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of part of the coastal plain between the Berg River and Elang?
18 a partial fulfilment of g Trequest by the Di

8 Bay and
vision of Plamming to

report on the groundwater potential of the Lower Berg River region.

boundary about 10 lm north of apg parallel with the Papkuils River,
Most groundwater is brackish to saline. Groundwater with a TDS content
of less than 2000 mg/% is found in the Papluils River area and in ‘the

south-eastern portion of the study area, The combined exploitation potential

of these two zones is estimated at 23 x 106 i DeT anmnum. Borehole Yields

of 30 £/s can be obtained in the lower aquifer, while exploitation of the

upper aquifer czn Probably best be achieved by way of leakage to the
lower aguifer.

There are indications +that the freshwatemr aquifers of the Paplauilsg
area extend towards the north ang north-east,

River

Continuation of the regional
geohydrological investigation ig therefore strongiy‘recommended.
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SAMEVATTING

Op versoek van die Afdeling Beplamning is ondersoek ingestel na die grond-
waterpotensiaal van die Benede~Bergriviergebie&. Hierdie verslag behande]

die résultate van geohidrologiese eksplorasiewerk in die kusvlakte tussen

die Bergrivier en ' denkbeeldige grens 10 km noord van en parallel met die -Pap~-
Xuilsrivier.

voorkom in hierdie gebied. Die water is geberg in twee waterdraers en 'n
tussenliggende waterhoudende kKleilaag in ongekonsolideerde Senosoiese sedi-
mente. Die grondwater is op die meeste plelke egter brak tol sout. Grond-
vater met 'n T0S-inhoud van minder as 2000 mg/f kom voor in die omgewing van
die Papkuilsrivier en in die suidoostelike gedeelte van die ondersoekgebied,
Die gesamentlilce ontginningspotensiag] van hierdie twee areas word tanz op
sowat 23 x 106 i per jaar geskat, Boorgatlewerings van 30 £/s kan in gdie
onderste waterdraer ontwildkel word. Die ontgimming van die boonste water-
draer sal moontlilk mees ekonomies kan geskied by wyse van lekkarie na die

onderste meer deuwrlaatbare waterdraer,

Daar word aanbeveel dat die regionale geohidrologiese ondersoek voortgeset

word in noordelike en noordoostelike rigtings aangesien dagr sterk aandui-

dings is dat die varswater voorkoms in die ongewing van die Paplkuilsrivier

belangrike voortsettings het in daardie rigtings.'
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1. INTRODUCTION

The Division of Geohydrology has in the past ten years almost continnally
been engaged in the exploration, description and quantitative assessment
of primary aguifer wnits along the West Coast. At the reguest of the
Division of Plamming efforts were lately concentrated on the unconsolji-

dated deposits ip the Lower Berg River region.

" This report gives the results of groundwater exploration work in part of

the coastal Plain between the Berg River ang Eland's Bay. The objective
of the project was to identify and deseribe any primary aquifer wits in
the given ares. Although the availability of drilling funds early in
198l moved Torward the exploration schedule for this rarticular area,
insufficient funds, especially the lack of funds in the 198l - 85 finan-
cial year, restricted work to & zone roughly boundeg by the lower courses
of the Berg and Papluils Rivers.

Fieldwork took Place in the period Februaﬁy = July 198l and coemprised the
following routine investigation components Gec~electrical exploration,
exploratory drilling, short bumping tests, hydrochemical fampling, level-
ling and water level monitoring. Drilling work was done by the Drilling
Services Subdivision (Worcester), while the following Cape Town staff
memﬂers contributed to the Tield investigation : T, Timmerman, P, Havenga,
E. Roman, J, Goliath and E, Jooste.

\\\fr ta° 20°

| 52 322
Lambert's Bay

low on figure 1.

Elondsbaal

[~
30 Saidanha_ - CFlketberg 330

540 pCopa Tewn 35

1+ 4 500 ooo

Figure 1 : Location of investigation ares




The investigated area extends over approximately 1160 kn® and is
covered by the following 1:50 000 topographic maps : 3218 QA - CB

Aurora, 3218 CD Berg River, 3218 AD Elandsbaai, 3218 po
3218 ¢¢ Velddrif.

Moravia and

Finally, geological descriptions and granulometric dats of stratigraphic

- boreholes (S-boreholes) drilled by the Geological Survey in the area,
were used extensively in this study.
for making the data available,

The Geological Survey ig thanked




2. DBACKGROUND DATA
2.1 PREVIOUS WORK

4 hydrocensus, covering the area between the Berg River and the Olifants

" River, was undertaken during the period 1978 - 79, The report of this

survey (Schreuder, 1979) contains a list of information on borehole depth,
‘borehole equipment, water usage, borehole and well yields, a sel of maps
with the positions of the water points and the results of the hydro-

chemical analysis of a large number of water samples.

Geohydrological data are rather unreliable and limited. Two areas with
high yielding boreholes (6 £/s) and with fresh water (TD3 < 1000 mg/e)
situated within the present study area were delineated and recommended

for further investigation:

1. The area north of Aurora on the cadastral units Papekuilsfontein and:
Klipfontein with an extension towards the north.

2. The area in the south-eastern section, including the farm Harde Valley.

Ninety percent of all waterpoints are shallow sandpits with yields of ap-
proximately 0,5 to 1 .£/s which seem to have been satisfactory for domestic
use and stock watering purposes., The few private boreholes in the ares

were drilled to a depth of 20 m but are not sandfree due to unsatisfactory
borehole construction. The dominance of shallow pits can be ascribed

to a lack of knowledge in establishing production boreholes in unconsolidated

sediments,

A number of boreholes and wells suitable for watersampling and waterlevel

monitoring were selected from the survey's data list.
2.2 HYDROCLIMATOLOGICAL DATA

The climate in the area is mediterranean with maximum rainfall during
the winter months (May to August). Rainfall figures for two stations
are available : 0061/7361 Drommelvlei and 0061/2563 Laaiplek. Precipitation
data for the period 1972 - 8l at Drommelvlei and for the period 1960 - 8l
at Laaiplek are given in appendix I. The data are alsc shown graphically

(figs. 2 and 3).
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The average annual rainfall at Drommelvlei is 316,8 mm, the maximum and
minimum annual rainfall on record being L57 mm (1977) and 211 mm (1972)
respectively. The average annual precipitation at Laaiplek is 201,6 mm
with a maximum of 378 mm (1962) and a minimm of 104 mm (1973). on

a8 monthly basis precipitation is highest during June. The relatively
high figures for Drommelvlei are most probably related to orographic

conditions.

From comparison with stations outside the survey area - Drommelvlei
with Hopefield which has an anmual average rainfall of 286 mm and
Laaiplek with Lambert's Bay which has an anmial average of 121 mm,
it is elear that precipitation decreages from south to north and

from east to west.

Figure L} is a schematic representation of the drainage pattern, the river
system and the vegetation cover of the area. The northern part of the
area belongs to the Papkuils drainage region (G?BO) while the southern
section is part of the Berg River region (G710). The surface watershed
is situated north of Aurora and stretches in & south~vesterly direction
towards Dwarskersbos. The Berg River is the only perennial river, while

the Papkuils River and Verlore Vlei have periodical flow. The anmal

flow in the Berg River at station GIM31 for the period May 197l to December

1983 is plotted on histogram (fig. 5). Before the New Misverstand dam
became operational in 1978 the average yearly runoff was 1033 x 106 nﬁ,
afterwards the average yearly runoff was 267,7 x 106 w . Peak runoff

obviously occurs during the winter rainfalil months (May to September).

The landscape has hardly any relief features except for some vegetated
stabilize&ldunes and saltpans. These salipans are concentrated in the
southern section and seem to be situated on top of paleoridges (see
chapter I section 4.2 and fig. 9). The plain slopes gently upwards

from sea level to approximately 100 m at the foot of the quartzitic hills

which formthe eastern and north~eastern boundaries of the study area.

The Berg River which forms the southern boundary, meanders in a broad
valley which gradually becomes a 2 to 3 km wide tidal floodplain. Tidal
action is noticeable up to 25 km inland at the farms Zoute Kloof and
Kersefontein.

According to hcocks (1975) two veldtypes dominate the investigation area:
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1. Coastal Macchia in the southern angd south~eastern parts.
2. Strandveld of the West Coast in the northern part,along the coast

and in the tidal floodplain of the Berg River.

Approximately Lj0% of the area is usually under cultivation. Wheat is

grown during the winter months while vegetables and fruit are cultivated

on a small scale during the summer months. No crop irrigation talkes place.

2.3 GEOLOGY

The coastal plain is underlain by Malmesbury metasediments between the

Berg River and the Papkuils River.

Arenaceous sediments of the Table Mountain Group underlie the area north
of the Papkuils River. Very few outcrops of the Malmesbury Group occur
except in the south-eastern section aloag the Berg River and about the

intersection of the Sishen - Saldanha railway line and the Berg River.

The Malmesbury Group exists of a wide variety of rock types : shales,
greywackes, quartzitic shists, conglomerates and limestone beds with
phyllitic lenses. shales and greywackes weathgr to an off-white or

greyish-vhite clay.

The fine to coarse sandstones of the Table Mountain Group are discordant
in relation to the underlying Malmesbury sediments. The Table Mountain
sandstones form the Aurora-Piketberg hills along the eastern and north-

eastern boundary of the study area.
The geology of the region is shown on figure 6.

The unconsolidated deposits which originate from Tertiary to Recent times
can superficially only be differentiated into soiltypes. The soils are
generally sandy, often brackish and calcareous. Clayey deposits are re-
stricted to the floodplain of the Berg River. On the farms Velddrift and
Dwarskersbos consolidated to unconsolidated marine shells, sand and gravel

(QB1) are found which often are phosphatic.

The current lithostratigraphical classification of the Cenozoic sediments

in the area between Velddrif and Eland's Bay is given in table 1.




Epoch Age Lithostratigraphic Unit Sediments
in My,
TFormation Member
Holocene Yzerfontein Calcareous sand
and (Aeolian)
Pleistocene 1o Bredasdorp Velddrif Shelly sand
T (marine)
Papkuils Silica and muddy
sand (aeolian)
Pliocene 5,2 Varswater Bookram Pelletal
(Marine) Phosphorite sand
Shelly eravel
Miccene 22 Elandsfontyn Coarse sand and

gravel interbed-
ded with silty
clayey layers.
(Fluviatile)

TABLE 1 : Provisional Lithostratigr
The Berg River and Eland'

aphy of the Cenozoic sediments between
s Bay (Rogers, 1982).
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3. EXPLORATION PROGRAMME

3.1 IRILLING PROGRAMME

During the period 01—02/28—03—198h, 17 exploration boreholes and 1 test
borehole were drilled by the Drilling Services Subdivision, using a r
it with organic mud circulation,

A

otary

Relevant drilling and borehole data are given in table 2. The borehole

positions are plotted on the geophysical survey map (fig. s

The specific aims of the exploratory drilling programme were H

i)  Calibration of resistivity work.

(ii) Determination of the geohydrological characteristics of the water-
bearing formations.

Borehole sites were chosen on the following criteria

(1) accessibility
ii)  proximity to the 6 major resistivity lines
iii) optimal coverage of the study area,

Althqugh all boreholes were to be drilled to solid bedrock, this was not
always achieved ma2inly because of misinterpretation of the sediment
samples and communication problems. Five boreholes (G332 - G33253 -
G33256 - 33250 - G33257) did not reach weathered or solid bedrock.
Borehole G33242 wag abandoned because of construction problems.

The total accumulated drilling depth was 8L46,5m. The exploration bore-
holes were equipped with 160 mm 0D PVC casing. The test borehole was
equipped with 200 mm QD PVC casing. The perforated sections were éovered

with two layers of biadim U3L. The perforation details are given below :

160 mm 0D PYC

Type 1 : Length = 6m
1l rows of slots
16 slots per row
slot width : between 2 and 2,5 mm

slot opening =+ 2,82 9%
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Type 2 :-Length = 5,78 m
' 13 rows of slots
16 slots per row
slot width : between 2 and 2,6 mm
slot opening = 2,72 %

200 mm 0D PYC

itength =6mn

15 rows of slots

21 slots per row

slot width = 3mm

slot opening = 1,89 %

The above equipment specifications were not asg ingtructed to the Drilling
Services Subdivision. Prior to the commencement of drilling operations
perforation specifications for a total slot surface of L4,77 % for the ex—
ploration boreholes and 13,5 % for the test borehole were given. A two
meter long steel caging sleeve was dug in and cemented around each bore-
hole as a sanitary safety measure. Development of the boreholes was

done by airlifting. During the development, which lasted three hours
on_éverage, blow yields were measured and after completion of the develop-

ment water samples were taken.

During drilling sediment Samples were taken at 1 m intervals and described
after breakdown of the drilling mud. The abbreviated geological logs are
given in appendix II. The accuracy of the sedimentological descriptions
is influenced by the drilling method. The following particulars featured
in the deseription : roundness, sorting, grain size and mud -content,
Notes were made of additional features like : shells, calcareous and or-
ganic material, heavy minerals and colour. The geological descriptions
were adjusted and refined with the aid of the Mount Sopris gamma, log.
Generally, depth corrections were made and a better estimate of the rela-

tive silt-clay content was obtained.
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3.2 GEOPHYSICS
3.2.1 GEO-ELECTRICAL EXPLORATTON

Figure 7 shows the position of the six major sounding lines and several
smaller lines branching off towards the exploration boreholes. The main
reason for the resistivity survey was to attempt extrapolation of geo~

hydrological data obtained from exploratory drilling over the entire area.

The ERMA MK 1 instrument was used for the majority of the electrical
resistivity soundings. Use of the CSIR ingtrument was reserved to very

dry spols where poor electrode contacts occurred.

The Schlumberger electrode configuration was employed throughout. The
maximum AB/2 spacing varied from 100 to LOO m. The average distance
between sounding stations was one kilometre. In total 182 soundings

were made.

Accessibility was the prime reason for positioning the sounding stations.
The secondary and tertiary road networlk gave at the same time an optimal
dis%ribution over the survey area. As sounding data became available,

a preliminary interpretation was made using a set of master curves (Joubert,
1977). Afterwards, thig interpretation was verified and corrected by

means of a computer program (Johnson, 1975).

Correlation between the individual goundings of g resistivity traverse

was extremely difficult, Resistivity fluctuations were caused by salt--
rans and by lateral variations in lithology and waterquality. A1l

possible geohydrological sources had to be used to construct geo-electrical
profiles. Distinction was made between silty sand, gravel, weathered
Malmesbury and bedrock. The resistivity for these specific layers varied

significantly :

8ilty sand 1 -1 0m
gravel 9 -260m
weathered Malmesbury shale 1 ~500 m
fresh Malmesbury L5 - 5000 m

A combination of geo-electrical data and geological information enabled
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the construction of the following maps :
1. isopachs of the Cenozoic sediments (fig. 8)
2. bedrock elevation a.m.s.l. (fig. 9)

3.2.2 . GEOPHYSICAL BOREEOLE LOGGINC

Immediately after drilling the Widco gamma log was run in each borehole,
The log was generally relied upon to decide on the construction of the

borehole.

When.the Mount Sopris instrument became available in the course of the
Saldanha exploratory drilling programme, the opportunity was taken to run
the following set of logs: gamma, gamma - gamma, neutron - neutron,
caliper, temperature and waterresistivity. The first three logs were
usefully applied to make depth corrections caused by slow mud circulation,

and to determine the relative clay content.
3.3 PUMPING TESTS

Although blow-yields were generally very low and no observation boreholes
vere'available, short pumping tests were performed in an attempt to obh-

tain some hydraulic characteristics of the aquifer(s).

An electrically-driven submersible pump (maXLmum yleld 3 ﬂ/s) was used.

Each test consisted of :

1. 30 to 120 minutes of pumping to establish the approximate yield of the
borehole.

2. 50 to. 160 minutes of recovery.

The tests were only successful in the high~yielding boreholes, in casu

G33252 and G33256. The residual drawdown for these boreholes was plotted

against t/t" (figs. 10 and 11). Borehole G33252 was pumped for 75 min-

utes at an average rate of 1,99 £/s giving a maximum drawdown of 3m.

Borehole G33256 was pumped for 120 minutes at an average rate of 1,82 £/s

resulting in a final drawdown of 2 m.

Because of the limited test results Hazen's empirical method was used to
obtain transmissivity and hydraulic conductivity values from granulometric

data of the Geological Survey's S-boreholes in the area.
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Hazen's formula is given below:
k = Gdgm (0,7 + 0,03 t)
k hydraulic conductivity (cm/sec)

1l

C = constant cm_1-sec“1)
d,, = effective grain size (cm)
t = temperature (°¢c - 20°C)

3.1} WATERQUALITY SURVEY

A large number of watersamples was collected with the view of determining
watertypes, groundwater quality, chemical composition and change in ground-
wvater quality with time. Therefore samples were not only taken during
development and testing of the G-boreholes, but also from & number of se-
lected private boreholes. The hydrochemical data were amalysed grephi-
cally by means of both Piper and Durov diagrams (figs. 12 and 13). The
rasults of the chemical analysis of watersamples collectéd during the

development of G-boreholes are given in appendix III.

The electrical conductivity of samples was routinely measured in the
field or in the office. The values were converted to mS/m at 25°C
using the following formula :

EC2SOC = ECt X i"_b

Where ft ig the temperature factor.

An approximate conversion to Total Dissolved Solids {(TD3) was obtained
by multiplying the converted electrical conductivities with the factor
6,5. A waterquality map (fig. 1L) was constructed with field TDS

values and laboratory data.
3.5 VATERLEVEL MEASUREMENT S

Waterlevels were measured during a one-day campaign in 15 G-boreholes
and 12 suitable private waterpoints. The accuracy on the piezometric
map (fig. 15) is definitely affected by the limited number of data
points. The majority of the private boreholes and all new departmental |
boreholes were levelled from bench marks and trigonometric beacons. |
Collar elevations, with the PVC casing as reference point, are given ol

in table 2.
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i,  GEOHYDROLOGY OF THE STUDY AREA
Li.1 GEOLOGY AND GEOMETRY

The bedrock elevation map (fig. 9) together with the isopachs of the
Oenoéoic sediments (fig. 8) and the geohydrological profiles (Fig. 16)
illustrate the relief of the hedrock topography and the significant

« variations in sediment thickness.

The most striking feature is a paleoridge, covered with a thin layer of
sediments, which starts north of Aurora and stretches across Drieheuvels
and Groeneveld down to Dwarskershos thus coinciding with the surface
watershed between the two drainage regions. Large parts of the paleo-
surface are situated below sea level.

Figure 9 shows the existence of four distinct channels :

1. The most southern channel is situated on Harde Valley, Adamboerskrazl
and Kersefontein, and can probably be seen as a paleomeander of the
Berg River.

2. A second chammel starts on the farm Drommelvlei and forks into twvo
chamnels on Jakhalsfontein. Both channels are probably paleocourses

v of the Kuilders River, one of which stretches in a south—Wesferly
direction across Woesteheuwel and Doornfontein, while the other
chammel goes in a more westerly direction scross Drieheuvels and
Wegloperheuvel.

3. The channel on Klipfontein, Pampoenekraal and Bookram is probably

related to a paleochammel of the Papluils River.

Fluviatile sediments (J. Rogers, 1980) were deposited in these chanmels.
The three most southern chamnels are filled with sand and gravel inter-
bedded with silty fine sands and clay. The sand is predominantly coarse
and the mean size of the gravel is 7 mm. The sand and gravel beds produce
gamma log readings in the range of 20 - 25 cps against readings of 35

to 4O cps for the silty-clayey layers.

The fluviatile sediments in the Papleuils chammel are medium-grained sands
with a 2 m thick basal gravel. The mean size of the gravel is 5 mm. The
gamma range average here for sand is 15 to 20 cps and 30 to L0 cps for

the silty-clayey beds.
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Fluviatile sediments do not oeccur in a 3 ~ !} km zone along the entire
coast. The Elandsfontyn fluviatile deposits are covered by sands of
aeolian and marine origin. The sands are predominantly fine,
Combining the provisional lithostatigraphic classification L Rogers,
1982)-and the sedimentological descriptions, the following strati-

graphic units can be recognized :

%redas&orp Formation

Yzerfontein - Velddrif Members : fine gands

Paplkuils Member ¢ silty, clayey layer

Varswater Formation

Bookram Member : marine sands

Ilandsfontyn Pormation

Blandsfontyn : top layer = clay layer
coarse sand and gravel layers or medium to coarse sand

and basal gravel

It should be noted that the sands of the Varswater Formation were found

to be restricted to the farms Bookram, Sint Helenasfontein and Pampoene-
kraal. These fine marine sands were deposited on an eroded surface of
Elandsfontyn sediments.

The Bredasdorp sediments, excluding those of the Papluils, form an un-
confined aguifer which is present over the entire study area.

Generally the aquifer thickness varies between O - 10 m. The greatest
thiclmess of 25 to 30 m is found on the farms Kersefontein and Woesteheuvel
in the vieinity of G 3324k and in a zone connecting G 33256 with ¢ 33258

cn the farms Klipfontein‘and Diepkuil

The coarse sand and gravel layers of the Elandsfontyn Formation together
with the locally distributed Varswater sediments form a semi-confined

aquifer.

The isopach map of the Elandsfontyn aquifer (fig. 1?) learns us the

following: ‘

1. The aquifer is located in four major channels,

2. The aquifer(s) in the Adamboerskraal channel and the WOesteheuvel
channel are either connected directly to the Berg River or continue

underneath the river and are connected to the aquifer system south
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of the Berg River. More information on this will probably be available

after evaluation of the Saldanhs project data.

3. The agquifers in the Wegloperheuvel and Papkuils channels do not
extend underneath the sea.

Lo In the three southernmost channels a thickness of 0 m is found while
the aquifer is up to 60 m thick on the farm Klipfontein (Paplkuils

chanmel).

The silty clayey sediments of the Papkuils Member together with the clay
layer of the Elandsfontyn Formation form a semi-previous or aquitard
layer between the two aquifers. The aguitard is present over the entire
area and reaches the considerable thiclmess of 30 m in the following

places :

1. Along the foot of the TMS hills.
2. In a zone from Wegloperhsuvel to Pampoenekraal, up to 8 ~ 9 Im
inland parallel to the coast. '

3. On the farm Adamboerskraal.

4.2 HYDRAULIC CHARACTERISTICS

The hydraulic parameters (table 3) were obtained from only two pumping
tests and from granulometric data using Hazen's formula. It should be
kept in mind that the figures are more important as an indication of the

range of magnitude than for their actual values.

Unconfined aguifer (Bredasdorp)

The transmissivity and hydraulic conductivity values calculated from the
pumping test data of borehole G 33256 zre 90, 1 mF/day and 3, 0 m/day
respectively. The application of Hazen's formula on thc granulometric
data of 512 gave T and k values of 228 it of /day and 11 sL m/day.

These limited values can not be considered representative for the aquifer
in the study area. The saturated sand volume for the unconfined aquifer
is estimated at 2600 x 106 m° which means that assuming a figure of 8 %
for effective porosity the aquifer contains 200 x 10" m of groundwater.
Since no figures were obtained from tests, the 8% value was extrapolated
from data of a similar area, in this case Atlantis (Bredenﬁamp - Vandoolaeghe,
1982). Taking into account the aquifer thickness and the hydraulic
characteristics then it should be possible to establish boreholes yielding
between 10 and 15 £/s. -
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Semi-confined agquifer (Elandsfontyn)

T and k values were obtained from pumping test data of G 33252 and
granulometric analysis of six S-boreholes using Hazen's formula. The
average transmissivity and hydraulic conductivity values are 509 nF/ﬂay
and 25 m/day respectively. The saturated sand volume is estimated at

1,6 x 107 w . Assuming an effective porosity of 15% this means a

groundvater storage of 2,2 x 109 w., TIn view of the semi-confined character
of the aquifer this volume would only become available through ground-

water mining.

Given a storativity value of 10"3, only 14,6 x 106 ™ could be exploited

if the semi-confined character of the aquifer is to be maintained.

Considering the blow yield of G 33252 and the hydraulic and aquifer character-
istics then it should be possible to establish boreholes with a yield of

30 £/s.

Because of the superior hydraulic characteristics of the semi-confined
aquifer large-scale groundwater exploitation of the unconfined aquifer
will preferably take place indirectly by way of leakage %o the deeper
aquifer.

.3 PIRZOMETRY

The piezometric map (fig. 15) gives a rather wnreliable picture of the
upper boundary of the aquifer; because both atmospheric and pressure

levels had to be used to construct the map. Generally the private ;|
boreholes used for waterlevel measurements are offen very shallow. Never- w

theless, “the following features can be deduced from the piezometric map:

1. The waterlosses occur towards the sea in the northern part of the
study arez, towards the Berg River in the southernmost part and

in both these directions in the central part.

2. On the farms Papkuilsfontein, Pampoenekraal and Bookram a steady

flow of water towards the sea occurs at s gradient of 0,012. "

3. The flow on Jakhalsfontein and Drieheuvels is sluggish against a
gradient of 0,001. The flow seems to radiate towards the sea and
the Berg River on the farms Groeneveld, Wegloperheuvel and Doorn-

fontein.
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L. A recurve of the equipotental lines occurs on the farms Drommelvlei
and VWoesteheuvel, where the gradient is about 0,005; +this feature
may be the reflection of the relatively high permeability of the

sediments in this =one.

5. Piezometric data in the south-eastern section of the BuUrvey ares
are very limited. Groundwater flow seems to be rather sluggish in

a south~westerly direction.
L.ly GROUNDWATER QUALITY

All groundwater in the investigated area is of the sodium-chloride
type. Hovever there is a great variety in the absolute concentrations

of the different determinants :

Cations Ca 7 -~ 1586 mg/s
Mg 21 - 3499 mg/e
Wa 110 - 28975 mg/s
K 2;1- 724 mg/L
Anions C1 187 =~ 51L8Y mg/t
50y, 15 - 12681 mg/s6

In the majorit& of samples the concentrations of Mg, Ca, Na and Cl exceed
the SABS (198l) limits for human consumption.

Groundwater that can be used for direct human consumption is restricted
to the area about boreholes G 33256 and G 33257. The total hardness and
acidity are within acceptable limits.

The waterquality map (fig. 1&) also shows that:

1. Relatively good water (TD5 < 2000 mz/Z) is found.

(2) in a zone at the foot of the TM5-hills with one extension from
Klipfontein to Sint Helenasfontein and anothern from Harde Valley
towards Steenboksfontein.

(b) on Vissers Hof and Woesteheuvel, which coincides with the zone
where the piezometric map shows a groundwater movement towards

the paleovalley and ultimately towards the Berg River.

From the piezometric map and the knowledge of the aguifer character-
isties it is deduced that the low TDS waters are associated with

high permeability zones in the agquifers.,
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2. Generally waterquality deteriorates towards the sea.
3. Very bad quality water is also found in the saltpan area in the

vicinity of boreholes G 33249, G 33250 and G33251.
4.5 GROUNDWATER LOSSES AND RECHARGE

As can be deduced from the waterquality (fig. 1L) and the piezometric

“(fig. 15) maps, two modes of recharge seem to occur in the study area:

1. Recharge from direct infiltration of precipitation.
2. Recharge from runoff (i) in the Papluils River and

(ii) on the TMS - mountain slopes.

No data are available to calculate the recharge from runoff.
The recharge from dirsct infiltration is probably in the order of 15%

of the average rainfall. This means for the most promising area - the

[OnY

Papkuils area and Adamboerskraal areas - a recharge of 13,6 x 10° ™ and
9,6 x 106 w per annum respectively, against a volume of 55 x 10° of per

antum for the entire study area.

O

Recharge compensates for losses which may be attributed to :
1. Bseepage to the sea and the Berg River
2. evapotranspiration

3. artificial abstraction

The latter factor is negligable in view of the limited abstraction

from pits and boreholes for domestic and stock watering Purposes,

Eal
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5. SUMMARY

A rather limited exploration effort in the coastal plain between the Berg
and Papkuils Rivers has led to a fairly accurate delineation and description

of groundwater occurrences in the unconsolidated sediments of Cenozoic age.

Two aquifer units, separated by an aquitard, were recognized. The uﬂconflned
'unlt in sediments of the Bredasdorp Formation stores about 200 x lO6 w of
groundwater. This shallow unit occurs throughout the area but contains a
groundvwater divide along a line between Aurora and Dwarskershos. The semi-
confined aquifer in the permeable section of the Elandsfontyn Formation can
yvield about 15 x 106 mr without changing the semi-confined character of the
aquifer. However, if mining were to be practised a volume of about 2200 x

106 w would be available. This aguifer is not continuous, bu$ indeed consists

of a number of subunits which coincide with buried river channels.

The hydraulic description of the aquifer units ig sofar only tentative.
Transmissivity and hydraulic conductivity values for the semi-confined
unit are of the order of 500 uf /day and 25 m/day respectively. Borehole
yields of up to 30 £/s are therefore possible. The hydraulic properties
of the unconfined aquifer unit would seem to be less favourable, which
means that optimal exploitation of this unit will preferably take place

by way of leakage to the semi-confined unit.

The quality of the groundwater in the avea is generally brackish or saline
and shows a deterioration in the direction of groundwater movement. About
500 x 10 ' or 20 9 % of the total volume of groundwater stored in the area
has a TDS content of less than 2000 mg/4. VWater of this quality range is
restricted to two areasg' one centred on the farm Adamboerskrazl, the other

on the lower reaches of the Papkuils River.

Recharge from precipitation on the aquifer sections containing fresh water
is estimated at 23 x 106 i per ammum. This figure is then approximately

the exploitation potential of these aquifer sections on a yearly basis.
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6. RECOMMENDATTIONS

The geohydrological investigation reported upon here carried time and budget
restraints that determined both its content and extent. As it happened the
northern and eastern boundaries of the investigation area (fig. 18) cut right
across aquifer units. Very little data on the hydraulic properties of the
waterbearlng sediments could be collected.

The prime recommendation is thus to extend exploration to the south-east,
towards the north (Eland's Bay) and towards the north-east (Redelinghuys).
Groundwater units should be covered in their entirety. Apparent boundary
areas, whether recharge or discharge, and intrabasin divides should in con-
trast with past exploration approaches be studied with the same scrupulous-

ness a8 prospective production areas,

This investigation again underscored the hydraulic complexity of the Ceno-
zoic aquifer system of the South-western Cape. It is time to account for
this complexity in the planning of future exploration programmes, thereby
precluding additional exploration efforts specifically aimed at gathering
information for analytical and numerical waterbalance calculations. In the
end, total drilling and testing expenditure will also be reduced especially
if the following adjustments to the current routine exploration procedures
are made
(1) reduction of drilling diameter to 150 mm or even 125 mm for ex-
ploratory boreholes, which, after installation of 75 mm or 63 mm
0D plastic PVC screen sections of no more than 3 m length, can
be used as piezometers for permeability tests. The tests can be
carried oulb by Geohydrology staff.
(2) “combination of sediment sampling with tube or core barrel and
rotary mud drilling in one procedure;
(3) development of large diameter boreholes (= 160 or 200 mm ID cased
boreholes) is restricted to test aquifer productivity only;
(L) establishment of small diameter piezometers down o depths of 20 m
by waterjetting for test and observation purposes. This work can

also be done by the Division of Geobhydrology.

The electrical resistivity method is a very useful tool to extrapolate point
information over the entire study area. However, under the given complex
geohydrological conditions it is of the wlmost importance to have access to
sufficient and accurate calibration data. It is felt that short and long

normal resistivity boreholc logs are essential in this respect.
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This investigation has once again shown that using perforated PVC casing
wrapped with bidim synthetic in borehcles for observation, production or
test purposes as a cost saving measure cennot be done without losing on
borehole performance and date reliability. Thig type of borehole con-

struction should not be considered anymore.

. Figure 18 is a layout of suggested data collection points for future in-
vestigations between the Berg River and Eland's Bay. The spread and
density of data points are more pertinent than the actual positions. No
additional work is anticipated in the arca south of the Papkuils River,

except east of Aurora, until the exploitation of saline and brackish

groundwater is considered, or, until all unexplored portions of the coastal

plain have been investigated.

CAPE TOWN
15-03-1985
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1972 | 000 | Qoo | 9,5] 18,8/13,0 hh,61 13,5 5.5] 27,70 000 ©00{ 000 11,0 132,6
1273 1 000 | 0001 12,7} 000i20,5 | L,5| 25,00 3,1] 16.0] 2.2 3.0 12,0 8,6 104,0
197k | 000 | 0001 1,01 000 27,5 | 56.0] 000|L8,3] 27.0] 5.0 3,07 8,0 11,9 178,8
1975 | b6 | 3,81 6,50 b5l b7l 9,1} 27.5(20,L1 o000 12,9 21,5 Q00 9,8 118,5
1976 000 . 0.1 | 000| 39,018.5 | 65,0| 36,6/ 2.0 18,0] .7,5/11.5| L,o| 18,7 | ooh.¢
1977 115,01 000 | 000| L8,6/51,7 ] 50,9] 50,% 41,01 2h,51  L,51 000f 000 23,8 286,7
1978 | 1.6 | 000 10,0{115,0/ 15,0 | 6,0] 9,0/33,6 20,0 8,5 o0oo{ L,5 18,6 223,2
1979 | 2,0 | 0001 25,0{ 6,5/ 22,0 L2,5] 11,0/16,0] 79,0{ 27,8 oco| ooo 19,3 231,8
1980 120,0 | 000 | 000| 8L4,0]39,9 | 96,0! 13,3 27,81 L,5| 1,50 35,81 000 27, 325,5
1981 | k5 1000 1117,0| 1,0117,5 | 20,k) 50,5\ kli,3| 26,5 h,2 k0| 5,0| 16, | 197,9
1982 35,8 | 000 | 6,0} 36,5 18,9 | L5,0] 36,8/ 30,7{ 1,5 5,0/ 32,01 1,0 21,0 252,2
1983 | 000 17,5 }19,0| 6,5/63,8 | 32,5| 30,2 12,0 28,5 000] 9,7 o000 18, 3 219,7
198L | 4,0 | 1,8
vnnach 505 | 3,3] 8,6 20,3(25,6 | 16,8 28,9] 33.¢ 20,8 12,2| 8,8]| 5,21 18,6 | 223,9

* missing data is replaced by the monthly average




APPENDIX II

ABBREVIATED GEOLCGICAL LOGS

R . -1




’roject . Ceastal Plain Velddrif - Elands Bay

H

| {

i . 1 !

I Borenole numbear . 633241 Coordinates . .gi 32°55'43" ;

{ . Long. 18° 24" 38"

| :

i Farm | Zouts Kloof Elevation amsi35.083 m }

i |

— . S |
|
|
|
|

im

2=-Lm . 3
Calcareous subangular-subrounded moderately sorted very fine-fine !
quartzose sand
|
E \:gaoougoouo::
| 1o aa 2 o
! 'cau::’c:nué h‘ - 8 I
l |u000u=ouq
e oe . 3} - » 3
| [a% 2ot o d Subrounded-rounded moderate-poorly sorted medium~-fine glighthly
i o o a - .
| %f;%fg%! 811ty quartzose sand
3\: acﬂuncu
| 500 ed s
Do , o0 o a3y
|

— 0D

I

8 -13m .

Subansular-subrounded moderately sorted very fine-fine -silty
quartzose sand

13 - 15 m i

Angular-sebangular poorly soried very fine-very coarse silty

& i
5 ' % quartzose sand ?
I5; : :

: = 15 - 16 m :
i White clay |

' i

O e e e e e e = S

’




Barehole number . 633242 Coordingtes . Lat #z°52'a3"

Coastal Plain  Velddrif - Elands Bay

Lonrg. 18°ts'00"

L ange Riet Viel Elevation am s m

quartzose sand

2-9m

Calcareous subangular-subrounded poor-—'nodera+el J sorted very fine-fine
very silty quartzose sand '

l

- 13 m (

Subangular-rounded poor-moderately soried very fine-fine silty
quartzoge sand ’

13 ~ 19 m

|
Subangular-subrounded poorly sorted very fine-fine-medium silty

19 - 23 m
Clay - sandy, gravelly |

23 -~ 38 n '
alightly sandy clay !




Project: Coastal Plain Velddnf - Elands Bay

| Borenole number | 633243 Cocrdinates | Lat 32°51's53"
Long 18°17'48"
Farm iKersefoniain Elevation am.s| 0,820 m

2 ~-Lm
Subrounded-rounded poorly scrted very fine-fine-medium very silty
quartzose mand

L~ 11 m

Subangular-subrounded moderately sorted very fine-fine silty
quartzose sand

11 - 20 m

Subangular-subrounded moderately sorted very fine-fine silty
quartzose =zand, calcareous

20 -« 25 m

Angulaxr-subrounded poorly sorted very fine-very coarse silty
gravelly quartzose sand

25 = 33 m

Silty mandy eravel

Whit lay r -

o
¢l

| ’ {




Project® Coastal Plain  Velddrif - Elonds Bay

|
i
[ Borenole number . 633244 Coordinates . Lat 32e50'15"
| - Long. 18°20' 33"
[ Farm . Woestshauval A Elevation am si 16,220 m
I
- .'.“
i t
2 -2 m
Angular-subangular-subrounded moderately sorted very fine-fine~MEDIUM
quartzose sand, fluctuating peat content

2l - m

H

Angular-subangular-subrounded poor-moderately sorted very fine-FINE-
medium quartzose sand - slightly to very silty, gravelly

Interbedded with gravel : 2,-25 m
23-29 m

- 37-L1 m
13-47 m

L9-50 m

EEDROCK NOT REACHED




Froject Coastal Plain Velddrif - Elands Bay
Borenole number . 633245 Coordinctes . l.at 32°51'o0"

- Long.1gez>' 08"
Farm Kersefontain Elevetion am sl 44,746 m

|
m
]
2 -6m

Subangular-subrounded moderately sorted very fine-FINE-medium silly
quartzose sand )

6 - 21 m

Angular-subangular-subrounded poor-moderately corted very fine-very
coarse MEDIUM silty gravelly quartzose sand

21 - 23 m
Peat

23 - 41 m

Anguler-subangular-subrounded poor-moderately soried very fine-fine-
medium slightly silty gravelly, slightly peaty quarbzose send

1 - 58 m

Angular-subangular-subrounded moderate-poorly sorted VERY FINE-FINE-
coarse very silty gravelly quarbtzose sand




Project: Coastal Flain Velddrif - Elands Bay

Borenole number . G33246 Coordinafes . Lat 3z2°5407"

Long.l18°20"15"
Farm | Kemsefentein Elevation am sl 7,655 m

e

2 -9m . - '

Subangular-subrounded-rounded moderately sorted medium clean
quartzose sand

9 -2im

Subangular-subrounded poorly sorted very fine-fine-medium silty
quartzose sand

21 = 23 m -
Angular-subangular poorly sorted fine-medium silty gravelly
quartzose gand

23 - 25 m
Clay




Project  Cogstal Plain  Velddrif - Elands Bay

Borenole number . 633247

Farm

Coordingtes  Lat 3dpesz'az!,
¥ ' .Llong i8°24' 46"
K ersefontain Elesation am sl 52,585 m

2 ~-13m

subangular-subrounded-rounded well sorted very fine-fine slightly
8ilty quartzose sand |

13 = 16 n |
Peat

16 - 20 m

Angular-subangular-subrounded moderate-poorly sorted very fine-FINE-
medium quartzose sand

q
3

b oY
[49 i ek

&G

20 - 31 m

Angular-subangular poorly sorted fine-medium—coarse gravelly, silty
/4 quarizose mand, slightly peaty on top

sandy gravelly clar

T Gy N =




Project  Coustal Plain  Velddnf - Elands

b

Horehole number . G33248

Farm Waoosta heuvel

2 ~lLm

h -8m
sand

quartzoze

8 -~ 10 m

cSandy gravelly clay

10 - 12 m

Later itic zone

12-16 m
16~20 m

browm
white

Bay

Coordinates Lat 32

-Long.1ge
42,087 -m

Elevation am s |

Mngular-subrounded moderately sorted FINE-medium

%

43'0g"

22'3"

|

silty quartzose sand

Angular-subrounded poorly sorted fine-medium-COARSE silty gravelly




= SO SR

FProject Coastal Plain Velddrif - Elends  Bay

Borenole number . G33249 Coordinates . Lot 32°46' 15" |
- Leng 1ae 25'24"
Farm Drommelvalley Elevation am s 86,805 m

2 ~Lm '
Angular-subrounded poorly sorted VERY FINE-fine-medium very silty
quartzose sand, calcareous

i = 11 m

Subangular-subrounded poor-moderately sorted very fine-fine-MEDITM
very silty quarizose sand

Angular-subangular moderately sorbed very fine-FINE slightly silty

11 - 22 m
- {
~ !
quarizose sand ;

22 - 28 n

Angular-subrounded moderately sorited medium slightly silty quartzoss
gand, ccarse and gravelly fraction

bzt

U




Project: Coasial Flain  Velddrif - Elands Bay

Borehole number . 633250 Coordinates . Lat 3s2248'29"
Long.18°17'48"
fFarm . Wegloperheuvel Elevation am. sl 45,007 m

2 — 10 m

subangul ar-subrounded-rounded moderate~poorly sorted very fine-FINE-
MEDIUM calcareous gilty quartzose sand

1. 10 ~ 36 m

Angular~subangzul ar-subrounded moderate~poorly sorited fine~-medium
8ilty quartzose mand

& - h? m

Angular~-subangular-subrounded poorly sorted fine-medium-coarse silty
quartzose sand




Preject Coastal Plain  Velddrif - Elands

L

|30
633251 320 ¢D

Bay

Coordinates . l.at 322 42'2g"

; Borencle number |
i " Long ig8°22"17"
E Farm . prieheuvets Eievation ams! 63,544 m
|
i S — ——
m At -
P [
= .
r
i
l
| | |
i | |
i 1
! : !
| 1 i
! No description was made due to a very hish salt content !
i | ' i
| i which kept the samples too damp f
i E i
! i I
| i '
‘ | !
i |
i i
: !
|
i
!
!
!
| : |
|
|
!
i s
i |
] |
| |
‘ l
| |
|
i
i
al
|




Project: Coastal Plain  Velddrif - Elands  Bay

Borehole number ; G33252 Coordinctes . Lat Zze4'12"
- Long. 1g°e24a'o7"
Farm | Jakhalsfontein Elevation amsl. 85,615 m

2 -1 mn

Ingular-subangular-subrounded moderately sorted very fine-FINL-medium
8ilty quartwmose sand

-39 m
Angular-subangular-subrounded poorly sorted ver fine-coarse silty
quartzose sand

39 - 2 m
Angular-subangular-subrounded moderately sorted very fine~FINE-medium ,
8ilty peaty quartzose sand -

L2 - 60 m

Angular-subangular moderately soxted very fine-fine gilty quartzose sand




Borehote number . G:

Farm | Grognaveld

Coastal

Fiain  velddrif - Elands Bay

{
ol
i
&7}
ol

Ccoraginates |

L.at 32°42"2;"
Long. ls°i9'i5"

Clevation am.s.l. 51,498 m

!

°y

oo
o

°%
o
o
o

&
Sa
o
o
e
°g
o
e
[
P

o)
@
o

o0 0a - oo
o ofa

o

o c

]

AR e e e B e
co oo
a a
o
a [
o
o
-]

a®
o
<

;un
a
o
o
s ©

2 ~-12m

Subangular-subrounded moderately sorted fine-medium 8ilty quartzose

12 - 27 m

subangul ar-subrounded moderately

27 - 38 m

Subangular-subrounded moderate-poorly sort

gravelly quartzose sand

38 - L1 n

subangular-subrounded moderate-poorly sorted vary

gilty guartzose sand

sand

gorted fine-medium clean guartzoce sand

ed fine-medium-cozrse clean

fine-fine-medium




Froject Coastal Plain Velddnf - Elands  Bay

| Borenole number . 633254 Ceoordinates i at 32°51' oo"
{ . Long 18°22'08"
i Farm . Kersefontain Elevation am<i 44,779 m
4 %

' 2 - 5Hm

Angular-subangular-subrounded moderately sorted very fine-fine silty
quartzoge sand

5~15m

Angular-subangular-subrounded moderately sorted fine-MEDIUM quarizose
sand ' .

15 = 2

Anguiar-subangular-subrounded poor-moderately sorted fine-medium-coarse
sligntly silty, peaty quartzose sand

2 - 42 m

Angular-subangular-subrounded moderately sorted very fine-fine-medium
slightly silty, slightly peaty, slightly gravelly quartzose sand

L2 - 56 m

Angular-subangular poorly sorted VERY FINE-FINE-coarse very silty
gravelly quartzose sgand

SO4 55 - 81 m
eyl | .
‘3¥I§kx¢ Sandy silty gravel
sl 7o,
B r‘"':.‘:??|




Froject

Coastal Plain  Velddrif - Elands Bay

-t X
| Borenole nurnber . 633255 2 Coordinates . Lot 3pespp"
; Long. 1s° 20 ag"
i Farm . Harda  Vallay Elevation am sl 58,340 m 1
|
; .
|
m ER -
[ |
2 - 6m |

Angular-subrounded poor-moderately soried very fine-fine silty
calcareous guartzose sand

6 -9 m
Subangular-subrounded poor-moderately sorted very fine-fine silty
quartzose sand :

9~ 39m

Angular-subansular-subrounded poor-moderately sorted FINE-MEDIUM--coarse
very silty gravelly quarizose sand, gravel horizon 25-28 n

39 -S4 m

Bilty sandy aravel

SN

T




Froject: Coastal Plain  Velddrif - £londs Bay

Borehole numbear . 633254 ‘ Coordinates . Lai 32935 an"

Farm | Klipfontain

lLorng.ige23" 15"
Elevation am.sl| 63,310 m

@l

PR R YT

2 ~-3m
Subangular-subrounded well sorted fine quarizose sand

V3 = 31T m

31 = 3B m

slighltly peaty quartzose sand

BIDROCK MNOT BEACHED

Subangular-sutrovnded modevate-well sorted fine peaty quartzose =zand

Subangular-subrounded moderately sorted fine-medium slightly silty, =




e U

Froject: Ceastal Plain Velddrif - Elands Bay
gorehole number | 6 33257 j11g05%3’\ Coordinates  Lat 32054'sg""

"Long. 18°25'58"

Farm Ktipfentein Elevation a m s 73,581 m

T e e e e

!

2 - 10 m

]
Subangular-subrounded moderately sortqd fine~madium 5ilty quartzose sand

|

: |
10 - 30 m '
Angular-subrounded moderate-well sorted fine-medium clean gquartzose sand,
peaty :
\
|
|
30 - 56w '

Angular-subrounded poorly sorted fine-coarse MEDIUM silty quartzose sand

(=]

56 - 81 m

Angular-subrounded moderately sorted very fine~medium clean quartzose sand|
(79-81 m gravelly)

81 -~ 89 m

Sandy silt

PRI P




Project Coastal Ploin Velddrif - Elands Bay

| Borenhcia number | 6 23253 Coordinates . Lat zze zg'sgh
| Long. 18°25" 17"
| Farm . Papekullsfontein Elevation am si| 43,844

I

2 - 5m

Angular-subrounded moderate-poorly sorted fine-coarse MEDIUM, some
gravel, clean quartzosge sand :

S - 65m

Angular-gubangular moderately sorted very fine-medium FINE silty
quartzose sand - coarser dovmwards

65 - 66 m - -
r Gravelly silty quartzose sand
J 66 - 67 m ' ‘
|

Sandy gravelly clay




APPENDIX IIT

HYDROCHEIICAL DATA
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