri gated and non-i rri gated area, the average water 
qual ity from aquifers under1yi ng i rri gated 1 ands is considerably hi gher 
than that below non-irrigated veld (average TDS content of aquifers 
underlying irrigated lands is 3385mg/l as opposed to 1959mg/l for 
aquifers below non-irrigated veld). Irrigation water both adds salts to 
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salts from the soil profile, and as such increases the salt 

is discharged to the river . Water chemistry below 

non-i rri gated vel dis characteri sti c of a stagnant envi ronment, hi gh in 

equivalent percentage chloride , while that found below irrigated lands is 

representati ve of a more dynami c envi ronment (hi gher equi val ent 

percentage C03 and HC03) (Chapt er 6, Table, 6.1). Tempor al 

fluctuations coinciding with the irrigation season were observed in the 

alluvial and fractured rock aquifers. The increase in hydraulic head 

resulted in a consequent mobil ization of mi neralized groundwater from the 

"deeper" aquifers (Chapter 8, section 8.2). 

This hypothesis is accepted. 

Recharge 

Hypothesi s 7 

Recharge takes place through irrigation, precipitation, and leakage from 

unlined canals and farm reservoirs. 

The high evapotranspiration rate (951,3mm per annum) and the unfavourable 

texture of the soil res ults in approximately 13% of mean annual 

preci pitati on reachi ng the groundwater table. Recharge to the all uvi al 

and fractured rock aquifers therefore takes pl ace mainly through 

infiltration of irrigation water. Based on calculations in Chapter 8, 

34% of the volume of irrigation water appl ied to the lands reaches the 

groundwater table. 

Limited recharge also takes place through leakage from canals and 

i rri gati on ponds, as i s evi dent from water 1 eve 1 fl uctuati ons in 

boreholes KD 6 and KD 7 (recharge assumed to be less than 1% of water 

reaching groundwater table) (Chapter 8). 

The hypothesis is accepted. 

IiYpothesi s 8 

Particle s i ze distribution influences both soil moisture content and salt 

accumulation in soils . 
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Particle size analysis on samples from the alluvial profile revealed that 

67% of parti cles fell into the size range 0,05 - O,147mm, i.e. fine 

sand. However, c1 ay ri ch 1 ayers were encountered throughout the soi 1 

profile. Figures 7.1 to 7.4 (Chapter 7) confirm that a positive 

relationship exists between percent silt and clay, percent moisture, and 

percent adsorbed Na, with depth. 

Low saturated hydraulic conductivities of between 7,2 x lOm-3 and 69,5 

x 10-\/day were measured, these low values corresponding to the silt 

and clay rich layers. The resultant poor drainage gives rise to salt and 

moisture accumulation in the soils . 

The hypothesis is accepted. 

Hy pothes is 9 

Concentration of sal ts in the soil s by processes of evapotranspiration 

and the app1 i cati on of irri gati on water resu1 ts in progress ive 

mineralisation of water moving vertically and laterally through the soils. 

The average total dissolved solid content of irrigation water is 

820,5mg/l while that of riverbank seepage is 4550mg/l (Chapter 6). This 

means that through the process 

mobilization, a more than five fold 

place beween the zones of recharge and 

of evapotranspirati on and sal t 

increase in d i sso 1 ved salts takes 

di scha rge. 

The calculated leaching fraction is in the order of 27 percent (Chapter 

8). According to the model of Oster and Rhoades (1975) discussed in 

Chapter 7, with no salt mobilization in the soil, the leachate should 

have a total di ssol ved sol i d content of 274Omg/1. Thi s means that 

181 Omg/l salt is mobilized from the soil "reservoir". 

Sections A and 

mineralization of 

area of discharge 

The hypothesis is 

C (Appendi x 

groundwater 

(river). 

accepted. 

B) 

from 

define a progressive increase in 

the area of recharge (canal) to the 
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CHAPTER 10 

CONCLUSIONS AND RECOMMENDATIONS 

With the assured supply of water after the completion of the Oviston 

Tunnel, linking the Orange and Fish Rivers, the emphasis for i rrigation 

management in the valley shifted from availability of water to water 

quality. The progressive mineralisation of Fish River water as it flows 

downstream has a del eteri ous effect on i rri gati on farmi ng in the lower 

reaches of the valley and has necessitated research into the factors 

respons i ble for this mineralisation. 

A number of studies have been undertaken which have attempted to relate 

the mineralised baseflow entering the river to factors such as soils, 

rock type and topography. In this study the mineralisation process at 

Middleton was viewed as a system (Figure 10.1) . In order to elucidate 

the factors responsible for the mineralisation of irrigation water, the 

soils and consolidated formations were singled out for special 

attention. The mineralisation model postulated for the system is shown 

in Figure 10.2. With reference to the model, the following conclusions 

have been drawn. 

Irrigation water (Il, and to a lesser extent precipitation (P) and 

leakage from canal s and ponds (L), forms the input into the system. 

Evapotranspiration (E) results in 73% of the applied water being lost to 

the atmostphere. The remaining 27% (LF) passes below the root zone and 

joi ns the ground\~ater reservoi r . Besi des the concentrati ng effect of 

evapotranspiration , mobilisation of salts (S) already present in the 

soil s further increases the TDS content of the percol ate. Poor soil 

texture results in salts being precipitated (Pt) in the soils which may 

be mobilised during future irrigation leads. Macropore flow (M) through 

so 1 uti on channels in the calcretes, and fractures and joi nts in the 

consolidated formations, results in vertical percolation (VP) to the 

"deeper" ground\~ater predomi nati ng over 1 atera 1 flow (LS) through the 

soils . Lateral flow within the transmissive fractured rock aquifers 

returns mi neral i sed seepge water to the ri ver vi a j oi nts and fractures 

below river level . In this way 93% of irrigation return flow is 
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IRRIGATION WATER 
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FIGURE 10.1 Mineralization system. 
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F&,CTURJ:;lj nOCK AQUInaS 

FIGURE 10.2.. SALT TRANSPORT, STORAGE AND 
MOBILIZATIOK PROCESSZS IN TH.s 
STUDY AREA. 
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accounted for by di scharge from fractured rock aquifers whil e 7% is 
accounted for by river back discharge. A net loss of salt (SL) from the 
soils and fractured rock aquifers is taking place at the rate of 2,418 x 
106 kg per year, resulting in a deterioration of river water quality. 

Recomnendations 

Under the present leaching fraction (0,27) where 27% of the water applied 
passes below the root zone, the great reservoir of soluble and adsorbed 
salts present in the soil profile, as well as the high TDS content of 
groundwater, will result in mineralised water returning to the river even 
if irrigation water quality is improved. To prevent mineralisation of 
irrigation supplies, the supply and drainage systems should ideally be 

separated. The cost of a concrete lined supply canal from Grassridge Dam 
direct to irrigation schemes would be prohibitive. The alternative is to 
reduce the volume of drainage water returning to the river. 

Three possible solutions to the problem are listed below 

1. an elaborate system of drains installed to intercept the 
irrigation percolate before it reaches the river; 

2. the leaching fraction reduced by applying a smaller volume of 

water to the soil; 

3. a better quality irrigation \~ater applied in order to reduce the 
input of water borne soluble salts. 

Limitations of the devices are discussed below 

1. The high installation and maitenance costs limit artifical 
drainage as a solution to the mineralisation problem, although it 
should be considered in areas were new lands are being developed. 

2. A reduction in volume of applied water is not feasible unless it 
is accompanied by an improvement in water qual ity. At present 
levels of dissolved solids, a large volume of water is applied to 

reduce salt concentration wi thi n the root zone. The use of 
smaller volumes of better quality water upstream would result in 
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a smaller volume of return flow reaching the lower schemes, i.e. 

less water would percolate to the groundwater table and baseflow 

would deminish. It is certain that if more lands are developed 

along the Great Fish River, as is planned for the future, 

irrigation water in the lower part of the valley will become 

progressively more mineralised, leading to a deterioration in 

soil s and crops. The future of the vall ey as an important 

producer of food crops will be in jeopardy unless careful 

management of the system is exercised. 

Recommendations for further research 

A number of questions, related particularly to flow rates within the 

alluvium and fractured rock aquifers, still remain unanswered. It is 

recommended that further research be undertaken in the following areas : 

1. A simil ar detail ed study be undertaken in the mi ddl e reaches of 

the basin at a site where an elevated water table effects soil 

minerlisation, and where intrusive dolerite control s groundwater 

occurrence and flow . 

2. Long term artificial tracer studies, using a low level 

radioactive tracer, be undertaken at Middleton to determine soil 

moisture flow rates in the alluvium and flow rates in the 

"deeper" fractured rock aquifers. 

3. The cessation of irrigation releases from the large storage 

reservoirs on the Great Fish River for a period during the winter 

"non-irrigation" season so that the emergence of river bank and 

groundwater seepages may be studied more closely. 

4. Small scale, plot studies be undertaken to determine 

(a) the affect of better qual ity irrigation water on the TDS 

content of deep percolate; 

(b) the affect of artificial drains and smaller volumes of 

irrigation water on reducing the leaching fraction; 
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(c) the affect of alternative irrigation methods, such as 
sprinkler and drip irrigation, on the volume of irrigation 
water requi red. 

5. Using the Middleton infrastructure, long term minitoring of water 
1 evel s, seepage flow, and hydrochemi stry of surface and 
groundwater points in the study area be undertaken so that a more 
detailed salt and water balance can be determined. 
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10 

1 
1 10 100 1000 

D.ol'TH (m) ABI2 

SOUNDING No . 3/24 1000 
EARTH MODEL 

LAYER RESISTIVITY E THICKNESS (m) (ohm.m) 
0,95 34 E 100 
2,56 13 ~ 

27,6 49,79 0 

R 1100 

V 
r-- ~ 
~ 

TOTAL S 0,7792 Siemens 
10 i>l 

E-. 
, 

H 
;> 
H 
E-< 
(I] 

1 H 
(I] 

f::3 
1 . 10 1000 100 

DEPTH ( m) ABI2 

SOUNDING No. 3/25 1000 
EARTH MODEL 

LAYER RESISTIVITY 
E -- (m) (ohm.m) THICKNESS 

1 , 3 34 
E 8,4 20 ~ 

25,2 90 0 

R 550 

100 v 
~ 

TOTAL S 0,7382 Siemens 
10 

FIGURE A.l 
1 

1 10 100 1000 

DEPTH (m) ABI2 



SOUNDING No. 3/26 
EARTH MODEL 

RESISTIVITY E 
(ohm.m) 

LAYER 
THICKNESS (m) 

1 ,19 
1 ,65 

14,85 
R 

17 ,8 
25 
18 

700 

E 
.s:::. 
o 

TOTAL S ~ 0,9579 Si emens 

SOUNDING No. 3/27 
EARTH MODEL 

LAYER RESISTIVITY 
E THICKNESS (m) (ohm . m) 

0,48 11 E 12 17 .s:::. 
R 670 0 
TOTAL S ~ 0,7495 Siemens 

SOUNDING No. 3/28 
EARTH MODEL 

LAYER RESISTIVITY 
E --

(ohm.m) THICKNESS (m) 
1 ,2 11 0 E 15,22 40 .s:::. 

57 150 0 

R 2300 
TOTAL S 0,7714 Siemens 

FIGURE A.l 
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V --- ~ 

10 

1 
1 10 100 1000 

lliPTH ( m) ABI2 



SOUNDING No. 3/29 
EARTH MODEL 

LAYER RESISTIVITY 
E - -

THICKNESS (m) (ohm . m) 
1 ,75 210 

E 13,4 13.5 ~ 
R 520 0 
TOTAL S 1.0009 Siemens 

SOUNDING No. 5/1 
EARTH MODEL 

LAYER 
THICKNESS 

RESISTIVITY 
E 

2,32 
14,16 

(m) (ohm.m) 
45 
11 

440 

. 
E 
~ 
0 R 

TOTAL S 1,3388 Siemens 

SOUNDING No. 5/2 
EARTH MODEL 

LAYER RESISTIVITY 
THICKNESS (m) (ohm.m) 

2, 1 155 
23,4 11 ,8 
R 395 

TOTAL S 1 ,9966 Si emer..s 

FIGURE A.1 
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SOUNDING No. 4/1 
EARTH MODE L 

LAYER 
THICKNESS (m) 

1,6 
5,6 

35,7 
141,9 

RESISTIVITY E 
(ohm.m) 

230 E 
80 .c. 

170 0 
500 

10 
0,5708 Siemens ~ 

~ 

R 

TOTAL S 

SOUNDING No. 4/2 
EARTH MODEL 

LAYER RESISTIVITY 
THICKNESS (m) (ohm.m) E 

1000 

100 

10 

1 

1000 

3,6 
5,4 

190 
120 

E 100 
.c. 

19,0 234 o 
7,5 89,3 

R 500 
TOTAL S = 0,2291 Siemens 

SOUNDING No. 5/32 
EARTH MODEL 

LAYER 
THICKNESS (m) 

0,22 
1 ,65 
6,032 
R 

RESISTIVITY E 
(ohm.m) 
420 

30 
130 
300 

E 
.c. 
o 

TOTAL S 0,1019 Siemens >-< 
8 

FIGURE A.l 
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APPENDIX B 



BOREHOLE NO: KD 2 

CADASTRAL FARM: KLIPPE DRIFT 

BLOW TEST YIELD: NU WATER ENCOUNTERF.D 

DEPTH 

I'" 
o 

5 

10 

15 

20 

25 

30 

35 

40 

45 

50 

STATIC 
WATER 
LEVEL 

BOREHOLE 
CONSTRUCTION 

I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I ~ I 

U") 

I ~ I 
I <Sl I 
I I 
I I 

WATER 
STRIKI NG 

LEVEL 
& WATER 
QUALITY 

FIGURE B.~ BOREHOLE LOG 

LITHOLOGY DESCRIPTION 

Silt, clay and calcrete 

Sand and calcrete 

Pebbles 

Mottled grey sandstone 



BOREHOLE NO: KD 3 

CADASTRAL FARM: KLIPPE DRIFT 

1,01 £/s BLOW TEST YIELD: 

DEPTH , .. , 
o 

5 

10 

15 

20 

25 

30 

35 

40 

STAnc 
WATER 
lEVEL 

BOREHOLE 
CONSTRUCTION 

w 
-' o 
:r:: 
:z: 
w 
0... 
o 

WATER 
STRIKING 

lEVEl 
& WATER 
QUALITY 

1593 mg/£ 

1801 mg/Q 

45 FIGURE B· 5 BOREHOLE LOG 

50 

LITH OLOG Y 

.... . . 

Iliilllllli 

DESCRIPTION 

Silt) clay & calcrete 

Sand and calcrete 

Sand and pebbles 
Fractured grey-green silty 
mudstone 

Grey-green silty mudstone 

Fine grained grey . sandstone 

Grey green sandstone 

Mottled grey sandstone 



BOREHOLE NO: 

CADASTRAL FARM: 

BLOW TEST YIELD: 

KD 4 

KLIPPE ORIFT 

0,32 xis 

DEPTH 
I,., 

STATIC 
WATER 
lEVEl 

BDREHDlE 
CDIISTftUCTIDN 

WATER 
STRIKING 

LEVEl lITHDlDGY DESCRIPTlDN 

It WATER 

o 

5 

10 

15 

20 

25 

30 

35 

FIGURE B.6 

40 

45 

50 

LU 
....J 
o 
L: 

Z 
LU 
a.. 
o 

QUALITY C I a y 
Mudstone and calcrete 

r--'-
~ ._ Olive green mudstone 
r- .----_.-

· .... 
-_.---...... -
~-.----_.---r- .-
~-.--­
~-.­--r--'---r--'­
f--~ 

· .... . · .... . · .... . · . . .. . · .... . 1164 mg/x 
--------~~-.--

~-=-1---
~--=: 

Weathered mottied grey sandstone 

Mottled grey sandstone 

Olive green mudstone 
Grey silty mudstone 
Grey sandstone 

Grey silty mudstone 

Fine grained grey sandstone 

Grey siity mudstone 

BOREHOLE LOG · .... . · .... . · .... . Fine grained grey sandstone 

Grey silty mudstone 

· . . ... . . . . . . · ..... 

:.:.:-:.: :: 

Fine grained grey sandstone 

Grey si lty mudstone 
.......... 

1144 mgl x ~~~w~~n~ Mottied grey sandstone 
::::::::::: 



BOREHOLE NO: 

CADASTRAL FARM: 

BLOW TEST VI ELD: 

KD 6 

KLIPPE DRIFT 

NO WATER ENCOUNTERED 

WATER 
STRIKING 

DEPTH 
(-I 

o 

STATIC 
WATER 
LEVEL 

BOREHOLE 
CONSTRUCTION 

LEVEL LITHOLOGY DESCRIPTION 

5 

10 

16 

20 

25 

30 

35 

40 

45 

50 

I r 
I ~ I 
I t2 I 
I <5>. I 
I I 

w 
-' o 
::c 
z: 
UJ 
"­o 

& WATER 
QUALITY 

FIGURE B.7 BOREHOLE LOG 

Olive green mudstone and calcrete 

Green silty mudstone 



BOREHOLE NO: KD 7 

CADASTRAL FARM: KLIPPE DRIFT 

BLOW TEST YIELD: NO WATER ENCOUNTERED 

DEPTH 
I .. ) 

o 

5 

10 

15 

20 

25 

30 

35 

40 

45 

50 

STATIC 
WATER 
LEVEl 

BOREHOLE 
COIIST~UCTION 

-, 
I 
I 
I 
I 

c 
E 

'" <.D 

s 

w 
-' o 
I 

:z: 
W 
0-o 

r 
I 
I 
I 
I 

WATER 
STili KING 

LEVEl 
& WATER 
QUALITY 

FIGURE B.B BOREHOLE LOG 

LITHOLOGY 

I-- . --­
~-. '-
~.-=--= 
· .... . · .... . 
· .... . . . . . . · .' . . 

DESCRIPTION 

Si It and clay 

Olive green mudstone 
Grey sandstone 

Olive green mudstone 

Grey sandstone and quartz veins 
Olive green mudstone 

Fine grained grey sandstone 

~ .~ Green silty mudstone -_.-
· .... . · . . .. . 
· ..... . . . . . . 

. -
Fine grained grey sandstone 

~ .~ Green silty mudstone 
'"=---= 



BOREHOLE NO: KO 8 

CADASTRAL FARM: KLI PPE DR 1 Fr 

BLOW TEST YIELD: 0,32 £Is 

DEPTH 
I .. ) 

o 

5 

10 

15 

20 

25 

30 

35 

40 

45 

50 

STATIC 
WATER 
LEVEl 

FIGURE B.9 

BOREHOLE 
CONSTRUCTION 

W 
....J 
o 
:c: 
:z: 
w 
c.. 
o 

WATER 
STRIKING 

LEVEL 
& WATER 
QUALITY 

1131 mg/.~ 

BOREHOLE LOG 

LITHOLOGY 

· ... . . · ... . . · .... . · .... . · .... . · .. . .. . 

•......... ...•...... 

.:!:!:.:.: 

DESCRIPTION 

Silt and clay 

Weathered sandstone 
and ca icrete 

01 i ve green mudstone 

Fine gra i ned grey-green 
sandstone 

Grey green si lty mudstone 

Alternating grey green mudstone 
and mottled sandstone 

Mottled grey sa~dstone 

Grey silty mudstone 
Mottled grey sandstone 
Grey si ity mudstone 



BOREHOLE NO: 

CADASTRAL FARM: 

BLOW TEST YIELD: 

KD 9 

KLIPPE DRIFT 

0.06 Us 

WATER 
STRIKING 

DEPTH 

I", 
o 

STATIC 
WATER 
LEVEl 

BOREHOLE 
CONSTRUCTION 

LEVel LITHOLOGY DESCRIPTION 

5 

10 

16 

20 

25 

30 

35 

40 

45 

50 

& WATER 
QUALITY Silt and clay 

E 

J5 
<.D 

w 
-' o 
:c 
:z 
w 
0.. o 

1742 mg/! 

FIGURE B.10 BOREHOLE LOG 

-.:.:.:.:.: 

.:.:.:.:.:. 
· . .... · .... . · .. .. . · .... . · .' ... ' .... . · . ... . · .... . · .... . 

Olive green mudstone 

Weathered brown-green sandstone 

Olive green mudstone 

Mottled grey sandstone 

Grey silty mud stone 

Mottled grey sandstone 

Grey-green silty mudstone 

Grey sandstone 

Fine grained gr€y sandstone 



BOREHOLE NO: KD 10 

CADASTRAL FARM: KLIPPE DRiFT 

BLOW TEST YIELD: NO WATER ENCOUNTERED 

WATER 
STRIKING 

DEPTH 
I.) 

STATIC 
WATER 
LEVEL 

BOREHOLE 
CONSTftUCTION 

LEVEL LITHOLOGY 
& WATER 

o 

5 

10 

15 

20 

25 

30 

35 

40 

45 

50 

QUALITY .... : . . " .... 

UJ 
-' o 
:x:: 
z: 
UJ 
C­
O 

FIGURE B.ll BOREHOLE LOG 

..... · .. .. . · .... . · ... . . · .... . · . . .. . · . . .. . · ... . . 

DESCRIPTION 

Silt and Clay 
Green sandstone 

Olive green mudstone 

Grey si lty mudstone 

Olive green mudstone 

Fine grained dark grey sandstone 

Olive green mudstone 

Grey s i lty mudstone 

Olive green mudstone 

Grey silty mudstone 

Fine grained grey sandstone 

Grey silty mudstone 



BOREHOLE NO: 

CADASTRAL FARM: 

BLOW TEST YIELD: 

KD 11 

KLIPPE DRIFT 

0,06 £./s 

DEPTH 
1M) 

STATIC 
WATER 
LEVel 

BOREHOLE 
CONSTRUCTION 

WATER 
STRIKING 

LEVEL 
& WATER 
QUALITY o 

5 

10 

15 

20 

25 

30 

35 

40 

45 

50 

-, r 
I I 
I I 

I ~ I 
I '" I 
I"'" I 
I I 
I I 

UJ 
--' 
o 
::r:: 
:z: 
UJ 
a. 
o 

FIGURE B.12 BOREHOLE LOG 

LITHOLOGY DESCRIPTION 

Silt, ciay and caicrete 

Sand and ca lcrete 

Olive green mudstone 

Green sandstone 

Olive green mudstone 

Green fine grained sandstone 

Olive green mudstone 

Mottled grey sandstone 
Olive green mudstone 

Mottled grey sandstone 

Grey silty mudstone 



BOREHOLE NO: KD 13 

CADASTRAL FARM: KliPPE DRIFT 

0,63 lis BLOW TEST YIELD: 

OEPTH 

1.' 
o 

5 

10 

15 

20 

STATIC 
WATER 
LEVU 

BOREHOLE 
CONSTRUCTION 

E 
E 

'" \D 

WATER 
STRIKI NG 

LEVEl 
& WATER 
DUALITY 

LITHOLOGY 

' . . . 

r---
~ --r--­
~ --:-: 
~ --:-: ----
~ -­
~-==-w 

-' o 
::c 2106 mg/ i t-::..-.---=-

25 

30 

35 

40 

45 

50 

z 
UJ 
"­o 

FIGURE B_13 BOREHOLE LOG 

· . .. . . · ..... . · .... . · .... . · ... . . · .... . 

DESCRIPTION 

Siit, clay and caicrete 

Sand and calcrete 

Pebb ies 

Green mudstone 

Grey silty mudstone 

Mottled grey sandstone 

Fine grained grey green 
sandstone 
Grey silty mudstone 

Grey green sandstone 



BOREHOLE NO: KD 14 

CADASTRAL FARM: KLI PPE DR I FT 

0,50 £Is BLOW TEST YIELD: 

DEPTH 
(01' 

o 

5 

10 

15 

20 

25 

30 

35 

40 

45 

50 

STATIC 
WAHR 
Lfyn 

IDREHOLE 
CONSTRUCTION 

--, I 
1 
1 
1 
1 
1 
1 
1 
1 
1 ~ 
1t2 
I;: 
I 
I 
I 

w 
--' 
0 
I 

z 
w 
0... 
0 

WATER 
STRIKING 

LEVEl 
& WATER 
QUALITY 

2139 mg/£ 

2548 mg/ £ 

FIGURE B.14 BOREHOLE LOG 

LITHOLOGY DESCRIPTION 

Silt. sand and calcrete 

· .... . · .. . . . · .. . . . · ... . . · . . .. . · .... . · .... . · .... . · .... . · .... . · .... . · . ... . · .... . Sand · ... . . · .... . · .. .. . · .. . . . · .... . · .... . · . . . . . · .. . . . · .... . · .. . . . · .... . · .... . · . ... . · . . .. . · .... . · .... . · .... . · .. . . . · ... . . 

Mottled grey sandstone 

Grey silty mudstone 

Mottled grey sandstone 



BOREHOLE NO: KlJ 15 

CADASTRAL FARM: KliPPE DR 1FT 

0.76 £/s BLOW TEST YIELD: 

DEPTH 
1-) 

o 

5 

10 

16 

35 

40 

STATIC 
WATEII 
lfvtL 

IOREHDLE 
CDIISTIIUCTION 

..., r 
I 

E 
E 

N 
U) 

WATER 
STIIII(lIl G 

LEVEL 
& WATER 
QUALITY 

1118mg/£ 

45 FIGURE B . 15 BOREHOLE LOG 

50 

LITHOLOGY DESCRIPTION 

Silt, clay and calcrete 

Sand and calcrete 



BOREHOLE NO: 

CADASTRAL FARM: 

KD 16 

KLIPPE DRIFT 

1,30 1/s BLOW TEST YIELD: 

DEPTH 

I'" 
o 

5 

10 

15 

20 

25 

30 

35 

40 

45 

50 

STATIC 
WATER 
LfVU 

BOREHOLE 
CONSTRUCTI ON 

-, r 
I 
I 
I 
I 
I 
1 
1 

~ I 
~I 

I 
&1 

w 
-' o 
:c 
:z: 
w 
C­
o 

1 

1 
I 

WATER 
STRIKING 

LEVEl 
It WATfR 
QUALITY 

1tl70 mg/l 

2002 mg/l 

FIGURE B.16 BOREHOLE LOG 

LITHOLOGY 

· ..... 

· ..... .. . .. · . .. .. · ..... 

DESCRIPTION 

Silt and clay 

Sand 

Sand and pebbles 

Weathered zone 
mottled grey sandstone 

Grey silty mudstone 
Mottled grey sandstone 
Olive green mudstone 
Fine grey sandstone 

Purple stained grey silty 
mudstone 

Fine grained green sandstone 

Purple stained 
grey silty mudstone 

Fractured 
olive green mudstone 



BOREHOLE NO: KD 17 

CADASTRAL FARM: KLJPPE DRIFT 

D .25 f/s BLOW TEST YIELD: 

DEPTH 

1.' 
o 

5 

10 

16 

20 

25 

30 

35 

40 

45 

50 

STATIC 
WATER 
LIVEL 

BOREHOLE 
COJlSaUCTlON 

-, r 
I I 
I I 
I I 
I ~ I 
I N I 
I en I 
I 
I 
I 
I 

"'" 

w 
-' o . :r: 
:z 
w 
a.. 
o 

I 
I 
I 
I 

WATER 
STRIKING 

LEVEL 
It WATER 
QUALITY 

1917 mg/£ 

FIGURE B.17 BOREHOLE LOG 

LITHOLOGY DE SCRIPTION 

:;;nr)x ....... ..... 
Silt, clay and sand 

Sand and pebbles 

f--'- Purple stained olive green mudsto m 
- .-
~ ._ Grey green silty mudstone 
~-== · ..... · ..... Fine grained grey sandstone · ..... 

Grey silty mudstone 

Olive green mudstone 
.......... ' 

Mottled grey sandstone 

- Grey si lty mudstone 



BOREHOLE NO: 

CADASTRAL FARM: 

BLOW TEST YIELD: 

KD 18 

KLIPPE DRIFT 

1,26 i/s 

WATER 
STRIKING 

DEPTH 
STATIC BOREHOLE 
WATER lEVEL 

1 .. 1 LEVU 
CONSTRUCTION 

& WATER 
0 ""1 r OUALITY 

I I 
I I 
I ~ I 

5 
.~ 

I ,;; I '" 
I I 
I 

:st 

I 
I I 

10 I I 
I I 

16 

20 

w 
-' 
0 
:z: 1833 mg/l 

25 z: 
w 
"-
0 

30 

35 

40 

FIGURE B.18 BOREHOLE LOG 

45 

50 

LITHOLOGY 

!f:fl@r.~ri 
Wjf~,~ill 
. : . , •. 0 , _ . 
' !'~" o,:o. 

. ~ :Ci~q:b · .. . .. ~ 

:;:~n:~:~: 

. .. 

· ..... 

· .. .. 
.......... 

- ' 
· .... . · . . . . . 
· . ... . · .... . · .. . . . · ... . . 

DESCRIPTION 

Silt and ciay 

Sand 

Sand and pebbles 

Weathered green sandstone 
Purple stained 
grey s i I ty mudstone 
Fractured gre'y sandstone 
Pu rp Ie stained grey s i I ty mudstone 
01 i ve green mudstone 
Fine grained grey sandstone 

Pu rp Ie stained grey s i I ty mudstone 

Grey sandstone 
Purp Ie stai ned grey si Ity mudstone 
Grey sandstone 

Purple stained grey silty mudstone 

Fractured fine grained 
grey sandstone 
Grey silty mudstone 
Fine grained sandstone 
Grey silty mudstone 



BOREHOLE NO: KD 21 

CADASTRAL FARM: MOORDENAARS DR! FT 

BLOW TEST YIELD: 0,63 f/ s 

DEPTH 
(1ft 1 

o 

5 

10 

15 

20 

25 

30 

35 

40 

45 

50 

STATIC 
WATER 
lEVEl 

FIGURE B.19 

BOREHOLE 
CONSTRUCTION 

I r 
1 
1 

1 
1 

1 
1 
1 
1 

~ 1 

~I 
&1 

1 
1 
I 

LU 
-.J 
0 
::I: 

z 
UJ 
"-
0 

WATER 
STRIKING 

lEVel 
& WATER 
QUALITY 

1339 mg/x 

BOREHOLE LOG 

LITHOLOGY DESCRIPTION 

Siit, clay and calcrete 

Sand and pebbles 

Mottled grey sandstone 

- ' -
~ .-
~_. _ Grey s i I ty mudstone 
f- .-

f- .~ -_.-
.. . . .. Fine grained grey sandstone 

Mottled grey sandstone 



BOREHOLE NO: KD 22 

CADASTRAL FARM: MOORDENAARS DR[FT 

BLOW TEST VI ELD: 1 . a 1 £J s 

DEPTH 
I .. ) 

STATIC 
WATER 
lEVEl 

BOREHOLE 
CONSTRUCTION 

WATER 
STRIKING 

lEVEl 
II WATER 
QUALITY o 

5 

10 

16 

20 

25 

30 

35 

40 

45 

50 

I r 
I 
I 
I 
I 
I 
I 
1 
I 

~ I ,..... 
,," I 
&1 

L.W 
-' a 
:r: 
z 
L.W 
0.. 
a 

1 
I 
I 

1570 mg/l 

FIGURE B. 20 BOREHOLE LOG 

LITHOLOGY DESCRIPTION 

S i I t and clay 

Sand 

Sand and pebbles 

Olive green mudstone 

· .... . · . .. . · .... . Mottled grey sandstone 
· .... . · ... . · .... . · . .. . · . . . . . · .. . . · . ... . · ... . · . . .. . 

Grey silty mudstone 

:HHmm Mottl ed grey sandstone 



BOREHOLE NO: KD 23 

CADASTRAL FARM: MOORDENAARS DR [FT 

BLOW TEST YIELD: SEEPAGE WATER 

DEPTH 

(10' 

o 

5 

10 

15 

20 

25 

30 

35 

40 

45 

50 

STATIC 
WATER 
LEVEL 

BOREHOLE 
CONSTRUCTION 

"I r 

WATER 
STRIKING 

lEVEL 
It WATER 
QUALITY 

2959 Il1g/.e 

FIGURE B.21 BOREHOLE LOG 

LITHOLOGY OESCRIPTION 

5 i 1 t and clay 

Sand 

Sand and pebbles 

~:~:~:~:~: Weatherec mottied grey sandstone 



BOREHOLE NO: 

CADASTRAL FARM: 

BLOW TEST YIELD: 

KD 24 

MOORDENAARS DRIFT 

0,06 ils 

WATER 
STRIKING 

DEPTH 
STATIC BOREHOLE 
WATER lEVEl LITHOLOGY 

1'"' 
0 

5 

10 

15 

20 

25 

30 

35 

40 

45 

50 

LEVEl 
CDNSTRUCTI ON 

-, 

w 
-' o 
:c 
:z 
w 
"­o 

r 
& WATER 
QUALITY 

3471 mg/i 

FIGURE B.22 BOREHOLE LOG 

---
.::.-~ 

- .-
.::.--:=.. 

DESCRIPTION 

Silt and clay 

Weathered mottled grey sandstone 
and qt.z. veins 

Mottled grey sandstone and 
qtz . veins 

Grey si lty mudstone 
Fine grained grey sandstone 
Grey silty mudstone 



BOREHOLE NO: KO 26 

CADASTRAL FARM: 

BLOW TEST YIELD: 

MOORDENAARS DK1FT 

0,06 i/S 

DEPTH 

I'" 
o 

5 

10 

15 

20 

25 

30 

35 

40 

45 

50 

STATIC 
WATER 
LEVEl 

BOREHOLE 
CONSTRUCTI ON 

I 
I 
I 
I 
I 
I 
I 
I 
I E 

I~ 
IN 
I 
I 
I 

"" 

u.r 
-' o 
:I: 

:z 
u.r 
0.. 
o 

I 

WATER 
STRIKING 

LEVel 
& WATER 
QUALITY 

3281 rng/i 

3231 mg/i 

FIGURE B. 2) BOREHOLE LOG 

LITHOLOGY 

1--1- . ...:..: 1--

F­F .-
· ... .. . . . . . . · ..... · .... . · .... . · .... . · .... . · .... . · .... . · .... . 
1--.­
I- .-
1--.-

DESCRIPTION 

Sand 

Sand and pebbles 

Mottled grey sandstone 

Olive green mudstone 
Grey silty mudstone 
Olive green mudstone 

Fine grained grey sandstone 

Purple stained 
grey silty mudstone 
Fine grained grey sandstone 



BOREHOLE NO: KD 27 

CADASTRAL FARM: MOORDENAARS DRIFT 

BLOW TEST YIELD: NO WATER ENCOUNTERED 

DEPTH I.' 
o 

STATIC BOREHOLE 

WATER 
STRIKING 

LEVEL LITHOLOGY 

& WATER 
WATER CONSTRUCTION 
LEVEL -, r QUALITY 

I I 
I I 

5 
I I 
I I 
I I 
I 

10 
I 
I 
I ~ 
I~ 

16 
I 
~ 

<S\. 

I 
I 
I 
I 

DESCRIPTION 

Si lt. clay and calcrete 

Sand 

Sand and pebbles 

Fractured olive green mudstone 

20 I 
! 

........ 
::::::::::: Weathered mottled grey sandstone ...... :.:.:. 

25 

30 

35 

FIGURE B.2~ BOREHOLE LOG 

40 

45 

50 



BOREHOLE NO: Kil 28 

CADASTRAL FARM: KliPPE DRIFT 

0,03 i/s BLOW TEST YIELD: 

DEPTH 
1 .. 1 

o 

5 

10 

15 

20 

25 

30 

35 

40 

STATIC 
WATER 
LEVEl 

BOREHOLE 
CONSTRUCTION 

W 
.....I 
o 
I 

:z: 
w 
C>­o 

WATER 
STRIKING 

LEVEL 
& WATER 
QUALITY 

1810 mg/;' 

45 FIGURE B.25 BOREHOLE LOG 

50 

LITHOLOGY 

.:.:.:.:.:. 

OESCRIPTION 

Clayey soil 
Olive green mudstone 
Green sandstone 

Olive green mudstone 

• .. • . • d ::::::::::: i3rown san stone 

01 ive green mudstone 

: ......... : . ...•...•••• Grey sandstone 
:::::::::.: 

· .... .. · .... . · .... . · .... . · .... . · .... . · .... . · ... . . · .... . · .... . · .... . · .... . · .... . 

..... · ......... 

· . ... . · .. .. . · .... . · . . .. . · ... . . · . ... . · .... . · . . .. . .. .. .. .. .. . 

Grey silty mudstone 

Fine grained grey sandstone 

Grey silty mudstone 

Fine grained grey sandstone 
Grey silty mudstone 

Fine grained grey sandstone 

. :.:.:.:.:. Mottled grey sandstone 



BOREHOLE NO: 

CADASTRAL FARM: 

BLOW TEST YIELD: 

KD 29 

KLIPPE DRIFT 

0,06 £/s 

WATER 
STRIKING 

DEPTH 
1-) 

o 

STATIC 
WATER 
lfYEl 

BOREHOLE 
CONSTIIUCTION 

LEVEL LITHOLOGY 

5 

10 

15 

20 

25 

30 

35 

40 

45 

50 

w 
--' o 
:c 
z: 
w 
"­o 

& WATER 
QUALITY 

2165 mg/i 

FIGURE B.26 BOREHOLE LOG 

....... :.:. 

· .... . · .. .. . · . . .. . · . . .. . · .... . · .... . · .... . · ... . . · .... . · .... . · ... . . · .... . · .... . · .... . · ... . . · ... . . 

· . . .. . · .... . 

· .... . · .... . · . .. . . · .... . · . .. . . · . .. . . · ... . . · .... . · ... . . 

DESCRIPTION 

Clayey soi I 
Olive green mudstone 
Green sandstone 

01 i ve green mudstone 

il rown sandstone 

Olive green mud stone 

Grey sandstone 

Grey s i1 ty mudstone 

Fine grained grey sandstone 

Grey mudstone 

Fine grained grey sandstone 

Grey mudstone 

Fine grained grey sandstone 

~iottl ed grey sandstone 



BOREHOLE NO: KD 30 

CADASTRAL FARM: KLIPPE DRIFT 

0,03 1/s BLOW TEST YIELD: 

DEPTH 

101' 
o 

5 

10 

16 

20 

25 

30 

35 

40 

45 

50 

STATIC 
WATER 
LEVEl 

BOREHOLE 
CONSTRUCTION 

w 
--' a 
:I: 

:z: 
w 
"­o 

WATER 
STRIKING 

LEVEl 
& WATER 
QUALITY 

1827 mg/£ 

FIGURE B.29 BOREHOLE LOG 

LITHOLOGY 

· ....... . 

· ... . . · .... . · .... . · .... . · .... . · .... . · . ... . 
· .... . · .... . · ... . . · .... . · .... . · .... . · .. . . . · .... . · .... . · .... . · .... . · . ... . · .... . · ... . . · . .. . . · .... . · .... . · ... . . 

DESCRIPTION 

Clay 
Weathered green sandstone 

Olive green mudstone 

Brown sandstone ' 

Olive green mudstone 

Fractured mottled grey sandstone 

Grey silty mudstone 

Grey sandstone 

Grey siity mudstone 

Olive green mudstone 
Grey silty mudstone 
Fine grained grey sandstone 

Grey mudstone 

Fine grained grey sandstone 

Grey silty mudstone 



BOREHOLE NO: KD 33 

CADASTRAL FARM: MOORDENAARS DRIFT 

BLOW TEST YIELD: 12,62 £/s 

DEPTH ,., 
o 

5 

10 

15 

20 

25 

STATIC 
WATER 
LEVEl 

BOREHOLE 
CONSTRUCTION 

~ .,., 
'" 
<S>. 

w 
-' 

. 0 
:I: 

z 
w 
"-

WATER 
STRIKING 

LEVEl 
& WATER 
QUALITY 

5585 mg/£ 

4810 mg/£ 

LITHOLOGY 

1----

· .... . .... . . · .. . . . .... .. 
-' .-
-' .---

0 ---~=-=--
I---=-
· .. . .. 

30 

35 

40 

45 

FIGURE B.JO BOREHOLE LOG 

50 

DESCRIPTION 

S i I t and clay 

Sand 

Sand and pebbles 

Purple stained 
grey silty mudstone 
Fine grained grey sandstone 
Purple stained grey silty mudstone 

Grey- green fine grained sandstone 

Fractured, pyrite-stained purple 
s i I ty mudstone 

Grey-green fine gra ined sandstone 

Pyrite stained grey silty mudstone 



BOREHOLE NO: 

CADASTRAL FARM: 

BLOW TEST YIELD: 

STATIC 

KD 34 

MOORDENAARS DRIFT 

1,01 £/s 

WATER 
STRIKING 

DEPTH 
( .. I 

o 

WATER 
BOREHOLE LEVel LITHOLOGY DESCRIPTION 

lEVel 
CONSTRUCTION & WATER 

""1 r QUALITY 

I I S i I t and clay 

I I 
5 

I I 
I I 

10 

I ~ I 
I ~ I 
I CS>. I 
I I 

Sand 

I I 
I I 
I I 

15 Sand and pebbles 

Olive green mudstone 

f----· .... . · .. .. . · .... . · .... . · . ... . · .... . · .... . · .... . 
Mottled grey sandstone · ... . . · . ... . · . ... . · .... . · . . .. . · .. . . . · .... . · .... . 

· .... . -_.-
::---:-=... 
- .- Grey silty mudstone 

----+-._. ---_ . ..,.-
~-=-=-

?~mmMottled grey sandstone 

40 

FIGURE B.J1 BOREHOLE LOG 

45 

50 



BOREHOLE NO: KD 35 

CADASTRAL FARM: MOORDENAARS DRl FT 

BLOW TEST VI ELD: 1 ,26 £! s 

DEPTH 
lOll 

o 

5 

1 0 

15 

20 

25 

30 

STATIC 
WATER 
lEVEl 

BOREHOLE 
CONSTRUCTION 

--, I 
I I 
I I 
I ~ I 
I U"") I 
I '" I 
I "'" I 
I I 
I I 
I I 
I I 
I I 

w 
-' 
0 
:I: 

:z: 
w 
a.. 
0 

3276 mg/£ 

OESCRIPTION 

Sand 

Silt and clay 

Sand and pebbles 

:::::::::: Weathered mottled grey sandstone 
•...•. :.:. and qtz _ veins 

--,-..... . ..... . . . 

- '- '---

Mottled grey sandstone 

Grey silty mudstone 
Fine grained grey sandstone 
Mottled grey sandstone and 
qtz. veins 

---------r---- Fractured grey silty mudstone 

35 

40 

45 

50 

FIGURE B.32 BOREHOLE LOG 

f- .­
-~ 



BOREHOLE NO: KD 36 

CADASTRAL FARM: HARTEBEEST KUIL 

BLOW TEST YIELD: 0,06 £Is 

DEPTH 
1 .. 1 

o 

5 

10 

16 

20 

25 

30 

35 

40 

45 

50 

STATIC 
WATER 
lEVEL 

BOREHOLE 
CONSTRUCTION 

w 
..-J 
0 
Ie 

z: 
w 
C>-
o 

WATER 
STRIKING 

lEVEL 
& WATER 
QUALITY 

1724 mg /£ 

2171 mg/t 

FIG URE B.)) BOREHOLE LOG 

lITHOLOGY 

~--= 

DESCRIPTION 

S i I t and clay 

Sand and pebbles 

Grey silty mudstone 

Mottled grey sandstone 

Alternating grey silty and 
olive-green mudstone 

Mottled grey sandstone 

Grey silty mudstone 



BOREHOLE NO: KD 12 

CADASTRAL FARM: KLIPPE DRIFT 

BLOW TEST YIELD: 0 .38 ils 

DEPTH (., STATIC 
WATER 
L(Yn 

IOREHOLE 
CONSTRUCTION 

WATER 
STRIKING 

LlYn 
& WATER 
QUALITY 

lITHOLOGY DISCRIPTION 

o 

5 

10 

15 

20 

25 

30 

35 

40 

45 

50 

55 

eo 

--, r 
1 1 
1 1 
1 ~I 
1 ",I 
1 "'I 
I .,. 1 
1 1 
I I 
I I 

........... 

HH~~HH~ 

. . . ... 
~-.-

Sand 

Pebbles 
Weathered mottled grey sandstone 
Grey silty mudstone 

Mottled grey sandstone 

Weathered grey green mudstone 

Mottled grey sandstone 
Fine grained grey sandstone 

Grey s i I ty mudstone 

Fine grained grey sandstone 

F : - Grey s i I ty mud stone 
F :-=... 

2061 mg/l •..••• 

---l~~~n~ :::::: ...... ...... 

Grey green silty mudstone 

Fine grained grey sandstone 

Grey sandstone 

FIGURE B.J~ BOREHOLE LOG 



BOREHOLE NO: KD 19 

CADASTRAL FARM: MOORDENAARS DRl FT 

BLOW TEST YIELD: 0,06 Lis 

DEPTH 
I .. ) 

o 

5 

10 

15 

20 

25 

30 

35 

40 

45 

50 

55 

60 

STATIC 
WATER 
llyn 

BOREHOLE 
CONSTRUCTION 

-, r 

w 
--' o 
:z: 
z 
w 
"­o 

WAlE" 
STRIKING 

LEVEl 
& WATER 
QUALITY 

1059 mgl l 

LITHOLOGY DESCRIPTION 

Silt. clay and calcrete 

Sand 

Sand and pebbles 

Weathered mottled grey 
sandstone 
Mottled grey sandstone 
and qtz. veins 
Fine grained grey sandstone 

Mottled grey sandstone and 
qtz. veins 

Grey s i I ty muds tone 

Mottled grey sandstone 

Grey silty mudstone 

Mottled grey sandstone 
Grey si lty mudstone 

Fine grained grey sandstone 

Mottled grey sandstone and 
qtz. veins 

FIGURE B.35 BOREHOLE LOG 



BOREHOLE NO: KO 20 

CADASTRAL FARM: MOOROENAARS .uRI FT 

BLOW TEST YiElD: 0,09 tis 

WATER 

DEPTH STATIC 
BOREHOLE 

STRIKING 

1-' WATER 
CONSTRUCTION 

LEYEl 
LEYEL & WATER 

0 -, r QUALITY 

5 

10 

16 

20 

w 
...J 

'" 1 164 mglk :c 
25 z 

w 
a. 
0 

30 

35 

40 

50 

55 

60 

LITHOLOGY 

:;-:- .. -
=---=-

OEseRI PTI ON 

Sand 

Mottled grey sandstone and 
qtz. veins 

Grey silty mudstone 

Grey sandstone -== Grey si I ty mudstone 

-.---
-. =-=-= 
- --
- --- --
- --
----

Mottled grey sandstone 

Grey si lty mudstone 

Mottled grey sandstone and 
qtz. veins 

FIGURE B.J6 BOREHOLE LOG 



BOREHOLE NO: KD 31 

CADASTRAL FARM: MOORDENAARS DRIFT 

BLOW TEST YIELD: NO WATER ENCOUNTERED 

OIPTH 
(-I 

o 

STATIC 
WATU 
LEyn 

IORfHOU 
CONSTRUCTI 0 .. 

WATER 
STRIKING 

LEY!! 
& WATER 
QUALITY . 

LITHOLOGY 

5 

10 

15 

20 

25 

30 

35 

40 

45 

50 

55 

60 

WJ 
.-' 
a 
:z: 
z 
'-" 
"­a 

. .......... 

DESCRIPTION 

Clay 

Weathered sandstone 

01 ive green mudstone 

Fine grained olive green sands tone 

Weathered oiive green sandstone 

Olive green mudstone 

Alternating purple stained grey 
s i I ty muds tone and 0 live green 
mudstone 

Grey si lty mudstone 

Mottled grey sandstone 

FIGURE B.J7 BOREHOLE LOG 



5 

10 

15 

20 

25 

30 

35 

40 

45 

50 

56 

60 

66 

70 

BOREHOLE NO: 

CADASTRAL FARM: 

BLOW TEST YIELD: 

KD 37 

KLIPPE DRIFT 

0.50 ils 

STAnc 
WATU 
l!VIL 

10"!HOlE 
CONSTRUCTIO N 

WATER 
STRIKING 

lEVIL 
& WATER 
QUALITY 

w 
--' o 
'" :z: 
w 
C­
o 

3621 mg /! 

2600 mg/! 

2275 mgt! 

LITHOLOGY OESCRIPTION 

Silt and clay 

_._.-
_ .. - Grey silty mUdstone - .-=---= 
- .-
-=.:... .-
- .---- . --_ ._.-
==--= 

Fine grained grey sandstone 
Grey silty mudstone 
Mottled grey sandstone 

Grey silty mudstone and 
qtz. veins 

Fine grained grey sandstone 
-=-.--= Grey si lty mudstone 
... . . Fine grained grey sandstone 

_ ._.-
-= .-_ . . _ Grey silty mudstone 

.-
... .. 

-=.:... ...:..= 

- .-
--' .-
-=:-::::: 

-.-
=-:.. . '.-_._.-
::-:- --- .-

::-:--­;:-:- .. -
'c- ._ 

Grey-green mud sto ne 
Fine grained grey sandstone 

Mottled grey sandstone 

Grey Silty mudstone 
Fine graineo grey sandstone 

Grey silty mudstone 

Green mudstone 

Grey silty mudstone 

Fine grained qrey sandstone 

Grey si lty mudstone 

. .. •...•.. Mottled grey sandstone 

FIGURE B.38 BOREHOLE LOG 



5 

10 

15 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

70 

BOREHOLE NO: 

CADASTRAL FARM: 

BLOW TEST YIELD: 

KD 45 

URAAIHDEK 

0 .63 xIs 

WATER 
STATIC 
WATER 
LEVEl 

BOREHOLE 
CONSTRUCTION 

STRIKING 
LEVEl 

& WATER 
QUALITY 

w 
-' a 
:I: 

:z: 
w 
"­a 

3556 mgt! 

LITHOLOGY 

111111111 

;~~;~~~~~ 

I1I1I1I11 
--~~n~~~~ 

FIGURE B.J9 BOREHOLE LOG 

DESCRIPTION 

Clay 

Interlayered fine brown sandstone 
and olive green mudstone 

Olive green mudstone 

Weathered olive green mudstone 
and brown sandstone 

Green mudstone 

Grey silty mudstone 

Green sandstone 

Indurated grey silty mudstone 

Purple stained grey silty mudstone 

Grey si lty mudstone 

Purple stained grey silty mudstone 
Green grey si Ity mudstone 
Fine grained green sandstone 
Green grey silty mudstone 
Mottled grey sandstone 
Grey s i I ty mudstone 
Mottled grey sandstone 
Grey silty mudstone 

Grey sandstone 



APPENDIX C 



1.10 

1.00 

0.90 

0.80 
~ .. ., 

0.70 I. 
+' ., 
a 

0.60 ~ 

~ 
0 0.50 
~ 
~ 

0.'*0 Q 

0.30 

0.20 

0.10 

0 
0 

FIGURE C.l 

LARGE DIAMETER DUG WELL AQUIFER 
TEST 

. . . . 

10 

'X 

TIME (minutes) 
100 

PIT 1. 
DATE: 28/3/83 

r 0,725m 
w 

Q = 0,610m 

b 1,110m 

t 0,05938 days 
p 

t 0,05764 days r 
(c-td) )1 R/(c-td-1 ) 

T [a/ (Fb' 

T = 1 ,048rri' / day 

1000 



PIT 2 
DATE : 28/3/83 

1.10 
r O,824m 

w 
1.00 FIGURE C.2 LARGE DIAMETER DUG WELL AQUIFER 

TEST R ~ O,820m 

0.90 • b l,020m . • • •• 
0.80 

• t = 0,0739 days • • p 
~ • ., 

• t 0,0720 days .. 
~ 0.70 • r ... • 

[a/(Fb' (cro»] R/(cro-l ) .. T = E 
~ 0.60 'X 
~ 50% T = 1 ,088m' / day 

0 0.50 
~ 
;2 

0.40 Q 

0.)0 

0.20 

0.10 
\0 

0 
0 10 100 1000 

TIME (minutes) 
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3 

2 

• 
• 

• 

~ ... -. 

• • ••• • 

10 

• • • 

FIGURE C.l AQUIFER TEST 

_ ... ---.. -----. _.- .. ....--- .-.-' 

BOREHOLE NUMBER KD 34 

ABSTRACTION HOLE 

24 HOUR CONSTANT RATE TEST 

DATE, 1/9/ 82 

Q ~ 65 ,84m 1/dlY 

f :C: S.70m 

T = 57,) m' /day 

.100 

TIME (Minulll) 

.. ' 

1000 10000 



.-
~ • :I; 

'" z 
~ 

'" '" ~ 
:2 
'" ... ... 
:0 

'" in ... 
a: 

2 

BOREHOLE NUMBER KD 34 

ABSTRACTION HOLE 

RECOVERY TEST 

DATE, 2/9/82 

Q = 65.84m'td.y 

r= 5.10m 

T = 4,),0 m2 /day 

,-' 
_ ..... , ' -,- • 

. -' -'~ .> .. 

, ' , 
• 

o L-------------------~10~----------------~1~O~O~--------------~1~O~0~0~---------------------------
FIGURE C.2 AQUIFER TEST tit" (Minutos) 



2,0 

1,6 

1,2 

0 ,8 • • 
• 

• 
0.4 

BOREHOLE NUMBER KO 22 

OBSERVATION HOLE (TO KO 34, 

24 HOUR CONSTANT RATE TEST 

DATE , 1/9/ 82 

Q = 55,84m'l d" 

r = 5.7m 

T 50,2 m2 /day 
-6 S = 8,69xlO 

AS = 0,240 - .-----. . . .. --. 
----.. . -.~~ • •• 

. ' . . , 
•• • 

• • . . . 
.. 

OL---------------~--------------~--------------~ ______________ ~ ____ ___ 
1 10 100 1 000 10000 

FIGURE C.) AQUIFER TEST 
TIME IMinulos) 



2,0 

1,5 

1,0 

0,5 

BOREHOLE NUMBER KO 22 

OBSERVATION HOLE (TO K034) 

RECOVERY TEST 

DATE, 2/9/ 82 

Q= 65,84 .. '1day 

r= 5.70m 

T - 50,2 m
Z 

/ day 

~ ... 
• 

6S" = 0.24 ........ - • 

. ~.-
.~. 

__ • __ e _. 

o L-------------------~------------------71~0------------------~10~0~--------------~1~OOOOo_-------0,1 1 
FIGURE c.4 AQUIFER TEST ti t" (Minutos, 



14 

12 

10 

6 

• 

4 

2 

BOREHOLE NUMBER KD 1 

ABSTRACTION HOLE 

24 HOUR CONSTANT RATE TEST 

DATE, 9/ 8/82 

Q = 57,02m'/day 

r = 18m 

T
1

= 23,19nf/day 

• 

• !.- •• - .-.-.. • 
. -- • • • • • 

. 
• • •• 

O~----------------------L-----------------------~--------------------~-------1 10 100 1 000 

FIGURE C.5 AQUIFER TEST 
TIME (Minutes, 



BOREHOLE NUMBER KO 1 

A8STRACTiON HOLE 

RECOVERY TEST 

DATE, 10/ 8/ 82 

Q = 51,OZ,,,'/d.y 

r = 18m 

T ~ 1 , 73ni' /day 
8 l' 

T2 ~ 11 ,1 03ni' /day • 

6 

6S',' == 1,05 

4 • 
• 

• 

2 
ASi' = 0,94 

.' 

- ---;-;-:-..........--.­, 
o L-________________________ £-~~ __ ~.~-~.--~.~.~~_._. __ • ____________ ~ ______________ --------------~~--------

1 10 100 1 000 

FIGURE c.6 AQUIFER TEST Vt" (Minutul 
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a: 
CI 

0,4 

0,3 

0,2 

0,1 

• 
• 

• 

BOREHOLE NUMBER KO 3 

OBSERVATION HOLE ITO KO 11 

24 HOUR CONSTANT RATE TEST 

DATE, 9/8/82 

n = 57,024m '/d.y 

r = 18m 

T1 ~ 189', 76rrt /day 

S = 2,196 X 10-5 

AS 0,055 

• 

.. 

. . . ••• • • 

.... 
• • 

o ~----------------------~--------------------~~--------------------~-------
1 10 100 1 000 

FIGURE C.? AQUIFER TEST 
TIME IMinutes) 
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1 
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BOREHOLE NUMBER KD 5 

ABSTRACTION HOLE 

4B HOUR CONSTANT RATE TEST 

DATE, 17/B/ 8Z 

Q: 7Z.Z3m'/d.y 

, = 3Z.6m 

• • • • 
• • 

T ; 8,) m' /day 

10 

FIGURE C.9 AQUIFER TEST 

• . ' . -=-:::::: • 

.......... .---
• • • • • • • • ..... ~. 

~:1.6 

. -' . 

100 1 000 

TIME (Minutes) 



6 

4 
• 

• 
2 

• 

65" = 0.58 .-r-r"- • • • -.------- • _e_e . ___ .-e, . 
• 

• • 

O~--------------------~--------------------~~------------------~~------1 10 100 1 000 

FIGURE C.10 AQUIFER TEST 
tit" (Minutes) 
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FIGURE C.ll 

• • 

BOREHOLE NUMBER KD 4 

OBSERVATION HOLE ITO KO 5) 

48 HOUR CONSTANT RATE TEST 

DATE, 17/ 8/82 

o = 72,33m'ld.y 

J = l2.S0m 

T ; 9,0 m2 / day 

S ; 2,2J X10-J 

.. 
~ ____ ~s~m~ __________________________ 7'~ 
, .7·-

65p' = 1,06 

• 
• 

x 
• 

• • 

• 
• 

IPt 

100 

.' 
• 

.' • .' 
.7 

1 000 

AQUIFER TEST 
TIME IMinules) 

10 000 



z 
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o 
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~ 
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2,0 

1,5 

1,0 

• 
0,5 • 

BOREHOLE NUMBER KD 4 

OBSERVATION HOLE (TO KO 5 I 

RECOVERY TEST 

DATE, 19/8/82 

Q= 71,28mltd.y 

r= 32.6m 

T = 20,1 m2 /day 

• • • • • • • • . . . . . 

o~----------------------~--------------------~----------------------~-------1 10 100 1 000 

FIGURE C.12 AQUIFER TEST 
tit" (Minutll) 
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BOREHOLE NUMBER KD 37 

ABSTRACTION HOLE 

14 HOUR CONSTANT RATE TEST 

DATE, 2719/ 82 

Q = 38.88m'/d.y 

No ObllrVltion hoi • 

. .-. • • • •••••• 

\. 

o~--------------------~--------~----------~~--------------------~-----1 10 100 1000 

FIGURE C.1J AQUIFER TEST 
TIME (Minuttl, 



BOREHOLE NUMBER KD 31 

ABSTRACTION HOLE 

RECOVERY TEST 

DATE, 28/ 9/ 82 

20 
Q = 3U8m'/ day .. 

~ No OhefVltion holt • • !IE .. m2 /day . 
• 

16 T = 0,9 
z • 
~ 

'" ." '" ~ ./ 

~ 
'" 12 
~ .. 
:::> 

'" in 
~ 

'" 
• 

8 • ;' 
• 

• 
/' 

0/ 
. / 

4 • 

• • . • • • • 
a 

10 100 1 000 

FIGURE C.14 AQUIFER TEST ti t" (Minutes) 
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BOREHOLE NUMBER KO 15 

ABSTRACTION HOLE 

7 HOUR CONSTANT RATE TEST 

DATE, 23/ 9/ 12 

Q = 56.592m'/day 

No ObllfYition hoi. 

T = 26 m' /day 

o 

.c.S = 0.41 
--~----.---.-----.---. o 0 
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BOREHOLE 

NUMBER 

KIl ,4 

ABSTRACTION 

HOLE 

KIl 22 

OBSERVATION 

HOLE 

KIl1 

ABSTRACTION 

HOLE 

KIl, 

OBSERVATION 

HOLE 

KIl5 

ABSTRACTION 

HOLE 

KIl4 

OBSERVATION 

HOLE 

KIl '7 

ABSTRACTION 

HOLE 

KIl 15 

ABSTRACTION 

HOLE 

TABLE C.1 CALCULATED HYDRAULIC PARAMETERS FOR THE FRACTURED ROCK AQUIFERS. 

JACOB 

METHOD 

T = m' /day 

T ::II 57,' 

T 

S 

T 

T 

s 

50,2 
-6 8,69x10 

189,8 

2,17x10- 5 

T '" 8,) 

T = 5,1 
NO OBSERVATION HOLE 

T '" 26 

NO OBSERVATION HOLE 

THEIS'S 

RECOVERY 

METHOD 

r - 4,,0 

T .. 50,2 

T 1,2 

T, " )5,9 

T " 2 298 

T .. 22,5 

T '" 20,1 

T 

HANTUSH'S 

IMAGE 

METHOD 

T 9,0 

S .. 2,2)xl0-3 

CHOl{ 

METHOD 

PASCHE'HE 

AND Me ELVEE 

METHOD 

T ;: ,4,S 

S '" 0,0299 

rID. error. 0,07 

T 

S 

T 

s 
rms 

,6,S 
0,007 

92,5 

0 , 076 

error 

T 14,9 

S 0,061 

;: 0,04 

rIDe error c 0,)3 



BOREHOLE 

NUMBER 

KD5 

ABSTRACTION HOLE 

(USING CABLE TOOL RIG) 

KDlo 

OBSERVATION HOLE 

(USING CABLE TOO RIG) 

KD 32 

ABSTRACTION HOLE 

!CD 33 

OBSERVATION 

HOLE 

!CD 35 
ABSTRACTION HOLE 

!CD 25 

OBSERVATION HOLE 

T 

TABLE C.1 

JACOB 

METHOD 

= rn
2
/day 

T '" 35,8 

12,6 T, 
5, '" 1,07Xl0-) 

T2 JO,) -. Sa .. 5,hl0 

T, '" 29,9 

Ta ,.",82,6 

T, "" 29,9 

1'2 .. 75,0 

T'D 78,0 

T 

5 

102,6 
-6 

5,79xl0 

CONTINUED. 

THEIS'S HANTUSH'S 

RECOVERY IMAGE 

METHOD METHOD 

T - 29,8 

T, .. 18,7 

Ta lto,6 

T, 2lt,4 

T • a 78,0 

T, 24,S 

5, 8,iu:l0-) 

T2 .. 78,0 -. Sa = 1,25%.10 

T • 119,7 

T 

CHOW 

METHOD 

T ::z 102,6 

S ::z 4,9.3xl0- 6 

PASCHETT! 

AND He ELW'EE 

METHOD 

1'1 '" 8,6 

Sl = 0,119 

rlllll error II( 0,)16 

T2:s 15.9 

S2 '" 0,029 
r lllll error .. 0,667 

T 79,0 

5 ". 0,122 

rm. error - 1 , 47 

T 121,4 

S % 4..78xl0-5 

rills error = 0,25 
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FIGURE D.' 
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FIGURE D.t, 

TRILINEAR PLOT OF 
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FIGURE D.5 
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FIGURE 1).6 TRILINEAR GRAPH OF IRRIGATION VATER ENRICHED 

BY EVAPOTRANSPIRATION 
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TOTAL DISSOLVED SOLIDS (sSLI) • ADSORBED CATIONS. 

P.S.A. CATION 

DEPTH PERCENT P£RCDlt CONTENT 

(M) MOI STURE SILT. CLAY TAL l1li4 e. e1 NO) N. M. F '1 K .04 P TO' N. M. K Co (sg/l) N. MO K c. ( •• / 1000) 

) ~,8 1,*,1 

4 9,2 20,~ 29)) ) 67 13) 17 2267 0 33 293 113 1.67 51 8533 800 800 6'7 JJ33 ,,60 1 2 0" , 
, to,8 2",. 
6 6,2 12,6 2JJ) ) 67 133 17 1399 0 20 187 60 133 10 6067 ,JJ 3)) ,00 1667 28)) 0,7 0,8 0,2 2,5 

7 7,0 12,6 1733 6 .00 1867 41 21)) 67 20 21) 60 933 4 7867 600 1"00 .67 15067 113)4 0,8 3,5 0,2 22,6 

8 7,4 8,6 1267 5 400 )))) )9 ' ))) 200 20 180 67 800 1,4 91)) 5)) 15)) 233 157)) 180)2 0,7 3,8 0,2 2),6· 

9 4,8 6,5 1467 • 67 133 3 53) 0 20 220 33 533 19 3400 400 1400 500 0 2300 0,5 3,5 0,4 0 

10 4,1 8,) 2000 • 1)) 1333 19 1733 0 27 133 40 800 7,2 6800 600 800 260 .200 3860 0,8 2 0,2 ),' 

11 10,) 12,2 JJ33 3 67 867 6 2"3 67 40 207 27 867 17 8533 9)3 800 347 41)) 6213 1,2 2 0,3 6,. 

12 9,8 20,1 4267 3 1)3 1000 7 2733 67 67 '27 53 9" 16 10533 1533 800 ,40 6))) 9206 2 2 0,5 9,5 

1) 1~ 9,9 

TABLE E.1 VARIATION IN SOIL TEXTt:IR.E AND CKEHISTRY WITH DEPTH - BOREHOLE )CD 40. 



1'01'AL DISSOLVED SOLIDS (1110/.£ ). 

P.S.A. 

DEPTH P£RCniT PERCENT 

hi) MOISTt1R.E SILT + CLAY TAL NHI" C.. Cl Kg F Sl K so.,. P 

1 

2 

, 
~ 

5 

6 

7 

8 

9 

10 

10,5 

8,1 

9,1 

9,1 

9,7 

6,7 

5,' 

6,9 

7,7 

11,6 

12," 

,,~ 

12" 

22,6 

16,6 

1ft,,2 

~ 

~,2 

8,5 

8, 5 

18,5 

20,5 

2_ ~ 

1~67 2 

2867 5 

2000 5 

15" , 

15)) , 

2667 5 

11JJ 2 

111) , 

667 4 

9" 3 

1)) _ 

67 1 

67 267 

67 ~OO 

o 267 

o 1)) 

67 _ 

o ~7 

67 5)) 

67 600 
o _ 

6 

23 

1 

1 

o 

o 

1 

1 

1 

1 

o 

1~67 67 

600 67 

1267 0 
,_ 0 

9)) 0 

867 0 

1~67 67 

1067 0 

1267 0 

1267 0 

9" 0 

~7 

13 

60 

~7 

~O 

20 

)) 

)) 

~ 

53 

5' 

267 100 800 15 

160 ~ 533 26 

200 220 533 3 

153 73 800 2 

1~0 33 667 0,6 

107)) 667 1 

187 67 667 2 

180 ~7 733 3 

193 ~ 1067 8 

207 33 1067 6 

247 40 800 10 

TDS 

6200 

3~67 

6067 

5))' 

4000 

37)) 

61" 

39)) 

45)) 

U" 
37)) 

ADSORBED CATIONS. 

CATION 

CONTENT 

N. K. K ( •• /l) N. 

667 3278 676 25466 30087 

'99 1741 547 0 5820 

5)) .", 1147 85" 12546 

7)) '9)) 5)) 

867 2467 367 

600 21)) )07 

467 2067)13 

17)) 27)) ~)) 

~200 9)99 

2600 6)01 

)1)) 6173 

10000 12847 

2400 7299 

1800 2~0 413 1600 6213 

2467 )200 5'7 17" 7927 

2667 3067 547 1600 7881 

0,9 

0,5 

0,7 

1,0 

1,1 

0,8 

0,6 

2,' 
2,~ 

),2 

) ,5 

8,1 

4,3 

5,8 

9,7 

6,1 

5,' 

5,1 

6,7 

5,9 

7,9 

7,6 

TABLE E.2 VARIATION IN SOIL TEXTURE AND CHEMISTRY VITH DEPTH - BOREHOLE KD "1 .. 

" c .. C •• / 1000) 

0 , .5 ,8,2 

0," 0 

0,9 12,8 

0,4 6" 

0.) :1 , 9 

0,2 4,7 

0,2 15 

0" ,,6 

0,) 2,4 

0,4 2,6 

0,4 2," 



TOTAL DISSOLVED SOLIDS <_g/l). 

DIPTK 

(H) TAL NH4 C. C1 

1 

2 

) 

4 

5 

6 

7 

8 

9 

10 

11 

12 

1) 

14 

15 

15)) 7 

)067 7 

41)) 4 

4667 5 

)800 5 

29)) ) 

2600 1) 

1))) 2 

4200 ) 

)7)) 8 

)267 4 

))) 10 

)467 ) 

29)) ) 

7)) 5 

200 1)) 14 

200 67 5 

67 67 4 

67 67 6 

67 267 5 

1)) 867 5 

200 1867 5 

67 867 1 

67 17)) 1) 

67 29)) )) 

67 )1)) )7 

67 Jl)) 10 

67 21)) 15 

1)) 17)3 ) 

67 ))) 2 

M. P 

53) 67 

800 67 

1467 67 

17)) 0 

17)) 67 

2000 67 

2600 67 

1067 67 

)600 0 

4600 67 

43)) 0 

7 

1) 

20 

1) 

1) 

1) 

1) 

1) 

27 

47 

40 

,000 0 7) 

)267 67 9) 

27)) 200 1) 

667 0 67 

Sl K 

200 17) 467 al 

)07 507 600 45 

287 880 467 61 

)7) 1007 7)) 56 

)27 5)) 7)) )1 

267 19) 11), 27 

25) 160 1800 22 

107 1) 667 1 

))) 7) 1067 48 

)40 107 a))) 71 

279 100 17)3 59 

)07 80 1067 48 

))) 60 11)) 42 

2)) 320 667 30 

11) )) 467 9 

ADSORBED CATIONS. 

CATION 

TDS N. 

)7)) 267 

6)99 667 

8400 667 

97)) 667 

8467 7)) 

8200 800 

101)) 667 

4467 400 

CONTENT 

M. K c. 

15)) 887 1440 4127 

867 147) h99, 7206 

')0 3440 181)) 22470 

867 4047 2733 8514 

267 

600 

600 800 

25)) 187 

25)) 5606 

2467 4874 

2800 5267 

41)) 725) 

12067 2067 ' 667 101) )667 7414 

15))) 3600 22200 1000 5667 )2467 

1)93) 2667 )067 907 8200 14841 

109)) 1600 221)) 900 5800 )04)) 

11467 2267 400 1040 6467 10174 

9800 11)) 1800 880 0 )81) 

27)) 600 25)) 4)) 1400 4966 

0,4 

0,9 

0,9 

1,1 

1 

1 

1,1 

0,5 

2,7 

4,7 

',5 

2 

),0 

1,5 

0,8 

M. 

3.8 

a, l 

),5 

2,1 

0,7 

2 

2 

6.) 

1,6 

55 

7,6 

55 

1 

4,4 

6,) 

TABLE E.) VARIATIOH IN SOIL CHEMISTRY 'lITH DEPTH - BOREHOLE XD )6. 

K c. ( .. / 100.) 

0,7 11.6 

1,1 6,) 

2,7 27 , 2 

"i 4, 1 

1,6 ) , B 

0,6 ',7 

0 , 6 ,*,2 

0,1 6 , 2 

0,8 5,5 

0,8 8,5 

0,7 12,) 

0 ,7 8,7 

0,8 9 , 7 

0,7 0 

0,) 2,1 



TOTAL DISSOLVED SOLIDS (-aLL). ADSORBED CATIONS. 

CATION 

DEnH CONTENT 

(H) TAL NlI~ C. C1 NO) N. Kg P S1 K S04 P TDS N. HO " c. (_0/1 ) N. HO K c. ( •• / 1000) 

1 1267 5 267 133 24 400 67 1) 73 40 467 20 )133 200 1200 27) 1)1)) 14B06 0,) ),0 0,2 19 t 7 

2 )267 4 0 ))) 5 173) 0 47 lB7 314 667 5 7200 B67 )7)) 1440 0 6040 1,1 9,2 1,1 0 

, 733 2 0 200 1,) ))) 0 47 133 33 467 15 2133 267 1600 5200 67 2454 0,4 2 0,4 0,1 

5 1667 5 133 67 33 600 67 20 160 9) 667 25 4067 533 Boo 567 2000 )900 0,7 2,0 0,4 ) 

7 1200 10 467 15)) 45 1267 133 20 227 9) 9)) 24 6))) 467 73) 49) )667 5)60 0,6 l,B 0,4 5,5 

9 51)) B 0 200 7 2467 0 20 440 167 5)) ),5 101)) 1199 2000 1)1, 0 4512 1,6 4,9 1,0 0 

TABLE E. t. '. VARllTIOH IN SOIL CIlEHISTRY VITH DEPTH _ BOREHOLE KD 42. 



'!'OrAL DISSOLVED SOLIDS (·Sll) • ADSORBED CATIONS . 

P.S.A. CATION 

DEPTH P~RCr.:H~ P£RCEHT CONTENT 

(H) MOISTURE SILT + CLAY TAL NlI~ C. Cl NO) N. H. F 8i IC 80
4 

p TD8 N. H. IC C. ( •• /1) N. H. IC . c. ( •• / 100. ) 

1 25)) 6 267 ))) 20 1267 1)) 87 267 180 5)) 1,5 6))) 600 )467 1)1) 29667 )5047 0 1 8. 8,6 1 ~4,5 

) )667 3 0 200 ) 3000 67 )) ~9) 120 600 2 8000 2)99 2799 1287 4667 11152 ) 6,9 1 7 

~ 5067 • 0 267 3 25)) 0 )) 640 120 667 2 10~67 1600 427 60 8867 10954 2 6,4 0,9 1) , ) 

5 )800 3 67 267 4 2000 0 ~7 580 87 600 3 8))3 2267 2667 1240 57)) 11907 ) 6,6 1 8,6 

6 2067 6 67 67 7 800 67 27 200 S) 5)) 20 ~3)) ~67 1467 420 0 235~ 0,6 ),6 0,3 0 
, 

7 5467 ) 0 1)) 3 .~67 0 1) 400 207 5)) ) 10~67 667 1200 800 2393 5060 0,9 3 0,6 )6 

TABLE E.5 VARIATION IN SOIL CIttMISTRY W'ITH Dfl"TH - BOREHOLE kD t., . 



TOTAL DISSOLVED SOLIDS (-Sl') • ADSORBED CATIONS. 

P~S . A. CATION 

DEPTH Pr.RCDfT P£ReZHT CONTENT 

(M) HOIStvRE SILT + CLAY tAL HH" C. Cl N0
3 

N. Hg F Si K SO .. P TDS N. H. K c. ( •• Il) N. Hg K Ca (.a/ 100;) 

1 1533 2 67 1733 1 2067 67 20 107 60 800 • 6800 600 230 200 0 1030 0,8 ,,5 0,_ 0 

2 2 .. 67 , 0 1600 5 2667 0 33 187 87 1133 , 8733 1399 2000 77' 3933 8105 1,8 4,9 0,6 5.9 , "267 , 0 667 5 2467 a 33 2"0 87 667 1 9 .. 67 933 2267 500 21))3 250)) 1,2 5,6 a," 32 

4 3000 .. 67 9" 1 2333 67 27 127 93 1200 1 8533 533 1733 280 22800 25346 0,7 4,3 0,2 J",2 

5 21000 .. 67 267 1 1333 67 27 127 7J 600 1 5467 467 1667 233 14867 1723" 0,6 4,1 0,2 22,) 

6 2533 2 67 2267 13 ,000 67 27 140 100 1067 1 9800 1067 ))99 61, 22867 279 .. 6 1,4 8,4 a,S ,4, ) 

7 2267 3 67 267 2 1133 a 27 170 80 533 3 5000 '" 1199 273 8600 10405 0,4 3,0 0,2 12,9 

B 400 6 67 "00 0 467 0 20 100 "7 600 .. 2267 1067 800 293 600 2760 I," 2,0 0,2 0,9 

TABLE E.G VARIATION IN SOIL CHEHISTRY' VI'I'H DEPTH - BOREHOLE XI)". 



TOTAL DISSOLVED SOLIDS (msLL) • ADSORBED CATIONS. 

P.S.A. CATION 

DEPTH P.tRC!NT PERCFlfT CONTENT 

(H) HOI STURE SILT + CLAY TAL NH~ C. C1 N0
3 

N. H. F Si K SO~ P TDS N. Hg K C. (m.li) N. H. K Ca < •• / 100g) 

H2 1533 ~ 333 67 ~7 . 33' 67 27 180 213 ~67 7 3800 267 1333 800 ~667 27533 O,~ ,,) . 0 , 6 '7 

"2 17)) 7 ~ 120 22. 11)) 1)) 1, J73 55' ~oo 8. 7~00 ~67 2800 225' 1900 25067 0,6 6,9 1,7 28,5 

"' 6~67 5 267 1200 152 233' 67 33 287 h07 1800 92 18800 1067 7)' 2880 1000 25600 1,~ 11,8 2,2 1,5 

TABLE E.7 TOTAL DISSOLVED SOLID AND ADSORBED CATION CONTENT OF , SURFACE SOILS. 
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<3 
0: .. 
z 
o 
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~ .. 

T.D.S. CONTENT IRRIGATION WATER 

ION CONCENTRATION IN mg/l 

ION Ca Mg Na+K Cl Co, +HCo, 50
4 T.D.S . 

INITIAL 48,4 46 221 
CONCENTRATION 

257 , 91,5 14·9 919,3 

5\ 211 .204 4429 5143 650 2979 13616 

,. 
3 ., 
" 10\ 149 147 2214 1666 620 1489 6285 
" z 
H 

'" '" .. '" z Co 

'" >: .. '" '" '" 20' 116 116 1107 1286 587 745 3957 '" f-

'" '" .. :0-., 
z z 00 

0 "'N H H 
f- .If-
u il:8 '" '" "'''' 30\ .. 193 194 738 . 857 570 496 2686 .. 
" Z 

0 
H 

0 
., 
" '" '" ~ .. z ., 40, 97 98 554 · 643 555 372 2319 ~ ., 
c. -

• SOnIUM ACSORBTION RATIO 

rABLE E. 8 . THE AFFECT OF INCREASED LEACHING FRACTION TREATMENT ON ION CONCENTRATION 
OF IRRIGATION PERCOLATE SAMPLE 6245 

S.A.R. • 

5,4 

51,6 

30,5 

11,3 

, 2 , 1 

9,4 
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o ... .. 
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'" '" ... 

'I'.O . S. CON"mN'I' - lRIUGA1'lON WATE:R 

ION CONCENTRATION IN mq/l 

ION Ca Mg Na+K Cl CO) +HC~ S04 T.O.S. 

INITIAL 48 51 273 313 266 196 1147 
CONCENTRATION 

5\ 255 246 5468 6255 643 3920 16787 

,. 
g 
'" '" 10\ 172 169 2734 3128 620 1960 8783 

" z 
H 

'" ... '" '" Z Do 

'" '" ... '" 128 127 1367 1564 592 980 4758 '" '" 20\ 
'" ... 
'" '" ... :>-

'" z z co 
0 "''' H ... 
t ... ... 
'" :t8 

112- 112 911 1043 574 653 3405 '" "'''' 30\ ... 
... 

" 0 
Z 
H 
X '" U " '" " ~ .. z 

104 782 '" 40\ 103 684 563 490 2726 u 

'" '" Do -
• SODIUM A~SORBTION RATIO 

TABLE E.9 THE AFFECT OF INCREASED LEACHING FRACTION TREATMENT ON ION CONCENTRATION 
OF IRRIGATION PERCOLATE . - SAMPLE 6847 

S. A. R. • 

6,55 

58 , 2 

35,3 

20,4 

14,5 

11 ,2 



z 
'0 
H 

t; 
" '" .. 

'1'.0 . 5. CONTENT IRRJGATION WATER 

ION CONCENTRATION IN mg/ t . 

ION Ca Mg Na+K Cl CO) +HCo, S04 T.O.S. 

IN I TIAL 48,6 41 ,1 217 207 275· 158 946,7 
CONCENTRATION 

5\ 93 86 4375 4132 984 3158 12828 

,. 
3 
'" '" 10\ 92 88 2187 2066 790 1579 6802 

" z 
H 

'" '" !;; '" .. 
'" I " ... a: 

88 I '" '" 20\ 86 1094 1033 673 789 3763 '" .. 
'" '" ... 3-

'" Z 
Z 00 
0 "''' H H ,. J,. 
u g;8 '" 85 '" "'''' 30\ 84 729 689 625 527 2739 .. .. 
" 0 
Z 
H 

X '" U " '" '" ~ ... z 

'" 40\ 83 83 547 517 600 395 2225 u 

'" '" .. -
* SOOIUM AC50RBTION RATIO 

TABLE E.10. THE AFFECT OF INCREASED LEACHING FRACTION TREATMENT ON ION CONCENTRATION 
OF IRRIGATION PERCOLATE SAMPLE 3166 

S.A . R. • 

5,53 

78,1 

38,8 

19,7 

1 3 , 3 

10 
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~ 
0: .. 

ION Ca Mg 

INITIAL 34 , 4 28,5 
CONCENTRATION 

5, 91.6 86,7 

'" g 
'" " 10, 88 86 

" :z 
H 
en 

... en 
" :z 0. 

'" >: ... 0: 
84 83 " '" 20, 

'" .. 
0: " .. "'-'" :z 
2: co 
0 "''' H H 

t ., ... 

" :::8 
81 82 0: ,,0: 30, .. .. 

" 0 
:z 
H 

'" '" U " " " ~ .. 
:z 

86 71 " 40, u 
0: 

'" 0. -

'1'. D. S . CONTENT - IR~IGATION WATER 

ION CONCENTRATION IN mg/l 

Na+K Cl COJ +HCo, 504 . 

132,5 129 204 89 

2646 2586 832 1789 

1323 1293 697 895 

662 647 I 615 447 

I 

4~1 431 581 298 

331 323 539 224 

T. O. S. S . A.R. 

61 ·7.4 4,04 

8031 41,2 

4382 23.8 

2338 12,1 

1914 8.1 

1574 6.3 

• SODIUM A~SORBTION RATIO 

TABLE E.11 THE AFFECT OF INCREASED LEACHING FRACTION TREATMENT OF ION CONCENTRATION 
OF IRRIGATION PERCOLATE - SAMPLE 3093 

• 



~ 
~ ... 
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'" 0: .. 

ION Ca Mg 

INITIAL 39 35 
CONCENTRATION 

5\ 101 95 

'" 3 
'" " 10\ 94 91 ., 
z 
~ 

'" '" ... '" z 0. 

'" >: ... 0: 
87 87 < t.l 20\ 

'" ... 0: < ... "'-t.l 
Z 

z CO 
0 t.l'" 
H H ... ., ... 
u &8 < 84 84 0: <0: 30\ .. .. ., 0 
Z 
H 

5 t.l ., 
< ;: !:l z 

82 83 <oJ 40\ u 0: 
<oJ 
0. -

I 

! 

"', D, S, CON','EN',. - IRRIGATION WA1'ER 

ION CONCENTRATION IN mg/l 

Na+K· Cl CO) +HCo, S04 

165 178 225 95 

3301 3564 831 1891 

1651 1782 704 946 

825 891 622 473 

550 593 588 315 

413 446 569 236 

T . O. S . S,A,R, 

737 4,5 

9783 55~9 

5268 28,7 

2985 14,8 

2214 10,0 

1829 7,6 

* SODIUM ACSORBTION RATIO 

TABLE E.12 THE AFFECT OF INCREASED LEACHING FRACTION TREATMENT ON ION CONCENTRATION 
OF IRRIGATION PERCOLATE ,- SAMPLE 5126 

• 



" z 
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'" u 

" ::l 

ION Ca Mg 

INITIAL 
CONCENTRATION 

33.2 26,6 

5\ 51 ·45 

" 3 
'" CD 

10\ 64 60 

" z 
~ 

'" '" .. " z "-
'" >: .. 0: 

71 69 '" '" 20\ 
'" .. 
0: " .. 3-

'" Z 
Z " 0 0 '" " ~ ~ .. ..l" u lt8 " 72 72 0: <0: 30\ .. .. 
" 0 z 
~ 

'" '" u " < < 

::l .. z 
'" 40\ 77 67 u 
0: 

'" "--

'I' . O.S . CONTEN'I'· - IR~IGATION WATER 

ION CONCENTRNTION IN mg/l 

Na+K Cl CO, +HC", S04 

134,3 127.8 195 82 

·. 2772 2474 1134 1643 

1 386 1237 820 821 

\ 

693 618 665 410 

462 412 615 274 

347 309 570 205 

T.O,S . S . A.R. 

598,9 4,2 

8119 66 

4388 29 

2526 13m6 

1907 8,9 

1509 6,8 

• SODIUM AG50RBTION RATIO 

TABLE E.13 THE AFFECT OF INCREASED LEAOiING FRACTION TREATMENT ON ION CONCENTRATION 
OF IRRIGATION PERCOLATE. - SAMPLE 5029 

• 



ION Ca Mg 

INITIAL 57 65 
CONCENTRATION 

5' 278 304 

~ 
0 .., 
w 
'" 10, 183 179 

" :z 
H 

'" '" .. '" :z 0-
w 
>: .. a: 

133 133 '" ~ 20' 
~ .. 3-w 

:z :z fl2 0 
H H .. .., .. 
U g;g 
'" 115 116 a: '" a: 30, t.. 

t.. 

" 0 :z 
H 

is w 

" '" '" ~ .. :z 
w 40' 106 107 u a: 
w 
0--

'1' . O. S. CONTENT - IRRIGATIOn WATER 

ION CON~ENTRATION IN mg/l 

Na+K Cl CO, .HCo, 50
4 

297 352 321 199 

5934 7036 631 3984 

2966 3518 612 1992 

I 

1483 1759 590 996 

989 1173 570 664 

742 880 560 498 

T.O.S. S . A.R. 

1291 6,3 

18167 60,S 

9450 37,1 

5094 21,6 

3627 15,4 

2893 12 

* SODIUM ACSORBTION RATIO 

TABLE E.14 THE AFFECT OF INCREASED LEACHING FRACTION TREATMENT ON ION CONCENTRATION 
OF IRRIGATION PERCOLATE. - SAMPLE 5223 

• 



T.O.S. CONTENT IRRIGATION WATER 

ION CONCENTRATION IN mgt! 

ION Ca Mg tla+K Cl CO) +HC~ 50
4 

T.O.S. 5 . A.R. • 

INITIAL 37,4 27 149,7 139,5 209,5 96 659,1 4,5 
CONCENTRATION 

5\ 68,8 63 2992 2792 1000 1920 8836 62 

~ g 
'" '" 10\ 76 73 1496 139G 724 960 4725 29 ., 
:z 
H 

'" ... '" '" :z 0. 

'" 

I 
" ... 0: 

'" '" 20\ 78 76 748 698 601 480 2681 14,3 '" ... 
0: '" ... ~~ 

'" :z 
:z co 
0 "''' H H 

t .., .. 
'" ~~ 0: 30\ 77 77 499 465 606 320 2044 9,5 ... 

... ., 0 :z 
H 
x '" u ., 
'" '" !j .. 

:z 

'" 40\ 82 68 374 349 552 240 1665 7,3 u 
0: 

'" 0. -
• SODIUM A~SORBTION RATIO 

TABLE E. 15 THE AFFECl' OF INCREASED LEACHING FRACT·ION TREATMENT ON ION CONCENTRATION 
OF IRRIGATION PERCOLATE . SAMPLE 179B 
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" z 
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T.D.S. CONTENT IRRIGATION WATER 

ION CONCENTRATION IN mq/ .I: - . 

ION Ca Mq Na+K Cl Co, +HCo, 50
4 T.D.S. S.A.R . • 

INITIAL 36,6 27,7 149 
CONCENTRATION 

153 · 199 91 656,3 4,47 

5\ 91 85 2985 3060 851 1824 8902 53 

:. 
3 
"' CD 

10\ 88 86 1492 1530 113 912 4821 26,8 
t3 z 
~ 

Ul .. Ul 

" Z 0. 

"' " .. 0: 
146 " "' 20\ 84 84 165 624 456 2159 13,6 

'" .. 
0: " .. :<-

'" z z 00 I 
0 "'N .... .... 
t ,., .. 
" g;8 
0: 
c.. 

,,0: 30\ 82 82 498 51.0 588 304 2064 9,2 

c.. 
t3 0 
Z .... 
:r "' u t3 

" " ~ .. z 
'" 40\ 81 69 313 383 550 228 1690 1 , 1 u 
0: 

"' 0. -
• SODIUM ACSORBTION RATIO 

TABLE E.16 THE AFFECT OF INCREASED LEACHING FRACTION TREATMENT ON ION CONCENTRATION 
OF IRRIGATION PERCOLATE. SAMPLE 2115. 



T.O.S. CONTENT IRRIGATION WATER 

ION CONCENTRATION· IN mg/..2 

ION Ca Mg Na+K Cl CO) +HCo, 504 T.O.S. S.A.R . • 

INITIA~ 35,6 27,4 148,1 
CONCENTRATION 

145,9 1.13,5 90,2 620,7 4,5 

-
5\ 77,4 ·72 2967 2911 934 1810 8171,4 57,9 

'" S 
'" '" 80,8 10\ 78 1481 1459 745 902 4745,8 28 

" z 
~ 
If) .. If) 
< 

Z 0. 

'" :c .. '" 80 ,2 79,3 740 730 640 452 -2721,S 13,9 < '" 20' 
'" .. 
'" '" .. ,.~ 

'" z z 00 
0 "'N ~ ~ .. ., .. 
u g;8 0( 

79 79 494 487 600 301 2040 9,3 '" <'" 30, e.. 
e.. 

" 0 z 
~ 

x '" u " 0( 0( 

~ .. 
z 

84,4 68,S 370 205,6 550 226 1504,5 7,2 '" 40\ u 
'" '" 0. -

• SODIUM ALSQRBTION RATI9 

TABLE E.17 THE AFFECT OF INCREASED LEACHING FRACTION TREATMENT ON ION CONCENTRATION 
OF IRRIGATION PERCO~TE. SAMP~ 121 6. 



'1' • D. S. CON'fEN1' IRRIGATION WATER 

ION CONCENTRATION IN mq/l 

ION Ca Mg Na+K Cl Co, +HCo, S04 ' T.O.S. S.A.R. • 

INITIAL 38 32 162 159 200 113 684 4,65 
CONCENTRATION 

5% 99,6 94 3247 3181 853 2266 9741 55,3 

'" 3 
'" 28,3 Ol 94 90,7 1623 1590 717 1133 5248 10\ 

" :z 
H 

'" .. '" " :z 0-w 
>: .. '" 87 07 812 795 629 566 2976 14,5 " '" 20\ w .. 
'" " .. "'-w 

:z 
:z 00 
0 "''' H H 

t .., .. 
" g;8 84 84 541 530 590 378 2207 9,8 '" "'" 30\ e.. 

e.. 

" 0 
:z 
H 

'" W 
U " " " ~ .. 

398 562 283 1813 7,5 :z 84,6 79 406 w 40\ u 
'" W 
0--

• SODICM A~SORBTION RATIO 

TABLE E.1B THE AFFECT OF INCREASED LEACHING TREATMENT ON ION CONCENTRATION 
or IRRIGATION PERCOLATE. SAMPLE . 1730. 



T.O.S. CONTENT IRRIGATION WATER 

ION CONCENTRATION IN mg/l 

, 
ION C. Mq Na+K Cl CO) +HC~ 50

4 
T . O.S. 5.A.R. 

INITIAL 47,4 48,8 262,2 300,7 · 215,5 181 1055,6 6,4 
CONCENTRATION 

:> g 
OJ 

'" 
" z 
H 

'" .. '" " Z 0-
OJ :c .. '" " OJ 
OJ .. 
'" " .. :>-

OJ z z co 
0 OJ ... 
H H 

ti ..l" 
t:! g;8 .. "'" .. 
" 0 
Z 
H 

i5 OJ 

" " " ~ .. z 
'" u 
'" OJ 
0--

5\ 225,4 216,4 5241 6011 665 3626 16023,8 

. 

10\ 151,4 154 2631 3001 636 1813 84Q8 ; 4 

20\ 120,6 120 1318 1505 600 . 901 4570,6 

30\ 101 107,6 819 1002 515 604 3215 

40\ 99,8 1 01 659 152 510 453 2635 

• SODIUM AOSORBTION RATIO 

TABLE E.19 THE AFFECT OF INCREASED LEACHING FRACTION TREATMENT ON ION CONCENTRATION 

OF IRRIGATION PERCOLATE. - SAMPLE 1232. 

59,7 

35,5 

20,2 

14,2 

11 ,0 

• 
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~ 
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• 
'l' .D.S. CONTENT IRRIGATION WATER 

ION CONCENTRATION IN mq/l 

ION Ca .Mg Na+K Cl CO) +HC~ S04 T.O.S. S.A.R. • 

INITIAL ' 35,6 34,8 170 186 196 111 733 4,8 
CONCENTRATION 

5\ 135,4 130 3405 3713 735 2221 10339 49,8 

'" 9 
'" '" 10\ 112 110 1703 1856 660 11100 5551 27,2 

" z .... 
'" '" .. < z .. 

'" >: .. 0: 

'" '" 20\ . 96,4 96 851 928 600 555 3126 14,6 '" .. 0: < .. "'~ '" z z 00 
0 "'''' .... .... .. .., .. 
u g;8 < 0: <0: 30\ 90 91 568 619 57, 370 2313 10,1 .. .. 
" 0 z .... 
:r '" U " < " ::l .. z 

'" 40\ 87 87 426 464 550 277 1891 7,7 u 
0: 

'" .. -
• SODIUM ACSORBTION RATIO 

TABLE E.20 THE AFFECT OF INCREASED LEACHING FRACTION TREATMENT ON ION CONCENTRATION 
OF IRRIGATION PERCOLATE. SAMPLE 1240. 
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INDEX 
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JLETON SECTION C: GEOLOGY PROFILE 
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INDEX 
16 BOREHOLE.NUMBER MIDDLETON SECTIO~ 
A ALLUVIUM 

RIVER 
5 SANDSTONE 

o WATER nULITY 1401 mg/ l 
~ MUDSTONE 

WATER ENCOUNTERED M ~STATlC~ WATER LEVEL 
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tETON SECTION A: GEOLOGY PROFILE 
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IN C: EARTH MODEL BASED ON RESISISTIVITV SOUNDINGS 
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INDEX 
28 BOREHOLE NUMBER 

roo-

A ALLUVIUM MIDDLETON SECI 
RIVER . 
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SECTION B: EARTH MODEL BASED ON RESISTIVITY SO UNDINGS 
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MIDDLETON SECTION A: EARTH MODEL BASED ON RESISITIVITY SOUNDINGS 
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