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ABSTRACT

The Mzumbe river discharges into the Indian ocean on the
Natal South coast at 30° 3775, 30°33°E. This paper examines
the lateral stability of the lowest 3km of the Mzumbe river
under two sets of conditions namely:

A. normal run-off ( < bankfull) from 1937-1979, using aerial
photography; and

B. major floods, such as May 1959 covering a period aof

about two days, based upon results from supplementary
tests during a physical model study. g

INTRODUCTION

Lateral stability aof the lower reaches of the Mzumbe forms an
important part of the hydrological/hydraulic study of the
estuaries of Natal being done by NRIO for the Town & Regional
Planning Commission, Natal. It was also a consideration
during physical model tests for the hydraulic design of the
Mzumbe freeway bridge. The latter model tests were carried
out by NRIO during 1975-1981 for the consulting engineers,

Nicholls & Van UWyk and Strydom, Newmark & Anthony (CSIR
1981).

MODUS OPERANDI

A. S5ix time slices from 18937, 1955, 18539, 1966, 1976 and
1878 aerial photography were selected. The six aerial
photographs were re-photographed and printed on a scale
of 1:10 000 wusing tracings on transparent film of per-
manent features from the 1:10 000 orthophoto to obtain
the best possible fit.

The film tracings were again used in conjunctiaon with
the 1:10 000 prints to outline the river courses for
each time slice. The six tracings were then superim-
posed and an envelope of mobility was compiled.




A guantitative indication of the lateral stablility was
obtained by measuring distances from the maximum left
bank position to mid-river at twelve stations. These
stations were at approximately 300m intervals from the
old Socuth coast road steel bridge to the mouth. The
‘sinuaosity af the whole reach was also calculated and all
‘measurements were made using a flat bed digitizer.

Flow lines and surface velocities were recorded photo-
graphically by taking time exposures of white-painted
cork floats spread over the model test area. The, peak
May 1959 flpod was estimated to be 1320m*. §  and
changes in the flow lines with stage were recorded for
various stages of the rising and falling river. The
stage was recorded at a position 420m along the embank-
ment from the 1left abutment of the NR bridge at the
mouth. Changes aof thalweg for variogus stages were
derived fraom maximum flow lines.

BACK-UP/BACKGROUND DATA

Tapographical surveys, cross-sections and HRU 9/81 simulated
run-off data (Pitman et al 1981) were used to aid the inter-
pretation of fluvial processes from beth the aerial photo-
graphy and the physical model. )

A summary of pertinent hydro-geographical data 1s given
belguw: .
Area of catchment 536 km?
River length 84 km
River gradient: ' overall 1:90

lowest 3km 1:310
M.A.P. (1921-1975) SO05 mm
Simulated M.A.R. mean 71,03 X 106 m?
(1921-1975) standard deviatian 48,26 x 10°

coefficient aof variation 68 %




RESULTS

The six aerial photographs between 1837 and 1979 were
taken, understandably, during good flying weather and

. therefore reflect conditions when the Mzumbe was con-

fined within its channel ( € bankfull, mean river width
54m). Over the 3km reach studied, the river was unsta-
ble during this 42-year period (average 1lateral dis-
placement 121,7m, coefficient of variation 40,2%). 0n
the following two pages are given a map showing how the
lateral shift varies along the reach (Figure 1) and a
table showing full details of the 1lateral stabllity
(Table 1).

Reasons for the aoverall lateral instahbhility, which is
very marked in the lowest 1km, fall into two categories;
(i) natural and (ii) human-influenced.

(i) Natural

The hinterland is vyouthfully incised and there is
an abrupt transition from these conditions to the
lowest 3km, there being no coastal plain. With an
ample silt supply from the catchment, there is thus
deposition in the lowest reaches where there is a
marked check an river velocities. Furthermore,
under natural conditions, the Mzumbe river course
was diverted near the mouth by a long southerly-
extending sand-spit behind which sedimentation
occurred. fOver the lowest reaches, therefore, the
Mzumbe flows through and arocund & sub-zerial delta.
There is no firmly established riverine vegetatian
and the banks are thus easily erodible. Cantrols
to lateral shift are the valley spurs, and the
bottom valley average widith is 675m.

Given the above geographical background, the run-
off is the key natural factar influencing the
Mzumbe's stability. It is very erratic. This is
guantified by the high coefficients of variation
for monthly run-off, ranging from 55 to 221% with a
mean aof 149%, and the differences bhetween the often
far higher mean and median run-off values (manthly
and annual) resulting from the occasional major
flood flows to which the Mzumhe is subject. The
Mzumbe river has never been gauged and the afore-
mentioned comments are based upon simulated run-off
data for tertiary catchments (Pitman et al 1981).
The wide spectrum of monthly and annual run-off is
shown below in Figure 2 (page 6). Major floods
this century are known %o have occurred in October
1917, March 1825, May 1959 and March 1976. Under
natural/near-natural conditions (ie. priosr to
1955), during major floods, the spit would be
breached. This allowed the Mzumbe to flow almost
.straight out to sea. :
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TABLE 2. Lateral stability of the Mzumbe river. . _ 7

ppprox distance Distance from maximum observed L.B. position to mid~river (m) .
long 1979 R. :
course from f
steel bridge _ Date A )
) Station (m) 2-5-37 Jun/Jul.'55 6-6-59 10-6-66 b-~7-76 20-6-79 Max-Min x 8 \24
1 0 25 20 |- 33 1 3 31 22 25,51 8,8 | 34,3
) ] e - |
2 300 75 i 70 80 38 45 69 53,21 26,7 | 50,2 |
3 600 35 19 40 20 48 50 31 35,3] 13,4 | 38,0 |
4 900 30 18 40 27 3 33 22 29,8| 7,3 | 24,3 | - |
5 1 200 50 30 43 S X 45 45 27 39,3 10,4 | 26,6 |
. 6 1 500 80 75 35 30 35 60 50 52,5 22,1 | 42,1 \ |
7 1 800 108 62 70 48 35 40 73 60,5] 26,7 | 44,2 o
8 2 100 98 22 70 115 40 50 93 65,8] 35,5 | 54,0 A . |
ﬁ&uﬁ.\nhrv?,uv .. - . !
9 2 400 262 g2 60 415 310 205 355 | 222,3{136,2 | 61,3 7
10 2 740 310 255 60 485 495 485 435 | 348,3{174,5 | 50,1
- - 1 2 980 50 88 60 65 60 65 38 64,7] 12,7 19,6 |
12 3 300 © 190 210 80 230 325 220 245 | 209,2} 78,8 | 37,7 f
- (mouth) e : : ; |
x 109,4 74,3 55, 129, {246 110,8 121,7 | 100;5 40,2 |
s , 94,5 79,4 16,1 162,2 is8,4 134,5 142,4 12,7
vz 86,4 106,8 29,2 125,6 27,1 121,4 117,0 31,5
|

Average lateral displacement 1937-79 = 121,7 m Average coefflcient of variation 1937-79 = 40,27
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The river would then return to a more sinuous
course and the mouth would gradually migrate to-
wards the south until it reached racks along the
right bank. The floods often break long periods of
drought (eg. 1960's early and late 1970's) during
which time the Mzumbe 1is laterally stable with a
very low flow. -

The mouth remains open for 90% of the vyear and
sinuosity for the 3km reach varlied from 1,15 +to
1,25 .For the six time slices studied from 1937 to
1979. - b

Human-influenced

Human-influenced factors affecting the stability af
the Mzumbe are very important and include land-use,
bridges and embankments, stabllization of the spit
and canalization.

The catchment is 84% HKwazulu where land-use prac-
tices on easily erodible spoils lead to an ample
silt supply. In the lowest reaches there is a
little cultivation of sugar cane to the river
banks.

A dominant factor in the lateral stability of the
lower reaches of the Mzumbe has been bridge buil-
ding, with the accompanying embankments across the
flood plain. The steel bridge of the pld South
coast road was huilt in the 1930's, the National
road bridge near the mouth in 1955 (and a new
freeway bridge will bhe hbuilt in the late 1580's).

The old railway bridge was built at the turn of the
century with three spans, modified in 1932 to two
spans. This was replaced by & new bridge at the
mouth in 1954. The positions of these bridges are
shown in Figure 1. The river course is thus re-
stricted at these positions and upstream of their
assgciated embankments the Mzumbhe has gradually
adjusted its sinuosity to the new conditions during
seasanal minor floods. During major floods the old
railway line bridges still allowed the Mzumbe to
straighten its course and flow straight out to sea
as descrihed in (i). However, with the stabili-
zation of the spit in the mid 1950's to accommodate
national road and railway line, natural flood flow
has been inhibited (see Section B helouw for details
of major flood flows). The May 1959 flood did
nevertheless breach the northern approach embank-
ment over a distance of 162m from the road bridge
abutment, following which +the stabilization was
reinfarced. :




After the May 1959 flood, near the mouth, the river
flowed straight towards the stabilized spit and
then turned through almost 90° flowing alongside
the embankment to the road and rall bridges. This
represented the furthest left-bank position of the
river (see time slice 6-6-59 measurements in Table
1) and sinuosity for the whole reach was then 1,25.

In an effort to divert the river flow directly
towards the road and rail bridges, a canal was
built, approximately B800m upstream of the road
bridge, reducing the sinuosity to 1,15. By mid-
1961 however the canal was silted up and since then
the river has gradually hbeen trying to re-establish
its natural more northerly course over the lowest
Tkm. This accounts mostly for the large lateral
shift seen in this area (Figure 1) and the high
instability of the lowest 1km recorded in Table 1.

Results from flow velocity tests for a 1320 cumec flaood
give a clear picture of the Mzumbe's flow patterns over
the lowest 1,5km during both rising and falling stages
under stabilized spit conditions. Stage (in m to MSL)
was measured at a position 420m along the spit from the
NR bridge left abutment. It was found that the Mzumbe
started to nvertnp_%ts banks at stage +3,4 with a dis-
charge aof 150m*. s . Major floaods inundate the whole
valley and the thalwegs vary with stage as shown in the
maps on the following two pages (Figures 3 and &).
Conditions in relation to stage may be summarized as
follows: : '

i) +3,5 to +6,4. The Mzumbe gradually straightens
its course towards the stabilized spit, them turns
through almost S0° flowing alongside the spit to
the sea through the road and rall bridges.

+6,4 to +7,3 (full spate). The cushioning effect
of dammed-up waters behind the spit becomes marked
and the Mzumbe adopts a smooth curve approach to
the bridges.

+7,3 ta +3,5 During the falling river stages, the
Mzumbe gradually reverts to a more sinuous course
and, near the mouth, flows alongside the stabilized
spit. Shift of the main impact on the stabilized
spit with stage is shown in Figure 5 below.
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Figure 5 5hift of Main Impact on the Stabilized Spit

CONCLUSTONS

The sbwove situdie=s of the Mzumbe under both moomzel Flow
and mjor flood conoitions give z guantitztive asssess—
ment of the later=sl stahility of the lower resches of
the river from 1937 to 1979.

As the Mzumbe is typical af many Natal South Coast
rivers, understanding of its hehaviour under natural and
human-influenced conditions praovides a useful tool for
regional planners.

The lower reaches of the Mzumbe are laterally unstable
(highly unstahle near the mauth). The Mzumbe demon-
strates & river with a youthfully incised hinterland, no
coastal plain and an erratic run-off trying to adjust tao
the human influences of bridge building, stabilizatiaon

of the sand-spit at the wmouth and canslization.
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