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I. INTRODUCTION

In a report dated 24 October 1958 on the possible
augmentation of the De Aar water supply from local sources,
J.P. Kriel of the Department of Water Affairs recommended, inter
alia, a geohydrological investigation of Caroluspoort. This
investigation is reported in the following pages.

II. PREVIOUS INVESTIGATIONS AND REPORTS BY THE
GEOLOGICAL SURVEY

At the request of the Chief Civil Engineer,

S.A. Rallways, two bore-hole sites were selected on reilway land
at Caroluspoort in May 1948. Only small supplies were struck
in bore-~holes on these two sites as well as in a third one
indicated by the driller (see table 3).

In April-May 1954 another investigation was made as a
result of which four wells were constructed in the alluvial deposita
Three of them yield large supplies of water; the fourth was a
failure (see table 4). ILater in 1959 two more wells were con-
structed. The drilling of shallow observation bore-holes near
the wells and pumping tests were recommended to determine the
hydrological properties of the alluvial deposits. Two such tests
were made by the Railways in February and May 1957 but unfortu-
nately owing to insufficient and inaccurate water-level measure-
ments no reliable calculations of permeability and storage could
be made.

A reconnajeanc: of possible sources of supply in the
vicinity of De Aar was made in February 1958 by representatives
of the Railways, the Department of Water Affairs and the Geological.
Survey. K

Enowledge of the following reports is assumed:-

(a) Report on bore-hole sites by J.R. Vegter
dated 29 May 1948.

(b) Report on well sites by J.R. Vegter
dated 14 June 1954. '

(¢) "Verslag oor verkenningsopname van
grondwaterbronne in die omgewing van
De Aar" by J.R. Vegter and F.W. Schumann
dated 30 May/6 June 1958.

(d) *"De Aar water supplies:- Possible augmen-
tation of supply from local sources"
by J.P. Kriel, Department of Water Affairs,
dated 24 October 1958.




ITI. THE PRESENT INVESTIGATION

The fieldwork was done by Messrs. M.E. Hauger and
A.C.W. Mew, Junior Technical Officers under the supervision of

Messrs. F.W. Schumann and J.R. Vegter Chief Geologists, during the
period 1 April to 4 December 1959.
from 1-13 June 1960 and 1-23 December 1960.

During the latter

period Mr. A.P.C. Nieuwoudt, Junior Geologist, carried out a
seismic refraction survey. The regional office at Prieska is
responsible for the monthly servicing of water stage recorders
and the measuring of water levels in bore-holes - work which is
continuing except on land belonging to Mr. J.H. van der Merwe.
Messra. J.R. Vegter and M.E. Hauger were responsible for working
up the data and making the calculations.
Fieldwork comprised the following:-

(1)

(2)

(3)

(4)

(5)
(6)

(1)

(8)

(9)

Forty seven bore-holes were drilled by the
Raeilways with a percussion drill to determine
the thickness and nature of the alluvial
deposits.

Six bore-holes were drilled with a small
diamond drill by the Soil Mechanics Laboratory
of the S.A. Railways to obtain undisturbed
samples for permeability measurements. Deter-
mination of the coefficients of permeability
by the S.A.R. is gratefully acknowledged.J

Twenty eight auger-holes were drilled for
permeability measurements and water-level
observations. Percolation tests were also
made in some of the bore-holes.

Over 500 electrical depth-probes were taken

to determine the thickness of the alluvium.

In addition some 90 shallow seismic refraction
lines were run.

Fifteen bore-holes were logged electrically.

About 500 magnetometer stations were read to
locate, if present, dolerite intrusions.

Geological mapping was done and sufface and
bore-hole collar elevations were determined.

Over the last two years bore-hole water levels
have been observed regularly. Water-level
recorders have been erected on six holes.

Extensive water level measurements were made
during two pumping tests to determine hydro-
logical properties of the alluvial deposits.
Fluorescein and salt were used to determine the
velocity of flow between bore-holes during the
second test. Assistance given by the Radio-
activity section, N.P.L., C.S.I.R. in determining
fluorescein content is gratefully acknowledged.

Supplementary work was done_
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(10) Moisture desorption determinations on eight 5
samples were kindly made by Mr. C.M.A. de Bruijn
of the National Building Research Institute. TRk

(11) Infiltration capacity was measured in small
ponds constructed for that purpose. The
water levels in a conservation dam and behind
four contour-embankments were also observed.

(12) Effluent ground-water flow was measured at

two points in the Brak River by means of
V-notches.

IV. PHYSIOGRAPHIC FEATURES AND GEOLOGY

These have been dealt with in previous reports (a) and
(b) mentioned in chapter II. Although the present investigation
covers a larger area than previously described, a good picture can
be formed from plans G.132/61 A+B which show the geology, surface
contours and eroded drainage lines.

V. NATURE AND THICKNESS OF THE ALLUVIAL DEPOSITS

The thickness of the deposits was determined by
electrical depth-probes, seismic refraction lines and bore-holes.

Save for the dry surface layer, the alluvium is
characterised by resistivities of between 2,000-5,000 ohm cm.
The resistivity of the underlying Beaufort shale ranges from
5,000 to over 10,000 ohm cm. According to bore-hole data, the
electrical depth determinations may be in error by as much as
plus or minus 10 ft. _

For this reason and owing to difficulties of inter-
preting electrical depth-probe curves, some seismic refraction
profiles (of an experimental nature) were made. Seismic
velocities in the alluvium are:-

upper (surface) layer 1,100-1,500 ft./sec.
lower layer 2,500-5,000 ft./sec.

The shale is characterised by a velocity of between 6,000 to
13,000 f£t./sec., lower velocities obtaining where the cover of
alluvium is thin and the shale probably weathered. Generally
speaking, seismic depths are somewhat greater than the true ones.

Bore-hole data are given in tables 1, 2 and 3. Baged
on the bore-hole data, electrical depth-probes and seismic refrac-
tion lines, contours of the floor of the alluvial deposits as
gshown on plan G.132/61B have been drawn.

W



Immediately east of the poort, adequate control is p
vided by bore-holes. However, further afield the contours are
solely based on electrical and seismic soundings and only a general ok
but not accurate idea can be obtained of the extent and thickness

of the alluvium.

In table 2, descriptions are given of the alluvial

“material encountered in six bore-holes. The composition of a number

of samples in terms of gravel, sand, silt and clay is shown in table
6. Two sieve analyses of fine sand and gravel which at one stage.
were thought as yTObubly representative of the most parmeable layers
have been made (see table 5).

VI. LABORATORY AND FIELD DETERMINATIONS OF THE
COEFFICIENT Of PERMEABILITY OF THE ALLUVIUM

LR

As previously noted, six bore-holes were drilled by the
501l Mechanics Laboratory of the Railways to obtain undisturbed
samples. The results of permeability determinations on them are
given in table 6.

The coefficient of permeability of undisturbed samples
of layers and lenses of the coarsest grained sediments exposed in
the dongas was determined at the Geological Survey (see table 7).
Reference to two sieve analyses of the coarse-grained material has
already been made (table 5).

Although it was thought that these layers and lenses of
coarse sediments are probably typical of those from which the high
yields of the wells are obtained, it can be seen that the figures
fall far short of ths=2 required to explain the high yields of the
wells.

The results of precolation tests in auger-holes are
summed up in table 8. The coefficients of permeability are higher
than those determined on undisturbed samples. In a few instances
it was noticed that after prolonged percolation of water out of the
auger holes, heaving and cracking of the soil around the hole took
place. This may account for the higher figures obtained with auger-
holes. _

Infiltration rates observed in small ponds - to be dis-
cussed in more detail in chapter XIII - however, compare very well
with the permeabilities measured in shallow auger-holes (see table
13). As expected, infiltration rates are of the same order as the
coefficient of permeability of the upper few feet of alluvium.

Moisture desorption determinations using the suction
plate method in the pF * range 2-3 were made by the Soil Mechanics
La ratory of the Nutional Building Research Institute on eight dis-
ggmples taken at different depths. The results are given in

4 ‘ﬂ



"table 9. The data are of importance in estimating the storag
- capacity of the alluvium or, in other words, the extractable am
of water and will be discussed in more detail in chapter VIII

® The pF value is the logarithm of the soil suction
measured in grams per square centimeter.

A 5

VII. PUMPING TESTS

Two pumping tests were made on well G6778; the first
one over the period 29 June to 4 July 1959 and the second from
13 to 18 December 1960. The decision to undertake a second test
was made after the results of the permeability measurements by
the Railways on undisturbed samples became available. The low
values reported suggested that water was obtained from permeable
layers,which could not be sampled, at or near the base of the
alluvial deposits.

As the calculations according to the Thiem and Theic
formulae yield average figures for the toml thickness of
saturated alluvium, it was thought that the coefficient of per-
meability of the more permeable layers could be calculated from
the hydrau’i: gradient towards the well and the velocity of flow
as indicated by fluorescein and salt. Before the second test,
shallow auger-holes were drilled to Jjust below the water level
as it was expected that the water level in the auger-holes would
recede very much more slowly during pumping than that in the
bore-holes drilled down to the shale. Such an observation would
corroborate the assumption of more permeable layers being pre-
sent. Contrary to expectations this did not happen. The water-
level in the auger-holes dropped just as fast as in the nearby
bore-holes.

Water levels in the pumped well and observation holes
prior to: during and after both tests are shcwr. on plans
G132/61F and G. From the water-level draw down the coefficients
of storage and permeability have been calculated in several ways:-

(1) Assuming that the volume of dewatered alluvium
is represented by the ccne described by the water-levels in ob-
servation bore-holes surrounding well G6778, the percentage
storage can be calculated at different stages of cone formation
during the test.

(2) The direct inventory method by which storage is
calculated as the difference in discharge through coaxial
" cylinders with the well as axis, was only used with the first
test.

(3) The coefficient of permeability was calculated
hy.Thiem% formula from the best fit straight line through the




poiﬁts (hz, log r) where h = m - s, (m saturated thickness of
aquifer, s draw down) and r distance from well. ~The values of h
were those at the end of the test. The use of ThiemSs formula
presupposes equilibrium conditions. Although the rate of decline
of the water level decreased towards the end of the tests, con-
ditions of eguilibrium were not attained. |

(4) The coefficients of permeability and storage were -
also calculated according to Theis' non-equilibrium formula. Two
methods of solution were used:-

2/ and (log u,

(a) matching of curves (log s, log =
“log W(u).

(b) that of Cooper and Jacob by which the most re-
presentative straight line through points (hg, log rz/t) for
values of I'2/1'. <0.02 is determined. (h = m - s, m saturated
thickness of aquifer before pumping started, s draw down, r
distance from well, t time since pumping started, #(u) (well

T -u
function) _ Jﬁ e

u

du *

In the second method, at least a partial correction for
the reduction of the saturated thickness of the aguifer during
the test is effected by plotting log r2/1: against h2 instead of S.

The results of these calculations for both tests are
given in tables 10 and 11.

Velocities of ground-water flow - obtained during the
test oy using fluorescein determinations by the National Physical
Laboratories as tracer were as follows:-

(a) From bore-hole 40 to 45:-

Distance 45 £t

Mean Gradient 1.47.9
. Time taken 1000 minutes

Velocity under unit gradient 2.2 ft/min.
(b) From bore-hole 40 to 44:-

Distance 74 Tt
Mean gradient 1;:25.8
Time tzken 6000 minutes

Velocity under unit gradient 0.35 ft/min.

The times of arrival were taken when the first signs of
fluorescein showed and not when the rate of increase of fluorescein
content is the greatest, as is customary in the use of tracers.

If the time of the latter were used, velocities would decrease,
especially the first figure which would be reduced to a third.

The relationship between coefficient of premeability P
and Velocity v is expressed by the equation:- P = vp where p is

AR
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the effective porosity. The latter, as will be seen furt@er on,

is of the order of 10%. The coefficients of permeability correspond-
ing to the above-mentioned velocities are therefore 0.22 and 0.035
ft/min.

The first figure seems to be of the correct order,
though perhaps a bit low. The second is definitely too small com-
pared with the coefficients of permeability calculated according
to Thiems and Theis' formulae. There is some uncertainty about
the time at which fluorescein reached bore-hole 44., because of the |,
scatter of values which are not appreciably above the limits of
detection. A single relatively high value was, for instance,
determined at 3000 minutes. Even if this is taken into account,
the velocity is still much lower than expected. The question thus
arises as to what extent the transmission of fluorescein has been
retarded by absorption. The streamline joining bore-holes 40 and
44 may also have been a devious one. During the second test the
velocity of flow was also determined with salt between bore-hole 45
and auger-hole 2,and bore-hole 44 and auger-hole 3. The auger-holes
were drilled to 2.5 and 2.7 ft below the water level respectively.
As previously stated, the rates of water-level drop in the auger-holes
were the same as in the nearby situated bore-holes. The following
results were obtained:-

(a) From bore-hole 45 to auger-hole 2

Distance 5 £t
Hydraulic gradient 1:19.4
Time taken 428 minutes
Velocity under unit

gradient Ci27 Lt/uin.

(b) From bore-hole 44 to auger-hole 3

Distance 6 ft
Hydraulic gradient 15 375
Time taken 650 minutes

Velocity under unit
gradient 0.35 ft/min.

Much higher velocities were expected because both the
bore-holes and the auger-holes seem to have struck the more per-
meable layers. If this is not so, similar rates of draw down in
the auger-holes and in the bore-holes, cannot be explained.

VIII. DISCUSSION OF THE VARIQUS DETERMINATIONS

QF THE COEFFICIENTS COF STORAGE AND
PoRMEABILITY

The figures for the coefficient of storage calculated
from the volume of the cone of depletion, increase with the period
of pumping. This is to be expected because drainage is a gradual
process. After a lengthy period of pumping the figures may be ex-
pected to approach a constant value. This seems to be the case with



'the first testﬁ where the constant value seems to be 0.07.

wards the end of the second test, the increase_in the storage
figure was still appreciable. Extrapolation of the curve of

storage coefficient versus time leads to a constant value of

about O.11.

The different values obtained for the two tests may
possibly be ascribed to the fact that different layers were being
dewatered, because the water level at the start of the second
test was roughly 1.8 ft lower than at the beginning of the first.

On the other hand consideration must be given to the fact
that the pumping rate of the second test was nearby half that of
first. During the first test, the rate of draw down was there-
fore more rapid than in the second. Accordingly, drainage of
the alluvium within the cone of depletion would lig further be-
hind in the first than in the seﬁcond test. A higher figure for
the storage coefficient is therefore only to be expected for the
second test. The reason, however, why the storage coefficient
still increases appreciably towards the end of the second test,
especially when compared with the first test, is not clear.

If the water-levels in the observation holes do not re-
flect the water-table but rather the pressure head in permeable
layer(s) draining alluvium of lesser permeability, then the
volumes of dewatered alluvium will be smaller than calculated
and the storage coefficients accordingly higher.

Too much weight should not be attached to the coefficients
of storage calculated according to the non-ejuilibrium formula,
especially the figure derived by tze straight line solution for
the second test. The value of s, the Storage coefficient, is
extremely sensitive to small chanses of slope of the best-fit
straight line. Although the method of least squares was used for
determining the most representative straight line, considerable
doubt remains owing to the scatter of the points (hz, log I"?/‘t;).
Séme difficulty was also experienced with the method of curve
matcuing also because of scatter of points.

Reference must be made to the moisture desorption deter-
minations on smmples of alluvium in tne pF runge 2-3, vecause they
yield a separate estimite of the coefficient of storage. The
effective porosity or storage coefficient can be calcuiated by
subtrzcting the moisture content of drained alluvium (expressed
as % volume) from tne porosity. This calculation was made for
the eight samples listed in table §. The results are given in

table 12. Under conditions prevailing at Carolusgocort, tae

.(.

equilibrium moisture content above the water-level corresponds to =

a soil suction of about 1300 g/cm® i.e. apF of 3.1. (assuming Fe
depth 25 £, bulk density 110 1b/ft° and ignoring capillary wate

e B %

by



The effective porosity at a pF of about 2.8 - 2.9 ;
averages 11.9% when the results of the eight samples taken at ol

- are
various depths above and below the water-level.considered and
13.0% when only the five samples from below the water-level are
taken into account.

In the light of the foregoing discussion, it was decided
to adopt a figure of 0.10 for the coefficient of storage in esti-
mating the stored water in the alluvium.

As regards the coefficient of permeability determined
by means of Thiem's and Theis' formulae, it should be noted that
the underlying assumption is one of a homogenecus aquifer.
Attention has already been called to the low values - 100 - 1000
times smaller than those calculated from the pumping test draw
downs - measured by the Railways on undesturbed samples Coeffi-
cients for coarse sediments also fell far short. The figures
obtained with Thiem's and Thei:' formulaeare therefore to be
taken as effective averages.

At present neither the nature and disposition of the
highly permeable portion of the alluvial deposits are known, nor
is the mechanics of flow fully understood. Ground-water flow in
the alluvium appears to be more complex than was previously
thought.

In calculating ground-water flow through the alluvium
the figure of 0.15 ft/min. will be used for the coefficient of
permeability. This figure is about the average coefficient for
the two tests, that for the straight line solution of the second
test excluded.

IX. THE QUANTITY OF WATER STORED IN THE ALLUVIAL
DEPOSISTS

The volume of saturated alluvium was calculated from
the water-level (September 1959) and bedrock contours. Results
for different portions of the area underlain by alluvium are as
follows:-

(a) The poort section i.e. from the western S.A.R.
boundary to just below main pumping station at
the eastern end of the poort. 6..3
.......... 34.86 x 10°%F%

(b) The area east of the poort to Mr. J.H. van der
Merwe's conservation dam in the south and the
80 ft water-level contour to the north of well
G6778.

6

..... .....380.7 x 10°f¢°

(¢c) The area south of the conservation dam indicated
on plans G132/61A and B 6..3
L I I e s .627.3 X lo ft .

With a storage coefficient of 0.10, the extractable

2 _aupplies amount to (a) 22, (b) 240 and (c¢) 390 million gallons._

g'f 1a3t figure iB anly a rough estimate as water-level and bsén




rock depths are not known accurately. A

X. WATER-LEVEL FLUCTUATIONS CVER THE PERIOD APKRIL
1959 - JUNE 1961

Water-levels in a number of bore-holes over the period
April 1959 - June 1961 are shown on plan G132/61I.

According to the rainfall records of Caroluspoort,
De Aar and four other gauges in the catchment east of Caroluspoort,
precipetation over the season July 1958 - June 1959 was roughly
70 mm. above the average. The following season the rainfall was
about 50 mm below the average. Complete records for the season
July 1960 - June 1961 are as yet not available. Rainfall up to
April - May is, however, already considerably (90 mm) in excess
of the average. The average is about 280 mm. p.a.

The water-levels fluctuate in sympathy with the seasonal
rainfall. When measurements started in May - June 1959 water-levels
were at their peak. Thence they declined until a low was reached
in the first gquarter of 1961. 1In bore-hole 50, the drop amounted
to 3 ft. After the copious rains of March 1961, a considerable
rise took place and with the exception of observation bore-holes
near wells G6778 and G6779, levels generally above the May - June
1959 maxima, were reached. In the vicinity of well G6778 water-
levels iere still 0.25 to 1.0 ft short (in April 1961). Near well
G6779 the short fall is about 0.25 ft.

XI. THE GROUND-WATER INVENTORY FOR THE PERIOD
10 JULY TO 20 OCTOBER 1959

As facilities for a complete study of the hydrological
cycle wefe not available, the above-mentioned period was selected.
The reasons for selecting this period are firstly that with the
exception of 12 mm. on the 7th July, no rain occurred from 6 June
until 20 October 1959. The assumption that little or no re-
plenishment occurred from direct infiltration of rainfall during
the period under consideration seems reasonable. GJSecondly there
was no surface flow, except effluent seepage, which could have
caused replenishment.

The area for which the inventory was drawn up extends
from a line across the poort below the main pumping station and
wells No's 4, 5 and 6, to the conservation dam in the south and
the 75 ft water-level contour in the north. (see plan G132/61C
for outline of area).

The general storage equation for an aquifer is
+ Ru + RL * Rw = E + DS o Du + Dy + D, + A4S
= recharge from infiltration

L
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and

Rszz recharge from surface bodies of water

Ru = recharge from lateral underflow
RL = recharge by leakage through an aguiclude
Hw = recharge by wells, trenches or other un- ;

filtration devices.

discharge by evapo-transpiration

o o
I

discharge to surface todies of water

Ly discharge by lateral underflow

DL= discnarge by lrakage through an aquiclude
Dw: Pumpage from wells etc.

AZ= change in storage volume.

Let us consider euch item separately:-

()
(2)

(3J

(4)
5
(6)

-

F:- As already pointed out above ¥ is taken as nil.

R _:= The levels of the four small water bodies behind
c8nservation embankments were observed regularly. The
drop in level corrected for evaporation, 1is infiltra-
tion. Infiltration is estimated at 1.3 million gallons.
Figures of the Class A evaporation pan at De Aar were

used with a conversion factor of 0.67.

R_:- Ground-water enters the area through the alluvial
déposits and the Beaufort shale. Consider the alluvium
first. The cross-sectional area of water-bearing alluvium
just below the conservation dam of Mr. J.H. van der Merwe
is 33,000 sq. feet. With a hydraulic gradient of 1:420
the flow through the cross-section was calculated to be
105,000 gallons per day. The cross-sectional area of
water-bearing alluvium northeast of well G6778 is 43,000
sq. feet. The hydraulic gradient is 1:210 and the flow
across the section (taking the coefficient of permeability
as 0.15 ft/min) was calculated at 268,000 gallons per day.

Recharge will also take place by ground-water flow
through the shale underlying the alluvial deposits and pe-
tween the two cross-sections of alluvium just considered.

The coefficient of permeability of the shale is not kncwn.
According to several bore-hqQle results the coefficient is

of the order of 10-4 to 103 ft/min, for the first hundred
feet below the surface. Beyond that depth, very little flow.
if any takes place. Taking the coefficient of permezbility
as 5 x 1074 ft/min, and the hydraulic gradient as 1:300,

the daily flow through the shale is estimated at 14,000
g.p.4d.

R;:= Nil.

1L}
Rt~ Nil.

E:-~ This could not be measured and is very difficult to
estimate. The greater part of the evapotranspiration
loss takes place in the beds of the dongas where there is
open water or where the water table is at the surface and
where vegetation (reeds and poplar threes% igs present.
The area thus involved comprises 4.2 x 10”7 sq. feet and
assuming that evapo-transp’ration equals evaporation from
an open water body, the total loss over the period is 4.1

million gallons. (Evaporation from Class A pan at De Aar
over the period is 28.1 inches. The conversion factor to
open water evaporation is taken as 0.67) Evapo-transpira-

tion losses away from the dongas ure taken to be negligible.




(7) D_:- Effluent seepage was measured downstream of the main
plimping station with a V-notch. The flow wasTas follos:-

10-31 July 3.3 million gallons. 2
August 55 n " :
September 21 2 o
1-20 Cctober Q.7 " . ™
Total 12.6 " " :
(8) D_:- The cross-sectional area of the water bearing alluvium

d8wnstream of the main pumping station is 5,500 sg. ft.

The gradient is 1:315 and taking the coefficient of per-
meability as 0.15 ft/min, loss oy lateral underflow through
the alluvium is calculated to be 23,500 gallons per day.
Flow through the shale need not be considered, as it is
presumably very little.

(9) DL:- Hil

(10) D_:- Puzpage over the whole period from wells G6778, G677S
and 4 and of elflient seepage in the Stofpoort tributary
amounts to 16.4 million gallons.

(11) AS:- From the drop in water-levels of various bore-holes
over the whole area, the decrease in storage is estimated
at 6 million gallons.

The inventory can now be drawn up:-

Gains:-
¥ 0.0 m.ge.
Rs 1.3 "
7. 387,000 g.p.d. for
102 days 39,5 ™
RL 0.0
dw 0
Total 0.8 »
Losses: -
ﬁ 4.1 m.g.
D 1206 @ - e
8- 3 “':t
D. 2.35 x 10° g.p:ds %
for 102 days 2.4 " &
DL 0.0
Dw 16.4

Total 8.5 "
AS the storage decreased oy 6 million gallons, there is
a discrepancy of 11.3 m.g. Either the gains have been over-esti-
mated or the losses under-estimated. Balance can be achieved by
either inéreasing E or decreasing R . (Items D  and D; have been
measured and as R  and D, are relatively small even large errors f

in their estimation, will only have a small effect).

If the average coefficient of permeability is reduced
to 0.10 ft/min. gains and losses will balance. Ground-water inflow?{



of the inventory requiries a ground-water inflow of 225,000 g;

It would thus appear that ground-water inflow du
the period for which the inventory was drawn up, was of the order
of a quarter million gallons per day. The flow will be reduced as
the water-table drops. The water-level in bore-hole 51 fluctuat&iﬁ
nearby 2 feet during the two years of observation. & drop of 2 T
feet along the whole northern section would mean a reduction of
about 13% of the inflow. Indications are that the drop of the
water-table along the section below the conservation dam, did not
exceed 1 ft, which means a reduction of only about 7% of the inflow.

XII. AVAILABLE GROUND-WATER

The maximum guantity of ground-water available, if
evapotranspiration losses and underground out:flow could be obviated
and all the effluent scepage salvaged, would be egual to the ground-
water inflow plus .::lenishment from direct infiltration of rainfall
and of floodwaters. The fcllowing discussion deals again only with
the area east of the poort to the 75 ft. water-level contour and
southwards to the wall of the conservation dam.

As inflow and outflow of runoff could not be measure:
as a number of gauging weirs would havengb be built and as effluent
seepage was only measured for a few months,a ground-water inventory
for the last two years from which replenishment could have been es-
timated can not be drawn up. This was stated previously. There
are, however, indications that replenishment by infiltration of
rainfall and flood waters is of lesser importance compared withk the
inflow of ground-water through the alluvial deposits.

Consider March 1961, when rainfall amounted to near-
by 150 mm. - about half the annual average. It is estimated from
the rise of the water-level as meusured in April 1961, that storage
increased .by about 11 million gallons. Judging by the above in- |
ventory, no great error will be made if it is assumed that pumpage
and evapotranspiration losses were more or less balanced by subsur-
face inflow during the period Marcn - April in which recharge took
place. PFlow observ:tions during the period June - October 1959, can
be used to estimate the loss of ground-water by effluent seepage
during the same period, that is tefore water-levels reachediﬁheir
peak by middle April. The loss is probably of the order of-million
gallons. During March - April 1961 replenishment by rainfall and
flood waters was therefore of the order of 15 million gallons.

With the high rainfall over a short period, condi-
tions for replenishment were at their optimum. On the average,
one can espect that replenishment will be much less, for an equal
rainfall over a longer period. Therefore, although proof by actualf




:measurement is lacking, one can safely assume that annual reple
ment by infiltration from rainfall and floodwaters, under present .
conditions, does not exceed 30 million gallons and™is most likely
considerably lower on the average. Compared to this, the subsurface
inflow at the relatively low rate of 200,000 gallons per day amounts
to 73 million gallons per annum. :

XIII. INFILTRATION EXPERIMENTS WITH PONDS AND
GROUND-WATER RECHARGE BY DAMS

Unless recharge can be improved artificially, the
maximum ground-water supply in all probability will not exceed
350,000 g.p.d., that is if all the losses are salvaged.

It was for this reason that some attention was given
to the gquestion of artificial recharge. Firstly, the levels of
water contained by conservation embankments were observed over a
period of several months. The areas of the water bodies of which
these were six, range from 0.06 to 3.1 morgen. The drop in level
was corrected for evaporation loss using figures of a Claes A eva-
poration pan at De Aar (10 miles away) and a conversion factor of
0.67, as previously mentioned. The following infiltration rates were
thus obtained:- |

Gauge A 0.011 ft/day or 7.3 x 1070 ft/min
" B 0,010 " " " 7.0x107% w
" C0.004 v v v2.8x10° w o
" D0.023 " " " 1.6x107° "

For positionsof the gaug:ss (and the water bodies) see plan G132/61C.
The drop in level of two remaining bodies contained in the two
stream channe)s behind the conservation dam could be accounted for
completely by evaporation.

These figures are not very encouraging and show that
actificial recharge by constructing dams is not efficient.

Infiltration experiments were conducted in a number
of ponds 10 x 10 ft which were covered by 9 inches of water. The
time for the water to seep away was observed. Clear water from
well G6778 was used and the tests were repeated a number of times.
The results are summarized in table 13. It is important to note
that the flcors of the ponds were natural undisturbed surfacas.

As a continuous suprly of water was not available, the ponds could
not be kept flooded for a lengthy pericd and each test had to be
limited to one day. In general infiltration rates, decreased with
each flooding. A hole&down\dugAalong31de pond 6 showed that at a &
depth of about ten feet, soil had been wetted to a distance of 5

ay from the edge of the pond. .ﬁi




Roughly, the infiltration figures are about a 1000 ti
larger than for the water-bodies contained by congervation embank-
ments, where silt is being deposited and the surface is under wate .
for at least several months.

It is evident that artificial recharge can only be
achieved effectively by a system of floodwuter spreading whereb;
the natural veld is submerged for very short periods only, so that
vegetation is ﬁot killed. The newly laid-down silt deposit must
become part of the soil through drying out, and the action of soil
organisms and vegetation.

XIV. NOTE ON THE JUALITY OF THE WATER

Kecent analyses of the water from Caroluspoort are not
availaple. Samples were collected and dispatched'but unfortunately
became mixed up und damaged in transit. In report (a) Chapter II,
two analyses are given which were made in 1946 and 1948. As far as
is known water from Caroluspoort is suitable for railway purposes
and amenable to treatment. The Railway Administration presumably
has sufficient information at its disposzl about this aspect.

XV. CCNCLUSIONS AND RECCMMLNDATIONS

The supply obtainable from the area east of Caroluspoort
(i.e. the area for which the inventory has been drawn up and as de-
lineated on plan G132/61C) is limited to the subsurface inflow and
the replenishment from rainfall and runoff. Subsurface inflow under
high watertable conditions (e.g. during the winter of 1959) has been
calculated at 265,000 g.p.d. and under present conditions, replenish-
ment from rainfall and runoff has been shown not to exceed 30 million
gallons per annum (i.e. 82,000 g.p.d.).

The maximum obtainable supply can therefore not exceed
350,000 g.p.d. As both the average subsurface inflow and replenish-
ment from rainfzll and runoff will certainly be less than the
figures given above it seems reasonable to assume that the maximum
available supply, withocut embarking on a scheme of artificial re-
charge, is of the order of 250,000 - 300,000 g.p.d. These figures
are based on the assumption that all ground-water losses by evapo-
transpiration, effuent seepage and subsurface outflow can be elimi-
nated.

By cutting-off the latter i.e. the subsurface outflow
to the alluvial cdeposits in the poort,the availacle supply from
these deposits will theoretically be limited to the storage (about
22 million gallons). In practice however, the deposits can not be
completely dewatered and ground-water is furthermore lost by evapo-
transpiration, and subsurface outflow. In addition, the depleted

storage must be restored by replenishment from rainfall and runoff

' the tune of 22 million gallons annually if the supply in the



poort is to be maintained. Without recourse to artificial reple
ment this seems unlikely. A reasonable guess at .the supply avail-
able from the poort alluvium may be 30,000 galions per day (sub--g;
surface inflow not taken into account, as stated above). ES

Since September 1960, pumpage from the wells und of
the effluent seepage in the Stofpoort tributary has averaged just
over 200,000 g.p.d. This quantity, a2t first sight, can easily be -
raised to 300,000 g.p.d. without enlurging the Railway land, by
merely pumping more water from the wells. Two points are, however,
to be noted:- Firstly, with the present arrangement of wells, loss
of water by effluent seepage down the Erak River and by evapotrans-
piration can not be effectively decreased or eliminated. Secondly,
there is the danger of locally depleting the supply near the wells,
because ground-water flow to the wells may not be sufficient to es-
tablish and maintsin equilibrium. This seems to be the case with
well G6778, where in spite of the abundant rainfall during the
1960 - 61 season recovery to the May 1959 levels was not complete.

If the supply from Caroluspoort is to be stepped up to
over 300,000 g.p.d., replenishment will have to be increased. 1In
the first place, infiltration of floodwater can be increased through
lowering the watertable along the river by pumping strategically
placed wells. At the present time the watertable lies at the sur-
face in the bed of the .river.

Secondly, recourse will have to be taken to artificial
recharge by floodwater spreading. As the mean annual runoff at
Caroluspoort is estimated at 1,000 morgen feet (see report (d)
Chapter II) sufficient water is available for this purpose and al-
though infiltration of silt-laden water spread over a large area,
will be considerably less than that measured in the ponds (table 13%;
recharge by spreading and doubling the available supply seems quite
feasible. * Economics and engineering considerations will of course
have to be taken into account.

It would be undesirable to raise the watertable by more
than 5 feet above the present highest level and even this may be
toomuch, as effluent seepage will increase tremendously as well as
evapotranspiration losses. (The area above the poort to the 80 ft.
water-level contour in the north and to the conservation dam in the
south is about 250 morgen in extent. A rise of 5 ft. of the
watertable over this area would require recharge of 72 million
gallons). The effluent seepage of course could be recovered for
use, but unfortunately it is not a constant supply. To maintain
effluent seepage at all times above reguirements would mean large
wastage of water. On the other hand if effluent seepaze is to ob-
viated completely, water_levels will have to be drawn down consider-




ablylbyfpﬁmping.wella, to accommodate the total natural and art_
cial redharge. This will raise pumping costs. A happy balance
seems use of effluent seepage, vhen-available plus pumping. The
storage position could be improved by silting-ip of the dongas.

From this discussion it follows that additional land
will have to be purchased to develop lzrger ground-water supplies.
Although the alluvium continues upstream another 2 miles beyond the
conservation dam, it is recommended that only the land underlain by
alluvium up to the conservation dam be obtained. The dam itself,
may be required to store floodwater for artificial recharge.

To make a better assesmment of artificial recharge by
floodwater-spreading a large scale experiment with silt-laden water
is deemed necessary.

Should the Railway Administration decide to improve *

the underground supplies rather than go for surface storage, the
Geological Survey would like to continue its study at Caroluspoort.]
For a proper study of the complete water cycle, gauging weirs will |
have to be built so that inflow and outflow of runoff can be
measured. This could be undertaken in co-operation with the Depart-
ment of Water Affairs.

Sites for additional wells have not been indicated.
This can easily be done as further work is not reguired.

SUMMARY

By means of bore-holes and gecphysical methods, the
thickness of the alluvial deposits has veen determined both on
railway property and on private land east of the Caroluspoort
proper. Bedrock contours (of the underlying Beaufort shale) are
depicted on plan G132/61B. On the same plan-are also shown water-
level contours for September 1959. From both sets of contours the
volume of water-bearing alluvium was calculated.

The coefficient of storage (or effective porosity) was
calculated from water-level draw downs in observation wells during
two pumping tests made on well G6778. Moisture desorption deter-
minations were made by the National Building kesearch Institute on
eight samples of the alluvial deposits, also with the view of deter-
mining the coefficient of storage. It was found that the storage
coefficient is of the order of 10%. The quantity of water stored
in the alluvium, was accordingly calculated to be (a) 22 million
gallons in the ﬁoort, (b) 240 million gallons east of the poort to
the 80 ft. water-level contour north of well G6778 and to the large
conservation dam of Mr. J.H. van der Merwe to the south and (c) 390
million gallons south of the conservation dam as shown on plans
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G132/61A and B. The last figure can only“behtékénwéﬁla very ro
estimate.

The coefficient of permeability of the alluvium waé__'é
also calculated from data of the two pumping tests. The average
value is 0.15 ft/min.

A ground-water inventory for the period 10 July to _
20 October 1959 for the area outlined on plan G132/61C shows that .Q
this value is too high and that it.orobably of the order of 0.10
ft/min. Using the latter figure, ground-water inflow under high
watertable conditions is calculated at about 4 million gallons per
day.

Replenishment by infiltration of rainfall and runoff
over the same arez, was shown not to exceed 30 million gallons per
annum. Probably it is considerably less. Taking into account
that the average subsurface inflow is less than stated above, (was
10% lower at lowest water—able position after the dry 1959 - 1960
season), the maximum perennial quantity of water, available in the
area outlined on plan G132/€1C, is thus about 250,000 - 300,000
gallons per day. No allowance has been made for losses by evapo-
transpiration, efflient seepage and subsurface outflow. These losses
can be minimized by pumping strategically placed wells. It will,
however, be necessary to purchase land up to the conservation dam
if the available supply is to be developed to its fullest extent.
The supply obtainable from the alluvial deposits in the pcort is
relatively small being estimated of the order of 30,000 gallons per
day.

If larger supplies are reguired. artificial recharge
will have to be resorted to. Sufficient runoff seems to ve avail-
able and it would appear that by artificial recharge the supply
could easily be doubled if not more. Experiments with ponds and
observations of the water-levels in the conservation dam and behlnd
embankments have shown that artificial recnarge can only be done
effectively by water spreading over natural veld and not Dby infiltra-
tion from dams. The conservation dam may play an important role G
in temporary storing water for spreaaing.

Should the KHailways Administration decide to undertake .
further development of the underground supplies, the Geological |
Survey would be glad to continue with its studies at Caroluspoort
and offers its assistance. A complete study of the water cycle
could be undertaken in co-operation with the Department of #zter
Affairs.

PRETORIA J.R. Vegter
12 July, 1961. | CHIEF GEOLOGIST.




DATA ON TEST BORE-HOLE

! : ! | v
Bore-hole Collar el- Depth . Tickness of

No. evation ft. (ft) - alluvium (£%) ;
. B5. 39 48 | "
2 87.16 53 0
3 89. 26 46 s
4 90. 37 ' 20 48
Bi&m¢cﬂdm%L43 48 44
7 63.07 el =
8 63.48 30 -
g 64.20 27 -
10 66.82 23 -
1. 66.52 o7 N
14 96.01 40 38
; 15 3024A %% 4 36 34
i
: 16 97.75 36 i
| 17 oA, 08 fa o
18 97.81 37 22
19 95.86 39 37
56 3@L4¢3?35;2'64 41 38
N 46 46

2024 CA R

22 86.84 47 47

23 83.77 47 47
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Bore-hole

Collar el- Dept Tickness of
No. evation ft. (ft aliuvium (ft) %
T e gagie 45 (20m1) 45 ©
25 3034 SIZ o5 g 38 38 2
26 UERT ol s 45 fzqm\) 45 2
o FMCHFT o o 43 43 °
28 90. 42 45 45
og SoCeh 3% oo o, 40 40
30 57.66 45 45 7
31 Zap Ch 3% 84.1C 45 45 2
i3 ERC 49 49
33 %9.11 37 372
34 35. 98 47 47 2
40 97.15 43 38
41 . 93. 58 44 36
43 55, 4C 38 32
44 » 99,23 43 41
45 99,71 43 58
46 6,74 4c 36
47 6. 4 s 40 38
48 47.85 41 38
49 97.%21 27 :
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iSore-hole ; Coilar eleva-

tioh. Lts

= Tickness of
alluvium (ft)

- § 98.03

36

3024 LA 345
o2 94.48

40

89.62

40

78,73
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" TABLE

BORE-EOLES ORILIED FOR UNDI3TRUBED SANPLES

; ::Collar el-
» - . = ey = P +n 1
f?re hole evation Jepth Geological Profile

3024 ch 36k
54 101.49 A1 0-4'5" orown, clayey, silt sand
4'5"-1C"2" red orown, szandy silt with
pebbles

10'2"-11'B" yallow-brown, sandy silt withi
: i peoblies i

16'2" Lirestone G

i
“_18'3" yellow-brown, clayey sand with
lire nodules :

18'G"-33'3" prown, candy silt 5
2'8"_35'4g" goulders and gravel %

5'G"-35"11" dense, brown, clayey c=and
-

5Y1I"=341%C" hard blue shule,

50%?Cﬂ'367
555 gC.2 AT C-2'4" grey orown, clayey sanid
© O 2'4"=-21'5" grey 3andy silt with line
nodules
11'8"-15"'4" brown s5ilt sanc witn linoe
necdules
15'4"-23' 5" brown, sunidy silt

23'6"-33'8" yeliown-drown, s-ndy silt

3I*RM_34'4" yellow brown, sandy silt wit
shaie cobules

4'4"=-40'8" y=llow vrown, silt sand 5

rey 8ilty sund and shals
pebbies

41'1i"-43'2" yellowv grey, saniy-silt
13'4"-46' A" poulners and esravel

s | 1 79 t - A o e
£5'4"<47'2" hard bHlu= snanie.

i

ii' 56 83.87 15 S'-19" light browngs claysy sand
| £ . 1'g"-7'5" grey vrown, clay2ay silt with
? line nodul=s
5 T'3%-11'%" brosm, sandy silt with lime
i; nodulies

3 11'5'=15'4" brown, silt sand w#ith lime

b -

A3

718 6 0
16°4"-23'7" grsy vrown, sandy silt
23'7"-24'3" yellcw-brown, silty sand

TZ2A4'9Q"25'4" JiTestone

25'4"-29'93" bdrosn, sandy silt

T & ' 29'3"-32'0" grey brown, =i 8:
i i eravel and conbles

32'0"-37'10" yeliow brown siit.

37'10%=40" 4" silt sund

4C*'4"-4.'1" grey brown, siit s
gravel

-42'8" boulders and sand

brown,

=



No avyat 10n Geclogicai profile

57 88,5 _ 41 C'-4'3" prown, clayey sand

4% 3"-11'9" urown, sandy silt with lime
nodulies

iltc"-113'C" limestone

nodules
14Vl t8Y brown, silt sand

and

19T AL srey orown sand ppbblﬂs

30" 3"=-35"' 4" grey brown

39'9"-41'1" deconposed shale,

58 G54 34 30 C'-C'S" orowxrn sand and pzbbles
0'y"-5"3" reddish browmn, silty sand wlth
pevbles
-1C'5" brown, sandy silt with lime
ncdulas
1C's"=15"1C" browsn, silty sand with
peotles

15'1C"=-16'3" limestone
L' o=z 2" reddisn orown, sandy silt

22veN-g ' 5" reddish srown, sandy silt

. witn lime nodules &
2Y'5"-27'C" grey brown, 2ilty sand E%
27'C"-C'¢" grey, siity sand and gravel {
3015"-36' 2" ooulders =znd sand £
16 2"=371 5% Jeoprpoged shale J%
374517 10" hard blue shale .é

a‘;j;
2ozgch 34, T

59 FC,. 12 38 C-5' 3" grey brown,. silty sand with lime
nodules 4.

6'3"-1G'S" brown, sandy silt with
cetblas

10'9"~14'C"* urown sandy silt

i4'e"-19'1C" grey brown, sandy silt

15 10"=23' " orey prown, sility sand andiéy
repbles

P
ad

"25'L" erey bLrowsn, silty sand

25'G"-34'10" voulders, sand and gravel
34'10"-37'11" nard olaie ghale,




OTHER BORE-HOLES

'PABLE §O. 3

 Bore-hole Collar Sleg?tion
No. el?§%t§on ?ggt? water-level
: ' and date
G2632 = 100 16" 240 g.p.h.; 0-29 alluvial de='
8. A4R. ) posits and boulders, 29-100
shale B
G2633 47.37 160 3210 0-3' soil; 3-14' limestone;
{8.A.B:) 12/11/55 14-100 shale. Yield abvout .
2000 g.p-.h. &
Bore-hole - 36" - 600-700 g.p.kh. ¥
at S.A.R. ‘é%
well 50
1 130.32 = 111.65 #indmill Mr. Altema '2
Sept. 1959 A
-~
2 98.24 = T Windmill Nr. P. v.d. Merwe .
26/6/%59 4
g
3 110.18 - 72.45 " Mr. J.H. v.d. Merwe &
30/11/59 |
4 147.62 - 109.16 "
30/11/59
5 108.23 - 87.35 " " " LI
30/11/58 :
6 106.72 - 83. 99 " " " "
30/11/59
7 Wlan s - 78. 40 " ] " " "
* 30/11/59
8 94.80 - T7.54 Open bore-hole Mr. J.H. Vo do il
30/11/59 Merwe
9 50:21 - 38.19 Open bore-hole Mr. P. v.d. o
26/5/59 : Merwe
e
10 48.86 = 37. 25 Open bore-hole Mr. P. v.d. i
26/5/59 Merweg@
G 55 47.86 ~ - Engine ]%%




it TABLE 4 i
Data on Wells e g
{}%
Slevation on top ) Dia- ; Date =
Well No. of concreste cover D??g? meter Ylelg of i3
at m=zn1nole (ft) (£t) B°P-"  test 3
3024 CA Y
§6778 {S.A.R. No.l) 100.00 40.5 11 8000 57 :
CA95 .
e

G6780 (S.A.R. No.3) 65.68 29 13 failure -

BuhkoH. No.4 53.04 18 11 8500 2 8
has de-
creased _
consider-

ably o

. £
S.A.R. No.5 79.36 35 11 1,200 10/59
S.A.R. No.6 77.86 37 11 3,200  9/59 . g

No.7 0ld S.A.R. Well) 52.06 18 BRI

|
s
o
O
O
'

NO.B (Pch do MerWE) - 22

%




