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INTRODUCTION

ol e : P RCH . 4
The stable isotopes oxygen-18 (T-0) and deuterium (D or

/

ZHB

are present in sm¢

111 concentrations in all natural waters as
)
the molecules H.,” "0 @sad HD 0. - Since the physical behaviour

of these molecules is slightly different from that of the
16 : . : » :
normal H., 0 molecules, their concentrations vary in waters

<

of different origin. : ‘ :

In sea water

: 18, ;1.6 : . o ;
the ratios 0/ 0 and D/H being 1.98 ppt and 160 ppm respective-

the abundance of the isotopes is very cons

1y For convenience, abundance ratios are reported relative

Q,
3

o

m

) T ! T 7\
to standard Mean Ccean Water (SMOW-standard) and expresse
6-valuves in permil. llegative 6-values indicate that the sampl
contains less of the heavy isotopsz than the standard ocean

water and positive values vice versa.

In addition to these stable isotopes, natural surface

walers contain small amounts—of the radioactive hydrogen isotope,

trd tivm T or “H), The: tritium content of a sample i8 expressed

/m TY

in PTritiom Units-4T.U:Y, where 1 T U, Xepresents a T/H ratio
-18
o0 :

APPLICATION TO SURFACK WATER STUDIES

Water budcet of a lake

In establiishing the waler balance of a lake there are usually
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several unknown or only imperfecctly known quantities )

generalized equation:

P-E+I-D=AV,

Po=.Preécipitation
B = Evaporation

I = Inflow-

D = Discharge

Since large quantities are subtracted Irom each other,
a relatively small error in any one of the components is
considerably magnified. In the case of Lake St Lucia the
main unknown quantity is the inflow which is comprised of

gurface run-off, river inflow and ground water seepage:

I=S+R+G.

\

Measurement of the stable isotope abundance in the
different components of the balance equation provides an

additional independent cquation for the heavy isotopic molecules

so that, in principle, one more unknown quantity can be determinec

_Degree of Evaporation

; : : 16 p
The lighter isotopic molecule, H, =0, evaporates faster than
5 B

the heavier ones so that the heavy isotopes are concentrated
in the remaining liquid. This enrichment continues up to a
maximum value which is determined by the atmospheric water
vapour (humidity). By comparing the increase in the concen-
tration of the heavy isotopes in a pan with the increass in a
dam or lake the rate of evaporalion can be deduced. This can
be done with an accuracy of a few percent and provides a method
of determining the dam-to-pan ratio where this is not possible

ther means.
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Stable Isotopes as Fresh Water Tracer

Since the iso

8
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from that of the river run-off and the ground water, the natural

opic content of the lake water is markédly differen”



1

jisotopes can be uscd to tyrace thie movement of fresh water
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entering the lake. vhereas an artificial tracer 1hSel ted
Rl S PO o e | R P i . b TR Ky e b

al a specific point shows the movement of a loculized water

|

mass at a specific time, the natursl isotopic lracers give the
average novemeny intesrated over a longer period. They et
thus, for instance, Le used to detect areas where ground water
enters the lake along the eastern shore, or where water from
the swamps seeps in aiong the northern shore. In the course
of time the isotopic content of the Tresh water increases by
evaporation and becomes indistinsuishable from the lake water.

Tritium as Sea Water Tracer

The entry of sea water into the lake can be detected by means
of natural tritium. the surface water of the southern oceans
has a low tritium conlent as compared with precipitation and
run-off on the continent. The tritium content in the 1lake
and cstuary can thus provide a minimum value for the fractvion
of sea water present and can be used to trace sea water in its
passage into the lake. In the course of time the tritium
_content of the seaz water in the lake will increase by isotopic
exchange with the atmosphere and become identicel with the
fresh water in the lake. Tritium thus only traces a fesh

inflow from the sea.

Use of Tritium to Delermine the Recharge Rate on the Bastern

t ] ~
Shores Area

The amount of subsurface water entering the lake along the
eastern shore constitutes an important quantity in the water
budget of the laxe. This quantity is equal to the amount of
precipitation that infiltrates into the sand over the appropri
curface area of the land tongue between lake and sca and can b
measured by means of natural tritium, The method of determin

the recharge rate is as follows: Water samples are collected
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at various depths under the surface al selected points and
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Ural tritiuvm prefile is measured. Recent inereases
in ithe tritium content of rain duc lo nuclear weapon tests
allow the infiltrated waler to be dated and thus give a

quantitative eslimate of the average recharge rate.

Since June 1970 monthly samples have been collected from the

T,ake St Lucia area for isotope analysis. Samples were taken

of'precipitation, ground water, lake watar, ocean water and
& ? b
the rivers. The data obtained from the snalysis of these

samples serve mainly to build up background knowledge on the

distribution of e isotopes deuterium, oxygen-18 and tritium

-1
of
LI

2

in <the grea. The somopling stalions are as Tollows:

S Lister Point:  rain and lake water

Charter's Creek: rain and lake water

Essengeni: lake water

- Seipe N B 8O R

01lad Jetty: ground water

A Sengwane: ground water

ocean water
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pan watler

P Umfolozi River: river water
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: huuz¢ Swamps: river water.

The localities of the sampling points are shown in fig. 1.

Water budgeet

There is a general qualitative correspondence between the
salinity and the cu:yrtlx~4fl content of the lzke water at
Charter's Creek and Lister Point. Deviations from-a;linesn

relationship between the two quantities is due to theilr

different behaviour during simultancous evaporation and addition
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of fresh water. Tn several instonces the roduction in the
oxyiron-18 content is greoter thon ecan be expected from the
contribution ot oxyvgen-id difficient precipitalion - indicoting
addition of run-off to thc lake. No calculalions can, however,
be made with only two lake water glations. With sufficient
data it seems probable that quantitative information on the
water balance could be obtained. In one instance - in ey
1971 ~ when the salinity at Essengeni and Charter's Creek
increased while the oxygen—lB content decreased a considerable
influx of sea water is suspected.

Measurements show that tvhe g}ound walter in the Bastern
Shores Area has the same oxygen-18 content as the river water
so that no-distinction can be mado between these two sources

in waler balance calculations for the oxygen-13 isotope.

Degree of Evaporation

'Duriﬁg most of the time gince June 1970 the okygen—lS ccentent

of the lake was high and close to the maximum value attainable.

‘When this is the case the evaporalion cdnnot be determined by

the method proposed in par. 2.2. The method could, however,
be. applied at times when fresh water influx has reduced the
oxygen-18 ¢ontent, as was the case, for instance, in November
1970 and, egpecially, in March 1972. To determine the dam-
to-pan ratio it would be necessary to install a floating tray of

water for comparison. -

Oxygen-18 as a Fresh Water Tracer

During Janunary/February 1972 the lake received a large amouni
of fresh water from excessive precipitation and run-off. On
9 Tebruzry and agoin on 29 February series of samples were

collected at a number of points in the lake, At the time the

oxygen-18 content of the luke had already been decreased from




an approximately uniform value, 4.2, 0%0: o1 1. ‘Fanary " LOT2

to an average value of A=-0.4%0 on 9 February and 8==0, 970

on 29 February. Most of this decrease was due to the addition
of oxvgen-18 difficient precipitation, but the inflow of river
water can clearly be seen too. The oxygen-18 values on thege

two dates are shown in Figures 3888 4. The maln influence

of fresh water on © rebruary is geen south of the Mkuzi River,
while the arca around Scngwane shows the least influence
(positifa f—values) . ear Decad Tree Bay and 0l1d Jetty along
the Eastern shore there is also more fresh water than on the

western bank.

(@] ¢

Tritium as Sea Water Tracer

The tritiuvm contenti ol come representative samples was measvred
to test its use as a tracer for sea water entering the lake.
The resulis are shown in table 1. The tritium content of rain
water in the area is about 20 U it iom units) and that of

sea water is about 2 T.U.

Tocality G Date Tritium Content

Ground water 0ld Jetily 1/12/70 Ased a0 ..

01d Jetty 1/4/71 1A RE AatEBa.
Ocean water Mission Rocks 1/12/70 e ARk ) S
Lake water Essengeni 1/12/70 6. 6.5 OoBLP.TI,

I+

Essengeni 1/4/71 SYRE GRALE ; Bl LB
Charter's Creek 1/12/70 1609 =Ty
Charter's Creck 1/4/TL 11225000 4 4.
Lister Point 1/12/70 i e T e T i

+ 1+

1+

The lake water samples have a tritium content intermediate
between that of fresh water and sea water. The low valucs

4

found at Essenszeni slow clearly that sea wvater was entering the
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Measurements of the oxycen-18 content in ]t

ce

show the extent of evaporatiocn that took pla
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It scemg probable
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distinguish whether an increcase inealdnity <
or 4o the influx of sca water. The rate of e

also be determincd when the lake ig relatively
The influx of fresh water from the Mkugzl
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;raced ter the floods of February 1972.
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detail

il obtained igc dependent on the nunber of

tritium content lz2ke water can

artifieidal tracers.

/

1ake in Novemboer Y90 : Mo |G The el
sea walter could s1ill he detected 2t Charier'ss
not at Lister Point. Phe results show that U
sea water could reliahly be detected by regular
for inastance, lissengeni Quantitative estima
be made.

o i Recharge Rate on the Rastern Shores
The relatively high tritium content of the gro
entering the lake at 0ld Jetty (Table 1) show
could successfully be-uced to measure the rate
on the eastern shorecg. Samples--should be col

‘ depths during drilling operations in the area.

4. SUMMARY

trace the entry of sea water into the lake.
provides a valve for the inTlow averaged over
weeks which is in contrast to the resull obtai
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