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BRIEF NOTES MVOTI NN7

Booklet lay-out

Details of the classification of the lower reaches of the Mvoti for
1937, 1959, 1967, 1973 and 1976 are given in Tables NN7/1-V. River
widths and details of lateral stability appear in Tables NN7/VI and
VII. Simulated run-off for the period 1921-1975 is given in Table
NN7/VIII and an abstract of results in Table NN7/IX. Thalweg
displacement from 1937-1976 and a sketch map illustrating various

mouth positions are shown in Figures NN7/1 and 2. Graphs of simulated
annual and monthly run-off are given in Figures NN7/3 and 4. Photograph
NN7/1 shows the 1937 river course superimposed on a 1976 photograph.
Photographs used for classification purposes are reproduced as
Photographs NN7/2-6. Photograph NN7/7 shows the orthophoto compiled
from the 1973 photography.

Hydro Data

The M.A.R. from a catchment area of 2829 km? is 481,71 x 10° m?. (Table
NN7/VIITI). Of particular interest to this study is the nature of the
run-off: it is very erratic. The mean run-off is far higher than the
median run-off during the summer rainy season, the higher averages being
the result of the occasional major floods to which the Mvoti is subject.
Long dry phases broken by short wet phases are clearly shown in Figure
NN7/3 and more detailed, erratic nature of the monthly run-off in

Figure NN7/4. For classification purposes, consideration must be

given as to when the photographs were taken with regard to run-off.

The following important facts emerge regarding the five photographs

studied and antecedent run-off conditions:

(i) 1937; below-average run—off for four months. The fifth month
previous and three years previous were above-average

(ii) 1959; above-average run-off and following a wetter phase

(iii) 1967; below-average run-off and within a dry phase

(iv) 1973; below-average run-off and within a dry phase

(v) 1976; near-average run-off but following a five month period of

prolonged major floods and high run-off.




River Mouth

The Mvoti is often diverted at its mouth by a long, southerly-extending
spit and discharges into the ocean alongside rocks on its right bank.
The mouth position is, however, variable (Figure NN7/2). Under f£lood
conditions, the river takes a straighter course to the ocean and breaks
through the spit in a more northerly position. This is a natural
functioning of the estuary. The mouth usually remains open but
occasionally, if it closes, the bar is breached mechanically to ensure

that sugar cane does not become flooded (Begg 1978).

Land-use

Most of the valley sides and more than half of the flood plain are under
sugar cane cultivation (in some areas to the channel edge). Drainage
furrows are to be seen on the flood plain and some of the natural reed
swamp area has given way to sugar cane cultivation. The service railway
bridge and the NR (National Road) bridge, together with their embankments
have restricted normal lateral movement of the river in the upper part

of the reach under review.

Siltation

The estuary shows severe siltation. The increase in bar areas is
indicative of an abundant supply of silt from upstream and within the

estuarine reach.

Stability

The Mvoti has shifted its course laterally to a marked degree during the
period under review (and for previous decades, from photographic
evidence). This is partly a result of the changing mouth position in
response to wet and dry phases already discussed and is quantified by
the high average lateral displacement of 218,9 m and high average
coefficient of variation of 53,7% (Table NN7/VII). However, it should
be noted that during the "normal" conditions of lower to average flow,
with the mouth in its southerly position, the trend has been for thalweg

lengths and sinuosity to increase. This is typical of aggrading conditions.

The Mvoti estuary has been unstable for the period under review.
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ABBREVIATIONS/SYMBOLS USED IN THE TABLES

MSL

d/s

s s s

Mean annual run-off
Left bank

Right bank
Perimeter
Arithmetic mean
Standard deviation
Coefficient of variation
Mean sea level
River

Downstream

Maximum value
Minimum value

No record
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TABLE W™ 7 ‘T

RIVER __MVOT |

CLASSIFICATION OF THE LOWER REACHES OF NATAL RIVERS

AERIAL PHOTO DATE \— 5

NRIO NN 7

(K WHTE Y i =
g % ESTUARINE, REACH from ®lwu ®v to Mowcth , v, W4 km from mouth. REF. DEA \\ WO 3
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&7[ scALE \*\O OO0 CATCHMENT AREA 2% 2 7\

RIVER VALLEY AND RIVER MOUTH FEATURES

General Description of the Terrain above the Valley

Terrain Vegetation
mountainous almost none
hilly grass

plains

swamp/bog

Valley Characteristics

Me.surements

valley length L21% 0O m
bottom width(av.) 'z= m
valley slope

height at head

of reach m to MSL

River Mouth

“haracteristics

V open/ elmeed
/ natural/ seebbiwial

canalized

v sandy

v

v/

v

rocks on right bank
rocks on left bank
outer bar

silt plume (fluvial)

v spargely forested (0-25%)
moderately forested (25-75%)
heavily forested (75-100%)

Land-Usge

none

scattered cultivation

partly cultivated
v mainly cultivated

o
km?, M.A.R. +B 1 T\

m’x10%, No. of DAMS ‘

Valley Sides (¥st Well-defined)

Slumping
v none none
occasional grass
frequent trees
cultivated
built~-up

v’ scattered settlement

partly built-up
urbanised

Relation of Channel to

Vegetation and Land-Use

Left  wisht

re

S T R
S\EVEN v SRERET S

re

Comments * MR U Repot AR
& il

Relation of Channel to Valley
Sidee or Reeistant Terraces

(Lateral)

not applicable (no valley or free)

not obviously degrading v occasionally confined
frequently confined

Terraces Valley Bottom
(Vertical)

none not applicable
indefinite
fragmentary partly entrenched
continuous entrenched

v aggrading

Measurements

right bank breakwater length

left bank breakwater length

rock sill

level

cliffs on right bank: height

cliffs on left bank:
spit/bae: direction of growth 204
length of spit/besr \2%Q m

suspended sediment (marine)

Description of Flood Plain

Presence Extent
none none
indefinite

fragmentary

continuous

area

Channel Description N.B. Estimate of flow stage: LOW/ NEAR-ILONCSTBRM-MEANANECH

average width 723 m
maximum width ‘200 ™
aerial length GYoiy m

2313 ha

Patterm MHeasurements
straight thalweg

sinuous *sinuosity
irregular ®open water area
regular meanders perimeter

irregular meanders
tortuous meanders
bifurcated

lake/s

lagoon

lake/lagoon area
river X-sections available
channel slope _
channel width x
river slope

river width X

Obstructions/Constructions

Natural _____ Degree
none none
logs minor
boulders major
vegetation

Comments

Lateral Channel Activity

Lateral Activity

not detectable
downstream progression
progression & cut-offs
mainly cut-offs

entrenched loop development + cultivation to
irregular lateral activity

avulsion

height

length stabilized T

width

FLOOD PLAIN AND CHANNEL FEATURES

il

entrenched

m to MSL

m

8'[ m

Vegetation

almost none
grass

reed swamp __l"!
sparsely forested
moderately forested
heavily forested

% area

Forest Type

not known/applicable
riverine:
main channel
tributaries

v’ coastal dune/evergreen
mangroves

* @ty vyt |;10'>

Surface Geology

bedrock

lacustrine deposits
v fluvial deposits

aeolian

sand covered & 2 area
Comments
Comments
Land~Use

Islands/Shoals Type of Flow
w425 m  none stagnant/still
Vo VD occasional v’ uniform water surface
7L 2 ha frequent uniform with rapid in reach
2437 m split irregular
e ha  braided s pool & riffle sequence
m 8 = m

road bridge/s

rail bridge/s
causeway
weir/dam
fish traps

o el

Comments ®whole reach

nedmswdebested, not built-up
cultivated _ S| 7% area
crop/l = I cern Q.
partly built-up
mainly built-up

Comments

Bar Type

none
v“channel side bars
v~ point bars
channel junction bars
v mid~channel bars
diamond bars
diagonal bars
sand waves/large dunes

Pogition (from head of reach,

t/s

groynes

canals

drainage furrows

others

Nature of Banks

v alluvium (silt/sand)

none
natural levées weak
rock/boulders good
protected/stabilized very strong
left bank
channel edge

Bank Vegetation

Lateral Stability

stable
slightly unstable

v’ modevataly unstable

32

right bank 5 %

highly unstable

Comments
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RIVER VALLEY AND RIVER MOUTH FEATURES

General Description of the Terrain above the Valley

Terrain

swamp/bog partly built-up

urbanised

Valley Characteristics

Relation of Charnel to

Valley Sides (lmt Well-defined)

Vegetation Land=-Use Slumping Vegetation and Land-Use Left  Mi:ht
mountainous almost none none v’ none none
hilly grass scattered cultivation occasional grass 4
v undulating veparsely forested (0-25%) partly cultivated frequent trees [ 7 2
plains moderately forested (25-75%)  mainly cultivated cultivated 9 5 93 z
heavily forested (75-100%) v scattered settlement buile-up 4

Comments A W Rt

Repert A1y
pe

Relation of Channel to Valley

Pattern

Channel Description N.B. Estimate of flow stage: LOW/HEARCRONS=PBR=NEAN/HIGH

Me.surements Terraces Valley Bottom Sides or Resistant Terraces Surface Geology
(Vertical) (Lateral)
valley length LZ50 m none not applicable not applicable (no valley or free) bedrock' y
bottom vidch(nv.i?zg m indefinite not obviously degrading + occasionally confined lacustrine dex_aouts
valley slope v fragmentary partly entrenched frequently confined /fluvfnl deposits
height at head continuous entrenched entrenched v aeolian
of reach m to MSL v aggrading sand covered _{, 7 area
Comments
River Mouth
“haracteristics Measurements
v’ open/edessd right bank breakwater length m
v’ natural/seeeddede ] left bank breakwater length m
canalized rock 8ill level m to MSL
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/bar: direction of growth 222 °
outer bar length of spit/ber 250 m
silt plume (fluvial) length stabilized N:— m
suspended sediment (marine) width BO 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" odwsskadweted, not built-up
indefinite average width 723 m grass riverine: cultivated 5/ 1 area
fragmentary maximum width 1200 m reed swamp _\7 7 area main channel crop/p suaar cane.
v continuous aerial length woiy m sparsely forested tributaries partly built-up
area 213 ha moderately forested v coastal dune/evergreen mainly built=-up
heavily forested mangroves C 13

Measurements Islands/Shoals Type of Flow Bar Type
straight thalveg Y"Ww3O m ' none stagnant/still none
sinuous *sinuosity VO occasional v uniform water surface v’ channel side bars
irregular *open water area 25 & ha™ frequent uniform with rapid in reach v point bars
regular meanders perimeter QAo ®m split irregular channel junction bars
v irregular meanders lake/lagoon area ha  braided v pool & riffle sequence mid-channel bars
tortuous meanders river X-sections available 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 58, Fm s =27l m X §,3\n e e
Obstructions/Constructions
Natural ______ Degree Man-made - __Degree of Obatruction/Constriction for Each Position (from head of reach,
¥ none none road bridge/s X

logs minor rail bridge/p Service slos u L tous L madl O (&t haad )
boulders major causeway i
vegetation veir/dam

fish traps

embankment/s

groynes
Comments canals

« drainage furrows
others

Lateral Channel Activity

laveral Activity Nature of Banks

not detectable v alluvium (silt/sand)

avulsion

Bank Vegetation

Lateral Stability

none stable

downstream progression natural levées v  weak slightly unstable
progression & cut-offs rock/boulders good usderessdy unstable
mainly cut-offs protected/stabilized very strong highly unstable
entrenched loop development  cultivation to left bank oz Comments
irregular lateral activity channel edge right bank 2| %
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RIVER VALLEY AND RIVER MOUTH FEATURES

General Description of the Terrain above the Valley Valley Sides (Mmt Well~defined)

Terrain Vegetation Land-Uge Slwnping Vegetation and Land-Use Left

mountainous almost none none « none none
hilly grass scattered cultivation occasional grass
v/ undulating 7/ sparsely forested (0-25%) partly cultivated frequent trees &
plains moderately forested (25-75%)  mainly cultivated cultivated s
heavily forested (75-100%) v scattered settlement built-up
swamp/bo partly built-up
e urbnnzsed Comments ‘\\9\ (SN Qq‘am\" c\kg\

Valley Characteristics

Relation of Channel to Relation of Channel to Valley
Meusurements Terraces Valley Bottom Sides or Reaistant Terraces Surface Geology
(Vertieal) (Lateral)

valley length 4250 m none not applicable not applicable (no valley or free) bedrock
bottom width(av,) 723 m indefinite not obviously degrading occasionally confined lacustrine deposits
valley slope v fragmentary partly entrenched frequently confined v’ fluvial deposits
height at head continuous entrenched entrenched aeolian
of reach m to MSL aggrading sand covered 2. 7 area
—_— Comments

River Mouth
“haracteristics Measurements

v’ open/ obeeed right bank breakwater length
7 natural/seesfdedel left bank breskwater length
canalized rock sill level to MSL
« sandy cliffs on right bank: height to MSL Comments
v’ rocks on right bank cliffs on left bank: height to MSL 5
rocks on left bank spit/ber: direction of growth 203 ° (222219779 72°)
outer bar length of spit/her 1245
silt plume (fluvial) length stabilized v
suspended sediment (marine) width

FLOOD PLAIN AND CHANNEL FEATURES

Description of Flood Plain

Presence Extent Vegetation Forest Type Land-Use

none none almost none not known/applicable /w not built-up
indefinite average width 723 m grass riverine: cultivated ! % area
fragmentary maximum width y o 120 m reed swamp 1S 7 area main chanoel crop/s S ay e.
continuous aerial length 4igb6 m sparsely forested tributaries partly builtl-up
area 213 ha moderately forested v’ coastal dune/evergreen mainly built-up
heavily forested mangroves Comments

Channel Description N.B. Estimate of flow stage: LOW/NEAR=LONG=PRRM=MEMEITEH
Pattern Measurements Islands/Shoals Type of Flow Bar Type
straight thalweg

: 5257 m none stagnant/still none
sinuous ®sinuosity \,Z28 occasional uniform water surface v channel side bars
irregular ®*open water area 2 7 frequent uniform with rapid in reach  point bars
o5 O

\jegulnr meanders perimeter split irregular channel junction bars
/ irregular meanders lake/lagoon area . _____ ha braided™”

tortuous meanders river X-sections available
bifurcated channel slope
lake/s channel width x m
lagoon river slope L
river width x 5 18, bm
+ -

v pool & riffle sequence mid-channel bars
v diamond bars
diagonal bars
sand waves/large dunes

Comments ®whole reach
¥

—p :w\ ot yeoweln

Obstructions/Constructions
Natural Degree

oo Pogition (from head of reach,
r{one none road bridge/s N.R. br. R. confined OO
ogs

i rail bridge/# Sevrvica vl R . confimgel O (at L‘.ﬁ‘(__
boulders i causeway ==

vegetation weir/dam
fish traps
embankment/s
groynes
canals
v drainage furrows
others

Lateral Channel Activity

Lateral Activity Nature of Banks Bank Vegetation Lateral Stability

not detectable vslluvium (silt/sand) none stable
downstream progression natural levées /weak slightly unstable
progression & cut-offs rock/boulders good nedenstady unstable
mainly cut-offs protected/stabilized very strong highly unstable
entrenched loop development  cultivation to left bank 8 7
irregular lateral activity channel edge right bank 22 %

w avulsion

Comments
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General Description of the Terrain above the Valley

RIVER

RIVER VALLEY AND RIVER MOUTH FEATURES

Valley Sides (W3R Well-defined)

Terrain

Vegetation Land~Use Slumping Vegetation and Land-Use Left  Risht
mountainous almost none none v none none
hilly grass scattered cultivation occasional grass b4
/7 undulating 7 sparsely forested (0-25%) partly cultivated frequent trees & 7 K4
plains moderately forested (25-75%) v'mainly cultivated cu}nvated Q85 I3 z
heavily forested (75-100%) v’ scattered settlement buile-up k4
swamp/bog partly built-up x
urbanised ¢ ts VR ) ?‘gg’( L it l‘g \

Valley Characteristics

Relation of Channel to Relation of Channel to Valley

Meusurements Terraces Valley Bottom Sides or Resistant Terraces Surface Geology
(Vertical) (Lateral)
valley length \W.2% O m none not applicable not applicable (no valley or free) bedrock‘ y
bottom vidth(w.hz} m indefinite not obviously degrading ¢ occasionally confined lacustrine de?outs
valley slope |: 773 vfragmentary partly entrenched frequently confined v fluvial deposits
height at head continuous entrenched entrenched aeolian 0.3 1
of reach+%5 5 m to MSL oot . v/ aggrading sand covered O, area
“fr Comments
River Mouth
“haracteristice Measurements
v open/ ehesead right bank breakwater length m
v natural Femtsdeds | left bank breakwater length m
canalized rock 8ill level m to MSL
+~ sandy cliffs on right bank: height m to MSL Comments
v’ rocks on right bank cliffs on left bank: height m to Hsg
rocks on left bank spit/ber: direction of growth zos5 ° (7% \a7 )
outer bar length of spit/bse \200 m
silt plume (fluvial) length stabilized Wil m
v~ suspended sediment (marine) width SR 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 natsswbdtweved, not built-up
indefinite average width 723 m grass riverine: cultivated _ &) % area
fragmentary maximum width reed swamp '8 7 area main channel crop/s Swaary cana.
« continuous aerial lemgthip 7o m sparsely forested tributaries partly built-up
area =212 ha moderately forested v cosstal dune/evergreen mainly built-up
heavily forested mangroves Comments

Channel Description N.B. Estimate of flow stage: LOW/NEAR=GONO=PERM=NAMRNECH

Pattern

Measurements Islands/Sheebe Type of Flow Bar Type
straight thalweg 5438 m none stagnant/still none
sinuous *sinuosity INEY-) v occasional « uniform water surface v’ channel side bars
irregular *open water area 2%,2 ha frequent uniform with rapid in reach «point bars
regular meanders perimeter o025 m split irregular channel junction bars
v’ irregular meanders lake/lagoon area ______ ha braided v pool & riffle sequence v’mid-channel bars

tortuous meanders river X-sections available

bifurcated channel siope _
lake/s channel width x m &= m
lagoon river slope

diamond bars
diagonal bars

sand waves/large dunes
Comments *whole reach

river width x MG B m s = 24 2m
Obstructions/Constructions
Natural ________ Degree Man-made______ | Degree of Obstruction/Comstriotion for Each Pogition (from head cf reack.
¥ none none road bridge/g W, b, R. con Lineeh W0 O pn

logs minor rail bridge/d <ovgie  x\oooy ¥ _covnkioech Y@ NS Wegel )
boulders major causeway =
vegetation weir/dam

!hh traps

k t/s

groynes

Comments canals
v’ drainage furrows
others

Lateral Channel Activity

Lateral Activity Nature of Banks

not detectable v/ alluvium (silt/sand)

none
downstream progression natural levées v weak
progression & cut-offs rock/boulders good
mainly cut-offs protected/stabilized very strong
entrenched loop development  cultivation to left bank

irregular lateral activity

channel edge
, avulsion

Bank Vegetation

right bank _& %

Lateral Stability

stable
slightly unstable
v nedesesedy unstable
3 highly unstable
z

Comments
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CLASSIFICATION OF THE LOWER REACHES OF NATAL RIVERS
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RIVER VALLEY AND RIVER MOUTH FEATURES

General Description of the Terrain above the Valley

Terrain Vegetation

Land-Use

Valley Sides (Mew Well-defined)

Slumping Vegetation and Land-Use Left  Hi:ht
mountainous almost none none none none
hilly grass scattered cultivation v occasional grass b4
+ undulating v sparsely forested (0-25%) partly cultivated frequent trees 5 7 2
plains moderately forested (25-75Z) + mainly cultivated cultivated a5 93 2
heavily forested (75-100%) v/ scattered settlement built-up b4

swamp/bog

Valley Characteristics

partly built-up
urbanised

Relation of Channel to Relation of Channel to Valley

Comments ”»\355 &Qﬁt C\Sg\

Meusurements Terraces Valley Bottom Sides or Resistant Terraces Surface Geology
(Vertical) (Lateral)
valley length 5:1’30 m  none not applicable not applicable (no valley or free) bedrock
bottom width(av.)722 m indefinite not obviously degrading +“occasionally confined lacustrine deposits
valley slope viragmentary partly entrenched frequently confined v fluvial deposits
height at head continuous entrenched entrenched aeolian
of reach m to MSL ~ aggrading sand covered & % area
Comments
River Mouth
“haracteristice Measurements
v open/etosed right bank breakwater length m
v’ natural/assidieded left bank breakwater length m
canalized rock 8ill level m to MSL
/ 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/bax: direction of growth %O °
outer bar length of spit/ber 3, S m
v silt plume (fluvial) length stabilized w~t. m
suspended sediment (marine) width 70 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 rembiiseaded, not built-up
indefinite average width 7232 m grass riverine: 7/ cultivated 5 77 7% area
fras?antary maximum width \ 200 m reed swamp A 7 area main channel v crop/s s al con @
v continuous aerial length L.\ 2% sparsely forested tributaries partly built=up
area 213 ha moderately forested « coastal dune/evergreen mainly built-up
heavily forested mangroves Comments

Channel Description N.B. Estimate of flow stage: @W/NEAR LONG-TERM MEAN/HIEH o §\es Pg“\o.\:-)n A flead Llows \.\

S Mo-—:\’\-s
Pattern Measurements Islands/Shoals Type of Flow Bar Type
straight thalweg L4%3 m none stagnant/still none
sinuous ’ainuoli:y \, O occasional v uniform water surface v“channel side bars
v irregular *open water area 56,9 ha” frequent uniform with rapid in reach / point bars
regular meanders perimeter U38E m split irregular channel junction bars
irregular meanders lake/lagoon area .. ha braided vpool & riffle sequence

tortuous meanders
bifurcated

lake/s

lagoon

Obstructions/Constructions

Natural _ S Degree
v none * none

logs minor

boulders major

vegetation

Comments

Lateral Channel Activity

lateral Activity

not detectable

downstream progression

progression & cut-offs

mainly cut-offs

entrenched loop development

irregular lateral activity
v avulsion

river X-sections available

channel slope _

channel width x m s = m
river slope _
river width x

Comments *whole reach

v mid-channel bars
diamond bars
diagonal bars
sand waves/large dunes

neq m s=6/,0m x‘«-?,“l-\‘f\ ¥ bl
Man-made__ — Degree of Obstruction/Comstriction for Each Pogition (from head of reack.
road bridge/g N R br, <. (.au\(‘\ ~ 8 A OO ™
rail bridge/s So30%ce vuu B, con Siegd © (et \mgﬁd_)_
causeway . |
weir/dam
fish traps
' 1 t/'
groynes
canals
« drainage furrows
others

Nature of Banks Bank Vegetation Lateral Stability

valluvium (silt/sand)

none stable

natural levées v’ weak slightly unstable
rock/boulders good v medevadely unstable
protected/stabilized very strong highly unstable
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left bank \\

4 Comments
right bank [ 4




f
| M « 1416 9°gY VAL 99y scon ZA
} ﬂ 019 (A X4 981 veLe 097 s
W Lol €611 867 0°sy 8°8S 1449 x
| (7¢59)
8‘8¢ €€l 922 43 Gl 9 8¢ 0t 00% § €l
€9y 7°6G¢ 0°9L 4N 911 nowwab 4N 0S 056 ¥ A
1gy | 98l L‘8€ 4N 09 o€ 4N 92 00§ ¥ [
| 8°%6 798 z°16 S4T 0S oY LS %9 050 % 0l
(AR 6°%9 9L 881 oY IA 157 8L 009 € 6
9°GH 6€c | w°ts S6 oY 0% Sy | A 0SI ¢ 8
7°26 ¢19 | 2999 SLI .9 €€ 8¢ w 0S 00L ¢ L
8°1¢€ s‘st | 88y 59 ve €€ w 8 %9 0SZ ¢ 9
vTe L1z 049 6 o3 9 59 SL 008 [ S
(AN 66 | 9°CL oll 0S SS 8Y 001 0SE 1 i
6°1¢ VAKX vieL ol 0L 89 h Y YL 006 - 3
A 7¢9¢ 798 0zl 8% €S 9z1 68 0sY [/
L°ST 702 z6L SL %S -89 6 sol 0 I
9L-G-%1 €L-9-€ L9-8-C 65-9-9 LE-S-1
a3e(Q (w) 28pt1ag | uoraeas
un s x s e |
(w) suIpTM I2ATY “ €761 Buore
9ouB]SIp *xo01ddy
(NN IIOAW SHIQIM YIAIN IA/(NN 314V




11ds-pues £q 2sInod I2ATI JO UOTIOITFap 03 3utmo sieak 1B 1037

91qeaedwod jou UOIIBIS &

YL°€C = 9/-L€61 UOTIBTIBA JO JUDTOTIID0D 93BIAAY
w Q17 = 9/-L€61 juswaoeTdsSTp [BI23IB] 23BIDAY
10% 0891 i A Sv0z L°G61 ARl 9°%L1 ZA
(2 ¥4 L L9€ 065 v°8LE 2egLE zeell €08¢ s
LES 7°6S1]6°817 z°e0l 14681 L°061 0°66 8°L1C X
0651

- ] (yanou)
9¢1L 0°cz9 | v 0L8| 80E I L1 [ { S0€ 06€ GTe i 00% S €l
056 ¥ *C 1
00§ % *l1
765 | vLOl| veI81| €9T 91 201 Sel ogl oLE 050 ¥ ol
weLL | 9°Ls [ wiwL | 8zl 44 13 €Y 2z 0s1 009 € 6
L1e | zel jo9fiv | €€ 53 9% 0$ 13 22 0S1 € 8
926 | 6% |o‘ss | zz1 onl 8l 1% sz <9 00, ¢ [
79 | wvz {919 ] 9§ 88 <8 08 4 28 0SZ ¢ 9
069 | 8% |ceL | Ll S0l ¢z " sS Wi 008 1 S
t‘ov | s‘zz |o‘9s | ¢S 08 SY ss sz SL 0SE 1 b
Lv% | 608 |8‘08I| €6l o€z L0Z 012 022 L€ 006 €
cicz | zst zie | sv L 59 <8 <t 88 ¢ 05Y z
nzy | €€ce | wsL | 88 89 89 L LY Sel 0 _

| 9L-G-71 €L-9-€ £9-8-7 65-9-9 LE=G~1 (it S

_ L1 23p1ag

YA s X UTR-XBR — AMTY 90TAISS

wox 9sSInood

R e et swere

L NN TLOAKW ALITIGVIS TVIILV1 IIA/ZNN  FTI9VL




Vivad 18/6 °ON 140438 N¥H WOH¥4 (311dw0D
S3HL3IW 218N NOITIIw  [L°Tu* = 440=NNb TYNANNY NV 3w
1L°18% 69°91 21.°¢€l v 2 €l 15°91 10°9¢ 68°LY 8S°sL 85°2s 20°69 yE'EL EL°1Y se*s2 NY3W

G0°60ST L9°9 99°9 0%°6 19°S1 S0° %2 L9°9El B82°98E 91°8%¥2 HY°2SE 9L°€22 w2°08 vy 12 SL61
L8°89% ®©9°El 09°E 1%°s S9°8 1e*»l €2°61 2E*LL 90°60¢c %8°96 62°01 68°S 8E8°€ v261
€l°e8y €2°S 29°4L 92°01 69°€1 gL 61 2%°92 86°62 02°26 €0°012 si*02 wi*ee 09°%2 EL61
91222 v9*el sg°*8 s2°L 90° 11 €9°L1 L5 €2 19°L¢€ 6L°SS L8201 0S°11 €0°01 S¥°9 26l

Sg€°922 S6°9 06°6 62°E1 ¥¥°91 eu*sl L2r22 Sv°g2 8%°92 68°9%2 22°ez2 16°21 £5°81 1261
¥9°182 S€°02 g€e2*ez 22° 12 62°62 6%°52 vsele v8°92 90°62 L9°92 19°22 18°02 %161 061
SH°8El €6°11 €1°9 98°S 2L°9 ¥5°9 18°9 ¥2°6 gE* 2l L6°91 65°02 €0°02 09°s1 6961
€R°21S Si°¥ 2v°e 92° €Y LL°61 v1°9¢ 8L°001 85°2%2 1S°%2 £€9°2e 10°02 LE°ET 0L 11 8961
EE°E9T 96°6 91°4 %6°S L0°6 SLevl 21°61 #5°81 8E° 81 91°61l ?9°81 0%°Sl 914 L1961
EB*0EY SL°S 119 necot 18°E1 6L%22 88°08 9€°081 BI°2E 18°1y 80°%1 6L°11 L0°6 9961
16°L61 1L°L 0v°L 9%°8 ss°01 62° 11 #9° 11 9€°81 g€v°L2 G8°92 02° %2 06°€2 8%°02 S961
96°0S1 sE°e6l 29°91 €9°€1 61°6 £E%°S Ls°9 8v°6 10°21 vi°el 96°91 60°91 0S°11 ¥9el

#S°981 21°9 €€°9 S6°9 6S° L 0s°0t €L°¢t si*sl 6S° %2 LEB2 tyc2i 20° %t |PARE: €961
€9°90¢ €£2°Sl 89° €2 v6°€2 60° L1 v1°12 8G6°LE 6€°2S 66°8Y 9€°201 8E°82 v6°12 EL°EL 2961

61°221 08°6 91°9 6E°S €6°L 09°21 92° L1 0%°81 91°61 o2°1e 92°02 10°02 €v°u1 1961
99°2%L S%°%1 0S°ET Se°Ll 61°02 66°1L L0°89l 0S°92 €E° LS L1991 08°6Sl 6L°12 09°11 0961
66°852 €EE°H LE°® 19°01 L1°91 v6°2€ T2°1s wl°v2 02°81 00°02 95°s2 99° 92 09°81 6561
L0°¢g%€ 846°€l S0°91 00°4LY G9°6¢€ 10*59 61°%1 Si*6e Bi*6y 2s°¢t 68°2» ve°sl 00°01 8561
88°8601 %6°L €%°9 18°6 ot1°9y €v°6Y €€°001 66°9L 16°L22 68°912 81°9. 9%° €8 09°822 (S6l

8%°G26 1%°6G1 82°6 SS°01 15°S1 6E°8E 8L°69 L1%62 08°62 99°0S1 8E°EBE 98°91 68°21 9561
§1°8S2 €8°01 L1°8 2e’8 96° 11 90°%1 1g¢e €L°8L 96° L2 aL°01 S6°91 S0° 91 26° 1 13121
€L°%06 10°9 20°L 6S°01 »8°SI 26°22 62°92 LL°92 AE°EYS 2S°9€1 98°.0 SE°9v2 61°612 9561
16°082 98°Sl L1t 29°91 €L°€2 v ae 1€°42 6S°6¢E 18°19 2Ll s9°s1 #2°€1 »2°6 €561

65°GYE E£9°L 6S°S 0E°S 1%°L 62°01 9s°51 §9°S9 GL°9sl 6L°LE 0g°st LE®TT 19°9 2661
86°€82 0v°8 or°er 9%°ST 19°61 L9°61 80°81 26°02 99°5€ %6°8S g1°ez 0s°2¢ 08°62 1561
21°2L1 Lé*s8e EE LT 2588 0%°01 te° 1l 29°¢l 6l°st 2961 6%°¢22 o1°gtl LE®S $9°9 0561
06°1EY 19°8 €2°6 9%°01 L2°91 92° %2 Li°1y 60°29 0E° 22 28°29 SB°LET c1°%2 €6°21 6961
vi°%22 L0°%® 09°6 6L°21 oL*Bl iE*ie 1g° 1€ 60°2¢ 99°2¢ L5°S1 8E° 9l 69°ET 2L°8 8v61
L0°90€ 0S°S €1°L 1101 84°S1 yi°ve 62°0¢ ot°Le 00°s2 68°EE ov°2s 26°€9 | R O 8 Lesl
09°892L L2°01 Be*el L%°91 6G8°L1 LA SF-2-4 09°6Y LI®09T 89°16 61611 S6°9L 0L°091 1IS°I1I %61
28°s0l  60°% ET°® €9°¢g %6°L 1611 66°91 10°61 6€° Gl 22°6 9%°y W9°E 12°¢ 561

99°1002 BI°E 2E°Y 61°9 %9°6 €1°91 YyeEy £2°202 %0°92 29 L1y 19°€911 ve°L2 86712 »961
Si*iis 2%°81 S8° 01 L2°E1 aLt21 0y* ¥l ogeee s2°se g9°8I1 L6°81 68° 95 82°991T SS°v61 €961
£6°L8ST %0°88 SB°6T12 92°SS sLeee €8°921 86°05¢ 20°211 #5°.2 IS°I1L 28°€1€ 02°9€1 Sl°¢g2 2901
1S6°BEE  S2°91 SS°El 10°%7 9L°91 6%°12 S1°09 L0°821 65°02 65°%1 19°21 R9°ET BL°6 1961
6L°28€ 90°L *9°9 20°6 61°¢€1 18°61 $9°061 LE®YY 58° 91 gl°0L BL®*991 92*22 S0*L1 o6l
89°86L 05°SI T1°eLn s8°8¢ €8°021 8g2°S61l 89°l2 89°s2 62°62 08°€S €0°221 0S°%1 €g£°61 6€61
L9°625 212°S1 ge* 11 2L°El ge° Ll BL°61 v0°¢22 G8°99 6u°8geEl  9E°99 Tg*621 S6°81 €2°El 8E6
81°08e 0S°01 TL°91 40°S1 00° %1 26° L1 eLeel 0%° v €6°201 26°18 ol°Lt 9e°y 39°9 i1t61
08°88€ 1S°S 99°*9 0E°L 0s°L 9€° 01 2L°S1 1E°02 €S°891 29°91 9L°6L [1°881 99°21 9€61
£0°50S <2€°6 FASEAY SS°61 19°9¢ 90°92 60°9S 21°9s1 g9%*gvyl 0%6°81 1011 10°11 €6°11 gEel
11°999 SIi°%1 L8°02 TL°49 S9°vvl 96°02 2Lese 2e*92 0E"ES 1g°s8 60°202 o6%°61 €0°St vE6l
y9°L8S LI°SI v1°91 19°91 60°€E2 L6°EE 0E°*S9 9%° 66 68° 0L 29°691 68°9S 14°91 61°9 £€61

90°191 4L8°S 2 g 60°L 69°L |E*2l 08°91 0o0°8l 66°81 9e°<d2 01°22 s1%91 65°8 2eel
[2°sLy SE®9 9€E°L 99°11 YL 91 Ls*61 vL°6S 08°9LT 28°1%1 64°91 sL°ol 66°9 S8y 1€61
16°681 $S°¢ Sy 82*s 60°L vy 11 L2°t1 9%t 12 s1*g2 BE* G2 €1°92 12°s2 % SR 0€61
Lvy°912 e61°21 06°L VAL S9°01 11°L1 96°¢ée 9€° 22 [ A X4 so0°s2 LA Al X 98° %2 6L°81 6261
21°6L2 92°€El v1°€l gl*el 222l B0°91 9s5°0s 9l°001 66°El 66°01 69°01 v el ¥9° 11 26l
2L°1s1 26°L 1 gk, 0E€°Ss €8°L 18° (1 6 Al B ¢ 06° 12 gE°s2 s0*e2 s0°21 2y'e 6%* L 1261
vy°LLE €2°9 HE* L v6°L £0°01 $8°S1 $6°99 vE€°EST gv* Ll 6061 §9° 62 vg°se 00°91 9261
%0°6%1  €9°9 1£°s Ts*9 LL*9 ov*L 9111 si*e1 ol° 1t 98°€1 69°L1 06°€2 L2°92 s2el

09°8L9T L0°LY Le° 11 80°S1 11eoe y0°0E EE*982 o0E°2yL 21°62 Sv*uL 19°%02 wl*Lel 9E°e] w26l
90°601 18°L P15 L0°9 09°g 1s°11 6l°El 68°E1 69°€1 6E° 11 9€°w 62°S 21°%y €ee6l

ov*(Re 8L 0g*s 18*s §5°9 LTAR S g6°ul 26°9¢ 61°86 66°0te 1L°12 L0*%2 LE*91 2eel
68°0%S 6S°91 2Ll v5°21 61°%1 [2°€l 16°E1 SL°st gl*91 05° 09 01*0EZ ®€9°901 €£S°6 1261
IViol d3s onv anr NNP AVH ydv HVwW LEF NV PR 230 AON 100 HV3IA

R R L R T R R AR R R R R R R L L T L R R e

WX *DS 0°6282 =v3HY LINIWHIOLVD INN 110AW ¥03 330=-NNu 031VINWIS TIA/INN 378V1




oL 8§ s9 Qo2 L8 (W)  yIpTm x

C. 3y d SHhT oo | 59 )| OST c&az\ (w) y3buar
NS - Aopamqo e A soau>w1d o
’ [Sha) sot SOl TeTT +otT (,) uor3vallg
e Rl R Lk i e S g s Bl >y :3eq/31dg
A1ddns j718/89071390adTew B8n-pus]  (3) o o o S ) (3lo) pesois/usds ynoy
) 9 TX \Fp s pajejaban % gy
(B i b =3 [ T pajejaban % *g*y
yoea1 jo weeajsdn ATa3BTpauMT UOTIBZTTEUBD JO UOTIONIIsuCd ButpTIng  (Q)

| =N N =N -~ dn 31INQ %

T b T L £) €L ) pajeATITND %

3 b \marr = L L L L 1 s231] %

Juawyo3ed 3y3 uT sweg (B) RILY =i~ BTN YTV =T sseib %

U0ToNasU0D Jo 332Q
:oprs Aayrea ybry

yovay fo uwauzsdfn

SBEBNT € TN rJ'vduerm Aﬁrv.:&“ﬁ&,v U(Jqunw T = }(H/a st MM Ve WN e AN dn 3TINq %
«Q{O&J‘A Svoq 4.-&1:2& - A% wOISOsy .rr\dvtw QJ. ﬂ‘ﬂd.n”) SN = U/ S e Sb h v S Lb PajeATITM %

se BUNORD T@ 3\ —.)//s.(act’n.dfc o aindte T4
e SOy \ \ sisylp ‘¢ ) S ] 5 A3 s?31y %
N~ I =1 YT —i N seeab g

:3prs Aafrea 321
295 €19 [909 | S0s | 8'0os |peiearymno urerd poory %

] u.ﬂ- ﬂ-/\.afon./w nt(.uV’.bW =Y «lJAsU_ur/h\ca

Awrf,_r,q-m_v Semy T
ﬁﬂdwﬁ.u.vu(. 3 AT, PEte? o\ 2SS MV e\

1.',)4‘0.’@, w—, habn)\
Jeqpues jo Buryoeaag °Z
> > PP > x papIRIq J3ATY
v oo 20 (63 T’a T (ey) =aJe pueysT/aeg
0'SS oLt | % nt 1 S¢C | B8 5¢ A31T1q0W 0 adoTaAus %
A33snpu] uorjezrueqin (P) £'Ss |2 & | LT | SST ¥ 9T (ey) ®a3e 3ajem uadp
= ESo\W| Bon |OoSsh | 8788 [ \™he (W) YIPTM JBATY X
steus] (9) voh [oe™y [ 82" o\ o\l A3tsonuts
. RV A [ Ovin [98\VA [Fhiax o (w) @ TeTIay
oD poeyy ssare (WrwTa e poey —ey woch 2bwus N Lo rr,,..,m, N o T : - - R
- Uﬁlv Jmt.s weq (Wren yo FIT A »bpuq booyea 2o res bSHY N Ve ¢ 3 3 e reny T8yl %
R - o yo AT sjuauwiuequa pus Burpiing °bprig (Q) €& | BL™S [ LSE S [Ovhh | gt (w) Bomrey)
AL-S-N[EL-9-% [L9-8-T|b8§-9-9 |LE- -\ 9380
SHAYYI010Hd wolj SNOILVINITIVI/SINIWIYNSYIH
swoore WOS U \ﬂ V/i omvv Tauueyd 0O} " )
’ Loy PN — SLBLPPE | MRGL S PQ | ST1 Woewyy ispooly Jofew jo sajeq
’ % 958
- A
oo b3 e os< VIR POl g0 x T s (sL61 - 1261)
¢w g0l x AL VEN "YYW pajenurs
- WD e N T e e goprs A2[[BA :UOTIBATIIND (B) ey M Ayr1rqow jo ado(aAue jo B3IY
ey e s ute[d poory jo ealy
asn-pue] i 7t LCTRT uawyl3ed Jo BAIY
g L %% A (916l - L£61) AITTIqeIs [elaje] 3arje(ay
yovay 2y3 wiyIA " L' &T X (9261 - Lf61) juawade(dsip [esaje’
SIININTINT NVRNH SNOILIVWOTVD / vVIvO JIsve
10vHl1sS8yVv X/ L~ 378Vl

L NN VAOAA - H3ATY




Yo

QoS Go o'

-—->

Acclv ASWTMOD  WIMTY

Q0 Q¢

T Lo\

SH|NeT™y

Qo7

A OWNWY LS\

i

es
it
- i o $ 4_
i ik
231 E3ivH
! Bt
H e
70 Hliibnnd
+ e 3 - 1N
IR pp e B 54
i Hit s et R
- o S| TR TR pe st
¢ i ! ! 134} it
1 : e
3! i 1i i
H 1 .H
3
1 ! s
S5y ; :
J o]
w. .

N IL YT

(»w.') AN DWW ATOY N g

FIGURE

~
™~
z
=
P
o =
: &
, B
wn
O
w 30
@ [aWiNe )
<{ U v
> H
- Al
wn
w Goﬂ
| Eg
a =
R
: B
mm
~ S
2 8V
@ X 49 w
- VU 0O &

INSTITUTE FOR OCEANOLOGY

NATIONAL RESEARCH




.
1
*
e
 m——

»
* (K;x*ylx\(‘;x

= “‘«}\7* Xy

—~—e

A ox
i,
.

-~

-
-

AROA %Koy
———— ——
—

=% |

RS

~®
*\

(\“h

R x>’k
- np
/\

/%

TR .3 S &
:', 1 =5 -3 Fiver couvyse

— s o
—— P b -b-519 Ty ey oWy § R,
———
AEET b 2. -2 - &T \"‘\\)‘?—r" Coowayg @ {

we |

o T B3-b-T3 viver cousrce ScRWE

. E Lo oen

A~ w-5 -6 rVer cowrse |
/\/-
TRACEO NATAL ESTUARIES: MVOTI FIGURE
b MOUTH POSITIONS NN 7/2
iy 1937 - 1976
REF

NATIONAL RESEARCH INSTITUTE FOR OCEANOLOGY




\\\\

7

i T T T T — T 1 T T 1 T l
1921 10,2 1023 1924 1925 1025 19:7 1928 1829 1930 1931 1932 1933 1934 1835

HYDRG YEARS

(O
o]

2000 A
-
n
A
1800 |
9
~ |
= 9
5
I P
-

— — = - P\\O\'o

DA
NN

NN
NN

NN

e 7§§g\\\\ @ k\‘\\

7/

%

-
.

! 1
1950 1851 1852 1853 19S5y 1855 1856 18957 1958 18959 1960 1961 1962 1963 1964

HYDRO YEARS

-
-—
-
-—

I

CONCLT cT TES : ¥ -
NARTAL ESTURRIES :MVOTI FIGURE

STMULATED ANNUAL RUN-OFF NN7/3

19211875

NATIONAL RESEARCH INSTITUTE FGR GCEANGLAGY




N

o

o
I

Al ,|”_|h o At gt s o n il |
' i I i I m i t t l ! 1
1921 18,7 1923 1924 18735 12,8 1977 19z 1928 1930 193! 1832 1833 1834 133

HYDRG YER

el

P
%"{1""'lnui'”“l ) Hh-v,.;n.y_’ U il

A =
80C -
2
-
| = o
& - B0C o \5
‘ x ‘
. 9
&
24 Q
= P
= Ut - 0
- £
a-
200 -1
{:§¥“§ uﬂhﬁhhqz Al lnnnugﬁdi” T”Jb”“%””.

T ne . |
1850 1951 1952 1353 195y 1855 1888 18957 1958 1958 1960 196! 1862 1963 196

HYDRO TYER

Lo D | NRTAL ESTUARTES MVOT! E1C
FIGURE

ol TE THLY -OFF
e SIMULATED MONTHLY RUN-OF) NN 7/4

1821-=18%5

NATIONAL RESEARCH INSTITUTE FOR GCEANOLOGY




SCALE: | :20000 approx

TRACED NATAL ESTUARIES @ MVOTI PHOTOGRAPH
CHECKED .

oATE: 14-5-76 (1-5-37 RIVER COURSE SUPERIMPOSED) NN 7/1

REF.




SCALE: 1:20000 approx

TRACED  JGAN KATAL ESTUARIES : MVOTI PHOTOGRAPH
CHECKED :

DATE. I-5-37 (12 h 10) NN 772

REF

NATIONAL RESEARCH INSTITUTE FOR OCEANOLOGY




SCALE:

| - 20000 approx.

TRACED
CHECKED
DATE:
REF

JGAN

NATAL ESTUARIES : MVOTI

6-6-59 (lIh25)

PHOTOGRAPH
NN7/3

NATIONAL RESEARCH INSTITUTE FOR OCEANOLOGY




SCALE:

| : 20000 approx.

TRACED JGAN
CHECKED : 1}
DATE:
REF.

NATAL ESTUARIES @ MVOTI

2-8-67 (l2h28)

PHOTOGRAPH
NN7/4

NATIONAL RESEARCH INSTITUTE FOR OQCEANOLOGY




SCALE

20000 approx

TRACED
CHECKED
DATE
REF

JGAN

NATAL ESTUARIES - MVOTI

3-6-73 (11h40)

PHOTOGRAPH

NN7/5

NATIONAL RESEARCH INSTITUTE FOR OCEANOLOGY




SCALE: | 20000 approx.

TRACED  JGAN NATAL ESTUARIES - MVOTI PHOTOGRAPH
CHECKED :

SATE: 14-5-76 (14h 26) NN 7/6

REF

N NAL RESEARCH INSTITUTE FOR OCEANOLOGY




SCALE:. | 20000 approx

TRACED JGAN NATAL ESTUARIES @ MVOTI PHOTOGRAPH
CHECKED

DATE 3-6-73 (ORTHOPHOTO) NNT7/7

REF.

NATIONAL RESEARCH INSTITUTE FOR OCEANOLOGY




