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'n Deeglike limologiese kennis van Suid-Afrika- damme is noodsaaklik vir die doeltreffende beheer en benutting 
van water. Hierdie dokument besluyf konliks die limndogie van 21 Suid-Afrikaanse damme. Hierdie damme is onder- 
soek as deel van 'n opname om die vewantskap tussen t m h e  stand en voedingstowwe toe te lig. Die verhouding t-n 
die hidrolagiese, chemiese, fisiese en biologiese eienskappe van e lk  dam, sy toevloeiende water en die ontwikkeling 
binne die opvanggebied word konliks bespreek. Dit blyk uit die globale apnarne dat Suid-Afrikaanse damme dikwels 
troebel is en dat die meeste Limnologiese eienskappe aansiedik varieer as gevolgvan groot jaarlikse wnkille in watertoe- 
vloei. Wanneer fosfaat die beperkende voedingstof is hou die trofiese stand verhand met die onofmfaatbelading. 
Verder is gevind dat troebelheid 'n belangnke rol sped am die invloed van voedingstofielading op die trotiese stand 
van 'n dam te bepaal. 

SYNOPSIS 

A sound limnological background an South African impoundments is a prerequisite for the efficient management and 
usage of water. This document presents brief limnological descriptions of 21 South African impoundments which were 
investigated during a survey to elucidate the relationships between nophic status and nutrient characteristics. Hydro- 
logical, chemical, physical and biological characteristin of each impoundment and its inflowing waters are considered 
in relation to the development within the catchment. From the overall s w e y  it can be stated that most South African 
impoundments have a low water transparency and that Limnological characterktics vary considerably as a consequence 
of the unstable seasonal hydrology. It was established that when phosphate was the limiting nutrient, trophic status 
wss related to the orthophosphate loading rate. Funhemore, water transparency is a variable which plays a major 
role in dictating the impact of a nutrient load on the trophic status of any impoundment. 
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In the Republic of South Africa the total number of dams, including farm d m .  is more than 500 000, of which 306 
arc classed as beinglarge in terms of the International Commirrwn on Large Dams. It has also been estimated that a p  
proximately 20 018 r lo6 m3 of water is held within state-owned impoundments and that the munuy's water demand 
will exceed supply within the foreseeable future. It is therefore imperative that optimum udisation of these limited 
water resources be ensured. One of the major threats in this regard is the pollution of the environment which accom- 
panies urban and industrial development. 

In order to understand the effects of increasing wban and industrial development on the water quality of an  impound- 
ment, it is essential that the physical, chemical and biological characterktio of the latter are well established, so that 
any subsequent changes can be quickly identified and remedial action taken. For this purpase, however, the limnolo- 
gical data m.&t be framed in clear statements of the ecological interrelations in rivers and impoundments, so that the 
effect of proposed developmeno or changes m the water regime, may be predicted. Limnology thus has a vital mlc to 
play in safeguarding our water rerru~ces but an equally imponant responsibility rests upon the relevant research to 
ensure correct interpretation of their findings and predictions. 

The present report contains valuable liiological information on impoundments throughout South Africa, some of 
which have been investigated before whilst others are now better understood. The entire effon has been a co-operative 
one since it has involved water research administrators and marchers fmm numerous organizations. It is hoped that 
their efforts will be of use to water authorities and plannen in management of our water resources for optimum utilisa- 
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INTRODUCTION 

In 1972 the Depattment of Water Affairs and the Bureau of Standards expressed concern at eutrophication as a water 
quality problem and requested the Water Research Commission (WRC) to initiate research on its causes. consequences 
and control. In 1973 the National Institute for Water Research (NIWR) entered into a contract with the WRC to carry 
out this research. The research programme aimed at obtaining infomation on the prevention of eutrophication of 
systems which were not enriched and the rehabilitation of systems where eutrophication problems were.being ex- 

perienced. A document Guidel<nes for the control of euirophicatia m South Afnca (Walrmfey and Butty. 1980) 
resulted from this work. 

In developing guidelines for eutrophication control, it is of considerable value to planners to have a method of predict- 
ing the amount of algal growth which will occur in a water body. Empirical relationships which predict the quantity of 
algal growth from certain nutrient characteristics have been established for lakes situated in the temperate zone of the 
Northern Hemisphere (Sawyer. 1947; Sakamoto, 1966; Vollenweider. 1968; 1976; Dillon and Rigler, 1974: Jones and 
Bachmann, 1976: Collingwood. 1977). It was decided that pan of the NIWR/WRC eutrophication project should be 
aimed at developing similar predictive capabilities for South African impoundments. Consequently, in co-operation 
with other institutions and organizations a data collection programme was initiated in which 21 impoundments were 
investigated. Certain of these impoundments were studied more intensively than others, but each one was investigated 
in sufficient detail to comply with a set of specified minimum requirements. This report presents the basic limnological 
characteristics of each impoundment. 

The results for each impoundment are presented separately. Raw data for the impoundments are contained in appen- 
dices whose distribution has been restricted because of their bulk. Copies can be obvtained from the WRC, the Com- 
mittee for Inland Water Ecmystems and the NIWR. 

MATERIALS AND METHODS 

STUDY IMPOUNDMENTS 

Twenty-one impoundments were selected for inclusion in the data collection programme. These impoundments are 
listed in Table 1 along with the researchers involved and the peliod of investigation. The siting of each impoundment 
within the Republic of South Africa is indicated in Figure t. Twelve of the impoundments are in the Transvaal, six in 
Natal and three in the Cape Province. 

SAMPLING 

Sampling frequency 

A list of minimum requirements for data collection was drawn up in consultation with a technical subcommittee. It was 
decided that with the available manpower, fortnightly sampling would be the most convenient sampling interval. 
However, cenain deviations from this schedule became necessary as shown by the frequency of sampling for each of the 
21 study impoundments (Table 1). 

TABLE 1: A list of the study impoundments, the researchers involved, the study period and frequency 
- 

Impoundment Study period 

TRANSVAAL 

1. Bmpooc 
2. Bronkhontspmie 
3. Buffelspaon 
4. Lindleyspoon 
5. Lmkop 
6. Olifantsnek 
7. Rust der Winter 
8. Tonteldoos 
9. New D o r l n p r t  
10. Bloemhof 
11. Rietvlei 
12. Raodeplaat 

Butty, Walmsley & Alexander 
Butty, Wdmsley & Alexander 
Walmsley & Alexander 
Walmsley 
Butty, Walmsley & Alexander 
Butty. Walnuley & Alexander 
Butty, Walmsley & Alexander 
Walmsley 
Butty, Walmsley & Alexander 
Bmwer 
Ashton 
Pietene & Bruwer 

Aug. 1977/July 78 (F) 
Aug. 1977/July 78 (F) 
May 1975/May 76 (W) 
May 1975/May 76 (W) 
Aug. 1977/July 78 (F') 
Aug. 1977/July 78 (F) 
Aug. 1977/July 78 (F) 
Jan. 197WJan. 77 (W-F) 
Aug. 1977/July 78 (F) 
Sept. 1977(0ct. 78 (M) 
Jan. 1976/Jan. 77 (W) 
k. 1977/Dec. 78 (F) 

Limnology - some S.A. impoundments 



TABLE 1 (Ckmrinoed): A list of the study inpoundments, the researchers involved, the study period and frequency 

lmpocndrnent Rararchen Study period 

NATAL 

13. Albert F d k  Archibald ef a1 
14. Hazelmere Archibald et a1 
15. Henley Archibald et ol 
16. Midmar Archibald et a1 
17. Nagle Archibald et a[ 

18. Vernon Hmper Archibald et a1 

Nov. 1977/Nov. 78 (F) 
NOV. 1977/Nov. 78 (F) 
Nov. 1977/Nov. 78 (F) 
Nov. 1977/Nau. 78 (F) 
Nov. 1977/Nov. 78 (F) 
Jan. 1976iJan. 77 (F) 

EASTERN CAPE 

19. Bridle Drift Tow Aug. 1977iAug. 78 (F) 
20. Laing Tow Nov. 1977/Nov. 78 (F) 
21. Nahoon Tow Aug. 197WAug. 77 (W-F) 

(W) = weekly sampling; (F) = Sonnightly sampling; (M) = monthly sampling: (W-F) = weeLly andfortniphtly rampling. 

FIGURE 1. Map of South Africa showing the position of the 21 s ~ d y  impoundments. 
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Field data were collected to elucidate whether there was a relationship between algal growth within an impoundment 
and the nutrient characteristics of the impounded water and inflowingstreams. k n t i a l l y  a"hlack box" approach had 
to he followed in which lit& attempt was made to account for processes within the impoundment. The minimal re- 
quirement therefore stipulated that only data from one impoundment station near the dam wall should he used in des- 
cribing the water body within the dam. In addition, inflowing riven were to he sampled and if possible, also the im- 
poundment's outflow. 

At the impoundment station, temperature and oxygen profiles were recorded by means of meters which were 
calibrated according to the manufacturer's specification. Water transparency was recorded using a standard 20 c m  
black and white quadranted Secchi disc. Water for chemical analysis was collected 1 m below the surface and 1 m 
above the bottom. In order to ensure that no changes in nutrient content occurred during transportation. field f i l ta-  
tion and preservation were advocated wherever applicable (Standard Methods. 1974). An integrated sample of the top 
five meters in each impoundment was collected by means bf a plastic hosepipe. This sample was u d f o r  theestimation 
of the average chlorophyll a concentration within this surface layer. pH of the waters was determined in the field by 
means of meten calibrated by standard buffer solutions. 

LABORATORY ANALYSES 

The minimal requirements specified that as far as possible the nitrogen and phosphorus content of each water sample 
should be determined. Thus, analyses for nitrate, nitrite, ammonia. Kjeldahl nitrogen, onhophosphate and total 
phosphate of filtered samples plus Kjeldahl nitrogen and total phosphate of unfiltered samples were advocated. For 
some impoundments, additional analyses were made of other chemical constituents, viz. sodium, potassium, calcium, 
magnesium, chloride, sulphate, conductivity, alkalinity, iron, manganese and silicate. Methods employed for these 
analyses varied in technique, hut generally followed procedures recommended by Standard Methods (1974). The sym- 
bols and units for parameters presented in the individual contributions are given in Table 2. 

TABLE 2. Symbols and units for parameters presented in the individual contributions 

Symbol Parameter Unit 

Na 
K 
Ca 

Mg 
SO4 
CI 
Si 
Cond 
Alk 
Tot. Kj-N 
Dii Kj-N 
NH,~N 
NO3-N 
NO,~N 
Tot P 
Tot dis P 
P0 ,~P  
Fe 
Mn 
Temp 
DO 
T u  

pH 
SS 

Sodium 
Potassium 
Calcium 
Magnesium 
Sulphate 
Chloride 
Reactive silicate 
Conductivity 
Alkalinity 
Total Kjeldahl nitrogen 
Kjeldahl nitrogen of filtered sample 
Ammonia 
Nitrate 
Nitrite 
Total phosphate phosphorus 
Total phosphate phosphorus of filtered sample 
Orthophosphate phosphorus 
Iron 
Manganese 
Temperature 
Dissolved oxygen 
Turbidity 
Hydrogen ion concentration 
Suspended solids 

The chlorophyll a content of hmpipe samples was determined by different techniques. k g t i a l l y ,  these involved the 
filtration of an aliquot of water through a filter followed by extraction of the pigment from the filter with solutions of 
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acetone or methanol. These extracts were analysed for optical density at prescribed wavelengths and the chlorophyll a 
content computed according to the relevant formulae (vir. Tailing and Driver. 1963; Marker, 1972). 

DATA MANAGEMENT AND COMPUTING 

Most computations were performed using a Control Data Corporation CDC-CYBUI174 a t  the Centre for Computing 
Services of the Council for Scientific and Industrial Research. The data collected in Natal were processed on a 
UNIVAC-I108 mainframe. Data management and simple computations were perfomed using program written in 
COBOL. 

Statistical analysis of the data was generally perfomed using the 1977 updated vemion of the SPSS package (Nie,.Hull, 
Jenldns, Steinbrenner and Bent, 1975). The subprograms "Condescriptiveee and "Frequencies" were u61izired to obtain 
descriptive statistics (means, maximums, minimums, frequency histograms and coefficients of variation) of limnologi- 
cd characteristics. 

HYDROLOGY 

Monthly records of inflow and outflow volumes as well as rainfall and evaporation of most dams were obtained from the 
Department of Water Affain. These data were calculated from the daily water levels, records of d e w ,  weir gangings 
and observations of rainfall and evaporation submitted by the water bailiffs in charge of the individual impoundments. 
From these data, the following information was extracted (symbols and units given in Table 3) - 

Volume of dam by the time t 
Volume of dam by the time t + At 
Outflow from t to t + At 
Rainfall from t to t + At 
Evaporation from t to t +  At 

It follows that the average volume of the dam from t to t + At can be defined as: 

Vd, = (V, + v,d,)/2 

And the change in volume from t to t + At as: 

The total i d o w  (Id,) from t to t + At was calculated as folows: 

I*, = (Odt + DVdr + Ed) R*, 

Where applicable values were calculated for At  = I week or 1 month. 

When assessing the hydrological trends, the annual period, where applicable, was fixed as that which coincided with 
the study year. Thus, if samplings were done from August until July the following year, then this 12-monthly period 
was used in the calculations. 

The following expressions, serving panly as definitions, were used: 

~ e &  volume 

Total outflow 

Mean depth 

Mean retention time =f = C/O* 
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Pamal retention time 

Mean hydraulic load 

CALCULATION OF LOADS 

AU mean concentrations of the constituents were calculated as 

where n is the number of samplings and X. is the associated concentration of the constituent 

In the calculation of loads it was necesraly to distinguish between impoundments with one inflow and those with multi- 
ple inflows. In both cases there might have been a number of minor tributaries with intermittent flows, which were not 
sampled. The contributions from such streams could only he accounted for in the sense that the total inflow was cal- 
culated using equation (3). which includes water from all sources. 

In the case of impoundments with one inflow, the total incoming volume of water, as calculated from (3). was ar- 
bitrarily assigned to this source. The mass of a constituent entering the impoundments over a period of time (e.g. At = 

I month) was then calculated as: 

MX, = I,, (xi) 1111 

where Xi is the average concentration of the constituent over the pericd At 

The total annual incoming mass of the constituent was calculated as: 

n 
MXa = E MX, 

i = l  

where n is the number of periods within the year for which MXj was calculated, e.g. n = 12 in case of monthly inter- 
vals. 

The annual average surface loading rate of the constituent was calculated by the expression: 

where the subscript x denotes the particular constituent, e.g. Lp for the total phosphate loading rate. 

In the case of an impoundment havingmore than one inflow, the total inflow was proportionally divided between the 
ones observed, unles otherwise specified in the individual accounts. Where observations were available from weir 
gauging stations on the inflows, it was poasihle to calculate the proportional contribution for each river (P ) dur- 

pdc 
ing At. The inflowing volume from river Up was then judged to he: 

and the mass contribution of the constituent: 

MpX, = (Ildl)( Xip) 

- 
where Xi,, is the mean concentration of the constituent during At in river # p. 

Where there were no weir gauging stations on the inflows, the proportionate flow (Pp) was atimated on basis of the 
catchment areas ratios. Thus, if river # p had a catchment area of size A and the sum of the catchment areas of the in- 
flow was B, then P = A/B. Subsequently Pp was substituted for PN, in expressions (14) and (15). 
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In either case, the total mass of the constituent entering the impoundment during At was calculated as: 

where n is the number of inflows. 

Thereafter. MXs and Lx were &lculated using e<uations (12) and (IS). 

TABLE 3. The meaning, and dimensions of symbols used in hydrological calculations 

Symbol Meaning Units 

Surface area of dam 

Mean surface area of dam 

Time interval from t to t + At 
Change in volume during At 

Evaporation from dam during At 

Inflow to dam during At 

Inflow to dam from river # p  during At  

Surface loading rate 

Total annual mass of a constituent 

Mass of a constituent entering during At 

l ( r x m 2  

10' x m2 

weeks or months 

lo6 x m3 

10' x m3 

10' x m3 

106 x m3 

g/mz a-' 

C O N  

tons 

Mass of a constituent entering from river 

# p  during At  tom 

Total annual outflow lo6 x m3 

Outflow during a t  lo6 x m3 

Estimated propottion of Id, from river # p  
Calculated proportion of I,, from 

river + p during At  

Mean hydraulic load 

Raihfall on to dam during At 

Mean retention time 

- 

m/a 

10' x m3* 

years 
Retention time (partial) during At years 

Volume of dam lo6 x m3 

Mean volume of dam 106x m3 

Volume of dam at the time t 10' x m3 

Volume of dam at the time t + At 106x m3 

Mean concentration of a constituent at t = i mg/dm3 or pg/dm3 
Mean concentration of a constituent in river 

# p a t  t = i  mg/dm3 or pg/dm3 

Mean d e ~ t h  m 

*Alremadve units: mrn 

CONCLUSIONS 

The primary objective behind the preparation of the records on the 21 impoundments was to create a data base which 
would lead to the establirhment of empirical relationships between the chlorophyll and nutrient characteristics of 
groups of impoundments. A detailed description of the methodology behind the derivation of suitable empirical rela- 
tionships is given by Walmsley and Burty (1979). 

From the data set available, it was established that the frequency of occurrence of certain chlorophyll ranges could be 
described by the following equations - 

Chl 20 = ~ y ~ / 0 , 3 9 9  - 7.2 9 = 0,75 [W 
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Chl 30 = C-/1.436 - 2.0 ? = 0.82 

Chl gt = ~ ? / 0 , 7 2 6  - 5.1 ? = 0.71 

where ~hl = mean annual chlorophyll a concentration of a 5 m haaepipe sample in &dm3 

Chl 10 = per cent of the year during which the chlorophyll a concentration of 5 m hasepipe sample was Lw than 10 
pg/dm3. 

Chl20 = same for a chlorophyll a range between 10 and PO pg/dm3 

Chl 30 = same for a chlorophyll a range between 20 and 30 &g/dmS3. 

Chl gt = same for a chlorophyll a range greater than 30 pg/dm3. 

I t  was also established that the maximum chlorophyll a value during an annual cycle could be related to the mean 
chlorophyll a value by the equation 

Max Chl = 4.33 Chl - 1.1 ? = 0.89 1211 

where Mx Chl = maximum chlorophyll a value expected in the 5 m hcwpipe samples 

Analysis of the data also revealed several empirical equations which could he used to describe the variation in mean 
chlorophyll a for certain groups of impoundments. These equations take into account the fact that water transparency 
and nitrogen limitation play a significant role in determining the impact of a particular phmphate load on algal 
gmwth. 

For impoundments where the inorganic nitrogen:inorganic phosphate phosphorus loading rate ratio (N:P) exceeded 
5:1 (masr:mass) the following equations were established: 

(i) Chlorophyll-nutrient concentration relationships 

For impoundments where N:P >5:1 and Secchi depth >0,4 m 

where Secchi depth 50.8 m 

(ii) Chlorophyll-nutrient loading relationships 

For impoundments where N:P >5:1 and k c h i  depth >O.P m 

where Secchi depth 50.8  m 

where PO4-D = mean annual orthophosphate phosphorus concentration of the impoundment surface waters in 
mg/dm3 

TP-D = mean annual total phmphate phosphorus concentration of surface waters in mg/dm3 

= orthophosphate phosphorus surface loading rate in g/m2.a-I 

Se = mean annual k c h i  depth in m. 

Limnology - some5.A. impoundments 



It $ hoped that these equations will be found useful in providing guidelines for eutrophication control since for a par- 
ticular phosphate loading, a probable mean chlorophyll a value can be computed (equations 2s  to 27). The use of thse 
equations and their Limitations are discused more fully by Walmsley and Butty (1979). 
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BOSPOORT DAM 

M. Butty, R.D. W a h l e y *  and C.J. Alexander 
National Imt l i~ te  fm Wder  Research, Council for SciemtifiE and ZndustrialResearck, 

P 0. Box 395, PRETORIA 

INTRODUCTION 

No records exist of any previous limnological work done on B o s p r t  Dam. Conrequently it isnot pcsible to discuss the 
condition of this impoundment prior to 1977. It is situated on a river which drains the mining and urban areas of 
Rustenburg and can he considered to he susceptible to the effects of industrial and domestic pollution. This report 
presents the results of a limnological study conducted between 1977 and 1978. 

DESCRIPTION OF THE AREA 

Bospoort Dam is situated in the Western Transvaal approximately 25 km north-east of Rustenburg. Characteristics of 
the impoundment and its catchment are given in Tahle 1 and Figure 1. The impoundment is situated downstream of 
Rustenburg and the single inflow, the Hex River. after receiving sewage and mining effluents from this area, passes 
through a large township within the Republic of Bophuthauwana before entering the impoundment. Most of the land 
surrounding the impoundment belongs to Bophuthatswana whereas the impoundment itself lies within South African 
boundaries. 

At present the impoundment is used as a source of potable water by the Rustenburg Municipality. Some angling takes 
dace  alone the hanks. hut baatine is not wrmitted. The shallow UDDerreaches of the imwundment which extend into 

~~~~ 0 ~ u L .  

a township are utilized by the residents for drinking, watering cattle and washing clothes. As the township lacks 
modem sanitation, these upper reaches probably receive a certain amount of untreated domestic effluents. 

Average values for the basic hydrological characteristics between 1974 and 1978 are presented in Tahle 2. Although 
based on a limited data set, it can he seen that the volume, area and mean depth show a small variation whereas inflow 
is highly variable. The mean water retention time of the impoundment (0.22 years) Lr extremely Low and indicates that 
on the average, the system is flushed 4 to 5 times per annum. 

RESULTS AND DISCUSSION 

Hydrological characteristics for the study year indicate that inflow was over 50 % higher than average (Tahle 3). The 
retention time for the annual period was 0.16 years indicating that the system was flushed more than 6 times. 

Chemical characteristics of the inflowing, outflowing and impounded waters are prwnted in Tahle 4. The concentra- 
tions of dlsrolved minerals were high and typical of a system which is polluted with sewage and/or industrial effluents. 
The degree of pollution can be judged by comparing the chemical composition of the outflow from the Olifantsnek 
Dam (an impoundment situated on the Hex River above Rustenburg) with that of the inflow to Bospoort Dam (Butty 
et a / ,  1979). Clearly, considerable quantities of nutrients are derived from the Rustenburg area and on the basis of the 
concentrations of nitrogen and phasphonw compounds encountered in the waters of the impoundment, the system can 
he regarded as highly eutrophic. Figures 3 to 5 present frequency histograms for selected limnological lparameters and 
give an indication of the period of time during which a particular range of values was encountered. Concentrations of 
ammonia, nitrate and orthophmphate in the surface waters were always high and indicated that sufficient nitrogen 
and phosphorus were always present for algal growth. 

pp - - 
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During the 1977/78 study period the nutrient surface loading rater for the impoundment were 5 28 7.7 53.7 and 70.5 
g.m-'.a-' for orthophoaphate phosphorus, total phosphate phosphorus. inorganic nitrogen and total nitrogen rrspec- 
tively (Table 5).  There figures indicate that approximately 70 7% of the incoming phosphate load was in the form of or- 
thophmphate. This high percentage can be ascribed to the fact that a large proportion of the phosphate loading from 
the catchment area is derived from point sources. In the case of impoundments where no point sources exist in the 
catchment it har, been found that orthophosphate usually contributed only 10 to 20 % of the total phosphate loading. 
Nevertheless, nutrient loading rates for Bospmn are extremely higb and the system can be classified as eutrophic. 

Algal growth in the impoundment was found to be high and bloom of the blue-green alga MinocytFr were observed. 
The maximum chlorophyll o value recorded in the impoundment in November 1977 was 45 ~g/dm'. In December 1977 
flood waters flushed out this high algal population. The nitrqgen:phasphate content (mass:mas) of the inflowing 
waten (10:7) indicate that the algae in the system are limited by phosphate since waten with a ratio greater than 7:l 
can be considered phosphate-limited (Vollenweider. 1968). 

Borpoort Dam, with a maximum depth of 14 m is too shallow to exhibit stable thermal stratification during summer. 
However, under calm cond i t io~  there were indicat i0~ that weak temperature stratiQation could lead to the develop- 
ment of anaembiasis in the bottom waten (Figs. 6 and 7). When large populations of algae were present in the surface 
vaten (Dec. 1977) there were indications of oxygen supersaturation. The impoundment, with a water temperature 
range of 10.8 to 28 "C can be considered to be warm monomictic. F l d  waters played a major role in diirupting 
stratification during summer and also had a beneficial effect in reoxygenating the bottom waten, particularly in 
January 1978. 

The most surprising aspect of Bospoort Dam is that in spite of a very high nutrient loading there was not a higher 
degree of nuisance conditions in terms of algal growth. The most likely explanation is the flushingeffect which summer 
flmding has on the system. Summer flooding not only introduces a better quality water into the system, but also 
disrupts stratification, reaxygenates the anaerobic bottom waten and flushes out the high resident algal populations. 
Neverthela, the impoundment can he considered to be highly eutrophic. 
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TABLE 1. Characterjsdcs of Bmpoon Dam and its catchment 

Geographical location 
Magisterial district 
Catchment type 
Usage of dam 
Catchment area 
Inflowing river 
Dam wall completed 
F.S.L. volume 
F.S.L. area 
F.S.L. maximum depth 
F.S.L. mean depth 

25' 33,755: 27O 21'E 
Rustenburg 
Urban, mines 
Potable water supply, fshing 
1 080 kmz 
Hex 
1936, raised in 1974 
19.4 x lo6 m3 
3.63 kmz 
14,35 m 
5.3 m 

TABLE 2. Average hydrological characteristics of Barpoon Dam 

'Average 'C.V. 
mean 

Volume x 
Area km2 
Mean depth m 
Annual inflow x 10' m3 
Annual outflow x 1 0 h 3  
Retention time a 

*Average mean is based on monthly va lve  and an annual cycle 
Period: A u p s t  to July (1974- 1978); 
C.V. = Cwffidenr of variarian. 

TABLE 3. A summary of monthly hydrological characteristics for Bospoon Dam (Aug. 1977 - Jul. 1978) 

Deviation of 
Maximum Minimum Mean 'C.V. mean from 

averas % 

Volume x IDr  m3 21.62 17.83 19.75 5.8 1 
Area km2 4.02 2.48 3.77 4.2 1 
Mean depth m 5.3 5,O 5,2 1.9 1 
Monthly inflow x lo6 m3 49.43 0.16 11.54 154.5 55 
Monthly outflow x lo6 m3 48.51 0.42 11.34 155.3 60 

'C.V. = coefficient of variation 
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TABLE 4. The physical and chemical characteristics of water collected fmm idowing rivers, the outtlow and dam 
station. Values are based on fortnightly samples collected between A u w t  1977 and July 1978. 

DAM STATION 
HEX RIVER OUTFLOW 

PARAMETU( TOP BOTTOM 

Min Max Mean C.V.* Min M a  Mean C.V. Min Max Mean C.V.* Min Mar Mean C.V.' 

Na 
K 
ca 
Mg 
SO, 
a 
Cond 
Alk 
Tor Kj-N 
Di Kj-N 
NH,-N 
N O I ~ N  
NO,-N 
Tot P 
Tor dk P 
PO..P 
Fe 
Mn 
Temp 
W 
Tu 

PH 

'C.V. = coefficient of variation 

TABLE 5. Hydrological characteristics, nutrient loading rates, chlorophyll a and water transparency 
characteristin of Bospoort Dam (Aug. 1977 - Jul. 1978) 

Mean depth m 5.2 
Retention time a 0.16 
Hydraulic load m/a 32.5 

Surface loading rates g/m2.a-' 
PO,-P 
Total P 
Inorganic nitmgen 
Total nitrogen 

Maximum Minimum Mean 

Chlorophyll a ,~g/drn~ 45.0 1.0 12.0 
Secchi depth rn 2.00 0,120 0.75 
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FIGURE 1. Bospmrt Dam catchment. 
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FIGURE 3. Frequency hbtoprams for selected parameten pertinent to the surface waters of Bospoon Dam. 
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FIGURE 4. Frequency  histogram^ for selected parameters pertinent m the surface -ten of B o s ~ p m n  Dam. 
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FIGURE 5. Frequency histogram. for selected parameten pertinent to the surface waten of Bospoon Dam. 



FIGURE 6. Temperamre dismbution in Bospoon Dam (shaded area indicates anaerobic zone). 

FIGURE 7. D k l v e d  oxygtn discribucion in Bcspoon Dam (sbaded area indicates anaembic zone). 
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BRONRHORSTSPRUIT DAM 

M. Butty, R.D. Walmsley* and C.J. Alexander 
National Institute for Water Research, Council for Scientijic and Indurtnal Research, 

P. 0. Box 395, PRETORIA 

INTRODUCTION 

Limited limnological information is available on Brankhontspruit Dam. Apan from being included in an algal assay 
survey of 98 South African impoundments (Toerien et aL, 1975) and a physico-chemical limnological survey by Schutte 
and Bosman (1973). no detailed limnological smdies have been made of the impoundment. In the abovementioned 
survey the impoundment was ranked 59th highest (AGP of 34.5 mg/dml) and placed in the mesotrophic category. 
This report presents limnological information on the impoundment covering an annual period between August 1977 
and July 1978. 

DESCRIPTION OF THE AREA 

Bronkhorstspruit Dam is situated in the bighveld climatic region approximately 70 km east of Pretoria. Characteristics 
of the impoundment and its catchment are given in Table 1 and Figures 1 and 2. The impoundment has two inflows. 
the larger Bronlthorstspruit and the smaller Osspmit which flow in a northerly and easterly direction respectively. Both 
these riven drain a region which has extensive maize land hut only limited urban and industrial areas. A small sewage 
works at Delmar discharges treated effluents into the feeder stream of the Bronkhorstspruit. 

T h e  impoundment was originally constructed as an irrigation supply, but this potential is not at present fully utilized. 
In recent year. holiday rmm have proliferated and the impoundment has become an important recreational site. The 
annual number of visitors is estimated at about 60 000, mainly from the Pretoria-Withank area (Cook, personal com- 
munication). 

Average values for the basic hydrological characteristics between 1968 and 1978 are presented in Table 2. Volume. 
area and mean depth of the impoundment have shown little annual variation over the past decade (coefficient of varia- 
tion c.a. 4 %) indicating that water usage is minimal. Annual inflow is normally higher than the maximum volume and 
the impoundment has a mean water retention dme less than 1 year. 

RESULTS AND DISCUSSION 

Hydrological characteristics for the study year show that the inflow was almost 90 % higher than average (Table 3). 
Consequently. the system nad a low water retention time (0.37 yean) and was flushed approximately three times dur- 
ing the stody period. 

Chemical characterktics of the inflowing, outflawing and impounded waters are presented in Table 4. The concen- 
trations of dissolved minerals in the impounded water were not high and indicate that at present the impoundment is 
not affected by the discharges of treated effluent in the catchment. Nevertheless, the maximum concentrations of cer- 
tain constituents which were encountered in the Bronkhorstspmit inflow (e.g. chloride, sulphate, nitrogen compounds) 
indicate that at times levels can become extremely high, presumably as a result of these discharges. The highest con- 
centrations were recorded at the beginning of a flood event in January 1978. Figures 3 to 5 present frequency 
histograms for selected limnological parameters recorded for thesurface waters, and give an indication of the length of 
time during which a particular range of values was encountered. With respect to the nutrients nitrogen and 
phosphorus, it can be seen that onhophosphate concentrations were at times low whereas nitrogen compounds were 

' P r r m t  addres: 
(Burry) National lnstirurc for Warcr R e a r c h .  Council for Scientific and Ilnduwrial R e a r c h ,  P.O. Box 17W1, Congella. 
DURBAN 
(Walmrlry) lnrtitutc for Environmental Science.. Uniwmry of the Orange Free State. P.O. BOX 339. BLOEMFONTEIN 
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usually present in higher proponional concentrations. This suggesfs that the impoundment is phosphate-limited whi h 
is contrary to the results of Ter ien  el al (1975) who reported that the waters were nitmgen-limiting. Nevertheles, the 
Frequently high values for orthophosphate and nitrogen compounds indicate that both nitrogen and phosphate were 
available in sufficient quantities far algal growth during most of the study period. 

During the 1977/78 study period the nutrient surface loading rates for the impoundment were 0.33 1.14 6.42 and 
26.04 for orthophmphate phosphonu, total phosphate phaphorus. inorganic nitrogen and total nitrogen rqectively 
(Table 5). Algal gmwth in the impoundment showed a wide variation (mean of 5 &dmf and maximum of 19 
pg/dm3 ~Nomphyli) and the' maximum value was recorded during a Mimaystir blmm. It was subsequently found 
that this ~anicular  bloom contained the toxic variety of this species (Hauman, personal communication). 

Bronkhorstspmit Dam can he classified as a turbid impoundment on thr basis of the low Secchi depth 
(mean 0.3 m) and high turbidity of therurface waters (38,OJTV). The high turbidity and low water retention timedur- 
ing the study period were possibly the two main factors which contributed to the low algal standing cmp in the im- 
poundment. 

Bronkhorstspmit Dam, with a maximum depth of 19.5 m and a mean depth of 6.8 m is not deep enough to exbibit 
stable thermal stratification during summer. Periods of fluctuating calm and rough weather produce a system which is 
obviously polymictic. In addition, flood evens play a signiticant mle in mixing of the water column. This is evident 
from the temperature and oxygen distribution in the water column at the impoundment station (Figs. 6 and 7). 

On the basis of the results gained from this prespnt investigation it can he confirmed that Bronkhorstspmit k indeed a 
mesotrophic system. Algal gmwth within the impoundment k affected to a large extent by the high turbidity and sum- 
mer floods which flush out resident algal populations. Caution should be exercised in the regulations governing 
nutrient inputs, particularly as the impoundment's usage as a recreational centre might become jeopardised. 
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TABLE 1. Characteristics of Bronkhorsupruit Dam and its catchment. 

Geographical location 25O 53.255; 2E0 43,5'E 
Magisterial distlict Bronkhorsupruit 
Catchment type Rural. Highveld 
Usage of dam Irrigation and potable water supply 
Catchment area 1 263 kmz 
Inflowing rivers Bronkhorstspruit. Osspruit 
Dam wall completed 1949 
*F.S.L. V O I U ~ ~  58.5 x 10' m3 
F.S.L. area 8.5 kmz 
F.S.L. maximum depth 19.5 m 
F.S.L. mean depth 6,s m 

'F.S.L. = full supply lwel 

TABLE 2. Hydrological characteristics of Bronkhorstspruit Dam 

'Average mean 'C.V. 

Volume x lo6 m' 
Area km2 
Mean depth m 
Annual inflow a lo6 m3 
Annual outflow x 106 m' 
Retention time a 

.Average mean is based on monthly valuer and an  annual cycle 
Period: August ro July (19681978);  
C.V. = Cafficienr of variation. 

TABLE 3. A summary of monthly hydrological characteristics for Bronkhorsrrpruit Dam (Aug. 1977 - Jul. 1978) 

Deviation of 
Maximum Minimum Mean *C.V. mean from 

average % 

Volume x lo6 m3 60.0 57.4 58.4 1.3 0 
Area km2 8.9 8.5 8.6 1.2 0 
Mean depth m 6.7 6.7 6.7 0 0 
Monthly inflow x 10' m3 64.8 1.1 13.6 139.2 88 
Monthly outflow x lo6 m3 65.1 0.2 13.5 144.9 94 

'C.V. = coefficient of variation 
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FIGURE 1. Bronkhorsupruit Dam catchment 
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FIGURE 3. Frequencv histoqams for selected parameters pertinent to the surface waters of Brankhontspruit 
Dam. 
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FIGURE 4. Frequency histograms for selected parameten pertinent to the surface waters of Bronkhorstspmit 
Dam. 
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FIGURE 5. Frequency histograms for selected parameten pertinent to the surface waters of Bronkhorsupruit 
Dam. 
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FIGURE 6. Temperature distribution in Bronkhontspmit Dam (shaded area indicates anaerobic zone). 
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FIGURE 7. Dissolved oxygen distribution in Bronkhorstrpruit Dam (shaded area indicates anaerobic zone). 
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BUFFELSPOORT DAM 

R.D. Walmley* and C.J. Alexander 
National Institute for lVater Research, Council for Scientific and Industrial Research, P O .  Box 395, PRETORIA 

INTRODUCTION 

The limnalogy of Buffelspaart Dam has been better defined than many other South African impoundments. In a sur- 
vey of southern African impoundments which investigated various physical and chemical properties, Schutte and 
Bosman (1973) found that Buffelspoon Dam had unstable thermal stratification during summer as a result of its low 
water content. In addition, anaerobic conditiom were encountered in the hypolimnion when stratification was present. 
An algal assay survey of 98 South African impoundments (where algal growth potential ranged between 4 and 660 
mg/dm3) ranked Buffelspaon Dam at 25 mg/dm3, as having the 47th highest algal growth potential (Toerien et al. ,  
1975). Subsequent mare detailed studies on the impoundment and its catchment have resulted in the impoundment 
being classified as mesotrophic (Walmsley et a / . ,  1978; Walmsley and Toerien, 1979). Walmsley and Toerien (1979) 
expressed concern about the rapid recreational expansion which had occurred in the catchment and recommended 
that the system be monitored in order to detect any appreciable changes in trophic status as a consequence of t h n e  ac- 
tivities. 

DESCRIPTION O F  T H E  AREA 

The basic characteristics of the impoundment and its catchment area are shown in Table 1. Buffelspoort has a small 
catchment (119 kmz) in which land use is restricted to agricultural small-holdings with no major urban or industrial 
areas. Hotels and holiday resorts use septic tanks far the disposal of domestic wastes whilst boreholes provide potable 
water. The inflowing streams and types of land use in the catchment are shown in Figure 1. A Map (Fig. 2) 
reveals that the impoundment's basin is more steepsided near the dam wall and along the eastem share. The 
impoundment is triangular in shape with a maximum width of 1.4 lon and a length of approximately 3 km. Sampling 
stations for the study are indicated in Figure 2. 

Medium~term hydrological characteristics of the impoundment indicate that it experiences a wide variation in hydro- 
logical conditions between years (Table 2). The mean water retention time (0.48 years) is low, showing that the im- 
poundment is well-flushed even during dry years, since the water retention time is always below 1.0 year (i.e. the water 
content is replaced at least once per annum). On the basis of catchment ratios, it has been estimated that the main in- 
flowing stream (Sterkstroom) contributer 80 % of the inflow into the impoundment. 

RESULTS AND DISCUSSION 

A summary of the monthly hydrological behaviour of the impoundment for the study year (May 1975 - April 1976) 
shows that Buffelspoort Dam received greater inflow than average (Table 3). Consequently, the mean water retention 
time was law (0.36 years - Table 5). When monthly inflow was at a maximum, almost 70 % of the impoundment's 
volume was replaced within one month. Thus, in such situations, water retention time was in actual fact of the order of 
35 days. 

Chemical analpis of the inflow, outflow and impounded water showed that low levels of dissolved minerals were pre- 
sent (Table 4). The values obtained during the study period showed no differences to those reported for the period 
February 1973 - April 1975 (Walmsley and Toerien, 1979). Frequency histograms of the impoundment's surface water 
dara are presented in Figures 3, 4 and 5. In most cases the values for parameters did not display a normal distribution. 
However, the histogams do give an indication of the number of weeks in which a particular range or value was en- 
countered. Of note is the fact that nutrient concentrations (i.e. nitrogen and phosphorus compounds) were at the lower 
scale of the concentration range for most of the year (Fig. 4). Chlorophyll a concentrations of hosepipe samples showed 
a kide range (2.0 - 20.0 &dm3), hut concentrations were greater than 4.0 irg/dm3 for more than 80 % of the study 
period (Fig. 5). 

'Prmenr addrtsr: Inirirure for Environmenral Sciences. University of the Orange Free Stare. PO. Box 339. BLOEMFONTEIN 
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Temperature and oxygen isopleths (Figs. 6, 7) indicated that the impoundment developed a stable thermal layering in 
the early summer months. Flooding of the system between January and March 1976 resulted in the lass of thermal 
layering, although the impoundment remained strarified until ovenurn in early May 1976. During winter, oxygen was 
distributed evenly within the water column (Fig. 7) whilst in summer an extensive anaerobic hypolimnion was present. 
The anaerobic layer war re-oxygenated on two occasions after floods when inflowing water penetrated the impound- 
ment as underflow. 

Nutrient loading rate estimates for orthophosphate phosphorus and inorganic nitrogen (0.18 g.m-'.a-' and 6.8 
g.m-'.a-' respectively - Table 5) differ from thoseestimated by Walmsley et a/ .  (1978) for the 1973/74 (0,94g.m-z.a-' 
and 5.71 g.m~2.a~'respectirely) and the 1974/75 yean (0.73 g.m?a-' and4.42 g.m-'.a-' respectively). This difference 
can be attributed to the more intensive sampling schedule of this study which involved weekly sampling. These loading 
rater are not high and are typical of those obtained for runoff from undeveloped areas (\'ollenweider, 1968). 

In conclusion, results obtained for Buffelsport Dam between May 1975 and May 1976 confirm the mesotrophic 
classification of the impoundment. The highest concentration of chlorophyll a (20.9 pg/dm3) cannot he considered a;r 
a level which represents nuisance proponions. The surface waters can be considered of good quality and no measurable 
evidence was detected of the effects of increased recreational activities. 
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TABLE 1. Characteristics of Buffelspoon Dam and its catchment 

Geographical location 
Magisterial district 
Catchment type 
Usage of dam 
Catchment area 
Inflowing rivers 
Dam wall completed 
*F.S.L. volume 
F.S.L. area 
F.S.L. maximum depth 
F.S.L. mean depth 

P5O 46's; 27O 29'E 
Rustenburg 
Farmland, grassland, holiday resort-. 
Irrigation, recreation 
119'km2 
Sterkstraom. Swarupruit 
1935 
10.7 x lo6 m3 
1.35 km2 
23 m 
7.9 m 

'F.S.L. = full supply level 

TABLE 2. Hydrological characteristics of Buffelspoon Dam 

'Average *C.V. 
mean 

Volume n 106 m3 
Area km2 
Mean depth m 
Annual inflow x lo6 m3 
Annual outflow x lo6 rn3 
Retention time a 

'Average mean is bared an rnonrhly valuer and an annual cycle 
Period: May to April (1968- 1978) 
C . V .  = coefficienr of variation. 

TABLE 3. A summary of monthly hydrological characteristics for Buffelspoon Dam (May 1975 - April 1976) 

Deviation of 
Maximum Minimum Mean 'C.V. mean from 

average % 

Volume x 106 m3 10.7 7.40 9,7 13 30 
Area kmz 1.35 1.05 1.26 12 20 
Mean depth m 7.9 7.0 7.7 8 17 
Monthly inflow x lo6 m3 7.11 0.62 2.25 86 88 
Monthly outflow x lo6 m3 7.20 0.43 2.19 87 85 

'C.V. = coefficirnr of variation 
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TABLE 5. Hydrolo@cal characterirtica, nutrient loading rates, chlorophyll a and water transparency 
characteristics of Buffelspoon Dam (May 1975 - May 1976) 

Mean depth m 7.7 
Retention time a 0.36 
Hydraulic load m/a 21.4 

Surface loading rates g/m2.a-' 
P 0 , ~ P  
Total P 
Inorganic nitrogen 
Total nitrogen 

Chlorophyll a ag/dm3 20.9 1.5 6.40 
Secchi depth m 5.2 0.80 1.40 
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FIGURE 2. Map of Buffelspmrt Dam showing sampling stations. 

FIGURE 3. Frequency histograms for selected parameters pertinent to the surface waters of Buffelspoort Dam. 
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FIGURE 4. Frequency histopram for selected parameters pertinent to the surface waters of Buffelsprt Dam. 
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1975 Month 1976 

FIGURE 6. Temperature distribution in Buffekpoort Dam (shaded area indicatm anaerobic zone) 

FIGURE 7. Dissolved oxygen distribution in Buffelspoort Dam (shaded area indicates anaerobic zone). 
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LINDLEYSPOORT D k l l  

R.D. Walmsleg* 
National Institute for Water  Research, Council for Scientific and Induitn2zl Research, 

P. 0. Box 395, PRETORIA 

INTRODUCTION 

Lindleyspoon Dam is situated in an  area of South Africa which is susceptible to a high degree of erosion (Roosebwm, 
1978). Consequently, the impoundment was selected for study since it represented a system in which water transparen- 
cy would be low due to a high suspended solids content. No previous routine limnological studies have been conducted 
on Lindle)~poort Dam, although the impoundment has been included in two limnological surveys. Schutte and 
Bosman (1973). inv-tigating the physical and chemical characteristics of South African impoundments during 
1968/69, found that the impoundment was thermally stratified in summer, had an anaerobic hypolimnion and  ex^ 

hibited low water transparency (Secchi depth ranged between 0.15 and 1.00 m). Twrien et a1 (1975). in an  algal assay 

survey of 98 South African impoundments, ranked the system as being the 79th highest with respect to the algal growth 
potential of its waten (60 mg/dm3). They also found that phosphate war the growth~limiting nutrient. This repon 
presents a summary of limnological information for the impoundment during an annual period May 1975 to May 
1976. 

DESCRIPTION O F  THE AREA 

The catchment of Lindleyspoon Dam is largely devoted to agriculture, particularly the cultivation of sunflowers and 
maize. Most of this aqicultural activity occun south of the catchment near Koster (Fig. 1). Urban areas consist of a 

small part of Koster, Kaffinkraal (a native location), the Marista Township and Swartruggens which is the ma- 
jor town. The population of Swartruggens was estimated at approximately 3 000 in 1970 and the total population of 
the district at 15 000 (Department of Statistics, 19i0). Swanruggens doer not have a conventional sewage treatment 
plant and raw sewage is transferred from conservancy tanks to oxidation ponds. T h e  effluent is then u x d  to irrigate 
pasture land. Industrial development in the catchment is restricted to small diamond mines which are situated nonh of 
Swartruggens (Fig. 1). 

At full supply level, the impoundment has a water content of 14.2 x 106 m3, an  area of 1.75 km2, a maximum depth of 
22 m and a mean depth of 8.1 m (Table 1). A depth contour map for the impoundment at full supply level indicates 
that the basin is steep-sided and that there are very few flat areas (Fig. 2). The impoundment has a sinuous shape with 

a maximum width of 700 m and a length of approximately 5 km. Hydrological conditions are extremely variable be- 
ween yeam (Table 2). hut the impoundment has a mean water retention time of 0.45 years. This means that on the 
average, the water content of the system is replaced at least twice during an annual cycle. 

RESULTS AND DISCUSSION 

The annual water inflow into Lindleyspmrt Dam during the study year was much higher than the average ( > 156 % - 
T a b k  3). hlonthly inflow volumes showed a wide range (0-55.785 x l o3  m3) and the maximum monthly inflow was 
almost 4 timer qea te r  than the full supply water content of the impoundment. As a consequence of this higher annual 
inflow, the mean water retention time for the study year was 0.12 yean (Table 5). Under these hydrological conditions. 
the warm content of the impoundment was replaced approximately 8 times during the study year. 

A summary of the chemical characteristics of the inflow, outflow and impounded waren is presented in Table 4. A 
comparison of these data with that of Schutte and Bosman (1973) indicated that the chemical composition of these 
waten has changrd very little since the date of their study in 1968. Frequency histograms showing the ranger of valuer 
encountered for certain physical and chemical parameten are presented in Figurer 3, 4 and 5. A normal distribution 
around the mean was only displayed by certain conservative constituents and parameten, e g .  sodium. magnesium, 
conductivity and alkalinity Orthophosphate concentrations were usually greater than 0.01 mg/dm3 whilst nitrate 
nitrogen *.as always greater than 0.25 mg/dm3. This indicates that available nitrogen war always present whereas 
availablc phosphate might hare been prrsenr in limiring at times. This is consirtent with thc conclusions 
of Toerien et 01. (1975) who reponed that phosphorus war the growth-limiting nutrient in Lindleyspoon. The mean 
availablc nirrogcn:availablr phosphate ratio of the inflowing warm (based on the inorganic nitrogen and  or^ 

thophosphat~ phosphorus loading rates - Table 5) war approximately 27.8. a figure which certainly does suggest 
phosphare limitation (Vollmweidrr. 1968). 

'Prrmr  addrr-r: In5rirurr for Enmirnnmrnrri Scimcer. University of the Orangc Frre State, P.O. Box 359, BLOEZlFOSTEIN 
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Temperature isopleths (Fig. 6) show that circulation occurred during winter (May - Aug.) and that a stable thermal 
layering developed in early summer. After mid-December 1975, large inflows of water were experienced and evidence 
of density current undemows were recorded in the temperature profiles. From January 1976, thermal stratification was 
affected considerably by the hydrolo&al events and in mid-March, one particularly large flwd almost caused a 
complete mixing of the water column. Overturn in the impoundment occurred in early May 1976: Dissolved oxygen 
showed a seasonal pattern which was related to the thermal cycle (Fig. 7). A uniform oxygen distribution was recorded 
during winter circulation whereas during summer stratification an  oxygen deficit was always present. Density current 
flow during the rainy season had pronounced effects on the oxygen content of the bottom waten on three occasions. 
Despite the summer oxygen deficit, anaerobic conditions were only encountered once toward the end of summer (a 
week before ovenurn). 

Nutrient loading rates were extremely high and, based on criteria of nutrient loading (Vollenweider, 1968). the i m ~  
poundment should be considered highly eutrophic (Table 5) .  However, algal populations were not very high (mean 
chlorophyll n of 3.25 pg/dm') and mare characteristic of a mesotrophic situation (Table 5 ) .  The reasons for this may 
he: 

(i) The high turbidity of the system (turbidity of PO JTZT for over 90 % of the year) which restricts light penetration 
and effects algal growth. The turbidity characteristics of Lindleyspoort Dam and their possible effects on the 
ecosystem have been discussed in more detail by Walmsley (1978): 

(ii) The high flushing rate which was obviously fairly rapid (water retention time of zt 3 days during the rainy 

season). Oglesby (1977) states that when the flushing rate is similar to the growth rate of natural phytoplankton 
populations, the incoming load can be regarded as being ineffectual and a 'flush out' effect is observed. 

Lindleyspoort Dam may therefore be described as a turbid impoundment with the potential to develop algal growth 
problems. However, due to the modifying influence of turbidity and the high flushing rate, the impoundment 
displays the characteristics of a mesotrophic system. 
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TABLE 1. Characteristics of Lindleyrpoort Dam and its catchment 

Geographical location 25 ' 29'. 26 4' 4'E 
Magjxerial district Swar t rugge~ 
Catchment type Farmland 
Usage of dam Irrigation 
Catchment area 704 km2 
Inflowing rivcr Elands 
Dam wall completed 1938 
*F.S.L. volume 14.2 x lo6 m3 
F.S.L. area 1.76 kmz 
F.S.L. maximum depth 22.23 m 
F.S.L. mean depth 8.09 m 

'F.S.L. = full supply level 

TABLE 2. Arerage term hydrological characteristics of Lindleyspoort Dam 

*Average *C.V 
mean 

Volume x lo6 m3 10,51 30 
Area km2 1.49 20 
Mean depth m 6.9 14 
Annual inflow x lo6 m3 38.78 80 
Annual outflow x lo6 m3 36.28 89 
Retention time a 0.45 60 

%\crag? mean is b a r d  on rnonrhlv values and an annual 
Period: Mar ro April (1970 - 19 i8 ) ;  
C . V .  = cocffici~nr of variation. 

TABLE 3. A summary of monthly hydrological characteristics for Lindleyspmrt Dam (May 1975 to April 1976) 

Deviation of 
Maximum Minimum Mean *C.V. mean from 

awrag-e % 

Volume x lo6 m3 14,855 11,268 13,673 6.6 30 
Area kmz 1,802 1,513 1.710 6 15 
hlmn dcpth m 8.2 7.44 7.99 6 16 
hlonrhly inflow x lo6 m3 55,785 0 8.292 196 156 
Monthly outflow x lo6 m3 56.276 0,426 8,239 199 172 

' C V .  = cocfficimr of variation 
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TABLE 4. The physical and chemical characteristics of water collected from the inflawing river (Elands), the 
outflow and the dam station (Dl) on Lindleyspmrt Dam. Values are based on weekly samples collected 
over an annual cycle between May 1975 and May 1976. 

DAM STATION 
ELANDS RIVER OUTFLOW 

PARAMETER TOP BOTTOlM 

Min Max Mean C.V.' Min Malt Mean C.V.' Min M a x  Mean C.V.' Min hlhx Mean C.V.' 

Na 3.0 13.0 6.3 24 2,O 9.0 5.4 30 2.0 11.0 7.3 27 2.0 9.0 5.7 27 

K 1.2 3.2 1.9 20 1.3 2.9 1.9 18 0.5 9.0 1.6 72 0.9 3.7 1.9 28 

Ca 6.0 18.0 10.6 20 3.0 16.0 9.2 32 3.0 28.0 13.7 40 3.0 17.0 10.2 29 

Mg 5.0 9,O 6.8 15 2.0 9.0 6.1 31 2.0 20.0 '3.7 37 2.0 9.0 6.8 25 

so, 4.0 14.0 6.0 32 4.0 12.0 6.1 32 4.0 15.0 5.9 33 5.0 14,0 7 36 
CI 4.0 10.0 5.3 19 2.0 7.0 5.0 13 4.0 12.0 5.8 28 5.0 10.0 5.6 25 
Si 4.2 7.0 5.1 12 3.2 6.9 4.8 17 3.6 55.0 6.1 114 3.3 7.5 5.0 17 
Cond 7.8 17.1 13.6 14.5 3.8 15.6 11.8 26 3.9 90.0 17.9 67 4.5 16.3 12.7 23 
AIL 42.0 73.0 58.3 12 20.0 77.0 52.5 25 29.0 164.0 75.2 34 13.8 71,O 52.9 29 
Tot Kj-N 0.3 3.7 1.6 49 0.2 4.7 1.7 65 0.2 7.1 1.6 86 0.2 3.5 1.4 61 
D E  Kj-N 
NH,-N 0.008 0,900 0,146 136 0,011 0,800 0.114 127 0,007 0.400 0,089 89 0,004 0,590 0,125 114 
NO,-N 0.156 1,000 0,528 46 0,250 0.960 0,544 34 0,015 1,200 0,482 66 0.054 1.000 0.549 40 
N O , ~ N  0.003 0,036 0.010 69 0,001 0,032 0,010 59 0,002 0,047 0,010 77 0,003 0,034 0,012 59 
Tot P 
Tor dia P 
PO,-P 0,004 0,200 0.028 137 0.005 0.400 0.030 186 0.002 0,200 0,021 157 0,002 0.210 0,022 162 
Fe 
Mn 
Temp 10.5 24.0 18.6 24 10.2 19,9 14.5 21 13.5 28.1 21.0 15 
DO 0.7 13.3 3.5 70 0.3 6.2 1.4 73 
T u  17.5 220.0 58.4 71 32.0 325.0 112.2 81 4.5 275.0 60,O 131 40.5 325.0 108.4 99 

pH 6.5 7.9 7.5 4 6.3 7.6 7.2 4 6.7 8.0 7.4 4 5.9 7.6 6.9 13 
SS 4.5 132.9 17.8 107 2.1 761.8 69.8 170 1.0 561.0 32.7 268 1.0 224.4 28.9 146 

'C.V. = coefficient of variation 

TABLE 5. Hydrological characteristics. nutrient Loading rates, chlorophyll a and water transparency 
characteristics of Lindleyspoon Dam (hlay 1975 - May 1976) 

Mean depth m 
Retention time a 
Hydraulic load m/a 

Surface loading rates g/m2.a-' 
PO,-P 1.58 
Total P - 
Inorganic nitrogen 43.9 
Total nitrogen - 

Maximum Minimum Mean 

Chlorophyll a pg/dm3 
Smchi depth m 
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FIGURE 3. Frequency histoqams for selected parameten pertinent to the surface waterr of Lindleyspoon 
Dam. 
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FIGURE 5.  Frequency histoprams for selected parameters pertinent to the surface waters of Lindleyrpoort 
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FIGURE 6. Temperature distribution in Lindleyspoort Dam 

FIGURE 7. Dissolved oxygm distribution in Lindleysprt Dam 
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LOSKOP DAM 

M. Butty, R.D. Walmsley* and C.J. Alexander 
NritionaI lnr t i tu tr for  Water  Research, Counrll jor S c i e n l f i  ond Indurfrfd  Rurunrrh, P. 0. Box 395, PRETORIA 

Loskop Dam is an impoundment highly susceptible to water pollurion from expanding towns, coal mines, power sta- 
tions and other industries. Limnological information on the impoundment is limited. In an earlier study by Kruger el 

a1 (1970) the zooplankton characteristics of the impoundment were investigated, and the impoundment was classified 
as eutrophic. 4 later survey, based on algal assays, established that the impoundment was mesotrophic and indicated 

that phosphorus was the limitingelement for algal growth (Toerien, Hyman and Bruwer (1975)). Schutte and Bosman 
(1973) found thar the system displa)-ed hypolimnetic deoxygenation during summer stratification. This report prescnts 
limnalogical data collected between 1977 and 1978 and discusses their si,pificance with respect to conditions i~n the im- 
poundment. 

DESCRIPTION O F  T H E  AREA 

Loskop Dam is situated in the Groblersdal magisterial district approximately 200 km north-east of Pretoria.  character^ 
isrics of the impoundment and its catchment are presented in F i p r e  1 and Table 1. The  catchment is extremely large 
(12 285 km') and contains several other impoundments, namely Bronkhorstspruit and Xew ~ o r i n g p o o n  (this series). 
The  catchment is a n  important agricultural area with approximately one-third being cultivated (Fig. 1). Uncultivated 
area3 cdnsist of mixed bushveld, sourish mixed bushveld and Bankenveld (Acoclw, 1975). Urban and industrial de- 
velopment is also extensive with the Witbank-Middelburg area and numerous coal mines being situated in the middle 
of the catchment. 

The  impoundment has one source of inflow, the Olifanrs River, which in turn has rwo tributaries, the Wilg-e and the 
Klein Olifants rivers. Prior to entering the impoundment, the Olifants River passes through a 10 km long gorge and 
here the river meanden considrrably. Loskop Dam is a channel type impoundment, which is unusual in the sense that 
the dam wall is not situated ar the opposite end of the impoundment, but sited along the northern shoreline (Fig. 2). 

At present the impoundment is utilizcd mainly as an irrigation supply but the Depanment of Nature Conservation has 
a holiday resort an  the noirh-eastern shore. It has been estimated that approximately 250 000 people visit this reson 
every year. The  perimeter of the impoundment is contained within a nature reserve in which >isitors are not allowed. 

A summary of medium-term hydrological characteristics of the impoundment is presented in Tahle 2. Over the ten 
years 1968 to 1978 Loskop Dam experienced variable hydrological conditions. The water content fluctuated widely 
resulting in decreases in area and mean depth. The lower variarion of outflow by comparison with inflow can be  at^ 

rributed to the heary demand for irrigation water from the impoundment. The  mean water retention time (0.5 yean) 
can be considered to be fairly short by comparison with other large impoundmenrs (e.g. Hartbeespoon where rhe re- 

tention time is - 1 year). 

RESULTS AND DISCUSSIOS 

Hydrological characteristics for the impoundment during the study year showed that the mean water content was more 
or less similar ro that of the medium-tern mean (Table 3). However, inflow was much higher than averagc indicating 
that when the impoundment was full. considerable quantirier of water entered the impoundment. Consequently, the 
mean water rrtention time for the study period was lower than the average (0.36 years). 

'Prcscnr addrpis: 
(Bur ry)  Sarional lnsrirur~ for IVarer Rrrearch. Council for Scirnrific and Industrial Rmearch. P.O.  Box LiOOl. Cungella. 
DCRB.4X 
iWalm4ry) lnsrirurr fur Enrironmrnrai S<i?nccs. L'nirerriry of rhr Orange Frrr Stare. P O .  Box 339, BLOEMFOSTEIS 
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Physical and chemical characteristics of the impoundment and the Olifants River inflow are summarized in Table 4. 
The water of the Olifants River is characterized by a fairly high sulphate content. This is possibly a reflection of 
drainage from mining areas in the catchment. Serious acid pollution with resultant higher sulphate concentrations and 
water transparency were observed during the early 1960's (Gieskes, 1960; Allanson, 1962; Botha et al., 1966). hm these 
problems were alleviated when the sources were identified and remedial action taken. Frequency histograms for cenain 
individual limnological characteristics of the impoundment's surface waters are presented in Figures 3, 4 and 5. 

The nutrient content of the waters cannot be considered as being high when compared with sewage polluted systems 
such as Bospoort and Roodeplaat (Butty, Walmley and Alexander; Pietene and Bruwer - this document). Nutrient 
loading rates inro the system were 0.85 1.93 11,68 and 21.38 g.m-z.a-' for onhophosphate, total phosphate phospho- 
rus, inorganic nitrogen and total nitrogen respectively (Table 5). Nevertheless, phytoplankton standing crops in the 
impoundment were generally high (mean chlorophyll concentration of 11.0 pg/dm3 - Table 5). The frequency his to^ 
gram for chlorophyll indicates that values higher than 30 pg/dm3 were recorded twice during the year. On these occa- 

sions the phytoplankton were therefore at bloom proportions and can be comidered as representing a nuisance condi~ 
tion. Dominant algae during such population peaks were Microc)ritir aemgthosa and Ceratium hirundinella. 

Water transparency in the impoundment ranged between 0.3 and 2.0 m and the mean value was 0.8 m (Table 5). The 
impoundment can therefore be considered as being of medium transparency by comparison with clearer and more rur- 
bid impoundments (e.g. Buffelrpoon and New Doringpoon respectivelv - this document). 

The ratio of inorganic nitrogen:onhophosphate phosphorus in the inflowing waters ( -  14:l) suggests a system where. 
nutrient-wise, algal growth ii limited by phosphare. This agrees with the conclusions of Toerien et a1 (1975) from algal 
bioassay studies. 

The impoundment showed a thermal cycle which is typical of Transvaal impoundments, in that during winter is other^ 
ma1 conditions were encountered whilst in early summer rhermal layering was prominent (Fig. 6). A pronounced ther- 
mocline was observed between 8 and 11 m from Octoher 1977 to midjanuary 1978. Thereafter floods penetrated the 
impoundment, and, although the water column remained strarified, no clear demarcation into the classical epi-, meta~  
and hyplimnion could be discerned. Overturn occurred at the end of April 1978. Dissolved oxygen followed a similar 
seasonal pattern to that of temperature in that during winter, oxygen distribution over the water column was almost 
uniform whereas in summer an oxygen minima was associated with the thermocline (Fig. 7). Anaerobic conditions in 
the bottom layen were recorded in December 1977, but with the advent of the summer floods in early January slight 
reoxygenation occurred, obviously as a consequence of density current flaw in the bottom waters. Anaerobic conditions 
redeveloped, but these we+ again affected by flood waten at the end of January 1978 and again in February 1978. 
Overturn at the end of April 1978 resulted in an increased oxygen content over the water column. 

Loskop Dam may be classified as a eutrophic system on the basis of the algal standing crops found in the surface waten. 
At present the water quality is compatible with usage, but careful consideration should be given to future development 
in the catchment since the impoundment is in an extremely sensitive pmition with regards to pollution by sewage and 
industrial effluents. 
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TABLE 1. Characteristics of Loskop Dam and its catchment 

Geographical location 25 " 25's; 29 ' 21,2?E 
Magisterial district Groblersdal 
Catchment type Agricultural, urban, mines 
Usage of dam Irrigation 
Catchment area 12 285 km2 
Inflowing river Olifants 
Dam wall completed 1937 
*F.S.L. volume 180 x lo6 m3 
F.S.L. area 16.9 h2 
F.S.L. maximum depth 36 m 
F.S.L. mean depth 10.7 m 

'F.S.L. = full supply level 

TABLE 2. Average hydrolocal  characteristics of Loskop Dam 

*Average %.V. 
mean 

Volume x 106 m' 
Area km2 
Mean depth m 
Annual inflow x lo6 m3 
Annual outflow x lo6 m3 
Retention rime a 

*Arerage mean is basd on rnonihly values and an annual cycle: 
Period: A u p i r  to July ( 1 9 6 8 1 9 7 8 ) :  
C.1'. = coefficient of variation. 

TABLE 3. A summary of monthly hydrological characteristics for Loskop Dam (August 1977 - July 1978) 

Deviation of 
Maximum Minrmurn Mean *C.V. mean from 

a%erage % 

Volumc x lo6 m' 176.3 88.6 144.0 22,9 1.7 
Area km2 16.53 11.57 14.74 13.2 2.1 
Mean depth m 
Monthly inflow x 106 rn3 132.46 3.60 36,23 118.0 42.8 
Monrhly outflow x 106 m3 101.24 14.42 32.98 91.6 39.9 

*C.Y = copffiricnt of variation 
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TABLE 4. The physical and chemical characteristics of water collected from inflowing riven, the outflow and 
dam  tati ion on Loskop Dam. Values are based on fortnightly samples collected between August 1977 
and July 1978. 

DAM STATION 
OLIFAKTS RIVER OUTFLOW 

P.lRUIETER T O P  BOTTOM 

Min hlax Mean C.Y.' hlin >lax Mean C.V.* Min hlax \lean C.V.' hlin hlax %lean C.V.' 

S a  

K 
Ca 
Mg 

SO, 
CI 
Cond 
hlk 
Tor Kj-N 
Dis K j ~ N  
X H 4 ~ X  
NO,~N 
NO,~N 
Tor P 
Tor dir P 
P 0 , ~ P  
Fe 
Zln 
Temp 
DO 
Tu 

pH 

TABLE 5. Hydrolo@cal characteristics. nutrient loading ratrr, chlorophyll a and water transparency 

characrerintics of Loskop Dam (Aug. 1977 - Jul. 1978) 

Mean depth rn 9.6 
Retmtion time a 0.36 
Hydraulic load m / a  26,4 

Surface loading rates p/m2.a-' 
P0,~P 
Total P 
Inorganic nitrogen 
Total nitrogen 

Chlorophyll a /rg/dm3 
Seccki depth m 

- 
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FIGURE 3. Frequency histoprams for selected parameters pertinent to the surface waters of Loskop Dam. 
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FIGURE 4. Frequency h i s t q a m  for selected parameten pemnent to the surface waters of Larkop Dam. 
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FIGURE 5. Frequency histograms for selected parameters pertinent to the surface waters of Loskop Dam. 
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FIGURE 6. Temperamre distribution in Loskop Dam (shaded area indicates anaerobic zone). 

FIGURE 7. Dissolved oxyFn distribution in h k o p  Dam (shaded area i,ndicates anaerobic zone) 
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OLIFANTSNEK DAM 

M. Butty, R.D. Walmsley* and C.J. Alexander 
National Injtitute for Water Rerearch, Council for Scientific and Industrial Reseorch. 

P. 0. Box 395, PRETORIA 

INTRODUCTION 

Olifantsnek Dam is an  impoundment which has not been studied previously. The impoundment is privately owned by 
the Olifantsnek Water Board and utilized to irrigatermall citrus orchards. This report presents data collected from this 
impoundment during a limnological survey between August 1977 and July 1978. 

DESCRIPTION O F  T H E  AREA 

Olifantsnek Dam is situated in the Magdies mountain range in the western Transvaal. approximately 15 km south of 
Rustenburg. Characteristics of the impoundment and its catchment are presented in Table 1 and Figure 1. The catch- 
ment is rural with no urban or industrial development. Approximately 2.0 % of the area compriser cultivated land 
whilst the remainder is a mixture of Bankenveld and sourish mixed bushveld (Acocks, 1975). The impoundment has 
two inflowing streams, namely the Rwikloofspruit and the Hex River. Although the water in the impoundment is 
mainly utilized far irrigation of c i t m  orchards, a certain amount of angling a h  occurs. Sampling points on the im- 
poundment are shown in F iy re  2. The basin of the impoundment is fairly shallow, having a maximum depth of 
13.6 rn and a mean depth of 5 . 5  m. 

Medium-term hydrological data for the impoundment between 1968 and 1978 (Table 2) indicate that the system has a 
low retention time (0.40 a) which means that on the average the water body is flushed approximately 2.5 times per an- 
num. The water content has shown considerable variation over the past ten years (50 % variation). 

RESULTS AND DISCUSSION 

Hydrological characterirtics of the impoundment for the study year are presented in Table 3. Water i d a w  over this 
period war tar greater than the average (119 %) and consequently the mean water retention time of 0.23 years in- 
dicates that the system was flushed approximately 4 times per year. During the rainy season a maximum monthly in- 
flow of 20,032 x lo6 m3 was recorded whereas in the dry winter season the minimum inflow was 0,119 x 10' m3. This in- 
dicates that the system experienced little disturbance from inflow during the winter, but obviously flooding occurred 
during the summer. 

During the study period, a tributary of the Hex River, the Skoonklwfspruit, was inadvertently sampled instead of the 
Hex River. Consequently no data were obtained for the Hex River during the study period. T o  ascertain whether there 
were any major differences between these tributaries, additional sampling of the Skoonklwfspruit, the Rwiklwf- 
spruit and the Hex River war conducted during December 1978 and January 1979. T h e  characteristics of inflowing, 
outflow in^ and impounded waters are presented in Tables 4 and 5 .  Frequency histograms far individual characteristics 
monitored at the impoundment station are shown in Figures 3 to 5 .  The levels of anions and cations in the inflowing 
waters are typical of those encountered in unpolluted waters for this area (Toerien and Walmsley. 1978). 

The data callected during December 1978 and January 1979 show that there were differences between the three river 
systems sampled (Table 5). However, phosphate characterirricr were similar and consequently nutrient loading cha- 
racteristics were calculated by using the data obtained for the Skoonklwfspruit. 

.Pr*nt addrprs: 
(Burry) National lnsrirure for Water Rcrearrh, Council for Sricnrific and lndumial Research. P O .  Box 17001, Congella. 
DURBAN 
(Walrnrley) Institute far Enrironmenral Sciences. Univcrsiry of the Orange Free Sratc, P.O. Box 339. BLOEMFONTEIN 
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Nitrate levels in the waten of the impoundment were high, possibly due to fertilizer runoff from the catchment. The 
nutrient loading rates for the impoundment show that orthophosphate phosphorus loading was low by comparison with 
the nitrogen loading (Table 6). 

Olifantsnek Dam can be considered a turbid impoundment since the mean Secchi depth was only 0.33 m (Table 6). 
Algal standing craps, as measured by chlorophyll a, never exceeded 6 &dm3 (Table 6). The regulating effect of low 
turbidity on algal growth in this impoundment is not as obvious as in other impoundments (Laing and Bridle Drift 
dams - this document) because of the law phosphate levels. 

The temperature and oxygen dktributions in the water column with time are presented in Figures 6 and 7. The im- 
poundment is obviously one which is too shallow to exhibit stable stratification during summer. The maximum 
temperature gradient over the water column during summer was 3 ' C .  Dissolved oxygen levels were low in the bottom 
waters during summer but no anaerobic conditions were encountered (Fig. 7). the minimum concentration in the bot- 
tom waters being 1.3 mg/dm3. 

On the basis of the characteristics sumeyed during the study period, Olifantsnek Dam can be classified as an 
oligotrophic-mesotrophic system. At present there are no water quality problems. 
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TABLE 1. Characteristics of Olifantsnek Dam and its catchment 

Geographical location 
Magisterial district 
Catchment type 
Usage of dam 
Catchment area 
Inflowing rivers 
Dam wall completed 
*F.S.L. volume 
F.S.L. area 
F.S.L. maximum depth 
F.S.L. mean depth 

25 ' 47's; 27 ' l5,5'E 
Rustenburg 
Rural 
Irrigation 
563 kmz 
Hex, Rooikloofspruit 
1929 
14.2 x lo6 m' 
2.56 kmz 
13.6 m 
5.5 m 

'F.S.L. = full supply level 

TABLE 2. Awrage hydrological characteristics of Olifantsnek Dam 

'Average - *C.V. 
mean 

Volume x lo6 m3 
Area km2 
Mean depth m 
Annual inflow x lo6 m3 
Annual outflow x 106 m' 
Retention time a 

' A v ~ r a ~ e  mean i s  bared on monthly valuer and an annual cycle 
period: Au,p"is rro July (1968 1978): 
C.V. = copffirirnr of variation. 

TABLE 3. A summary of the monthly hydrological characteristics for Olifantsnek Dam 

Deviation of 
Maximum Minimum Mean *C.V. mean from 

average % 

Volume x lo6 m3 14.521 11,307 13.293 8.8 53 
Area kmz 2.64 2.20 2.46 6.5 33 
Mcan depth m 5.5 5.1 5.3 2.6 23 
Monthly inflow x 106 m' 20,032 0,119 4.73 15.6 119 
Monthly aurflow x lo6 m' 18.704 0.365 4,591 146.2 154 

'C.V. = ro~fficienr of iaiiarion 
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TABLE 5. Mean values in mg/dm3 of the main chemical constituents in the Hex Kiver. Skwnkloofspruit and 
Rooiklwfspmit, December 1978 to January 1979 

Comrituent Hex River Skoonkloof Rooiklwf- 
spruit rpruit 

PO,-P 0,011 0,012 0.02s 
Total dissolved P 0,350 0,290 0,270 
Total P 0.230 0.230 0.220 
Inorganic N 1.2 2.9 0.5 
Ammonia 0,057 0.13 0.08 
Total Kjeldahl 1,5 1.1 1.0 
Total dissolved Kjeldahl 0.8 0.9 0.8 
Na 17.0 15.0 16.0 
K 1.0 1.35 1.25 
Mg 28.0 57.0 30.0 
Ca 29.0 28.0 34.0 
C1- 6.0 8.0 6.0 
SO2- 17.0 22.0 24.0 
Akalinity 220.0 270.0 190.0 

TABLE 6. Hydrological characteristics. key-nutrient loading rates, chlorophylr a and water transparency 
characteristics of Olifantrnek Dam (Aug. 1977 - Jul. 1978) 

Mean depth m 
Retention time a 

Hydraulic load m l a  

Surface loading rates g/m2.a-' 
PO,. P 
Total P 
Inorganic nirrogen 
Total nitrogen 

Maximum Minimum hlean 

Chlorophyll a pgldm3 
Srrrhi depth m 
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FIGURE 3. Frequency histogam for selected parameters pertinent to the surfam waten of Oliiantsnek Dam. 
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FIGURE 4. Frequency histogram for selected parameten pertinent to the surface waten of Olifantsnek Dam. 
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FIGURE 5. Frequency histograms for selected parameters pertinent to the surface waters of Olifananck Dam. 
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1911 Y O N T H  

FIGURE 6. Temperature distribution in OLifannnek Dam 

1917 
Y O N T H  

FIGURE 7. Diuolved oxygen distribution in Olifanunek Dam 
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RUST DER WINTER DAM 

M. Butty, R.D. Walmley* and  C.J. Alexander 
hht iona l  I n s t l t u t ~ J o r  W a t e r  R n m r h ,  Council  for Scientific a n d  Industnhl Rerearch, 

P. 0 Bor 995, PRETORIA 

INTRODUCTION 

T h e  Rust der Winter Dam has not been the subject of any detailed limnological study. However, it has been included 

in two surveys, viz. that of Schutte and Bosman (1973) who investigated the phyaico~chemical characteristics of some 60 
South African impoundments and that of Twrien et a1 (1975) who used an algal assay procedure to classify 98 South 
African impoundments. Schutte and Bosman (1973) reported that the impoundment experienced oxygen depletion at 
the sediment-water interface whilst Toerien e t  a / .  (1975) classified the impoundment as being in a merotrophic condi- 
tion on the basis of its algal growrh potential (AGP) (32.5 mg/dm3). This rrport presents the results of a more detailed 
limnological investigation of the impoundment during 1977 and 1978. 

DESCRIPTION OF THE AREA 

Rust der  Winter Dam is situated approximately 90 km north of Pretoria. Characteristics of the impoundment and its 
catchment are shown in Table 1 and Figure 1. The catchment is fairly large ( I  147 km2) and contains little urban or  in^ 
dustrial development. Aqiculrural activity is restricted to an area close to Zondewa:er and to farms near the 
im$oundment itself. The  grearest proportion of the catchment is undeveloped bushveld which is utilized for cattle 
ranching. hlosr of thc area surrounding rhe dam is contained within a nature reserve administered by rhe Parks Board. 

T h e  impoundment has one source of inflow, the Elands River, which flows in a northerly direction. Morphometrically, 
the impoundment can be divided into two basins, a wide shallow western basin and a narrow deeper eastern basin 

which leads up to the dam wall (Fig. 2). T h e  impoundment was constructrd to provide irrigation water ro vegetable 
farms below the dam. hut has in recent years become a popular recreational area for fishing and boating. 

Awrage hydrological characteristics of the impoundment between 1968 and 1978 are presented in Table 2. The im- 
poundment experienced considerable fluctuation in inflow over chis period (coefficient of variation - 150 %) and the 
mean annual runoff is obviously higher than the volume of ~ l l e  impoundment. This has resulted in a system where the 
mcan water recenrion rime is low (0.32 years) and which is probably flushed at lrast thrre times pcr annum. 

RESULTS AND DISCUSSION 

Hydrological characteristics for the study year (Table 3) indicated that the impoundment experienced higher inflow 
than average ( -  25 %). Cons~quenrly. rhr mean water retention time war lower than normal (0.29 years) and the 
system was flushed approximately 3.5 times during the study period. During the summer rainy m o n t h  high inflows 
wrrr experiencrd. ar indicated by monthly inflow volumes which exceeded the full supply capacity of the impound- 
ment (Table 3). 

Chemical rharacr&srics of the inflowing, impounded waten and outflow are summarized in Tahle 4. Frequency histo- 
grams for limnological characteristics of the surface waters in the impoundment are shown in Figures 3 to 5.  chemical^ 
ly the impoundment has changed very little since the time of the survey by Schutte and Bosman (1973). The values 
found in this sysrem give the overall impression of an unpollutrd system. This is not surprising in view of the activities 
within c h ~  catchmmt. The  l r rdr  of orthophospharr and nitrate in rhe watrrs of thr  impoundmmt were exrr~melv law 
(usually less than 0.01 and 0.20 mg'dm' rrspecrively). One iwm of intcrest is the observed rdeare of iron and man- 

*P.?rn, addrr..: 

(Burry) Sational lnsrilu~c f or  \Varrr Rrwarth. Council f or  S < i m l i f i r  and Industrial Rerearch. P.O. Box IiODl. Cang-rlla. 
DVRB.4S 
s l )  Zn%itur? for En\ironmrtnrrl Srrnrrr. Cnixrrsii) of rhe Orang? Frcc Scat?. P.O. Box 339. BLOE\IFO:TEIN 
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gancx fmm the bottom sediments of the impoundment during summer. High levels of iron and manganese (i.e. 
2 1  mg/dm3) arc considered to be undesirable in water, particularly for potable supplies. 

Nutrient loading rates for the impoundment are presented in Table 5 along with the ranges in chlorophyll and Secchi 
depth at the impoundment wall station. If compared with the nutrient loading rates recorded for systems 
polluted by sewage and industrial effluents these loading rates for Rust der Winter can be considered as being low (c.f. 
Bospoon Dam in this series). It is therefore not surprising that chlorophyll levels in the impoundment were never 
greater than 6.0 &g/dm3. Nevertheless, with a mean concentration of 4 &g/dm3 the impoundment can be classified as 
mesotrophic (Walmsley and Butty, 1979). 

Water transparency in Rust der Winter Dam can be considered to be relatively high by comparison with other im- 
poundments such as Olifantsnek and New Doringpoort (c.f. Butty et al.,  1979). A more detailed study of the factors 
governing the water transparency in the waters of this impoundment bas been reported on by Walmsley et a/. (1979). It 
was shown that suspended clay material is the most imponant factor in regulating water transparency. Mmt of this 
material is intraduced into the impoundment during summer flooding. 

The impoundment displayed thermal stratification between mid-August 1977 and mid-April 1978 (Fig. 6). 
Associated with this was the development of an oxygen deficit and cfinograde oxygen distribution (Fig. 7). 
Anaerobic conditions were encountered below 16 m during the period January to mid-April 1978. Obviously this zone 
was responsible for the production of the large quantities of iron and manganese recorded by the chemical analyses. 

At present the water quality in Rust der Winter Dam is compatible with its usage and there appear to be few problems 
with respect to algal growth since the impoundment can be classified as mesotmphic. 
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TABLE 1. Characteristics of Rwt der Winter Dam and its catchment 

Geographical location 
Magisterial district 
Catchment type 
Usage of dam 
Catchment area 
Inflowing river 
Dam wall completed 
'F.S.L. volume 
F.S.L. area 
F.S.L. maximum depth 
F.S.L. mean depth 

25 145; 28 a 31'E 
Rust der Winter 
Rural, urban 
Imgation 
1 147 1an2 
Elands 
1933 
28.1 a lo6 m3 
4,93 lun' 
20 m 
5,7 m 

- 

*F.S.L. = full supply level 

TABLE 2. Average hydrological characteristics of Rust der Winter Dam 

'Average *C.V. 
mean 

Volume x lo6 rn' 44.97 17.2 
Area km2 4.32 14.4 
Mean depth m 5.7 4.3 
Annual inflow x lo6 m' 80.90 153,7 
Annual outflow x 106 m' 77.48 157,O 
Retention time a 0.32 - 

*Average mean is bared on monthly valuer and an annual cycle 
Period: August ro July (1968-1978): 
C.V.  = coefficienr of variarion. 

TABLE 3. A summary of monthly hydrological characteristics for Rust der Winter Dam (Aug. 1977 - Jul. 1978) 

Deviation of 
Maximum Minimum Mean T . V .  mean from 

average % 

Volume x 106 rn3 28.62 24,37 26.85 5.8 7 
Area km2 4.85 4.23 4.59 5,O 6 
Mean depth rn 5.8 5.7 5.8 0.7 2 
Monthly inflow x 106 m3 30.89 0.52 8.04 138.1 24.9 
Monthly outflow x 106 m3 30.96 0.41 7.65 136,5 18.5 

'C.V. = cefficient of variarion 

Limnology - some S.A. impoundmeno 



TABLE 4. The physical and chemical characteristics of water collected from inflowing rivers, the outflow and 
dam station. Values are based on fortnightly samples collected between August 1977 and July 1978. 

DAM STATION 
ELAXDS RIVER OUTFLOW 

PARAMETER TOP BOTTOM 

Min Max Mean C . V *  Min Max Mean c.v.* Min Max Mean C.V.' Min Max Mcan C.V.' 

Na 
K 
Ca 

Mg 
so, 
CI 
Cond 
AIL 
Tor Kj-N 
Dis Kj-N 
NH,-N 
NO,-N 
NO,-N 
Tor P 
Tot dis P 

M n  
Temp 
DO 
T u  

pH 

*C.v. = coeffident of variation 

TABLE 5. Hydrological characteristics, nutrient loading rates, chlorophyll o and water transparency 
characteristics of Rust der Winter Dam (Aug. 1977 - Jul. 1978) 

Mean depth m 
Retention time a 
Hydraulic load m/a 

Surface loading rates g/m2.a-' 
PO,-P 

Total P 
Inorganic nitrogen 
Total nitrogen 

Maximum Minimum Mean 

Chlorophyll a ,tg/dm3 
Secchi depth m 
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Rust De Wmter Dam 

FIGURE 1 .  Rust der Winter Dam catchment. 
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C FlGURE 2. Map of Rust der Winter Dam showing sampling stationr. 



RUST DER WINTER 
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I 

FIGURE 3. Frequency histograms for selected panmeters prrtincnt to the surface waren of Rust dcr Winter 
Dam. 
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FIGURE 4. Frequency hisoprams for selected parameters pemnent to the surface waters of Rust der Winter 
Dam. 
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FIGURE 5. Frequency histograms for selected parameten pertinent to the surface waten of Rust der Winter 
Dam. 
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FIGURE 6. Temperature distribution i n  Rust der Winter Dam (shaded area indicates anaerobic zone). 

- 

FIGURE 7. Dissolved oxygen distribution i n  Rust der Winter Dam (shaded area indicates anaerobic zone) 
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TONTELDOOS DAM 

R.D. Walmsley* 
National h t i t u t e  for Wafer  Research, Council for Scientijic and Indutriol Research, 

P. 0. Box 395, PRETORIA 

INTRODUCTION 

Only limited limnological information is available on Tonteldws Dam. Apart from being included in an algal survey of 
98 South African impoundments (Toerien ef  al. ,  1975). no detailed limnological studies have been done on Tonteldws 
Dam. The impoundment was selected for study because it represented a small water body with a short water retention 
time. It was felt that data from such a system would provide valuable insight into the behaviour of highly flushed water 
bodies under South African conditiom. This report presents limnological information on the impoundment covering 
the period January 1976 to January 1977. 

DESCRIPTION O F  THE AREA 

Tonteldoos Dam is situated on the western edge of the Drakensberg escarpment which separates the highveld climatic 
zone from that of the lowveld (Department of Transpan. 1965). Characteristics of the impoundment and its catchment 
are presented in Table 1. Because of the mountainous topog~aphy most of the catchment is undeveloped and 
cultivated areas are only found where adequate soil covering occurs (Fig. 1). Two inflowing streams contribute to water 
flow. (The Tonteldoos River and an  unnamed stream - R2 - Fig. 2.) Although the unnamed stream was found to be 
perennial, runoff from this portion of the catchment was negligible by comparison with that of the Tonteldwr River. 

Despite its small size, the impoundment has a maximum depth of 10,s m, although with a mean depth of 3.9 m ,  the 
system can be regarded as extremely shallow (Table 1: Fig. 2). The shoreline has a weil established reed cover 
dominated by Typha capensix with small patches of Phragmiter awtmlis. In the littoral zone, dense beds of 
Potamogeton pusillus occur in areas which are undisturbed by idlowing currents (Fig. 2). Sampling stations on the i m ~  
poundment and the inflowing streams are indicated in Figure 2. 

Medium-term hydrological data for the impoundment indicate that the system has a large variation in its annual run- 
off (C.V. >60 % - Table 2). T h e  mean annual water retention time for the period 1968/78 was 0.04 years. 
Therefore, on the averaF, the system is flushed a t  least 25 times per annum. In this respect, it can be considered as be- 
ing a highly flushed system since many other South African impoundments have water retention times varying between 
0.5 and 1.0 years (Walmsley, 1977). 

RESULTS AND DISCUSSION 

During the study period the \olume, area and mean depth of the impoundment showed little variation (Table 3). 
However, monthly inflows ranged between 0,097 and 1,618 x lo6 m3 and showed a coefficient of variation of approx- 
imately 100 %. By contrast to the average, the study year received greater inflow (>17.6 7%) and the mean annual 
water retention time was 0,033 years (Table 5). In more realistic t e r n  this short retention time means that the entire 
volume of water in the impoundment was replaced approximately 30 times during the study year. 

Chemical characteristics of the waters are presented in Table 4. Bond (1946) has classified the underground waters of 
this area as being 'pure waten', i.e. with a total solids content <I50 paru per million. In this respect the chemical 
composition showed no deviation from the expected. One feature which should be mentioned is the relatively high 
silicate content of the waters where values as high as 26 mg/dm3 were recorded in the Tonteldms River. Frequency 
histograms for surface water characteristics are presented in Figures 3, 4 and 5. Based an  26 sampling trips over the 
study year, they give an indication of the time period in which a given range or a particular concentration of a cons ti^ 
tuenr occurred. They also give an indication of the distribution with respect to the mean values of constituents 
presented in Table 4. Not all constituents displayed normal distribution and therefore, the mean valuer in Table 1 
should be interpreted with caution and be considered in conjunction with the histograms. 

Arailablc nutrients (inorganic nitrogen and arthophosphatr) in the surface waten were generally low and the system 
can possibly be considered oligorrohpic on the basis of its nutrient content (Vollenweider. 1968). Orthophosphate 
phosphorus concentrations were less than 0.01 mgidm3 for almost 70 % of the study period whilst nitrate and am- 
monia nitrogen were always less than 0.35 mg/dm3 (Fig. 4). 

*Pr-nr addrsr: lnsrirure for Enrironmenral S c i e n c s .  Univerri~y of the Orange Free Stare, P.O. Bar 559. BLOE>IFOXTEIN 
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Nutrient loading rates were extremely high with orthophosphate phosphorus and inorganic nitrogen loading rates cal- 
culated at 1.34 and 30.08 g.m-z.a-' respectively (Table 5) .  When compared with the nutrient loading models of 
Vollenweider (1968, 1976). the impoundment can be classified as a highly eutrophic system. However. it should be 
realised that under hydrological regimes with short retention times ( + 3  days), a wash-out effect u imposed on 
phytoplankton growth (Oglesby, 1977). Thus, the total loading cannot be considered as being effective. In Tanteldom 
Dam, hydrological data (Table 3) showed that duringcertain months, water retention time was shorter than 3 days and 
thus a flushing-out of the system was a regular occurrence. This consideration is supported by the chlorophyll a data 

where a maximum of 2.88 &g/drn3 was recorded (Table 5) and where concentrations were less than 2.0 pgldm3 for over 
80 % of the year. 

Toerien et al. (1975) found that the waten of this impoundment were predominantly nitrogen-limited. Nitrogen~limi- 
tation may he assumed when the available nitrogen:phosphate ratio of the inflowing water is less than 15:l by weight 
(Vollenweider, 1968). On the basis of the loading rates, the ratio of incoming available nitrogen:phosphate was 
estimated at 23:1, suggesting that for the study period this impoundment was more likely to he phosphate-limited. 

Temperature and oxygen isoplethr (Figs. 6 and 7) indicated that the impoundment did not exhibit stable thermal 
stratification. In summer a temperature gradient was always present, but large inflows prevented the establishment of 
thermal layering. It is obvious that a small water body like Tonteldoos Dam is susceptible to large variations in 
temperature due to its low heat content and high flushing rate. Dissolved oxygen distribution war governed by the 
unstable thermal regime and, although concentrations of less than 1 mg/dm3 were recorded, the bottom waters were 

never anaerobic. The influence of density currents on the oxygen content is demonstrated by the fluctuation in the 
oxygen content of the bottom waten during summer stratification. 

Water transparency in the system was fairly high (mean Secchi depth of 1.38 m - Table 5) .  which is samewhat surpris- 
ing when considering the high flushing rate and the expected transport of clay material into the system. However, the 
nature of erodable material in the catchment was obviously not of the type which allowed for the prolonged suspension 
of particles in the water column. This may possibly be attributed to a predominance of larg-er~sized clay particles which 
sediment out quite quickly in aquatic systems (Ruttner, 1954). 

Tonteldoos Dam can be considered to be oligotrophic on the basis of its nutrient and phytoplankton characteristics. 
The limnological characteristics of the system are governed to a large degree by the high flushing rate, particularly 
during the summer rainy season. 
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TABLE 1. Characteristics of Tonteldana Dam and its catchment 

Geographical location 
Magisterial district 
Catchment type 
U s a s  a£ dam 
Catchment area 
Inflowing river 

/ Dam wall completed 
'F.S.L. volume 
F.S.L. area 
F.S.L. maximum depth 
F.S.L. mean depth 

25 a 16'5; 29 ' 56'E 
Staffoerg 
Agriculture, undeveloped 
Irrigation 
55 km2 
Tonteldws 
1962 
0,174 x lo6 m3 
0,044 km2 
10.5 m 
3,9 m 

'F.S.L. = full supply level 

TABLE 2. Average-term annual hydrological characteristics of Tonteldoos Dam. 

'Average *C.V. 
mean 

Volume x lo6 m3 
Area km' 
Mean depth m 
Annual inflow x lo6 m3 
Annual outflow x lo6 m3 
Retention time a 

~p 

'Avprage mean is bared on monihly values and an annvd cycle 
Period: January to December (1968 - 1978): 
C.V. = coefiicienr of variation. 

TABLE 3. A summary of monthly hydrological characteristics for Tonteldoos Dam uan.  1976 - Jan. 1977) 

Deviation of 
Maximum Minimum Mean *C.V. mean from 

avera5.z % 

Volume x lo6 m3 0,176 0,160 0.172 3 9.5 
Area km2 0.044 0,042 0.044 2 13 
Mean depth m 3.95 3.85 3.95 1 0 
Monthly inflow x 10' m3 1,618 0,097 0,436 101 17.6 
Monthly outflow x lo6 m3 1.600 0.085 0,430 105 16.5 

'C.V. = coefficient oi rariauon 
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TABLE 4. A summary of physical and chemical characteristics of water collected from the inflowing r i v m  
(Tonteldoos River and unnamed stream (RZ)), the outflow and the dam station (D) on Tonteldm. 
Dam. Values are based on fortnightly samples collected over an annual cycle between January 1976 
and January 1977 

DAM STATIOU 
T O N E L D O O S  UNNAIIW O L T L O W  

PAR4\1ETER T O P  BOlTO\I  RIVER STRF.431 (RZ) 
---- 

hlin i lax l lean  C Y.' hlin &lax Mean C.Ys  &lin Maxilcan CV.* Min Max >lean C.V.' Min l a x  Mean C.Y.. 
-- 
Na 3.0 7.0 5,O 18 3.0 6.0 4.8 19 3,O 7.0 5,O 22 1.0 8.0 6.2 28 3.0 6 ,0  4.8 20 
K 0.1 1.5 0.6 51 0.1 1.3 0.6 52 I I 0 7 0 , l  1.8 0.5 90 0.1 1.6 0.6 54 
Ca 10.0 16.0 12.7 12 9.0 17.0 12.5 13 10.0 20,0 13,7 16 10.0 26.0 19,O 25 l0,O 27.0 13.3 24 

% 4,O 8.0 6.2 17 4.0 8.0 6,1 17 5,O 13.0 6,8 24 5,O 20.0 11.3 31 4.0 14,O 6.6 28 
50'  2.0 9.0 4.2 40 2.0 9.0 4.5 42 2.0 6.0 4.0 34 2,O 6,O 4,O 35 2.0 7.0 4 , l  39 
CI 2.0 5.0 4.1 29 2.0 5.0 4.1 29 2.0 6,O 4.0 37 2.0 17.0 4.6 65 2,0 5.0 4 , l  30 
Si 9.2 23.0 34.5 22 8.1 23.4 14.4 24 l0,O 26,0 15.6 22 l l , ?  25.0 15.6 19 10.0 24.3 15.0 23 
Cond 4.7 17,O 12.8 19 8.1 20.7 13.1 19 3,1 21,s 13.7 26 9.4 30.5 17,s 27 9 ,0  21.2 13,6 19 
Alk 52.0 80.0 65.Z 11 48,O 82.0 65.1 12 12.0 86.0 67,l 20 30.0 94,O 38.0 74 28.0 83,O 64.3 17 
Tot K1 - N 0.10 3.2 1.36 57 0,SO 3 , 3  l,50 49 0.23 5.4 1,38 86 0.45 3.60 1.32 60 0.20 4.5 1.38 67 
Dis Kj-N - - - - - - - - - - - - - - - - - - - - 

NH,- N 0,0130,460 0.113 92 0.041 0,700 0,226 62 0,015 0.275 0,072 95 0.0100.400 0,082 108 0.018 0.337 0.107 87 
N O ,  2 j  0.0200,6600.194 i 5  0.0300,8200,219 72 0,040 0,600,199 59 0,010 0,400 0.115 105 0.020 0,8000.186 92 
NO, - N 0.002 0.073 0.011 137 0,003 0.2000.016 239 0.002 0,M2 0.007 118 0.001 0,020 0,006 87 0,002 0,320 0,011 207 
Tor P - - - - - - - - - - - - - - - - - - - - 

Toi dk P - - - -  ~ - - - - - - - - - - - - - - -  
PO,-P 0,002 0,066 0,013 118 0,002 0,0600,016 89 0,002 0.0500,(112 92 0,002 0.033 0.010 77 0.W2 0.160 0.019 171 
FC - - .- - - - - - - - - - - - - - - - - - 
Dln - - - - - - - - - - - - - - - - - - - 
Trmp 9.6 26.0 17.1 28 8.0 17,2 13.0 21 8.7 26.0 16.1 29 11.2 26.2 17.8 25 - - - - 
DO 4.1 9.2 7.1 17 0.08 8.7 4.7 58 - - - - - - - - - - - - 
Tu 3.8 88.0 14.0 123 7.0 67.0 18.0 73 5.0 M.5 14.0 83 5.6 34.0 15.4 43 4.9 80.5 15.8 102 

pH 6.9 8.3 7.6 4 6,7 8,O 7.4 4 7.0 8.2 7 2  4 7.0 8.5 7 , s  4 6.9 8.4 7.8 4 
SS 0.10 78.5 7.2 246 0,20 47.5 8.2 130 0.g2 58.4 9.5 166 0.14 14.5 3,4 127 0.62 42.9 5.6 169 

C .  = coefficient of variarion 

TABLE 5. Hydrological characteristics. nutrient loading rates, chl&ophyll a and water transparency 
characteristics of Tanteldws Dam (January 1976 to January 1977) 

Mean depth m 3.85 
Retention time a 0,033 
Hydraulic laad m/a 116.6 

Surface loading rates g/rn2.a-' 
PO,-P 1.31 
Total P - 
Inorganic nitrogen 30,8 
Total nitrogen 

Maximum Minimum Mean 

Chlorophyll a pg:dm3 2,88 0.29 1.07 
Secchi depth m 2.90 0.10 1.38 
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LEGEND 

Block gobbro intrusion 

Partly protruding rock with thin soil cover 
. . . . .  

Farming activity where adequate soil covering occurs 

Catchment boundary 

FIGURE 1. Tonteldoos Dam catchment, 
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v - Typha sp. - 

0 - Potomogeton pusillus 

@ - Impoundment Samplingstation 

@ - River  Sampling station 

@ - Outflow Sompiing stotian 

FIGURE 2. Map of Tonteldom Dam showing samplinp stations. 
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FIGURE 3. Frequency histograms for selected parameterr pertinent to the surface waten of Tonteldms Dam. 
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FIGURE 4. Frcqueaq hbtognw for rlcctcd parameters pertinent to the surface vaten of Tootcldma Dam. 
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FIGURE 5. Frequency histogram for selected parameten pemnent to the surface waters of Tonteldoas Dam. 
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FIGURE 6. Temperature distribution in Tonteldms Dam Uan. 1976 - Jan. 1977). 
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FIGURE 7. Dissolved oxygcn distribution in Tomeldom Dam (Jan. 1976 -Jan. 1977). 
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NEW DORINGPOORT DAM 

M. Butty, R.D. Walmsley* and C.J. Alexander 
National l ~ f i f u f e  for Water Rerearch, Council for Scientific and Indutrial Research, 

P O .  Box 395, PRETORIA 

INTRODUCTION 

New Doringpoon Dam (commonly known as Withank Dam) is situated in a coal mining area of South Africa and is an 
importanr impoundment in that it supplies industrial and potable water to the town of Withank. In a survey by Schutte 
and Bosman (1979) the impoundment was found to he highly turbid. showing little tendency toward anaerobic condi- 
tions in the hypolimnion and the waters had a high sulphate concentration. These characteristics were recorded before 
the raising of the dam wall in 1973. This report presents data obtained duringa limnological survey between July 1977 
and August 1978. 

DESCRIPTION OF THE AREA 

New Doringpoon Dam is situated approximately 100 irm east of Pretoria in the Witbank magisterial district. 
Characteristics of the impoundment and its catchment area are shown in Figure 1 and Table 1. The catchment comists 
mainly of cultivated land (maize) and includes a large number of open-cast collieries and mines. Adjacent to these 
coalfields are a number of power stationr which are either operational or in the process of heing constructed. 

In addition to being utilized as a potable water supply the impoundment also serves as a recreational centre. Near the 
dam wall there is a holiday resort with camping sites. It is estimated that the number of visitors to the impoundment is 
in e x c a  of 100 000 per year. 

T h e  impoundment has one inflow, the Olifants River, and is sinuously shapd, heing shallow in the upper 
reaches and increasing in depth up to the dam wall (maximum depth 36 m). Sampling sites for the present investiga- 
tion are shown in Figure 2. Water is regularly released from the dam to maintain a constant water level in an impound- 
ment lower down the Olifants River. A pump house which pumps water to Witbank is situated below the dam wall. 

With respect to the general hydrological characteristics of the impoundment at present, it is only possible to compare 
the;ean between 1973 and 1978 (Table 2). During these yean the impoundment experienced annual inflows which 
were higher than rhe full supply volume and consequently the mean water retdntion time war less than 1 year (0.84 
years - Table 2). This suggests that the impoundment is flushed at least once per annum. 

RESULTS AND DISCUSSION 

Hydrological characteristics for the study ~e r iod  are presented in Table 3. During the study the water inflow was slight. 
ly lower than the average (I9 D/, less) and the mean water retention time was 0.88 years. Inflow and outflow showed a 
wide variation over the year with little water entering the impoundment during the dry winter months and large 
volumes entering the impoundment during the rainy months. The maximum monthly inflow of 46,49 x 10' m3 is ap- 
proximately half the volume of the impoundment. 

Chemical and physical characteristics of the inflowing, outflowing and impounded waters are summarized in Tahle 4. 
Frequency histograms for the Iimnologkal characteristics of the surface waters are presented in Figures 3 to 5. The 
cancenrrarions of carions and anions in the Olifants River above the impoundment can he considered to he low by cam- 
parison with other polluted river systems (Pietern - this document; Crocodile River - Allanson, 1961). Nevenhelers. 

*Prerenr addres:  
(Burry) Sarional lnrriturc for Water Rerearch, Council for Scientific and lndurrrial Rcrcarch, P.O. Box 17001. Congclla. 
n l ' R R A N  - . . . -. . . . 
(Walrnslq) Inrdture for Enrironmen~al Sciencer. Univ~rrity OF thc Orange Frw Srarc. P.O. Box 339, BLOEMFONTEIN 
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concentrations of sulphate were extremely high compared with the other anions. This may possibly be a reflection of 
acid flow from mines into this system. The concentrations of total iron in these waters were alro high with a maximum 
value of 6.77 mg!dm3 being recorded. 

Nutrient levels in the waters of the Olifants River and the impoundment were not high indicating that no large point 
source of nutrient supply exists within the catchment. It is interesting to note that onhophosphate phosphorus concen- 
trations in the Olifants River and the impoundment were similar (means of 0,023 and 0.028 mg!dm3 respectively). 
This is possibly a reflection of low phytoplankton activity in the impoundment. The frequency histograms indicate that 
nitrogen and phosphate were always sufficient to support algal growth. Chlorophyll concentrations in the impound- 
ment varied between 1.0 and 21.0 pg/dm3 with a mean of 3.0 pg/dm3 (Table 5). The highest concentration coincided 
with a MicroqstFr bloom which was .ultimately washed out of the impouindment after a flood. The low algal standing 
crop in this impoundment is pesibly caused by the high water turbidity which restricts light penetration into the sur- 
face waters. Furthermore, the nutrient loading into the system is not high (Table 5) and also indicates that there is at 
present no large source of nutrient input within the catchment. 

The impoundment stratified in the summer months and in mid-summer the maximum temperature gradient over the 
water column was 8 'C  (Feb. 1978 - Eg. 6). During winter isothermal conditions were encountered in the im- 
poundment and a minimum temperature of 10 OC was recorded. Dissolved oxygen distribution in the water column 
showed a xasonal pattern to that of temperature in that an oxygen deficit developed during summer stratification. 
whereas in winter the oxygen content of the surface was similar to that of the bottom. Anaerobic conditiom were not 
encountered in the impoundment although in March 1978 extremely low values (< 1 mg/dm3 0,) were recorded in the 
bottom waters (Fig. 7). 

The New Doringpoort Dam is an impoundment which can be classified as oligotrophic to mesotrophic 
(Walmsley and Butty, 1979). However, it d m  display certain eutrophic symptoms (e.g. bloom development and 
oxygen deficit) and undesirable water quality characteristics (e.g. high sulphate and iron concentrations). These may 
perhaps cause problems with the usage of the impoundment as a potable water supply and as a recreational centre. 
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TABLE 1. Characteristics of New Dorinmrt  Dam and its catcbment 

Geographical location 25 53.5'5; 29 ' 18.25'E 
Magisterial district Witbank 
Catchment type Agricultural and mins 
Usage of dam Industrial and potable water supply 
Catchment area 3 627 kmz 
Inflawing river Olifants 
Dam wall completed 1953, raised 1973 
*F.S.L. volume 109.1 x 106 m3 
F.S.L. area 13.03 km2 
F.S.L. maximum depth 36 m 
F.S.L. mean depth 10.6 m 

T S . L .  = full supply level 

TABLE 2. Average hydrological characteristics of New Doringport Dam 
- - - 

*Average 'C.V. 
mean 

Volume x lo6 m3 
Area km2 
Mean depth rn 
Annual inflow x lo6 my 
Annual outflow x lo6 m3 
Retention time a 

'Average mean is based an monthly valuer and an annual cycle 
Period: A u p t  to July (1973- 1978): 
C.V. = coefficient of variation. 

TABLE 3. A summary of monthly hydrological characteristics for New Doringpoon Dam (Aug. 1977 - Jul. 
1978) 

- ~ - 

Deviation of 
Maximum Minimum Mean 'C.V. mean from 

average % 

Volume x lo6 m3 106.99 79.82 93.35 11,O - 3 
Area km2 13.07 8.78 10,83 14.9 - 1 
Mean deprh m 9.0 8.1 8.6 3.9 1 
Monthly inflow x 1 0 b 3  46.49 0 8.80 189.74 - I9 
Monthly outflow x lo6 m3 36.82 0 6.83 157.21 - 29 

'CV. = cocfficienr of vaiialian 
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FIGURE 2. Map 01 New Doringport Dam showing sampling station. 
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FIGURE 3. Frequency histograms for selected parameters pertinent to the surface waters of New Dorin-n 
Dam. 
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FIGURE 4. Frequency histoprams for selected parameten pemnent to the surface waters of New Dorin-n 
Dam. 
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FIGURE 6.  Temperature distribution in New D o r i n e r t  Dam. 

FIGURE 7. Dissolved oxygen dtmbudon in New D o r i n p n  Dam. 
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BLOEMHOF DAM 

C.A. Bruwer 
Hydrological Research I m r t u f e ,  Department of Water Affairs 

Riiate Bog X313, PRETORIA 

Bloemhof Dam is situated 300 km south-west of the Witwatersrand on the Vaal River. The impoundment is owned by 
the Department of Water Affairs and is used mainly as an irrigation supply for the Vaalharts Irrigation Scheme. Some 
domestic water is supplied to the town of Bloemhof and to a minority of users downstream. 

An algal bioassay survey of 98 South African impoundments r a k e d  Bloemhof Dam as having the 44th highesr algal 
growth potential (Toerien et al., 1975). On a single visit to the impoundment during March 1971, Schutte and Bosman 
(1973) found no temperature stratification and only a slight reduction in dissolved oxygen concentration with depth. 
The occurrence of water hyacinth (Eichhomia crarripes) was reponed in the Vaal River below Parys and in Blwmhof 
Dam (Toerien and Walmsley. 1977). 

DESCRIPTION OF T H E  ARFA 

T h e  basic characteristics of the impoundment and its catchment are shown in Table 1. The impoundment is fed by two 
major inflowing rivers, namely the Vaal River and the Vet River (Fig. 1). The Witwatersrand-Vereeniging complex is 
situated in the Vaal River catchment and water from this area reacher the Vaal via the KIip River. Further to the west 
the Mooi River drains the Potchefstroom area, also into the Vaal. The Vet River drains a catchment which has 
agricultural activities such as maize and sunflower cultivation as the major land use. There are also limired mining ac- 
tivities along the Vet and Sand rivers below Allemanskraal and Erfenis d a m .  Some of the area immediately adjacent to 
the dam has been developed as nature reserves by the Orange Free State and Transvaal Provincial Administrations. 
Large areas around the impoundment are also open to the public for fnhing and recreational boating. 

The impoundment has two sinuous shaped portions originating an each of the two influent rivers and joining near the 
dam wall. The results in this report represent the river sampling stations Rl and R2 and the impoundment sampling 
station Dl (Fig. 2). The impoundment is large and shallow with a maximum depth of 18 m and a mean depth of 4.5 m. 
The narrow sinuous shape of the impoundment does not lend itself to drawing a meaningful bathymetric map. 

The mean retention time for the study period indicates that the impoundment has a moderate rate of replenishment 
compared with other South African impoundments (Walmsley et ol., 1978). 

RESULTS AND DISCUSSION 

A summary of the monthly hydrological characteristics of Bloemhof Dam from October 1977 to September 1978 are 
given in Tahle 4. The  retention time for this impoundment was 0.55 years. 

The resultsof chemical analyses of water from the two inflowing stations and the impoundment station are presented in 
Tahle 3. The mean nutrient levels of the impounded waters were 0.82 mg/dm3 and 0.10 mg!dm3 for nitrate 
nitrogen and orthophosphate phosphorus respectively. The mean conductivity of the impounded waters was 36.0 
mS!m which was higher than a value of 23.8 mS/m reponed by Schutte and Bosman (1973). The mean chloride value 
of 18.4 mgldrn', however, was much the same as that reported by Schutte and Bmman (1973). The mean Secchi 
transparency of 0.66 m showed the impoundment to he turbid. The frequency of occurrence of the different chemical 
constituents of the surface waters of Bloemhof Dam is shown in Figures 3 and 4. Nitrate nitrogen varied between 0.08 
and 1.95 mg/dm3, orthophosphate phosphorus between 0.02 and 0.32 mg!dm3 and ammonia nitrogen between 0.05 
and 0.22 mg/dm3. 

The temperature and dissolved oxygen isoplcths for the period October 1977 to September 1978 are shown in Figures 5 
and 6 respectively. 

There was no pronounced temperature stratification during the study period although for a short period during Oc- 
tober 1977 ramp stratification became evident. This same picture was evident for the dissolved oxygen regime of the 

Limnology - some S.A. impundmenrs 101 



impoundment and no anaerobic hypolimnion was detected. There were two periods, however, during which the 
dissolved oxygm levels dropped. namely during January 1978. and more pronounced durinx October 1978. The 
temperature and oxygen regimes are very much a result of the severe wind conditions that reign at Bl-hof Dam. 

Of the total annual inflow into Bloemhof Dam only 6.9 % was contributed by the Vet River. Correspondingly only 
8.8 % of the total orthophosphate ph~phorus  and 6,3 % of the total inorganic nitrogen load was contributed by the Vet 
River. Furthermore 473 % of the total annual orthophosphate phosphorus load entered the impoundment during the 
3 months January to &rch 1978. 

The orthophosphate phosphorus loading rate for Bloemhof Dam during the study period was 7.85 g.m".a-' P and the 
ino~ganic nitrogen loading rate was 44.9 g.m-z.a-' N. According to Vollenweider (1968) this would indicate that the 
impoundment w s  eutrophic. Coupled with this loading rate was a mean annual chlorophyll a value of 22.5 pg/drn3 for 
monthly 5 m hosepipe samples. 
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TABLE 1. Characterir,tics of Bloernhof Dam and its catchment 

Geographical location 27 40.2j'S; 25 37'E 
Macisrerial district Blwmhof 

s 

Catchment type 
Usage of dam 
Catchment area 
Inflowlng rivers 
Dam wall com~leted 
'F S L volume 
F S L area 
F S L maximum depth 
F.S.L mean depth 

Urban, cultivated, uncultivated, mining 
Irrigation, minor domestic 
107 911 km' 
Vaal, Vet 
1970 

TABLE 2. A summary of monthly hydrological characteristics of Blcemhof Dam (Oct. 1977 - Sept. 1978) 

Deviation of 
Maximum Minimum Mean 'C.V. mean from 

average % 

Volume x 10' mf 
Area kma 
Mean depth rn 
Monthly inflow x 10' m3 1 717,876 349.513 693,352 
Monthly outflow x 10%' - - - - - 

' C V .  = coefficient of variation 

TABLE 3. A summary of physical and chemical characteristics of inflowing, outflowing and impounded waten of 
Blwmhof Dam far October 1977 to September 1978. 

DAM STATIOS 
VAAL RlVER VET RIVER 

PARAMETER T O P  BOTT0.M 

Min Max >lean C.V.. Min >lax Hean CV.* Min M a x  Mean C.V.' Min Max Mean C.V.' 

S a  

K 
Ca 
SZg 

SO, 
CI 
Si 
Cond 
Alk 
Tar Ki-S 
Dis Kj-S 
NH,-S 0.05 0.22 0.15 44 0,09 0,SO 0,17 36 0,010 0 ,1200 ,060  56 0,010 0.19 0.07 87 
S O 1 - S  0.08 1.95 0.82 80 0.12 132  0.85 81 0.03 P.57 0.24 192 0,010 1,320 0,350 129 
SO,.S 
Tot P 
Tor dis P 
P O ~ P  0.02 o,sz O , I O  92 0.01 0.41 0.10 11s o.060 0,500 0.220 59 0.01 0.46 0.16 l l n  
Fe 
hl" 
Temp 
DO 
Tu 

*C.V. = coefficicnr of variarion 
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TABLE 4. Hydrological characteristics, nutrient loading rates, chlomphyu a and water transparency 
characteristics of Bloemhof Dam (October 1977 - September 1978) 

Mean depth m 
Remtion time a 
Hydraulic load m/a 

Surface lmding rates g/mz.a" 
PO,-P 7.85 
Total P 
Inorganic nitrogen 44.9 
Total nitrogen - 

Maxim- Minimum Mean 

Chlorophyll a pg/dm3 98 5 29.5 
Secchi depth m 1.05 0,3Z 0.66 

FIGURE 1. Blambof Dam catchment. 
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FIGURE 3. Frequency hircognma for dud parpmmn for the mrface waters of Blmnhof Dam. 
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RIEnLEI DAM 

P.J. Ashum 
National Iwitute for Water Research, Council for Scientifir and Industrial Research, 

P. 0. Box 395, PRETORIA 

INTRODUCTION 

The timnology of Riewlei Dam has been relatively well defined. A nwey investigating various phydcal and chetnical 
properties of southern African impwndments, showed Riewki Dam to have unstable thamd stra&cation and 
periods of oxygen super-saturation in summer as well as moderately m i n d e d  waters (Schutte and Basnan, 1973). 
Anaerobic conditions were not encountered in the hypolimnion. A survey of 98 South African impoundments based on 
algal biosays, ranked Rietvlei Dam as the most eutmphied impoundment in the counuy in temn of phmphonu 
availability, with an algal growth potential of 660 mg/dm3 (Tamien et el., 1975). Subsequent more detailed studies on 
the impoundment and its catchment confinned the highly eutrophic nature of the impoundment and emphasized the 
variability in the algal populations due to the nitrogen-limited inflowing waters (St* et aL, 1975; Ashton. 1976: 
Wamsley and Ashton. 1977: Walmley el a l ,  1978; Ashton. 1979; Toerien and Walmsley, 1979). h&ve algal 
populations have c a d  problems at the Rietvlei water purification works (Seaman and Pitt. 1979) and these pmhlans 
are likely to continue in the foreseeable fumre. 

- DESCRIPTION OF THE AREA 

The basic characteristics of the impoundment and its catchment are shown in Table 1. The impoundment is fed by one 
major inflowing river, the Hennops River, and four small intermittently-flowing streams which drain the area d b d y  
to the north and south of the impoundment (Fig. 1). The catchment area of Riewlei Dam is used predominantly for 
agricultural purposes, with both cattle ranching and the ~ d t i ~ t i o n  of maize bemg important. The predomhant 
vegetation type of the catchment area is highveld g r s l a n d  (Acocks. 1975). The southern end of the catchment area 
contains mainly suburban and indunrial areas forming part of the municipalities of Kempton PaA and Benoni. 

The Kempton Park sewage work are located on the headwaters of the Hennapa River (Fig. I). appmximately 25 
upstream of the point where the Hennops River flows into Rimlei Dam. The effluent fmm this sewage works con- 
tributes between 20 4, and 70 % of the water and most of the nutrients that flow into Riewlei Dam(Walmslq et aL, 
1978: Toerien and Walmsley. 1979). 

Mmt of the area immediately adjacent to the impoundment has been declared a game sancmaly. the Van Riebeeck 
Game Re~erw. The remainder is open to the pubtic for angling and yachting. The Rie~l.4 water pudication works. 
located at the dam wall, supply between 10 % and 15 % of the daily water requirements of the otg of Raoria. 

The impoundment's basin has a more or less equally shallow slope all the way around the perimeter, with the exception 
of the area near the dam wall and a portion of the south-eastem shoreline (Fig. 2). The impoundment is irregular in 
shape, having a length of 3.3 lun and a maximum width of approximately 1.6 km. Sampling stations used during the 
study are indicated in Figure 2. Shon-term hydrological characteristics of RieNlei Dam (Table 2) show that the im- 
poundment experiences a wide variation in hydrological conditions between yean. The low mean water mentian t h e  

(0.37 years) shows that the impoundment L mU-flushed wen during dry years, possibly as a mmquenrr of the high 6- 
fluent load from the Kempton PaA Sewage Works. 

RESULTS AM) DISCUSSION 

A summary of monthly hydrological characterisdcs of the impoundment for thc study year (Jan. 1976 - Drc. 
1976) shows that Rietvlei Dam received lower inflow than average (Table 3). Despite this, the mean water retention 
time was also low (0.33 years - Table 5). When monthly inflow was at a maximum, approximately 45 % of the im- 
poundment's volume was replaced within one month, giving an actual water mention dw of approximately 70 day. 
During the study, the draw-down of impounded water was initiated as a flood conml strategy on 13 February 1976 and 
continued intermittently throughout the study. An interesting side effect of the draw-down was that the a t ens in  mar- 
ginal beds of Potamogeton pectimtus L. and Potamogeton sthwmfurfhn A. Benn were completely upmd, becan- 
ing dried out and succumbing to frost expasure during June and July 1976. 

Chemical analysis of the inflow, outflow and impounded water showed that relatively high levels of disolved numcna 
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TABLE 1. Characteristics of Rietvlei Dam and its catchment 

Geographical location 
Magisterial district 
Catchment type 
Usage of dam 
Catchment area 
Inflowing river 
Dam wall completed 
'F.S.L. volume 
F.S.L. area 
F.S.L. maximum depth 
F.S.L. mean depth 

25 O 52.55 28 15,75'E 
Pretoria 
Urban-indu~trial/asri~ltural 
Water supply, recreation, flood control 
492 lun' 
Hennops 
1933 
12,024 x 106 m3 
1,877 km2 
17.17 m 
6.40 m 

'F.S.L. = full supply lcvd 

TABLE 2. Shon-term annual hydrological charactrristin of Rietvlei Dam 

'Average 'C.V. 
mean 

Volume x 106 m3 
Area km2 
Mean depth m 
Annual inflow x 106 m3 
Annual outflow x lo6 m3 
Retention time a 

.Average mean ir bared on monthly V ~ U R  and an annual cycle 
Period: January to December (1975-1977): 
C.V. = coefficient of variation. 

TABLE 3. A summary of monthly hydrolo~cd characteristics for Rietvlei Dam (Ian. 1976 - Dec. 1976) 

Deviation of 
Maaimurn Minimum Mean *C.V. mean from 

average % 

Volume x lo6 m3 12.199 6.344 9.312 44 - 6 
Area km2 1.88 1.19 1.55 16 - 4 
Mean depth m 6.48 5.32 5.93 7 - 4 
Monthly inflow x 10' m3 549 1.32 2.68 55 - 29 
Monthly outflow x 10' m3 5.91 0.63 3.09 52 - 21 
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TABLE 4. A summary of physical and chemical characteristics of water samples c o k ~ t e d  fmm the inflowing river 
(Hennops River), the outflow and a dam station (3) on Rie~le i  Dam. Values are based on weekly 
samples collected between January 1976 and December 1976. 

DAM STATlON 
HENNOF5 RIVER O U T n O W  

PARAMETER TOP BOTTOM 
- 

Min Max Mean C.V.. Min Max Mean C.V.. Min Mar Mean C.V.' Min Max Mean C.V.. 

Na 
K 
Ca 

Mg 
so, 42.0 49.0 46.0 7.8 34.0 40.0 38.0 9.1 52.0 63.0 56.7 10.0 38.0 49.0 42.7 13.3 
CI 20.0 22.0 21.0 4.8 21.0 m,o 21.0 o 19.0 24.0 21.o 12.6 20.0 22.0 21.o 48 
Si 1.0 5.6 2.8 39.7 3.8 6.2 4.9 13.5 1.8 9.8 4 ,944 .2  1.4 7.6 3.3 35.1 
Cond 28.0 52.0 40.7 14.4 30.0 57.0 42.7 15.0 41.4 66.0 51.9 12.5 30.0 58.0 41.2 16.5 
AIL 100.0 162.0 124.3 10.6 88.0 192.0 133.6 16.2 114.0 182.0 155.0 10.6 90.0 167.0 126.1 12.8 
Tot Kj-N 0.4 4.2 1.8 43.5 1.5 6.4 2.7 32.3 0.8 3.7 1 , 4 3 8 . 1  0.8 3.9 1.8 31.3 
Dis Kj-N 0.3 3.6 1.4 55.9 1.3 4.5 2.1 28.6 0.3 1.9 1.1 37.4 0.3 3.2 1.4 35.2 
NHIN 0.020 0.400 0,107 79.2 0,050 2.500 0,640 92.8 0.046 0.257 0,138 33.7 0.062 0.950 0.251 63.0 
NOs-N 0.010 0,600 0,156 69.6 0,022 0.800 0,309 47.4 0.030 0.700 0,228 56.5 0,020 0,500 0,268 39.1 
NO,-N 0.002 0,030 0.009 70.8 0.002 0,200 0.033 108.2 0,002 0.030 0.009 69.9 0,002 0.180 0.015 172.2 
Tot P 0.4 1.9 0.8 37.3 0.5 2.8 1.3 40.8 0.6 3.9 1 ,745 .6  0.4 2.0 0.9 35.1 
Tot dL P 0.2 1.8 0.65 48.4 0.3 2.5 0.93 50.5 0.5 2.7 1.22 39.7 0.3 1.8 0.72 40.7 
POrP 0.165 1.200 0.388 49.1 0,200 1.700 0.607 67.2 0.300 2.000 0,879 52.3 0,200 0,900 0,423 41.2 
Fe 
Mn 

T w ~  10.1 24.8 18.6 24.7 9.6 21.0 15.3 23.6 
DO 5.4 16.8 9.0 26.3 0 7.0 2.5 89.2 
T" 

pH 7.75 9.25 8.31 5.4 7.30 8.45 7.70 3.7 7.60 8.30 7.85 2.6 7.50 8.90 8.04 4.1 
Chl. o 2.7 57.3 9.9 104.2 0 0.3 0.05 228.7 

'C.V. = cnfficienr of variation 

TABLE 5. Hydrological characteristics, nutrient loading rates, chlorophyll a and water nansparency 
characteristics of RieNlei Dam Uan. 1976 - Dee. 1976) 

Mean depth m 
Retention time a 
Hydraulic load mia 

Surface loading rates g/m2.a-' 
PO,-P 15.82 
Total P 32.49 
Inorganic nitrogen (river) 8.0 

Total nitrogen (river) 31.8 
Nitrogen fuation 9.5 

Maximum Minimum Mean 

Chlorophyll a irg/dm3 
k c h i  depth m 
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FIGURE 1. R i a l e i  Dam catchment. 
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FIGURE 2. Map of Ritvlei Dam, ahowing depth mntoun, the location of thc old atmm and river mmr, pm- 
mt lake h e 1  and l m h  of inflow, oucRow and lake sampling sires. 
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FIGURE 3. Frequency histognrm for v l d  p r n w l e n  prtinent to the surface waun of Rietvlei Dam. 
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FIGURE 4. Frequency histograms for selected parameters pertinent t o  the surface watea of Riefvlei Dam. 
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RGURE 5. Distribution of h t h e n m  in Rimlei D m  (Jan. 1976 - Dm. 1976) 

FIGURE 6. Distribution of o x y p  isoPlelhs in Rietvld Dam (Jan. IW6 - Dec. 1976). [Sampling dates are m w -  

ed; Hatched area indicate anaerobic zone; changes in water level are indicated at rhe bottom of each 
hpleth.] 
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ROODEPLAAT DAM 

A.J.H. Pietene 
Institute for Environmental Sciences, Uni~wri ty  of the Orange Free State, 

P 0 .  Box 339, BLOEMFONTEIN 
and 

C.A. Bruwer 
Hydrological Research Institute, Depmtrnent of Water Affairs, 

Pn'mte Bag X313, PRETORIA 

INTRODUCTION 

Roodeplaat Dam, situated approximately 20 km from Pretoria, has been studied extensively over a number of years, 
primarily to describe the limnological characteristics of the impoundment with regard to eutrophication. 

On the basis of algal bio-assay studies. St+ el nl. (1976) showed that the water of the Roodeplaat Dam was highly 
enriched, and Toerien et al. (1975) ranked this impoundment as being the third most eutrophic water body of the 98 
South African impoundments investigated, and that algal growth is primarily limited by nitrogen. Results of Toerien 
and Stejin (1975) indicated that both nitrogen and phosphate could be the plimary growth-limiting nutrient depen- 
ding upon the time of the year, while Pieterse and Toerien (1978) found statistically a better correlation herween the 
average orthophosphate phosphorus and chlorophyll a concentrations over a two-year study period. 

Toerien (1977) applied Vollenweideis eutrophication model (Vollenweider. 1972) to Rwdeplaat Dam results, and 
showed that this impoundment (Like Hartbeesprt  and Rietvlei dams) falls well within the eutrophic categoly. 

Walmsley et a1 (1978b) described considerable horizontal variation in most chemical and biological characteristics of 
the water body, while Pieterse and Toerien (1978) illustrated gradients in nutrient and algal concentrations on the 
basis of which the following relationship between orthophosphate and chlorophyll a was determined: 

log,, Chl a = 1.232 (loglo PO4-P)-0,509 

(r = 0.98; n = 6) 
where Chl a = mean annual surface chlorophyll a concentration in pg/dm3 

PO,-P = mean annual surface orthophosphate phosphorus concentration in pg/dm3 

Pietene and Taerien (1978) divided the impoundment into a more productive western and less productive eastern -- 
tion, and suggested, together with the above xgresion h e ,  that 26 pg/dm3 POcP represents a level beyond which 
algal nuisance conditions may develop in Rwdeplaat Dam. 

The present study presenua summary of results on certain physical, chemical and biological observations made during 
1977 and 1978 in close proximity to the dam wall, relating it to observations made in the three inflowing streams. The 
Roodeplaat Dam study, together with several other South African impoundments, was included in a study to develop a 
eutrophication model applicable to South African conditions, far the following reasons: The impoundment is highly 
eutrophic due to a specific point source of enrichment; the impoundment has been studied rather intensively for a con- 
siderable period of time 5 0  that extensive historical data are available: the impoundment is an important recreational 
site: and it is used as a potable water supply source. 

DESCRIPTION OF THE AREA 

The Rwdeplaat Dam (Fig. 1) is situated in the Pretoria district (23 5 8 J ;  27 ' 43'E). The dam wall was completed in 

1959. Since that time the use of the dam for irrigational purposes has been curtailed, and it has become an important 
recreational site. Potable water from the dam is drawn by the Baviaanspwrt Prison and the Department of Water Af- 
fairs. 

The net capacity of R ~ d e p l a a t  Dam is 41.9 x 106 m3; it coven an area of 396 haat full supply level, is 1 314 m above 
sea level. and has a mean depth of 10.6 m and a maximum depth of 43 m (Table 1). 

The catchment (668 Lm3 is situated in a summer rainfall region with an avenge annual rainfall of approximately 
700 mm. Approximately 12 % of the catchment is urban/industrial (Fig. 1). 25 % is mltivated land, and the remainder 
comprises sour grassveld and mixed bushveld (Walmley and Taerien. 1979)- 
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Each of the t h e  streams flowing into Roodeplaat Dam (HmbeeJspruit. Edendakspruit and f i e n a ~  River), entm at 
a different point. and the water body has a sinuous shape (Fig. 2). 

The Morelettaspruit/Hanbeesspmit system originates in an urban area of Pretoria and bypasses the indusmal area of 
Silverton. The Edendalespmit drains agricultural land and grassland. The Pienam River originates in a rural area. 
fl- through the Mamelodi Towuhip and then passes the Baviaanspxt Sewage Works which was commissioned in 
1966 and which treats efiluent from the Marneldi Township (population 120 000 people in 1975). The sewage works 
discharges between 220 and 470 x 103 m3 of mated effluent per month into the Pienaan River (Walmsley and Toerien, 
1979) conuibuting up to 25 % of the total water inflow of the dam ( W h l e y  el a/. , 1978a), at the same time being the 
primary nutrient source of the dam contributing up to 75 and 87 % of the b l v e d  nitrogen and phoaphom annual 
loading rqectively (Walmsey and Tcerien. 1979). In general, the inflow L seasonal with heavy flmdingof the system 
a-g during the rainy summer months (Walmsley and T h e n ,  1979). Walmley et aL (1978h) estimated the 
mean water retention time as being 1.5 and 0.6 years for 1973/74 and 1974175 respectively. 

RESULTS AND DISCUSSION 

The a m g e  mean inflow for the IGmonth study period (sec Tahle 3) comprised 110.964 x 10' m3. giving a water 
mention time of 0.38 years (4.6 months) compared with the average mean annual intlow for the period 1970/78 of 
59.01 x l(r m3 (water retendon time 0.7 years or 8,4 montbs; Table 2). The inflow for 1978 was therefore about twice 
the long-term inflow, indicating an above average wet summer. 

A w a r y  of the chemical characteristics of the dam water and the inflowing waters is presented in Tahle 4 and 
Figura 3 to 5. The concentration of some constituents were higher in the deep water compared with the surface water at 
the dam wall (e.g. Kjeldahl-nitrogen, ammonia-nitrogen. Total phmphate, Total dissolved phosphate and onhophos- 
phate phmphonw). 

The inflowing sm- differed markedly in their-chemical composition. In the Edendalespmit water the concentra- 
tions were generally lower than in the other Mowing waters, or in the impoundment itself. The mean concentrations 
of Na, Ca. Mg. SO, and GI in the Hanbeesspruit water were in excess of that of the other two inflowing screams in- 
dicating a source of mineralized water. The results of Walmsley and Taerien (1979) were in general similar for the 
1973/75 period. Pienaan River water had by far the highest concentrations of N- and P-containing substanca. The 
concentrations of orthophmphate phmphonw, total dissolved phosphate, ammonia-nitrogen; nitrate-nitrogen, nitrite- 
nitrogen and dissolved Kjeldahl-nitrogen in the Pienaars River were lower than the values reported by W b l q  and 
Toerien (1979). possibly indicating a diluuon effect. 

Frequency histograms showing the ranges of v a l u ~  encountered for certain physical and chemical parameters are 
presented in Figures 3 to 5. A normal distrihuuon around the mean was displayed only by the parameters conductivity 
md  K*lW-nitmgm. 

The surface loading rates of phosphate- and nirrogen-containing substances are presented in Tahle 5. The orthophm- 
pbatc-phosphorus loading (11.08 g.m.?.a-') for the 1978 period was higher than that of the 1973/74 (6.8 
g.m.q.a-') and 1974/75 (7.3 g.m.?.a-') periods studied by WaLnsky and Toerien (1979). When the retention 
time and surface loading rate of Total P are applied to the 1972 Vollenweider model. Rmdeplaat Dam still falls well 
within the eutrophic category. 

The mean available nitrogen (ammonia-nitrogen + nitrite n i t ~ n )  to mean (available) orthophmphate phosphom 
loading ratio comprised 12.1 compared with a ratio of 13.9 for inorganic ~CtogeII and orthophosphate phmphanw 
concentration in the surface water at the dam wall. These results appear to indicate that in Roodeplaat Dam inorganic 
phosphate would be more Lnportant as a growth-limiting nutrient than inorganic nitrogen. 

Temperature and oxygen concentration conditions are presented in F~gures 6 and 7. The water column appears to be 
stratified both in temperature and in oxygen between August and Apd. Temperature destratification occurred partly 
in January, hut the oxygen deficit in the deep water appears to have been large enough so that the oxycline was main- 
tained. From November to March water below the 10 m level was anaerobic. r e p d g  a volume of - 20 x 10( d, i.e. 
- 50 0/, of the t a d  volume of the impoundment. 

The incomplete temperature destratification in January was brought about by heavy rains and large inflows. The 
January inflow amounted to 63.27 x 10r m3 (the highest value for the 1970178 period) giving a water retention time of 
0.6 months (18.6 day). During January. February and March Raodeplaat Dam had been flushed almost 3 times. 

The above -Its clearly illustrate that the inflow volume is variable. Despite the variation in inflow volume the water 
level, surface area and water volume of Roodeplaat Dam were relatively constant during the study period (see Table 3). 

The mean chlorophyll a concentrarion of the surface waters at the dam wall station was 17 ,&g/dm' (standard deviation 
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16 pg/dm3) for 1978, compared with 19.7 pg/dm3 (standard deviation 12.5) for 1976 to 1977 (Pietcne and Toerien, 
1978). and - 14 pg/dm3 for 1973 to 1975 (calculated from WaLNley and Tocrien, 1978b). It therefom appears that 
the annual mean chlorophyll a concentration at the dam wall is fairly constant. 

A total number of approximately 80 phytoplankton speck were identified fmm the Roodeplaat Dam, while algae Like 
MicrocystLr oemgzkosa, Anabaena  nicinnlis and Melosira granuhta  appear to be the dominant populations (Pietene 
and R6hrbeck; unpublished results). 
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TABLE 1. Characteristics of Rmdeplaat Dam and its catchment 
- - 

Geographical location 23 58's; 27 43'E 
Magisterial district Pretoria 
Catchment type Urhadindustrial, farmland, mine  
Usage of dam Recreation, potable water 
Catchment area 668 h2 
Inflowjng riven Pienaan River. Hanbeesspruit, Edendalespruit 
Dam wall completed 1959 
*F.S.L. volume 41,907 x lo6 m3 
F.S.L. area 3.96 kmz 
F.S.L. maximum depth 43 m 
F.S.L. mean depth 10.6 m 

*F.S.L. = full supply level 

TABLE 2. Average term annual hydrological characterisrim of Roodeplaat Dam 
- - 

'Average 'C.V. % 
mean 

Volume r lo6 m3 41.425 3.3 
Area km2 3,898 2,6 
Mean depth m 10.57 0.7 
Annual inflow x 106 m3 59,Ol 
Annual outflow x lo6 m3 55,68 
Retention time a 0.70 

*Average mean b based on monthly v a l u ~ s  and an annual cycle: 
Perid. January to -her (1970 - 1978): 
C.V. = cddent of variation. 

TABLE 3. A summary of monthly hjrdrological characteristia for Rmdeplaat Dam (Dm. 1977 - Dec. 1978) 
1978) 

- - 

Deviation of 
Maximum Minimum Mean T . V .  mean from 

average % 

Volume a lo6 m3 42.427 41,568 42,184 0.52 
Area km2 3,969 3.909 3.9% 0.34 
Mean depth m 10.6 10.6 10.6 0 
Monthly inflow x 106 m3 63.272 0,075 9.247 198.8 
~ ~ ~ ~ h l ~  outflow 10%~ 63,780 0,671 9,219 201.8 

'C.V. = codfcient of variation 
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TABLE 4. A summary of physical and chemical characteristics of water collected from the idlowing rivers and 
dam wall stadon on Roodeplaat D m .  V a l u ~  are b a d  on bi-weekly samples collected over an annual 
cycle between Dec. 1977 and Dec. 1978 

011 STATION 

PIENAARS RlYLR HARTBEESSPKUIT WENDALFSPRUIT 
PARIVETER TOP BOTTOM 

Min Max Mean C V '  Min Mar Mran C.V. \Iln Mar Mean E.Y.' Min &far Mean C.Y.' Min Max M ~ a n  CV.' 

Ca 

\,p 
SO, 

CI 

"is K, ti 

BY& N 

KO, x 
KO. N 
TO, P 

10% dl5 P 
PO. P 

h 
M" 
lrmp 
m 

'C.V. = coefficient of variation 

TABLE 5. Hydrological characteristics, nutrient loading rates, chlorophyll a and water transparency 
characteristics of Rmdeplaat Dam (Dec. 1977 - Dec. 1978) 

Mean depth m 
Retention time a 
Hydraulic load m/a 

Surface loading rates g/m2.a-' 
PO,. P 
Total P 
Inorganic nitrogen 
Total nitrogen 

Maximum Minimum Mean ' 

Chlorophyll a g / d m 3  
k c h i  depth m 
- - - 
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FIGURZ 1. Rmlepbat Dam catchment. 

IZ4 





SODIUM lmg/dm31 SULPHATE irngldm31 

> 10.0-125 

, 4 5  -15.0 

> 150-17.5 

> 250-21.5 > 17.5-MO 

> 27.5 

2 4 6 8 10 , POTASSIUM img/dm31 

5 1.0 I 
CHLORIDE lmqldm3l 

MAGNESIUM imgldm31 FLUORIDE lrngldm31 

FIGURE 3. Frequency histograms for selected parameten pertinent to the surface waters of Rdeplaat  Dam. 
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FIGURE 4. Frequency histoprams for selected parameters pertinent to the surface waters of Rmdeplaat Dam. 
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FIGURE 5. Fnquenq hkmpwm tor v l d  pvlnsern perdntnt to the surface warns of Roodeplvt Dam. 
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1977 1978 
MONTH 

FIGURE 6. Isopleth diagram for tanpmturr in Roodqhat Dam (shaded mas indicate anaerobic zone). 

FIGURE 7. Isopleth diagram for oxygen in Roodeplut Dam (shaded areas indicate anaerobic zone). 
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ALBERT FALIS DAM 

C.G.M. Archibald, R.J. Warwick, B.K. Fowle. M.S. Muller and A.C. Butler 
National Institute for Water Research, Council for Scientific and Indurtrial Research, 

P. 0. Box 17001, Congello, DURBAN 

Albert Falls Dam was completed in 1976 and is the largest reservoir on the Mgeni River. Situated below Howick 
between Midmar and Nagle dams it is strategically positioned to serve as pan of a major water supply for the Duihan- 
Pietemaritzhurg region, in which almost 50 % of the population of the province of Natal reside. It was primarily 
designed for potable purposes hut the controlling authorities designated the dam as another major inland aquatic 
recreational area because of its proximity to a heavily populated pan of Natal. Therefore, to ensure that the diverse in- 
terests of parties using the system are well catered for, the water quality of the dam must be maintained by effective 
management strategies. 

DESCRIPTION OF THE AREA 

The dam wall is constructed on the bedrock overlooking the Albert Falls on the Mgeni River. near Cramond village 
where Dwyka shales and sandstones are common. However, most of the submerged area of the dam and a large pan of 
the immediate catchment are dominated by Ecca shales and sandstones which give way to the more recent Beaufon 
series also of the Karoo system, higher up in the Karklwf range. 

The Mgeni River enters the system from the west after leaving Midmar Dam and pming through the town of Howick. 
This river is the major inflow and it is joined by the large Karkloof tributary a few kilometres upstream from Albert 
Falls Dam. Soluble reactive phosphate values have always been law (less than 0.006 mg/dm3 P - Hemens el al., 
1976). Nitrate-nitrogen values fluctuated between 0,149 mg/dm3 N and a maximum of 1,202 mg/dm3 N during 
periods of high flows in the wet season. Since Midmar discharge never exceeded 0,300 mg/dm3 N it has been assumed 
that there was a considerable runoff from the catchment between Howick and the Albert Falls Dam leading to increased 
mncenuat io~ at certain times. 

The Dorinprpruit enten the dam from the south-west and drains the Otto's Bluff region while the Nculwane which 
drains the greater Cramond valley, reaches the dam from the north-west. Both riven were low in suspended solids and 
soluble reactive phosphate concentrations for most of the year but nitrate levels often exceeded 4 mg/dm" ppar- 
titularly during the wet season. The high concentrations associated with the early runoff from the lands may be related 
to the more sophisticated and intensive use of fertilizers in the Karkloof and Nculwane catchments (Fig. I). 

In 1967 the catchment area between Albert Falls and Midmar Dam supported approximately 20 OM) people of whom 
the great majority were rural (Van der Zel. 1975). Over 50% of the region can be considered undeveloped veld while 
agricultural interests include a small amount of sugar cane. citrus and other cash crops. Dairy and beef herds together 
with poultry, sheep and pigs represent the livestock of economic importance in the area. 

Together with Midmar Dam this system is destined to be a major recreational centre as well as being an imponant 
water resource. The Natal Parks Board has jurisdiction over much of the peripheral land and resort developments have 
been in pragres for some time. 

A bathymetric map of Albert Falls Dam indicates that the dam is a wide expanse of relatively shallow water without 
any striking morphological features. Unlike rhe dendritic nature of Midmar Dam there is a shallow inlet leg which ex- 
pands and gradually slopes into the main basin with irregular depth contours. A small shallow inlet leg on the nonh- 
west side of the dam demarcates the boundary of the f l d e d  Nculwane valley. The positions of the sampling stations 
on the rivers and the station near the dam wall are indicated on the barhymetric map of Albert Falls Dam (Fig. 2). 

RESULTS AND DISCUSSION 

The basic characteristics of the impoundment and its catchment are shown in Table 1. A l k n  Falls Dam was completed 
in 1976 and therefore there is no average term (10-year) hydrological record. However, the figures are quoted from 
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hydrological data available since records were started in 1976. Table 2 gives a summary of the monthly hydrological 
behaviour of the sysrem during the study year from November 1977 until the end of October 1978. 

The total inflow to Alhert Falls Dam of 190.33 x 10' m3 during the period of the investigation is made up from the 
Mgeni (82.9 %), theNculwane (11.0 7%) and the small Doringspruit (6.1 %). The input from the precipitation during 
the same period was calculated as 25.37 x lor m' which may make a signif~cant contribution to the nutrient load enter- 
ing the dam. 

Based on the net o u ~ o w  from the dam during the study period the retention time was calculated as 1.54 years (564 
days) which is the longest retention period of all the systems investigated in Natal. The flushing rate h therefore only 
0,64 times per year. Although the volume did alter slightly during the study, the surface area remained unchanged and 
the mean depth was constant (coefficient of variation 1 %). 

The measure of control exercised on the hydrological regime of Alhert Falls Dam is indicated by the absence of a mark- 
ed seasonal variation in the inflow and outflow. The controlled diiharge from Midmar Dam provided a reasonably 
constant input via the Mgeni River (mean monthly inflow, 13.15 x lo6 m3: coefficient of variation 23 7%) and despite a 
small winter decrease the Mgeni inflow overrides any fluctuations in the Nculwane and Doringspmit contributions 
which remain small and uncontrolled. The nitrogen loading pattern was not markedly seasanal since 58 % of the total 
nitrogen load entered the dam during summer and yet 71 % of the total phosphate load reached the dam during the 
same This was attributed to the marked increase in total ~hosphate concentrations in the rivers during the 
high surface runoff periods and short-term flow maxima in summer. 

Frequency histograms for surface water data are presented in Figures 3 to 5. 

Calcium was frequently the dominant cation followed closely by sodium and thereafter magnesium and potassium. 
Soluble phosphate concentratiom in the surface waters were always low with more than 80 % of the observatim 
being less than 0,002 mg/dm3 P. Total phosphate (dItered) values nwer exceeded 0,030 mg/dm3 P. The organic 
nitrogen fraction never exceeded 0.600 mg/dm3 N but the nitrate levels were always less than 0.125 mg/dm3 N and 
70 % of the observations were l m  than 0.025 mg/dmf N. The indications were that there was a sporadic nitrate loading 
on the system but rapid immobilization by algal growth reduced the nitrate levels and maintained low ambient concen- 
trations. Soluble silica levels were very low during periods of diatom growth and about 50 % of the observations were 
below 1,O mg/dm3 Si. ChlorophyU a concentrations did nor reach high lwels but ranged between 2 to 10 pg/dm3 and for 
60 % of the study period the levels were l m  than 6 ,tg/dm3. 

Albert Falls Dam can be classed as a warm monomictic system which displayed the normal pattern of summer 
stratification, autumn turnover and isothermal winter conditions during the period of investigation. 

Although the t h e m d i n e  was not strongly defined it was reasonably stable at the 8.0 m mark where the temperature 
gradient steepened. Wind-induced turbulence briefly interrupted the upper layers but during calmer summer days 
surface temperatures reached 28 OC. A 10 OC differential between surface end bottom water occurred frequently dur- 
ing stratification. 

v 

Oxygen isopleths clearly differentiate the weU oxygenated e p W o n  extending from 8.0 m upwards and the larger 
oxygen defident hypollnnion. Anaemhic conditions prevailed from the end of January 1978 until the end of April. 
Hydrogen sulphide odour~ were frequently strong at the surface of the dam while manganese or iron precipitations 
were evident in the Mgeni River below the discharge. Algal photosynthesis was probably responsible for supenatura- 
tion of the surface waters from November 1977 to February 1978 and again from early August until Novemher 1978. 
For over 80 % of the period of investigation the oxygen content of the surface waters exceeded 7.5 mg/dm3. 

Sulface pH values ranged between 7.1 and 8.2 and nearly 75 % of the observations lay between 7,5 and 8.0 indicating 
a steady photosynthetic production over a long period of time. The surpended solids in the dam were always low even 
during periods of high chlorophyll a concentrations in April and November. Setchi depth values were amongst the 
highest recorded in Natal reservoin and reached a maximum of 437 cm in July. Turbidity values nwer exceeded 6.0 
Jackson Turbidity Units and water transparency was influenced more by suspended silt from feeder stream than by 
algal concentrations. Unlike Midmar Dam, turbidity of the water did not increase in the winter months although 
Albert Falls Dam is also often exposed to wind. 

The phytoplankton ppulation of Alhert Falls Dam was rich in species diversity and very variable in numerical 
dominance from month to month. A more complete analysis is desirable hut some of the most common species record- 
ed from the dam during the year includeMycrocystir and Anabaenn: Melosira granuhta (Ehreh.) Ralfs was the domi- 
nant diatom but other f o m  such as M gmnuIata mr. ongwtirrima Midl Melorim dirtam (Ehrenh.) Kiimng, were 
recorded. Frap'hrin and CyclotelLz species were frequently observed. Ankirtrodermw Bmunli'(Naer.) Rnznrrh=l= = 
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d Comrium p i e s  and Staurodesmtu rebaldi Rei-h war  the most c o m n  Chiomphya. A large Peridinium 
species was present during summer while the Cryptomonads were prevalent during winter. 

Albert F& Dam &o hm a large divenity of zooplankton of which Tkenoc)iclops oboblongatur (San.) was numerically 
dominant. Diaphnnosoma excirum San. was the most abundant Cladoceran during summer and autumn while 
Bosmina Iongirostrir (O.F. MCUer) was vev common throughout the year. Daphnia pulex Ley& and Daphnii 
lon,q3pinn O.F. Mkller increajed in numbers during the winter months. 

The most mmmon of the rotifen were Hexorfhra species and Brachionus colycif2om Pallas during the summer and 
autumn months. 

Nutrient loading rates for orthophosphate (0.02 g.m-2.a" P) and inorganic nitrogen (2.80 g.m-2.a-' N) have been 
estimated for the study period and represent some of the lowest aerial loading figures for Natal reservoin. However, 
these low nutrient loading rates are counteracted to some degree by the relatively long retention period of Albert Falls 
Dam. The total phosphate loading rates ( 0 2 5  g . d . a  - 1 P) and total nitrogen loading rates (4.83 g.m-2.a-' N) represent 
a tenfold increase relativr to orthophqhate loading, and nearly twice the rate for inorganic nitrogen, showing that a 
substantial component of the nutrient load may be introduced into the system in a form not readily available for algal 
growth. 

Albert Falls Dam is a young unstable system with a high diversity of both phytoplankton and zooplankton species. It 
can be dasified as a clear water, oligotrophic, phosphate-limited sytem. There was no measurable evidence of 
deterioration in the water quality of the Mgeni River in its passage from Midmar Dam through Howick to Albert Falk 
Dam. 
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TABLE 1. Characteristics of Albert Falls Dam and its catchment 

Geopphical  location 29 ' 265: SO 25'E 
Magisterial district Howick 
Catchment type Forestry, grasslands, timber, daily, scrub thornveld 

Usas? of dam Potable, recreation 
Carchrnent area 728 km2 
Inflowing rivers Mg-eni 556 km2. Nculwane 74 kmz. Dorinpspruit 41 I d  
Dam wall completed 1976 
'F.S.L. volume 293,64 x lo6 m3 
F.S.L. area 23.85 km2 
F.S.L. maximum depth 24.6 m 
F.S.L. mean depth 12.3 m 

'F.5.L. = full supply lerrl 

TABLE 2. A summary of monthly hydrological characteristics for Albert Falls Dam (Nov. 1977 - Oct. 1978) 

Deviation of 

Maximum Minimum Mean T . V .  mean from 
average % 

Volume x lo6 m3 293.64 293.04 293.33 - - 
Area km2 23.63 23.63 23.63 - - 

Mean depth m 12.4 12.4 12.4 - - 

Monthly inflow x 106 m3 23.40 11.03 16.03 - - 
Monthly outflow x lo6 rn3 22.M 12.14 15.72 - - 

C .  = cocffirienr of variation 
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TABLE 3. A summary of physical and chemical characteristics of water collected from the inflowing rivers (Mgeni. Nculwane and 
Doringspruit), the outflow and a dam station (Dl)  on Albert Falls Dam. (Values are based on fort- 
nightly samples collected between November 1977 and October 1978) 

I M M  S'I'KllUN 
MCENl NCUI.WANE I~ORINCSl~RUIT OUTFLOW (MGLNI) 

I'ARAMEI'lK TOP 110TTOM 

Min M m  MIW.C.V: Min Mar Mran C.V: Man Msr Mran CV.. Min Max Mrau CV. '  Mm Mnr M r m  C.V.. Mln Mar Mran C.V.' 

NO) N 0.Uill 0.001 0,001 4 7  0.0111 0.001 0.001 69 0.001 0.006 O.OO3 51 0,11111 0.0013 0.001 49 0,001 0.012 0.110% 6% 0.001 0.0117 0.001 . 7 S  

I b l  P n.005 0.096 0.013 38 0,008 0,032 0.025 71 0.005 0,087 0.050 59 0,001 0.077 0.018 81 0.010 0.116 O.flP(I 75 fl.009 0.029 0,012 41 
Tm d n  V OM1 0.01, 0.001 97 0.m 0.02" O N *  8% 0,004 o,O,S n,007 28 O,W% 0,014 0,WS M 0.005 0,011 0,0111 92 0,001 0,011 % O M  26 

PO. I' 0.001 0.002 o.001 9s o.ao~ i l . n~s  O , O O ~  ~ a o  o o ~ l  0.007 0,002 7s 0,001 0,006 o.eel xn o.on~ 0,010 0,075 70 0.001 0.018 n.aox i w  
PF 



TABLE 4. Hydrological characteristics, nument loading rates. chlorophyll a and water uansparency character- 
istic~ of Alben F A  Dam (Nw. 1977 - Oct. 1978) 

Mean depth m 12.4 
Retention dmc a 1.54 
Hydraulic load m/a 8,05 

Surface loading n t a  g/mz.i' 
PO,-P 
Total P 
Inorganic nitrogen 
Total n i t m ~ n  

Maximum M i u m  Mean 

Chlorophyll a pg/g/dm3 

Secchi depth m 

LEGEND .......... ......... 
Wb.. A M  

-.I ......... .......... 
A~imlwal Am0 

Cahnnt Bovndorr 

0 5 L. 

FIGURE 1. Alben F a b  Dam catchment. 
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ALBERT FALLS 

Nitmte- ~itmgw(mg/dm'l Orthophosphat. Phorphorvs hg/dm3)  

Nitrite- Nitmgen (mgldm3) 

I 
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5 0.002 
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>Wll  

Tempemlure F C  

5 14b 

DissoEKd Oxygen (mg/drn3) 

56.5 

> 6,s-7,O 

27.0-7.5 

> 7.5-8,O 

> 80-45 

> 8.5-9.0 

>9,0-95 

Turbidity (J.T.U) 

FIGURE 3. Freque~~c~ histograms for selected parameten pertinent to the surface raters of Albert Falls Dam. 
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A L B E R T  F A L L S  1977-  1 9 7 8  

REACTIVE SILICATE lm9/dm3 0s Sil 

4 0-5 

> Q5.I.O 

> 1.0-1.5 

>1.5-2P 

> 2.0 

Totol  O~ssolved Kpldahl N~trogmimg/dm31 

1 

FIGURE 4. Frequency h i s r q m s  for selected panmeten pertinent to the surface waters of Albert Falls Dam. 
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> 5-6 

> 6-7 

> 7 

Chlorophyll ( ,~g/rn~) 

> 6-7 

> 7-8 
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ALBERT FALLS 1978 

FIGURE 5. Frequency histograms for selected panmeters pertinent to the surface waters of AIben Falls Dam. 
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FIGURE 6. Temperamre distribution in Albert Falls Dam (Nov. 1977 - Nov. 1978) 

FIGURE 7. The distribution of disolved oxygen in Albert Fall, Dam (Nov. 1977 - Nov. 1978) 
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HAZELMERE DAM 

C.G.M. Archibald, R.J. Wamick, B.K. Fowlm, M.S. Muller and A.C. Butler 
h'ati~nol In~tf tute  for Water Rcs~arch,  Council for S n e n t f i  and Indwtnhl Research, 

P O .  Box 17001, Congello, DURBAN 

INTRODUCTION 

Hazelmere Dam is one of the few large coastal reservoin situated in a catchment dominated by sugar cane cultivation. 
In Natal there is a distinct possibility that agricultural practices related specifically to sugar cane cultivation may be 
responsible for considerable nutrient enrichment of reservoirs. The dam was completed in 1977 and therefore is the 
youngest system in Natal. 

The  reservoir was built to cater for the anticipated increase in demand for water by the greater Verulam area after the 
scheduled complerion of the international airport near La Mercy on the north coast of Natal. However, adverse 
economic factors hare slowed down the progress of the airport project and its associated development. Therefore it  will 
be a long time before optimal use is made of the impounded water at Hazelmere. Effective control and management of 
this system is now necessaly to reduce the accumulation of nutrients and excessive silt loads derived from an 
undeveloped upper catchment. 

DESCRIPTION OF T H E  AREA 

T h e  dam wall is situated in a gorgc a few kilometres upstream from the town of Verulam, in a region characterised by 
Dwyka sandstones which give way to older quartzites of the Table Mountain aeries of the Cape System in the immediate 
catchmmt. The  upper reaches of the catchment include areas of ultra metamorphic rocks from the Natal belt of 
metamorphism and granitizatian. 

The  ?.Idloti River is the only major input to the dam and therefore greatly influences the chemical composition of the 
system. T h r  river drains a catchment of 376 km2 in which there is no industrial development. Most of the catchment re- 
mains undevdoped g ~ a r ~ l a n d  but sugar cane cultivation is the dominant agricultural interest. Heavy fertilization of the 
lands at crrtain timer of the year could lead to rapid enrichment of the system after runoff from the steep hill s l o p  
(Fig. I ) .  

T h r  nutrirnt input to the dam via the hldloti Rixer increased considerably when silt loads were high after heavy rains 
resulted in flow maxima. Onhophosphate concentrations were always low hut the total phosphorus reached ahnor- 
mally high levels on 2 occasions. The  nitrate levels showed an equally large range(0.12 mg/dm3 N - 1.178 mg/dm3 N) 
and the total Kjeldahl nitrogen values increased markedly during high flows. Soluble silica inputs were among the 
highest recordcd with a n  annual mean of 9,6 mg/drn3. 

A hathyrncrrir map of the dam shows the riverine characteristics of the dam which is steeply contoured in places where 
rocky cliffs exisred in thc old river course. T h e  upper rraches of the dam are relatively shallow (<6 ,9  m) but towards 
thr  wall t h ~  deeper region exceeds 30.0 m. There are only minor ephemeral inputs draining the 'blind' valleys on the 
northrrn b a n k  of the dam. Sampling stations of the inflowing rivers are indicated on the bathymetric map of the dam 
and ihr immediate catchmmt (Fig. 2). 

R~crrational facilities arr being plannrd by the controlling authorities. Water skiing is presently the major recreational 
activity but fishing by the locals is also a popular pastime. 

There is no doubt that Hazrlmere Dam will he a major water rROUrCe for Verulam and the surrounding area in the 
future, and therrfore information from this system is of vital imponance in the development of a management strate- 
gy. This is particularly important when ir is fully appreciated that the major part of the catchment lies in an area in 
which soil conxrvation is limited. P w r  conservation has manifested itself in the very high silt loads which are d i s ~  
charg-ed in the dam via the hldloti Rivrr. High siltation rates and possible increases in nutrients from sugar cultivation 
arr a twin threat to thr Hazelmcre Dam. 

RESULTS AND DISCUSSION 

Haxlmrm Dam is a new systcm and therefore thrre arc no a v e r a g e - t ~ m  hydrological data available. However. Tahle 2 
gives a summary of the monthly hydrological behaviour of the system during the study year. 
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In the absence of inflows an estimate of the daily flows was based on a regresion Nme of rainfall on runoff 
for 9 measured points (coefficient of determination 9 = 0.896; Pearron. Department of Water Affairs, p e ~ n a l  
communication). The total inflow from the Mdloti catchment was calculated as 67.61 x 10' m3 from November 1977 to 
October 1378. Based on this input the retention time war calculated as 0.35 years (128 days) which gives a flushingrate 
of 2.85 times per year. About 65 7% of the inflow occurred during the summer months between November 1977 and 
April 1978, bringing with it 90 % of the total nitrogen load and 71 % of the total phosphorus load. 

Frequency histograms for the impoundment's surface water data are praented in Figures 3 to 5 

Calcium levek always exceeded magnesium concentrations but on some occasions the sodium concentrations were ex- 
ceptionally high. Soluble reactive phosphate concentrations reached a maximum of 0,022 mg/dm3 hut for more than 
50 % of the time the levels wereles than 0,005 mg/dm3. More often than not the total phosphate concenmations lay 
between 0.03 and 0.07 mg/dm3 and reached a madmum of 0,093 mg/dm3 in the surface waters after good rains in 
May. 

Nitrate levels in the sarface waterj fluctuated markedly during the period of investigation and the lowest concentra- 
tions prevailed during the summer period when algal growth had occurred. Although some high total Kjeldahl concen- 
trations were observed these did not always match the decreasing nitrate levels during algal growth periods, indicating 
the major influence of the Mdloti River on the system as a whole. Despite the fact that diatoms were consistently pre- 
sent in the surface waters and often farmed a major part of the phhytoplankton population, the soluble silica lev& never 
decreased below 8.0 mg/dm3 but exceeded 9,O mg/dm3 for over 60 % of the time. 

Although Harelmere Dam has riverine characteristin the temperature profiles near the dam wall followed the pattern 
of a warm monomictic system. A shallow thermocline developed at about 5 m because of the turbid water which per- 
sisted for most of the summer stratification period. 

Oxygen unpleths of Harelmere Dam showed that there was an extensive hypolimnetic zone of oxygen-deficient water. 
A short-lived anaerobic zone developed in February but was disrupted in April by the well oxygenated inflow from the 
Mdlati River. The epilimnetic water (0- 6 m) showed a rapid transition from the anaerobic zone to a supersaturated 
surface water which for the greater part of summer stratification. During isothermal winter conditions the 
mygen concentrations increased at the bottom but stratification rapidly reformed during the next summer period. 

Hazelmere was a turbidsystem for most of the year. Turbidity readings exceeded a value of PO Jacluan Turbidity Units 
for more than 60 % of the investigation. Secchi disc readings only exceeded 2.0 m on one occasion, and were frequently 
l a  than 1.0 m. The suspended solidsvalues, which often exceeded 20 mg/dm3 during the study were a funher indica- 
tion of the high silt load content of the dam water. Extremely high values were obtained from same bottom water 
samples (annual mean 490 mg/dm3). 

Chlorophyll a concentrations were frequently between 4 and 8 pg/dm3 hut never exceeded 15 pg/dm3 despite the 
development of a Microcptir bloom during the summer of 1978. 

Rooted macrophytes were restricted to the margins of the upper reaches of the dam which escaped the recent flwding 
after completion of the dam wall. No major development of freefloating macrophytes has yet been observed. 

Phytoplankton populations were dominated by the diatomsMelosira dirtom (Ehrenb.) Kiitzing, Synedra ~ m p e m  Kiit- 
zing and less frequently by Cyclotella species. The blue-green algal group was represented by an early development of a 
coiled planktonic form of Oscillntorio and a Microcystis blwm at the end of 1978. 

Although the calanoid copepod Tropodiaptomw spectobilir (Kiefer) was frequently present amongrt the zooplankton. 
the numerically dominant species was Thermocyclops oblongat2cr (Sam.), especially during summer. Daphnia p u l a  
Leydig and D. longirpinn O.F. Miiller were present in larger numben during winter but Daphnia (oevir Birge and 
Ceriodaphnia dubia Richard were dominant in summer and spring respectively. A small Hexarthra species was abun- 
dant throughout the study period but other rotifen such as Branchion& calyciforus Pallas were dominant during sum- 
mer. The predatory larvae of a Chaoborus species were present in large numbers during spring and summer. 

Nutrient loading rat- for orthophosphate (0.13 g.m-'.a-' P) and inorganic nitrogen (20.57 g.m-z.a-' N) indicate that 
phaphate is likely to be the limiting nutrient in Hazelmere Dam. The higher soluble nitrogen input may be related to 
sugar cane cultivation in thecatchment, since almost 90 % of the nitrogen load entered the dam daringsummer when 
heavy fertilization can occur. However. the total N:P ratio of 8.8 indicates that much more phosphate is derived from 
silt loads after runoff from the catchment but it may be in a form which is not available for immediate algal growth. 

Harelmere is a very new system and therefore the trophic status cannot be clearly defined with the limited amount of 
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data at our disposal. It is one of the most turbid systems in Natal and therefore has a high siltation rate. The riverine 
nature of the system, the flushing rate and the high turbidity of the water may offset to some extent the large summer 
nutrient input and consequent algal growth. Management strategies should cater for the twin threat of high siltation 
rates and a diffuse nutrient input. 
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TABLE I. Characteristics of Hazelmere Dam and its catchment 
- - - -  

Geographical location 
Magisterial district 
Catchment type 
Usage of dam 
Catchment area 
Inflowing river 
Dam wall completed 
'F.S.L. rolume 
F.S.L. area 
F.S.L. maximum depth 
F.S.L. mean depth 

29 365; 31 02'E 
Verularn 
Undeveloped grasslands, sugar-cane 
Potable, recreation 
377 km2 
Mdloti 976 km2 
1977 
23.44 x 106 m3 
2.18 km2 
30.6 m 
10.8 m 

- - 

*F.S.L. = full supply l ~ r e l  

TABLE 2. A summary of monthly hydrological characteristics for Hazelmere Dam (Nov. 1977 - Oct. 1978) 

Deviation of 
Maximum Minimum Mean 'C.V. mean from 

average % 

Volume x 106 m' 
Area km' 
Mean dcpth m 
Monthly inflow x 10' m' 12.36 2.30 5.63 53 
Monthly outflow x lo6 m3 

'C.V. = rrx.flirirnc of rariarion 
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TABLE 3. A summary of physical and chemical characteristics of water collected from the Mdloti River inflow. 
the outflow and a sration Dl on Hazelmere Dam. Values are based on fortnightly samples collected 
between November 1977 and October 1978 

DAM STATION 
MDLOTI OUTFLOW (MDLOTI) 

PARAMETER OUTFLOW T O P  BOTTOM 

Min Max Mean C.V.' Min Max Mean C.V.- Min Max Mean C.V.' Min Max Mcan C.V.* 

Na 
K 
Ca 4.4 6.9 5.4 9 2.1 6.8 5,1 19 0.3 6.4 4.7 28 3.8 6.7 5.3 14 

M~ 3.5 5.6 4.3 11 2.3 5.2 4.1 19 2.4 4.8 3.9 14 2.9 5.3 4.3 13 
SO, 
CI 
Si 8.3 9.9 9.1 4 5.2 9.7 8.1 13 2.9 11.6 9.6 18 7,4 10.2 9.1 7 
Cond 12.8 16.7 14.4 7 7.8 1 6 . 4  13.0 17 4,s  15.7 13.3 17 10.1 16.4 14.1 11 
Alk 26 43 34 IS 11 45 $0 27 3 38 P9 29 23 42 33 14 
Tot K j ~ N  0,272 1,240 0,462 43 0,256 3,720 1,327 71 0,070 3.290 0,523 115 0,270 1.510 0,531 59 
Dis Kj-N 0,179 0,288 0.236 11 0,168 0.950 0.342 55 0,058 0,343 0.170 31 0,174 0,587 0,247 30 
NH,-N 0,006 0,041 0.015 52 0,009 0.724 0,130 143 0,003 0,038 0,014 48 0.008 0,345 0,036 181 
NO,~N 0.015 0,828 0.413 75 0.001 0,969 0.197 63 0,120 1,178 0,655 55 0,141 0.967 0,575 41 
NO2-N 0,001 0,012 0,004 58 0.001 0,012 0,005 65 0,001 0,012 0,003 82 0,001 0.011 0,004 56 
Tot P 0.019 0,093 0.048 35 0,049 2,100 0,350 125 0,010 0,910 0,106 164 0,041 0,580 0,105 117 
Tor dis P 0,007 0.038 0,019 39 0,007 0,157 0,034 127 0,003 0.085 0,013 120 0,009 0,095 0,025 . 79 
PO,. P 0,001 0.022 0,008 66 0,001 0,026 0,008 69 0,001 0,010 0,003 63 0,001 0,022 0,008 56 
Fe 
Mn 
Temp 16.0 28,6 22.9 18 15.0 23.7 18,6 15 
DO 5.1 13.3 8 ,3  20 0.1 6.4 2.8 76 
T u  Z 69 28 64 19 260 104 87 12 185 51 88 20 270 68 95 

pH 7.0 8.5 7.6 5 6.2 7.5 6.9 5 5.5 8.0 7.5 6 6.9 7.7 7.5 2 
SS 3 78 20 88 16 2,337 490 119 1 1,762 152 221 7 696 90 166 

*C.V. = cwfficienr of variation 

TABLE 4. Hydrolagical characteristics, nutrient loading rates, chlorophyll a and water transparency character- 
istics of Hazelmere Dam (Nov. 1977 - Oct. 1978) 

Mean depth m 10.8 

Retention time a 0.95 
Hydraulic load m/a 30.86 

Surface loading rates g/mz.a-1 
POCP 
Total P 
Inorganic nitrogen 
Total nitrogen 

Maximum Minimum Mean 

Chlorophyll o pg/dm3 12.6 0.30 5.7 
Secchi depth m 2.04 0.24 0.79 
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FIGURE 3. Frequency histograms for selected panmeten pertinent to the surfacc waten of Hazelmere Dam. 
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FIGURE 4. Frequency histograms for selected parameters pertinent to the surface waters of Hazelmere Dam. 
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FIGURE 5. Frequency histograms for selected panmetcn pertinent to the surface watcn of Hazelmere Dam. 

Lirnnolog - some S.A. impoundments 151 



FIGURE 6. Temperature distribution in Hazelmere Dam (Nov. 1977 - Oct. 1978) 

MONTH 

FIGURE 7. The distribution of dissolved oxygen in Hazehem Dam (Nov. 1977 - Oct. 1978) 

Limnology - some S.A. impoundments 



HENLEY DAM 

C.G.M. Archibald, R.J. Warwick, B.K. Fowles, MS. Muller and A.C. Butler 
National Inrtitufe for Water Research, Council for Scientific and Indwtrial Research, 

P 0. Box 17001, Congella, DURBAN 

INTRODUCTION 

Henley Dam is situated on the Msunduze River which, together with a few small tributaries, drains a catchment area of 
219 km2, most of which now falls under the kwaZulu administration. Although the Natal Legislative &mhly Act 13 
of 1900 empowered the city of Pietermariuburg to abstract water from the Msundure. Henley Dam was only built 
between 1941 and 1943 after other water supply schemes had proved inadequate. 

The original gravity section mass concrete dam had a capacity of 2.77 x loP m3 which provided an assured yield of 
10.59 x lo6 m3/a (0,029 x lo6 m3/d). Between 1957 and 1959 the Henley Dam wall was r&d from 18.5 m to25.5 m by 
the Coyne system of post stresing, thereby increasing the storage capacity of 6.77 x 106 m3 and ensuring an annual 
yield of 14.24 x lo6 m3 (0,039 n 106 m3/d). Although the mean annual runoff has been estimated at 40.99 x 106 m3 the 
maximum assured yield to be derived from the Msunduze catchment is insufficient for t h e n 4  of Pietermariuhurg 
and therefore the city has had to turn to Midmar Dam as a supplementary wurce. 

DESCRIPTION OF T H E  AREA 

The dam wall is sited below the original confluence of the Msunduze River and Msundurane stream in an area charac- 
terized by shales and sandstone of the Ecca series, which give way to the more recent erodible sandstones, shales and 
mudstones of the Beaufon series in the upper reaches of the Msunduze catchment. The Msundure enters the dam from 
the south and the other streams join the system on the western shore nearer the dam wall, while the diiharge flows 
eastwards. The basic features of the impoundment and its catchment are given in Tahle 1 and Figure 1. 

With a mean annual runoff 7 times the capacity of Henley Dam, the Msunduze is the major inflow and therefore great- 
ly influences the quality of the water in the system. The suspended silt load of the river had a marked seasonal fluctua- 
tion and reached a maximum (980 mg/dm3) during the wet summer period. All three inflows had high nitrate concen- 
trations which frequently exceeded 1 mg= dm3' during the year. Soluble reactive phosphate concentrations in the 
rivers remained low throughout the study period but the total unfiltered phasphate concentrations increased during 
the short ~eriods of high silt Loads. High average concentrations of silica (6.7. 5.1 and 6.3 mg/dm3) from all 3 mer in- 
puts maintained high levels of soluble silica in the dam isself. 

A hathymetric map of the dam shows that iris characterized by the long shallow Mrunduze inlet (max. depth 9.0 m) 
with gently sloping banks. This inlet broadens into a deeper region near the dam wall where a m a h u m  depth of 18,8 m 
has been recorded at full supply level. During the d2y season prior to the first summer rains drawdown produced an 
extensive mud hank with a deep central channel through which the Msunduze pasred. A silt survey carried out by the 
City Engineers Department of Pietemaritzhurgin December 1977 revealed that thestorage capacity had been reduced 
to 5.79 x lo6 m3 giving a reduced surface area of 71 ha and a mean depth of 8.2 m . Sampling stations of the idloving 
rivers are indicated on the map of the dam and the immediate catchment (Fig. 2). 

Recreational facilities have been limited to a small canoe club (approx. 200 members) situated on the eastern shore of 
the main basin and picnic facilities for the general public. However, it is a controlled area and entry permits are re- 
quired by the Pietemariuburg Corporation authorities. 

Henley Dam is a major water resource for Pietermaritzburg and its industrial development within the greater city area. 
The dam is part of the Umgeni River reservoir system but it is threatened by the uncontrolled. rapidly expanding 
squatter development in the catchment. It is therefore necessary to determine the critical nutrient loads which can be 
toleikted by such a reservoir before it is t w  late. 

RESULTS AND DISCUSSION 

The basic morphometric characteristics of the impoundment and its catchment are shown in Tahle 1. Table 2 gives a 
summary of the monthly hydrological khaviour of the dam from November 1977 until the end of October 1978. 
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The Msunduze River was the major intlow to the system and discharged 42.68 x lo6 m3 during the period of investiga- 
tion and this represented 83 % of the total inflow. The Msund-ne (13 %) and the Thenjane (3 %), together with the 
rainfall, contribute the remaining inflow to the dam. The total inflow of 51.63 x 10' m3 for the 1Emonth period under 
investigation gives a theoretical retention time of 0.11 yean (41 days) and a flushing rate of 8.5 times per year. From 
January to April 1978 the total inflows per month were each sufficient to replace the entire volume of the dam and 
therefore the system was well flushed during the summer period. A summary of the average term annual inflows to the 
dam indicates that during the study period the dam received more water than the average. Therefore, although 
nutrient loading rates may he higher than in previous years this disadvantageous condition may have been offset by the 
greater flushing rate during summer when about 70 % of the nitrogen and 90 % of the phosphate load reached the 
system. 

Frequency histograms for the surface water data are presented in Figures 3 to 5. The histograms give an indication 
of the number of weeks in which a particular range or value was encountered. 

Soluble phosphate concentrations in the dam fluctuated in conjunction with the seasonal variation of the input from 
the Msunduze River. Although 50 % of the observations of soluble reactive phosphate phosphorus were 0,002 mg/dm3 
or lm ,  values were generally higher in Henley Dam than in other Umgeni River reservoirs. Total phosphate 
phmphorus (unfiltered) reached levels of 0,06 mgldm3 which was about three times the maximum concentration 
observed in Midmar Dam which lies in the adjacent catchment. 

Ambient nitrate-nitrogen concentrationr were also high despite the absence of an obvious point source of sewage ef- 
fluent disposal in the catchment. More than 75 % of the observations exceeded 0.7 rng/dm3 N and a maximum surface 
value of 1,041 mg/drn3 was recorded. 

Concentrations of soluble silicate were maintained within a narrow range (5.2 - 6.7 mg/drn3) by the continuous high 
input via the rivers and by the absence of a major diatom bloom. 

Henley Dam is a warm monomictic impoundment in which there is a long period of summer stratification, a shon over- 
turn and a period of isothermal conditions before reformation of summer stratification. The dam is sheltered in the 
hills above the city of Pietemariuhurg and therefore high surface temperatures were measured in summer (maximum 
29 "C). The stable thermocline which developed. between 4 and 6 m was temporarily disrupted in February by a sud- 
den high inflow via the Msunduze River. 

Oxygen kopleths of Henley Dam showed that an extensive anaerobic bottom zone had developed by late November 
1977 and reached 7.0 m from the surface. High inflows in February also disrupted the anaerobic bottom waters which 
were temporarily replaced by well oxygenated waters from the Msunduze River. The anaerobic condition reappeared 
for a brief period before the isothermal winter conditions. Deoxygenation of the bottom waters occurred again at the 
end of October 1978. The surface waters of Henley Dam were frequently supersaturated in the warmer months with a 
mean value between 80 and 90 % for the winter period. pH values fluctuated between 6.7 and 7.9 and the chlorophyll 

levels never exceeded 12 pg/dm3. 

Henley Dam was turbid for most of the summer season and therefore Secchi depth readings were low (19 - 
25 m) until the dry winter period when the clarity of the water improved to give a maximum Secchi reading of 333 cm 
in August. Turbidity values during the spring and summer season reached 67 Jackson Turbidity Units and poor light 
penetration during this period contributed to the relatively low algal growth response in the system. The turbidity of 
the system was an indication of the high silt load introduced via the riven because of uncontrolled activities in the i m ~  
mediate catchment. 

The phytoplankton population of Henley Dam was dominated by a large Pen'dinium species which was frequently pre- 
sent all year and occurred in large numbers during the late summer season of 1977/78. A Dinobryon (Chrysophp) 
species increased in number during spring at the same time that large numbers of Ankirlrodermur Bmunii (Naeg.) 
Brunnthaler were observed. Blue-green algal groups were not well represented and Microcystir was rarely recorded 
during the study. The diatom t m  were pwrly represented and, unlike most of the other hlgeni River rmrvoirs. 
Melosi~a species were rare. Synedra rumpens Kiitzing and a few Cyclotella species were often the dominant diatoms. 

Thenocyclops oblongatw (Sam.) was numerically dominant in Henley Dam, while no calanoid copepods were found 
during the study. Daphnia pule= Leydig and D. hgispino O.F. Mtller were dominant among the Cladomram par- 
ticularly during winter while Cenodaphnia reticulala Richard increased in numben during autumn. Moinn dubia 
Richard was abundant during the summer months. Brachimu Jalcatus Zacharias and an Ascomorpho s p i e s  were 
both abundant throughout the year but Filinia opoliensir Zacharias and a Hezarthra species increased in importance 
(numerically) during the summer and autumn respectively. 
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Nutrient loading rates for Henley Dam were estimated for onhophosphate (0.23 g.m?.a-' P) and inorganic nitrogen 
(73.19 g.m-2.a-t N) and indicated that a very large amount of nitrogen was introduced into the dam during the study 
period in a readily assimilable form. However, the total N:P ratio of 14 indicates that, in addition to large quantities of 
nitrogen, there is a large amount of phmphate associated with the high silt loads carried into the dam, especiaUy 
during summer after IUnoff from the catchment. 

CONCLUSIONS 

Henley Dam is a small turbid impoundment which experienced a high flushing rate during the study period. In the ab- 
sence of an obvious point sourceof enrichment the high n i t r o ~ n  loads and consequent high in-system n i t r o ~ n  concen- 
trations were characteristic features of the dam. Henley Dam may be classified as oligo-mesotrophic although during 
dry years adverse conditions are likely to develop. 
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TABLE 1. Characteristics of Henley Dam and its catchment 

Geographical location 29 ' 37's: 30 15'E 
Magisterial district Pietemariuhurg 
Catchment type Undeveloped grasslands. timber 
Usage of dam Potable, yachting 
Catchment area 419 h2 
lntlawing rivers Msunduze 181 h2, Msunduzane 30 km2. Thenjane 8 k c  
Dam wall completed 1959 
'F.S.L. volume 5.79 x 106 m3 
F.S.L. area 0.71 h2 
F.S.L. maximum depth 18.8 m 
F.S.L. mean depth 8.2 m 

'F.S.L. = full supply level 

TABLE 2. A summary of monthly hydrological  characteristic^ for Henley Dam (Nov. 1977 - Om. 1978) 

Deviation of 
Maximum Minimum Mean *C.V. mean from 

average % 

Volume x 10' m3 5.86 3.96 5.54 10.65 
Area km2 0.72 0,49 0.68 
Mean depth m 8.74 8.08 8.15 
Monthly intlow x 106 m' 8.65 134 4.30 62 
Monthly outflow x lo6 m3 

V . V .  = coefficient of variation 
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TABLE 3. A summary of physical and chemical characteristics of water collected from the inflows (Maunduze. 
Msunduzane, Thenjane), the outflow and a station (Dl) on Henlcy Dam. Values are bared on fort- 
nightly samples collected between November 1977 and October 1978. 

DAM STATION 
MSUNDUZE MSUNDUZANE THENJANE OUTFLOW (MSUNDUZE) 

P=~ .~~ , . .  TOP RnTTnu 

Mi" M." M a n  C".. Mi" MIX Me," C.V.. Mi" Mar Mean C.".. Mi" Mar Mcm c .v: .  Mi" Mar Me." C.V.. Mi" M." Mr." C.V.. 



TABLE 4. Hydrological characteristics, nutrient loading rates. chlorophyll a and water transparency chancter- 
istics of Henley Dam (Nov. 1977 - Oct. 1978) 

Mean depth m 

Retention time a 
Hydraulic load m/a 

Surface loading rates g/m2.a 
PO,-P 
Total P 
Inorganic nitrogen 
Total nitrogen 

Chlorophyll a ,tg/dm3 
%chi depth m 

Maximum Minimum Mean 

11.4 0.7 4.0 
3.35 0.19 1.00 

Oam 

0 
-5 km 

FIGURE 1. Hcnley Dam catchment. 
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FIGURE 2. Map of Henley Dam showing sampling stations. 
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FIGURE 3. Frequency histograms for selected panmeten pertinent to the surface waters of Henley Dam. 
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FIGURE 4. Frequency hist-ms for relected parameten pertinent to the surface waren of Henley Dam. 
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FIGURE 5. Frequency histogram for selected parameters pertinent to the surface waters of Henley Dam. 
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FIGURE 6. Temperature distribution in Henley Dam (Nov. 1977 - Oct. 1978) 

1977 
MONTH 

1978 

FIGURE 7. The distribution of dissolved oxygen in  Hcnley Dam (Nov. 1977 - Oct. 1978) 
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MIDMAR DAM 

C.G.M. Archibald, R.J. Wamick, B.K. Fowles, M.S. Muller and A.C. Butler 
National Institute for Water Research, Council for Scientific and Indurtnal Research. 

P 0. Box 17001, Congella, DURBAN 

INTRODUCTION 

The Mgeni River system (catchment 4 418 km2) stretches from the foothills of the Drakensberg to the metropolitan 
area of Durban where it enters the Indian Ocean. This perennial river is considered one of the most rdiablr of thr 
larger rivers in South Africa (Van der Zel. 1975). and provides the water needs of a region in which 45 % of thr popula- 
tion of Natal reide and it is responsible far 20 % of the industrial output of South Africa. 

Midmar Dam was completed in 1964 and lies in the upper Mgeni River catchment at t h ~  head of a chain of resrwoia 
situated along the river course. It is anticipated that Midmar Dam together with Albert Falls, Nagk, Henlry (Msun- 
dure tributary) and a proposed fifth system near lnanda will provide for the predicted demand of 1.6 x loL m3!d (5R.1 x 
lo6 m3/a) by the turn of the century. 

However. the present rapid rate of urban and industrial development in thr drainagr basin prrrupposn char 
eutrophication of the Mgeni reservoirs will be greatly accelerated. Therefore it is important to improve our und~rsran~ 
ding of these impoundments and to drvdop nutrient loading pattern5 and limits so that manspnrnt  pmocrdurrs 
can be implemented for optimal utilization. 

DESCRIPTION OF T H E  AREA 

Midmar Dam wall is sited in a broad valley in the upper Mgeni catchment, upstream of Howick, where erodible rand- 
stones and shales of the Ecca series (Karoo system) prevail. The four flooded valleys of Midmar Dam form a multi-lobed 
system extending into a hroad, well exposed central basin which is approximately 6 km* in area. The Mgeni River 
which enten the system from the north, has an estimated mean annual runoff of 158.5 x 106 m3 of good quality watrr 
with low suspended solids, low total diwlvpd solids and low nutrient concentrarions. Phospharc ronrrntrath,ns arr 
particularly low since the soils of the M p i L i o n s  catchment are known to h a w  a h i ~ h  phosphatr binding <apacit: 
(Scotney. 1976) and therefore the phosphate load may h r  relativ~ly small (Furnw. 1954). Horwvrr. thr upper hlgcni- 
Lions river catchment has been given a high rating for intensive agriculture by Scotney (1970) who has also providrd a 
detailed account of land use and soil characteristics of the region. Land use includes forestry, agriculture and stock 
raising hut more than 50 % of the area remains undeveloped grassland (Hemens et aL, 1970; van der Zel, 1975 - Fig. 
1). 

The concentrations of nutrients entering the dam via the smaller stream were generally low with the exception of the 
Umthinzima which drains the Mpophomrni township. Soluble reactive phosphate conrmtrations in this strram 
reached 0.067 m g f b 3  P and the maximum nitrate-nitrogen concentration was 0.69 mgidmZ N. Both the proposed 
greater Mpophomeni township and parts of the existing Zenzele township on the eastern shore of the main basin prv- 
sent a severe threat to the water quality of Midmar Dam since it is unlikely that the population in these areas will ever 
decrease. 

Midmar Dam is the major inland water resort of Natal and it has been estimated that over 450 000 people visited the 
dam during the 1977/78 financial year. Recreation at Midmar Dam includes swimming, fishing, waterskiing and 
yachting; the latter activity involves a considerable financial outlay by the participants. The Natal Parks Board has 
jurisdiction over the entire periphery of the dam with rhe exception of the security area near the dam wall. Large cam- 
ping grounds and holiday chalets have been constructed on both the eastern and western shores of the main basin. A 
small game park has been established on the peninsula bordered by the drowned Kwagqishi and Nguku valleys and 
that bordered by the drowned Nguku and Umthiruima valleys. 

Most of the land adjacent to the periphery of the dam is owned by farmers who are primarily involved in dairy produc- 
tion and the cultivation of fodder crops and to a lesser extent vegetables. The proximity of the larger dairy farms 
presents the danger of possible localised enrichment from uncontrolled dairy washings. 

The overall increase in user demand and the undesirable developments taking place in the immediate catchment of 
hlidmar Dam make it impracive that effective management be introducrd to offspt thc anricipatrd prohlrmr. Thr in- 
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crease in sewage discharge alone from the rrcrat ional  faditips may have a drtrimental effect on the water quality of 
the Mpni  River below Midrnar Dam. 

RESULTS AND DISCUSSION 

A bathymetric m a p  of the system indicates the relatively shallow naturr  of the d a m  which has a deep central basin 
following the o l d  rivpr coune. T h e  hlgpni River inlet is deeper than the broad and shallow southern legs of th r  K w a g ~  
qishi. Nguku a n d  Umthinzima riven. The psitions of the  sampling stations on the riven and the station nrar  the dam 
wall arr indicated o n  the bathymetric map  of Midmar Dam (Fig. 2). 

T h e  basic morphomwic rharact~ristics of the impoundmpnt and its catchment areshown in Table 1. The essential an- 
nual hydrological characrpristics of thr  systcm are given in  Table 2 for an  averagr term (10-year period), while Table 3 
giws a summary of the monthly hydrological behaviour o f  the dam for a 12-month period from n'ovember 1977 t o  the 
cnd of Ocrobrr 1978. 

T h e  total inflow of 183.17 x 10' m3 during the period of investigation was more than the arrragr  annual input of 
160.35 x lo6 m3 (Hemens rf a/.. 1977) and therefore the d a m  received more w a r r  than duringan average year. Based 
on rhr nrt annual outflow from thr  dam t h ~  it-trntion period was ralrulatrd as 1.04 \-Far (380 clays) which represrnts a 
flushingrarr of 0 .96 ?ran. Although thr dam wasonly 90 % full at t h r  start of thr imrsrigation in  Norrmher 1977 the 
volume did not f l u ~ t u a r r ~ r e a t l y  during the study (Table 3). There was a markedseasonal variation, however. in  rhe in- 
flow, 78 % of which entrrcd the  dam duringsummer bringingwith it  88 % of the total nitrogen load and 89 % of the 
total phosphate load. 

Midmar Dam has been dcscribrd as oligo-mesotraphic by Hemens PI R L .  (1977) from a cursory investigation of the  
systrm during 1973. and a< an oligotrophic phnrphatr-limited irnpoundmrnt by Torrirn ,.I nl.. (1975) after completing 
algal assays on s n a p  samples from the dam. Walmsley (1977) confirrncd these general observations. More specific 
s t u d i s  of Midmar using isolation columns as a n  rxperimental system have Led Twinch and Breen (1978a. 1978b) to  
dnobr whrtlrr phocphatr is rrally thr  limitins nutrimt. Frrqurnc! h i s t o p m u  of surfacr water da ta  are p r r s ~ n r d  in 
f i g u r n  3 tcl .i. Analysrc of rhr watrr chcmisrry throughout thr p ~ r i o d  of investigation indicatd thar the nutrient 
levels remained low both in surface and bottom waters (Table 4) .  T h r  concentrations were comparable to the levels 
which were measured in 1973 by Hemens ~ t  n l  (1977). indicating that there has been no obvious change in the water 
quality for the past fivp yean (Figs 3 5 ) .  Nitrate~nitrogen levels were frequently less than 0.25 mg/dm3 in surface 
and bottom waters. Solubt rzactirr phmphorus concentrations nrwr rxceeded 0,007 mg:dml a n d  the histograms 
show that ovrr 75 % of thr measuremrnts were 0.003 mgIdrn3 P or less. Although rhe phytoplankton population was 
cforninatrd by diaroms for mmt of th r  yrar th r  silicon concrnrrations did not show marked fluctuations. Only 25 0/, of 
the measurmmmo werc less than the  mran concrntration of 3.2 mg/dm3 Si indicating that  nomajor diatom blooms oc- 
curred duiing thr  investigation. 

Total dirrolwd pho5phatr (unfilrrrcd) and total Kjddahl nitrogrn values showed no distinct seasonal wends a n d  
therefore no excessive or dramatic biological growths occurred in the system. This was substantiated by the small 
changes in pH, dissolved free carbon dioxide concentrations and chlorophyll a  levels throughout the year. 

T h e  reservoir can b e  considered a warm rnonomictic system although the isothems of the water near the dam wall in- 
dicated that the thermocline was wfakly defined between 6 and 8 m and that summer stratification was unstable. 
Although there was a n  obvious seasonal trend the values for meximum temperatures were lower than expected 
because the sampling of the system frequently occurred before 09h00 (Fig. 5.) 

Oxrygcn isopleths indicated the existence of a short-lived anaerobic zone which developed below 12.0 m a t  the end of 
January and pxnistrd until the overturn in mid-April. Supersaturation of the surface waters waswry infrequent (Fig. 

6). 

Although the waters of Midmar Dam cannot be considered turbid by South African standards it was interrsting to note 
that the turbidity of the water increased during the dry winter months. Both the suspended solids(winter increase) a n d  
Srcchi depth readin,p (winter d~crease)  confirmed this unusual trrnd. Secchi depth values never excwded 2.25 m and 
more than 70 % of t h e  observations were less than 1.50 m. T h e  increase in  suspended solids during winter was at-  
tributpd to a of a tine silt suspension derived from loose marginal and bottom sediments and intense water 
circulation of the wind-exposed system. 

Phytoplankton papulation densities were never excessively high and seldom exceeded 500/cm3. Mclosim gmn~&a 
(Ehrh.) Ralfs and M e l ~ s i r a ~ r a n u h t a  var. a.ngustirnma Miill were often the most prolific diarom swim with the latter 
assuming numerical dominance during late winter and early spring. Cyciotelh species, CploteIla #eu;Bera 

- 
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CI. n. Grun, and F~ag2'InriofamilGzris were frequently present in the diatom-dominated phytoplankton. Cblorophyta 
were represented by species of C r u ~ m r b ,  Pedzbtmm and my mall Chlnmydommrodr CryPtommtadr were 
prevalent during winter months during periods of increased turhidiv - a physical phenomenon which may have XI-- 
t i d y  favoured flagellated organism. However, other memben of the Pyrrophyta such as Peridinium were not well 
represented and were only recorded on rare occasions. Trachelomonads were aLro rare. Memben of the blue-green 
algal groups were seldom $resent in large numbers hut Mimocystir, Oscilhtotia and Anabnenn species were recorded 
occasionally. 

The total zooplankton population showed only snd fluctuatiom during the year except in May when large numhen of 
an Arcomorpha (Rotifera) species caused a deviation fmm the general pattern of declining total numbers of 
zooplankton. ThenocycloPs oblongatus (Sam.) and Tropodiaptomus spectabilir (Kiefer) were the numerically domi- 
nant copepods reaching maximum numben in mid-summer. Daphnia pukx Leydig and Daphnia longispina O.F. 
Miiller were the dominant Cladoceran species hut the population was generally of low density, never exceeding 
3 OOO/m3 of filtered water. Among the Rotifera the mid-summer dominant was a s p i e s  of Hexnrthm but an 
Ascomorpha species increased dramatically during late April and May. T h e  low popularion density of the rwplankton 
in Midmar Dam was a significant feature of the impoundment. 

Although the shoreline development is rather high (DL = 3. Hemen. et al. 1971) littoral macrophytic growth has been 
coniiied to isolated patches of Pofamogeton schwe&furthiiA Benn, and emergent macrophytm such as Phragmites 
mnudinnw Kunth because of the substantial annual fluctuation in water level. 

Nutrient loading rates for orthophosphate and inorganic nitrogen (0.05 g.m-l.a-' P and 3.1 1 g.m".a" N) have been 
estimated for the study period. The loading rates for the total (unfiltered) phosphate and total nitrogen are given as 
0.46 g.m-2.a-' P and 9.18 g.m-z.a-' N mpxtively. These figures appear to be in agreement with Hemens et ol. (1917) 
who gave loading rateJof0.62 g.m-'.a-'P and 8.49 g.m-'.a-'N for total unfiltered phosphate and total nitrogen values 
respectively. However. during the investigation of Midmar in 1973 the total i d o w  of320 x 106 m3 was nearly dwble 
the i d o w  of the 1977/1978 study period. 

CONCLUSIONS 

Midmar Dam is the most important multi-pu- water resource in Natal. Ir remaim a clear-water, oligo-mesotrophic 
phasphorus-limited impoundment with no measurable evidence of increased recreational pressure. However. the 
system is seriously threatened by the unwarranted development of a township within the immediate catchment. 
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TABLE 1. Characteristics of Midmar Dam and its catchment 

Geographical location 
Magisterial district 
Catchment type 
Usage of dam ' 
Catchment area 
Inflowing riven 

Dam wall completed 
*F.S.L. volume 
F.S.L. area 
F.S.L. maximum depth 
F.S.L. mean depth 

29 30's; 30 " le'E 
Howick 
Grmlands, timber, dairy, forest 
Potable. m a t i o n  
928 km2 
Mgeni 803 lun2, Kwagqishi 61 kmz. Nguku 29 kmz. Um- 
thinzima 19 kmz 
1964 
177.20 x 10' m3 
15.59 km' 
22.3 m 
11.4 m 

'F.S.L. = full supply level 

TABLE 2. Average term annual hydrological characteristics of Midmar Dam 

Volume x 106 m3 
Area km2 
Mean depth m 
Annual inflow x 
Annual outnow x 
Retention time a 

*Average T . V .  
mean 

166,50 9 
15.27 5 
10.8 4 

198.1 120 
198.8 117 

0.87 

. 'Avcragc mean is based on monthly value  and an annual cydc 
Perid: January to Lkcembrr 1968 1978 
C.Y. = cnffirienr of rariarion. 

TABLE 3. A summary of monthly hydrolo.$cal charactcrirtics for Midmar Dam (Nov. 1977 Oct. 1978) 

Deviation of 
Maximum Minimum Mean *C.V. % mean from 

average % 

Volume x 10' m3 179.09 160.54 173.35 3 
Area km2 16.06 14.76 18.63 3 
Mean depth m 11.2 10.9 11.1 1 
Monthly i&w x 10' m3 52.17 3.13 15.26 94 
Monthly oufflow x 10' m3 42,68 5.18 13.62 99 

'C.V. = codficient of variation 
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TABLE 4. A summary of physical and chemical characteristics of water collected from the inflowing rivers, the 
outflow and a dam station (Dl)  on Midmar Dam. Values are based on weekly samples collected 
between November 1977 and October 1978. 

Min Mmx Mean c v, '  Min Mi## Mcsn C . V .  Min M e x  Mcan C Y ;  Min Mar Mean C V . '  Min Max Mean C.V.  Mio M u  Mlao C V . .  Min Mrr Mrln C . V .  

NI 
K 
C. 

Ma 

CI 
Si 
con* 
hlk 
TO< mi- N 
Di8 I+ N 
NI1,-N 
N O , - N  
NO.- N 
TO, P 
Tot dl. P 
PO, -- P 
Fr 
M" 
Temp 
DO 
T" 

VH 
5s 



TABLE 5. Hydrological characteristics, nutrient loading rates, chlorophyll a and water transparency 
characteristics of Midmar Dam (Nov. 1977 - Oct. 1978) 

Mean depth m 
Retention time a 
Hydraulic load m/a 

Surface loading rats g/rnz.a-' 
PO,-P 
Total P 
Inorganic nitrogen 
Total nitrogen 

Maximum Minimum Mean 

Chlorophyll a 
Secchi depth m 

FIGURE 1. Midmar Dam catchment. 
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FIGURE 2. Map of Midmar Dam showing sampling stations. 



MIOMAR 119701 

CALCIUM lrnp14m3 I 

CONDUCTNIN lrn S/ml 

14 .5  

>4.5-%O 

TOTAL KJELDLHL NITROGEN fmq/4m3) 

c- a175 

> 4175-020) 

> OXaQ225  

2 0 2 5 0 2 5 0  

> 0 .Z750 jm 

mTAL01550LVEO KJELOAHL NITROGEN lmg/4m31 

5 4125 

> 0 . 1 ~ Q I S O  

> 41504175 

> 0.m-om 
Q2w 

AMMONIA NITROGEN (ntg/4rn31 

.XIFIGURE 3. Frequency histograms for selected parameters pertinent to the surface waten of Midmar Dam. 
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TOTAL PHOSPHORUS lmgldn31 web 

ORTHOR(OSPHITE PHOSPHORUS l w d m 3 1  

> qm-qm2 

24006 

I TURBIDITY I J T U  I 

FIGURE 4. Frequency hiscograms for selected parameten pertinent to the surface watcn of Midmar Dam. 
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SUSPENDED SOLIDS 1 m g l d m 3 1  

I 

CHLOROPHYLL (::aldm31 

s 1 . 5  

> 1 5-2.0  

SECCHI DISC TRANSPARENCY (m) 

S 0,775 

> 0 6 5 -  1.00 

> 1.00- 1.25 

> 1.25-1.50 

> 1.50-1.75 

> 1.75-2.00 

> 2,OO i 
FIGURE 5. Frequency histoprams for selected parameters pertinent to the surface waters of Midmar Dam. 
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FIGURE 6. Temperature distribution in Midmar Dam (Nov. 1977 - Oct. 1978) 

M O N T H  

FIGURE 7. T h e  distribution of dissolved oxygen in Midmar Dam (Nov. I977 - Oct. 1978) 
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NAGLE DAM 

C.G.M. Archibald, R.J. Wamick, B.K. Fmsla, M S .  Mullcr and A.C. Buder 
h'ationnl Instilute for Water Research, Councilfor Scienlqic and Indurtrial Resmrrh, 

P.O. Box 17001. Congella, DURBAN 

The municipally-owned Nagle Dam was the first r-oir to be built on the Mgeni River. It wps completed in 1950 
and initially served as an important supplementary source of water for the post-war expansion of the city of Durban 
after the Vernon Haoper Dam supply proved inadequate to meet the ever-increasing demand. 

Original control of the system war exercised by the constructionof a diversion weir and control ga te  at the head of the 
dam which is shaped like a harseshce This srrem cnahled the authorities to bypass unwanted silt-laden water during 
floods and thus maintain water of good quality in the reservoir itself. Further control of the regime has been achieved 
since the construction of the larger Midmar (1964) and Albert Falls dams (1976) upstream of Nagle Dam. Nagle Dam is 
therefore maintained at full supply level almost all year (despite the rapid draw-aff) by compensation water discharge 
from Albert Falls Dam. Nagle Dam now has a unique hydrological regime because, unlike other Natal system, it is not 
subject to great seasonal fluctuations of inflow and nutrient input, but receives a steady input all the year round. 

Nagle Dam is a major water resource serving thegreater Durban area and because of its unique hydrological condition. 
the authorities should be able to manage thesystem to achieve optimal utilization. Xutrient loading patterns and other 
limnological data will rcwc as an important guiddine for the cstablishriwnt of rffective in-sysrrm management 
strat~gies. The imponance of this system cannot br over~cmphasired because it is the "holding" reservoir before 
transfer to the major water treatment distribution network of the Durban area. 

DESCRIPTION OF THE AREA 

The dam is situated in the Natal belt of ultrametamorphism andgranitization hut much of the immediatecatchment is 
dominated by the quartzites and shales of the Table Mountain series of the Cape System. with small wedges of D y k a  
tillire and sandstones of the Karoo system. 

The major inflow is derived from the Mgeni River which discharged 145.30 x into the dam during the period of 
study and therefore the river has a large influence on the chemical composition of the water retained in the system. 
Phosphorus and nitrogen concmtrations in the hlgeni River increased after discharge from Albert Falls Dam, indi- 
cating a considerable nurrient input from the immediate catchment between the two dams. Very little su~pended silt is 
derived from this reach of the river (mean 15 mg/dm3) and therefore, together with effective flood control, the system 
is a clearwater impoundment with low in-system values. 

The upper catchment has no indurtrial development but there are numerous smallholdings, some large farms and two 
small villages. The remaining area is undeveloped rural tribal trustland (Fig. 1). 

the Mposanc River is a wry  small input to the dam and enters from the north after draining a hilly. undeveloped 
ratchmmt. Although some high nurfient concentrations were measured on acarions (e.g. nitrate maximum 0.964 
mg/dm3) the inflow is relatively small and therefore the load is likely to he insignificant in comparison with the Mgeni 
River input. 

There is no recreational activity on Nagk Dam hut fishing from the shoreline is controlled by permits obtained from 
the authorities. Picnic facilities are provided on the banks near the dam wall while a small game park har. been 
established on the central neck of land between the main wall and the diversion weir. 

A map of Na$r Dam indicatps thr riverin? features and the unique horn-shoe shape of the dam, which is 
free of dendritic margins and smaller inlet legs. Depths exceeding 35.0 m have been measured near the dam wall on the 
north bank but the dam becomes shallower cowards the south shore while nearer the inlet the contoun are more evenly 
di~tributni brtwwn 10 and 13 m (Fig. 2). 
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RESULTS AND DISCUSSION 

The basic morphometric features of the impoundment and it7 catchment are given in Table 1. 

The total inflow of 146.72 x 106 m3 into the dam during the period of investigation givm a retention time of 0.17 years 
(61 days) and a flushing rate of 6 times/annum. Nagle Dam is a controlled system and received a constant monthly in- 
put (mean 12.11 x 10%'; coefficient of variation 9 %) and therefore tbere is no marked seasonal fluctuation of inflow 
or nutrient loading. Although there was a reasonably constant input there was a h  a correspondingly high draw-off 
which compensates for the steady nutrient loading of the system by increasing the annual flushing rate. About 49 % of 
the total nitrogen load and 62 % of the total phosphate load were introduced during the summer months from October 
1977 to April 1978, indicating that there was a substantial winter input of nutrients to the dam as well. 

In-system concentrations of nutrients such as nitrate, soluble reactive phcsphate and soluble silica were never very 

high during the study period despite the continuous supply from the Mgeni River. Particulate nitrogen and phosphate 
levels did not show marked increases to match the low nutrient levels. Very low turbidities and suspended solids 
together with high Secchi depth readings (mean 2.51 m) indicated the dar iy  of the water during the study period. Over 
75 % of the turbidity observations made during the study were less than 5 Jackson Turbidity U&ta (Figs 3 to 5). 

h g l e  Dam can be classified as a warm monomictic system characterized hy summer stratification, autumn turnover 
and a winter period of isothermal conditions. However, the thermocline is weakly &fined between 8 and 10 m. The 
potential for development of a atable, strongly defined thermocline in the very clear sheltered system is counteracted to 
some degree by the deep riverine nature of the system and the constant flushingrate throughout the year. Duringsum- 
mer there often was a 10 "C difference heween surface and bottom waters (Fig. 6). 

A depth-time oxygen distribution curve of Nagle Dam indicated that the well-oxygenated water was confined to the 
upper layers shove 20 m but winter oxygen isopleths show a uniform distribution of oxygen through the water column. 
An  anaerobic zone is not indicated because the Yellowspring probe has a maximum depth of 30 m. However. using the 
Winkler method, the bottom waters were found to be anaerobic during the summer stratification period, but the ex- 
tent of the anaerobic zone was not determined (Fig. 7). 

The steeply contoured shoreline of Nagle Dam is not conducive to major development of rooted aquatic macrophytes 
and there was very little evidence of nuisance growths of water hyacinth in the open water. 

Phytoplankton populations were dominated by Ankisfrodesmus Braunii (Naeg.) Bmnnthaler and a small Cosmarium 
species during the summer of 1977/78. Meloszia granulata (Ehrenb.) Ralfs never reached the same concentrations 
observed in the Alhen Falls Dam but was frequently present for most of 1978. However, the dominant winter diatom 
was Melosira distons (Ehreb.) Kiitzing which persisted from tbe end of March until early September before decreasing. 
Cyclolelh stellzge~a C. u. Grun. was a h  present in large numbers during thesummer period but diminished at the end 
of May. Anabaena and Microcystis species were recorded during the year on some occasions and the latter species 
showed an increasing trend during spring. However, no algal developments reached nuisance levels and a maximum 
chlorophyll a concentration of only 6.0 pg/rn3 was obtained during the study period with <mean concentration of 2.5 
mg/m3. 

During the study period Thewnocyclo~s oblongattu (Sam.) was the dominant zoaplankton species encountered but 
Daphnia puler Leydig and Daphnia longisfiina O.F. Miiller were numerically important during the mid-winter 
months. 

Nutrient loading rates have been estimated for onhophmphate (0.17 g.ni2.a-' P) and inorganic n i t r w n  (23.02 
g.m-2.a-' N) for the study period. These figures indicate that Nagle Dam experienced a much higher gross loading rare 
than hlidmar and Alben Falls dams upstream during the same period. However, Nagle Dam is a very much smaller 
system in terms of capacity and surface area and it has a high flushing rate, despite the fact that the dam is maintained 
at full supply level. It is therefore evident that effective nutrient loading rates on a system are given by the net annual 
load which would provide a more realistic comparison between the three reservoirs. 

Nagle Dam is a very imponant reservoir on the Mgeni River and can be classified as an oligotrophic phosphate 
limited system. It is a clearwater impoundment with a unique hydrological regime and therefore management strate- 
gies can be implemented for optimal utilization and storage. 
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TABLE 1. Chacactektics of Nagle Dam and its catchment 

Geographical location 29 ' 35's: 30 37'E 
Magisterial district Pietermaritrburg 
Catchment type Grasslands, undeveloped smallhalding 
Usage of dam Potable 
Catchment area 883 h2 
Inflowing rivers Mgeni 875 kmz, Mposane 7 h' 
Dam wall completed 1950 
*F.S.L. volume 24.67 x 
F.S.L. area 1.62 h2 
F.S.L. maximum depth 38.1 m 
F.S.L. mean depth 15.2 m 

'E.S.L. = full supply level 
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TABLE 2. A summary of physical and chemical characteristics of water collected from the inflows (Mgeni and 
Mposane), the outflow and a station Dl on Nagle Dam. Values are based on fortnightly samples col. 
lected between November 1977 and October 1978. 

DAM STATION 
MCENI MPOSANE OUTFLOW (MCENI OUTFLOW 

PARAMETER TOP BOTTOM 

Min Max Mran CV.. Min Mox Mcsn C.V.' Min Max Mmn C.V '  Min Mar Mean C.V.. Min Max Mcan C V :  Mill Mar M r m  C.V. 

Ns 
U 

CI 
S, 

Cond 
Alk 
Tot Kj-N 
Dl, Kj-N 
NI4,- N 
NOl-N 
NO>-N 
TO, P 
TO, dil P 
PO.-P 
F< 
M" 
Trmp 
DO 
T" 
pH 
3s 

I 80 17 I P S  

1.3 7.6 7.5 2 
1 91 15 I87 

W . V .  = coeflicient of variation . 



TABLE 3. Hydrological characteristics, nutrient loading rates, chlorophyll a and water transparency 
characteristics of Nagle Dam (Nov. 1977 - Oct. 1978) 

Mean depth rn 
Retention time a 
Hydraulic load m/a 

Surface loading rates g/m2.a-' 
PO,-P 0.11 
Total P 2.11 
Inorganic nitrogen 23.02 
Total nitrogen 46.75 

Maximum Minimum Mean 

Chlorophyll a pg/drn3 
Srcchi depth m 

Agricultural Area 

------ Catchment boundary 

0 5 
h - 4 km 

FIGURE 1. Nagk Dam catchment. 
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NAGLE DAM 

NITRATE NITROGEN lrng/dm31 
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FIGURE 3. Frequency h is topms for selected paramaerr pertinent to the surface raters of Na+ Dam. 
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NAGLE DAM 11977- 1978) 

CALCIUM l m g l d d l  

5 5,4 

>5,4-5.6 

> 5.6 - 58  
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> 6 2  

I 
!? 4 6 8 lb 12 

MAGNESIUM l m g / d d l  
5 3.0 
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D 4.0 

REACTIVE SILICATE h p / d m % s ~ i )  
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D 3 2 - 3 3  
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5 0,150 
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5 0,m C 

FIGURE 4. Frequencv histograms for wlected parameten pertinent to the surface waters of Nagle Dam. 
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N A G L E  DAM 

CHLOROPHYLL lpg/dm31 

SUSPENDED SOLIOS 1rng/dm3l SECCHl DISC TRANSPARENCYlml 

C-0,75 

> 975-0 .80  

>q80-0 ,85  

> 4 - 6  >0 ,85 -q90  b - 
FIGURE 5. Frequency histagnms for selected parameters pertinent to the surface waters of Nagle Dam. 
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M O N T H  

FIGURE 7. T h e  distribution of dissolved oxygen in Nagle Dam (Nov. 1977 - Oct. 1978) 
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VERNON HOOPER DAM 

C.G.M. Archibald and R.J. Wanrick 
National Institute for Water Research, Council for Scientific and Indurtrinl Research, 

P O .  Box 17001, Congelln, DURBAN 

INTRODUCTION 

The Vernon Hooper Dam at Ntshongweni was completed in 1947 and is the oldest dam in Natal. It has been an impor- 
tant water supply for the city of Durhan for many yean but its continuation as a water resource is seriously threatened 
by a waste disposal problem as a result of effluent discharges from an industrial complex and ddomestic sewage works 
in the ca~chment. A history of the development in rhe catchment area and a record of changes in the water quality 
and subsequent action by the Durban City Engineers Depamnent are given by Howes (1976). The enrichment of the 
system has continued with little opportunity for effluent diversion. In 1976 a study was made to assess the extent of the 
problem and the impact of the nutrient load, by describing the limnological behaviour of the impoundment (Ar- 
chibald and Warwick, 1976). 

The future of the impoundment as a water supply should he judged against the background of predirrions of a shortfall 
in water resources by the turn of the century. It is therefore essential to implement external preventive measures to 
reduce. if not eliminate, the abnormal allocthonour load reaching the system. The success of such measures will de- 
pend on the urgency with which the situation is viewed by all concerned, the future rate of expansion in the catchment 
and the efficiency of the control measures. Furthemore the excessive enrichment of the system has led to the ac- 
cumulation of phosphate in thc sediments and therefore the development of effective control measures requires an ac- 

curate prediction of sediment phosphate release as a function of changing limnological conditions. 

DESCRIPTION OF THE AREA 

The dam wall was built in a deep r ~ k y  gorge below the original confluence of the Mlazi, Sterkspmit and Wekeweke 
rivers, and is situated in an area dominated by quamite and shales of the Table Mountain series of the Cape system. 
The upper catchment is interspersed with small outcrops of Dwyka tillite and shales of the Ecca series of the K a m  
system. 

 he Mlali River which enten the system from the west drains 81 % of the catchment and delivered 124.43 x 106 m3 
during the study period. The water entering the dam via the Mlazi River is frequently rich in nutrients with soluble 
reactive phosphate concentrations reaching 0,355 mg/dm3 P and nitrate levels often exceeding 1.0 rng/dm3 N. Although 
the suspended solids levels are high during periods of flow maxima in summer, the input from the river can he controll- 
ed by diversion gates and the operation of a bypass tunnel which discharges the excess turbid water below the dam wall. 

The upper Mlati catchment is dominated by agricultural activities such as sugar-cane cultivation. large dairy and 
poultry fams and some smaller vegetable holdings. There is a large African township nearer the dam itself and the 
domestic sewage works serving the township discharges effluent directly into the Mlari River after conventional treat- 
ment (Fig. 1). 

The Sterkspruit River enten the system from the nonh-west and drains only 15 % of the catchment but it receives 4- 
fluent from an industrial waste plant and therefore the river water is alsorich in nutrients, particularly nitrogen. Very 
high nitrogen values were measured during the study and reached a maximum of 4,751 mg/dm3 during the winter 
period of flow minima, but soluble reactive phosphate concentrations were relatively low (annual mean 0,032 
mg/dm3 P. An intensiv~ battery system of poultry production and processing and the development of textile industries 
in 1963 has led to the conswction of a wastewater plant. the effluent of which is discharged into the Sterkspmit River 
after treatment. Very high conductivity levels in the river indicate the extent of mineralization which has also occurred 
in this reach of the river (fig. 1). 

The small Wekeweke stream enten the system from the north and drains a mall catchment in which sugar-cane 
cultivation is the main a@cultural activity. The nutrient concentrations emanating from thu catchment were never in 
excm of those from thc Srerkspruit. although a maximum nirrare concentration of 3.714 mg dm3 N was measured 
during the study. 

There are no organized recreational facilitia available at the Vernon Hmper Dam because it is a municipally-owned 
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water resource. However, casual angling fmm the shoreline is permitted and picnic f ad t i e s  are provided below the 
dam wall. 

A bathymemc map of the s p e m  indicate that there are three shallow inlet areas converging on a deeper central 
region which is steeply sided and U-shaped in the gorge near the dam wall. The positions of the sampling stations on 
the rivers and of the station near the dam wall are indicated on the bathymemc map of Vernon Hooper Dam (Fig. 2). 

RESULTS AND DISCUSSION 

The basic morphometric characteristics of the impouodment and its catchment are shown in Table 1. Table 3 gives a 
summary of the monthly hydrological behaviour of the system during the study period. 

The total inilow into the dam during 1976 wzs 144.51 x 10' m3 which is more &an three standard deviations in excess 
of the mean of the total annual inflow of 53,90 x lo6 m3. This therefore represents a unique hydrological condition for 
the Vernon Hooper Dam and thus. by discarding this observation from the average term data over the period 1968/78 
the adjusted mean annual inflow is calculated as 46.04 x 1 0 h 3  which gives a mean retention period of 0.16 yean (57 
days). However, based on the total inflow during thestudy period, the retention period was calculated as 0,05 yean (18 
days) and therefore the flushing rate was 20 timedannum. A major flood at the end of March contributed to the ab- 
normally high inflows and during this event sufficient water entered the dam to replace the entire volume in less than 
one day. The influence of the Sterkspruit, in terms of total water input per month, increased from an average of 6 % 
during summer to 42 % during the dry winter period. During this period conductivity values in the dam rose steadily 
because of the highly mineralized water being brought in by the Sterkspruit. During winter the average retention 
period increased to 73 days and emended over a period from July to the end of September when an extensive diatom 
blmm occurred. 

The Umlaas River input war the dominant external sourceof phosphate and nitrogen, and contributed 87 % and 72 % 
respectively of the total annual load during the study period. Although there is a seasonal fluctuation in the river 
flows the nutrient load is subject to l a  variation (the summer input is only 69 % of the total nutrient load) because of 
the continuous discharge of effluents from two sewage works in the catchment. Frequency histograms for surface water 
data are presented in Figures 3 and 4. 

Soluble reactive phosphorus c0ncent~at iU~ in the surface waters were changed by seasonal inflow from the rivers and 
by algal blooms. A maximum value of 0,051 mg/dm3 was measured during the year and more than 70 % of the obser- 
vations exceeded 0,015 mg/dm3. Concentrations decreased rapidly in spring and early summer during periods of in- 
tense algal activity. Total phaphate phosphorus concentrations increased sharply after periods of high flow and reach- 
ed a maximum of 0.203 mg/dm3 P in March during flwds. However, the exc~5ive phosphate load was equally rapidly 
exported from the systcm (Table 4). 

Nitrate-nitrogen concentrations were maximal in spring (2,054 mg/dm3) at the surface after a winter build-up by 
nitrification and following a period of algal inactivi~.  The water Column exhibited a classic dicbotomic distribution 
pattern in summer with maximum nitrate concentrations at intermediate depths, and low concentrations in both the 
surface waten (algal immobiiation) and bottom waters (denitritication). For more than 70 % of the study period 
nitrate levels exceeded 1,250 mg/dm3. The concentrations of ammonium nitrogen in surface waters increased during 
winter rather than at autumn turnover. The high levels of ammonium nitrogen in the surface waters may be due to the 
proximity of the dam to the sewage works which often may have operated inefficiently. Bottom concentrations were 
maximal during summer stagnation periods (0.764 rng/dm3) and developed from a combination of bacterial decom- 
pusition of settled seston and possible release from the redimenu. 

Fluctuatiom of soluble silicon concentrations in surface waters were attributable to the proliferation of diatom popu- 
lations in September. October and December. Replenishment of silicon was rapidly effected with water rich in silicate 
via the inflows following good catchment rains. In  February the soluble silicon concentrations did not decrease 
markedly despite the diatom bloom, probably because the high inflow rates were able to sustain the existing levels 
Soluble silicon leveb in the surface waten decreased rapidly during a Melosim bloom in September. In l a  than one 
month the surface concentrations decreased from 5.1 mg/dm3 Si to 0.4 mg/dm3 Si to 0.4 mg/dm3 Si which represents a 
very large immobilization of soluble silica. However, for more than 70 % of the study period surface concentrations ex- 
ceeded 5.5 mg/dm3 Si. 

Chlorophyll a concentrations were the highest levels measured in all Natal reservoin and reached a maximum of 
56.7 pg/m3 during the study period. Ncarly half the observations made during the year exceeded the annual mean of 
15.9 pg/m3. 
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The investigationcommenced during aperiod of stratification in the summer of 1975/76. Surface temperatures ranged 
from a maximum of 27.5 "C in mid-Febmary to a winter minimum of 13.1 OC in July. Typical kthermal conditions 
developed in the water column at the end of May and persisted throughout winter. Rapid heating of the surface water 
from the end of August to mid-September inneased the surface temperatuns from 15.8 OC to 21.5 OC and a strongly 
defined stable thermocline developed at a depth of 6 to 8 m. A relatively high thermal gradient (6 - 8 "C) existed 
between surface and bottom waters during reformation of summer stradfication in 1967/77. The rapidity with which 
stratification took place may be atmbuted to the morphomeuic features of the system, the wind protected locality, low 
surface area to volume ratio and its hydrological characteristics. Marked changes in the surface water temperature 
(headng) occurred in September following a long period of low inflow. Water movement was confined to the e p i b -  
nion during the windy months of August and September (Fig. 5). 

A depth-time oxygen distribution curve of the Vernon Hwper system indicated that the mid-summer (1975/76) 
stratification was well established. Supersaturation values were obtained in the surface waters hut anaerobic conditions 
prevailed in the hypolimnion near the bottom (Fig. 6). 

Floods in March introduced well-oxygenated waters to all pam of the dam and subsequently isothermal conditions m- 
s u r d  adequate vertical circulation and therefore replenishment in the deeper regions of the dam. The development of 
a thermocline in mid-September and the consequent density gradient greatly influenced the vertical distribution of 
oxygen in summer. A large anaerobic zone developed in the hypolimnion and this inmased in volume with the prqqes  
of summer stratitication. The surface waters. however, were frequently supvaturated (maximum 158 %) by 
photosynthetic activity of the algal blooms. 

Changes in the suspended solids were often attributable to an increase or decrease in suspended silt input from the 
three main rivers. Secchi depth values therefore more often than not indicate turbidity of the water due to suspended silt 
pamcles rather than being a reflection of algal proliferation or depletion. Man-made lakes are often characterized by a 
large ratio of drainage basin to lake area so that the volume of water in the impoundment is frequently l g l  than 10 % 
of the mean annual runoff from the catchment. Therefore the introduction of silt-laden water following good catch- 
ment rains will have a marked impact on the turbidity within the system. The situation is further aggravated in many 
parts of Natal by the primitive agricultural ermional practices of the indigenous population in the catchment. 

k c h i  depth readings reached a maximum of 303 cm during the long winter period which was characterized by flow 
minima, low suspended silr loads ( < I 0  mg/dm3) and algal inactivity. During the summer months Secchi depth 
readingr rarely exceeded 70 c m  due to high silt loads but a marked decrease at the end of September prior to the fint 
summer rains was entirely due to prolific growth of Melosira granulata. A minimum value of 12 cm was recorded two 
days after the March flood waters had subsided. 

In-system conductivity values were generally lower in the surmner months as a result of the rapid flushing rate of the 
dam during flow maxima. Conductivity values reached a peak in late September because the influence of the highly 
mineralized water emanating from the Sterkspruit River input (82.8 mS/m) is greatly accentuated during the dry 
period. The fmt rains in October were sufficient to reduce the conductivity values in the surface waters only (4-6 m). 
and flushed out the algal hlmm which had developed without disrupting the thennodine or disturbing the 
hypolimnetic water. 

During the warmer months surface pH values and carbon dioxide concent~atim fluctuated markedly as a result of 
disturbance of the Codhicarbonate equilibrium by algal activity. A maximum pH value of 0,5 was recorded in the 
surface waters during periods of intensive photosynthesis in September while free carbon dioxide concentrations drop- 
ped to l m  than 9.1 mg/dm3. Bottom pH values ranged from 7.0 to 7.8 through the year while the free carbon dioxide 
concentrations varied from 1.9 mg/dm3 in winter to 8.6 mg/dm3 during mid-summer when microbial activity was 
greatly increased. 

Heayr infestations of water hyacinth have occurred from time to time in Vernon Hmper Dam, and during the study 
period larger quantities were confined to the major inlet legs. Smaller aggregations of the plants were wid-blown at 
random acrms the dam. 

The phytoplankton population was dominated by an extensive diatom bloom in February 1976, and again in 
September and October of the same year. Melosira granuhta (Ehrenb.) Ralfs and Melonia granulota var. angurtimm 
Midl together with Thakmiosimfluviafil~catl Hustedt were the main constituenis of the blmm. Cyclotelh Menegh&m 
Kiiuing and Cyclotelh K C t z i n g r u ~  Thwaites were a h  frequently present amongst the diatom population. 

Although three forms of Microcystir were observed together with Annbamaf[os-acqune (Lyngb.) during mmmer 
months, no major blmm of blue-green algae occurred. In previous yean extensive Minocystti bloom have been rrspon- 
sible for ma& water treatment problem, panicularly during the drier periods after the industrial dcvelopmmt had 
occurred. 
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Zooplankton populations were not anal+ in sufficient detail but the Daphnia pulex Leydig/Daph& longispim 
O.F. MSller group of Clndocero were apparently dominant during the winter months. 

Nutrient loading rates for onhophosphate (9.66 g.m-'.=-I P) and inorganic nitrogen (215 g.m-2.a-' N) indicated that 
large quantities of nutrients entered the dam, in a readily available form for algal growth. It was evident that the ef- 
fluent which emanated from p i n t  source discharges below the two sewage works in the catchment was largely respmi- 
bte for the high nutrient input to the dam. The Sterkspruit contributed a greater percentage of the nitrogen load 
(25 %) than the total phosphate load (12 %) during the study. 

The total N:P ratios indicate that nitrogen may be the limiting nutrient but the ratios of external sources do not neces- 
sarily produce similar in-system ratios of available nutrients. The ratio of N:P in the system was approximately 25.5 
and therefore phosphate may have been limiting on many occasions although this is a eutrophic system. 

Vernon, Hooper Dam is a small eutrophic system which is frequently phosphate-limited. The loading rates were ex- 

tremely high throughout the year but the high summer inflows and consequent rapid flushing rate (20/annum) allow a 
rapid export of nutrients from the system. Although diatom blooms dominated during the study period, nuisance 
species of hlue-green algae may well reappear during warm, dry periods. 
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TABLE 1. Characteristics of Vemon Hooper Dam and its catchment 

Geographical location 29 52's; 30 43'E 
Magisterial dismct Pinetown 
Catchment type Mixed apricultural (poultry, vegetable, sugar~cane, 

timber) undevelopd grassland 
Usage of dam Potable 
Catchment area 786 km2 
Inflawing rivers Umlaas 639 k d ,  Sterkspnrit 120 km2. Welreweke 26 h2 
Dam wall completed 1927 
'F.S.L. volume 7.16~ 106m3 
F.S.L. area 0,81 km2 
F.S.L. maximum depth 16.2 m 
F.S.L. mean depth 8,s m 

'F.S.L. = &I1 supply level 

TABLE 2. A summary of rnonthiy hydrological characteristics for Vernon Hmper Dam (Jan. - Dec. 1976) 

Deviation of 
Maximum Minimum Mean *C.V. mean from 

average O/o 

Volume x 106 m3 7.16 6.98 7,12 10 
Area kmz 0.81 0.79 0.80 
Mean depth m 8.84 8/34 8.84 
Monthly inflow x 106 m3 92.01 2,36 12.04 90 
Monthly outflow x 106 m3 
- - 

'C.V. = coefficient of variation 
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TABLE 8. A summary of physical and chemical characterisrics of water collected fmrn the int1oth-a (Urnlaas, 
SterLspruic and Wekeweke), the outflow and a station Dl on Vernon Hmper Dam. Values are based 
on fortnightly samples collected between January and December 1916. 

r)hM STATION 
MLAZl STERIIPRUIT WtKEWEKE OUTFLOW (IIMLAAS) 

PARhMXTER TOP ROCTOM 

Alk 2'2 72 61 23 17 16 56 25 $3 101 61 PS 88 8 t  W 31 8 1 I 4 28 70 64 is 
Tot MI-N 0,179 1.716 a,?* $0 0 . W  1,106 0.W. 48 0.30  l.lrl6 0,621 SB 0.745 1.988 1,SNI 31 0,BO 0.6% 0,(01 P0 0.614 0.8M 0.711 15 
m u i - ~  n.ab7 0.677 0 . m  $5 0.1~5 l:m 0,7110 b 0.203 0.5% 0.441 2s 0,524 I,=% o.m 35 o m  o m  0 . s ~  97 o . ~  o m  o . 5 ~  s~ 
NHr-N 0.0lP 0.281 (L.WP $0 0.016 0.764 0.165 55 0.008 0.076 0.027 GI 0.027 0.674 OPll 53 0.m 0.184 0 097 t i 7  0.421 0.571 0.16'1 fiP 

PH 7.3 9.5 8.1 9 7.C 7,B 1.1 S 7.6 0.1 8.1 5 7.5 8.5 7.8 i 7.0 8.9 7.6 P 7.5 8.9 7.8 6 
ss I IS? 21 IW t oos no zw a i ~ a  a nr 6 >71 3r na I IBB i s  nit  1 a t  IS +a 

%.V. = c w i f i c i e n t  of var ia t ion  



TABLE 4. Hydrological characteristics, nutrient loading rates, chlorophyll a and water transparenq 
characteristi= of Vernon Hooper Dam (Jan. - Dec. 1976) 

Mean depth m 8,s 
Retention time a 0.05 
Hydraulic load m/a 176 

Surface loading rates g/m2.a-' 
PO,-P 
Total P 
Inorganic nitrogen 
Total nitrogen 

Maximum Minimum Mean 

Chlorophyll a ,~g/dm' 
k c b i  depth m 

0 10 
b" 

RGURE 1. Vernon Hooper Dam catchment. 
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(ii) River Sampling StotiMl 

@ Impoundmfmt Sampling station 

DEPTH CONTOURS IN METRES 

FIGURE 2. Map of Vernon IIwper Dam showing sampling stations. 
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FIGURE 3. Frequency histogram for selected parameten pertinent to the surface waters of Vernon Haoper 
Dam. 
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MONTH 

FIGURE 5. Temperature distribution in Vernon Hmper Dam (Jan. - Dec. 1976) 

1976 an 
MONTH 

FIGURE 6. The distribution of dissolved oxygen in Vernon Hmper Dam (Jan. - Dm. 1976). 
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BRIDLE D R I F I  DAM 

M. Tow 
National Imtilute for Water Research, Cound for Scientific and Indwtrial Research, 

P.O. Box 395, PRETORIA 

INTRODUCTION 

Bridle Drift Dam, the largest of four impoundments on the Buffalo River, is situated approximately 18 km west of East 
London. This impoundment is owned by the Municipality of East London, and is the major water supply for East Lon- 
don and adjoining areas, including the township of Mdantsane. Bridle Drift Dam (Fig. I) forms part of the Bridle Drift 
Nature Reserve and Serves as an important recreational centre. 

Reed and Thomton (1969) drew attention to the vulnerability of Bridle Drift Dam to p i b l e  consequences of runoff 
from Mdantsane and put forward a oumher of recommendations to minimize pollution and eutrophication effects. 
From data supplied by the City Engineer's Depamnent of the East London Municipality. Toerien and Walmsley (1974) 
noted that the impoundment was already eutrophied to some extent and that orthophosphate phosphorus concentra- 
tions were increasing. MicrocystFr blooms have occurred in the impoundment since 1973 (Tomien and Tow. 1976). A 
water hyacinth infestation which appeared in 1973 was succesfutly eradicated by means of physical removal (G.P.K. 
Thornton - personal comunication). Schtme and Bosman (1973) noted that in February 1972, a thermocline tend- 
ed to form at 15 m and that there was a low oxygen concentration near the sediments. 

DESCRIPTION O F  THE AREA 

The basic characteristics of the impoundment and its catchment are given in Table 1. Following f l d  in August 1970. 
the crest of the impoundment was raised by 3 m. A further raising of 5 m, to increase the net assured draft, is under 
consideration. A map showing the catchment area and the sampling stations on the inflowing river systems, is given in 
Figure 1. The Mdantsane Sewage Purification Works is situated on the banks of the Umdanrani Stream, approximately 
2 km from the dam. The maturation pond effluent passes over the Umdanzani Stream by means of a diversion weir. 
after which the effluent p- through a tunnel and is then discharged via a pipeline into the Buffalo River at a point 
below the East London Municipality water supply abstraction point. The hathymeuy of the Lnpoundment and the 
sampling station on the impoundment are shown in Figure 2. There is a deep gulley which runs along the length of the 
impoundment repr~enting the old river bed. This gulley is in exces of 40 m in the vicinity of the dam wall. Bridle Drift 
Dam has a mean depth (12.3 m) which is high in relation to other South African impoundments (WaLnsley and Butty. 
1979). 

The hydrological characteristics of Bridle Drift Dam from 1969 to 1978 (Table 2) show a wide variation in the mean 
water retention time (0.88 yean - coefticient of variation 97 %). During 1969/70, a year in which heavy floods occur- 
red, the retention time was reduced to 0.19 years, indicating that the water in the impoundment was replaced 5,26 
times during that year. The severity of the floods can be gauged by the fact that during August 1970, the water was 
replaced 4.66 times. After the completion of the dam wall in late 1968 until the flwds, the water content of the im- 
poundment was law and the average monthly volume war. only 33 % of the full supply capacity. However, with the ad- 
vent of the floods, the monthly volume was never below 83 % of the full supply capacity. Although the combined 
catchment areas of the four streams draining Mdantsane form 15 % of the Bridle Drift catchment helow Laing Dam, 
their flow contribution amounted to < I  % of the total i d o w  for the study period. 

RESULTS AND DISCUSSION 

A summary of the hydrological characteristics for Bridle Drift Dam from September 1977 to August 1978 is given in 
Table 3. The inflow during the study period was2 % higher than the average mean value for 1969/78. This is reflected 
in the slightly higher mean values of volume, area and mean depth. The reduced retention time (0.56 years) aEa 
reflected the higher inflow. 

The impounded waters, with a mean turbidity of 68 JlU and a mean Secchi depth of 0.10 m were highly tur- 
bid. It has bepn stated that the high silt content of impounded waters in the Buffalo River catchment can be largely 
associated with poor farming methods, over-grazing and inadequate emion control (Reed and Thornton, 1969). The 
extent of mineralization of the impounded water is indicated by the d i m ,  chloride, potasrium, calcium. 
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magnesium, and sulphate values (Table 4). A mean orthophosphate phospho- concentration of 0.09 mg/dm3 and a 
mean nitrate nitrogen concentration of 1.11 mg/dm3 was recorded for the impounded waters for the study period. Fre- 
quency histogram for surface water data are given in Fipres 3 and 4. Orthophosphate phosphorus was most common- 
ly encountered at concentrations varying between 0.06 mg/dm3 and 0.10 mg/dm3, while nitrate nitrogen was most fre- 
quently between 0.51 mg/dm3 and 1.00 mg/dm3. Turbidity usually ranged between 51 JTU and 75 JTU. 

The idowing waters, in particular the streams draining Mdantsane, had high sodium and chloride contents (Table 4). 
These streams are, under dry weather conditions, largely fed by natural springs. The nutrient concentrations of these 
four streams varied considerably but were geneally high. The mean orthophosphate phmphorui concentrations varied 
between 0.50 mg/dm3 and 4.09 mg/dm3 and mean nitrate niuogen concentrations varied between 2.00 mg/dm3 and 
3.68 mg/dm3. The respective values for the Buffalo River were 0.08 mg/dm3 and 0.89 mg/dm3. Thehigh values found 
in the four streams could, on occasion, be directly attributed to sewage contamination from Mdantsane. Evidence of 
organic pollution is provided by the high Kjeldahl nitrogen and ammonia nitrogen values which were recorded. Of the 
inflowing syrtems, the Umdanrani Stream showed the highest phosphate concentrations (mean orthophosphate 
phosphorus concentration of 4.09 mg/dm3): 

The temperature distribution during the study period is shown in Figure 5. The water column stratified in September 
1977, but this was briefly disrupted in December 1977 after an increased inflow. Stratification recurred and persisted 
until March 1978. A maximum temperaturegradient of 8 OC through the water column was recorded in January 1978. 
An orthograde oxygen distribution was present from April 1978 until the end of the study period in August 1978. 
Stratification of &olved oxygen occmed from September 1977 until March 1978. after being briefly disrupted in 
December 1977 (Fig. 6). The hypolimnion showed an oxygen deficit from October 1977. This deficit was reduced in 
Novemher/December 1977 due to higher inflows, but low oxygen levels were re-established by mid-December 1977. An 
anaerobic zone was formed during February 1978 at 23 m. This layer represented 10 % of the impoundment's water 
content. After overturn in April 1978, recirculation resulted in the reoxygenation of this anaerobic zone. 

Microcytir colonies were first observed in mid-October 1977 and prominent surface scum was intermittently present 
between November 1977 and March 1978. During December 1977 and January 1978 scum covered large surface areas 
of the impoundment. However, the mean chlorophyll a concentration over the year was only 0.15 pg/dm3 (Table 5). 
with a maximum of 1.67 pg/dm3. It is obvious that the scum was not detected by the chlorophyll a determinations. 
Apart from an aesthetic detraction, the appearance of Microcystis did not. at any time, directly affect water purifica- 
tion pm-. In January 1978, large scums of Microcystis were observed in the upper reaches of the impoundment 
and were probably growths which had been washed out of Laing Dam (see Laing Dam). A blwm of Pondon'm 
developed in the Umdanzani estuary at the beginning of August 1978 and was present for 3 to 4 weeks. This alga, 
which is known to cause taste and d o u r  problems (Palmer. 1962). was also observed in the upper reaches of the dam. 
In mid-March 1978, water hyacinth was noticed in the Shangani estuary, thesiteof a previous infestation. These plants 
were physically removed before they reached pmblem proportions. 

The orthophosphate phospho- surface loading rate for the study period was 9.43 gmiZ.a-' (Table 5). of which 9% 
was contributed by the four streams draining Mdantsane. These streams contributed 3 % of the inorganic nitrogen in- 
to the impoundment (inorganic nitrogen surface loading rate 19.30 g.m-2.a1). 

The total phosphate phosphorus surface loading rate into the impoundment was 18.72 g.m-z.a-l, of which the Buffalo 
River contribution amounted to 18,36 g.m-z.a-'. These values suggest that mwt of the incoming phosphate was 
associated with suspended material. The mean suspended solids value in the Buffalo River was 133 mg/dm3 whilst 
mean values in the four streams varied between 11 mg/dm3 and 40 mg/dm3. 

The nutrient surface loading ratesand nutrient concentrations of the impounded waters indicate that Bridle Drift Dam 
can be classified as eutrophic. It appears however, that the severity of the symptoms of eutrophication were moderated, 
to a large extent, by the high turbidity. With a mean k c h i  depth of 0.10 m and a mean surface mrbidity of 68 
JTU. Bridle Drift Dam probably represents one of the most turbid impoundments in the country. Thus, although the 
impoundment displayed low phytoplankton productivity during the study period, it obviously has a high patential to 
develop severe eutrophication problems. 
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TABLE 5. Hydrological characteristics, nutrient loading rates, chlorophyll a and water transparency 
characteristin of Bridle Drift Dam (Sept. 1977 - Aug. 1978) 

Mean depth m 11.8 
Retention time a 0,56 
Hydraulic load m/a 21.07 

Surface laadiq rates g/m2.a-' 
PO,-P 
Total P 
Inorganic nitrogen 
Total nitrogen 

Maximum Minimum Mean 

Chlorophyll o &g/dm3 
Seccchi depth m 

1.67 ND* 0.15 
0.15 0.07 0.10 

- 

'ND = not dcrecred 
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FIGURE 3. Frequency histograms for selected p n m e t e n  pertinent to the surface waters of Bridle Drift Dam. 
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1978 

MONTH 

FIGURE 5. Temperature distribution pattern in Bridle Drift Dam (Aug. 1977 - Aug. 1978). (Arrows indicate 
sampling dates, shaded area represents anaerobic zone.) 

1978 

MONTH 

FIGURE 6. Oxy-n distribution pattern in Bridle Drift Dam (Aug. 1977 - Aug. 1978). (Arrows indicate sampling 
dates. shaded area represents anaerobic mne). 
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W N G  DAM 

M .  Tow 
National Institute for Water Research, Council for Scientijic and Industrial Research, 

P. 0. Box 395. PRETORIA 

INTRODUCTION 

Laing Dam is situated in the middle reaches of the Buffalo River. 14 km south-east of King William's Town and 40 km 
west of East London. Ownenhip of the impoundment was transferred from the East London Municipality to the 
Deparunent of Water Affairs in 1976. It is currently being used as a domestic and industrial water supply. The.supply 
areas include Berlin. Zwelitsha township, Mount Coke Hospital and a number of rural xtdem.enu. 

An algal bioassay of a number of South African impoundments (Toerien el al., 1975) indicated that Laing Dam has 
the 17th highest algal growth potential of the 98 impoundments surveyed. Algal blooms were first noted in the im- 
poundment during 1975 (Toerien and Tow, 1976). a period of reduced turbidity. Schutte and Bosman (1973) found 
that oxygen depletion occurred in the hypolimnion of Laing Dam during the summer of 1968/1969. A wen-defmed 
thermocline was also present during the same period, although this was not permanent. 

DESCRIPTION OF M E  AREA 

The basic characteristics of the impoundment and its catchment are Listed in Table 1. After the A u p t  1970 floods in 
the East London-King William's Town region, the dam wall had to be strengthened and the spillway capacity increas- 
ed in new of presentday standards. These modifications were completed in 1977. Laing Dam has two major idowing 
riven, the Buffalo and the Y e l l o w w d  (Fig. 1). King William's Town and Zwelitsha are situated in the catch- 
ment of the Buffalo River. The main nutrient point sources are the sewage purification works of the respective towns 
and a textile factory. The Yellowwoads River has, in its catchment, the developing Breidbach township, which is at 
present unsewemd. The Tshaba River also enters Laing Dam, but its contribution is insignificant when compared with 
that of the Buffalo and Yellowwoods riven. It was therefore not included in this study. The results given in this report 
represent the sampling stations R1 and R6 as indicated in Figure 1. The hathymetry of the impoundment and the 
sampling station are shown in Figure 2. There is a deep gorge behind the dam wall (37 m), but areas near the inflows 
are relatively shallow ( < I 0  m). Islands are present in these shallow areas. 

The hydrological characteristics of the impoundment from 1968 to 1978 are given in Table 2. The average mean 
retention time (1.20 years) indicates that the impoundment bas a slow rate of replenishment compared with many 
other South African impoundments (Walmley, et al., 1978). However, considerable variation is evident since the 
lowest value for the mean retention time was 0.17 yean (1969/70) whifst the highest was 4.77 years (1972/73). Based on 
catchment area ratios, it has been estimated that the Yellowwoods River contributes approximately 30 % of the total 
inflow into Laing Dam. This repon p-nu data obtained during a limnological survey between November 1977 and 
October 1978. 

RESULTS AND DISCUSSION 

The basic hydrological characteristics of the impoundment are shown in Table 3. There was a greater than average in- 
flow into the impoundment during the study period with the result that the mean volume of the impoundment was only 
slightly below the full supply capacity. The increased intlow also resulted in a relatively low retention time (0.42 years). 

The results of chemical analysis of water from the two inflowing rivers. the impoundment and outflow during the study 
period are presented in Table 4. The impounded waters showed high nutrient levels. The mean values for nitrate 
nitrogen and onhophosphate phosphorus were 1.29 mg/dm3 and 0.16 mg/dm3 respectively. Based on the sodium and 
chloride content, the impoundment can be regarded as relatively highly mineralked. A mean surface turbidity value of 
51 JTU and a mean k c h i  depth of 0.17 m showed the impoundment to be highly turbid. The frequency of oc- 

currence of different concentrations of the surface water parameters are shown in Figures 3 and 4. Onbophosphate 
pbosphonu concentrations varied most frequently between 0.10 mg/dm3 and 0.20 mg/dm3. The most frequent con- 
centrations of nitrate nitrogen were between 0.50 mg/dm3 and 1.00 mg/dm3. Surface water turbidity values of 
betwen POJTU and 40 JTU were most common. 
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The temperature distribution in the water column for the study period is shown in Figure 5. Stratified conditions were 
encountered at the commencement of the study in November 1977. These conditions persisted until the end of March 
1978, when cooling of the water temperatures resulted in overturn. During winter, a temperature gadient was always 
present. 

Stratification occurred in AugmdSeptember 1978. Oxygen isopleths for the study period are presented in Figure 6. 
and these show that a clinograde oxygen distribution was present from December 1977 until March 1978. During this 
period, an extenrive anaerobic rone was present, with the limit of theupper layer valying between 12 m and 23 m. This 
rone represented between 3 and 27 % of the water capacity of the impoundment. Overturn occurred in early April 
1978 and resulted in the reoxygenation of the anaerobic waters. The winter temperature gradient caused an oxygen 
gradient to be present during the greater part of winter. 

During the study period by far the greater proportion of nutrients entered Laing Dam via the Buffalo River. This is an 
indication of the high degree of industrialization and urbanization in this catchment by comparison with the 
Yellowwoods River catchment. The orthophosphate phsophorus surface loading rate of 13,82 g.m-2.a-' (Table 5) is ex- 

tremely high as is the total nitrogen surface loading rate of 63.61 g.m-'.a-' (Vollenweider. 1968). This represents 31.57 t 
of phosphate phosphorus and 115.08 t of nitrogen which entered Laing Dam during the study period. The mean or- 
thophosphate phosphorus and total nitrogen concentrations for the Buffalo River were 1.35 mg/dm3 and 5.70 mg/dm3 
respectively. By contrast the mean orthophosphate phosphorus and mean total nitrogen concentrations for the 
Yellowwoods River were 0.09 mg/dm3 and 1.76 mg/dm3 respectively. Loading estimates reveal that the Yellowwoods 
River contributes 4 % of the orthophosphate load and 9 % of the inorganic nitrogen load into Laing Dam. 

The results show that, with regard to nutrient status, Laing Dam can he classified as eutrophic. However, in terms of 
algal growth, this impoundment cannot he classified as such. Although Microcystti growths occurred in late December 
1977, these were washed out after heavy rains and did not reappear. This impoundment has not reached its full poten- 
tial with regard to algal growth. The chlorophyll a values during the study period were extremely low (Table 5) and it 
appears likely that the high turbidity played an important role in supp-ing algal growth. The posihle inhibitory in- 
fluence of texdle effluents on phytoplankton growth can also not be discounted. 
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TABLE 1. Characteristics of Laing Dam and its catchment 

Geographical location 32 583; 27 30'E 
Magisterial district King William's Town 
Catchment type Urban, cultivated, uncultivated, forest 
Usage of dam Urban and industrial water supply 
Catchment area 913 km' 
lntlowing rivers Buffalo. Yellowwaods, Tshaba 
Dam wall completed 1951 
*F.S.L. volume 22,O x lo6 m3 
F.S.L. area 2.11 km2 
F.S.L. maximum depth 37.5 m 
F.S.L. mean depth 10.4 m 

'F.S.L. = full supply l e d  

TABLE 2. Average-term hydrological characteristics of Laing- Dam 

'Average 'C.V. 
mean 

Volume x lo6 m3 
Area lim2 
Mean depth m 
Annual inflow x 10' m3 
Annual outflow x 106 m3 
Retention time a 

*Average mean is bared on monthly values and an annual cycle: 
Period: November to October (1968 - 1978) 
C.V. = cafficienr of variation. 

TABLE 3. A summary of monthly hydrological characteristia of Laing Dam (Nov. 1977 - Oct. 1978) 

Deviation of 
Maximum Minimum Mean 'C.V. mean from 

average % 

Volume x lob m3 22.19 20.28 21.91 2 9 
Area km2 2.18 1.93 2.14 3 9 
Mean depth m 10.4 1 0 2  10.2 1 1 
Monthly inflow x lo6 m3 16.75 0,15 4,73 130 14 
Monthly outflow x 106 m3 16.79 0.13 4.45 134 7 

'C.V. = caefficienr of variarion 
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TABLE 4. A summary of physical and chemical characteristics of inflowing, outflowing and impounded waters of 
Laing Dam for November 1977 to October 1978. 

DAM STATION 
BUFFALO RIVEFL YEJLOWW0005 RIVER OUTFLOW 

PABAMETER TOP BDTTOM 

Min Max Mcan CV: Min M u  Mean C.V.' Min Mar Mean C.V.' Min M u  M- C.Y. Min M u  Mean C.Y. 

Cond P I  62 112 29 51 69 "7 P I  32 194 9 4 2% 153 81 10 1% 68 $3 5 1  
Alk 38 LO3 77 21 
Ta Kj- N 0.30 2.70 (191 16 0.68 Z.86 I.18 55 U.85 9.55 2.91 72 0.58 2.61 1.15 40 0.1s 5.40 1.08 5'1 
%Kj-N 0.05 S.01 0.69 69 0.1.1 I.% 0.75 53 ND 8.M 1.81 91 0.28 1.48 0.71 +* NO 1.18 0.66 50 
NH.- N ND'I .P1  0.15 165 ND 1.59 OPI 175 SO 4.52 I.OP IPS ND 0.57 0.13 76 ND 1.25 0.15 165 
NO,. N 0.66 2.61 1.29 36 0.19 >.Zl  1.20 44 0% 5.7s P.80 51 KD 1.91 0.59 75 0.54 2.05 1.17 31 

NO2-N ND (1.04 O.WI 351 ND 0.09 0.01 PM ND 0.45 0.12 I17 ND 0.54 0.08 r5'3 XD 0.05 0.01 2W 

Ta P 0.40 2.56 1.05 52 0.51 2.S 1.19 3s 0.71 6.36 2,8P 41 0.18 P.M 0.97 81 0.54 3.W 1.13 61 
T m & P  024 0.91 0.58 51 0.26 P I P  0.51 50 0 . l Z  5.80 1.93 75 0.08 0.91 0.- 61 0.28 0.83 0.55 %.I 

P O ,  P 0.06 0.31 0.16 +% 0.06 027 0.15 44 0.08 1.30 1.55 71 0.01 0 . S  0.09 79 0.OZ 0.Zl 0.12 5% 
h 
M" 
Tcmp 12.8 P6.9 19.0 PS 10.8 17.5 14.0 18 10.9 Z6.6 19.0 Z8 10.6 4 6 2  18.8 28 l Z . l  Z4.8 l8.9 22 
DO 6.4 91 7.4 11 0.1 8.3 '1.1 93 
. TU 19 1% 53 ii I 95 18 SP 3 IPD e4 1x8 I i;o 6 ss 26 280 12 ss 
PH 1.1 8.1 7 .  5 6.7 8.0 7.< 5 ? . I  ' I D  7.7 5 7.2 8.6 8.0 5 7.7 8.8 8.L 4 
Y 5 % 3 76 16 160 66 66 5 P57 49 I% 5 la8 61 7 1  9 1 7 s  157 2% 

*ND = nor detected 
C.V. = cocffidenr of variation 

TABLE 5. Hydrological characteristics. nutrient loading rates. chlomphyll a and water transparency 
characteristics of Laing Dam (Nov. 1977 - Oct. 1978) 

Mean depth m 
Retention time a 
Hydraulic load m/a 

Surface loading rates g/m2.a' 
PO,P 15.82 
Total P 33.94 
Inorganic nitrogen 37.55 
Total nitrogen 63.61 

Maximum Minimum Mean 

Chlorophyll a pg/dm3 2.22 ND* 0.17 
&chi depth m 0,45 0.04 0.17 

*ND = nor detected 
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FIGURE 3. Fmqucnc). bis- b dard p a n a r s  for the surface waters of Laing Dam. 
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FIGURE 5. Temperature dismbution in Laing Dam (Nov. 1977 - Nov. 1978). (Arrom indicate rampling dates. 
shaded area represents anaerobic zone.) 

FIGURE 6. Oxye~n diruibudon in Laing Dam (Nov. 1 9 n  - Nov. 1978). (Arrows indicate sampling data. shaded 
area represents a ~ e m b i c  zone.) 
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NAROON DAM 

by 

M. Tow 
N a t i o ~ l  Institute for Water Research, Council for Scientific and Industrial Research, 

P O .  Box 391, PRETORIA 

Nahmn Dam, an impoundment on the Nahoon River. is situated approximately 15 k m  north-west of East London. 
This State-awned impoundment is used as an industrial water supply and for irrigation. It is envisaged that water from 
Nahmn Dam will, in the near future, augment the supply to the densely populated Mdantsane township and the 
developing township of Potsdam. 

In a tmphic status dassificadon of 98 South African impoundments. Toerien el al. (1975) showed Nahmn Dam to 
have an algal growth potential of 14,5 mg/dm3. This is relatively low when compared with the other impoundments 
which were investigated, where the range varied between 4.3 mg/dm3 (Gubu Dam) and 660.4 mg/dm3 (Rietvlei Dam). 
Schutte and Bosman (1973). in their survey of physical and chemical parameters of South African impoundments, in- 
dicated that thermal stratification occurred in Nahoon Dam and that an oxygen deficit occurred in the hypolimnion 
during the summer months from 1969 to 1972. This report presents data obtained during a lLRnoIogical ~ r v e y  
between September 1976 and August 1977. 

DESCRIPTION OF THE AREA 

The basic characteristics of the impoundment and its catchment are given in Table 1. In view of the expected increase 
in demand for water in the East London - King William's Town region, the Nahwn Dam wall was r a i d  by 10.6 m in 
1978. In order to fully exploit the potential of the river, a further raising of 3 m has been propased (Department of 
Water Affairs. 1976 - this report is in the procesr of being updated). Figure 1 shows the position of Nahwn Dam in 
relation to its catchment. The catchment is made up of cultivated and uncultivated lands. The settlements of 
MacLeantown and Kei Road are situated an the northern and north-western edge of the catchment. These areas are 
not expected to develop to any significant extent in the near future (Water Research Commision. 1976). Although the 
Berlin Industrial Area falls within the Nahwn Dam catchment, this region has not yet been fully developed, and as 
such, no effluent is being discharged into the Nahoon River. There are, at present, no nutrient point sources in the 
catchment. The sampling stations on the idowing streams are indicated in Figure 1. The hathymetry of the impound- 
ment and the impoundment sampling station a m  shown in Figure 2. The impoundment consists essentially of a narrow 
valley which rum along the length of the impoundment, the deepest portion (18 m) being in the vicinity of the dam 
wall. 

The hydrological characteristin of the impoundment (Table 2) show that there is a considerable variation in the an- 
nual inflowing volumes. The Rwantsa River (Fig. I), a tributary of the Nahwn River, is estimated to contribute 12 %, 
by volume, of the total inflow. The mean retention time for the period 1968/77 was 0.5 years which indicates that the 
waters of the impaundment were replaced twice per axmum. 

RESULTS AND DISCUSSION 

Table 3 shows a summary of the monthly hydrological characteristics for Nahmn Dam from September 1976 to Augwt 
1977. It can be seen that the mean v d u ~  for the morphological features were considerably lower than the average 
mean for the period 1968/77 (Table 2). This resulted from the unusually low inflow, as well as the fact that the water 
level was kept at  a reduced level due to c o ~ t ~ c t i o n  activities on the dam wall. The reduced inflow was also reflected in 
the increased retention time of 1.66 years. 

The results of chemical analysis of the inflowing, impounded and outflowing waters for September 1976 to August 1977 
are presented in Table 4. The impounded water was turbid (mean turbidity value 51 JTU) and a mean Secch'i 
depth of 0.37 m was recorded for the study period. A high dissolved solids content was indicated by a mean con- 
ductivity value of 58 mS/m. The Nahoon catchment falls within the area desnibed by Bond (1946) as having highly 
mineralized chlo~ide-sulphate waten. This can he seen in the high sodium and chloride values for the impoundment. 
as well as for the inflowing waten. The impounded waten had a mean orthophmphate phosphom concentration of 
0.07 mg/dm3. Frequency histograms for the physical and chemical paramam measured are shown in Figures 3 and 4. 
Orthophusphate phosphorus concentrations were generally below 0.05 mg/dm3, while nitrate nitrogen concentrations 
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varied between 0.51 mg/dm3 and 0.75 mg/dd .  Sodium was mat frequently in the 81 mg/dm3 to 90 mg/dm3 m g e  
while chloride was most often in the 126 mg/dm3 to 150 mg/dm3 range. 

Temperature isotherms for the dam station for the study period are given in Figure 5. The impoundment developed 
thermal stratification in OctobedNovember 1976. However, this pattern was disrupted during December 1976. 
Thereafter stradfication redeveloped and persisted until the end of February 1977. Throughout the summer of 
1976/77. no distinct thermocline was evident. The water temperature decreased gradually from February 1977 until 
the end of the study period in August 1977. The oxygen distribution pattern for the study period is shown in Figure 6. 
From the beginning of the study period und the end of February 1977, the water column showed dissolved oxygen 
stratitication. This pattern was briefly disrupted in November 1976 by increased inflows. During the summer months, 
an anaerobic zone developed and the upper layer of this zone fluctuated between 7 and 11 m. This anaerobic layer 
represented between 17 and 50 0/, of the water volume during the study period. 

The impoundment bad an orthophosphate phospho- surface loading rate of 0.99 g.m-2.a-' (Table 5), whilst the total 
phosphate phosphorus surface loading rate was 6.18 g.m-2.a-'. These values suggest that a high proponion of the 
phosphate which entered the impoundment was associated with incoming silt and suspended material. This pattern 
was also exhibited by nitrogen loading figures for the impoundment. 

Growth of MinocystFr was frequently present during the summer of 1976/77. However, because of the gas-vacuolate 
characteristic of this alga, colonies were generalty localired at the surface, and because of the sampling method 
employed and the sampling station chosen, law chlorophyll concentrations were recorded (Table 5). It should be noted 
that whilst these growths did not represent nuisance prOp0rtiO~ with respect to water treatment, they must be con- 
sidered undesirable. This impoundment can be classified as eutrophic with regard to its nutrient status. However. its 
full potential has not been reached and as with the other impoundments investigated (Bridle Drift and Laing dams), it 
appears likely that high turbidity is important in retarding the growth of nuisance algae. 
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TABLE 1. Characteristics of Nahoon Dam and its catchment 

Geographical location 
Magisterial district 
Catchment type 
Usage of dam 
Catchment area 
Inflowing river 
Dam wall completed 
'F.S.L. volume 
F.S.L. area 

F.S.L. maximum depth 
F.S.L. mean depth 

32 ' 54% 27 O 49'E 
East London 
Cultivated and uncultivated 
Urban and industrial water supply, irrigation 
450 km2 
Nahoon 
1966 
5.9 x 106 m3 
0.82 km2 
18,4 m 
7.2 m 

'F.S.L. = full supply levd 

TABLE 2. Averagere- hydrol+cal characteristics of Nahoon Dam 

Volume x lo6 m3 
Area km2 
Mean depth m 
Annual inflow x lo6 m3 
Annual outflow x 106 m3 
Retention time a 

*Average *C.V. % 
mean 

5.18 16 
0.75 11 
6.8 6 

27.74 85 
26,92 89 
0.50 105 

-Average mean is bared on monthly values and an annual cycle: 
Period: September ro August (1968 - 1977) 
C.V. = co~fficienr of variarion. 

TABLE 3. A summary of monthly hydrological characteristics of Nahmn Dam (Sept. 1976 - Aug. 1977) 

Deviation of 
Maximum Minimum Mean 'C.V. mean from 

average % 

Volume x lo6 m3 4.34 2.79 3.58 17 - 31 
Area km2 0.66 0.53 0.59 9 - 21 
Mean depth m 6.6 5.2 5.9 9 - 13 
hlonthly inflow x 10' m3 1.91 0 0.50 141 - 98 
Monrhly outflow x 106 m3 0.84 0.06 0.18 116 - 99 

'C.V. = coefficient of variation 
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TABLE 4. A Nmmary of physical and chemical characteristics of inflowing, outflowing and impounded watm of 
Nahoon Dam for September 1976 to August 1977. 

DAIt STATION 
RWINTSA hAHOON O U m O W  

PAW- TOP BOTTOM 

Mm M u  Mran C Y - Urn M u  M c m  C Y . Mm M u  Mcm C V ' Mm M u  Mcu, C V Mm M u  M- C Y ' 

RD" P.P8 1.01 65 
NO 1.90 0.69 75 
ND 0.16 0.0% I75 

0.13 1.ZB 0.69 I 
N D  0.05 0.01 119 

0.16 3 0.16 54 

0.10 0.90 0.37 57 
ND 0.21 0.07 87 

POP 111 30 

61 55 25 

TABLE 5. Hydrological charaneiistin. nument loading rates, chlorophyll a and water transparency 
characteristics of Nahwn Dam (Sept. 1976 - Aug. 1977) 

Mean depth m 5.9 
Retention time a 1.66 
Hydraulic load d a  3,55 

Snrface loading rates g/mz.a-' 
PO,-P 
Total P 
Inorganic nitrogen 
Total nitrogen 
-- - - 

Maximum Minimum Mean 

Chlorophyll o ,tg/dm3 8.63 ND* 0.75 
k c h i  depth m 0.05 0.78 0.37 

'ND = not detected 
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FIGURE 3. F q u e n q  histograms for selected panmeten pertinent to the surface waten of Nahoon Dam. 
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FIGURE 4. Frequency bistognma for selected panmeten pertinent to the surface waters of Nahaon Dam. 
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FIGURE 5. Temperature distribution in Nahoon Dam (August 1976 - August 1977). (Arrows indicate sampl- 
ing dates, shaded areas represent anaerobic zones.) 

FIGURE 6. Oxygen distribution in Nahmn Dam (August 1976 - August 1977). (Arrows indicate sampling s 
dates, shaded areas represent anaerobic zones.) 
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