
G.P.-S. (F-L) 

REPUBLIC OF SOUTH AF 1'i:'CA 

DEPARTMENT OF WATER AFFAIRS 

Documentation of the January, 1978 floods in 

Pretoria and in the Crocodile River catchment 

TR88 

Z. P. S. J. Kovacs 

---.. 

_,..f"!:= ...-: 
I 
I 

- 25
10

45" 
I 
I 
I 

;~/~ 
: '<s 
I 

\ 
I 
\ 

\ \ 

,...:--==~n 

\-~- ---------------------r_. 

' I ~o I metre 

'---

I 

28° 15' 

25° 45' -

.. 



rl 
I 

ll'\ 
(\j 
CO 

"" rl G PS (L) 

DEPARTMENT OF WATER AFFAIRS 
Div ision of Hydrology 

Techni cal Report No TR 88 

DOCUMENTATION OF THE JANUARY~ 1978 FLOODS IN PRETORIA 
AND IN THE CROCODILE RIVER CATCHr'lENT 

by Z P s J Kovacs 

December, 1978 

Department of Water Affairs 
Private Bag X313 
PRETORIA 
0001 

ISBN 0 621 05254 X 



1. 

2. 

2.1 

2 .1. 1 

2 .1.2 

2.1.3 

2.2 

2.2.1 

2.2.2 

2.2.3 

2.2.4 

2.3 

2.3.1 

2.3.2 

2.3.3 

2.4 

3. 

3.1 

3.2 

3.2.1 

3.2.2 

3.2.3 

INTRODUCTION 

THE PRETORIA FLOOD 

The storm 

Meteorological cause 

Rainfall observations 

Return period 

Flood peaks 

Selection of sites 

Field work 

Peak discharge 

Return period 

Evaluation of results 

CONTENTS 

Reliability of peak discharges 

Reliability of return periods 

Comparison of peak discharges calcula t ed by three methods 

Resum~ and recommendations 

THE CROCODILE RIVER CATCHMENT FLOODS 

Rainfall 

Floods 

Observations 

Flood peaks 

Flood hydrographs 



3.3 Evaluation of results 

3.3.1 Reliability 

3.3.2 Practical value of the flood survey 

3.4 Recommendations 

Appendix: Calculation sheets for the Rational and Unitgraph methods 

i i 



LIST OF FIGURES 

No. Title 

1 Synoptic weather charts on 25, 26, 27 and 28 January 1978 

2 

3 

Accumulated storm rainfall on 28 January 1978 at Weather 

Bureau station No. 513/314A 

Storm rainfall and peak discharges in Pretoria on 28 January 

1978 

4(a)-(c) Frt-quency distribution of annual maxima of one day rainfall 

at Weather Bureau stations No. 513/404, 513/255 and 513/524 

5(a)-(b) Flow types at br idges 

6 

7 

8 

Flood peak frequencies fo r catchments of structures in the 

Pretoria area 

Moreleta Spruit-Hartbees Spruit: Peak discharge and mean 

storm rainfall on 28 January 1978 vs catchment area 

Crocodile River Catchment: Rainfall ann peak discharge 

9(a)-(f) Flood hydrographs 

(a) Magalies River, station A2Ml3 

(b) Crocodile River, station A2R01 

(c) Pienaars River, station A2R09 

(d) Pienaars River, station A2Rl2 

(e) Elands River, station A2Rl4 

(f) Crocodile River, station A2M25 

i i i 



LIST OF TABLES 

No. Title 

1 Rainfall and flood-peaks in 12 catchments on 28 January 1978 in 

Pretoria 

2 

3 

4 

5 

Manning's n values used in the ca l culation of flood peaks for 

the storm of 28 January in Pretoria 

Comparison of floocl peaks calculated by three methods for the 

flood of 28 January 1978 (Pretoria) 

Resum~ of flood survey in the Crocodile River catchment for the 

floods of January 1978 

Propagation of flood wave gravity centres in the Crocodile River 

catchment, January 1978 

iv 



1. INTRODUCTION 

The following report was requested by the Chief: Division of 

Hydrology in his note dated 1 February 1978. 

During the early hours of 28 January 1978 Pretoria was hit by 

the heaviest storm in her recent history. Between midnight and 

08h00 up to 280 mm rain fell. The Weather Bureau station in the 

Forum Building recorded 160 mm and this brought up the monthly 

total to nearly 500 DDII, the second biggest in the century. The 

ensuing floods caused havoc in many areas, especially in 

Wonderboom, Pretoria North, 

Eleven people died. Roads, 

system, buildings, etc. were 

Lynnwood, Silverton and Mamelodi. 

bridges, the storm water drainage 

damaged, thousands of telephones 

and powerlines were cut. The material loss ran into hundreds of 

thousands of rands according to the most optimistic estimates. 

In the Crocodile River catchment area floods were caused mainly 

by the same storm that covered the south eastern corner of the 

area. However, the contribution of fairly heavy rainfalls 

elsewhere and far above average wet antecedent conditions was 

significant as well. According to first estimates the damage to 

agriculture along the Crocodile, Pienaars and Apies Rivers 

amounted to several millions of rands. 

The extraordinary event of 28 January 1978 in Pretoria will be 

remembered for a long time and will become a basis for 

comparison in the future both for laymen and professionals. The 

Division of Hydrology had a special interest in gathering 

relevant flood information. Firstly because of the absence of 

gauging stations in the urban area and also because of the 

relative scarcity of flood and storm-rainfall data in small 

catchments. Rainfall data at + 40 stations and flood marks at 

12 sites made it possible to draw an isohyetal map of the storm, 

calculate flood peaks, estimate the return periods of storm 

rainfall and flood peaks and obtain valuable information on 

runoff coefficients. 
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2. 

2.1 

2.1.1 

With regard 

varied from 

rainfall and 

to the Crocod i le River catchment, where the floods 

insignificant to very rare, the f airly a bu nda nt 

flood information enabled the calculat ion of flood 

peaks, hydrographs, runoff volumes and per c entages, a nd t rave l 

times of flood waves. 

Both flood surveys proved to be an exce l lent opportunity for the 

comparison and testing of various methods of flood peak 

estimation. 

The extensive field work, the collection of recorded rainfalls 

and hydrographs and the large volume of calculations were 

carried out by C.J. Botha, C.A. da Silva, C.J. de J ager , 

S. Mullineux and J. van der Westhuysen, members of the Fl ood 

Section. 

Thanks are due to the Weather Bureau for provid i ng the rainfall 

information, the Bridge Planning and Design Section of the 

Transvaal Province Roads Department for making available a great 

number of bridge plans and high water marks, and the Ci ty 

Engineer's Department of the Pretoria Municipality also for 

bridge plans. Without the co-operation of these departments the 

flood survey could not have been carried out with the necessary 

detail. 

THE PRETORIA FLOOD 

The storm 

Meteorological cause (Fig. 1, Ref. (1)) 

As early as 19 January moist warm air was being fed from the 

north and east caused by a low in Botswana and a high above the 

south-eastern part of the country. The result was widespread 

showers in the affected areas. On the 26th a strong cold fr ont 

moved in from the south-west. On the 27th the sharp trough o f 

low pressure which had developed in the interior in a 
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2. 1. 2 

2.1.3 

north-sou th direction became pinched between the high pressure 

sy stems over the eastern and western interior. The warm and 

cool a i r masses met on the night of the 27th in Transvaal 

caus i ng except i onal l y heavy ra i ns in the Pretor i a area. 

Ra i nfal l observations 

The information included 29 official Weather Bureau stations and 

11 private stations. Out of these three were autographic 

stations, the rest had da i ly rainfall totals. The graphs of the 

former showed that the storm lasted approximately from midnight 

till 07h00 on the 27th and there was no appreciable extra 

rainfall in the 24 hour period between 08h00 27th and 08h00 

28th. Fig. 2 shows the accumulated storm rainfall at station 

No . 513/314A. Owing to above mentioned fortunate circumstance 

the daily figures were representative for the storm and could be 

used to construct the isohyetal maps shown in Fig. 3. It can be 

seen that the heaviest rainfall, say more than 200 mm, was 

restricted to a relatively small area of ~ 30 km
2 

The storm 

had an apparent ridge of maxima directed WNW - ESE. Noteworthy 

is the very rapid decrease of rainfall towards the north-east: 

only 11 km from the storm centre it was less than 10 mm. 

Return period 

(a) Point rainfalls 

Within the area of the heaviest rainfall, station 513/404 

(Bryntirion) had the longest record: 73 years. At the 

same time it was the Weather Bureau station with the 

highest rainfall on 28 January: 245 mm. Fig. 4(a) shows 

the observed and theoretical frequency distributions of 

annual maximum one-day rainfalls at above station. The 

observed data were ranked according to the Weibull formula 

as 

3 



T 

Where T 

p 

N 

m 

N + 1 
(or p% 

m 
.!E.£) 

T 

return period in years 

probability of exceedance in Z 

length of record in years 

rank in decending order 

From the figure it is obvious that the recent storm ~~as by 

far the biggest on record. The theoretical distributions 

fitted to the historical data were the Log Normal, Log 

Pearson Ill and General Extreme Value (GEV). 

The estimation of a realistic return period for the event 

was made difficult by the clear upward swing of observed 

points in the low frequency range, from T > 15 (p < 7%). 

In other words, the frequency distribution of the actual 

data is not homogeneous but composed of, at least, two 

distributions which presumably correspond to different 

storm-generating conditions. As in the range of T > 20 yr 

the GEV distribution seemed to provide the best fit the 

return period was estimated from that curve and was read 

off as T = 140 yr. 

With the view of obtaining representative return periods 

for storm rainfall averaged over selected catchments the 

same analysis was performed for two more stations outside 

the storm centre. These were No. 513/255, 8 km WSW of the 

storm centre where the rainfall was 137 mm and No . 513/524, 

7! km E of the storm centre where 134 mm was measured, see 

Fig. 4(b), 4(c). The mean long-term MAP at the three 

selected rain gauges was 711 mm, practically the same as 

the average MAP calculated from more than 30 Pretoria 

stations. The character of the respective frequency 

distributions is similar to that at Bryntirion, but the 

absolute rainfalls are lower and are seemingly related to 

MAP. Again the GEV line gave the best fit. The respective 
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return periods read off were 40 year and 30 year. From the 

series of annual maxima at some of other stations with more 

than 50 years of record it could be established that the 28 

January rainfall was the biggest on record in the area 

enclosed approximately within the 175 mm isohyet. 

(b) Mean rainfall 

The return period of mean rainfall over the catchments 

selected for flood peak determination (see Fig. 3) was 

estimated as follows: 

1. Mean rainfalls were computed from the isohyetal map. 

2. Mean rainfalls were converted into point rainfalls by 

using Fig. C6 from Ref. (2). 

3. Point rainfalls were projected on the GEV frequency 

distribution lines of the three selected rainfall 

stations and the corresponding return periods were 

read off. The representative return period was in 

each case taken as 

T 

3 
=~ log Ti 

antilog (-i----~-----) 

The results were listed in col (9) to (12) of Table 1 

and will be discussed in part 2.3. 

It is probable that by calculating frequency 

distributions at a greater number of stations and 

introducing areal subdivisions the reliability of 

return period estimates could have been marginally 

improved. Unfortunately the extra work involved in 

such an exercise was prohibitive for the scope of this 

survey. 
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2.2 

2.2.1 

Flood peaks 

Selection of sites 

Flood peaks were calculated at 12 sites, see Fig. 3. Site 4 

(Wonderboompoort) was the combination of a weir and a bridge, 

site 5 was the Bon Accord weir, the rest were bridges. In 

selecting sites the following aspects had to be considered: 

(a) Inclusion of areas with the heaviest rainfall. 

(b) Method of flood peak calculation. Preference was given to 

bridges because of 

lack of hydrographic stations 

conditions were generally not favourable for the 

application of slope-area methods in built-up areas. 

In addition the latter would have required more survey 

work. 

(c) Available suitable bridges. Only those having construction 

plans were considered. 

(d) Possibility for checks: 

up and downstream of confluence points: 

sites 1, 2, 3, 10, 11 and 12 

independent calculation: sites 4(a), 4(b). 

such were 

Some of the relevant features of the catchments are 1 i sted in 

col. (5) to (8) of Table 1. 
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2.2.2 

2.2.3 

Field work 

Field work was carried out within weeks after the flood so that 

flood marks could still be found with relative ease, although in 

cases some difficulty was experienced. 

At bridges flood marks were sought and surveyed upstream and 

downstream of the contraction. A typical cross section of the 

water course in the vicinity of each structure was also 

surveyed. Photographs and sketches served for the estimation of 

roughness and for the visual reconstruction of the probable flow 

pattern during the peak. In this regard a realistic assumption 

for approach flow directions was in some instances of great 

import ance. 

At Wonderboompoort weir floodmarks were surveyed up and 

downstream of the crest and the ma i n dimensions of the weir were 

measured. 

At Bon Accord Dam the 1 ength of weir crest was measured and a 

sketch was drawn of the structure and the encroachment of 

hyacinths. The height of water above the crest was obtained 

from the secretary of the local Water Board. 

Peak discharge 

Bridges. The most reliable floodmarks were used to draw the HFL 

(high flood level). With the background of HFL and bridge 

section the likely flow types were established. These included 

one or, in case of doubt, more than one of the following: 

(a) Free surface contracted flow not reaching bridge soffit or 

culvert box top (Fig. S(a)). 

(b) Orifice flow: 

(Fig. S(a)). 

entrance section of structure submerged 
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2.2.4 

(c) Pipe flow: 

5(b)). 

entrance and outlet sections submerged (Fig. 

(d) Combined pipe and weir flow: flow through bridge opening 

and over deck and approach embankments (Fig. 5(b)). 

Symbols not shown on the drawings are the following: 

Q 

~ 
ea, cb, cf 

hf 

o<l 
L 

g 

discharge 

area of contracted wet section 

discharge coefficients 

friction loss between section (1) 

and (B) 

velocity distribution coefficient 

width of flow over road 

gravity acceleration 

The hydraulic background of the calculations is described in 

Ref. (3) and (4). In most cases the outcome of calculations was 

tested against that derived by the Ch~zy-Manning equation. The 

latter was appli~d in a typical section with deduced normal 

HFL. Normal slope was estimated from 1:50 000 maps. Manning's 

n values used at the particular sites are listed in Table 2. 

With a few exceptions the various methods agreed reasonably well. 

Weirs. Both Wonderboompoort (site 4) and Bon Accord (site 5) 

were considered as submerged broad-crested weirs. Weir profiles 

as well as obstacles at the Bon Accord weir were taken into 

account. 

The calculated peak discharges are listed in col (13) of 

Table I. Discussion follows in part 2.3. 

Return period 

In absence of river gauging stations in Pretoria the return 

period of flood peaks had to be estimated by a rough 

approximative procedure. (Station A2M07 at Daspoort on the 
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2.3 

2.3.1 

.. 

Apies River was closed in 1951). For each catchment the 10 year 

and 100 year peak flows were calculated either by the Rational 

method only (in case of more than 50% urban area) or by the 

Rational and Synthetic Unitgraph methods. Standard sheets for 

the application of these methods are included in the Appendix. 

Results were plotted in Fig. 6 and connected with straight 

lines. The peak discharges obtained from the flood survey were 

then projected on the corresponding line and the return periods 

were read off, see col (15) of Table 1. 

Admittedly this method could not make claim for accuracy and the 

return periods should therefore be viewed only as inci cators of 

the expected order of years. This is especially true for the 

hi gher return periods. In spite of its inherent shortcomings 

the above method has helped to gain a realistic idea of the 

variation of return period along the drainage systems covered by 

the survey. Discussion follows in part 2.3. 

Evaluation of results 

Reliability of peak discharges (consult Table 1) 

The peak discharges were calculated with care and sufficient 

attention was paid to factors by which the hydraulic condition 

at each site was determined or influenced. In such indirect 

flood peak calculations (i.e., when the discharge is not 

measured directly or not computed from velocity-area 

measurements) it is generally not possible to eliminate a number 

of inherent sources of errors. These included 1n the present 

case the following: 

inaccuracy of floodmarks, which depended largely on their 

quality 

lack of sufficient number of reliable floodmarks at places 

error in the estimation of roughness factor. 

9 



In the absence of any direct discharge measurement that coul d 

have served as a control it was not possible to est i mate the 

error in the calculated peaks at individua l si te s wi th 

accuracy. Fortunately a few indirect controls seem to indicate 

that the error at most sites was moderate, most probably less 

than 10%. The indirect controls were the following: 

(a) Noord and Suid Spruit confluence 

Q(3) 
196) 

+ (i.e. from col (13) 252 
N 
z: 65 + 

(b) At Wonderboompoort sites 4(a) and 4(b) had practically the 
3 

same peak discharge. The calculated peaks were 438 m /s 

(c) 

3 
and 462 m /s. 

Moreleta and Hartbees Spruit 

Q10 + Qll = 396 T 222 

Ql2 

confluence 
3 

618 m /s 
3 

520 m /s 

Thus the sum of peaks a hove the confluence was about 20% 

more than downstream at site 12, in spite of 16 km
2 

additional catchment area at the latter. Apart from 

possible errors in the above figures the reason for the 

discrepancy could well have been that 

peaks from the two tributaries most likely did not 

arrive at site 12 at the same time owing to the much 

shorter time of concentration for the Hartbees Spruit 

catchm~nt, see col (8) 

there is large flood plain storage between the 

upstream and downstream sites. 

(d) Moreleta Spruit. 

storm rainfall 

In Fig. 7 the peak discharge and mean 

have been plotted against respective 

catchment areas all along the river including site 12. 

Between sites 6 and 12 the mean rainfall showed only a 

10 
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2.3.2 

slight increase (from 99 mm to 113 mm) while the peak 

discharge increased nearly linearly with the catchment 

area: A( 12 )/A( 6 ) = 3,19 vs Q( 12 )/Q( 6 ) = 3,04. As 

the slight increase in mean rainfall and urban area (mostly 

residential) was probably balanced by decreasing average 

surface slope, above "near-equality" 1s further proof that 

the peak estimations are reliable. 

Reliability of return periods (consult Table 1) 

The calculated return periods of the storm rainfall can be 

accepted as fairly re] iable for they were obtained from 

statistical analysis of long records. On the other hand, the 

return periods of flood peaks were estimated by a rudimentary 

process. In comparing col (12) and (15) the disparity between 

corresponding return periods becomes striking. The next listed 

deliberations, however, may explain the matter, at least 

partially. 

(a) Apies River catchments (sites 1 to 5). The return periods 

of rainfall, with the exception of Bon Accord Dam, were 

much higher than those of the f1 ood peaks. This seems to 

be contrary to expectation because of the 186 mm antecedent 

rainfall recorded in Pretoria between 19 - 25 January that 

presumably saturated the catchments. One might argue 

nevertheless that in the relatively small urban catchments 

1, 2 and 3, which have experienced the heaviest rainfall, 

the role of antecedent conditions was probably not decisive 

and, what is more important, the time of concentration of 

these catchments is much shorter (col (8)) than was the 

duration of storm i.e., the rainfall intensity was 

relatively low. To substantiate this point 

depth-duration-frequency data of autographic Weather Bureau 

station No. 513/405A, Ref (5) were contrasted with Fig. 2 

and the following information was derived: 

11 



Duration Rainfall recon!ed Return period 

(hr) (tmn) (year) 

1 max: 40 5 

2 max: 76 lOO 

24 164 500 
. 

It is seen that the return period of the rain falling 

during the critical duration which is per definition the 

time of concentration (approximately 2 hours for the 

catchments concerned) is much lower than that of the total 

rainfall. In the Apies River itself the relatively short 

return period of the flood peak was probably due to the 

lagged arrival of peaks from the tributaries. The 

reasonableness of the estimated T at Wonderboompoort was 

supported by records over the period 1905-1951 at Daspoort 
2 

some distance upstream with a catchment area of 142 km • 

The LOG NORMAL frequency distribution computed for the 

annual maxima at this station (A2M07) indicated a peak 

discharge 
3 

30 period. of 350 m /s for a year return 

Applying an areal correction coefficient of 1. 26{ ( 226/142) 

the corresponding 1:30 year flood at Wonderboompoort would 

be 441 m
3
/s which is very close to the January 1978 

event. Because of urban development in the catchment since 

1951 the true return period of the January peak was 

probably somewhat less than 30 years. 

(b) Moreleta-Hartbees Spruit catchments (sites 6 to 12). Here 

the calculated T of flood peaks were consistently much 

higher than those of the rainfall. This was to be expected 

because of the saturated state of catchments at the time of 

the storm. These catchments are much less urbanized (with 

exception of No. 11) than those of the Apies River. 

Consequently the role of antecedent rainfall was presumably 

much more pronounced in producing high peaks, especially 

along the lower reaches that included large flat areas. 

12 



(c) General remarks 

When assessing flood peak return periods it should be kept 

in mind that a relatively modest increase in discharge 

entails a much greater jump in return period. Figures 

below obtained from South African flood peak frequency 

analyses may illustrate the point: 

Return period Relative peak q %L::lq in terms of 

T (year) in terms of qT=5 previous q 

5 1 ,oo 
10 1,45 45 

20 1,95 34 

50 2,70 38 

100 3' 10 15 

200 3,50 13 

500 3,80 9 

Thus a hundredfold increase in T corresponded to less than 

fourfold increase in q. What is more instructive, however, 

that while a 38% increase in discharge was needed to push 

up the return period from 20 years to 50 years, 9% wi 11 

suffice to change it from 200 years to 500 years. By 

admitting an error of + lO:Y. in the calculated flood peaks 

it is clear that the return periods listed in col (15) of 

Table 1, especially the high ones, should be accepted with 

proper caution. For instance, the T = 330 years given for 

site 12 could have been anything, say, between 150 and 500 

years. 

It is important to emphasize that the return periods were 

estimated on basis of actual catchment conditions. Future 

urban development will inevitably lead to higher flood 

peaks which means that the return period of a given peak 

discharge will be lower. 

13 



2.3.3 Comparison of peak discharges calculated by three methods 

In Table 3 flood peaks calculated from floodmarks and listed in 

col (15) of Table 1, herein called Q
0

, were compared with 

those obtained by the Rational (QR) and Synthetic Unitgraph 

(Q ) methods. 
u 

These latter were applied for the actual storm 

by 

taking the storm duration as D 6 hr 

considering the catchments, because of the already 

mentioned huge antecedent rainfall, as fully saturated. 

(a) Rational method vs Q 
0 

In the Rational method the maximum values of the 

runoff-coefficient, CMAX' were taken from the standard 

sheet, see Appendix. It is seen from col (10) that, 

excepting sites 4 and 5, the calculated QR agreed fairly 

well with particularly in the more urbanized 

catchments No. 1, 2, 3 and 11. The probable reason for the 

great discrepancy in the two Apies River catchments is the 

already mentioned lagged arrival of peaks 

tributaries. 

from the 

To complete 

corresponding 

the 

to 

comparison runoff 

were listed in 

coefficients C 
0 

col (5). These 

figures were computed from the Rational formula as 

c 
0 

3.6 

3 Q (m /s) x 6 (hr) 
0 

2 h (mm) x A (km ) 

It is seen from col (5) that in the most urbanized 

catchments the "actual" values of the runoff coefficient 

were not far from unity. 

14 



The comparison thus leads to the conclusion that in 

comparatively small and mainly urbanized catchments the 

peak discharge could be estimated with reasonable accuracy 

from the data of a given storm if 

( i) 

(ii) 

(iii) 

the catchment was previously saturated 

C is taken unity 

the storm duration was significantly longer than 

the time of concentration (in order to minimize 

possible lagged arrival of tributary peaks at the 

catchment outlet). 

(b) Synthetic unigraph method vs Q 
0 

This method was applied only for those catchments where the 

urbanized area was less than 50%. The maximum values of 

the storm runoff factor were taken from Fig. Gl of Ref. 

(2). As for the Rational method the agreement was good, 

again with the exception of the two Apies River catchments, 

see co 1 ( 11 ) • Note that while the Rational method gave 

generally slightly lower values than the indirectly 

measured Q
0

, the unitgraph method showed the opposite 

trend. The same conclusions are valid as for the Rational 

method with the storm runoff factor now equal to unity. 

2.4 Resum~ and recommendation 

The large number of Weather Bureau stations and private rainfall 

gauges facilitated the drawing of a fairly accurate isohyetal 

map of the storm. The autographic stations were useful in 

determining the representative storm duration. It was fortunate 

that the storm rainfall was practically the same as the 

corresponding daily rainfall, because without this coincidence 

it would have been most difficult to draw a reliable isohyetal 

map. Statistical frequency analysis was carried out for the 
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annual one-day rainfall maxima at three representative stations 

with more than 50 years of observation. This facilitated the 

determination of return periods for the storm over selected 

catchments. 

Bridges proved to be most advantageous for the calculation of 

realistic flood peaks from floodmarks. Inaccuracy and 

uncertainty resulting mainly from poor quality floodmarks could 

be reduced by applying more than one approach in the hydraulic 

calculations. The relatively great number of bridges allowed 

the comparison of peaks and the detection of anomalies which 

consequently could be corrected. 

The return periods had to be estimated in an indirect way by 

applying the Rational and Unitgraph methods. As compensation 

for the extra work valuable conclusions could be drawn regarding 

the use of runoff coefficients for these methods. Comparison 

with storm rainfall return periods proved to be a good indirect 

check and attested to the reliability of results. Furthermore 

it drew attention to the important role of antecedent catchment 

wetness in causing exceptional flood peaks when the storm 

rainfall itself has been less extreme such as happened in the 

Horeleta-Hartbees Spruit area. 

The recent extraordinary f1 oods in Pretoria have underlined the 

urgent need for flood flow measurement in urban areas. The most 

imperative reasons for gathering regular data in this aspect are: 

increased flood risk due to urban development 

increased flood damage risk and 

the already mentioned lack of flood information 1n small 

catchments. 

Supported by the experience gained during the recent flood 

survey the following recomm~ndations can be made: 

16 



(a) erect flow gauging stations in urban areas. These will 

provide checks for the less accurate indirect methods and 

can thus contribute to improve the latter. Permanent flow 

gauges are urgently needed also for the compilation of flow 

statistics without which the determination of return period 

will remain inaccurate or even unreliable; 

(b) creation of autographic rain gauge network in urban areas 

where floods are caused most often by short duration 

intensive storms; 

(c) selection of bridges, culverts and possible other 

structures that are suitable for flood peak determination. 

These will be necessary for a long time to come i.e., until 

a regular flow gauging network is operative. Floodmarks 

should be surveyed as soon as the flood has receded in 

order to minimize poor quality ones. The reconstruction of 

reliable HFL is a most important requisite for indirect 

flood peak determination. 

3. THE CROCODILE RIVER CATCHMENT FLOODS 

3.1 Rainfall 

The whole of the Crocodile River catchment experienced a very 

wet January and the rainfall for the month amounted to more than 

twice the normal, Ref. (1). The biggest flood peaks were caused 

chiefly by the heavy storm over Pretoria and in the 

south-eastern corner of the catchment. However, copious 

rainfalls occurred at places both before and after the 

28 January storm. 

The review of daily rainfall data at more than 50 Weather Bureau 

stations revealed that the floods in the main collector could 

most conveniently 

the period 24-30 

shown in Fig. 8. 

be characterized by precipitation fallen in 

January. The isohyets for that period are 

It is seen that apart from the main storm 
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3.2 

3.2.1 

3.2.2 

centre there 

Hartbeespoort 

were marked 

Dam and near 

secondary centres 

the confluence of 

north of 

the Marico 

the 

and 

Crocodile Rivers. 

Floods 

Observations 

Observations were made at 22 sites, see Fig. 8 and col ( 1) to 

(5) of Table 4. The sites were concentrated along the Crocodile 

River itself and on the Apies and Pienaaars Rivers, and 

comprised 12 official river gauging stations, 5 dams, 2 

slope-area reaches and 6 bridges. At sites 11, 17 and 19 the 

combined data of weirs and slope-area or bridge contraction 

methods were used to derive the flood hydrograph. Sites 11 and 

16 were the same as sites 12 and 15 in the Pretoria flood survey. 

At the river gauging stations the information was obtained from 

automatic water level recording charts. At dams from automatic 

and visual water level records, spillway capacity diagrams or 

gate operation schedules. At Bon Accord Dam only the maximum 

water depth over the weir crest was recorded. At the slope area 

stations the slope was deduced from floodmarks, four cross 

sections were surveyed and the roughness was estimated during 

site visit and from photographs. At bridges the high water 

level at the upstream side of the structure and the bridge plans 

were obtained from the Transvaal Roads Department. The 

roughness was estimated as in the slope-area reaches. 

Flood peaks (col (6) to (8) of Table 4) 

(a) Peak discharges were calculated as follows: 

(i) at river gauging stations where the recorded 

level appeared reliable the 

derived from the discharge 

peak discharge was 

tab le (DT) either 

directly or by graphic extrapolation. In the 
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,, 

latter case a possible error was brought into the 

estimate because due to lack of information, the 

extrapolation was of necessity arbitrary. Sites 

1 to 6 and 15 belonged to this group; 

( ii) at dams the inflow has been calculated from the 

recorded levels 

intervals as 

I 

where I 

f}S 

0 

for sufficiently short time 

.1 s + 0 

inflow 

change in dam storage 

outflow 

~ S data was obtained from the dam capacity 

tables and 0 from the spillway capacity tables, 

but at Hartbeespoort Dam from the gate operation 

schedule. 

At that dam there was no au tograpb i ~ recorder and 

only hourly observations were made. 

At Roodeplaat Dam the peak i nflow calculated in 

this manner led to the . extravagantly high value 

of 2 670 m
3
/s (compared with the maximum 

outflow of only 1 165 m
3
/s.) The most probable 

explanation is that the water level in the dam 

was far from horizontal and in the relatively 

narrow and long dam it had a steep slope during 

the sudden rising stage of the flood wave and a 

mild one at the time of the maximum level at the 

dam spillway. With other words, storage 

componPnt ~S was in reality much smaller than 

the one computed from horizontal levels. The sum 

of peak discharges of the three main tributaries 

of the dam i.e., Hartbees Spruit (site 12 in 

Table 1 = site 11 in Table 4), Pienaars River 
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( i i i) 

( i V) 

(site 13 in Table 4) and Edenvale Spruit (site 12 

in TablE' 4) was 

tributariE>s comprise 

only 

94% of 

3 
900 m /s (these 

the catchment). 

Because of lagged arrival of the three flood 

waves into the dam, 

have been less 

the resulting peak ought to 
3 

than 1 900 m /s. The 

appl i cation of the Rational formula for the 

actual storm rainfall of 88 mm falling during 6 

hours indicated a possible maximum runoff 

coefficient of CMAX = 0,62 (taken from the 

Division's standard calculation sheet). This was 

then reduced to C "' 0, 54 by using corresponding 

data at site 12, see col (5) and (7) in Table 3. 

The outcome was a peak inflow of 1 510 m
3
/s; 

slope-area method: it was used at sites 9 and 

17. Detailed description of the method can be 

found in Ref. (6); 

at bridges: at sites 11, 13 and 19 to 22 only 

one HFL was known. Consequently great care was 

taken to use in each case several methods of 

calculation, Ref. (2), (3), (6). The influence 

of river channel erosion and debris caught at the 

structure have been taken into account by 

correcting the throughflow area. 

(b) Return periods were estimated only at those sites where the 

peak was presumably a rare event or where the work was 

facilitated by already available information. The 

estimated return periods appear in col (8). In col (15) 

the method used is indicated. The statistical analysis 

mentioned refers to annual maxima of recorded peaks and it 

has been carried out by the Division for other purposes. 

The role of "non statistical" methods in deducing return 

periods was the same as explained earlier in part 2.2.4. 
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3.2.3 Flood hydrographs 

These were computed at 15 sites from water level records and 

were needed for the calculation of flood volume, runoff 

percentages and the times of peak and flood wave gravity centre 

(TGC). 

Figs. 9(a)-(f) show flood hydrographs at two river gauging 

stations and four dams. At the latter both inflow and outflow 

hydrographs are shown except at Roodeplaat Dam where, as 

mentioned earlier, the inflow hydrograph could not be computed 

with sufficient accuracy. Flood volumes that in all likelihood 

resulted from rains between 24-30 January and from the main 

storm on 28 January were indicated on the hydrograph. The 

separation of flood flow and base flow in a flood hydrograph 

remains a controversial topic. There are several more or less 

arbitrary methods described in the technical literature. In 

this study a simple and straightforward technique was used 

which, nevertheless, could be seen as a satisfactory solution 

for the problem. The flood volume was taken as the total volume 

between the time of the apparent sudden rise of the hydrograph 

and the time when the descending limb again reached the initial 

discharge. The base flow that became included in the above 

chosen period was automatically cancelled by the cutting off of 

the descending limb at the above indicated time. 

At dams the flood volume is indicated on the outflow hydrograph. 

At those river gauging stations where the hydrograph was 

obtained from extrapolated discharge tables a possible error was 

introduced in the calculated flood volumes. 

Calculated flood volumes were listed in col (9) and (10) of 

Table 4. 

Rainfall volumes in col (11) and (12) were obtained from the 

isohyetal map by planimetering and were used to calculate runoff 

percentages defined as: 
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flood volume 
ralnfall volume x 100 for the 24-30 January rainfall. 

The runoff percentage was used as an indirect check of flood 

volume. 

In calculating flood wave travel times the TGC (time of wave 

gravity centre) was preferred to the commonly used "time of 

peak". This latter is representative only in those cases when 

the flood wave has only one peak and it travels downstream 

without significant change in shape. 

catchment such conditions did not exist. 

In the Crocodile River 

Col. (4) and (5) of Table 5 contain the time of peak and TGC. 

In col (6) the propagation of flood wave gravity centres is 

characterized by the respective distances, travel times and 

velocities between two sites. 

3.3 Evaluation of results (Fig. 8, Tables 4 and 5) 

3.3.1 

In evaluating flood peaks, flood volumes, runoff percentagas and 

flood wave propagation one has been interested firstly in the 

reliability of the estimations and secondly in their practical 

value for future problems . 

Reliability 

(a) Flood peaks and volumes 

The only direct controls were the inflow and outflow 

measured at dams. 

Crocodile River upstream of Hartbeespoort Dam (site 7) 

The sum of peak discharges at sjtes 2, 3 and 4 was much 
3 3 

bigger than at site 5: 861 m /s vs 385 m /s. This can 

be attributed to the difference in the respective times of 
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peak, col (4) in Table 5. On the other hand, the sum of 

flood volumes of the three tributaries was the same as the 

flood volume at site 5, which is evidence that the recorded 

peaks were reliable. 

The sum of peak discharges at sites 5 and 6 was much less 

than at site 7 (Hartbeespoort Dam): 
3 

VS 995 
3 

690 m /s m /s. The most likely reason is that 

although sites 5 and 6 comprised more than 90% of the 

catchment of site 7 the remaining part, which included the 

dam itself and the catchments of Moganwe Spruit and Swart 

Spruit, experienced the heaviest rainfall, see Fig. 8 (area 

between Pretoria and Hartbeespoort Dam). The comparison of 

flood volumes and runoff percentages led to the same 

conclusion, see col (9), (10) and (13) in Table 4. 

Crocodile River downstream of Hartbeespoort Dam 

3 
The peak of 758 m /s at site 8 (26 km downstream of site 

7) was 67 m
3 
/s less than the maximum outflow from site 

7. This could not be attributed to reduction by channel 

storage, because there was reasonably heavy rain in the 

area. As the flood volume was also less at site 8 the 

conclusion is that the peak determination was inaccurate, 

see note in col (IS) in Table 4. The true peak discharge 

could have 

1 180 m
3
/s 

realistic. 

been 
3 

850 to 900 m /s. At site 9 

obtained by the slope-area method seems 

At site 19 the peak of 1 520 m
3
/s 

the 

very 

was 

obtained at a nearby bridge and should be a good estimate, 

because the peaks at sites 9 and 10 shot!ld have coincided 

while the peak outflow from site 18 arrived much later. 

The comparison of flood volumes and runoff percentages at 

the four sites also points to a realistic peak estimate. 

As sites 20, 21 and 22 only peak discharges could be 

calculated. The rainfall pattern downstream of site 19 
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suggests, however, that the figures listed in col (7) of 

Table 4 are realistic. One must keep in mind that in the 

lower reaches of the Crocodile River the flood plain 

storage plays an increasing role in flattening flood peaks 

that arrive from upstream and to counter such effect the 

1 ocal rainfall has to be substantial. According to 

available information the present peaks in the lower 

Crocodile River were very similar to those that occurred in 

March 1976. 

Pienaars River catchment 

Two of the furthest upstream sites, namely No. 11 and 16, 

were already treated with the Pretoria flood and the 

respective peaks are fairly accurate. 

At site 13 the peak of 3 
1 340 m /s would seem to be far 

too high, but was nevertheless supported by HFL marks 

observed at the bridge of the National Road to Witbank some 

distance upstream. 

year flood peak of 

This latter has been designed for a 50 
3 

765 m /s. On 28 January the HFL was 

nearly 3 m higher than the design flood level and the water 

flowed over the bridge-deck and adjoining road stretches 

along a total width of 580 m. A rough calculation 
3 indicated a minimum peak flow of 1 200 m /s. 

As mentioned in part 3.2.2(a) the peak inflow of 

1 3 
site 14 (Roodeplaat Dam) 510 m /s at should be a 

reasonable value. It 1 s furthermore supported by 

comparison with the peak outflow of 1 165 
3 

the m at same 

place and the order of peak absorption at three other dams. 

At site 15, 32 km 
3 

1 105 m /s appears 

downstream 

at first 

of site 14, the peak of 

glance quite realistic. 

However, the comparison of respective flood volumes (col 

(9) and (10) in Table 4) shows more than 50% increase at 

site 15 in spite of insignificant rainfall over the 
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intermediate catchment. The anomaly is also manifested in 

the jump of runoff percentage from 45 to 53 notwithstanding 

lower mean rainfall over catchment 15. Evidently, 

therefore, the DT of station A2M06, which has one of the 

longest uninterrupted flood peak records in the country, 

ought to be questioned. 

The ac tua 1 peak may have been about 
3 

700 m /s. This 

figure is supported by the fact that the bridge on the old 

Pretoria-Warmbaths road (situated some 30 km downstream) 

had been designed for 765 m
3
/s but was not flooded on 

this occasion. (Information from Transvaal Roads 

Department). 

The peak of 
3 

678 m /s at site 17 on the Apies River 

corroborates well with that of site 16 and this speaks for 

the fair reliability of the slope-area method when carried 

out properly. 

Noteworthy is the drastic reduction of peak between sites 

14 and 17 on the one hand and site 18 (Klipvoor Dam). 

There were obvious reasons for this: very short duration 

peaks in the upstream catchments, large very flat 

intermediate area where the rainfall was only moderate and 

possibly the lagged arrival of peaks into the dam. As 

noted earlier the peak outflow from site 18 arrived in the 

Crocodile River after the main peak had already passed. 

(b) Return period of flood peaks 

The most reliable return period estimates were obtained 

from statistical analysis of annual peak flows at sites 5, 

6 and 15. For the rest T was estimated indirectly from the 

Rational, Unitgraph and Roberts methods as explained in 

part 2.2.4. Est imstes taken from Ref. (7) were used at 

some of the dams in order to save time. There are two 

indications that the return periods derived indirectly are 

nevertheless realistic: 
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Site 

14 

16 

(i) the comparison of T for sites 5 and 6 

(statistical method) and site 7 (indirect) is 

very satisfactory, see col (8) in Table 4; 

(ii) the comparison for two darns of Ref. (7) data with 

those calculated by the Flood Section showed the 

following: 

Peak T (yr) obtained by 
3 

m /s 

HRU (~ Unitgraph) Flood section 

(3 methods) 

IN: 1 510 435~ 500 

OUT: 1 165 130$ 170 

OUT: 535 50$ 45 

!?, Not 1ncluded 1n Table 4 

The agreement between the two calculations is good and this 

points to reliable estimates. 

From col (8) in Table 4 the general picture is clear: the 

flood peaks were exceptionally rare in the upper Pienaars 

River catchment, rare along the Apies River and the 

Pienaars River between Roodeplaat Darn and Klipvoor Dam, 

moderate in the upper Crocodile River and quite common 

elsewhere, say T<: 5 ye~tr. 

(c) Runoff percentage 

Figures in col (13) of Table 4 should be considered as 

approximate because of 

inaccuracy in flood volume at some of the river 

gauging stations caused by faulty discharge tables, 
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Site 

No. 

3 

6 

10 

11 

14 

17 

18 

19 

I 

River 

Jukskei 

Magalies 

Elands 

possible inaccuracy in flood volume due to the 

definition of the same for the purposes of this study 

(see part 3.2.3), 

possible inaccuracy in rainfall volumes owing to the 

chosen uniform period of 24-30 January. 

In spite of above negative factors the calculated runoff 

percentages were valuable, not only in helping to detect 

erroneous flood volumes (see part 3.3.1) but also for 

provid ing direct information which is unfortunately so 

scarce. It is particularly interesting to acknowledge the 

marked reducing influence of dolomitic areas on runoff, see 

figures for sites 2, 4 and 5. 

At present the Synthet1c Unitgraph method developed for 

South African conditions by the HRU is one of the most 

frequently used in the country for determination of design 

flood hydrographs. It is therefore instructive to compare 

storm runoff figures of the investigated flood with those 

obtained from Fig. G2 of Ref. (2). (Note that catchments 

with appreciable dolomitic areas were not included). 

Storm rain= Veld type Storm runoff percentage 

fall zone 

(mm) (from from flood from 

Ref. (2)) survey Ref. (2) 

103 4 31 38 

87 0,75x4+0,25x8 15 29 

59 8 15 16 

Hartbeesspruit 145 4 47 47 

Pienaars 110 0,6x4+0,4x8 45 34 

Apies 122 O,Sx4+0,5x8 37 34 

Pienaars 74 O,l5x4+0,85x8 25 17 

Crocodile 78 O,l5x4+0 , 85x8 22 15 
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The comparison of the two methods reveals a very good 

agreemE-nt at 

differences. 

some sites, but at other sites there are large 

Without entering into speculation about the 

causes, the discrepancies are an indication that Fig. G2 of 

Ref. (2) often can not give the right answer because it is 

oversimplified. 

rainfall, veld 

There are surely other factors than storm 

type zone and catchment size that exprt 

significant influE-nce on the storm runoff percentage. 

Un~oubtedly the most important among them is the antecedent 

catchment wetness which could be characterized either by 

antecedent rain or flow rate of the beginning of a storm. 

(d) Flood wave propagation 

The time of peak and TGC as shown in col (4) and (5) of 

Table 5 can be taken as correct as they are not affected by 

inaccuracies in flood peak and volume estimates. 

On the other hand, flood wave travel times and velocities 

in col (6) of the same table should be interpreted with 

some care. The reason is that a water particle forming 

part of the flood peak at an upstream station will not 

necessarily do so 

transformation of the 

somewhere downstream due to the 

flood wave shape during its travel. 

This was even more so in the present case where the floods 

were generated in several parts of the catchment and 

arrived lagged at downstream confluences. A quick glance 

at Table 5 will suffice to prove this point: see the 

negative travel times between sites 4 and 7, 5 and 7, and 

sites 18 and 19. In spite of the complex nature of the 

phenomenon it is possible to state that: 

in the Crocodile River the velocity of flood wavE' 

propagation was 4 to 5 km/h upstream of site 7 

(Hartbeespoort Dam), about 4 km/h between sites 7 and 

19 and 2 km/h in the lower reach, 
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3.3.2 

in the Pienaars 

(Roodepl Mt Dam) 

sites 15 and 18 

than 2 km/h. 

River the velocity between site 14 

and site 15 was 4 km/h and between 

(Klipvoordam) was only slightly more 

It should 

from th i s 

different 

be emphasized that above values were 

particular flood and the velocity 

during other floods, depending on the 

obtained 

could be 

position, 

intensity and duration of the flood generating rainfall and 

on the antecedent flow in the channel system. 

Pract i cal value of the flood survey 

Results of the flood survey could help in the solution of future 

flood analysis and operation problems in the catchment. Some of 

the benefits achieved are: 

(a) The large amount of data obtained on flood pe11ks (levels, 

discharges and return periods), flood volumes, runoff 

percentages and flood wave propagation consitutes in itself 

a profitable reference. 

(b) The indirect flood peak measurements performed at or ne11r 

flow gauging stations have furnished a v11luable calibrated 

point for the respective stage-discharge curves in the high 

flow range. It should now be possible to extend the 

discharge tables at three gauging stations with a lot more 

confidence. The stations in question are: 

A2M25 

A2M26 

A2M28 

A2M37 

(Consult col (6) and (7) in T11ble 4) 
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(c) The compar:i son of flood volumes 

facilitated a fair estimation of 

of neighbouring 

flood peaks at 

stations 

stations 

A2M06 and A2M48. It proved at the same time that the DT of 

the former was erroneous in the experienced flood range by 

more than SO%. 

(d) A reasonable idea has been obtained· regarding flood wave 

propagation. Data compiled in Table 5 showed clearly that 

the velocity of flood wave decreased by at least 50% 

between the upper catchments, say those of Hartbeespoort 

Dam and Roodeplaat Dam and the lower Crocodile. It can be 

expected that for floods of approximately the same size and 

originated mainly in the upper catchments the average 

velocity of travel between above dams and the Limpopo River 

would be about 3 km/h. 

3.4 Recommendations 

(1) The slope-area and bridge contraction methods should be 

used whenever possible to estimate flood peaks. The 

accuracy and above all the rel iabi 1 i ty of these methods is 

much better than those of arbitrarily extrapolated 

discharge tables. By using the methods at several points 

along the same river the ensemble of results could form a 

effective check and amomalies of individual figures could 

then be corrected. In other words, the maximum error which 

could occur at a given site under unfavourable conditions 

(from experience + 30% for the slope-area method and 

somewhat more for the bridge contraction method) could be 

greatly reduced, say to less than 20%. The only 

precondition for the use of these methods is that they 

should be applied at suitable places as soon as the flood 

has receded and carried out with sufficient care. 

Guidelines for the correct application of 

method have been set out in Ref. (6). A 

the slope-area 

similar guide 

referring to the bridge contraction method wi 11 be issued 

by the Division of Hydrology in the near future. 
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(2) Preparation of pilot plans for important catchments. These 

should contain properly selected sites for the application 

of indirect methods. At each site the necessary 

cross-sections, normal slope, structural dimensions, 

roughness etc. should be compiled. All that would then be 

needed in case of a flood is to survey floodmarks. Flood 

peaks could then be calculated with minimal effort. At 

present such a pilot plan is being compiled by the Flood 

Section for the Crocodile River catchment. 

(3) At present the great majority of river gauging stations are 

not yet calibrated above the top level of the weir. In 

flood terms it means that the reliable weir measuring 

capacity is not higher than the mean annual flood peak 

(equivalent to a return period of + 21 years) and very 

often is even less. This is a very serious shortcoming and 

the consequences are far reaching. In South Africa, 

namely, due to the rather extreme hydrological regime of 

most rivers, the flood volume can constitute a substantial 

part of the annual runoff which, in turn, is a basic data 

in water resource projects. Errors in the former will thus 

inevitably affect the annual runoff. It should therefore 

be a most urgent task to calibrate the river gauging 

stations in flood flow range by all possible means. It is 

here where the indirect methods are of great practical 

value. 

(4) Comprehensive flood surveys should be carried out in future 

for each important flood. The diverse information 

(rainfall, flood peaks, hydrographs etc.) documented 

together wi 11 permit to extract more reliable and 

meaningful conclusions than derived by considering only 

isolated flood peaks. 

Though it did not fall within the scope of this survey, the 

estimation of flood damage should form part of future 

surveys. After all it is flood damage information that 
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could justify the implementation of proper and economically 

viable flood defence measures. This task unfortunately can 

not be tackled by the Division of Hydrology but would 

require a co-ordinated action by all the interested parties. 

32 



LIST OF REFERENCES 

1. Weather Bureau: News letter No. 346, January 1978. 

2. Hydrological Research Unit, University of the Witwatersrand: 

3. 

4. 

Design flood determination in South Africa, Report No. 1/72. 

World Meteorological Organization: Measurement 

discharge by indirect methods, Technical Note No. 

1968. 

of peak 

90, Geneva, 

U.S. Bureau of Public Roads: Hydraulic of bridge waterways, 

Hydraulic design series No. I, Washington, D.C., 1970. 

5. Department of Water Affairs, Division of Hydrology: Extreme 

values and return periods for rainfall in South Africa, 

Technical Note No. 78, 1977. 

6. Department of Water Affairs, Division of Hydrology: An 

investigation into the methods of peak flood discharge 

estimation from slope-area data, Technical Note No. 76, 1976. 

7. Hydrological Research Unit, University of the Witwatersrand: 

Amendments to Design flood manual HRU 4/69, Report No. 1/71. 

33 



APPENDIX 

Calculation sheets for the Rational and Unitgraph methods 
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TABLE 1 
RAINFALL AND FLOOD-PEAKS IN 12 CATCHMENTS ON 28 JAN '78 IN PRETORIA 

CATCHMENT STORM RAINFALL FLOOD PEAK 
s 
I 
T AREA AVER.AGE DISCHARGE RETURN PERIOD 
E c:tiRFACE 

RETUR-l RIVER PLACE FLOOD A URBAN SLOPE TIME OF MEAN A REAL POINT Q %rt T METHOD 
No MARKS ~ FACTOR h=ah PERIOD 

AT : [ km
1 1 % •;. -R~llON h [mm] a [mm] T [yrl [ m'ts] [yr 1 

( 1) ( 2) (3) (4) (5) (6) (7) 
t, ~rl 

(10) (8 (9) ( 11) ( 12) (13) (14) (15) (16) 

1 NOORD SPRUI T 
VCXFTREKKER MUNICIPAL 7,9 80 6 1,6 169 1,00 169 65 • 65 8,23 30 RATIONAL ROAD BRIDGE 

2 SUID SPRUIT 
LOUIS MUNICIPAL 19,6 90 3 1, 7 226 1,02 231 295 196 10,00 85 RATIONAL 
TRICHARDT RD BRIDGE 

3 NOORD + 5th AVENUE ~UNICIPAL 29.2 85 5 1/z 2,1 206 1,03 212 205 252 8,63 145 RATIONAL 
SUID SPRUIT WONDERBOOM S BRIDGE 

4a APIES 
WONDER BOOM-

WEIR 226 45 7 '12 4,4 151 1,14 172 70 438 1,94 30 
RATIONAL 

POORT UN1TGR.API-

4b APIES 
WONDERBOCM - TP. BRIDGE 

227 45 7 1/l 4,5 151 1,14 172 70 462 2,04 35 RATIONAL 
POORT No 1223 LNTGRAPH 

5 A PIES 
BON ACCORD 

WEIR 315 33 3 5,6 141 1,14 160 50 535 1,70 45 RATIONAL 
DAM ~IT GRAPH 

6 MORELETA MILITARY TP BRIDGE 48,9 5 11 2,'2 99 1,02 101 12 171 3,50 25 RATIONAL 
SPRUIT ROAD No 751 l..NTTCRAPH 

7 
MORELETA LYNNWOOD TP BRIDGE 

10 1/z SPRUIT ROAD No 202'2 68,7 15 2,3 101 1,02 103 12 258 3,76 35 
RATIONAL 
l..NITGRAPH 

8 MORELETA WATER-lEYER ~UNICIPAL 81,3 20 10 Vz 3,0 11 0 1,04 115 15 311 3,83 70 
RATl()\JAL 

SPRUIT ROAD BRIDGE l..NITGRAPH 

9 
MORE LET A PRETORIA RD TP BRICGE 

83,1 20 10 1/'l. 3.2 111 1,04 11 6 16 361 4,34 110 
RATIONAL 

SPRUIT SILVERTON No 1342 UNTTGR.APH 

10 MORELETA WONDERBOCM TP BRIDGE 
107 25 5112. 4,8 107 1,05 113 15 396 3, 70 200 

RATlONAL 
SPRUIT CULLINAN RD No 32(5 UNITGRAPH 

11 HART BEES WONDER BOOM TP BRIDCX:: 32,9 55 6 2,9 167 1,03 17 2 70 222 6 ,75 255 %RATIO~L+ 
SPRUIT CULUNAN RD No 3204 !JUNTTGRAPH 

12 
HARTBEES KAMEELDRIF TP BRIDGE 

156 30 6 5,6 113 1,06 120 18 5 20 3 ,33 330 
RATIONAL 

SPRUIT FARM No 2315 UNTT~H 

~--------------------------------------------------------------T1 



w 
O'l 

s 
I 
T 
E 

No 

1 

2 

3 

I. 

6 

7 

8 

9 

10 

11 

12 

TABLE 2 
I 

MANNINGS n VALUES USED \N THE CA LCULAT\ON OF FLOOD 

PEAKS FOR THE STORM OF zs TANUARY \N PRETOR\A 

tv\ANN IN G' S n FACTORS 

BRIDGE No. (LOOKING DOWNSTREAM J 
L£:FT BAN~ MAIN C\-\ANNEL R\~1-\T ElAN~ 

BRIDGE IN VOORTREK'r\ER ROAD 0 ,050 0 ,04-5 0 ,050 

BRIDGE IN LOUIS TRICHARDT STR . 0,050 0, 04.5 0,050 

BRIDGE IN FIFTH AVENUE 0 , 050 0,045 0,050 

BRIDGE No. 12.22> 0,0105 0,04-0 o,o~s 

BRIDGE No . 75 1 0,120 0) 120 0, 120 

!:>RIDGE No. '202,2, 0,050 0)075 O,ObO 

BRIDGE IN WATERMEYER 5TR. 0,050 0,045 O, lOO 

BRIDGE No . 134.2 0,055 0,040 o,o55 

BRIDGE No. 32-05 0,0~0 O_,ObO o,o~o 

BRIDGE No. ~204 o,o~o AND o,oso 0,050 0,070 

BRIDGE No. Z315 o,oeo 0,0100 o,oeo 



TABLE 3 
COMPARISON OF FLOOD PEAKS CALCULATED BY THREE MEIIJODS 

FOR THE FLOOD OF 28 JANUARY 1978 (PRETORIA) 
FROM FLOOD MARKS FR0-1 RATIONAL* METHOD fRav1 ~. r.£1}-

s RIVER P,TCMENT PEAK RUNOFF PEAK ~UN OFF PEAK STORM I 
T AREA DISCARGE COEFFICIENT DISCARGE COEFFICIENT CMSCARGE RUNOFF 

a" a~~ E FACTOR 

No A ao Co a., CO\jll(. au ao Oo 
[km'") [m1js) [m1/s) [ml/s) 

( 11 {2} { 31 ( 41 (51 (6) ( 7) (81 (9) (101 (111 

NOORD SPRUIT 7,9 65 1,05 57 0,92 0,88 

2 SUID SPRUIT 19.6 196 0,95 197 0.96 1.01 

3 NOORD+ SUO SPRUI T 29,2 252 0,90 262 0,94 1 ,04 
w 
....... 

4 A PIES 227 450 0,28 1086 0,79 905 0,95 2,41 2,01 

5 APIES 315 535 0,26 1287 0,69 1419 0,93 2,41 2 .65 

6 MORE LET A SPRUIT 48,9 171 0,76 148 0,66 212 1,00 0,87 1 .24 

7 MORELETA SPRUIT 68 ,7 258 0,80 222 0,69 300 1,00 0.86 1,16 

8 MORELETA SPRUIT 81 ,3 311 0,75 294 0,71 366 1,00 0,95 1.18 

9 MORELETA SPRUIT 8 3,1 361 0,84 300 0,70 373 1,00 0,83 1.03 

1 0 MORELETA SPRUIT 107 396 0.75 376 0,71 400 1.00 0,95 1,01 

11 HART BEES SPRUIT 32 ,9 222 0,87 211 0,83 0.95 
·-

12 HART BEES SPRUIT 156 520 0,64 595 0.73 549 0.98 1 ,14 1 ,06 

NOTE : *CALCULATED WITH 0=6 hr. STORM DURATION 

T3-
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111 
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15 

16 

17 

18 

19 
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21 

22 

TABLE 4 , 
RESUME OF FLOOO SURVEY IN THE CROCODILE RIVER CATCHMEN T FOR 

GEOGRAPHIC POSITI()II FLOOD PEAK FLOOD VOWME V RAINFALL OVER 
RIVER IHYDROGRAPHIC CATCHMENT MAXIMUM FROM RAIN FALLEN CATCHMENT 

STATION No 

I 

AREA GAUGE 
DISCHARGE RETURN 110' m' I BETWEEN 24-30 JAN OR BRIDGE A HEIGHT 

PERIOD LAT I_O NG I krJJ lml 0 T BETWEEN ON 28 .]AN I mm ] 110' m'J lm'/s] ~~~] 24 -i?nJ1AN 
17 ; 1 IS I~ 17' IQI 11 1171 

CROCODILE A2M50 2s 59'" 2'f 50'/z 
0 

148 3,00 11.2 - 5.1 5.7 110 16,1 

CROCODILE A2MI.5 25° 53 'it 27° 51.'1• 
0 

653 2,46 267 - 12.2 13,6 116 75,7 

JUKSKE I A2MI.I. 25' 53'11<. 27" 56 798 2.95 304 - 21,2 25,1. 103 83.2 
- 1----r---

2s 1.7 ' '• 27° 59 1h 1007° 
. 

HEN NOPS A2M11. s.oo 172 - 12.0 18,0 111. 115 
--J- --

25° 4812 27° 54 th 
0 

CROCODILE A2M12 2551 3,84 385 16' 1.52 57,5 115 293 
---+-- 1--

MAGALIES A2M13 25° I.SYt 
0 

27 4 51/~.o 1 I 71 3,72 305 3' 10.2 11.,8 87 102 

CROCODILE 
HARTBEESFIXJRT 

25' 1.3 Vt 27° 5~ 1.112 I 20,1.0 
IN. 995 11' 72.7 103 109 41.8 

A2R01 DAM OUT 825 --
CROCODILE A2M1.8 I 25' 34 27° 1.5'1. 1.691 l.,OO 758. - 66,1. 83,9 105 1.93 

A2M~ 25' 23'/, 
0 SL : I 

CROCODILE 27 341/t 6131 - 1180 - I - - -
- I---

ELANDS 
VAALKOPDAM 

25
o 

18 
V I 27° 28•/z 6110 12.33 

IN . 501 4 37.2 53,0 59 360 A2~11. I ' CiJT 377 

HARTBEESSffiUT A2M28 
I 

25' 39 28° 191/• 161 6;2 1.' 520- 330- 10,4 11.0 11.5 23.3 

ECENVALESPRUIT A2M 29 25' 39 28° 23 1/t 129 1.30 1.6 - - - - -

PIENAARS 
TP BRIDGE 1787 

25° 40~. 28° 211/z 357 131.0 >500 ON ROAD P2-s" - - - - -

PIENAARS 
ROODEPLAATDAM 

25° 371• 28° 22V. 681. 30.68 
IN. 1510 ' soo" 

28.7 33,6 110 75,2 A2R09 OUT. 1165 170" 

PIENAARS A2M06 25' 23 28° 19 1028 1.,98 nos· 60 •• 
' 1.6. 7 51,1 91. 96.6 

OCN IICCORD DAi" 25° 21! 11 ·~ 3.oo' 53S 0 45u APIES A2R02 37'1· 315 - - -

A PIES A2M26 25° 21!' 16-1'· 
SL ' .. 

21. y, 676 6.50 678 60 25.2 30.1. 122 82 .5 

PIENAARS 
KLIPVOORDAM 

25° 08 27 
0 

48 1/t 6138 17,48 
IN. 497 . 

A2R12 OUT 1.45 I. 78 116 71. 1.51. 

CROOODILE A2M25 24 56 270 33 21349 9.28 • 152 0 - 301. 369 78 1655 

TP BRIDGE 2111 
24" 40 270 27"' 23719 10,00 

. 
CROCODILE ON ROIID P16 -2 1515 - - - - -

CROCODILE 
TP BRIDGE 1192 

24" 21.'/z 27 
0 

07 282 81.. 1300 ON ROAD 115 - - - - - -

CROCODILE 
TP BRIDe£ 1329 

24 13 26° 5I. 29071 11.00 ON ROAD 1173 - - - - - -

THE FlDODS OF JANUARY 1978 

CiSCHARGE RUNOFF REMARKS 
% TABL E f&f x100 LIMIT 

I m' is ] 

' 131 114 I 115 I 

35 62 D• 40'/o DOLOMITIC 

18 396 D- 50% DOLOMITIC 

31 550 ' 
--- - r---

16 17 'ESTIMATE. D: 60'/o DOLOMITIC 
--

20 108 I ' STATISTICAL ANALYSIS. D: 40% DOLOMITIC 

15 1.3g 
1 

' STAT I ST I GAL ANA LYSIS 

23 2322 ' INTERPOLATION IN TABLE 2 OF ftPCRT HRU 1/71 
--

"FROM 
17 58 

FLOOD WAVE TRAVEL TME 
AND CROSS SECTION AT WEIR. SEE TEXT 

- 207 SL. SLOPE ARE. A MEASUREMENT 
--- -

15 5226 , NTERPQATION IN TABLE 2 OF REPORT HRU 1/71 

47 36 
I 'ESTIMATE 
1 "sEE TABLE 1 

- 20 

I "'.km UPSTREAM OF STATION A2M27 
- j _ '1=lATIONAL. UNITGRAPH AND ROBERTS METHODS 

1020 
' ROUGH ESTIMATE 

45 ,.RATIONAL. UNITGRAPH AND ROBERTS METHODS 

53 53S i 's f AT ISTICAL ANALYSIS "sEE TEXT 

' ESTIMATE 
- - ! .. SEE TABLE 1 

I ' ESTIMATE. SL: Sl.a'E AREA MEASJREMENT . 
37 192 ~~IONAc, UNITGRAPH AND ROBERTS METHOOS 

25 3461. ' INTERPOLATION IN TABLE 2 OF REPCRT HRU 1/71 

B , CALCULATED AT TP BR IDGE 31.6 22 277 
6,4 km DOWNSTREAM 

"ESTIMATE AT A2M37 
- - Skm DOWNSTREAM 

- -

- -



I TABLE 5 

PROPAGATION OF FLOOD WAVE GRAVITY CENTRES 
IN THE CROCODILE RIVER CATCHMENT . JANUARY 1978. 

s 
f:Y AND HOUR 

FlDOO WAVE 

I DISTA NC E 
o L [kml l T RIVER HYDRO PEAK GRA~~ BETWEEN 

E STATION No CENT TRAVEL TIME OF FLOOD WAVE GRAVITY CENTRE AT [hr) STATIONS 
A2 --- VE"OCI TY OF FLOOD WAVE GRAVITY CENTRE V I kmjhrl No 

111 121 131 11.1 151 16 

28th 28th 

~ CROCOCIILE M 50 OOhOO 03h15 

28th 28th AL 18 

~ CROCODILE M 1.5 Ol.h30 09h30 AT 6Y. 
V 2,9 

SCHEDULE 
28th 28th 

~ JUKSKEI M .I. 03h00 13n00 I I I }~~n FROM M11. Kl 28th 28th 

~ HENNOPS Mll. 13h00 16h30 

~[\ 
23t h 2 8th O L 31. 16 15 19 

~ 5 CROCOOILE M 12 Ol.hOO 16h30 oT 13'~ 7 3), 0 TO M12 

1Qtho~~ V 2.6 2.3 1..3 N 

28th 28th [)( 6 MAGALIES M 13 13h30 13h30 

28th 28th oL 1.8 30 29 33 11. 1~ [)( 7 CROCODILE R 01 l) Ol.h~..C I.) 13h3: oT 10'~ I. '" -3 -3 
TO R01 

tcr• 

I I I ru 18hoa I ru16hm V 1. ,7 7.5 N N N 

28th 28th oL 74 56 55 59 40 38 26 [X lil 
8 CROCODILE M 48 11 hOD 17h00 oT 13~ 7), 4 'h 'h 3"h 1 

TO M48 

V 5,4 7,5 N N N N N 

28 th 28th 

~ 10 E:.LANDS R 14 I l10h30 ! J13hi lu 
0)15h00 Ol20hOC 

28th 28th [>< !1 HART BEES SPRUIT M 28 05h30 05h30 

28 th 28th AL 8 X 14 PIENAARS R 09 ll07n15 L)07h15 oT ' '• 
QJ07 n30 0)10h15 V 10.7 

28th 28th oL 40 32 

~ 15 ~ENAARS M 05 11h00 15h45 AT 10)., 5V, 
V 3.9 4,9 --

~ 
28th 28th 

17 APIES M 25 11n00 15h30 

-
30th 30th O c 126 118 86 80 X 16 PIENAARS R 12 l J 01h00 !) 07h0C oT 1.8 45 38 39 

Ol 06h00 Ol11h00 V 2,6 2.5 2.3 2,1 

29th 29th AL 157 11.9 11.8 152 133 131 119 93 51. 181 173 11.1 135 55 

~ 19 CROCODILE M25 20 nOO 21 h30 AT 42 35 33 29 29 32 30 28 25 39 35 29 30 -13'/, 
V 1..0 4 .1 4,5 5.2 4.5 4.1 4,0 3.3 2.2 1. ,5 4, g 1..9 4.5 N 

30 th 30 t h AL 216 198 197 201 182 180 168 11.2 103 230 222 190 184 104 1.9 X 20 CROCODILE M 37 
... , 

oT 52 56 53 1.9 49 52 50 48 45 59 55 49 50 5l· 20 15h00 17h30 
V 3.5 3.5 3.7 1.,1 3.7 3.5 3.1. 3,0 2,3 3,9 1.,0 3.9 3,1. N 2.1. 

TP BRIDGE 1 FEBR 1 FEBR 6L 258 250 249 253 234 232 220 191. 155 282 271. 21.2 235 156 101 52 
21 CROCODILE No 1192 ·-02h00 03h30 oT 95 89 85 81 81 84 82 81 77 91 88 81 82 39 52 32 

I MAKOPPOI V 2.8 2.8 2,9 3.1 2.9 2,8 2.7 2.1. 2.0 3.1 3.1 3.0 2,9 4.0 1.9 1,6 

NOTES ! I INF LOW HYDRO GRAPH 

0) OUTFLOW riYDROGRAPH 

11 

N NOT REALIST IC 

TciREE PEAKS 

FOUR PEAKS 

••• THREE PEAKS BETWEEN 04h30 - 1 7h30 

- ESTIMATE 

39 11 

11 

,.jiJ 
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FLOW TYPES AT BR\DGE5 (i) 

TYPE b FLOW : Orifice F\ow 

Flow 

Flow 
)loo 

Q = C~A,.)zg(t:.h + %_ + o.?_~)' 

FIG. 5 a 

46 

NOTE : SYMBOLS IN TEXT 
(PART 2·2·3) 



FLOW 1YPES AT BR\DGES (ii) 

f_E~~'---------1-
Flow 

TYPE £ FLOW : P\pe F\ow 

jj__E_kn~ 
Q = O,S Aa j 2g (Ah + "2~'2.)' 

__ j_ 
H 

T 
ah 

Flow 

TYPE g I="LOW : Over Road + Under Br\clge 

Over Road : Q = C-4= L H 'o/2. 

j
,.....---~2.-,, 

Under Brid9e: Q = 0,8 Aa 25 (AIH1:;·-) 

FIG. 5 b 

47 

NOTE : SYMBOLS IN TEXT 
( PART 2 · 2 · 3 ) 
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IDETIF/CATION 
'JF SITE 

RATIONAL METHOD 
WATER COUR S I:: 

FARM 

::ATCHM::fiT AREA, A " ___________ ,m2 

DEPT. OF WATER AFFAIRS 

(HYDROLOGY ) NOV. ,977 

LATITUDE 

LONGITUDE 

l PHYSICAL FEATUP.ES IN % OF AREA 

I PHYSI::AL 
CHARACTE~T.C 

ACE SLOPE 

<.10/. 

RURAL URBAN 
0,b PERMEA81Liff CF SOIL + 0/0 VEGETATION °/0 OCCUPATION °/o 

f--- VER~ PERMEABLE r-- DENSE BUSH FOREST L_ LAWNS,PARKS 1--

' I 

I 
i 

OF 
CATCHMENT 

I to 3 

3 tc 10 

r--· h:f..Mc.ABLE r-- CULTIVATED LAI'll. ThiN BUSH~ RESIDENTIAL 1--

t-- SEMI- PERMEABLE 1-- GRASS LAND r-- INDUSTRIA L r--
~ __.j IMPERMEABLE _ BARE SURFACE 1-- IJCMINTOWrl 

1
...___ 

r-- _ > 30 _j_ _ _ SfflEE TS - -----T--1 

t----"'T''-'0"-'T-,_,:4~ tOO ~·T~-, KJ0 1 TOTA~ --- 100 ____,Ti_,O'-'T.-'-:A,.,.L=-----+'0"'-=10 
AVFRAGf SLOPE : 5<:J DOLDMI TIC 1 _i_0:N ~Io v,uUO (fl'Y!n ml,,. 1 l _ 

LONGES T WATERCOURSE. L - -- -~ Ah'?..; ;::- ::LOPE ALOfifL S - __ --_-__ -rrvm--'---J 

TIME OF CONCENTRATION 

2 O·J85 

tc = (~g;~) = ---------- --· hrs 

; NOTE :FOR FLAT CATCHMENTS Wl!}i A < S k,..,2 WHEFE OVER LAND 

FLOW IS [0MINANTQ~~~ 

t = 0·604(Ll)-c s o·s - -----
hrs VALUES GF r --- -· I BARE SOIL 

POOR GRASS 

0·1 

0·3 
A. [ RAGE GRASS, CULT IV. 0·4 

RA/11/A!.L I I DENSE GRASS 0·8 
MEAN ANNUAL R AINFALL,MAP= ___________ mm 

RAINFALL REGION: WINTER CJ, YEAR '<OUNTJ 0 S\JMMER U.!hm Fiy Ct) INTENSITY 
I 

EXTREME POINT RAt.VFA LL REGt:JN NUMBER :. ___________ !tromFig . C3 l 

RETURN PERIOD Gheorsl-r-r-1 . /toO _[M£)Cj FIGURES USED : 

POINT PAINFA"c, h !mml I I '--+-+~-~-1 
OTHERS : 

RUNOFF 
COEFFICIENT 

PEAK 

DISCHARG= 

f'OI: IT IN lE~ • T' i" h/~c !mm/hd E ~ 1 

AREAL R:ODUCIJ~' . J -~' --+---+-·-+---1 
ltll'ENSI' Y MERAGEr JVE" Ai<EA. lrrnvnrJ L 

L _m,u,sl -~- _ 1'-'no=----+--+MAX~ 
RURAL C1 I 
;JRBAN c2 I 
LAKES C3 "I LL -~ 
,COMBINED C,---=-o<C-=-1.-:.8:-::C-2·-?--1--- ~-r -, -

TiYearsl 

Q = 0 ·218 C IA rr-'ls 

CORRECTF:D PEAK o• "'"s 
r- I 

I 

10 100 MAX 

REC0'-1MEf\OED \AI_UES a RUI\DFF CCEFFICIENT C 
-RURAL Ct 

r COMPONENT 
MAP! mm\ 

CATEGORY 
<600 6\hl- 900 > 9oo 

<3 0·01 00 o.os 

CS SURFA'E SLOPE 
1 to 10 0·06 3·:JS 0·11 

IN olo 
: C to 3C 0·12 0·16 0·20 

- 32 s -22 0·26 0·30 
~---· 

PERMEABILITY 
VERY PCRMEAE'LE. 0·03 o. U4 c·CS 

I Cp OF SOIL 
PERMEABLE U·06 0·08 0·10 

Sbl.l l - PERMEABLE 0·12 C-t~ 0·20 

,...... iMPEr- M EAf'cE - _9_ll._ 0 ·26 0·~0 __ 

[B~SE BUSH. FCRE ST n ·U3 O·'l4 u. os 

Cv VEGETATION 'Ul TIVATED LAND, THIIJ BUSH 0· Y1 Q.11 0-15 

GRASS LAND n- 17 0 ·21 0·25 

BARE SU!lf~-- __ __Q_· 26 _ c_ _0·28 _ 0·30 

(tl bflu•nce ri <Pturn period T 121 Dense wood (man ma:ltl, appl\es only if 
rmrt than 75'/, ri A •s <n~ortd by ij. 

LT (YemsJ cl -~ face slope T!Yearsl C1 

I s 20 O·S7!Cs•Cp•Cvl I <1'!. tO 0 10 
50 0 83\Cs Cp •Cvl 100 0·15 

J .100 Cs • Cp • Cv I >10"1. 10 0·13 
~x.:..__L_:Cs:>._• C::o""""':::.::::...•....:C:!vcefl'(]JC~__,i 100 0·20 

N OTes · 

fa T:MAX rofer to NOTE (1) 

GENF.RAL NOTE : F.G JRE N"JMPERS REFER T, REF':'RT HRU 1/72 
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URBAN C2 
~nCCUPATI 'N 

I LAWNS 

scndy. flat < rJ .. 

sandy. steep > 7'/o 

heavy soil. flat < 2°/o 

heavy soi l, stttp >7'/. 

RE SI DENT IAL 

single fam•ly area 

apartmcznl dwell :n~ 

INDUSTRIAL 

light areas 

heavy areas 

BUSINESS 

downt'lWn 

~ibrurhood 

STREETS 

~N0FF COE FFIC IENT 

0.05 -0 10 

u.IS- 0·20 

0.13- 0. 17 

r.3~ -o.so 

J.t,O - 0·70 

o.so -o.so 

a.5o - 0-90 

0.10 - 0-95 

o.so- 0·70 

o.1o - o.gs 

111 if lim1ted T has no intluenc• on C2 

( 21 I<>" T • MAX us• C2 = 1 

CALCULA lED !:!Y : I DATE : 



DEPARTMENT OF WATER AJ>FA! R.S 
UN I T G R-A p H M E T H O D DIVISION OF HYDROLOGY .JULY 1976 

!DENTI F!CA T!ON WATERC OURSE ; LATITUDE : 

O F SITE FARM : LONGITUDE : 

CATCHMENT AREA, A = ---km2 LONGEST WA TI:: RCOl!RSE , L = --- km Le --- --k m 
AVERAGE SLOPE OF LONGEST WATERCOURSE , s = km/km ---
MEAK ANNUAL RA IN FALL , MAP = mm - --
RAINFALL REGION : winter D yea r round CJ ownmer D ( from Fig. Cl) 

BASIC EXTREME POINT-RAINFALL REGION NUMBER : 1from Fig . CJ I 

DATA VELD TYPE ZONE NUMBER : ( from Fig. Fl ) 

CATCHME NT INDEX, le = 
L Le 

= LAG COEFFICIENT, c, = ( from Table F2 ) 

Vs - -

BASIN LAG, TL c, le 
0. 36 

hre COEFF ICIENT ~ = . (from Table F4) = = 
-- --

1 hr UN!TGRAPH P EAK, Qp = Ku tL = m3 / Bee 

RET URN PERIOD 
T T = T ( yeare 1 

DURATION O F STORM I : ! I 
I 

_ t D ho ur s ) I 

P O;r!_!ll ~~F~~\r ~m I 

l'Oii'I T IN TE:-;~ITY I 
E FFECTIVE t m m /hr ) 

ST ORM ~:~L n";u~~ ·:;:~7; I 

RAINFALL iRAIN F \1.1 . AV E RA GED OVER I 
\REA (a.h o r from Figs 02 -28 
STOR ~I RlfN(lFf FACTOB 

( from F ig G1 o r G2 ) 
~ 

EFFECTI VE RAINF.'\LL I I 
I ' hp I I 

I l 
rr ime 

l 
1 = hr JH ~ ____l_:__ll ___Q__.=_ ____l>__I-_!;_ _U_!! __D = hrs UH 

t Tl Q; Qp s la gged 4 S~ol !_§___ lllp ~ la~d ~-~ !.!_ ~.6DS l la~d ~ S= ¥ - ~ 
hrs curve so S -S D J:>- s - so Qp . D 

t- - j t" - ·--- - -- ~- ------

~=-=r -- f------ -- - - - -~- --- -·- --- ·- -- t- -- -·-· -- +-- ~-- --
- - - - -- - 1- -- ---- - ---

- - - - - -- t--- - t-- -- -- -- -
r- - t-- -- - ---- ---- -- _, ___ 

-- 1---- --
r- f----- ---- -- : -- - -- - -- -- - --- - - --- -----
1- 1-- - ---- - - - - - - --- --1--- - - ---~- - --
t--- - -- --- -- - ---- ~-- -- t---- -- - - -- - - f-- - t--- -

-- - --- - - -- - - f--- -- t--- - - f-- -- -
1- -- --- - --- - - - ~ -- -

-- - -- t- ----- - - - ---- t-----

UNITGRA P H - - - -- --f---- f-- -- --
r--r- ---- - -- -- -- - - - ·- r- --- - -- - t-------- -- -· -------

SYNT HESJS -- - -- - r---- - --- - --- ---- --- ------
r- --1- ---- ---- - r-- - - - - --- - - - ,_ - - -- ---

---- ~- - - r-- - - -- --- -- --1-·-- --
- - --- ---- . - - -- .. - -1- - - -- ---- - - -- r-- --- -- -----

- 1-- -- ---- --- - -- -- --- - ,_ _ , __ -- . --- - - - - ·- - --- -- -
- t--- - -- 1- - -

, __ - - - - f----- ----- --
--- - - - --- - f- - -- ·- -- - - 1----- ---· - - - -

-- - -·· -· ~- -- --- -- ------- - - -- -~ -· - -- -- -- - - -

--- - -- - -- - ·-- ~ ·----- - -- -- --- - - --- 1--- -- -- --· 
, _ ·- - --- --- -- --~ --· - ;---- - -- - r-- --- --- -- f---- ---
r- -- - - - -- --- -- - - -- --
1--- -- --- - -- - -- . -

-- - -- -- - --
1-- - --- --- - --

c--- - - - -- --- - - - - ---
1--- - - -- -- -- __ , - - - - - - -- - -- I - ·- --· 
1--- -

c-- - ------- - -- , __ -- ----- -- -- - -- - -- -· 
r- -- f - 1- --- - I- - - ---- -- --- - --·- - -- r- - - - - f- -- - -
1--- 1-- 1- - - - -- - I-- t- - r-- -- t- --- - --- - 1---- -- ----

RETURN PE RIOD, year s T ,_ .I...:;" __ -- T ~ ---- -
DC RATION OF STORM, brs 

!I H PEAK 1--
P EA K DISCHARGE 

QJ = UH Pi:AK X Ill,-
CALCULATED sv: OAT E · 

NOTE : _ figure and table num•re rs refe r lO rt1p0rt !IRU 1/12 
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