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INTRONUCTICH

Not long after Report No. 4/691G) had been issued. by the
Hydrological Research Uaitn a rOutine task was commenCed.

in collaboration r+ith. the Department of Uater Affairs.
The task eatailed application of the nethods d.escri.bed. in
that report to estimating the, flooC. peaks associated. with
various return period.s at a 1ar6e number of existing and

potential d.an sitesr so that d.esign spillway eapacities
might be reviewed. ia the ligbt..of the nost recent informa-
tion. In South Africar as iyelI as in.other member countries
of the Iaternaiional Commission on .Large'Dans, period-ical
checking of the qpillway capacitj.es of 

"major 
dams is

recogni.sed. as an important saf ety neasure.

The tackllng of this task was prompted. also by an under-
stand.able desire to test the practical handling of the
synthetic uaitgraph nethods explained. in Report 4/69 and. if
possible to streamlin-e some of the ad.nittedly cumbersome

procedures enta11ed.. The procedures are particularly
tedious for large catchnents because these have to be sub-
divid.ed. and. indivj-d.ual hydrographs, based. on separate
synthetic unitgraphs for each sub<iivision, have to be routed.
through the system in correct queuing ord.er and integrated.
at the problem site. i,./here, for preliminary d.esign or
checking purposes, only the hydrograph peak value is need.ed.

nuch of the effort associated with the unitgraph approach
: ^ ..--^,.^-.t^I n--^: a ^L1^ -^3-r,^^-:^ ^e ^^&.: *^!.! -- F1 ^^l *^^t-ID LuIrst{4J-\lEI-r . .ttvaIIdUIE rlrC ULIL/LIir lJI gbtrJ-lUdUf 116 rJ-(JULl Ptrcl.lt,

probabilities, such as that d.escribed in the paper rFlood

studies ln South Africa : frequency analysis of peak dis-
charges'(2)rhave serious shortconnings in that they take
account only of area and locality of catchment; there was

thus strong motivation for the development of an improved,
formula for flood. peak estimation,
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In checking tbe mettroCs as well as in develop|ng the

fornula, anonalies were revealed.' particularly in the

extrapolated portions of the depth-duration-frequency
d.iagram for point rainfall and in the mean storm losses
d.iagram of Repofi a/69 (l'i6s. C2 and. G2 respecti.rely). The

main purpose of this report is therefore to present re-
vised. rainfall intensity and storm loss diagrams to replace
those in. Repofi a/69 and. a secondary purpose is to offer a

tentative formula for estimating flood- peaks.
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l* To form the basis of the study, hyd.rographs were compiled.

for the l) catchments indicated. on Fig. 1. Details are
E rrr risted, in Table 1 fron which it will be noted that the
i

catchments are well d"istributed over South Africa and. range
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II Following the synthetic unitgraph proced.ures 'outlined in
,= Report 4/69t design flood- hydrographs associated. with 1O-,

, 2O-, 5O- and IOO-yr return periodsr 8s vre1l as probable
maxinum flood. (Plm) hyd.rographs r were computed for each of

E
i the 7, catchments. A conputer program was written to

facilitate the proeess of compiliug, for each subdivision
E
l- of a catchment, the design storm hyetographs assoclated.
1'

vrith various recurrence intervals and for compiling synthe-
;E

i resultiag flood hyd.rographs to the problen site.
E
;r fhe 1O-, 2O-r 5O-, 100-yr and PIIF peaks abstracted. frorn the

f hydrographs are listed irr Table 1.
i

CRCSS-CHECKING OF I'I,COD FEAK Y,ILUES

.. For .each of the 75 catehnents the flood. peaks associated.
with 10-, 20-r 50- and. 100-yr recurrence intervals were
also estinated by the method outli.ned. in the paper tFlood.

studies in South ;ifrica : frequency analysis of peak d.is-
' (2), charges\"/, i.e, with the aid of the diagrams BI and B2 of

Report 4/69. The results are listed. in Table I as bra.cketed.
values so that they may be readily compared. with the
corresponding values derived by unitgraph proced.ure.
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Co, parlson of peak dlscharges derlved by dlf ferent rnethods 4.
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that, in general
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(b) catchments exceeding about 1C00 se. miles
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grassveld. zonesl i.€. in the north and. north-
eastern Transvaal, Swazilaad, Nata} and the
soutb-coastal strip. These areas comprise Loss
Zone C in Fig. GZ of Report 4/69.
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Consideration of possible reasons for apparent over-
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portious of the point rainfall d.epth-ciuration-frequency
diagrann ancl the loss rate oier6ram (figs . C2 and G2

respectively of RePort 4/69),

REVISIOI{ OI' FOII{T P.AIi{IALI iiNl STORI{ L0SS DIAGRi\MS

It lnay be recalled. that at none of the autographic record-
int stations for which records lrrere employed. in d.eveloping
Fig. C2 was the mean aanual rainfall higher than about
1OOO nro in the su&mer rainfall region or higher than 8OO nm

in the winter rainfall region. Some inaccuracy in exfrapo-
lating the curves in quad.rants one and" three tias therefore
inevitable. By using as a guide the envelope curves of
maximum recorded. point rainfall in South Africa (viz. Fig.
Q4, which r,,ras d.rawa up much later than Fig. C2) it has been

r t- I tpossible to inprove the extrapolated, .portions of the curves
1n the first and. third quad.rants of the d.iagram. The re-
suLtr'wb5-ch'appears as Fi5j. 2 of this reportr. is by no Eeans

tbe last vord and., as has repeatedly been enphasized. in the
past(at5), there is urgent neecl of an improved. network of
autographic rainfall recording stations, particularly"'in
the bigh rainfall regious. Until more rainfalL intensity
infornation becomes available it will not be possible :9attribute great accuracy to Fig, 2 but it should yield more

realistic vaLles of gross storm input for sma11 catchuents
in the hi6h rain-fall regions than would. be given by the
original Fig, C2.

In Repo * a/69.aa ind.ication was given of the o,anner in
which storm precipitation averaged. over the catchnent
declines with increase of catchnent area (see Figs. C5 and.

Q7)" It was recognised., toor 8s shown by Fig. G1, that as
area of catchnent increases the percentage of gross storm
input manifested" as flood runoff, also decreases. In other
words, rnir],ilnun storm loss lncreases with increasing area
of catchment. It stand.s to reason that me.ag storm losses vrill
a1soincreasewithincreaseofcatchmentareabecauS€r
generally speaking, the larger the catchment the lower the i

average catchment precipitation for a given recurrence I

interval, the longer the critical storm d.uratj-on and. accord.-
ingly the longer the time available for loss factors to
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operete, wi-tir the re$ult that bhe Sreater will be the
propolrtion that losses constitute of gross iaput.

Unfortunately this aspect was not given adecuate attention
in conplling I'ig" G2 of Report 4/69. The diagran was

based. on results derived. from reiatively sroall catchments
and it was only when the proced.ures yiere tested. on s€v€r-
aI large catchments that the crucial influence of inc::eas-
ing area becane apparent.

E fhere is as yet iasufficient inforrflation from whieh to
evaluate the inter-relationship of meao storm loss,

ffi catchraent characterlstics (inclucling area) and storm ie-
put but it would be r'easonabLe to assune tirat the area

E effect night be sipiLar to that.indi-cated empirically for
" minimrlg storm loss in Fig. GI of Report 4/69. A coaxial

- -a-B diagram was accordingly drawn up on this basis aceentuat-
ing the area factor. At the seme rine the under-estirnation

' by ltig, GZ of mean losses in Zone (C) was corrected. and.
tEi

.consequentj-al adjustments to the curore for Zone (A) were 
.

narte oo the basis of the results of the current study.
e The curve for Zone (g) r:eqnired. no adjustment. Fig. 1 is

the revised. d.iagram for storm losses.
GE

Flood peaks at the ?, sites under stud.y were recalculated
on the basis of the revised. d.iagramsrFigs. 2 and. ], and.

the results are listed in fable 2.
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Consid.eratj-o:i ot' 'i;he conpu';ational steps involved in
oeterniain6 the floc.:d hydro6raph by unitgraph r:ethod.

led to selection of four parameters by which to express
the peak d.ischar6e, Qt (cusecs)r associated" with an

average recumence interval of I years. fhese ar6:
(i) P, tI : neai] annual precipitation in

m:lllinetres averagec over the
catcliment

A, the area of catchment in square niles

KT, a coef ficient i:.avin8 values d-epend.ent

upon the aeteorolog:.cal regiorl r the
ve1d. true ?,one anc the relevant rs-
cu 'renc e interval T

(iv) c, a parame ter inc orporating area and,

catchnent index t o ref le ct the re spon.se
tt

ti, 3 of the caichnent in terms of area
5

and. shape ; the paraneter C is composed.

of area d.iviCed by catchment index, r+*.
( as Cef ined in R.eport 4/69 ) vrl , v 5

- A AYT
1., 

= --.{P .!!c 
i'

stepwise graphical correlationr .&o expression fgr
of the folloi^ring f orn was developed.: ^.2 o.'L

a, = Kr p .o.0'6 co '2 .':: !i: .' . .{: :f,. !(r .l !.".]t( , ) .

Values of K for the d.ifferent meteorological regions
and veld. type zones of South Afrj.ca, defined by Fig.
CI and. Fig. Fl respectively of Report +/69, for
various recurrence intervaLs are given j.n Table 1.

' Table ) : Values of coefficient K
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Tr.renby"-tr.+o gauged. ciltchmenis' for which available
records lrere sufficierr.tly long to permit reasonably
well-defined. frequency oistr:ibutioas to be constructecl,
were selecteC for testing of the forinula. The lO-yr
and. loo-yr flood. peaks derived" by frequency analyses

nay be conpared. in Table 4 r'Iith those calculated by

the proposed fornula. the values are plotted' for
coinparlson in Fi8. 4a.

lable 4 j-Iesj9ing-of flood' -pgak forngla, equation-ll)
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AIso in lrig. 4an ihe l0-yr and. lOo-yr flood peaks

derived. by unitgraph procedure for all 75 study
ca"bchuents are shown plotted against values calculat-
ed by tire proposed formula. The scatter about the
line of perfect agl:eenent is soinewhat vrider than
would be desired. hut i"b will be seen to be sensibly
random a
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(b) Isr-rrg!g!}" s*+:egs
fn d.eveloping a fornula for estisating llF peaks it
was found convenlent to dispense with the mean annual

precipitation parameter, P, and to replace K by a
coefficient Z r^'hich has values that depend. upon the
veld. type ?,aue and the extreme rainf all zone (Figs.
FI and. C1 respectively of Report 4/69).

fhe f ormula as sume s the
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In Fig. 4b Fl{F peaks -d.erived. by unitgraph method- ard

shown plotted. against values conputed. by the proposed.

fornula, equation (2). As agreenent was found. to be

reasonably gooC it was assuned. that the fornula would

offer an acceptable basj-s for checking the unitgraph
. proced.ure for estimating PI{F values.

TESTING OF UITITGV,FH Fi{T' FRCCEDURE

Twenty-three observation stations, at which some of the
most severe flood. intensities in South Africa had. been

experienced, were selected. These stations, whlch
represent a wide range of catchnent sj.ze, are listed in
Table 6. at each station the observed. peak discharge is
expresseci as a ratio of the fl"iF peak calculated by the
proposed. formula, equation (2).
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the d.egree of accuracy of the FlIf bstimate weLl established
but, for the ratio to have exceed.ed. unity at Station Gll{O/1
either tbe gauging was poor or the basi-s of tbe Pl,if'estimate
is suspect. The fact that the ratio is high for other
stations in simi-lar terraln lend.s weight to the latter
alternative. Refereace to the record. at Station CfliOT r€-
vealed that the 'event in question lras caused. by a rainfall
of the ord.er of 150 rnn in 8 hours. fhis represents about
three-quarters of the probable maximum preclpitation (pf,fp)

for I hoursr so an extrenely severe flood was to have been
$i,l expected.. Howe-,rer, the lag of the observed. flood. hydroi;raph

was only 14 irours, connpa.red with the 2\-"hour lag that would.
rar have been estinated by enberj.ng Fig. F2 Report 4/69 rvith the
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It seens fron this and. simllar anorialies i-n other catch-
nents siuclj-ed. that, when estimating basin lag values for
purposes of i'l'iF compu'catj-ons in regions where lags are

relatively long (such as in Ye1ci Zones 1and2), it mi-5ht

be uise to ad.opt somevrhat shorter lags than would. be

derived fron Fig. F2. It is sug6ested that for PMF

d.eterminations lag should be taken as two-third,s of that
6iven by Fig. F2 of Report */69 for Veld type Zones 1 and

2, PI1F hydrographs for those of the 7, original test
catchments that 1ie in Veld Zones I and.2 lrere reeomputed
with basin lags reduced. by one-third. This had the effect
of increasini tne FIIF peaks by about 2, per cent, [he re-
vised. peak values, rnarked. with asteri.sks, have been in-
serted in table 2,

It follows that if reduced. lag times are adopted for,
catchments in Vel-d Zones 1 and 2 the coefficient Z for
these zones r.iill be affected and thi's cal1s for revision
of Table ,. Revised values appear in Table 7.

Table ? : ReY:i.seC. -{alues cf c-gqIf *S}qnt_Z r_gsuq.!.]oL (2I
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DISCUSSICT\ Cir FLCOD FEAK FCnl{ULirS

By j,ntroducing the f act or C

f ormul a an att empt tra s b e err

ment c onf i gu::aii on ,

into the proposed" flood. peak
raade to t ake ac coun t of catch-

I

For the ?5 catchnents stud.ie.L the component, A0'6 CO'Z, of
the f ormula ryas found to vary from 1.6 fFto ,.2./T. This
inplies that at a gi.ren location, all things other ttran
shape of ca'tchnent be ing constant., there can be .a 1-AO?I

ranse in flooC peak rralue att::ibutable solely to Cifferences
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tihile compiling hydrographs tor 75 catchments at sites
ind.icaied. in FlB. 1, anomalies were discovered. in the
point rainfalL and. loss rate d.iagrams of Report 4/69. By

a. proeess of cross-checking suitable amend.ments were mad.e.

Figs, 2 and. 1 of this report represent revised. diagrams to
replace Figs . C2 and G2 respectively of Report 4/69.

Adjusted peak d.ischarges associated with 1O-, 2A-, 5O- and

100-yr recurrence intervals as well as FltF peaks for the 7r'
catctiner.ts slud"ied.are tisted in'Table 2

A fcrnula for esti.mat:-ng the flood peak discharge associated
r.rith recurrence interval T years is proposed:

'Ihis fact emphasiaes the
att emp'tiilg tc che ck cie si gn

enYelopes or single-paremeter

and a seconc

w 1,^O n6n0.2
f\IJ.J1 \., . a.e a.a.t... Ge.

foril]ula for estimating f'lm'
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Values of K, and. Z are given in Tables , and ? respeet-
ively. P is mean. annual precipitation in millimetres, A

is area of catchment in square miles and. C is a factor
representing the ratio of area to catchment index, #,in which L is the length (miIes) of the longest orainage
line, Lc th.e length (miIes) along the longest d.rainage
line to a point opposite the centre of area of the catcb-
nent anC S is the mean slope of the catchrnent in feet per
mile.

It r*as deemed. wise to retain the units ad.opted. for the
Cia.grans in Report 4/69. Steps are being taken, however,
to render all formulas homogeneous and to metricate all
diag::ans and examples.
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duration of the effeetive rainfall
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!'rom th.::o en nveru:;e u.:1t;r:',:;h utas" construeted, reI:resentative'gf a partic'.iljr region. There ls no certaint; thou;h that aLl
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tha eatc!*,ent are souudly appraised, .

In the event of a desj.;n ftood oxceeding tae releviat fl"ood
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