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I.P.G. Hutchison
. B.Sc.(Eng.) (UCT), G.D.E.(Rand)
Research Fellow, Hydrological Research Unit,

University of the Witwatersrand, Johannesburg

ABSTRACT

With the aid of a simulation model the effects of various pro-
posals to improve conditions at Lake St. Lucia were tested against
a set of criteria associated with a supposedly "ideal" state of

health or the simulated "virgin" state.

Significant improvements are shown to be achievable by diverting
fresh water from the Mfolozi or Ponqoia river, or by drastically
altering the geometry of the lake, or by interfering with the
Mkuze swamp (possibly destroying the ecosystem in the process).

The suggestion is that the next step is to determine the costs of
the more promising ameliorative measures and to compare costs with
improvements achievable. Decision should be taken on implementa-
tion only after thorough examination of the environmental impact

of the least-cost measures.

A plea is made for the establishment of a dynamic lake management
programme to meet the conflicts that are bound to arise as develop-

mental pressures increase.
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INTRODUCTION

about five years ago Professor D.C. Midgley was invited to serve
on the St. Lucia Scientific Advisory Council and asked to assist
with studies aimed at improving the lake regime. He recommended
that the system be mathematically modelled and offered to have
the modelling undertaken in the Hydrological Research Unit under
his direction provided that the required field work - surveys
and data-collection - be undertaken by other agencies. The
offer was taken up by the Natal Provincial Administration and
the author was charged with the task of building the model. The
system to be modelled is depicted in Figure 1.

Because of difficultieé in retaining suitable staff and in con-
cluding satisfactory contracts or commissions for the execution

of the field work, there were delays in acauiring sufficient in-
formation for calibrating the models. Nevertheless, the models
have been set up and calibrated to a degree sufficient to permit
comparative assessments to be made of various possible measures
aimed at improving the lake regime. The results are reported in
full in the HRU St. Lucia research report series, the final volume

1
of which is No. 5 now in press.

This paper summarizes the results of the final report in regard to
appraisal of alternative remedial measures. The aim is not to
offer a least-cost engineering design but merely to illustrate

the probable physical interactions with the system of the various
possible measures. A final design can be attempted only after

the economic, ecologic, social and institutional aspects have

been probed.

" Evaluation or appraisal was accomplished by simulating the effects
of the various measures on water levels and salinities within the
modelled lake system. All simulations were performed for the
period 1918 to 1971, this being the coverage of the majority of

rainfall records, which formed the basis of the hydrological models.

It is convenient at the outset to define a basis for appraisal in
the form of a set of criteria for what might be term?d a "healthy
state" for the lake.
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CRITERIA FOR A "HEALTHY" LAKE

If it may be assumed that water level and salinity regimes pro-
_vide the tell-tale of the state of the ecosystem suitable criteria

would be quantitive descriptions of allowable fluctuations in lake

level and salinity.

Unfortunately it has not been possible at the present state of
biological and ecclogical knowledge of the St. Lucia system, to
specify ideal level and salinity regimes. Purely on the basis
of experience and intuition, biologists have set down some rough
indications of the ideal, and the corresponding allowable ranges
of water level and salinity fluctuations are set out in column 1
of Table 1 - first approach.

Table 1 : Criteria for a "healthy" lake compared with
present conditions

" " Present condition

Healthy" lake &F Jake
Defined ideal con—I Simulated virgin regime Slmulize?mzresent

ditions (No. 1) g
(First approach) (Second aporoach) (o . 41
i T (Second approach)
Lake level (m): mean = 0,00 -0,10
Not less than . < &
203 m'and not standard deviation = 0,30 0,30
greater than 0,3 |50-year min. =-0,40 -0,35
for any appreci- =%
able length of sy 5953 O
time
Lake salinity Southern lake (south of Lane Island)
(ppt) = e
Generally not (g g 39
higher than standard deviation = 15 20
35 ppt through- o e '
out the lake and PRVeat e = g0
not higher than Northern lake (north of Lane Island)
iy ppt.for i mean = 15 35
appreciable
length of time standard deviation = 15 30
50-year max. = 65 115

As a second approach, one might assume the virgin condition to
be the ideal or to define the "healthy" lake. By means of the
mathematical model the virgin lake salinity and lake level

regimes can be established by simulation, as explained in
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reference 1, viz. virgin hydrology, undredged (1961) estuary
geometry, mouth continuously open and in good condition, and

effect of combined Mfolozi/estuarv mouth negligible.

Quantification of this approach yields different criteria for

the northern and southern sectors of the lake. See column 2 of
Table 1 (second approach). The results of the model simulation

of present conditions accordina to the second approach criteria
are shown in the third column of Table 1.

Of course, it is not necessarily true that the condition or

regime of the lake during the early part of the present century
was ideal, or healthy. As neither approach is entirely satisfact-
ory both sets of criteria should be employed and judgment of the
merits of a particular measure under test should be based on com-

parisons with both sets of criteria.

AMELIORATIVE MEASURES

Possible measures to improve lake conditions are cateaorized as:

(i) those involving manipulation of fresh water supplies
to the lake

(ii) those involving the supply of sea water to the lake and

(iii) those affecting possible changes to the geometrv of the
lake.

In Table 2 some of the most feasible ameliorative measures are
listed and described with the results of tests in respect of the
Charter's Creek cell (No. 2), the Mkuze mouth cell (No. 5) and
the False Bay cell (No. 6). Descriptions of the ameliorative
measures are supplemented by the information given in Fiqure 1.
For the sake of clarity in presentation the results for other
cells have been omitted. Figure 2 illustrates the corresponding
salinity duration curves, again for cells 2, 5 ‘and 6. Detailed

results of the simulations performed appear in reference 1.

The ameliorative measures are set out in Table 2 and discussed
hereafter.

T T ———————r =T

S ——

S

- — T E——, % S Y S ) R Y SRS A e SN Y T g S

R, Y S o
STA AR 15 L A




PAPER 22

*8Ind00 MOTI 9wyl 3O abejuoozad a3edTpuy

§39)0Rx1q Uy sambyiz .

- (LZ) 89T - - - - - - - - - - - I23em eas padumg
- - (9T) 11 - = < o oo & - 5 % = POTIIVE :Xzen3ysa
= - (v8)092Z - - =t = - - - - - - mOT33IN0 s,ka11°8
y)zy (zZ)o (88) TET [(EE) TP (62) 61 (sz)zez (09) 6L (sg)ze (0s)ps (ov)eE  (69)LS (8s)L9 (95)oL MOTIUT :X1en3s9
(gs)ese (86) €€€  |(2T)0S (pT)L8T (tL) ot (zL)vLe (ov)sve (59) got (os)eez (09)z8Z (TS)0ST s(2Z¥)ZZZ (v¥)9cz MOT33IN0 ®I20NT°3S
S8 OfT1 8z1 9t T€T €ET 621 TET 621 Ot OfT 621 621 uotjerodeaa 3IaN
S62 562 S62 562 STV S6Z S6Z Loy 80¢ €LE (423 €82 S6Z MOTJUT JI2ATI TE3OL
- (¢w,01)
’ anieA Tenuue ueay
3ebpnq Ja3em axyeq
o o o o o o [ o [} [} o o o o ‘utw
s9 €S 18 o8 S6 €1 SE 69 S€ L8 (24 68 61T [ 241 T xew
st 12 oz 6T sz 14 8 91 6 oz 1t oz [:14 ot *A2P ‘35S 9 1182
ST ST 9¢ 8€ 9z 4 6 61 6 124 X 144 9€ 43 ueaw :Y310KN
0 0 5} ) o 0 o o o o o o o ) fusu
S9 €S €L 69 €6 61 €€ v9 (43 SL 13 €8 1944 S11 s xew
St "t LT 91 vz S L ST 8 81 6 61 8Z 62 “A®p 38 g 1190
ort ST ST €€ 9€ sz S 6 81 8 (44 ot oz ve €€ ueaw :Y3ION
o [¢} o o o o o o [ o o <} [ o cuyw
0s oy St Ly 09 8z sz 8¢ 9¢€ 1s 6€ £s S9 89 ‘xew
St 11 81 6 ST 8 S 6 ot €1 11 1A¢ ST 91 “ASpP*3IS T 190
ST. 8T €€ [43 2z 6 9 ST €1 124 ST €2 [o]3 8z uesuw :y3nos
(3dd) Z3TuTres 1195
s8‘0 Lz'o- oz‘o- 8z ‘0~ sglo- sz'o- re‘o- €e'o- ze‘o- €€‘0- g€€’0~ ve‘o- s€‘o- SE‘O- ‘uTtw
0c*0- Ov“o| 69'0 690 pE‘O oz't 69‘0 69‘0 99‘0 o 19‘0 ¥8‘o zL'o s9'0 99‘0 (€9 A1np) “xeuw
ot‘o Lz'o 9z'0 v1‘o 8e‘0 Lz'o Lz‘o Lz'o 8Z'Q Lz'o 8z‘0 8z’'0 Lz'o 8z‘0 TA3p ‘3s,
ot‘o oo‘o Lo‘o- 00’0 81’0~ £1'0 €00~ 100~ Lo’o- $0‘0- g0‘0- | so‘o-| to’O- 60‘0-| 60’0~ ueaw
(w) T2AST axe7
€ 6t ot ve ot vz [44 61 91 ST (24 ZT v
8/.u 0Z yauou
A3toeded /¢®,0T X 01 Yy3juou
805§ sayer Kzenyse Keg asTed leuejeyeyen uy g 8/.,w 0T = /¢u,0T X L
s, Ka119s ,saye| o3uTy 3e 3e Axen | dwems aznyw A3yoeded $001 05 = 33exp
SUOY3ITPUOD 3e 8,A9119s| Axenise wep woxj [ @fey 03jul -3§3 03U |O3UT e1obuog T2uueyd Xq JWODTaM Jaqunu unx
8UOT3TPUOD uybaya Aq peonpex| 193em eas Teuoy| jussaad TauUuRYD YUTT wox3 yijuow ssed-Aq paonpax eaae e 1j0 pue uoy3idrio
Teapy pa3ernuysg vale axeq Butdumg -3TPPY| ut °3jen ®TA 7ZO[OJW WOIJ poxaajsuell| /,w,0T X O duremg duwems aznyy | -az19s21 Ag -83p uoT3IETNTIS
mOT3
aznyW 3O
I93em jo uotrijejxodur PTeT4 juasaad jJo asearduy uoT3IRINLAY
buyyjou
oxeT ,Ay3teeH, A138wo0b exe I93eMm ®ag Ia3em ysalg oa K10623ed> Teypoway

S1INS3Y¥ NOLLVINWIS - S3UNSYIW IWIA3W3Y

Z 3y

= B

R

S




AVERAGE CELL SALINITY [ppt ) e o

X present regime

virgin regime’

PAPER 22

simulation
no.

..... 12
14
-t =" |5
- |6
3
‘\
19
—y— —p-— 22
PRI w5l T
— - o— 30

qu

e, L

present regime

virgin regime

A N
%_ 3 e
T 0 S | R TR R T
100 o] 20 40 60 80 100
%

e e I ————

Ty e ey

Bt —

TIME SALINITY EQUALLED OR EXCEEDED ——>

SALINITY DURATION CURVES BASED ON VARIOUS SIMULATIONS

T 17 s £ TR M [N Ty




8 PAPER 22

Injection of fresh water

Simulation No. 12, This run was performed to test the effect of

regulating the supply of fresh water to the lake by means of
storage, i.e. to even out the fluctuations of natural runoff to
the lake. The only practicable reservoir site is that at Welcome
(see Figure 1) where the mean annual runoff of the Mkuze is

140 x 10°m?®, which represents 78% of the river's contribution to
the Mkuze swamp at the head of the lake. Hydrological calicula-
_tions showed that to sustain a minimum flow of 7 x 10°m® per
month, with failure not more often than once in 25 years, storage
capacity of 170 x 10°m® would be needed. Because of evaporation
losses at Welcome the mean inflow to the swamps would be slightly
reduced but low flows would be considerably enhanced. Unless
there were some way of canalizing the low flows through or round
the swamp the objective of feeding fresh water into the lake
would be defeated; the simulation shows that evaporation in the

swamp entirely absorbs the benefit.

Simulations Nos. 14 and 15, For these runs it was assumed that

respectively 50% and 100% reductions in swamp area could be achiev-
ed by poldering, viz. creating dry land from dredged material. thus
reducing the water area exposed to evaporation. Mean annual net
evaporation from the swamp at present averages roughly 80 x 10%x’
and the effect of this measure would be to divert 50% anc 100%
respectively of this loss into the lake. The simulatioci snowe,
however, that a 75% reduction in swamp area would be needed o
achieve a lake condition compéréble with the simulated virgin
state. This would mean practically complete destruction of the

swamp eco-system = <clearly an unacceptable measure!

Simulation No. 16. An alternative to poldering swamp areas woeu.s
be to divert Mkuze riverflow around the swamp by way of a by-pass

channel (see Figure 1). From an examination of the duraticn curve

(cumulative frequency of discharge) for the Mkuze, a channei
capacity of 10 m?®/s was selected for trial. With all Flows up to
10 m*/s in the Mkuze diverted direct to the lake Figure 2 shows
that although there is a significantvimprovement, the performance
of the system still does not come up to that under the virgin

-l

condition. Furthermore, the effect of this loss of water to ¢he

ey opo——— B L e
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swamp is quite severe; the water level is reduced on the average

by 0,5 m and in the extreme by 1,0 m,

Simulation No. 19. This simulation was aimed at testing the

effect of transferring to the Mkuze swamp 10 x 10°m® of water per
month (120 x 10°m?® per annum) from the proposed Makatini flats

irrigation scheme by tapping the canal from the Pongolapoort dam
(see Figqure 1). As may be seen, a substantial improvement is pos-

sible and the criteria for the ideal state can be satisfied,

Simulations Nos. 22, 24 and 30. Water from the Mfolozi .can be

fed into the estuary or into the southern part of the lake by way
of a link—channel2 or into False Bay from a dam in the Mfolozi
feeding into the Nyalazi (see Figure 1). The simulations show
that if the Mfolozi channel were to enter the estuary anywhere
between points 8 and 16 km from the mouth the effect on lake
salinity would be the same. On average water would enter the

lake at the rate of 47 x 10°m® per annum. If the link-channel
could be extended up into the lake proper the quantity diverted
would jump to 190 x 10°m®. The effects of links with Mfolozi are
highly favourable. For instance, that with outfall in the estuary
8 km from the mouth satisfies the virgin state criterion while the
other schemes tested bring the lake to the ideal state.

Regulation of sea water supply

Simulation No. 34. This run was performed to test the effective-

ness of a gated structure in the estuary. To prevent flood water
from escaping to the sea, the gates were closed whenever the lake
level was between 0,0 m and 0,7 m. The simulation shows that an
improvement can be achieved and that the operatina rule can be
optimized. It shows, too, that the gates might have to be closed
for about 75% of the time, implying that a biological lock would

be essential to allow unimpeded migration of marine organisms.

Simulation No. 36. An additional ocean link in the Selley's lakes

area would prevent salinities in this northern part of the lake from
rising to guite such high extremes but the improvement is clearly~
not significant enough to warrant the enormous expense that would

be involved. The general average lake salinity would, of course,
rise.
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Simulation No. 39. Instead of constructing a second estuary in

the north, pumps could be installed at Selley's lakes to inject
sea water into the system whenever necessary. For this simula-
tion, pumps of capacity 20 m?®/s were assumed to operate whenever
the lake level dropped below -0,09 m, i.e. the level at which sea
water starts flowing into the lake along the existing estuary.

As may be seen the effect on lake salinity is similar to that for

a Selley's estuary;

Lake geometry

Simulation No. 43. This simulation was performed to test the

effect of reducing the area of the lake by 50% while maintaining
the original volume of 300 x 10°m®. The net evaporation loss
from the system would be markedly reduced (see Table 2) and the
criteria for the virgin state would be satisfied. Such a scheme,
however, would involve the shifting of approximately 150 x 10°m?

of material - a formidable engineering undertaking!

, CONCLUSIONS AND RECOMMENDATIONS

The remedial measures that effect significant improvements to
. the salinity regime are clearly those involving the injection of
. fresh water to the system from either the Pongola or the Mfolozi,
or those involving substantial alterations to the flow regime of

the Mkuze or to the geometry of the lake.

The following steps are recommended :

(1) With the help of these preliminary appraisals of possible
ameliorative measures discussed herein and described in
detail in reference 1, a range of ameliorative measures,
all of which produce (in different degree) some improve-
ment in lake salinity regime, should be designed and
costed. Costs should be plotted against "state of health"
of the lake as shown in Figqure 3.

Only when the results of investigations have been presented

in a form such as Figure 3 and when the environmental

effects of the most promising measures have been thoroughly
examined should decisions be taken by the relevant authorities

as to which measures should be implemented.

L "'\'q
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IMPROVEMENT IN LAKE REGIME

In view of the fact that conditions in the St. Lucia
system must be expected to change as future develop-
mental pressures increase, it is imperative that a

dynamic lake management programme be instituted. There

should be a continuous.feed—back to lake management of
data pertaining to the physical state of the system
(lake level and salinity, river runoff and silt vield)
as well as information concerning envisaged water
resource developments in the catchment of the lake.
This requires regular contact with those agencies
(central and local government and farmers' associa-
tions) involved with the development of the region.

It must be possible to anticipate any adverse chanaes
and to take timeous steps to ensure satisfactory be-

haviour of the lake system.

Research should be undertaken with the object of im-
proving knowledge of the water balance in the Mkuze swamp
and of the rate of silting of the lake and the swamp.
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(4) Any ameliorative measure that is implemented should be
carefully monitored so that its efficacy can be judged,
so that model predictions can be checked and so that

operation can be optimized.
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