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FOREWORD

Run-off fram the Mbokodweni (NS 50), Sipingo (NS 51) and
Mlazi catchments is intertwined. A brief autline of the
situation as it affects the discharge at the mouths of
these rivers is given below.
G5 Until 1951, the Sipingo and Mlazi rivers shared s
common mouth, at what is now the Sipingo "estuary".
(3.4 In 1952, the lowest reaches of the Mlazi were diverted
to a concrete-lined canal approximately & km ENE of
the Sipingo "estuary" (see Frantispiece Photograph).
(iii) Since 1969, floodwaters from the Sipingo R. have been
diverted to the Mbokodweni R. along a grass-lined
canal situated on the landward side of the raillway

line.

For ease of reference to the three river systems therefore,
Data Reports 19 and 20/21 aon the hydro-classification of

the lower reaches of the Mbokodweni and the Sipingo/Mlazi
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BRIEF NOTES MBOKODWENI NS 50

Location
The Mbokodweni discharges into the Indian Ocean on the Natal
South Coast at 30°01'S, 30°56'E. The head of the reach under
review is the railway bridge, 1,9 km from the mouth (Photograph
NS 50/8).

Hydro Data

The M.A.R. from a catchment of 283 km? is 35,58 x 10®m3. Since
1969, flood flows from the Sipingo River have been diverted into
the Mbokodweni, raising the M.A.R. to 36,02 x 10°m3. 1In view of
this human intervention to the normal régime, two sets of tables
and figures (the original and the "adjusted") are given regar-
ding run-off: Tables NS 50/X and XI and Figures NS 50/2-7. In
addition, Table NS 50/XII has been compiled to show the hypothe-
tical case of the Mbokodweni receiving the assumed flood flows
from the Sipingo (Table NS 51/XII from Data Report 20/21) over
the period 1921-1975. In Table NS 50/XII one can see more
clearly the effect of the additional Sipingo flood flows over a
longer representative period of wet and dry phases: it shows
that the M.A.R. is raised to 39,17 x 10°m3. More importantly it
highlights the position during months of very high run-off: for
example, if one compares Tables NS 51/X and NS 51/XII one sees
the following run-off figures (in m® x 106);

Mbokodweni Mbokodweni and Sipingo

only flood flows
March 1925 73,99 86,87
June 1935 39,89 46,88
April 1943 36,09 42,22
March 1976 32,03 37,35




The above differences are in themselves considerable and fur-
thermore, if one considers the implied differences in flood-flow
hydrographs, the comments on the new river mouth and stability

in the relevant sections below are more clearly understood.

Of particular interest to this study is the erratic nature of
the run-off. This is quantified by the high coefficients of
variation (V%) for monthly run-off and the differences between
the often far higher mean and median run-off values (monthly and
annual) resulting from the occasional major flood flows to which
the Mbokodweni 1is subject (Tables NS 50/X and XI). The wide

spectrum of annual and monthly run-off is shown in Figures

NS 50/2 and 3 and NS 50/4 and 5. Figures NS 50/6 and 7 show the
trends in the annual run-off for the period 1921-1975. The
aforementioned tables and figures are based upon simulated run-
off data for tertiary catchments (Pitman et al. 1981),

For classification purposes, current and antecedent run-off con-
ditions must be considered for each of the time slices covered
by the aerial photographs. The following important facts emerge
regarding the six relevant photographs:

1% 1939; below-average run-off within a dry phase.

2. 1953; below-average run-off within a dry phase.

3. 1959; above-average run-off, flood flows one month pre-
vious.

4. 1967; below-average run-off, average the previous month and

above-average two to four months previous.
5. 1974; below-average run-off within a dry phase.

6. 1984; near/slightly above-average run-off, previous three

months above-average following three
drought conditions.

years severe




River Mouth

Under natural conditions, the Mbokodweni 1is diverted at its
mouth by a 500 m long, southerly-extending spit and discharges
into the ocean alongside rocks on its right bank. The mouth
position is variable, however, because following long periods of
closure (to which the Mbokodweni is naturally subject) the bar
is often breached mechanically (for example, Photograph NS 50/4)
to alleviate flooding of the golf course. A ridge of calcareous
sandstone, at -0,6 m to M.S.L. approximately, lies along the
beach area. This restricted the entry of sea water prior to
1969 (ward 1980). In 1969 an artificial mouth was created by
blasting through this low ridge of sandstone near to the left
bank. This was done to accommodate the additional flood-water
flow from the Sipingo river. The artificial mouth is also sub-
ject to closure, and mechanical breaching continues. Begg
(1983), during research within a dry phase, 1979-1982, found the
mouth to be closed 93 per cent of the time.

Land-use
(a) Agriculture

Sugar cane was cultivated on the left valley side area (29%-88%)
until 1966.

(b) Structures

At the head of the reach is a railway bridge which was built in
1932. 130 m downstream of this is the South Coast road bridge
(1954). 1In 1970 a further road bridge was built, 240 m from the
head of the reach, to connect Athlone Park residential area and
Prospecton industrial area. Three footbridges have been built

over the years further downstream for access to the golf course.




(c) Urbanization

In 1945 a golf course was built astride the lowest reaches of
the Mbokodweni.

Mining for minerals in the sand has been carried out since 1956
in the Bluff Sandstone beds near the mouth on the 1left bank

(Ward 1980).

The right valley side has seen the growth of the Athlone Park
residential area since 1963 while on the left valley side there

has been development of Prospecton industrial area since 1970.

Siltation

Begg (pers. comm.) regards the Mbokodweni as being moderately
silted and Ward (1980) states that the Mbokodweni tends "to
deposit a considerable amount of sand along its bank and flood

plain". The aerial photography available confirms these view-
points.

Stability

The Mbokodweni shows lateral instability particularly near the
mouth. At the head of the reach, this instability is due to
bridge building. Prior to construction of the artificial mouth,
the river progressively cut into the hills on the left bank near

the coast before being diverted in a southerly direction by the

.sandbar/spit. The position of the mouth itself used to be vari-

able. When the artificial mouth was created in 1969, the mouth
became "fixed" but the thalweg was shortened. This gives rise
to higher flow velocities and bank erosion upstream of the
"protected" lowest 300 m of the reach. The average lateral dis-
placement of 79,8 m (210 per cent of the average river width)
and average coefficient of variation of 47,3 per cent indicate

unstable conditions. Table NS 50/IX gives full details of late-
ral stability.




The sinuosity of the reach was generally increased from 1937 to
1967, which is symptomatic of aggrading conditions. Sinuosity
was abruptly reduced with the creation of the new mouth in 1969
and the river has yet to adjust fully to the new condition.

Even allowing for differing flow stages, the open water areas
and river widths have decreased over the years. Long dry phases
are partly responsible but, more importantly, the newly created
mouth has resulted in the isolation, stagnation and reduction of

the "lagoon area" near the mouth.

The Mbokodweni reflects considerable human influence. It shows
moderate siltation and has been unstable for the period under
review. Details of the classification may be found in Tables

NS 50/II-VII and an abstract of results is given in Table
NS 50/I.
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ABBREVIATIONS/SYMBOLS/TERMS USED

M.A.R. Mean annual run-off

L.B. Left bank

R4iBe Right bank

P Perimeter

X Arithmetic mean

s Standard deviation

\% Coefficient of variation 2
MSL Mean sea level *
R River

da/s Downstream

u/s Upstream

Maximum value

———— Minimum value

N.R. No record

Head of reach An arbitrary control point selected at the first
convenient place u/s of the maximum known limit
of saline penetration/tidal influence where the
R is confined (preferably a bridge, for example,

to facilitate demarcation of flood plain areas).
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TABLEN S So/'ﬂ'_ CLASSIFICATION OF THE LOWER REACHES OF NATAL RIVERS

NRIO NS SO
RIVER MBovoDwemy 7 "/L7 ESTUARINE, REACH from R.o&\@o«i '?sv\ehle.. ,» L ko from mouth. REF. DEA \A 603 o

2 & ] . *
AERIAL PHOTO DATE 30 -\ —37 SCALE \:lO OOO  CATCHMENT AREA 28D km?, M.A.R. 35,58  a’x10%, No. of DAMs Wi\

RIVER VALLEY AND RIVER MOUTH FEATURES

RV, onaly
General Description of the Terrain above the Valley Valley Sides (Net Well-defined)
Terrain Vegetation Land-Use Slumping Vegetation and Land-Use Left Right
mountainous almost none none none @ coastal dune b s 2
v hilly = / grass scattered cultivation  occasional grass 65 = z
undulating sparsely forested (0-25X) v partly cultivated frequent tree,lbuuh €S : 4
v/ plains v moderately forested (25-75%) mainly cultivated cultivated 28 z
heavily forested (75-100%) v scattered settlement built-up b4
/bo partly built-up
g urbanised Comments * BlutF Bacl, R.V.S.

W seatak Ane s NS

Vslley Characteristics

Relation of Channel to Relation of Channel to Valley

Measurements Terraces Valley Bottom Sides or Resistant Terraces Surface Geology
(Vertical) (Lateral)
valley length\350 m none not applicable v~ not applicable (no valley or free) bedrock' ¢
bottom vidth(nv.Sklgm indefinite not obviously degrading occasionally confined hcuftrme de?outs
valley slope fragmentary or aggrading frequently confined /fluwn‘.nl deposits
height at head 7 continuousl.vS partly entrenched entrenched aeolian
of reach m to MSL entrenched sand covered I area
vaggrading Coumments
River Mouth R. deflocked to 225° ouer \owest 350 m
Characterigtics Measurements
 open/olesed (vl > right bank breakwater length m
v natural/ereified left bank breakwater length m
canalized +“rock sill level m to MSL
v~ sandy cliffs on right bank: height m to MSL Comments
rocks on right bank cliffs on left bank: height ? to MSL
rocks on left bank spit/bar: direction of growth 227 B
outer bar length of spit/ber 39| m (3165m Sreom l."a)
silt plume (fluvial) length stabilized ,yi| m
v suspended sediment (marine) width WS m (7 S0m - wx >
FLOOD PLAIN AND CHANNEL FEATURES
Description of Flood Plain
Presence Extent Vegetation Forest Type Land-Use
none none almost none not known/applicable v not cultivated, not built-up
indefinite average width 24y m v grass 3 riverine: cultivated Z area
fragmentary maximum width 620 m reed swamp | % avea v main channel crop/s
v~ continuous aerial length {270 m + sparsely forested tributaries partly built-up
ares SZ,7 ha moderately forested mangroves mainly built-up
heavily forested Comments
Channel Description N.B. Estimate of flow stage: LOW/NBARSHONG=IERM=MERNINTOH
Pattern Measurements Islands/Shoals Type of Flow Bar Type
straighe thalweg \EF6 m none stagnant/still none
§inuoul *sinuosity | v’ occasional v uniform water surface channel side bars
irregular open water area W, O ha frequent uniform with rapid in reach point bare
regular meanders perimeter 320 m split irregular channel junction bars
v irregular meanders lake/lagoon area ha  braided pool & riffle sequence v mid-channel bar¢
tortuous meanders river X-sections available

2 turbid
bifurcated
lake/s

lagoon

diamond bars
diagonal bars
sand waves/large dunes

channel slope gl
channel width x m 8 =
river slope

river width x

Comments “whole reach

B
:

Obstructions/Constructions

Natural ______ e begree Man-made _ Degree of Obetruction/Constriction for Each Pogition (from head of reach)
/ none none road bridge/s
logs minor rail bridge/f Y. conlined VLood of reoeh
boulders major causeway
vegetation veir/dam
fish traps
embankment/s
groynes
Comments canals
PRSI e ro e
drainage furrows
sty others
Lateral Channel Activity
Lateral Activity Nature of Banks Bank Vegetation Lateral Stability
not detectable v” alluvium (silt/sand) none stable
«“downstream progression natural levées v weak slightly unstable
progression & cut-offs rock/boulders good moderately unstable
mainly cut-offs protected/stabilized very strong v“unstable
entrenched loop development cultivation to left bank 2Q 2 highly unstable Comments
irregular lateral activity channel edge right bank 20 2
avulsion




CLASSIFICATION OF THE LOWER REACHES OF NATAL RIVERS

TABLE NS EQ/UL

RIVER MBowoDW &MY,

NRIO NS SO

AERIAL PHOTO DATE Suly JAua S SCALE \!11O OOO CATCHMENT AREA

RIVER VALLEY AND RIVER MOUTH FEATURES

? o/ ESTUARINE, REACH from Roi\woy Bvicdlae , 2,2 kn from mouth. REF. DEA \\ Lo o
e = =
282

km?, M.A.R. 35,5% m'’x10%, No. of DAMS \\\\S
e 3(3/01. - sae \M\alro woles

General Description of the Terrain sbove the Valley

Terratn Vegetation Land-Use
mountainous almost none none . .
v hilly* Vv grass scattered cultivation
undulating sparsely forested (0-25%) v ptftly cult%vnced
v Pplains vmoderately forested (25-75%) mainly cultivated
heavily forested (75-100%) v lcute:ed'se:tleme:\t
swamp/bog partly built-up
urbanised

Valley Characteristics

Relation of Channel to

RV ony

Valley Sides (Mot Well-defined)

Slumping Vegetation and Land-Use Left Right

none coastal dune _L_ 5 4

v’ occasional grass LS z

- frequent trees/bush ® 5 %
cultivated 29 b4
built-up 4

Comments * BL.§§f Redy RNS.
" (gantal duiana NG

Relation of Channel to Valley

Measurements Terraces Valley Bottom Stdes or Resistant Terraces Surface Geology
(Vertical) (Lateral)
valley length \3SD m none not applicable v not applicable (no valley or free) bedrock' ]
bottom width(av, swm indefinite not obviously degrading occasionally confined Iacul.tnna de["oun
valley slope fragmentary or aggrading frequently confined v  fluvial deposits
height at head Jcontinuous LN.S, partly entrenched entrenched aeolian
of reach m to MSL entrenched sand covered X avea
T vaggrading Comments
River Mouth R.deflecred ‘o L3RS® ow_‘j‘_\o@&ﬁ% S\0Ow
Characteristics Measurements
" open/closed ¥ "—(O right bank breakwater length m
v/ natural/artificial left bank breakwater length m
canalized v rock sill level m to MSL * ,
v’sandy cliffs on right bank: height m to MSL Comments opey ar Wieln Nde oulsy
v rocks on right bank cliffs on left bank: height m to MSL A
rocks on left bank spit/mac: direction of growth 229 °
outer bar length of spit/bax S73 m
silt plume (fluvial) length stabilized N\ m
suspended sediment (marine) width 17 =
FLOOD PLAIN AND CHANNEL FEATURES
Description of Flood Plain
Presence Extent Vegetation Foreet Type Land-Use
none none almost none not known/applicable v not cultivated, nest—buils~up
indefinite sverage width 424 m  grass > riverine: cultivated I area
fragmentary maximum width 6 20 m reed swamp \ % srea v’ main channel crop/s
v continuous aerial length 1205 m v sparsely forested tributaries + partly Eu;lvup 30“: wusse.
area 52,7 ha moderately forested mangroves mainly built-up

heavily forested

Channel Description N.B. Estimate of flow stage: LOW/KBN

Felande/Shoals”

Pattern Measurements

straight thalweg 2225 m none
sinuous *sinuosity \Z25 occasional
irregular “open water area [ \ ha frequent
regular meanders perimeter Wb S8 split

v/ irregular meanders
tortuous meanders

lske/lagoon area

m
ha /braided (llD/‘»)
river X-sections available

bifurcated channel slope _
lake/s channel width x m 8 - m
lagoon

river slope u
river width x

Obstructions/Constructions

.......... __Degree Man-made

v irregular

Comments

Type of Flow

stagnant/still
uniform water surface
uniform with rapid in reach

Bar Type

none

v/ channel side bars

7 point bary
channel junction bars
mid-channel bars
diamond bars
disgonal bars
sand vaves/large dunes

pool & riffle sequence
turbid

Comments *whole reach
P

meos aodh (o Conn)

_________ Degree of Obstruction/Constriction for Each Pogition (from head of reach)
v none none road bridge/s
logs minor rail bridge/d R confined 1
n i 200 oF veach
boulders major causeways (1) %
vegetation weir/dam i ket S 2\ AR I 290 m.
fish traps
embankment/s
groynes
Comments canals
drainage furrows
others |\ doot by dae

FERTSTEY

Lateral Channel Activity

Lateral Actiuvity Nature of Banks Bank Vegetation

not detectable v/ alluvium (silt/sand)

none
downstream progression natural levées v~ weak
v’ progression & cut-offs rock/boulders good

mainly cut-offs

entrenched loop development
irregular lateral activity
avulsion

protected/stabilized
cultivation to
channel edge

very strong
left bank 3 5 7 4
right bank 4O

Lateral Stability

stable

slightly unstable

moderately unstable
Y unstable

highly unstable Comments




TABLE NS SO/TZ

CLASSIFICATION OF THE LOWER REACHES OF NATAL RIVERS

NRIO NS 50O
RIVER \ROow O DUSEN| , 5 % ESTUARINE, REACH from Rai\wdau Ryidgqe . 2,2 ko from mouth. REF. DEA \\ bo3g
’ .
AERIAL PHOTO DATE (o— b~59A SCALE \*\O OO CATCHMENT AREA 2R wm?, M.A.R. A5 SB  w'xi0%, No. of DAMS N,
é/f 35,01 - saL\f\u\"Lh: wetes
RIVER VALLEY AND RIVER MOUTH FEATURES
. RN.S. o~y
Ceneral Description of the Terrain above the Valley Valley Sides (Mot Well-defined)
Terratn Vegetation Land-Use Slumping Vegetation and Land-Use Left Right
mountainous almost none none : /non: " - coastal dune lo \S ;
v’ hilly* grass scattered ct.xltxvnuon occasiona grass
undu{uing sparsely forested (0-25%) v partly cultivated frequent tret?/bulh 3 5 z
v plains v'moderately forested (25-75%) mainly cultivated cultivated RY §
heavily forested (75-100%) v scattered settlement built-up b
/b partly built-up
i urbanised Comments “QRUL £ Reac V.S

Valley Characteristics

Measurements Terraces
valley length \RSD = none
bottom width(av.)y2u m indefinite
valley slope fragmentary

height at head
of reach m to MSL

v continuousw V.S,

Relation of Channel to
Valley Bottom
(Vertical)

not applicable

not obviously degrading
or aggrading

partly entrenched
entrenched

v aggrading

River Mouth

rocks on left bank
outer bar
silt plume (fluvial)
/ suspended sediment (marine)

spit/bac:

Description of Flood Plain

Presence Extent

none none

indefinite average width \, 24 =
fragmentary maximum width 620 =

v/ continuous aerial length 1239 m

area 2.7 ha

Pattern Measurements

right bank breakwater length

breakwater length
level
right bank: height
left bank: height
direction of growth 2 2¢2
length of spit/bac -
length stabilized N om
width

Characteristics Measurements

v open/skased

v/ natural/aetificiel left bank
canalized v’ rock sill

v’ sandy cliffs on
rocks on right bank cliffs on

WS m

FLOOD PLAIN AND CHANNEL

* Coonted dune Wly

Relation of Channel to Valley

Stdes or Resistant Terraces

(Lateral)

v not applicable (no valley or free)

occasionally confined
frequently confined
entrenched

R-A?“i\,tcitf-}iLo 233° over \ssest LPSO:"_

Vegetation

almost none
v grase
reed swamp ? % area
v sparsely forested
moderately forested
heavily forested

Surface Geology

bedrock
lacustrine deposits
v fluvial deposits
aeolian
« sand covered l X area

Comments
to MSL
to MSL Comments
to MSL
G 1S~ foun 9.\%.3
C: WS L >
FEATURES
Forest Type Land-Use
not known/applicable v not cultivated, net—dui-te—up
riverine: cultivated % area
v‘main channel crop/s
tributaries partly builc-up n\ow ot
mangroves mainly buile-up

Comments

Channel Description N.B. Estimate of flow -uge:_mmm(urcu)akou ave
ot
Fedande/Shoals

avulsion

channel edge

right bank |\

As

Type of Flow Bar Type
straight thalweg 2180 m none stagnant/still none
sinuous *sinuosity \, 76 occasional v uniform water surface v/channel side bars
irregular ®open water area ha frequent uniform with rapid in reach v’point barg
regular meanders perimeter k% oS m splitc irregular channel junction bars
v irregular meanders lake/lagoon area . ha braided pool & riffle sequence mid-channel bars
tortuous meanders river X-sections available turbid diamond bars
bifurcated channel slope _ diagonal bare
lake/s channel width x m s = m sand waves/large dunes
lagoon river slope ol Comments "whole reach
river width x A8 | m s =28 6 m LW L s N
Obstructions/Constructions
Natural _________ __Degree Man-made______ Degree of Obstruction/Constriction for Each Pogition (from head of reach)
7 none none road bridge/d R. cwo-fied V30 ™
logs minor rail bridge/s 2} conS  ne oh Weod ot saclh
boulders major causeway T \oot\ . atee NOO
vegetation wveir/dam
Sish—tvepe \ (atlT, N A o\ 2400 ®.B,
embankment/s
groynes
Comments canals
drainage furrows
others \ $u_oibvviAq e 270 v
Lateral Channel Activity
Lateral Activity Nature of Banks Bank Vegetation Lateral Stability
not detectable v’ alluvium (silt/sand) none stable
v/ downstream progression natural levées 7~ weak slightly unstable
progression & cut-offs rock/boulders good moderately unstable
mainly cut-offs protected/stabilized very strong “unstable
entrenched loop development cultivation to left bank S z highly unstable Comments
irregular lsteral activity b4




TABLE WS So/ﬂ

CLASSIFICATION OF THE LOWER REACHES OF NATAL RIVERS

NRIO NS SO

RIVER WRo wOD WEN , ? %  ESTUARINE, REACH from M\QM‘ %y‘w!g'-_ » 2,\ km from mouth. REF. DEA \)\ 6LORXa

AERIAL PHOTO DATE \ 1 -b-b71

RIVER VALLEY AND RIVER MOUTH FEATURES

SCALE \1\O OOO CATCHMENT AREA 2 873

ka?, H.A.R. 35,58 m'x10%, No. of DAMS ™)

v
av 36/01 — %ae_ \’u‘\d.ro wolves

General Description of the Terrain above the Valley

Terratin Vegetation Land-Use
mountainous almost none none . .
- hilly * v grass scattered cultivation
undulating v'sparsely forested (0-25%) /Pl!:'tly cult}vated
v plains moderately forested (25-75Z) mainly cultivated

heav

swvamp/bog

Valley Characterist

ily forested (75-1002) scattered settlement
v/ partly built-up

urbanised

ics

Relation of Channel to

RV, & oaly
Valley Sides (Net VWell-defined)
Slumping Vegetation and Land-Use Left Right
none - coastal dune Ty z
v occasional grass [ z
frequent trees/bush bs. : 4
cultivated b4
built-up 20 b4

v“not applicable (no valley or free)
occasionally confined
frequently confined

Meagurements Terraces Valley Bottom
(Vertical) (Lateral)
valley length \350 m none not applicable .
bottom width(av. 5\..2_&m indefinite not obviously degrading
valley slope fragmentary or aggrading
height at head v continuous \L.V.S, partly entrenched entrenched
of reach m to MSL entrenched
v aggrading
River Mouth R, deflectest do 23737 cver \ooe¥ 310
Characterigtics Measurements
~ open/closed” < /o right bank breakwater length m
v’ natural/artificial left bank breakwater length m
canalized rock sill level m to MSL
v sandy cliffs on right bank: height m to MSL
rocks on right bank cliffs on left bank: height m to MSL

rocks on left bank
outer bar

silt plume (fluvial)
/ suspended sediment (marine)

spit/bec: direction of growth 227 °

length of spit/bes

length stabilized =\ m
width L2 m Q’

50 m C-,\\om Crn 2B

KO w

FLOOD PLAIN AND CHANNEL FEATURES

Description of Flood Plain

Channel Description

Pattern

straight
sinuous
irregular
regular meanders
v irregular meandecs
tortuous meanders
bifurcated
lake/s
lagoon

heavily forested

N.B. Estimate of flow stage: LOW/NEAR-SONG=TERM—MEANIHIOH

Measurements Islands/Shoals
thalwveg 2.1 O!‘: m none
®sinuosity 1570 Zoccasional”
“open water area S ha  frequent
perimeter 3:120 m split
lake/lagoon area ______ ha braided

river X-sections available

x%x channel slope = Vb2T)

channel width x m s -

Obstructions/Constructions

Natural

/ none
logs
boulders
vegetation

Comments

————

Lateral Channel Activity

Type of Flow

stagnant/etill
uniform water surface
uniform with rapid in reach

Comments * R\, £f Ved s
 ComaaX dx e\ N

RV.S,

Relatton of Channel to Valley
Sides or Resistant Terraces

Surface Geology

bedrock

lacustrine deposits
/ fluvial deposits

aeolian

sand covered X area
Comments

Comments '2?,_,., ak Ve ow\a«}

D

Presence Extent Vegetation Forest Type Land-Use
none none almost none not known/applicable v not cultivated, nes—buiie—up
indefinite average width W24 m ~grass > riverine: cultivated X area
fragmentary maximum width G20 m reed swamp | % area v'main channel crop/s
v continuous aerial length \237 m . sparsely forested tributaries ~ partly built-up 30\‘: @urte.
area $2,7 ha moderately forested mangroves mainly built-up

Comments

Bar Type

none
v channel side bars
v’ point barg

v irregular channel junction bars
pool & riffle sequence v mid-channel barg
turbid

dismond bars
disgonal bars

h m sand waves/large dunes
river slope _ Comments "whole reach **\y. . lewe) adVuad 3 35 oy Vo NS
river width x 20, m s = 209 m AR

Ny  veoa ¥y

Degree Man-made______ Degree of Obetruction/Constriction for Each Position (from head of reach)

none road bridge/s R ol doaal \R0 ey

minor rail bridge/s R, o conSined haj of yeoe\

major causewvay
weir/dam
floh-treps \ |, o\, . Ao wil 2\ 0O
embankment/s 2 Ows BB,
groynes ( 2\ ASco » S ¢~ L8
canals

drainage furrows

others (2) ?‘m\ bw& s

Lateral Activity

not detectable

v/ downstream progression
progression & cut-offs

mainly cut-offs

entrenched loop development
irregular lateral activity

avylesion

Nature of Banks Bank Vegetation

¥ alluvium (silt/sand)

none
natural levées weak
rock/boulders good
protected/stabilized very strong
cultivation to left bank \Q I

channel edge right bank \Q 2

AOOQ s 2 A0D

Lateral Stability

stable

slightly unstable

moderately unstable
v“unstable

highly unstable

Comments




TABLE NS So/ﬁ

CLASSIFICATION OF THE LOWER REACHES OF NATAL RIVERS

RIVER MROKODWEW) ,

2 o
AERIAL PHOTO DATE \B-4=~-T14 SCALE \:\O ©OQ CATCHMENT AREA 2§ 2 km?, M.A.R. 35,58

S 2% ESTUARINE, REACH from Ro«:\\u,)ou,\‘_ Rvidaa

NRIO NS SO

» L b km from mouth. REF. DEA U bLOR a

w’x10%, No. of DAMS W

Cortno (;\f\.b\x:) ,\E: '5(9/01_ A~ \,.._t;km wohe s
RIVER VALLEY AND RIVER MOUTH FEATURES
RWV.S. on
General Description of the Terrain above the Valley Valley Sides (Mot Well-defined) |
Terrain Vegetation Land-Use Slumping Vegetation and Land-Use Left Right
mountainous almost none none v none . coastal dume \S Z
v hilly ¥ /' grass scattered cultivation occasional grass 50 i z
undulating v sparsely forested (0-25I) partly cultivated frequent trees/bush A b4
/ plains moderately forested (25-75%) mainly cultivated cultivated z
heavily forested (75-1002) scattered settlement built-up 50 20 ) 4
swamp/bog

Valley Characteristics

Measurements Terraces
valley length \3650D m none

bottom width(av. ;il;‘t m indefinite
valley slope = \:3 fragmentary

height at head vecontinuous LS,
of reach &\, m to MSL appr

River Mouth R. no \cr\q..r Aeklecked ’.' ax'e c-\f—u&\ -L"‘i‘.’f\_\i,Q"“"q>
~

v’ partly built-up
v urbanised”* L v.§

Relation of Channel to
Valley Bottom
(Vertical)

not applicable v

v not obviously degrading

or aggrading
partly entrenched
entrenched
aggrading

Characteristics Measurements
v open/ ebewed right bank breakwater length m
v’ nademed/artificial left bank breakwater length m
v’ canalized v" rock sill level -0, b m
sandy cliffs on right bank: height m
rocks on right bank cliffs on left bank: height m
rocks on left bank spit/ber: &

outer bar
silt plume (fluvial)
# suspended sediment (marine)

direction of growth 22y
length of spit/bec 1w
length stabilized
width

N m
4® m

m GEUo aﬁncz.\\ W ocatbotk \cclqoa

Comnents "B ¢¢ Reds R.MS

Relation of Channel to Valley
Sides or Resistant Terraces
(Lateral)

not applicable (no valley or free)
occasionally confined

frequently confined

entrenched

Surface Geology

bedrock

lacustrine deposits
v~ fluvial deposits

aeolian

sand covered X area
Comments

to MSL apprex .
to MSL

Comments S\m\d.w‘ Dm\'&"\bm
to MSL

ws?/228° > W
we ®/228° > S
7 g

@'b..\ e - el ; )

FLOOD PLAIN AND CHANNEL FEATURES

Description of Flood Plain

Presence Extent Vegetation Foreet Type Land-Use
none none almost none not known/applicable v~ not cultivated, mnet—buile—up
indefinite average width L2y m grass riverine: cultivated I area
fragmentary maximum width 620 = veed swamp wiw_ X area vmain channel crop/s
v continuous aerisl length \353 m . sparsely forested tributaries v partly Fu}lt-up 30\9 oIt
area S2,7 ha moderately forested mangroves mainly built-up
heavily forested Comments
Channel Description N.B. Estimate of flow stage: LOW/NEAR LERNMERNTT
Pattern Measurements Islande/Shoals Type of Flow Bar Type
straight thalwveg \\O m “none stagnant/still none
sinuous ®sinuosity V9 occasional v/ uniform water surface v/ channel side bars
irregular open water area 2,1 ha frequent uniform with rapid in reach point bars
regular meanders perimeter 3330 m split irregular channel junction bars
v irregular meanders Pwtee/lagoon srea™ _Z X _ ha  braided pool & riffle sequence mid-channel bars
tortuous meanders river X-sections available turbid diamond bars
bifurcated channel slope g diagonal bars
lake/s channel width x m s = m sand wvaves/large dunes
v lagoon river slope - Comments "whole reach
river width x 20 m s = 210 m << v o€ s Ly (P \\‘BDM)
Obstructions/Constructions
Natural ____ __Degree Man-made______ Degree of Obetruction/Conatriction for Each Position (from head of reach)
v r{\::: :cz::r ro:z{ :rf:gcjl @ Q{ c.av\iu«mo\ A30.,.9 240 o
Ta ridge R, o e h (W-V" .
boulders major causeway ’ el LN ol vea dn
vegetation veir/dam
fooh tweps(\ oo R R OV k(o ooow )
embankment/s :
groynes
Comments canals
AL e, <8 RN

Lateral Channel Activity

drainage furrows

others 2 {OD\'M% =
X ¥

Lateral Activity

not detectable

v/ downstream progression
progression & cut-offs
mainly cut-offs

entrenched loop development
irregular laterasl activity

avulsion

Nature of Banks

v’ alluvium (silt/sand)
natural levées
rock/boulders

/ protected/stabilized
cultivation to

channel edge

Bank Vegetation Lateral Stability

none stable

v weak slightly unstable
good moderately unstable
very strong v unstable
left bank 30 % highly unstable

right bank 20 2

Comments ™ \n, .t 390

300 D> N0O v

-,




TABLE NS So/ﬂ_ CLASSIFICATION OF THE LOWER REACHES OF NATAL RIVERS

NRIO WS SO
RIVER MBOWODWENL , 7 9 ESTUARINE, REACH from Radluwar, Rvide® , Lb ko from mouth. REF. DEA U Lo o
Y

AERIAL PHOTO DATE b-2 -84y  SCALE | *1O OOUO CATCHMENT AREA 283 ka?, M.AR. 35 S8 w'x10%, No. of paMs W\

;V 310101 — Sam= \\\d-i-o wolas

RIVER VALLEY AND RIVER MOUTH FEATURES

Q.\I.S.o—\.ka-(
Ceneral Description of the Terrain above the Valley Valley Sides (Nwt Well-defined)
Terrain Vegetation Land-Use Slumping Vegetation and Land-Use Left Right
mountainous almost none none v  none coastal dune \S 2
v hilly* grass scattered cultivation occasional grass b4
undulating . sparsely forested (0-25%) partly cultivated frequent tree,/b\uh S z
+ plains moderately forested (25-75%) mainly cultivated cultivated z
heavily forested (75-100Z) scattered settlement built-up \odD 2.0 b4
swamp/bog v partly built-up
«urbanigsed™ s, Comments ” B\ uff Reds R.WV.S,

ﬂ?“—’ﬁfl-é&n-zndawﬂ._
Valley Characteristics

Relation of Channel to Relation of Channel to Valley

Measurements Terraces Valley Bottom Sides or Restistant Terraces Surface Geology
(Vertical) (Lateral)
valley length \35O m none not applicable “ not applicable (no valley or free) bedrock :
bottom width(av. sh—l&“‘ indefinite vnot obviously degrading occasionally confined llcul'trine degout:
valley slope fragmentary or aggrading frequently confined v fluvial deposits
height at head v continuousiv.S., partly entrenched entrenched aeolian
of reach m to MSL entrenched sand covered __ I area
Sy aggrading Comments
River Mouth R no lomger deflected "Jaificial mowt (1abd)
Characteristics Measurements
v open/ abesad right bank breakwater length m
v newewel /artificial left bank breakvater length m
v canalized v rvock sill level —O,(, m to MSL apprerc.
sandy cliffs on right bank: height — ~  m to MSL Comments
rocks on right bank cliffs on left bank: height m to MSL
rocks on left bank spit/ver: direction of growth 2 3o °
outer bar length of spit/ber \15 m(r4uOm adjacent Vo cu¥-otf \aqoon)
silt plume (fluvial) length stabilized «~\| m ‘l i
¢ suspended sediment (marine) width woS m (100 > LI I
FLOOD PLAIN AND CHANNEL FEATURES
Description of Flood Plain
Presence Extent Vegetation Foreet Type Land-Use
none none almost none not known/applicable v“not cultivated, Pebbwbdrt—cp
indefinite average width 2\ m grass riverine: cultivated X area
fragmentary maximum width 6520 m reed l‘dllﬂp? 4 % area v main channel crop/s
v/ continuous aerial length {333 m Vvsparsely forested tributaries v partly Su,{lt-up z&a\‘ courg a
area 52 7 ha moderately forested mangroves mainly built-up
heavily forested Comments
Channel Description N.B. Estimate of flow stage: FOW/NEAR LONG-TERM MEAN/HISH
Pattern Measurements Islands/Shoals Type of Flow Bar Type
straight thalwveg \bOO m  vnone stagnant/still none
sinuous *sinuosity L\ occasional v uniform water surface v/ channel side bars
irregular open water area 3,2, ha frequent uniform with rapid in reach point bars
regular meanders perimeter 33710 m split irregular channel junction bars
v irregular meanders beke/lagoon area" 3,5 ha  braided pool & riffle sequence mid-channel bars
tortuous meanders river X-sections available turbid diamond bars
bifurcated channel slope _ diagonal bars
lake/s channel width x m s = m sand waves/large dunes
lagoon river slope _ Comments “whole reach
river width x 2l’,3 m § = I\,] m A X SEE g v RJP %l\,»\)
Obstructions/Constructions
Natural _____ __Degree Man-made________ Degree of Obstruction/Constriction for Each Position (from head of reach)
/ none none road bridge/s (2) R confined \3Opa ® 2. WO o
logs minor rail bridge/s R, confingd head ©%F yeoclh
boulders major causeway
vegetation wveir/dam _
oh crape( \ oo BB or cu X 0V \apooN
embankment/s b ¥
groynes
Comments canals
ST B

drsinage furrows
others 2 Saoivdge.

———————— e

e (o Ve ke e T
Lateral Channel Activity

Lateral Activity

Nature of Banks Bank Vegetation Lateral Stability
not detectable v alluvium (silt/sand) none stable
v“downstream progression natural levées Vv weak slightly unscable
progression & cut-offs rock/boulders . good moderately unstable
mainly cut-offs v’protected/stabilized very strong v“unstable ”
entrenched loop development cultivation to left bank A % highly unstable Comments lowect 300, L. B,
irregular lateral activity channel edge right bank >
avulsion
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BRIEF NOTES SIPINGO/MLAZI (NS 51/52)

Location

The Sipingo discharges into the Indian Ocean on the Natal South
Coast at 30°00'S, 30°57'E. The Mlazi shared a common mouth with
the Sipingo at this position until 1952 but now discharges into
the ocean along a concrete lined canal further ENE (see Fron-
tispiece Photograph and the Foreword). The head of the reach
under review is the Avenue East road bridge, 1,5 km from the
mouth (Photograph NS 51/8).

Hydro Data

The M.A.R. from the Sipingo catchment (51 km?) is 6,41 x 106m3 .
However, this does not reflect the run-off conditions near the
mouth where until 1952 the Sipingo joined the much larger Mlazi
river. The M.A.R. for the Mlazi alone from a catchment of
972 km? is 91 x 10°m3. Furthermore, since 1969, floodwaters
from the Sipingo have been diverted to the Mbokodweni. 1In order
to give a more representative picture of conditions at the mouth
of the Sipingo, the simulated run-off data for Tertiary catch-

ments (Pitman et al. 1981) have been "adjusted" in the following
manner:

(a) 1921-1951; the run-off from the Sipingo and the Mlazi have
been added (M.A.R. 102, 16 x 10°m3).

1952-1968; Sipingo alone (M.A.R. 5,85 x 106m3).

1969-1975; for the portion of the catchment of the Sipingo
upstream of the railway bridge, the difference between the
total and median run-off has been subtracted from the run-
off figures (Table NS 51/XII). The negligible remaining
run-off has been added to a 90 per cent run-off/rainfall

estimate from the Prospection Industrial area of the re-
mainder of the catchment (M.A.R. 2,60 x 10°m3).
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Although these "adjustments" are estimates only, they allow a
comparison to be made of run-off conditions from 1921-1975 to
show the marked impact of human intervention on the hydro-
conditions of the Sipingo estuary. Full details are clearly
seen in the Tables and Figures as follows:

1. Simulated virgin run-off from the Sipingo catchment alone
(Table NS 51/X and Figures NS 51/2, 4 and 6).

2. Simulated virgin run-off from the Mlazi catchment alone
(Appendix Table NS 52/I and Figures NS 52/1, 2 and 3).

s "Adjusted" run-off for the Sipingo as itemized above (Table
NS 51/XI and Figures NS 51/3, 5 and 7).

For classification purposes, current and antecedent run-off con-
ditions must be considered for each of the time slices covered
by the aerial photographs. The following important facts emerge
regarding the six relevant photographs:

. 1937; below-average run-off within a dry phase.

2. 1953; below-average run-off within a dry phase.

3. 1959; slightly above-average, flood flows one month pre-
vious.

4. 1967; below-average run-off, above-average two to four

months previous.
5. 1974; below-average run-off within a dry phase.

6. 1984; near/slightly above-average run-off, previous three

months above-average following three years severe drought
conditions.



River Mouth

The 300 m long sand-spit at the mouth is southerly-extending.
The Sipingo/Mlazi rivers prior to 1952 and occasionally since
then the Sipingo alone, discharge into the ocean against rocks
and over a rock sill towards the right bank. This rock sill,
unlike the one at the Mbokodweni, is not continuous and there-

fore is not a barrier to tidal exchange. In former years a
tidal influence was noted as far upstream as Sipingo rail (Ward,
1980).

With the marked reduction in run-off from 102,16 + 5,85 =+
2,60 x 10°m3 as noted in the section above on Hydro-data, the
mouth became increasingly liable to closure. During research
within a dry phase, Begg (1983) found the mouth to be closed
99 per cent of the time. Initially when the mouth became bloc-
ked, an attempt was made to clear the bar mechanically. This
was followed in 1955 by the installation of a metal pipe which
in turn was replaced by a pair of concrete pipes in 1961. The
landward base of these pipes is 30 cm above MSL (Ward, 1980).
Generally, tidal exchange is restricted by these pipes but some-
times the bar is breached mechanically in a position near to the
right bank. However, the mouth only remains open for a short
while afterwards.

Land-use

(a) Agriculture

Sugar cane was cultivated on the left valley side area (40 per
cent) until the middle 1970s.

(b) Structures

There is a road bridge at the head of the reach and a small road
bridge across the southern lagoon area.

A 275 m long wall lies along the right bank of the mouth area.




From 1906-1927 there was a boating canal which linked the main
river course (at 650 m from the head of the reach) with the
southern lagoon area. In 1952, the Mlazi was diverted to a con-
crete-lined canal 4 km ENE of the Sipingo mouth. From 1966-
1969 the Sipingo upstream of the present estuarine reach, was
straightened and canalized. Its tributaries were also canali-
zed. Since 1969 flood waters from the Sipingo have been diver-
ted to the Mbokodweni along a grass-lined canal on the landward
side of the railway line to alleviate flooding of the Prospecton
industrial area. Photograph NS 50/51/1 in the Appendix was
taken in 1966, just prior to these canalization works: it is a
print direct from a diapositive, showing open water areas stark-
ly in black and riverine vegetation in white. Sugar cane fields
on the Sipingo flats are clearly seen and the position of the
1969 diversion of the flood waters of the Sipingo is indicated.
It is interesting to compare this photograph with the Frontis-
piece photograph (1974) which shows the Prospecton industrial
area, with its canalization, fully developed.

There are no dams on the Sipingo but the Shongweni dam on the
Mlazi was built in 1927.

Orbanization

There has been a hotel complex on the flood plain for the whole
period and a general residential build-up since the 1970s.

From 1929-1939 there was a golf course on the right bank of the
Mlazi. The area became a wartime aerodrome from 1939 to 1945.

Construction for Louis Botha airport commenced in 1946.

In 1961 two concrete pipes weere installed (see River Mouth sec-
tion above).

In the same year sand mining near the mouth commenced, and it is
still in operation.




Immediately upstream of the estuarine reach lies the Prospecton
industrial area. For this, from 1966 onwards, large areas were
drained of swamps, vegetation cleared and the land infilled to a
height of approximately 3,5 m above MSL from a former 1-1,5 m
above MSL (Ward, 1980).

Siltation

Begg (pers. comm.) regards the Sipingo as being only slightly
silted and Ward (1980) states that the Sipingo catchment area
yields little silt. However, the Mlazi carries a considerable
silt load during major floods. Evidence of a silt plume deposi-
ted by the Mlazi in the “Sipingo estuary" may be seen in Photo-
graph NS 51/2 taken in 1937. wWard (1980) reports that when the
boating canal was open (1906-1927) the Mlazi would deposit such
a large quantity of silt during a major flood as to block off
the lowest reach of the Sipingo and force the main flow through
the southerly lagoon area. Since the last major flood flows of
April and November 1943, however, the siltation has probably
been minimal. Channel side-bar areas are now small but note
should be made of the siltation build-up, since the mid-1970s,
on building rubble dumped into the river alongside the hotel
complex. This should not be allowed to block the channel, espe-

cially in view of the present greatly reduced flow of the
Sipingo.

Stabilitz

The average lateral displacement of 31,7 m with an average coef-
ficient of variation of 22,5 per cent reflects slightly unstable
conditions. The only position where the lateral shift is marked
is on either side of the hotel complex: here, in ‘the main chan-
nel there has been a slight shift and in 1953 there was an ex-
tension of the area of vegetation growth (?as a result of silta-

tion) thereby narrowing the southerly lagoon area. Full details




of the lateral stability are given in Table NS 51/IX. The dif-
fering open water areas and river widths (Table NS 51/VIII) re-
flect different flow stages. The changes in sinuosity do not

reflect a general 1lateral instability - only different mouth
conditions.

Although not represented by the six time slices of aerial photo-
graphy selected, the southerly lagoon area may, at times of very
low flow, lose its connection with the main channel which it
normally maintains just inland of the sandbar across the mouth.

The lower reaches of the Sipingo reflect marked human influence
for the period under review. Since 1952, the "estuarine area"
has had a struggle to survive, hydrologically, because of mar-
kedly reduced river flow and restricted tidal exchange. The
Sipingo shows slight siltation and is laterally slightly unsta-

ble. Details of the classification may be found in Tables

NS 51/II-VII and an abstract of results 1is given in Table
NS 51/1.
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ABBREVIATIONS/SYMBOLS/TERMS USED

M.A.R. Mean annual run-off

L.B. Left bank

R.B. Right bank

P Perimeter

X Arithmetic mean

s Standard deviation

v Coefficient of variation 2
MSL Mean sea level :
R River

da/s Downstream

u/s Upstream

Maximum value

- Minimum value

N.R. No record

Head of reach An arbitrary control point selected at the first
convenient place u/s of the maximum known limit
of saline penetration/tidal influence where the
R is confined (preferably a bridge, for example,

to facilitate demarcation of flood plain areas).




TSN f/&lnﬁm M2l —LEb) I=k) Qg i S8 St ) ox i (w)  yIpIA x 4

SMITAZY_¥3IANA CQOI¥Ed ¥0d ZALITIEVIS SstT o9 OvT sbC SeT y 23 s o3 (w) y3buaq

‘eOM B\ r.f_d.c LAY -ﬂhQJ*ﬂJ.. Oﬂ(.‘—“:w Ayl payvIgave

ﬁfr..k/u.vuﬂ ﬂ.z; O Wouy G o ow(..o...w weuy W3 dng e 8\ ¢ b\ T EFT b 1% 6 T 1T (,) vor3sairg

TO9%) '3V Syo\ Oﬂ(«.w\_.nH “o .T/J?;.ﬂ(d&ﬁ\\ wmodb 2vos hdﬂx)n.m; :3eq/31ds

A1ddns 3711s/ssor3deidrew asn-pue] () o o - - e | o .u\O pasoTd/uado yjnow
B2 o T T mikd«wu»b%m1 D@(J.muﬂﬂdfnrrw wh-%-n: i) .f«mjw_ € A

. » wor
Gmrnmres © Pron b S s aea: st ode [SeAoL veirberd 2 e G A T o iadE
SN PRRVIWmS) »ben_bﬁo ©\eF SIMOT| 403 menTTagsuoy [} Qb Ob Qb oot oL paie3sbon g g7 A
yoES3 jo we33ysdn AT3IBTPSuWT UOTIBZTTBUED 0 UOTIDNI3sucd burpring (Q)
= . < 09 o9 [Sha) o+ 533 SN dn 31TNQ % |
Lo\ TR\ A Y MO Wwep wathbuewg = = == s e —_— N Al |
Qﬂrd&...n.u TR S TeReN o™ o™ aS o9 oL Son ss313 ¥
UOT3IONIISUCY Jo 33eQ JUsWYDIBD Y3 uT sweQ (B) N bl ) (=2} TN il ey ssexb

yovay Jfo wpauzsdp :3p1s A37Tea 3ybry
WNOW avoau pRRuRWw oD ﬂ(..c....l Pues 961 RIS BRI I SN e BRI dn 37TnQ % |
I wroadwn @y pepyasin sehd ywioues omy 1mbl YT ow SR o™ o™ L P33BATITND % ,
B OIPOIPT LY TUeh TILFO $iME SM-bEbl L RSO 3106 - ZRIN R ‘Le-wzel sz g bl 2 =3 27 o S8 % |

e\ (/..omd RSP waeq SN AL a o o s o o :3pr1s »uﬂmw&tﬂﬁ

A&rf,\mﬂd@ 19— T So) h.:bomﬂud.uc —2wroraq m.l:..addu._o. (L2 NN R N =N e =\~ pI3eATITND uteTd pooldy %

Jegpues jo butyoeazg -7

TN I YT SN EIET EYEN) ﬂ??f.\. PapTEIqQ J9ATY

SOLby TIAE dn- Py VTANTeATTR 2 A7) [54) o' T o R S 79 (ey) e3le puerst/Ieg

ported oM ix?dwmeon  riey ES | hes | Ne9 LoL 819 oL A37T1Q0w jo adoTaaua %

k33snpu]fuotyezTueqan  (P) €L 8L 3L L'8 2L e (ey) ®2le 3ajes uadg

Wy ow Om?,.nf..w PME 3° INT W 3 vowoe sy

oy ndm..aidwﬁv 4 TSl TOUIS 1PRZIPVTUD URg STy yymow vowwoo 9'vh [ 0o'Ls L 99 199 [T L9 (W) YIPI™ J3ATY X
d..uLdjm oy pesn omc.m_..w WU MMM e Gy oy Puy sTeue) (D) LRy o9y €Sy ghh | ThY LSy A31sonuts ”

O TE o) 8% X=-T-} Lo\ S50\ (w) g Tetday
8&@6/ VIIWWNoS  SSOoEve ug POOY \[PWwSg T 2 ool 2 oo% oo% Qo% autJenysa bamyeyl % |

, AMS G ApYRs 3o ewy g0 ug Peoy 45O Imuaay ) b8 | SS9l | O8N | 96n1 | TSHI 8591 (w) Bamyeyy

Hg-T-9 | AL -8 L9-9-LV| bs-9-9 nmm\r«_..h LE-f-a% 93eQ

sjuswjuequs pue Burpring °bpTag (q)

SHAV¥I010Hd wolj SNOILIVINIIWI/SINIAIYNSYIH
N abpa tauueys o)

ERET PO MYy SRy TNL STel TR 1T o8E A58 vy :spoory Jofew jo sajeq

|
|
|
|
|
|
|
a1 ‘201 1S ~1Tht |
|
|
|
|

3 LA =asy smory 00 T 1 - TEPRET B & OJMN SL-baGl
A uteTd pooly poay oburdss - H:'ox[\r._u. v 0 x TWEW— § (F)wrow x= = orxd 58S 89 -7 561
3 TS W M TL S wgoL x T TTI x €= - - - - - - (stei-17uY) ¥ y'W pazernuTg
Yoy o/ o oy 94 i geesnad ge SN saprs AsTep :uoryeAT3[n)  (e) W CE! A3111q0u jo 3dotaaue jo ealy
ey s« utetd pooly Jo ealy
gsn~-puey | N,& 5] JUaWwyd3eD JO B3y
2 % SZ% A (me6L = [6L) A3TTTQEIS TRIa3R] 9ATIRTAY
yoDay 243 uIYIIA (wrey 7n'es) o LTE X (W86l - L{61) JUAWIDRTLSTP TeJIIE)
S3IN3NTINT NVRNH SNOIIYIND WD / ¥1va JIsve

Gzs sw \ZVAW ) 10v4H1s8y /

1S SN OONIdIS  E3ALE H\_w SN 378v!




TABLE N S SI/IE

CLASSIFICATION OF THE LOWER REACHES OF NATAL RIVERS

? 2

RIVER SZWPi1™G O y 2 OO

AERIAL PHOTO DATE 3O -Ww~>1 SCALE \:-

ESTUARINE, REACH from PWenva. Const Br.

\© ©© O CATCHMENT AREA

S\

» \,7 xm from mouth.

NRIO NS 5
REF. DEA U\ 663 b

kn?, M.A.R.6,441 /5272 w’x10°, No. of DAMs Wi\~
Q.

Sea h\.‘d;“ nokas

RIVER VALLEY AND RIVER MOUTH FEATURES

s v
Ceneral Description of the Terrain above the Valley Valley Sides (Not Well-defined)
Terrain Vegetation Land-Use Slumping Vegetation and Land-Use Left Right
Z
mountainous almost none none v none . coastal dune q
~ hi‘lui‘y/" grass scattered cultivation occasional grass (GoiF wuese) TS b4
undulating ¢ sparsely forested (0-25X) v partly cultivated frequent tree?/bush 30 10O %
v plains moderately forested (25-752) mainly cultivated cultivated 7 b4
heavily forested (75-100%) scattered settlement built-up 4

svwamp/bog

partly built-up
urbanised

Comments * \ o M \az) Q\qn_w)

Valley Characteristics

Measurements

valley length \290O m none

Terraces

Relation of Channel to
Valley Bottom
(Vertical)

not applicable

"X BUWEE beds RS, aear coast

Relation of Channel to Valley

Sides or Resistant Terraces
(Lateral)

v not applicable (no valley or free)

Surface Geology

bedrock

bottom width(av.4oOm indefinite not obviously degrading occasionally confined llcuftrine degou’.u
valley slope fragmentary or aggrading frequently confined v fluvial deposits
height at head continuous partly entrenched entrenched aeolian
of reach 1,0 m to MSL ox. entrenched sand covered X area
i / aggrading Comments
River Mouth ~ R.aeflecked ‘o 2817 over \owast 100 m
Charactertigtics Measurements
" open/elesed right bank breakwater length m
v natural/aesificiel left bank breakwater length m
canalized v rock sill level m to MSL
v’ sandy cliffs on right bank: height m to MSL Comments
v/ rocks on right bank cliffs on left bank: height m to MSL
rocks on left bank spit/bew: direction of growth 2yy. °
outer bar length of spit/ber 2,17 m
silt plume (fluvial) length stabilized TS5 m
v suspended sediment (marine) width 120w
FLOOD PLAIN AND CHANNEL FEATURES
Description of Flood Plain
Presence Extent Vegetation Forest Type Land-Use
none none almost none not known/applicable “"not cultivated, Dedmbaisbtmup
v indefinite average widthe WoO m grass v riverine: cultivated % area
fragmentary maximum width®* SO0 m reed swamp Wi X area main channel crop/s
continuous aerial length | O55 m sparsely forested tributaries ~partly built-up hotal
area 2 51,1 ha ¢“moderately forested v mengroves mainly built-up

heavily forested

Comments

Channel Description N.B. Estimate of flow stage: LOW/iERStuAemn@ee=ttmattnea

Pattern Measurements IM/S}walg’ Type of Flow Bar Type

straight thalwveg \bS] m none stagnant/still none

sinuous *sinuosity 1,51 occasional v uniform water surface +“channel side bars

irregular “open water area A,y ha frequent uniform with rapid in reach point bars

regular meanders perimeter 3 m splic irregular + channel junction bars
~ irregular meanders S.dwhke/lagoon area ha braided pool & riffle sequence mid-channel bars

tortuous meanders river X-sections available ~ turbid diamond bars

bifurcated channel slope _ diagonal bars

lake/s channel width x m s - m sand waves/large dunes
7/ lagoon river slope

river width X

Obstructions/Constructions

Natural _______ Degrae
v’ none none

logs minor

boulders major

vegetation

Comments

Lateral Channel Activity

Lateral Actiuity

not detectable
downstream progression

»” progression & cut-offs
mainly cut-offs
entrenched loop development
irregular lateral activity
avulsion

road bridge/s Ave .

Comments *whole reach
LA s

________ Degree of Obstruction/Constriction for Each

R comghichadd

nepy o ity

Pogition (from head of reach)
head of veach

(<

veil bridge/s (| vaal Tootwnidoa 7 | yoed bwdaa

eevey —ciosa
weir/dam

So st

w logeg o \
v >

fish traps

embankment/s

groynes
canals

drainage furrows
others

Nature of Banks

muMk\

v alluvium (sidtleend) none
natural levées weak
rock/boulders ~ good
protected/stabilized very strong
cultivation to left bank

channel edge

Bank Vegetation

oz
right bank 20O 2

Lateral Stability

stable

v slightly unstable
moderately unstable
unstable
highly unstable

Comments




TABLE NS S\/ L

CLASSIFICATION OF THE LOWER REACHES OF NATAL RIVERS

RIVER S\PiN GO ,

? 3068 ESTUARINE, REACH from PWeaue Easv Br. , |1 ko from mouth.

W10 WS S1
REF. DEA U 603V

>
AERIAL PHOTO DATE Juwl\u [Aua 53 SCALE \ > \O OOO CATCHMENT AREA

RIVER VALLEY AND RIVER

S\ kn?, M.A.R.04\ /5372 n'x10%, No. of Daus N\

\ysea. hydre ache S
MOUTH FEATURES

Ceneral Description of the Terrain above the Valley

Terrain

Valley Sides (Not Hell-defined)‘/

Vegetation Land-Use Slumping Vegetation and Land-Use Left Right
mountainous almost none none v none ) coastal dune \o 2
v hilly” grass scattered cultivation occagional grass 2
undulating sparsely forested (0-25%) v partly cultivated frequent treef/buuh [P =TT
v plains moderately forested (25-75%) mainly cultivated cu}nvnted [ 4
heavily forested (75-100%) scattered settlement built-up 30 %
swamp/bog v partly built-up 5
urbanised Comments ' BL.ft beds RVS, weos (oast

Valley Characteristics

Relation of Channel to

Measurements Terraces

Relation of Channel to Valley

valley length 129D m /none

Valley Bottom
(Vertical)

not applicable

Stdes or Resistant Terraces
{Lateral)

~" not applicable (no valley or free)

Surface Geology

bedrock

bottom width(av.)>wo0m indefinite not obviously degrading occasionally confined Ilcufttina de?ociu
valley slope fragmentary or aggrading frequently confined /tluv*nl deposits
height at head continuous partly entrenched entrenched aeolian
of reach +\,0 m to MSL approx. entrenched sand covered X area
’ v aggrading Comments
River Mouth R, deflecred ‘o 23B° ouer \owest \30 o,
Characterigtics Measurements
/ open/closed (j@“’> right bank breakwater length m
natural/artificial left bank breakwater length m
canalized Vvrock sill level m to MSL
v/ sandy cliffs on right bank: height m to MSL Comments
v/ rocks on right bank cliffs on left bank: height m to MSL
rocks on left bank spit/bar: direction of growth 2.4y
outer bar length of spét/bar 295 m
silt plume (fluvial) length stabilized A0 m
suspended sediment (marine) width \\S m
FLOOD PLAIN AND CHANNEL FEATURES
Description of Flood Plain
Presence Extent Vegetation Forest Type Land-Use
none none almost none not known/applicable v not cultivated, neds=betde=up
v“indefinite average width (*80) m grass v riverine: cultivated Z area
fragmentary maximum width C200) m reed swamp = 2, % area - main channel crop/s
continuous aerial length \ 019 m sparsely forested tributaries v’ partly Eu;lt-up hotel
Xarea \A31 s ha ' moderately forested v mangroves wainly built-up
(s 1 & ha) heavily forested Comments

Channel Description

Pattern

N.B. Estimate of flow stage: LOW/likhRunOiiGuiBRM=Stiiitic

Measurements Telande/Shoals”” Type of Flow Bar Type

straight thalweg \WwS2 m none stagnant/still none

sinuous ®sinuosity Ly occasional uniform water surface Vchannel side bars

irregular open water area T, ha frequent uniform with rapid in reach point bars

regular meanders perimeter m splic irregular v channel junction bars
« irregular mesnders  S.Lake/lagoon area f;—l*& ha  braided pool & riffle sequence mid-channel bars

tortuous meanders river X-sections available v turbid diamond bars

bifurcated

channel slope _
channel width x m s - m

river slope ===
5‘&3 m s = 333 m

lake/s
v lagoon

river width x

Obstructions/Constructions

diagonal bars

sand waves/large dunes
Comments “whole reach

x »

“wlad> wanl

Natural ____ ____ ___Degree Man-made__ __ Degree of Obstruction/Constriction for Each Pogition (from head of reach)
v/ none none road bridge/d Ave. G . R, counshcled headk of readw
logs minor vt bridge/g ) r “)
boulderg major causeway e
vegetation veir/dam
fish traps
embankment/s
groynes
Comments canals
drainage furrows
others

Lateral Channel Activity

Lateral Activity Nature of Banks

not detectable

md‘{q
7 alluvium (side/vend) none
downstream progression natural levées weak
v’ progression & cut-offs rock/boulders v~ good
mainly cut-offs
entrenched loop development

irregular lateral activity
avulsion

protected/stabilized
cultivation to
channel edge

very strong

Bank Vegetation

left bank oD %
right bank BD %

Lateral Stability

stable

v“slightly unstable
moderately unstable
ungtable

highly unstable Comments




TABLE NS S\/E

CLASSIFICATION OF THE LOWER REACHES OF NATAL RIVERS

RIVER SIP GO . 308k

AERIAL PHOTO DATE b-lb- S SCALE | :\O 00O

RIVER VALLEY AND RIVER MOUTH FEATURES

ESTUARINE, REACH from Mueauwe ®asr Rr.

» L7 xm from mouth.

CATCHMENT AREA

51
Vv
Lea \u\ul.:—c note S

Ceneral Description of the Terrain above the Valley

Valley Sides (Not Well-defined)”

NRIO WS S|

REF. DEA U bO3 b
km?, M.A.R.6,11/52,72 m’x10%, No. of DAMs Wi\

Terrain Vegetation Land-Use Slwnping Vegetation and Land-Use Left Right
mountainous almost none none v none . coastal dune AR Z
v hilly” grass scattered cultivation occasional grass BT R 4
undulating v’sparsely forested (0-25%) v” partly cultivated frequent trcef/bulh ARG W o i 4
v plains moderastely forested (25-75X) mainly cultivated cultivated SAURY — b4
heavily forested (75-100%) scattered settlement built-up ™
swamp/bo » partly built-up
b urbanised Comments”™BL.(F Leds R V.S neascons!”
Valley Characteristics
Relation of Channel to Relation of Channel to Valley
Measurements Terraces Valley Bottom Sides or Resistant Terracee Surface Geology
(Vertical) (Lateral)
valley length\2S0O m v'none not applicable /" not applicable (no valley or free) bedrock. :
bottom width(av.)ewoom indefinite v/ not obviously degrading occasionally confined hcuftnne de?onn
valley slope fragmentary or aggrading frequently confined fluvial deposits
height at head continuous partly entrenched entrenched aeolian
of reach+)},0 m to MSL rox. entrenched sand covered % area
ey 1 aggrading c ¥
River Mouth R.deflected ‘o 214° ocuver lowsest \ODwn
Characteristics Measurements
/ open/closed right bank breakwater length m
natural/artificial left bank breakwater length m
canalized v’rock sill level m to MSL
v~ sandy cliffs on right bank: height m to MSL Comments
v rocks on right bank cliffs on left bank: height m to MSL
rocks on left bank spat/bar: direction of growth 2.1 °
outer bar length of spik/bar 295 m
silt plume (fluvial) length stabilized €S w
v suspended sediment (marine) width B m
FLOOD PLAIN AND CHANNEL FEATURES
Description of Flood Plain
Presence Extent Vegetation Foregt Type Land-Use
none none almost none not known/applicable < 'not cultivated, e4—berite—up
v indefinite average width (3 ¥0 ) m grass v riverine: cultivated X area
fragmentary maximum width ( 200) m reed svamp ©= 2. I area main channel crop/s
continuous serial length \coy m sparsely forested tributaries vpartly built-up wmotel
area \937 \ ha ““moderately forested ~/ mangroves mainly built-up

(=10 ha )

Chanael Description N.B. Estimate of flow stage: BO¥/NEAR LONG-TERM MEAN/RIEH (slghSy

Pattern

straight
sinuous
irregular

regular meanders
v irregular meanders
tortuous meanders

bifurcated
lake/s
v lagoon

Mgasurements

thalweg
®sinuosity
open water area
perimeter
S.belee/lagoon area

channel slope _
channel width x
river slope =
rviver width x

Obstructions/Constructions

heavily forested

river X-sections available

Fedands/Shoals”
YU m none
e occasional
8,77 ha frequent
So3 m split
ﬁ ha braided
m 8 = m

b—_é) m "3&‘_'%:'"

Comments

Type of Flow

stagnant/still
uniform water surface

uniform with rapid in reach

irregular
pool & riffle sequence
turbid

Comments *whole reach

abova Jenae av. ‘:’7‘5’?&’\40)

Bar Type
none

v“ channel side bars
point bars

+channel junction bars
mid-channel bars
diamond bars
diagonal bars
sand waves/large dunes

Y oneaT v A

Natral - __Degrae Man-made____________ Degree of Obetruction/Constriction for Each Pogition (from head of reach)
v none none road bridge/s Rue €. R, coulicVedd Lead of +ach
logs minor et bridge/s [\ svoaQ veod bt scro.. S Aagson )
boulders major causewvay L5 o
vegetation weir/dam
fish traps
embankment/s
groynes
Comments canals
PO e T
drainage furrows
others

Lateral Channel Activity

Lateral Activity Nature of Banks

not detectable
dovnstream progression
v/ progression & cut-offs
mainly cut-offs
entrenched loop development

irregular lateral activity
avulsion

vy
v alluvium (sideleend)
natural levées
rock/boulders
protected/stabilized
cultivation to
channel edge

Bank Vegetation

none
weak
v good
very strong
left bank 90 2
right bank w5 g X

Lateral Stability

stable

v 8lightly unstable
moderately unstable
unstable

highly unstable Comments




TABLE NS S\ /I

CLASSIFICATION OF THE LOWER REACHES OF NATAL RIVERS

RIVER SI\P\NG O ’ . sf ESTUARINE, REACH from Rvenue

NRIO NS S|

Eost Rr. REF. DEA \\ bO3 \,

’ km from mouth.

AERIAL PHOTO DATE (T1-lo-b1 SCALE \:\o OOO  CATCHMENT AREA

S\ kn?, M.A.R. 6,41 /53712 0’x10%, No. of DAMS Wi\

See \'\\1dro aoYe s

RIVER VALLEY AND RIVER MOUTH FEATURES

General Description of the Terrain above the Valley

Terrain

Valley Sides (Not Hell-defined)‘/

Vegetation Land-Use Slumping Vegetation and Land-Use Left Right
2
mountainous almost none none v/none coastal dune 3 D
v hilly” grass scattered cultivation occasional grass T el AR ERe
undulating . sparsely forested (0-25%) v’partly cultivated frequent tree?lbulh AR T T ol :
v’ plains moderately forested (25-75Z) mainly cultivated cu}txvaeed %O
heavily forested (75-100%) scattered settlement buile-up R ST
swamp/bo v/ partly built-up
pom urbanised [ ts Budf beats RS, neay coadt
Valley Characteristics
Relation of Channel to Relation of Channel to Valley
Measurements Terraces Valley Bottom Stdes or Restistant Terraces Surface Geology
(Vertical) (Lateral)
valley length Y220 m «'none not applicable v’ not applicable (no valley or free) bedrock. '
bottom vidth(nv.Exfo m indefinite v'not obviously degrading occasionally confined llcugtrxne de?osxt:
valley slope 1 fragmentary or aggrading frequently confined fluvial deposits
» height at head continuous partly entrenched entrenched aeolian
of reach v')..l§ m to MSL =pprox. entrenched sand covered % area
aggrading C ts
> = \hc"\\\n_d
River Mouth R.deflected Yo ZWT" oves \o ug"-sf' \\O v B
Characteristics Measurements
opea/closed right bank breakwater length m
natural/artificial left bank breakwater length m
canalized vrock sill level m to MSL
v sandy cliffs on right bank: height m to MSL Comments
v/ rocks on right bank cliffs on left bank: height m to MSL
rocks on left bank spit/bar: direction of growth 2\7 °
outer bar length of spit/bar 2840 m
silt plume (fluvial) length stabilized €O m
v suspended sediment (marine) width 113 m
FLOOD PLAIN AND CHANNEL FEATURES
Description of Flood Plain
Presence Extent Vegetation Forest Type Land-Use
none none almost none not known/applicable 7 not cultivated, e s T
v indefinite average width (¢ %0 ) m grass v’riverine: cultivated X area
fragmentary maximum width (200) m reed svampz 2. X area main channel crop/s
continuous aerial length 98 m v sparsely forested tributaries 7 partly bullt-up rote |
area \A37 S1,\ ha moderately forested

< ko.) heavily forested

Channel Description N.B. Estimate of flow stage: LOW/NEARSEONOwTERM-—ENidTICH

Pattern

Mgasurements Islands/Shoals”™
straight thalveg WO m none
sinuous ®sinuosity L S3 occasional
irregular open water area 7.8 ha frequent
regular mesnders perimeter 2y m split
/ irregular meanders S. beie/lagoon area ha braided

tortuous meanders river X-sections available

bifurcated channel slope _
lake/s channel width x m 8 m
7 lagoon

river slope _
river width x €69 m s= 37T m

Obsctructions/Constructions

~ mangroves mainly built-up

Comments

Type of Flow
stagnant/still

vuniform water surface
uniform with rapid in reach

Bar Type
none

v“channel side bars
point bars

irregular v“channel junction bars
pool & riffle sequence mid-channel bars
turbid

diamond bars
diagonal bars

sand waves/large dunes
Comments “whole reach

x %

neay wao il

_________ Degree of Obstruction/Constriction for Each Posttion (from head of reach)
“'none none road brid = -
ge/s Ave_ R . couhrcc et Voo hink voasl
logs minor reit bridge/e [\ oo\l tooa bv. oo S. \oooooe \ -
boulders major causeway S
vegetation wveir/dam
fish traps
embankment/s
groynes
Comments canals
drainage furrows
others

Lateral Channel Activity

Lateral Activity Nature of Banks Bank Vegetation

NMAA\.1
not detectable alluvium (eddrt/eend)

none
downstream progression natural levées ~ weak % B
v progression & cut-offs rock/boulders v goodL. 3

mainly cut-offs

entrenched loop development
irregular lateral activity
avulsion

protected/stabilized
cultivation to
channel edge

very strong

left bank Qe _ z
right bank ws 1

Lateral Stability

stable

~“slightly unstable
moderately unstable
unstable

highly unstable Comments
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CLASSIFICATION OF THE LOWER REACHES OF NATAL RIVERS

AERIAL PHOTO DATE \¥ '&'—]_\i—_ SCALE \ :10 00O _  CATCHMENT AREA
C.or*"\otko‘vo>

ESTUARINE, REACH from P\Veswe “ost VY. |,

51

\' T %= from mouth.

NRIO NS SU
REF. DEA WA 6O b

km?, u.A.x.e,w\qu 72 m'x10%, No. of DAMS W)\
$

RIVER VALLEY AND RIVER MOUTH FEATURES

Sec \\L\cuo wote &

Ceneral Description of the Terrain above the Valley

Valley Sides (Not Well-defined)”

Terrain Vegetation Land-Use Slwmping Vegetation and Land-Use Left Right
mountainous almost none none v none e coastal dune SO :
v hillyX grass scattered cgltxvnnon occasiona grass FENE
undulating + sparsely forested (0-25%) v partly cultivated frequent ttee,/bulh ____SO e i
v plains moderately forested (25-75%) mainly cultivated cul'.txvued a0 -
heavily forested (75-100Z) scattered settlement built-up _ L0z
swamp/bo v’partly builet-up
i urbanised w\s dveach C ts “RBLEE bed, RV.S.weay coast
Valley Characteristics
Relation of Channel to Relation of Channel to Valley
Measurements Terraces Valley Bottom Sides or Resistant Terraces Surface Geology
(Vertical) (Lateral)
valley length\2Q 0 m vnone not applicable “"not applicable (nc.: valley or free) bedrock. A
bottom width(av.ynoOm indefinite v not obviously degrading occasionally confined hcuftnne de?ouu
valley slope ”.Z\-.su,) fragmentary : or aggrading frequently confined v'fluvial deposits
“ height at head continuous partly entrenched entrenched aeolian
of rench+2.[3 m to MSL entrenched sand covered X area
aggrading Comments
* nbiled
River Mouth R. deflecter ‘o 24B° cuex \ouwser \BO
Characteristics Measurements
v open/etesed C;-»S"> right bank breakwater length n
v’ natural/aseifietet left bank breakwater length m
canalized v’ rock sill level m to MSL ] \
v sandy cliffs on right bank: height m to MSL Comments Shovrelia OwnerNodiow
v/ rocks on right bank cliffs on left bank: height o to MSL ° ° o N
rocks on left bank spit/bac: direction of growth 2. \Q s /23(?0
outer bar length of spit/we® 2 LD m Ww°/225° > S
silt plume (fluvial) length stabilized N3\ =
v suspended sediment (marine) width (0O m
FLOOD PLAIN AND CHANNEL FEATURES
Description of Flood Plain
Presence Extent Vegetation Forest Type Land-Use
none none almost none not known/applicable v not cultivated, nesebauidtmup
v indefinite average width (= 30’2 m grass v riverine: cultivated X area
fragmentary maximum width{200) m reed swamp & 2 % area main channel crop/s
continuous aerial length 1033 m v sparsely forested tributaries v partly built-up Lote l»lou.e,
area \a37 \ ha moderately forested / mangroves mainly built-up
C&\o we) heavily forested Comments

Channel Description N.B. Estimate of flow stage

Pattern Measurements

X
Islands/Shoals

1 LOW/ NEAR—EONGTERM-MHBAN/HEGH

Type of Flow Bar Type
straight thalwveg VS5 m none stagnant/still none
sinuous ®sinuosity O occasional v uniform water surface v/channel side bars
irregular *open water area 7,8 ha frequent uniform with rapid in reach poiant bars
regular meanders perimeter S170 m split irregular channel junction bars
v irregular meanders S.bwice/lagoon area ha braided pool & riffle sequence mid-channel bars
tortuous meanders river X-sections available vturbid dismond bars
bifurcated channel slope _ diagonal bare
lake/s channel width x m s = m sand wvaves/large dunes
v lagoon river slope Comments "whole reach
river width X ST0 m s = 393 m X
nwaar eaoM
Obstructions/Constructions
Natwral ___ | Degrae Man-made____ Degree of Obstruction/Constriction for Each Position (from head of reach)
none none road bridge/d Que & R coushiclesd Voo A el rveadw
logs v minor weitbridge/s [} cu oV oo WY ccroes S La\a”y\\
boulders major causewvay
v vegetation weir/dam
fish treps
embankment/s
groynes
Comments canals
drainage furrows
others bw\:\u—nq‘ Yeaela (v g\\k) 2a e ccrers < Loal \ v

Lateral Channel Activity

Lateral Activity

not detectable
downstream progression

v~ progression & cut-offs
mainly cut-offs
entrenched loop development
irregular lateral activity
svulsion

Nature of Banks Bank Vegetation

Lateral Stability

. add
v alluvium (-H-!-l-“a)

natural levées
rock/boulders
protected/stabilized
cultivation to
channel edge

none

v weak R .§

v good L. g
very strong
left bank 90 2
right bank 5O 2

stable

v slightly unstable
moderately unstable
unstable

highly unstable Comments
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RIVER S\ NGO ’

CLASSIFICATION OF THE LOWER REACHES OF NATAL RIVERS

2 9, ESTUARINE, REACH from Avenue East Br.

NRIO NS S

, LS km from mouth. REF. DEA \ bO3b

AERIAL PHOTO DATE b -2 -8\l SCALE \+ \O OOD CATCHMENT AREA

RIVER VALLEY AND RIVER MOUTH FEATURES

S\

kn?, M.A.R. 6 41/S272 u'x10°, No. of DAMS N

See o wole s

Ceneral Description of the Terrain above the Valley

Valley Characteristics

Relation of Channel to

Channel Description

Valley Sides (Not Well-defined)”

Terrain Vegetation Land-Use Slumping Vegetation and Land-Use Left Right
mountainous almost none none none . coastal dune Y 4
v hillyX grass scattered cultivation occasional grass b4
undulating v sparsely forested (0-25%) partly cultivated frequent treef/bush Q5 wo X
v/ plains moderately forested (25-75%) mainly cultivated cultivated b4
heavily forested (75-100%) scattered settlement built-up LD %
swamp/bo v partly built-up
e urbanised w]s of veac C ts “RL.EF beds B V.S, waoscoast

Relation of Channel to Valley

St
Ct \O ko-)

ha moderately forested

v/ mangroves
heavily forested

N.B. Estimate of flow stage: LOW/NEAR LONG-TERM MEAN/HIGH

Meagurements Terraces Valley Bottom Sides or Resistant Terraces Surface Geology
(Vertical) (Lateral)
valley length \ 2A0 m vnone not applicable v not applicable (no valley or free) bedtock_ :
bottom width(av.) m indefinite « not obviously degrading occasionally confined llcugtnne degou:s
valley slope 2 fragmentary or aggrading frequently confined /fluvyl deposits
= height at head continuous partly entrenched entrenched aeolian
of reach+ zb m to MSL entrenched sand covered % area
aggrading Comments
. * wnfilled
River Houth R.deflected ‘o 20b sver \owses¥ \0D,
Characteristics Measurements
v open/ elesed right bank breakwater length m
v’ natural/sssifieiel left bank breakwater length m
canalized v rock sill level m to MSL
v sandy cliffs on right bank: height m to MSL Comments
v rocks on right bank cliffs on left bank: height m to MSL
rocks on left bank spit/mec: direction of growth 2.8 ®
outer bar length of spit/ber 2 55 m
silt plume (fluvial) length stabilized aJi\ m
7 suspended sediment (marine) width 10O m
FLOOD PLAIN AND CHANNEL FEATURES
Description of Flood Plain
Presence Eztent Vegetation Forest Type Land-Use
none none almost none not known/applicable v not cultivated, wed—duite—op
v indefinite average width m grass v rviverine: cultivated X area
fragmentary maximum width m reed swamp &« 2. X area main channel crop/s
continuous aerial length \O\, m v sparsely forested tributaries 7 partly built~up hotals hourss
area 1237

mainly built-up

Comments

Lateral Channel Activity

Lateral Activity

not detectable

downstream progression
«progression & cut-offs

mainly cut-offs

entrenched loop development

irregular lateral activity

svulsion

v

Nature of Banks

Pattern Measuremente Febawda/Shoale”” Type of Flow Bar Type
straight thalweg W29 m none stagnant/still none
sinuous *sinuosity (Y] occasional 7 uniform water surface vchannel side bars
irregular *open water area 7,3 ha frequent uniform with rapid in reach point bars
regular meanders perimeter =3 m splic irregular channel junction bars
~irregular meanders S. baise/lagoon area ‘f::ii_ ha braided pool & riffle sequence mid~channel bars
tortuous meanders river X-gections availsble v turbid diawond bars
bifurcated channel slope _ diagonal bars
lake/s channel width x m s = m sand waves/large dunes
# lagoon river slope _ Comments “"whole reach
ive W m fin
r r width x &5 [ s 31,6 m I O G
Obstructions/Constructions
Natural _________ ___Degree Man-made______ Degree of Obstruction/Constriction for Each Pogition (from head of reach)
none none voad bridge/s ve . C. R, At el
logs v minor vail bridge/s - sonFinael h of reash
boulders major causevay
/ vegetation weir/dam
fish traps
embankment/s
groynes
Comments canals

drainage furrows

others _bouiladoc s vuwlle (208 N Y2 comay o A SRS
/ A)

\ e

muwddy
alluvium (sidt/eand)

none
natural levées v weak R . §
rock/boulders v/ good L. g

protected/stabilized
cultivation to
channel edge

Bank Vegetation

very strong
left bank 9O %
right bank 5p 2

Lateral Stability

stable

v’slightly unstable
moderately unstable
unstable

highly unstable Comments




8'sSL L‘oL 21 6'1S 8‘L9 0’69 $A
9’LE 6’6€ LYLE 2 23 6’'€¢E L'zv s
‘65 9‘6¥ 0‘LS 6’99 L/99 6‘'vS 6‘L9 X
6’SS
(ysnouw)
L've L' 0‘L 8 S *¥°N *¥°N *¥°N 8 009 L - 00% L 8
(91+02) (85+9%) (e9+2%) (es+s2) (g/+L1) (ot +27)
/9% L4Lz L’'8S 9¢ v8 06 GL GE [43 ooz 1 L
(87+%1) (o9+0%> ANM;Q,.C 85+ 7E) (z/+ 82) (ho9+08D
L*8C 612 £'9L 09 08 z6 A (074 143 000 1 9
(o s 075 (86=91D (s 08D (Lb=bT) (9b+o€) (96 + 88D
W 4 6’8 LPELL oLl PLL 9Z1 9Z1l 9Z1 el 008 S
(s9+7¢) (09+LT) (3m+07) Chm L) SH+5T) S5+ 9+)
s’z viLL L'08 66 L8 99 19 ¢ 0L ¢ Lot 009 ¥
v‘ol ‘g €/€e 9¢ oY 92 0€ o€ 8¢ 00V €
zizL 9'p L'LE 9€ 8¢ ©og 6€ 6¢ vy 002 z
z'€S s‘9l 0‘Le (A 8 8¢ (137 A% 1A% 0 l
$8°20°90|¥L ¥0°81|L9°90°LL|65G°90"90|€S bnv/TnL|LE¥00E (w) *ag °*py
‘g anuaaAy ay3
$A s X a3edq wol1j 9sanod uot3je3ls
13ATIa pL6l buoTte
ﬁ (w) syizpIm a9aty soue3lstp °*xoaddy

LS SN OOSNIdIS

SHIAIM ¥IAIN

IIIA/LS SN 3T9VL

;
,
*
A
A
»
ﬁ




622

= PB61-LE6L UOT3IRTARA JO JUBIDTIIL00 dbeiaay
w L'lE = ¥B6L-LE6L IJusweOeRIdS]p [easjel oSbeasay

L‘col v'26 €/€0l L’%0L v'v8 6'28 6'€6 9’10l A
o 7 £'62 z'L6 v’zol 9’68 9'l6 ‘g8 9/98 s
G'ee 0’86 L'it L‘v6 €’86 z’'901 ‘oLl L'€6 £G8 X
126 N
(yrnow)
g‘LL | 0'L |06 0‘El oLt 0’9 “4°N “4°N “¥°N 07% 009 L - 004 L 8
0'LL | L'SL|V'Z6 p'GE v'SL 1'v0lL 0°S01 L Lol 106 €zL 00z 1 L
L'ez | v'ee|s’vrl| €'¥6 8’8LL | €'89L | 6’'€cl | €'Lwl S'v8 6°651 000 1 9
z's 0‘vL|6'692 vl L'9LT v €62 0692 0892 v'v92 07z5¢ 008 S
L'e 9'vL{L’0GL 8'L¥ L'9vl G'gsl 2’091 L'L9l z'svl 676CL 009 ¥
z'1z | 6’s |o‘se 0'vl 9%z 070z 0’ve 0'vE 0’0€ 0’82 00¥ €
£l91 | L'e |s‘Tz 0'6 0’0z 076l 097 0'8T 0’02 0'ze 002 z
‘6 | 6‘L |[0‘0T 0'S 07L1 0‘0¢Z 0’61l 0'0zZ 0'ze o'zt 0 |
¥8°20°90|¥L ¥0°81|L9°90°L1|6G°90°90|€S Bny/InC|LE V0 "OE )
%A s X UTW - XBW ajed °q mwmm>mmw:u uoTIeIS

(w) asara-ptw 03
uor3yrsod °g°71 pPaA1dSQO WNWIXew woay adue3lsid

woaj 8sanod
1aa12 pL6l buote
aoue3sip *xoaddy

LS SN OONIdIS

ALITIEVLS TVHILY]T

XI/LS SN JT49VYL

o i S I e R A e =




e e T S T

vivVQ 18/6°0ON 1¥0d3¥ N¥H wWO¥4 G371dW0D

£5°vo0e
6€° L8
G9°98
1s°LE
6v°2S
or*eLt
46°9¢
GE*YY
yE°OY
v0°€ll
6€°8L
gE°SY
22t 1s
GL°0S
92° 9y
11691
0¥°LE
69°LTIT
11e1st
59961
2ecezl
66°LS1
E6°ES
9E°vL
v0°09
g6°ly
oL°Eo!l
v2*as
BS*v8
9L°SL
g6°8E
0v°201
glel192
£8°SYE
60°611
LL°8BL
10°801
GE°001
gyc021
L9°€E6
GE* YL
Ls°2Ee
90°€EY1
26°8€E
29y vy
6%°5S9
gl8L
0v°09
22°s¢t
62°CEY
L9°2¢
ge*lze
6L°82
L6°6L
21°s81
AR A} )

IET XTSRS RS R 2 2 24

€0°S
L1 1L
9s°y
18 A4

T1°El
08°S
§5°S
0v°2
9E*E
£0° 11
G9°¢
v8°2
66°¢
s2*L
£0°S
16°2
82°¢
g2°t
L6%2
¥8°01
0v°2
vs°L
69°6
19°21
16°L
ET°01
9%°¢
LL*Y
S8°¢
69°¢2
§9°9
SE°E
2Y*s
98°¢
0s5°¢
95°9
¥L°91
L1z
€9°L
s0°S
€6°9
£€9°9
2Ll
00°9
1LY
16° %1
L1%6
Ly*2
sg°e
02°y
§0°S
L8°E
92*2
8L*2
60°2
09°02
ge*1
El*S
L8° 11
aviod

v1°
S0°99
e
ir°

81°
91°
21
oc*
3
€9
92°
61°
vre
go*
ot*
®°
e
12°
01*
02*
Lo
vz
21
22°
s1°
or*
€1
0z*
ot°
sz
v
or*
Lo*
L2
90°
S0°
gl
€L
vz
60°
22
81
3%
90°
91°
sz
L2
90°
60°
21
i
6E*
L0
€1
0°
L
or*
Lo*
g1
43S

A%
LL°9%6
gl°
gr*

L1®
go0°
gl°
A%
sl
ge°
2 &4
0e*
60°
21
1§
62°
LY
62°
ot*
22°
8o0°
62°
21
1
LA8
otr*
el
el
A%
91°
L 2%
60°
01°
6t"*
8o0°
80°*
ote
Le*
22°
60°
1€°
sl*
61°
L0°
12
6E"*
£E*
L0°
1
L1
st
Ly*
90°
1)
90°*
91
90°
60°
61°
onv

¢

s1* 61°
26°4%S1 o0L°LE2
LE® L6°
vz* 1v°
0e* EE*
(R (-3 &
sz vg*
L0° ot
0e* €2°
6E"° 60°1
€re £1°
52° 9e*
90° 60°
V& L2°
€1 91
L2° 61°
vl L
E¢* S1°*
et 61°
62° 8¢E”*
or° 91°
9c* Te°1
81° 62°
81 ie*
LT* g2°*
N 2z
si* 61°
80° e
gt 02*
80° 2t
gl 8l°
e 91°
L1 oE*
0s* Le®
z1e 61°
21 61°
NE g1
2s* 08°
v¥2° 9c"*
e gre
1s* gle1
B1° s2°
61° g2
L0° 80°
€E* 9v*
i1” 61°L
-4 % 9t*°
g80°* or*
91* [ A
v1° ET*
g1 91°
£s* LE®
L0* otr*
01 st
80" 60°
e 82"’
80° e
o1 21
02* 12
ane NOT

‘WON*DSO0° TS

=y34Y LIN3WHILYD

62* LE®
9g°vEl 61°051
% 7/ y2°l
£s* £€8°
8L* Y1t
2e” 1ce
1%° CA A
41* v2°
v2* g2°
LE*2 cs*
e £l
4 A 6E*
v1° v2°
9v* g1°1
91° L1
60° ore*
se* €e*
se* LE®
2c* 99
28l Ly°Y
92"* ce*
91°¢t 02°
3" R 19°1
ge*l vg8°e
(R 24 L9°1
BE* Y
€e* ge*
s1* L2
62° 9g*
1e° YvE®
92° gE"*
92 yE*
6v° 68°
6y"* oL®
4 Se*
(1] veel
62° €9°
6E°€E 059
A 0 Lyl
0E* sg*
91°2 v2°
1€° 1¢*
se* gc*
& 1e2°
Sy* 8L
2¢* 99°
69 69°
91* e2°
0€E* 1¢°
v2* LE®
v2° iE*
£EE* 1s*
s1* €e*
92° 8s*
13 B1*
0y* 18°¢
ERr S1*
o2 A d
st* 4 L
AVN ¥dv

1S SN

°S3Y¥434 2I8ND NOITIW 1v°9

sv*
16°481
86°1
L0°1

LL°s
90°1
gs*
0E*
eyt
6%°
ge*
L2°
9€E"*
Bs*e
4%
61°
8E"*
g€E*
%
Sv°
ge*
sE*
6E°1
¥S°
£E6°E
R A
9€E"*
96°
2y’
0v*
6%
2v*
99°
40
s9°
60°E
10°1
2s*
2E°E
2e*
62*
50°1
$5° 1
9E*
es°t
89°*
Se*
92°
gy*
0%
2%
ey
SE*
v8°
o2*
gE'cl
1e°
2%
61°
YV

09NIdIS ¥H04 J440=NNY Q3LVINKWIS

L2 A
0L°%01
&L®
eL®

9L
vy°2
8L®
EE*
vy*
€y
29°
et
9%°
158°1
26°
62°
6S°
1€°
Sg*
6vy*
ge*
gv*
22°¢
89°
(=104
SE° 2
A
90°*2
29°
|8 Ad
B9
9v°
B86*
8v*
seg*
A
6E°
6y°
6v°
ov*
vE"°
01*e
[ AA %
1v*
] g
96°
ov°l
0E"*
LE®
€9°
9L*
|1°
1v*
Ite
*1*
%g*
2€*
Ly
€E*
834

1v*
09°101
aL®
0L*

66°
49"
21°1
g2*
9E*
0s*
8s*
A8
(IR Ad
Stg*
SL° 1
sg*
9L®
gE"
i2*
L8*
£2°
2v*
16°
112
£€2°
9E°E
2s*
1v*
08"
Sg*
Sv° 1
vy°
2e6*
oe*
o2’
61°
T
s8° 1
2E”*
%9°
Se*
19°
0v*
LE*
€1
sL*
0S°€
6g*
92°
v0°1
se° 1
61°
»g*
! o G
91
lg*
9Eg*
£y’
Lol
NV

1€e*
9L°9ST
ot°t
*

4 2
02°
sv*
1e*
5 g
gL°
8s°
st*
92°
9e2*
Se°
EE®
L1
1€°
0e*
gE°1
e
62°
0s*
S6°t
ge*
19°
gv°
o2*
se*
SsI*
26°1
A
GSs*
€2°
ot°
9e2°
s8*e
¥9° v
1e°
st°1
€Ss*
19°
ce*
L2°1
60°
29°
sE° 1
6€"°
gl°*
A A
5 o
9t
12
[ &
ie*
s2*
1e*
£8*
v9°¢S
230

=440=-NNY TYNNNY NV3W

€e*
gl*6Ll
L6°
¥S°

92"
»1°
gv*
91°
ge*
L9°1
gs*
gl*
€2*
61°
A A
62°
v1°
22"
oe*
92°
£2°
02*
2s”*
c2*
02°
2s”*
0E"*
11°
32°
60°
69°
GE*
SE*
gtl*
ol*
9€E"*
LE®9
L1l
L1
€21
[ A
sg*
21
£g*e
21
A
L1
Le®
(9 e
0E*
Sv*
si*
7
[ O
®E®
g1*
&0°
£2%1
992
AON

O‘.........‘..‘.‘..“...‘...“.‘..‘.““.........‘..‘.‘...“.‘.““..‘..‘.“‘.“.9“.‘&

81°*
06°s81
ss*
oe*

se*
L &
0v*
or°
ve*
68°1
gE"
61°
11e
ot1*
vE°
22’
[
ot
1e°
1t
12°
»1°
ov*
91
1
9g"
Lez*
60°
62
11
81°
81°
ee*
80°
60°
€E"*
68°E
0E*
4 O
0e*
8e°
12°
60°
S1°
&1
ezt
So°
91°
1t°
g€e*
vy
) & G
(28
21°
Sg*
A%
90°
SE*
ze’
120

NVIQ3W
%A

S

NV3nW

si61
w161
g€L61
2161
1461
0161
6961
8961
1961
9961
s961
¥961
€961
2961
1961
0961
6s61
8s61
Ls61
9561
[T} ¢
%561
€561
2561
1661
0s61
6961
8961
L961
9e6l
sv61
v961
€961
2961
1961
0961
6€61
8E61
LE6T
9€61
ce61l
vE61
£Eel
2€61
1€61
0E6T
6261
826l
L261
9261
ge6l
+261
€261
2261
1261
¥V3IA

EX R RSS2 2 24

S SN 378Vl

L




VivVU 18B/6°0ON ._.m\cnum NgH Wuasd Uud Ilgnud “948LAN J1HI) NUL L IIW €L°6S =440~-NNY TVNANNY NV3KW

TE°YE 68° 86° 61°1 0s°1 62°2 61°E €6°€C 22t 98°e ve 2 ss°t SI°1 NVIQ3W
00°621 09°821 68°S9T1 69°LEZ L9°9yyE 1S°S61 wged2Z ve'8lZ 19°0%1 6L°ES51 1E®212 81°G¥2 6E°062 %A
vo0°LL €6°1 v6°2 ¥8°S GLevl €o0°8 1e*91 2282 92°6 Sv°6 00°9T1 g1°st €6°L S
2L° 6% 0s°1 17 S 9¢°2 ge*y Tty yi°L 2reot 9L°S y1°9 ¥5°L L1°9 €l%e NV3W
s6°8 SE*S L0° Lo* 80° [ 2gE* CrARS gE2 0E* [ 3] tag 1 o ot* Si61
28°¢ ge*e L0° £E0° v0° 90° 60° E1° €y* 66° 9z 80° 90° v0* vL61
6L°E 92°2 so° Lo* or* *1° LT 61° €e’ ZE” 9y* 61° 0e* 91° €L61
¥38°1 86° A% s0° E0® v0* Lo* 01* 21 AN s 60° L0° v0° 2L6el
0E*e LE*T vo0° 90° 8o0° 60° 1) g e L gl* st* €1 1te 91 1461
£9%4 0S°y 81° gl 91° A L6° eze 02°* it 02* 2g* 89° i 0L61
6%°2 6v°1 L. Lo* so0° Gco0°* so° so0° 60° > ee* ve* ge* SI* 6961
9Ly ¥8°2 61° 0e* 2° 9g"* 2y* 6g* e 21 2t° s1° 81* 61° 8961
EE*Y 6s°2 1A% 60° 90° 60° v1° v2° 9€* CA M 0y* 92° €2° 1t L961
gr°2t I T-A 80° et L1° i2° 99 Stel 8s°¢e 18°1 9€* 92° 61° otr* 9961
198 €0°S ot* 11 E1* 91°* 91° L1 2E* 26° sL°l Sy e A YE® s961
L8 Y 16°2 1€° 62° L2 61° 60° ore 61° 62° SE* €e* 62° ee* v961
0S°S 82°t e 1t AN L1 se* €EE* 8E"* 6S° L LT vl ST° €961
Sv°S g2°¢ 12° 62* [ st se* LE® gE"* LE® 8E* 1€ ce* otr* 2961
L&Y L6°2 otl° ote 21° 61° 2te* 9v* sy* StE* Le* 0z2°* oe* 12° 1961
stest ¥8°01 0e* 2e* 62° gE* 2e°l Ly Sv* 6v° L8 oe°1 ve* 1ie 0961
10°Y 0%°2 Lo° 80° ot* 91° 9z 2g* ge* ge* ge* 92° g2* 12° 6561
€9°21 ¥5°L y2* 6e° 9¢* 1e°1 91°E oe* se* 8%° A 62° (IFAd 91 8561
2291 69°6 et 2l 81 62° £8° 19°1 6E° 1 22t 1s* 0s* 2s* ov* 1561
|8 S T 19°21 ce’ el° gl° 1€° T4 ¢ ygee 9S° 89° 11°e S6°¢ €2° 91° 9561
e el 16°L st° AN L1° se* 0v* L9°1 €6°E GE* €e* ge2* (1k-Ad v1° 6s61
96°91 €1°01 ot ot* A% 2e* 8E"* EL® sy°1 SE°2 9e°€E 1¢° es* 9c* 9561
6L°S 9v°¢E 7 21° s1° 61° £e* 82* SE* =3 Ad 2s° Sy oE”* L2* €s61
86°L LL®y 02° 2ue 80° 1te Sst° L2° 96° 90°2 1e* oe* 1t 60° 2861
£6°L6 6%°85 0s°1 ¥8°1 veee 80°E 9v°y 6%°S £EE®S 9€°6 ot°2t SB°¢E 06°€E €€y 1561
2¢°89 98° 0¥ €8°¢ 1¢°2 L2t L8°1 02°t 61°5 11°9 L2°9 BE*S YeE* 2 %€° 1 S9°1 0s61
S1°691 10°T01 21°2 91°e 86°1 oLee 10°y 18°s 8E°L T¥°01 86°12 12°62 94°01 6L°2 6961

22°sse 68°0S sg°l 9€° 1 L1 6v°2 68°€ 12°S ¥9°9 20°L 19°9 S%°9 SE*S 6lL°2 84961
96°LET 6E*28 vi*1 158°1 €62 6%°Y 6%°L 86°8 T1°0t1 68° %1 $0°%1 62°8 £S°S EE°E Lv61
8s°€21 08°EL 60°% 88°S Ss*L Lo°L 29°L 9501 15°21 62°L 0S°Yy LG*E 12°2 Si°1 9%61
BS*E9 L6°LE 68° 22°1 2g° 1 L8°2 18°% 6L°9 06°9 82°s S0°€E gv° 1 ss° 1 1e°t sv6l
€0°L9T1 SL*66 98° T 8g8°1 £6°2 6S°% ogeoe 10°Ly A AN se*2 00°% Lv°S v0°S vv61
€0°92y 29°952 9i°2 8s° 1 60°2 oL*2 YE*Y €9°6 9E°ST 16°5 6L°01 9E°EY ¥8°96 60°6S €v61
60°¥9S BR°9EE SO0°T1 v2°61 €8°L st*2t -3 A €1 08°86 26°L 8e°L v0°82 $G°0L $8°L1 6%y 2v61
92°%61 10°911 09°€E 2E°t v9°¢E 1e°S EE°L tyeee L%°0S LE®L 26y v1°€ £9°2 8L° 1 1961
6y*821 EL°9L Se° 1 1€°1 L1 89°2 69°Y 0€E*S ¥8° v 60°9 9L°6 gy Ll eLest L6°2 0961
82°9L1 82°s0l 62°C 69°% 89°L 66°L1 £8° et 29°¢ A AN / el*s 289 01°8 Lv*9 €2y 6E61
69°€91 - SL°L6 9L vee 6L°2 28°t 9Ly 02°9 0l°91 L6° 1€ 62°6 1€°6 0E°S 12°¢€ 8E6 1

2s°961 9€°LIT 91°¢ L8°2 L8°2 9%°E L2°S 08°S 9v°€e L%°8S 2o°s 98°¢€ €g°l 0E*T LE61T
6L°281 S2°16 86° v0°1 80°1 pe*1 gLl 61°¢ 0v°S 61°9 89°S €EE°61 00°EY |8 A4 9€61
L2°121 2%*2L 1v*e l2°¢E |6° Y 96°9 6L*9 ¥8° 11 vl°e2 82°s 66°1 %€l 48°1 65°2 SE6l
9E°*6LE §5°922 1I8°E €6°S L0°2% 12°601 6E*9 €0°L 9201 €Syl EE°TT SE®6 2E°E eE*E vE6T
9E*EEZ O9E®6ET L1°¥ 80°S 2g°y E¥°S oYL BE*L €8°9 2212 02°€ES €v°02 09°e 08° €e6l
v8°29 €s°LE Le° 1t L2\ 9s°1 8g°e Sget 96°¢t 19°y 26°S BB*S L1y sy*2 2e6l
9v*2L L2°Ey 2e* 1 0L°tl 0s°2 GS°E 19°% L2°9 RETL 69°¢9 B6°E ez 4641 &9 1 1e61
€8°901 08°€9 68°1 gs°e 61°2 v0°2 0L°E §SS°S 60°9 96°6 I8°st 0v°®9 0S°Y ¥S°€E 0E61

s9°821 1L°9: v9°2 022 so*2 sv*2 69°E 85°*S yv*9 8y 11 £Ev°*02 €2°9 28°9 89°9 6261
25°86 48°8S L6°S el°L 2l*e 88°S 90°S 89°L 9€°L sL*2 98°2 €92 ge e 19°1 8261

Sv*LS 1€°vE 66° se* 2ol 0s°1 62°¢2 SG°E 82°s 12°9 61°S 4VE gl*e 80°2 L261
19° 04 L1%2y v6°1 €8°1l 8s°1 se*2 L6°E ég*® yL°21 291 L9°1 S6°1 so0°2 SL°1 9261
0E*ES €erlc €0° 1 ¥6"* 61°1 62°1 8%°1 iree 10°¢ 80°*e A A AR+ S0°v 18°S £S°S 6ee6l
91°¥25 E€O0°EIE 66°2 gv*e b 4 2E*Y 90°*9 2l*EL LS%202 8l1°S 49°v 8L°E sL*2 88° 1 v261
96°9Y 5082 Lyl 86* 21 s9°1 00*e ve2*e 61°E 18°v L1°S 91°€E 02t 96° €261
¥9°0El 06°LL ot°t 8E€*1 Lyl 28*1 60°E 18°Y EE*9 12°L 9%°9 s9*2l v2*9e 82°S 226l
96°10€ €£°081 89°¢ t8°%e S0*€ 22°¢ 1e*e 16°1 262 €0°S 2662 vL°S8 £E*LE 0v*E 1261
YV WE  VLOL d3S anv anr NP AUKW qdv YK 834 NVl 230 AON 120 ¥V3A
..‘.......‘“.......“..‘.".‘.“.‘............‘....."““.....‘..““.‘......‘.“.‘.‘.‘.‘."‘..‘.‘..‘. ISR TR R LR 23
‘HN*DS0°EZ0T  =V3IHY IN3WHOLYD 1S SN OONIJIS ¥04 430-NNY MW»MA&MMm TX/1s SN 378vL
21 Y




98°6
98°2
B2*e
91°
vE*
SL*L
exr i
ss°
20°*
s2°Y
622

Ev°E

ge*e
v6°1

g0°1
6g° 1l
g€l
00°
09°
EE®
89 LT
00°*
£e*e
¥£%0
aviol

.“0"‘U“‘UGOUQ“QQQOC‘Q."“000.‘.03.‘

VIEY LIN3IwHILVD

ok B
so0°*
00°
00°*
00°*
£1
Qo°*
90°
vo*
9Q°
00°
60°
00°
g0°
0o*
00°
eQ*
90°
00°
% i
00°
00°
00°*
130 04
00°
00°
v0°
68"
60°
00°
LO°
v0*
00°
00°
co*
e
13
oo0*
00°
00°
€0°*
ce*
0o0°*
00
0o0°*
so°*
0o0*
Qo0°*
£9*
d3S

CWH

G0°
00"
s0°*
00°*
£0*
4
v0*
go0°*
00°
00°
00°*
L1°
Qo°
L1
vo*
oL°
0o0°
L1
00°
[(o°
20°
00°*
0o0°
00°
00°*
£0°
20°
00°
00°*
g2°
0o0°
00°
00°
$1°1
60°
00°
gl
20°
v0°*
00°
60°
Le*
1e*
00°*
00°
%0°
20°
vE"
oov*
00°
00°
v0*
00°*
0o*
w0*
onv

*as Q1S

90°*
00°*
otr*
00°*
s0°
»2"*
oo0°*
8 4
o0°
c0*
00°
"4
Q0°
/0°
0o*
. Jh U
0o0*
[e*
£0°
£0*
co*
00°*
00°
00°
0o0°
00*
00°
oo0°
2o°*
sg*
00°
00°
00°
LE°
60°
0o°*
9c*
%0°
%0°
00°
g1°
292
b 8 i
00°*
20°*
00°
00°*
6"
0o*
oL*
00°*
L0°*
oo*
0Q°*
s0*
ane

2 G

0o0*
St*
00°
%0°
68°
00°
L1°
00°*
80°*
00°
00°
0c*
00°
0o0°
61°
0o0°*
1e*
60°
21"
90°
€0°
00°
00°
10°
00°
00°
00°
ot1*
Le*
00°
0o0°*
00°
19
9l
00°
66°
90°
»0°*
00°
Le*
66°
91*
0o0*
%0°
00°
ge*
71 &
00°
00°
0o0°
60°
0o0°
00°
20°*
NOor

*S3413W JI€ND NOITIIW 6S°E

69°
00
L& g
00°
00°*
g0°2
0o0°
er’
00°
71
00°
00*
Qo*
00°*
£0°
2s° 1
6o°
Le®e
£s*
96°
1re
80°
0Q*
00°
00°
00°
oo°
oo°
0e*
0e*
20°
10°
00°
60°E
61°
0o0°
Ll
20°
So0°
00°
St*
g1
b1*
00°
10°
00°
ou*
270°
o0*
00°
00"
L
00°
00°*
00°
AVH

11%¢
00"
60°
00°
00°*
g1*
00°*
£0°
00°
8L®
oo°*
00*
0o0*
00°
80*
RO
0o0°
0o0°*
v2°1
Ly*e
og° 1l
9c*°
aQ°
00°
00°
00°
10°
00°
22"
2c®
80°
96°
92
€1°Y
or°t
vo*
uo*
vp*
10°
vo*
18 Ad
60°
"4
oeQ*
v0°*
00°
0Q°
L
00°
12
00*
vHy
00°*
(U
00°*
ydv

¢E*
19°
(1 S
00°
00°*
%0°
00°
00°
00°
3
00°
00°
00°
oo°
00°
00°
00°
0o0°
»6°
60°

S

89t

0oo0*
00°
1s°*
00°
00°
v0°
00°
ze®
LE*
10°
v9°
9s*
L0°
L8*
00°*
00°
19°
Ll B
00°
L0"
ge*
00°*
00°
£0°
oo*
00°
v0°*
oo*
6t*
00°*
g8°
0o0*
00*
00°*
HVK

1

1E®
002
2EY
00°*
00°*
00°
o0o0°
00°*
20°
L0°1
g8v*
0o0°*
A
0o0°*
00°
G0°
00°
%0°
8L°¢e
v2*
00°
16°1
10°
29°1
81*
00°*
e2°
20°
$S°
40°
00°
00°
00°
q0°*
S0°
00°
egQ*
L9°
1v°E
00°
00°
es’
96°
Qo0°
0o0°*
61°
2e*
0o0*
0o0°*
00°
0o0°
0o0*
0o0*
%0
00°*
ea 4

—

= IN3WHILVD 8034 J30=NNY¥ VNNV NVY3wW

8S*
£’
) &g
ou*
00*
60°
TS 54
0o0°*
00°
00°*
LA
00°*
vEg"
0o0°
00°*
9n°
00°
10*
ot
oLt
0o0°*
Y6°* 2
e
oo0*
6E"*
00°
90°1
€0°
2s*
00°*
00°
00°
otE"*
yy°l
00°
ve°
20°
0e*
00°*
00°
00°
vE"®
60°¢t
00°
00"
£9*
v6°
00°
ov*
00°
00°*
00°
00*
20"
9s° I
Ny

10°
00°
S1*
00°*
<0*
iv*
L2*
00"
00*
00°*
91°
20"
00°*
0o0*
oo0*
66°
00°*
00°
61°
v9°t
00°
(VR
71°
00°*
0o0°
00°
19°1
e
A 2Ad
00°*
00°*
00°*
%G
€EE”
00°
7R
22t
oeg"*
00°
36°
00°*
i
€0°1
B0*
00°
1"
or*
0o0°
00°
00°
00°
0o0°
00°*
2G6"*
EE*S
230

<+ N

10°
00"
ce*
00°*
v0*
L bt §
b
ou*
00°*
00"
&1°
So*
00°*
uo*
00°
10°
00°
wo*
62°
00
vo*
62*
LQ°
00°*
2o-°
00°
9%°
el
(30
00°
00°
3 o
%1°*9
v6°
00°
00°T
6e1°
el”
00°
092
00°
0o°*
00*
v0°*
00°
S0°
ee’
00°
0o*
00°
st°*
uo*
00°*
S Al
2e*e
AON

SM014 UUOTS OONIJIS U3WNSSV

S0°
00°
2e”
00°*
L
L
0e*
00°*
po*
00°
s1*
£0*
00°
00°
2o*
0Q°
€0°
00°
ze*
00°
00°
/18 (o
60°
0o°
or°
00°
00°
00°
%0°
0o
00°
sl°
oL*
1 B
00°
1o0°
60°
£0°
00°
00°
00°*
v0°*
00°*
00°
00°
so0°*
9z2°
00°*
00°
00°*
-
00°*
oo0°*
g0
v0*

120

PRBVVVBT BB oD BD
cUVRTBBVPE R BL DU DY
I T2 TR R
EE TR 20N -0 X1 L L8
°

GL61
si61
€L61
2L6l
1L61
0L6l
6961
8961
1961
9961
G961
v9561
£961
2961
1961
0961
6661
gso6l
1561
9561
ss6l
%561
€s6l
2s61
1661
0561
6961
8v61
1961
9v6 1
svel
2961
gv6l
2v6l
196l
[IRZ-R1
6€61
8E6T
LE61
9¢61
gE6l
vE6 L
EE6T
2€61
1€6l
0E6T
6261
8261
L1261
926l
G261
veol
€261
22el
1261
YV3A

AHM\»m SN 318VYL

b v =~ s i P G G O v A B R TR i RS N T |




X e T e N L3
£ | I
E | ok
| | |
; i |
£
e
- - = > 1
st 9
G T
14
= o
Bl (4
| %
‘ 1 shy
=0 2
'Y e
1
3 4
=
C
! 7N
RS
2- I
Q)
A
(1!
J
A
«
" =
.f A
L
A
L g--®
1 Era W
:> - d
3
H . v 4
Y 1 o
g i 1 >
r o ; ,: ed
?.’!
i Bl
|
Q Q
0 0
() A™N3WMaEDYNaS'@ e DAY
RS NATAL ESTUARIES - SIPINGO FIGURE
CHECKED THALWEG DISPLACEMENT NS 5171
(1937 - 1984)
REF
NATIONAL RESEARCH INSTITUTE FOR OCEANOLOGY




Gl z
%

FF (M. CU. M.}

MAAN

AN
NN

NN
NN
\

%

7
%

v/

d - ‘
1921 1922 1923 1924 1925 1926 1927 1928 1929 1930 193! 1932 1933 1934 1835 |
HYDRO YEARS

N

R
N

RUN-OFF (M.

§<__ —photo  6-1-59
N

~ %
\\\ﬁ///% NN
NN ) I

7
7

1950 1951 1852 1853 1954 1955 1956 1957 1958 1959 1960 1961 1962 19€3 1964
HYDRO YEARS

NATARL ESTURRIES . STPINGO F.ICLNRC
g STMULATED ANNUAL RUN-GFF
1921~ 1975 NS 5172
LR“
l NATIGNAL RESEARCH INSTITUTE FOR QBCERBNOLOGY




%

7
2

LE-h-08 Syeqd - = - -~

L

NN

N
N
>

1939 1940 194! 1842 1843 194y 184S 1QUE 1847 1848 1949

1936 1937 13938

Hi-n-By eaond — — — lvM

R L

AR a bl &

¥

!

NN

4

77
%

%
Y

NN

/.

.

1869 1970 1971 1872 1873 1974 1975




|
HYDRG YEAR:

190

v/ /A
100

LS-9-9 O)OID/I _——_——->

%
2
%

!

1

) o

1

1QaCQ ]_Of‘[‘

1907 196+

1956

NGO

(URRIE

RUN-OFF

ANNURL

NS Si13

f o a2 E
= \ T | -
Z/ / = \ 9 a5
. [ - G gind = 2 a2 s i ™ g -
~ e 5, a\ T ©3a°oM \ ,
o [op &)
- 7.8 -
N) N 5 z
/ o) o) =3
L L =
MM 2 ] | : )
O (ep
i~ I . T ] ] f T T T
Lo (@) Ca (@2 [« CJ C.. (@ (a9}
i} (u o o o C 2
’ = ¢ - 2 = 5] (3 ,
(WML W) 350-NMY WM W) S20-NAY :
i _




/
1
i}

104¢

|
N\
&

1974

1oy

1
] ouy
N

]

Hep:

/ ‘.A,.” hi-fh=-ga\ O)Or»nw _—_—- - >

ERNN\N\RE :
NN\ E _ l

104 10y
Y
1871 1972

1949
© 1970 19

1840 184}
1960

o

198

. L9-9-L\ oxond —— — — > L

Nlﬂ\l.:'lopm OA’OJL —_—— - - VW : \\\‘“




hi--81 oeqd ——— - > -
s
[9-9-17 oaend —— — — > -
1@
-2
LS-a-9 edond — - — - > ]
g5, Srylr eod - - - - > ]
0
12
-] "
4 &
4 ¥
— [ =]
[+°4
4 &
-] r
— g
Le-f-0g eaed— - — — > _
1§
| I I | | | | N I | S N | | S S | ! | \ é‘;
o C C o [a0]
w = ™ o~ -
L OIX W) 440-N “WHINNG 3ATLEIHND
e NATAL ESTUARIES: SIPINGO
TRRCED : COMPLOT FIGURE
CUMULATIVE ANNUAL RUN-OFF NS 51/6

NATIONAL RESEARCH INSTITUTE FOGR GCEANGLOGY




'
N

hi-+-a @ded — - - — > -
1=
2
L7-9-L\ eteqd — — — — > -
12
2
bS-9-9 eaond —— — — > |
.
Ss,g”‘v{v'x: Soqd — —— — > i
)
1=
— )
[¢74
1 &
— —
—— (=]
[+74
4 £
-] I
1=
I
[S-M-0% 24°43 — — — — > ]
35
{ | I I | N S VRS A N T A B | 11 1 1 | B N 1 ! N 5’;
cC C o (@) [ c -
(=) =) o o o o
w Y2 - ™ o —
 OTX_W) 440-NMy TBANNG 3ATLEINKND
RACED : COMPLOT NATAL ESTUARIES: SIPINGO \
vecReD: , _ _ FIGURE
. CUMULATIVE ANNUAL RUN-OFF NS 5177
. (ADJUSTED) | |

NATIONAL RESEARCH INSTITUTE FOR GCEANGLOGY




SCALE: | :10 000 approx.
TRACED NATAL ESTUARIES : SIPINGO PHOTOGRAPH
CHECKED
gave. 6-2-84 NS 51/1
REF (30-4-37 RIVER COURSE SUPERIMPOSED)

NATIONAL RESEARCH INSTITUTE FOR OCEANOLOGY




SCALE: | : 10 Q00 approx.
TRACED NATAL ESTUARIES : SIPINGO PHOTOGRAPH
CHECKED
OATE. 30-4-37 (12h 44) NS 5i/72
REF

NATIONAL RESEARCH INSTITUTE FOR

OCEANOLOGY




SCALE: | : 10 000 approx.
FRACED NATAL ESTUARIES : SIPINGO PHOTOGRAPH
CHECKED
oaTe. JULY /AUGUST 1953 (11 h I5) NS 5173
REF

NATIONAL RESEARCH INSTITUTE FOR OCEANOLOGY




SCALE:

10 000 approx.

TRACED
CHECKED
DATE.
REF

NATAL ESTUARIES : SIPINGO

6-6-59 (I12h37)

PHOTOGRAPH
NS Si/4

NATIONAL RESEARCH INSTITUTE FOR OCEANOLOGY




SCALE :

}:10 000 approx.

TRACED
CHECKED
DATE.
REF

NATAL ESTUARIES : SIPINGO

I7-6-67 (13h07)

PHOTOGRAPH
NS 5175

NATIONAL RESEARCH INSTITUTE FOR OCEANOLOGY




SCALE:

110 000 approx.

TRACED
CHECKED
DATE.
REF

NATAL ESTUARIES : SIPINGO

I8-4-74 (11h27)

PHOTOGRAPH
NS 5176

NATIONAL RESEARCH INSTITUTE FOR OCEANOLOGY




SCALE: 1:10 000 approx.
TRACED NATAL ESTUARIES : SIPINGO PHOTOGRAPH
CHECKED 5
oate. 6-2-84 (I5h52) NS 5177
REF

NATIONAL RESEARCH INSTITUTE FOR OCEANOLOGY




SCALE: 1:10 000 approx.
TRACED NATAL ESTUARIES : SIPINGO PHOTOGRAPH
CHECXED :
oaTe. I8-4-74 (ORTHOPHOTO) NS S51/8
REF -

NATIONAL RESEARCH INSTITUTE FOR OCEANOLOGY




ViVQ 18/6°0ON L¥0d3Y¥ NYH WOYH4 O031I1dW0D ®S3413W 218NJ NOITIW 00°16 =440-NNY IWNNNY NV3IW
se* 1L 20°2 9Ll 60°2 gl*e L1 92°s LE®9 ee°9 8L°S 0v°*y I€°E T9°2 NYIQ3W
L1°1L S0°99 LL°96 26°9ST 0L°LEZ 9S°*$ET 6L°051 16°981 o0L°v0l 09°101 9L°%ST 81°6L1 06°S81 %A
9L %9 19°1 2 hald 12°s €L°ET 90°01 19*41 60°82 LB8°01 S1°o0t1 S9°St1 28l S8°L S
00°Te v9°2 292 LELE 8L°S 9L eLelt 61°GI 6E°0T oo°*o0t 11°o01 ) & s 2g'y NY3W
€S°902 ET1°98B1 +95°2 0v*e 882 99°v otr°lt yS°vy 26°18 1S°01 €091 2s‘’y 5 Al % eS°E sL6l
6E° LB ES*6L eg*e el°l €9°1 60°2 Le LE Y 1o°st 29°9€E €0°6 6L2 10%¢2 96°1 vl61
S9°98 S8°8L 1201 18°*¢ SS°E L8°y 9L*S 55°9 26°L 0T° 11 s8° sl 9¢°9 28°*9 %Ll°S €161
16 L€ 14 G 1 £20% 9L*1 ¥0'1 Lyl 6E°2 0%°€E 1€°9 Sl®y 16°E 2o°e ZE'e 69°1 2L61l
6v°2s LL Ly 69°1 €1°e g8 e 62°E vECE 00°y 96°S 22°9 80°G €E9°w E6TE -L8°% 161
0T°2L1 19°9ST E1°9 EE®S €S°s 2v°sl S9°EE 18°L 26°9 L0°9 80°L 80°11 1L°€2 06°92 0L6l
v6°9S 28°1s 1L°€E Le*e 2g°t 08° 1 Ls°1 08*1 02*E 86°¢S L1%8 62°*® ve°L 8E°S 6961
SE* vy 9E*0Y sL*2 v8°e eL* e 2les 06°S 0S°S v8°E 69°1 941 sl°2 8s*e €92 8961
vE° 0 1L°9€ so°e ve°l 16* ge°t g€0°e Sv°€E 1l*s 8%°9 €9°g EitE g2t 6S°1 L1961
$0°ETI1 98*201 21°1 L9°1 €v*2 v8°¢ LS°9 LE*ST L5°9¢ Tve 12 €l°g E9°€ g9%¢ 8v°1 9961
6€°8L ve° 1L Lyl Ls°1 16°1 oeE*e eé*e -4 AR 1S8°¢ 90°€l €8° %2 LE*S 16°S BL*Y S961
8E°GY 0E° 1y 19*e 2i*y SL°E 69°¢2 ge*l 0%l €9°2 8l L6y 99°4% L0y 60°€E %961
ez2*1s 19°9¢ ss°1 L58°1 oo*e LA AR LS°E €9°y 9€E°s 8E®B €S°01 9e*2 €0°2 gl*e €961
SL°0S 81°9¢ 26°2 Si°y 82°¢t 60°2 25°t 92°s 0%°s L2°s ay*g VR A ] f0°€E LE® T 2961
92°9¢ 0r*2y 1vel AR s9°1 eL*2 LS*Y L¥*9 LE®9 26°y 88°EF 18°¢ s8°2 96°2 1961
1T1°691 68°€ST 98°2 11°e LA ] 8E°S 6L°S2 ?9°E9 6E*9 00°2L 6221 2s°al 6E*E 48°1 0961
0¥%°LE v0°vE To°t 80°1( Sv*1 g2*e L9°€E SG*y 26°E 61°€E 82t €Eveg 0e*e 00°E 6561
69°LT1 01°L01 SE°E Si*y v1°S L6°61 88° vy 982 S6°y ¥8°9 £6°*S El°y 98°¢2 2o*e 8561
T1°1ST 18*2e1 2.°1 L9°1 gc*e 80°y 2L 11 8g°* e 0L°61 2L Sy 61°2L 1L Ev°L 0L°S L1561
§9°961 GS6°8L1 o01°¢ 06°1 Ls*2 LE®Y 18°L1 LE®OY 9L L9°6 16°62 20°9s te*€ 1E%2 9561
2€°€21 2ge2*21l 80°2 o2 BE®2 09°€ L9°S €L°€E2 vL°SS 86° ¢ 0E°E S6°€E [g*2 L6°1 ss61
66°LST LL°EeT1 991 0yl eo*e LI%E YE*S 6g°01 95°02 YE°EE LL* LY £8°g LA ANE S0°s 9561
E6°ES B0°6Y le*1 L9°1 stee vi*2 Se*t 16°¢€ sl*g 6E°9 0v*L S9°9 LR 18°¢ €s61
9€E°vL L9°L9 s8°2 1Lt Si°1 6v°1 02*¢ v8°E 29°€l v2°62 8L*S 88°¢c 29°1 62°1 2561
%0°09 v9°9S 091 2L°1 60°2 8g8°2 L1y €1°S 26°*s SL°8 0E° 1T 6S°€E v9rE S0°v 1sel
G6° 1 L1°8BE 8S°E §2°¢ 61°1 Ll 66°2 Sg°y 0L*S 98°S £0°S 61°2 se°l vs°1 0s61
0L°E0T LE°¥6 86°1 20°e S8l és°e SL°E £¥*S 06°9 2Lte £S° 02 62*12 8L°6 19°¢2 6961
v2°2s YS*LY R A Le°1 09°1 eE*2 €9 Lg*y 2o0°*9 9S°9 8l°9 €0°9 00°s 19°2 8v61
8S°v8 L6°9L 90°1 Ly°l LE®2 02°y 66°9 6E°8 Y6 16°€1 eleet Lol L1°8 11*E L1961
9L°SL v6°89 2g*t 69*S S0* L 19°9 %6°9 L8%6 69°11 18°9 02y EEE 902 80°1 9v61
86°8E LY*SE €8° yil°1 0Lt 89°¢ 0S*y Sg°9 %9°9 E6°Y g8°e 8E° 1 sv°l ge*1 Se61
0v°201 8I°Es 08 LRS! 9Ll gL 62y 96°81 16°€EY ge*t sL*e YL°E 11°s Ly 9961
8l°192 89°L£2 95°2 By 1 S6°1 és*e 90°Y 00°6 SE*el 25°S g0°0t1 1s°0v 9%°06 02°ss €961
EB°SYE IL°v1E E€€°01 86°L1 eeE’L se° 11 60°8Yy 0g* 2o ov*s 66°9 02°9¢ 06°s9 99°91 02°v 2v6l
60°611 BE°BOT 9E°E ol°e 0%°¢€ 90°S S8°9 £6°02 St°Ly 68°9 09°v £6°2 Sv*2 99°1 1961
LL°8L 89° 1L Le°1 ée*1 29°1 0s°2 61°y S6*Y 2S*y 69°S 2ice EE* 9T 6911 8L 2 0v61
L0°801 SE°86 L0°E BE"Y L1, 08°91 L9°0€ 6E°E Sl 6Ly 8E°9 96°L %0°9 S6°E 6€E61
SE*00T 2E°16 8s°e 60°2 19°2 LS*E Sy°y 6L°S v0°st 98°62 89°8 69°g S6°y 00°¢E BEG6T
8%°021 +¢9°601 20°2 89°¢2 892 [ ad 26"y 29°S 26° 12 29° %S 29°s 09°€ (0 2e*1 LE6T
* L9°E6 v2°se 26° Le* To°t ) 19°1 86°¢c S0°s 8L°S 1€°g 90°81 L1%0% 92°2 9€6 1
SE°vL S9°L9 922 S0°¢€ 99°¢ 0S*s vE°S 90°11 9tz 16°y 98°1 G221 el®l 2v*e SE61
LS5°2E2 v9°112 9S°E ¥S°s 0E*6E €0°201 Le6°*S LS*9 65°6 L8°E1 6S°01 vw'e 0l°¢€ 0l°€g vE6l
90°EYl 6T°0El 68°CE 226L% IS*y L0°S 16°9 06°9 8€°9 2861l 0Lt6Y 60°61 £v°2 sL° €E6T
2S°*8BE 90°sE 18° €0°1 61°1 9¢°1 2e*¢ 8 0L°E 1E°Y €S°S 6%°S 66°E 62°2 2e61
FAARA S Ev°0y ve*l 65°1 vE*2Z o at 1E*Y 98°*S €8°9 2E°S ZL ¢ €52 g1 95°1 T1E61
6%°S9 09°6S L0l 9t*e so*e 06°1 Syt 61°*S 69°S €6°8 LL*91 g6°S 2%y gE'e 0€6T
SL*8L 99°1¢L 0 5 et 4 90°2 26°1 ge*2 b & Al % ee2°’s 20°*9 £€L°01 60°61 28°* s gE*Q %2°9 6261
0%°09 L6° %S 858°s 69°9 6S°L ee*s ey L1°L 88°9 152 L9°%e Le°2 otleg Tl 8261
22*seE S0°2¢ £6° oe* S6° ov°1l yiee 1ere €6°y 18°S SB8*Y 96°2 vo0°*2 v6°1 L261
62°EY 0%°6€E 28°*1 et 8v*{ Qr*2 14%€ ¥2's 06° 11 15°1 956° 1 281 16°1 ol | 9261
L9°2¢ €L°62 96° 88°* 211 €1 Ls°1 6g°¢ ég*e v6°1 ge*e 8L°E €%°S L1*g see6l
SE*I2E €£v%°262 o08°2 182 2o*e E0°% 99°*S 1e*89 ©2°681 +8°y LE'Y BS Ak +19%2 8Ll ve6l
6L°82 0292 LE*1 16* el $S*1 Lg*1 602 86°2 0S*v €8y s6°2 21 06° g€eel
L6°6L 8L*2L £E0°1 62°1 dE*1 0L°1 682 SG°*y 26°S €4°9 v0°*9 gt 11 1842 €6y 2261
21°981 9e*e91 aqs*2 €92 sBte § 4] 91°¢e 6L°1 €L'e 0Ly s6*' e 0l*0x L8*9E 8l°¢e 1261
*HOVCWE  VLIOL d3S any ane NAr AVW ddv HVW €34 NV J3a0 AON 120 ¥Y3A
°‘.....‘.“‘..‘..“.‘.‘...“‘.‘.....‘..‘.‘.""‘..“...'..“.‘....‘.‘.. PEBOOOOVCVOVO0OLOOOPODOODORPRBOG bovecovoe0oa0R
"HN*OS0°2L6 =V3IYV IN3IWHKILVD 25 SN I12vIw 803 440-NNs Q3LVINWIS 2§ SN 3kvl
B R R BN s Il N .
Il N N N BN =N = . E . - f |




CHECKED:
PRTE

REF.

500
400
-
=
< 300
= //
5 /
5 200 % /
100 // \/// . N—— 9 /////
Y. D TR
RN W
1 | 1 1 | | 1 | | | | | 1 1
1921 1922 1923 1924 1925 1926 1927 1928 1929 1930 1931 1932 1933 1934 193
HYDRG YEA!
S00 "}
4o o
£
=
< 300 A
E
5
=
S 200 o
100“\\\///// SRS NN I NS RN
NN SENNNN
1 1 [ | 1 1 1 | 1 1 1 1 1 1
1950 1951 1952 1953 1954 1955 1956 1957 1958 1959 1960 1961 1962 1963 19
HYDRO YE!
o o NATAL ESTUARIES = MLRZI © 1GURE

STMULATED ANNUARL RUN-OFF

1921% 1875 ke

NATIONAL RESEARCH INSTITUTE FOR OCEANGLOGY




rlll S EE I Bl I EE GE Bl B O BN I B BE B B B B B .

200
160

5

2

- 120

=

'L..t:

O

z

2 80
40
200
160

=

-

- 120

=

[V

[V

(o]

z

S 80
40

Il m..hhnn!l“m -uuul | u!n llh Mml Al N, ll 1 hl il dll
1 1 1 1 ! 1 ! 1 1 1

=

1921 1922 1923 18924 1925 1926 1927 1928 1929 1930 1831 1832 1933 1934 1835 1

HYDRO YERRS

D]
1

1950 195!

1852 1853 1954 1955 1956 1957 1858 1953 1360 196!

(N nJHmuHHms |
1 1 | 1

|
1962 1963 18964 |
HYDRO YEARS

{RRCEDR : ~OMPLOT

CHECKED:

REF.

NATAL ESTUARIES : MLRAZI

STMULATED MONTHLY RUN-OFF
1821~ 1975

FIGURE
NS 5272

NRTIONAL RESEARCH INSTITUTE FOR OCEANGLBGY




1971

1961

[l!t[lll!ILJJLIlll!LLJlLJIJJIL[J[lI[IJIJI|11|[141LJ
1851

%)
74
&
P
©
&
z
&
o)
1 l | I A | (1 1 1 | T B | | S W | | N VO I S R S I | "] §
c c < T c c -
o o o o o o
@ D > ™ ~ =
% Ufﬁ;N!JjQ-Nﬂa THANNG 3AT LEINWND
IRACED ¢ © NATAL ESTUARIES: MLAZI
T FroiRe
CUMULATIVE ANNUAL RUN-OFF \S 5273
REF.

NATIONAL RESEARCH INSTITUTE FOR OCEANGLOGY




flood \-da.."ﬁ-rS‘
4 o Mhowo dwean:t

4

vf:.r\"
quq} fro mm have

LR N

s

&

SCALE: |2 14 000 approx.

TAACED NATAL ESTUARIES PHOTOGRAPH
cn:c:(w MBOKODWENI + SIPINGO APPENDIX
OA

ner (10-11-66 13h03) NS 50/51f1

NATIONAL RESEARCH INSTITUTE FOR OCEANOLOGY




