- N N N EE G R Y BN SN BN S BN B BN = - -

CONFIDENTIAL

HYDROLOGICAL/HYDRAULIC STUDY
OF NATAL ESTUARIES

FORTY SECOND STEERING COMMITTEE MEETING
MARINE DISPOSAL OF EFFLUENTS AND
ESTUARINE INVESTIGATION COMMITTEE

PROGRESS REPORT NO. 3

e LGS 1 ESTUGrT/

COASTAL ENGINEERING AND HYDRAULICS DIVISION
NATIONAL RESEARCH INSTITUTE FOR OCEANOLOGY
COUNCIL FOR SCIENTIFIC AND INDUSTRIAL RESEARCH

NRIO MEMORANDUM 8115 Stellenbosch, South Africa
March 1981




CONFIDENTIAL

HYDROLOGICAL/HYDRAULIC STUDY OF
NATAL ESTUARIES

FORTY SECOND STEERING COMMITTEE MEETING
MARINE DISPOSAL OF EFFLUENTS AND
ESTUARINE INVESTIGATION COMMITTEE

PROGRESS REPORT NO. 5

COASTAL ENGINEERING AND HYDRAULICS DIVISION
NATIONAL RESEARCH INSTITUTE FOR OCEANOLOGY
COUNCIL FOR SCIENTIFIC AND INDUSTRIAL RESEARCH

NRIO MEMORANDUM 8115 Stellenbosch, South Africa
April 1981



FOREWORD

1. GENERAL

2 BASIC DATA

3 METHOD OF APPROACH

4. DISCUSSION OF RESULTS

5 CONCLUSIONS

6 IMMEDIATE FUTURE PROGRAMME
TABLES

FIGURES

PHOTOGRAPHS

CONTENTS

Page

v &N




FOREWORD

The aim of the study to be done over a five year period, is to obtain an
understanding of the normal long-term functioning of the lagoon/estuary

systems in Natal. The study will be done in three phases:
(i) the assessment of the available data and the needs of the sponsor;
(ii) the classification of the estuaries; and
(ii1) the examination of specific problems in selected estuaries.
A Memorandum of Agreement between the Town and Regional Planning Commission,
Natal and the CSIR for this hydrological/hydraulic study of Natal estuaries
was signed by all parties concerned on 29 January 1979.
This report is one of a series of progress reports to the sponsor and was

prepared by Mrs. J. Perry under the supervision of Dr. H. Swart of the Coastal

Engineering and Hydraulics Division of NRIO.
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NATIONAL RESEARCH INSTITUTE FOR OCEANOLOGY
COASTAL ENGINEERING AND HYDRAULICS DIVISION

NATAT, ESTUARIES
PROGRESS REPORT NO. 5

1. GENERAL

Progress Report No. 5 is concerned with the Zinkwasi estuary (Reference NN 10)
on the north coast of Natal. The study is part of phase two as outlined in
clause 3(ii) of the Memorandum of Agreement between the Town and Regional

Planning Commission, Natal and the CSIR, namely, 'The Classification of the
Estuaries'.

2. BASIC DATA

Contact prints of aerial photographs, on various scales, for the reach from
the Tugela road bridge crossing to the mouth of the Zinkwasi taken on the
following dates were available: 5 May 1937, September/October 1953,

6 June 1959, 3 May 1964, 21 August 1967 and 14 May 1976. A map (scale

1:5 000) from a survey on 11 March 1974 was also available. The basis used

for scaling purposes was the orthophoto taken on 3 June 1973 (scale
1:10.000).

Additional data were available for the Zinkwasi estuary because since
December 1976, the Zinkwasi Beach Health Committee (ZBHC) has been taking
water level and rainfall readings. The position of the gauge plate and
rain gauge are shown in the sketch map in Figure 1. ZBHC has also, since
December 1976, kept a record of periods during which the Zinkwasi mouth was
open to the sea. Huletts Sugar (Pty) Ltd. undertook a survey of the river

mouth in June/July 1979; the detailed rock and sand contours are shown in

Figure 2.




3. METHOD OF APPROACH

The method of study by tabular classification as previously evolved, was
followed. Contact prints of the aerial photographs and the map were photo-
graphed and reprinted to obtain the best possible fit with the 1:10 000
orthophoto. All measurements of the area, river lengths and lateral
displacement were made on a scale of 1:10 000. Three of the photographs
used are reproduced in this report for comparison purposes, namely, those
for 1937 (Photograph 1), 1959 (Photograph 2) and 1976 (Photograph 3). The
orthophoto from 1973 is given in Photograph 4.

The basic tabular classification forms are given in Tables I to VIII.

Table IX shows the river widths and Table X the lateral stability.

Figures 11 to 18 show the river courses for the eight years under review on
a reduced scale of 1:15 000 and an overlay of the envelope of mobility
derived for the same period is shown in Figure 20 at the end of this
report. A graph showing the thalweg displacement from 1937 to 1976 is

given in Figure 19.

The water levels recorded by the ZBHC were in centimetres as read from
their gauge plate which is marked in 5 cm intervals. The gauge zero was
related to MSL (by Hulett's surveyor) and graphs of the water levels,
reduced to MSL, are shown in Figures 3, 4, 5 and 6. The present gauge
plate is very securely fixed but does not cover the full range of water
levels; a gauge plate in use initially and to the same zero was even
shorter. Rainfall, for the same period, was measured daily in inches at
08h00 and sometimes additional readings were taken at 14h00. These
measurements were metricated and are shown with the water levels in
Figures 3, 4, 5 and 6. The standard procedure of using the hydro-year
(that is, from October to September) was followed. Monthly rainfall totals
are given in Figures 7 to 10. On Figures 3 to 10 inclusive, a note has

been made of when the Zinkwasi lagoon was open to the sea.

4. DISCUSSION OF RESULTS

(i) An abstract of results is given in Table XI.




(ii) The sinuosity range was low as was the lateral displacement.
However, this 'apparent stability' is not the key factor representing
natural and/or man-made influences over the period under review for an
estuary such as the Zinkwasi which is closed to the sea for the greater

part of the year.

(iii) The average width of the river/lagoon has gradually decreased from
93 m to 72 m. Deposition of soil in the river bed is shown clearly in the
area marked A on Photographs | to 3. This was largely the result of a
heavy storm in May 1959 which occurred soon after the lands had been

ploughed.

An example of the gradual increase in the area of channel junction bars is

shown in position B on Photographs 1 to 3.

(iv) ' In the area marked C on Photographs 1 to 3 the water depth as noted
by long-standing local residents, has decreased from approximately 6 m to

less than | m since the early 1930's.

(v) The reasons for (iii) and (iv) above are to be found in the decrease
of riverine vegetation (of photographs 1 and 2) and the increase in lands
bordering the flood plain cultivated with sugar cane (see 6 and 7 of

Table XI). As the total area of riverine vegetation decreased from 17 ha

to 2 ha, so the percentage swamp area in the flood plain has increased from

13 to 36 per cent.

(vi) The lagoon is closed to the sea for the greater part of the year.
The direction of the sand-spit/sandbar remains constant (195°), as the
result of marine rather than fluvial influences. Although the gauge plate
does not cover the full range of water levels, the lagoon either breaches
naturally or is breached artificially soon after the gauge plate is

overtopped. This level is approximately +1,15 m to MSL.

The lagoon opens naturally at the southern end of the sandbar where the
lowest level of the rock sill is of the order of -1,7 to -1,9 m below MSL
(see Figure 2). Figure 2 shows a typical position at the Zinkwasi mouth,

as viewed by the writer in September 1980. The river level is +0,39 m to




MSL, dammed behind a sand bar where the lowest level towards the south is
in the form of a dry channel approximately +! m to MSL. The main part of
the sand bar is just over 2 m to MSL. 1If the bar is breached artificially,
this is done by cutting a narrow channel about 1 m deep in the centre of

the bar. The request for this action may be because of

a. health hazards arising from organic pollution
b. flooding of property or

c. flooding of cane fields.

The cane fields effected by flooding are situated both in and upstream of

the reach examined in this study.

(vii) No comment will be made in this report on the rainfall patterns or

totals as the recording period is too short.

5. CONCLUSIONS

(1) The deterioration of the Zinkwasi estuary/lagoon because of
siltation appears to be a direct result of the destruction of riverine
vegetation and the earlier bad farming practice of cultivation too near the
water's edge, both in the reach under consideration and further upstream.
Since the early 1960's, the ZBHC has been very active in its efforts to try

to remedy the situation.

(2) Key factors therefore in the classification of this estuary, with

its long periods of closure to the sea are

a. decrease in riverine vegetation
b. mnarrowing of the channel
c. 1increase in area of channel junction bars and

d. 1increase in swamp areas

all of which are inter-related.




(3) By keeping of accurate daily water-level and rainfall records and

with the knowledge of rock levels at the mouth - all levels related to

MSL - it should be possible to devise a suitable regulation programme for

the opening of the lagoon to the sea bearing in mind health factors and the

flooding of property and/or crops.

6. IMMEDIATE FUTURE PROGRAMME

(1) The next estuaries to be studied will be those under special
consideration by Mr. Begg, namely; Siyai, Mahlongwa, Msimbasi, Mdloti,

Manzimtoti, Mgeni, Mkomazi and Tongati.

(2) The first meeting of the Hydraulic/Hydrological Subcommittee has
been called for Wednesday, 22 April 1981 at 14h00 in the offices of NRIO.
This will be chaired by Mr. Pistorius and Messrs. Alexander and Hands,
Prof. Rooseboom, Dr. Swart and Mrs. Perry will attend. A detailed
appraisal of the method of study to date will take place in the light of
the needs of the sponsor and the future programme. The need for water-
level stations and general hydrological data such as catchment area

rainfall will also be raised.




TABLE X CLASSIFICATION OF THE LOWER REACHES OF NATAL RIVERS
—— Tuwre oo :
I RIVER ZANwW AS\  Rer. NN VO REacH no-m to Moo\, 2,S ke from mouth __ \OO X FSTUARINE
e =
AERIAL PHOTO DATE 5 = S-271 scate _\I\O ©OT CATCHMENT AREA 13 km® DAMS IN CATCHMENT NOoN &
RIVER VALLEY AND RIVER MOUTH FEATURES
I General Description of the Terrain above the Valley
Terrin Vegetation Foreat Type Land Use
tainous almost none not sppbboebiw/known oone )
:‘i“:.l‘y‘ w3 Vv grass deciduous scattered c?ltwuiou v T gAY (9‘:‘\0/0
v undulating sparsely forested (0-25%) coniferous - \/Plfl’-ly cultivated — . S i 2 2. %.
plains moderately forested (25-75%) /-nnly c:ln:::ed i . \7}
heavily forested (75-1002) scattered settlemen N - ( —)
w-p/ty,o' partly built-up Comments e ‘ﬂ‘\, :
I urbanised
Valley Characteristics
4 Relation of Chomsl to Relation of Channel to Valley
Meanurements Terraces Valley Bottom Sides or Resistant Terraces Surface Geolouy
(Vertical) (Lateral)
l valley length222D a vfone not applicable not applicable (no valley or free) bcdrock' i
bottom width(av.)2cO m indefinite not obviously degrading v occasionally confined lacustrine de;‘wuu
valley slope \: 736 fragmentary partly entrenched frequently confined v’fluvial deposits
(straight~line continuous entrenched entrenched aeolimn
height at head & vaggrading sand covered 2 area
of reach+2, 5 w to MSL C: ts
2 eck iamale
River Mouth
Characteristics Measurements
o/ closed right benk breakwater length L]
natural /sovkddebr left bank breakwater length ®
canalized vrock sill level m to MSL
‘ / sandy cliffe on right bank: height ® to MSL Comments
| v’ rocks on right bank cliffe on left bank: height ® to MSL
rocks on left bank « sandspit: direction of growth \AS © S
outer bar - length of spitoas 2WD = o
silt plume (fluvial) length stabilized .~ ®
«” suspended sediment (msrine) width S50 =

FLOOD PLAIN AND CHANNEL FEATURES

l Description of Flood Plain

I'recence Extent Vegstation Forest Type Land Use
none none almost none not known/sppiicetrie not cultivated
indefinite ave-rage width 2,0 m « grass deciduous cultivated ™. I area
fragmentary maximm width S3Q & v reed swamp \d 2 area coniferous v’not built-up
v~ continuous serial length \j_@_ ®m sparsely forested wFiparian partly built-up
area S5 ha¥ wmoderately forested v/ coastal dune/evergreen mainly built-up
heavily forested asngroves Comment s L
*ﬂ\l.ovuo;tk‘ {\ao-\ ?\ﬂuﬂ
Channel Description N.B. Estimate of flow stage: B8W/NEAR LONG-TERM MEAN/uaew O wa .
fattern Measurements Islande/Shasie Type of Flow Bar Type

straight ‘meander belt width m none ¥

sinuous mesnder wave length L] occasional
v/irregular

scagnanc/still none
Zuniform wvater surface v”’channel side bars
sinuosity(whole reach) N | frequent uniform with repid in reach point bars
regular meanders thalveg 200D B split irregular v-channel junction bars
irregular meanders lake/lagoon area ha braided pool & riffle sequence mid-channel bars

tortuous meanders inundated diamond bars
bifurcated channel slope _ diagonal bars

lake/s channel width x B 8° ® sand waves/large dunes
lagoon river slope Comments

l river vidthx §3 3 = se L7 Em + f:o,.,._., & vn . Sgte

Obstructions/Constructions

Satural__ Degree Mcn-made Degree of Obstruction/Comstruction for Each
v none ~ pone

voad bridgels | o kgﬁek o8 veo M [ &Q\."‘»Lm___

logs winor rail bridge/e
boulders wajor

vegetation

causeway
weir/dam
fish traps
Conments embankment /e
groynes §
canals
others

Lateral Channel Activity

lateral dstioity Nature of Banks Bank Vegetationm Lateral Stability
I :ot detectable v alluvium (silt/eand) none / stable
ownstream progression natural levéaes v veak sli
d ghtly unstabl
progression & cut-offs rock/boulders good -odernt:ly umn;h
mainly cut-offs protected/stabilized very strong highly unstable
gn(renched loop development cultivation to left bank 25 % Comments
virregular lateral activiey channel edge right benk 35 2 > e
avulsion g




TABLE S CLASSIFICATION OF THE LOWER REACHES OF NATAL RIVERS

B Tuqe \a ‘
s NF

RIVER Z. AN W A SV REP.NN \D  REACH fronm to Mlouil, 2,5 km from mouth _ \0 © T ESTUARIN

AERIAL PHOTO DATE Seg¥ ch\”SB SCALE V> YO ©OT CATCHMENT AREA - - ka® DAMS IN CATCHMENT _ “oed s

RIVER VALLEY AND RIVER MOUTH FEATURES
Ceneral Description of the Terrain above the Valley

Terrain Vegetation Forest Type Land Use
mountainous almost none not'npplicnblc/knovn none e et
hill virass deciduous scattered cultiv ) R o
/undu{ating +sparsely forested (0-252) coniferous - /p-f:ly cultivated w. Vlsoa \?;M— (6(;%30:
plains woderately forested (25-75%) mainly cultivated —2 R\ v
heavily forested (75-100%) v’ scattered settlement

1 3
swamp/bog parcly built-up Comments Aiuesa Sg,qq )_ g
urbanised

Valley Characteristics

Relation of Chamel to Relation of Channel to Valley

Measurements Terraces Valley Bottom Sides or Restetant Terraces Surface Geoloay
(Vertical) (Lateral)
valley length2220a  /none not spplicable not applicable (no valley or free) bedrock ;
bottom width(av.) 260m indefinite not obviously degrading ”occasionally confined hcu,tnne de;‘muts
valley slope 1 fragmentary partly entrenched frequently counfined /Huvgll deposits
(unight-lineg continuous entrenched entrenched aeolian
height at head v’aggrading sand covered N\L. T area
= bl C t
of r!lch#il": m to MSL ;
& fuae e, 1 g0t
River Mouth
Chameteriatics Mgasurements
apon/closed right bank breakwater length a
natural /seestredel left bank breakwater length =
canalized v rock sill level ® to MSL
v’ sandy cliffs on right bank: height ® to MSL Comments !
v’ rocks on right bank cliffs on left bank: height - to MSL
rocks on left bank sandspit: direction of growth \35" e =
outer bar - length of epitbar 280e 42
silt plume (fluvial) length stabilized [y )
v/ suspended sediment (marine) width E‘b ] ————

FLOOD PLAIN AND CHANNEL FEATURES

Description of Flood Plain

Prenence Extent Vegetation Porest Type Land Use
none none almost none not known/appiiceble not cultivated
indefinite average width 200 &  “grass deciduous cultivated y\\- T area
fragmentary maximum vidth S30 @ teed swamp 2| % asrea coniferous v not built-up
v/ continuous aerial lemgth\Gu O ® vspersely forested ¢ riparian partly built-up
ares €SS ha?® moderately forested wcoastsl dune/evergreen mainly built-up
heavily forested mangroves Comments
#Fqeomorpt Flood plonn
Channel Description N.B. Estimate of flow stage: #®W/NEAR LONG-TERM MEAN/NGSH O Ka B
Fattern Measurements Talands/Shoale Type of Flow Bar Type
straight ‘meander belt widcth ® vhone ¢ stagnant/seill none
sinuous meander wave length ] occasional «“uniform water surface «" channel side bars
v irregular sinuosity(whole rolch)_[§_& frequent uniform with rapid in reach point bars
regular meanders thalveg a5e » split irregular + channel junction hars
irregular meanders lake/lagoon area ha braided pool & riffle sequence mid-channel bars
tortuous meanders inundated diamond bars
bifurcated channel slope _ diagonal bars
lake/s channel wideh = a g° = sand waves/large dunes
lagoon river slope = Comments
river wid = 55 %
: : th x ml a S e “\u\.,_q\_.q =N
Ubstructions/Constructions 3
Natural Degree Man-made ____ Degree of Obstructiom/Comstruction for Each
7 none * none road bridge/s | o “eam A ok veon ¢\ ¢ X . wmg\\hg
logs minor rail bridge/s
boulders ma jor causeway
vegetation wveir/dam
fish traps
Comments embankment /s
groynes
canals
others
Lateral Channel Activity
Lateral fotivity Nature of Banks Bank Vegetatiom Lateral Stability
not detectable “alluviua (sile/sand) none Vatable
du\murefn progression natural levées v weak slightly unstable
progression & cut-offs rock/boulders good moderately unstable
mainly cut-offe protected/stabilized very strong highly unstable
entrenched loop development cultivation to left bank 22 % Comments
v~ irregular lateral activity channel edge right bank 32 2% e S S R
avulsion
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TABLE

RIVER  Z\NKWAS)

CLASSIFICATION OF THE LOWER REACHES OF NATAL RIVERS

Tv\.q_a\“

REP. Nand

\O REACH fromRasm Gr to Yo M., 2,5 kn frommouth __ A\ OO T ESTUARINE

» 2 il
AERIAL PHOTO DATE b~ b -5 A scALE \: \O OOy CATCHMENT ARFA 5 8 km? DAMS IN CATCHMENT NOMNe .

RIVER VALLEY AND RIVER MOUTH FEATURES

General Description of the Terrain above the Valley

Terrain Vegetation Forest Type Land Uses
i almost none not appbiesbie/known none ] )
:Z\:r;;amou' ~grass deciduous scattered cli;lnv;tlon L ED Dlor %ﬁ’lo
~~ undulating sparsely forested (0-25%) coniferous plftly cultivate . SO g .

:lainl /-odentely forested (25-75%) ¥’ mainly cultivated —2 R . Floomt PlanB2’lo
heavily forested (75-100%) scattered settlement » 5 '
swamp/bog v partly built-up Comments e \“e c\_}

urbanised

Valley Characteristics

Relation of Charmsl to

Relation of Channel to Valley

Measurements Terraces Valley Bottom Stdes or Resistant Terraces Surface Geoloay
(Vertical) (Lateral)
valley length 22 20e Voone not applicable not applicable (no valley or free) bedrock' !
bottom width(av.)2 60 m indefinite not obviously degrading v occasionally confined hcu,tnne de;_)outs
valley slope \- fragmentary partly entrenched frequently confined \/Huv}ﬂ deposits
(straight-1 inc; continuous entrenched entrenched aeolifln
height at head viggrading sand covered Wil 1 area
of reachy 2,5 = to msL * Couments : 2
X es\wm\-@ .

River Mouth
Chararteristics Measurements
open/ caeud right bank breakwater length ]
natural / sevebbsdel left bank breakwater length "
canalized v rock sill level ® to MSL

v sandy cliffs on right bank: height ® to MSL Comments

+ rocks on right bank cliffe on left bank: height @ to MSL
rocks on left bank sandspits direction of growth |9 5° -
outer bar - length of epit 200 =

v silt plume (fluvial) length stabilized wv_ =
suspended sediment (marine) width E0 = v

FLOOD PLAIN ARD CHANNEL FEATURES

Description of Plood Plain
Prenence Extent Vegetation Porest Type Land Use
none none almost none not known/sppdéeetrie not cultivated _~
indefinite average width 260 & grass deciduous cultivated \QA T area
fragmentary maximum width 5 30 ® /Teed svamp 2.7 % ares coniferous v not built-up

v continuous serial length \IRO ® v sparsely forested s riparian partly built-up

area

SS hap

modérately forested

heavily forested mangroves

Channel Description N.B. Estimste of flow stege: hEOMGMARGONG=@BISOENE/HICH

Pattern

Measurements

v coastal dune/evergreen

mainly built-up
Couments

o ea forvaar |\ s\ound

JTelands/Shoale Type of Flow Bar Type
n;night ‘meander belt widch 2 none % stagnant/still none
sinuous meander wave length a occasional v uniform water surface v“channel side bars
irregular sinuosity(whole veach) \ Q frequent vniform with rapid in reach point bars
regular meandern thalwveg 2 [ split irregular +“channel junction bars
v irregular meandere lake/lagoon srea ha braided pool & riffle sequence mid-channel bars
tortuous meanders inundated diamond bars
bifurcated channel slope _ diagonal bars
}nh/- channel wideh = R se ® sand waves/large dunes
agoon river slope Couments
i - =
. river width x 31 g m s=L47 2w * ‘)“ NS
Obstructions/Constructions 3 X ; )
Natural Dagree Marn-made Degree of Obstruction/Construction for Each
v none v none road bridge/g | ol oo A o rea . R. co | g

logs minor rail brid;d{ b g afina
boulders ®a jor causevay
vegetation weir/dam

fish ctraps
Comments bankment /s

groynes

canals

others

Lateral Channel Activity

lateral Aotipity Nature of Barks

v alluvium (silt/send)

Bank Vagetatiom Lateral Stability

not detectable

none v  stable
dn\ms!refn progression natural levées weak slightly unstable
progression & cut-offs rock/boulders good woderately unstable
mainly cut-offs protected/stabilized

very strong
left bank 2.2 %
right bank 3} X

fntrenched loop development PP eraehls
v“ irregular lateral activity

avulsion

cultivation to

Comments
channel edge gt




TaBLE S

RIVER Z AN W AS

AERIAL PHOTO DATE 3~ 5- by scALz | ! \O O OD CATCHMENT AREA “TT3"  km? DAMS IN CATCHRENT _ N Ow\ o
RIVER VALLEY AND RIVER MOUTH FEATURES

CLASSIFICATION OF THE LOWER REACHES OF NATAL RIVERS

i el o !
REP.NN) \D REACH trmm to oo, 2,5 km from mouth _\OO % ESTUARINE

General Description of the Terrain above the Valley

Terrain Vegetation Forest Type
mountainous almost none mtvwalkno
hilly grass dccfduou-

v undulating .~ sparsely forested (0-25%) coniferous

plains woderately forested (25-75R)
heavily forested (75-100%)

swamp/bog

Valley Characteristics

Relation of Channsl to

Land Use

none
scattered cultivation
partly cultivated

v~ mainly cultivated
scattered settlement

v’ partly built-up
urbanised

Wi

Relation of Chaowmael to Valley

L. Floed Pli. HA°6
R . Tleaw Clai.v2 %6

Commente -

Measurements Terraces Valley Bottom Stdes or Resistant Terraces Surface Geology
(Vertical) (Lateral)
valley length2220 m v none not applicable not applicable (no valley or free) Dbedrock '
bottom width(av.)2.60m indefinite not obviously degrading occasionally confined lacustrine de?ouu
valley slope 37 fragmentary partly entrenched frequently confined "fluv?ll deposits
(uui;ht-ltnce continuous entrenched entrenchad aeolifn
height at head v aggrading sand covered N \\— I area
of reach42,5 m to MSL¥ C L]
* estimale o
River Mouth
Chamoteriatics Measurements
@ /closed right bank breakwater length ]
natural /sechRNaiw left bank breskwater length "
canalized v’rock sill level = to MSL
«" sandy cliffe on right bank: height ® to MSL Commante )
v rocks on right bank cliffs on left bank: height = to MSL
rocks on left bank sandspit: direction of growth \Q§° ——
outer bar - length of spitbar 230 =m %)
silt plume (fluvial) length stabilized wv i m
v~ suspended sediment (marine) wideh SO =
FLOOD PLAIN AND CHANNEL FEATURES
Description of Flood Plain
Presence Extent Vegetation Forest Type Land Use
none none almost none not known/appiiestle not cultivated
indefinite average width 260 @  grass deciduous ) cultivated N T area
fragmentary maxioum vidth 530 ®  reed swamp 27/ T area coniferous wnot built-up
v* continuous aerial lcngth\jag 8 sparsely forested v riparian pertly built-up
area S5 ha¥ moderately forested v’ coastal dune/evergreen meinly built-up
heavily forested mangroves

Channel Description N.B. Estimate of flow stage: LOW/NEAR LONG-TERM MEAN/HICH

Comment s ‘STQQMQ?\.. C\.QA

__?\-u.'h BO e,

Pattern Measurements Islands/Shoale Type of Flow Bar Type
straight ‘meander belt width ® ¢ none & stagnane/still none
I.i\'\uoui meander wave length occasional v“uniform water surface v” channel side bars
irregular sinuosity(whole rgnchs I | frequent uniform with rapid in reach point bars
regular meanders thalveg 2o B split irregular v channel junction bars
v’ irregular meanders lake/lagoon area ha braided pool & riffle sequence mid-channel bars
tortuous meanders inundated diamond bars
bifurcated channel slope _ diagonal bars
lake/s channel width » 2 8= - sand waves/large duncs
lagoon river slope _ Coaments
river width x 8.1 = s~ 45 ba T ; S
Obstructions/Constructions g T
Maturgl ___ - - Degree Han-made Degree of Obstruction/Comstruction for Each
7 none v none road bridge/d | a% ‘Vasd 3\ Y A R.. ¢ouwliwadd

logs minor -rail bridge/s
boulders =ajor ceuseway
vegetation weir/dam

fish traps
Comments embankment /s

groynes

canale

others

Lateral Channel Activity

Lateral Astivity

not detectable
downstream progression
progression & cut-offs
mainly cut-offs
entrenched loop development
v irregular lateral activity
avulsion

Nature of Banke
alluvium (silt/sand)

none
natural levées ¢ weak
rock/boulders good
protected/stabilized very strong

cultivation to

left bank
channel edge

Bank Vegetationm

z
rvight bank \9q 2

Lateral Stability

v stable
slightly unstable
moderately unstable
highly unstable
\b

Comments

————— e e

—————— . e e e & . =



CLASSIFICATION OF THE LOWER

REACHES OF NATAL RIVERS

TABLE I

RIVER _Zymaxe W RS\ REPNR) \O  REACH from Rough iy

to Mo, , 2,5 kn from mouth _ \OQ T ESTUARINE

AERIAL PHOTO DATE 2\ =% =] sScaLz )i \O OOQ CATCHMENT ARFA 1 km’ DAMS IN CATCHMENT _ WO W,
RIVER VALLEY AND RIVER MOUTH FEATURES

General Description of the Terrain above the Valley

heavily forested (75-100%)
svamp/bog

Valley Characteristice

Relation of Channel to

Meagurements Terracss Valley Bottom
(Vertical)

valley length2220m  'none not spplicsble

bottom width(av.)26D ® indefinite

valley slope \: fragmentary partly entvenched

(straight-line) continuous entrenched

height at head v aggrading

of reach42,S m to MSL¥
River Mouth
Chamacteristics Measurements

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

ciiffs on left bank: height

- length of wspit
length stabilized
width

pot obviously degrading « occasionally confined

epan/closed right bank breskwater length
natural /essdtsuiwh left bank breakwater length
canalized v rock sill level
sandy cliffs on right bank: height

sandspit: direction of growth \Qs5®

-

FLOOD PLAIN ARD CHANNEL FEATURES

Terrmin Vegetation Forest Type Land Use

mountainous ¥ almost none pot sppdieshde/known none '

CE L SRR Rl cntirion vy Rl w70
v undulating sparsely forest e coniferou T fis : 3 L®

plains woderately forested (25-75%) v mainly cultivated 7 Rs Tleodr Place ¥2la

scattered settlement
v partly built-up
urbanised

A 8]

Commentse a

-

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

not applicable (no valley or free)

Surface Geoloay

bedrock
lacustrine deposits
« fluvial deposits
seoliln
gand covered W\ 1 area

frequently confined
entrenched

ts
Lo Q. 5* L%\'C,

]
]

m to MSL
® to MSL
m to MSL

Comments

Description of Flood Plain

Presence Extent Vegetation
none none almost none
indefinite average width 260 m  ,grass

fragmentary

saximum width S0 =
v’ continuous

v reed swamp 2| X a
aerial length \¢ WO ®

vsparsely forested

Obstructions/Constructions

Poreot Type Land Use

not known/appitectrle oot cultivated

deciducus cultivated W'\~ I area
rea coniferous v ot built-up

v~ riparian partly built-up

area SS ha% moderately forested + coastal dune/evergreen mainly built-up
heavily foreeted mangroves Comments ¢ e \ (\.ook
: *.2 \QL-\ B O kﬂsa_ e
Channel Description M.B. Estimeste of flow stage: LOW/NEAR LONG-TERM MEAMN/HICH i
Fattern Measurements Telands/Shoale Type of Flow Bar Typre
straight "mesnder belt width ® + none ¥ stagnant/etill none
sinuous meander wave length [ occasional v’ unifore water surface v’ channel side bars
irregular sinuosity(whole reach) \ uB frequent uniform with rapid in reach point bare
regular meandersn thalveg 2B 0 =® split irregular channel junction bars
v irregular meanders lake/lagoon area ha braided pool & riffle sequence mid-channel bars
tortuous meanders inundated diamond bars
bifurcated chaanel slope _ diagonal bars
lake/s channel width = a8 ® sand waves/large dunes
lagoon river slope _ Commants
river width x T8, 2 ® s= 16 m i

*_&_-r_vﬁg__-.mq.*_ ;

R. confined

Degres of Obstruction/Comstruction for Each

Teach .

Natural ___ Degree Man-made
« none none road bridge/p |\ ok \‘aed oF
logs winor rail bridge/s
boulders ma jor causeway
vegetation wveir/dam
fish traps
Comments embankment /s
groynes
canals
others

Lateral Channel Activity

Lazeral Astivity Nature of Banks

not detectable v alluviva (silt/sand)

avulsion

Bank Vegetation

none
downstream progression natural leves v weak
progression & cut-offs rock/boulders good
mainly cut-offs protected/szabilized very strong
entrenched loop development cultivation to left bank
v irregular lateral activity channel edge

right bank V7

Lateral Stability

vstable
slightly unstable
moderately unstable
highly unstable
\5

Comments

b 4
z




TABLE g CLASSIFICATION OF THE LOWER REACHES OF NATAL RIVERS
_\—“‘.\c \\ \ E AR INF.
RIVER Z\wW W) A5\ REF.\w) \(Q) REACH from Read By to Moo, ., 2,F ka from mouth OO T ESTUARINE
[ 3 —
AERIAL PHOTO DATE 3~ lo-"13 SCALE \'\O OO © CATCHMENT AREA 132 km? DAMS IN CATCHMENT NONE
or Yo phevo

RIVER VALLEY AND RIVER MOUTH FEATURES
General Description of the Terrain above the Valley

Terrain Vegetation Foreat Type Land Use
mountainous /almost none not eppiésebie/knowvn oone Eehios
hilly grass deciduous scattered cultivatioa e
undulatin sparsely forested (0-251) coniferous - partly cultivated = \_ Tlaask: Plaias =569 ‘Lb
plains moderately forested (25-75%) v~ mainly cultivated — ¢ Vicew Pla.~ & o
heavily forested (75-100%) scattered settlement Fe 3
swamp/bog v” partly built-up Couments \,eca /)
urbanised

Valley Characteristics

Relation of Chamnel to Relation of Channel to Valley

Measurements Terraces Valley Bottom Sides or Resistant Terraces Surface Geology
(Vertical) (Lateral)

valley length2220 » v'none not applicable pot applicable (no valley or free) bodrock' :

bottom width(av.)260 @ indefinite not obviously degrading v/occasionally confined lacustrine de?osxts

valley slope \:730p fragmentary partly entrenched frequently confined vfluvial deposits

(stragight-line continuous entrenched entrenched aseoclisn

height at head ~aggrading sand covered T aren
of reach+2,S m to MSL¥ G te

-~ es¥iwatre, 2 AT
River Mouth

Characteriatics Msasurements
egmn/closed right bank breakwater length =
natural / sechbbeisl left bank breakwater length =
canalized v rock sill level = to MSL
sandy cliffs on right bank: height ® to MSL c ts - z
v rocks on right bank cliffs on left bank: height ® to MSL
rocks on left bank sandepit: direction of growth 3§° L e
outer bar length of spit 290 - Ay
silt plume (fluvial) length stabilized i ®
« suspended sediment (marine) width SO =& = e

FLOOD PLAIN AND CHANNEL FEATURES

Description of Flood Plain

Presence Extent Vegetation Porest Type Land Use
none none almost none not known/applicable not cultivated
indefinite aversge width 260D m grass deciduous cultivated ~di. T area
fragmentary maxisum vidth §30 ® v'reed swamp 23 % area coniferous « not built-up
v/ coatinuous aerial length |0 S - v 8parsely forested riparisn partly built-up

ares sS moderately forested coastal dune/evergreen mainly built-up

heavily forested mangroves Cosments & QmM'F f\ood
Channel Description N.B. Estimate of flow stage: LOW/NEAR LONG-TERM MEAN/HIGH % & T
Pattern Measurements JTelands/Shoals Type of Flow Bar Type
straight meander belt width 2 none ¥ stagnant/still none
sinuous meander wave length occasional “uniform water surface v channel side bars
irregular sinuosity(whole reach) s frequent uwniform with rapid ia veach point bars
regular meandern thalweg 11§‘§ ™ split irregular v’ channel junction bhars
« irregular meanders lake/lagoon srea ha braidad pool & riffle sequence wid-channel bars

tortuous meanders inundated diamond bars
bifurcated channel slope _ diagonal bars
lake/s channel width = ® 9= ® sand waves/large dunes
lagoon river slops T T T G ts

river width x Jy,3 = s=wIi3w * M Ol

Obstructions/Constructions

A3
Natural Degres Man-made Degree of Obstruction/Construction for Each
v none ¢ aone road bridge/s o) V‘esch 1}‘ Yeg MW . .. C.«oni &
loge ®minor rail bridge/s
boulders ®a jor causevay
vegetation weir/dam
fish traps
Comments embankment /e
groynes
canale
others
Lateral Channel Activity
Latemal Activity Nature of Banke Bank Vegetation Lateral Stability
not detectable v’ alluvius (silt/sand) none v stable
downstream progression natural levies v weak slightly unstable
prguuuion & cut-offs rock/boulders good moderately unstable
mainly cut-offs protected/stabilized vary strong highly unstable
entrenched loop development cultivation to . left beank 15 X Comments
v’ irregular lateral activity channel edge right bank 22 % i
avulsion




TABLE m CLASSIFICATION OF THE LOWER REACHES OF NATAL RIVERS

b \a :
RIVER ZAW LD A Sy REF.NAW (O REACH t:mm to \\:2,;\5 » 2,5 wm from mouth _ \OC % ESTUARINE

amventaono DATE \\ — 271\ SCALE \ 2§ OO O CATCHMENT AREA 13 ka? DAMS IN CATCHMENT _ S\ oMNo
MAP

RIVER VALLEY AND RIVER MOUTH FEATURES
General Description of the Terrain above the Valley
Terrain Vegetation Fornt_mpc Land Use

mountainous almost none not applieetrle/known none
hilly grass deciduous scattered cultivation
v~ undulating sparsely forested (0-25%) coniferous - partly cultivated
plains moderately forested (Z5-753)  mainly cultivated 2
heavily forested (75-100%) scattered settlement & o
swamp/bog » partly built-up Comsents 2 \ a .
urbanised

Valley Characteristics

Relation of Channel to Relation of Channel to Valley

Measurements Terraces Valley Bottom Sides or Resistant Terraces Surface Geoloay
(Vertical) (Lateral)

valley len;chillol none pot applicable not applicable (no valley or free) bedrock ;

bottom width(av.)260m indefinite not nbviously degrading “ occasionally confined lncuo.trine deposits

valley slope \:73 fragmentary parcly entrenched frequently confined fluv}al deposits

(straight-line) continuous entrenched entrenched aeolian

height at head _ aggrading sand covered T area
of reach +2,5 m to MSL* c te . 1

* astima le X

River Mouth

Characteristics Mgasurements

agm/closed right bank breakwater length =

natural/sesdboeiet left bank breakwater length L]

canalized rock sill level ® to MSL

sandy cliffs on right bank: height = to MSL Commants

rocks on right bank cliffs on left bank: height ® to MSL

rocks on left bank sandspit: direction of growth | 5© e

outer bar length of epit 250 m 5l

silt plume (fluvial) length stabilized odv. =

suspended sediment (marine) width “wO = —_——

FLOOD PLAIN AND CHANNEL FEATURES

Presence Extent Vegetation Foreat Type Land Use
none none almost none not known/applicable oot cultivated
indefinite aversge width 260 = grass deciduous cultivated . % area
fragmentary maximum vidth S30O ®» reed swamp 1 area coniferous v'not built-up
v continuous serial length\1qo = sparsely forested riparian partly built-up
area 55 hab woderately forested coastal dune/evergreen mainly built-up
heavily forested mangroves Comments s§ ral. Lol
. Q—.——: k__..
Channel Description N.B. Estimate of flow stage: LOW/NEAR LONG-TERM MEAN/HIGH - E .
Fattern Measurements JTslands/Shoals Type of Flow Bar Type
straight meander belt width ® Vvnone ¥ stagnant/still none

sinuous meander wave length ) occasional uniform water surface channel side bars
irregular sinuosity(whole reach) \ 23 frequent uniform with rapid in reach point bars

regular meanders thalweg 2o = split irregular «channel junction bars
irregular meanders lake/lagoon area ha braided pool & riffle sequence mid-channel bars

tortuous meandere inundated diamond bars

bifurcated channel slops _

v
——— diagonal bars
lake/s channel width x a8 e ® sand waves/large dunes
lagoon river slope _ Comments
rl i
; . ver width x I9,2e o= L1 Ew M ova v\ s
Obstructions/Constructions : )
Natural __ Degres Man-made Degree of Obstruction/Comstruction for Each
" none  none road bridge/s | ok Lgé gf\ reac b . = Co—\cmc.é_
logs minor rail bridge/s Y
boulders ma jor causevay
vegetation weir/dam
fish traps
Commente embankment /s
groynee
canals
others
Lateral Channel Activity
lateral A~tivity Nature of Banks Bank Vegetationm Lateral Stability
not detectable alluvium (silt/sand) none stable
downllnn'- progression natural levées weak slightly unstable
progressicn & cut-offs rock/boulders good woderately unstable
mainly cut-offs protected/stabilized very strong highly unstable
fntrenched loop development cultivation to left bank b 4 Comments
v irregular lateral activity channel edge right bank 2 ST

avulsion

I Description of Flood Plain




TA_BL_E_E CLASSIFICATION OF THE LOWER REACHES OF MATAL RIVERS

Tuaa e :
RIVER ZAMAY WP\ REF.WWN \Q REACH from &:\A&L to‘\Q,‘ \\. » 2,5 km from mouth \OD) % FSTUARINE
AERIAL PHOTO DATE \l - o~ Uk SCALE \:\O Q0O CATCHMENT AREA 3 I's km? DAMS IN CATCHMENT Nor-

RIVER VALLEY AND RIVER MOUTH FEATURES
General Description of the Terrain above the Valley

Terrain Vegetation Forest Type Land Use
mountainous < almost none :ot‘:,&uﬁo/knovn non:t".d e
hilly grass eciduous sca : .
v undulating  sparsely forested (0-25%) coniferous - partly cultivated s At L. Flood S‘M 3(\ata
plains moderately forested (25-75%) v mainly cultivated R. Tleud Viawn w2°%N>
heavily forested (75-100%) scattered settlement S

swvamp/bog v partly built-up Comments h\ Jed Q.g s \leQg )
urbanised

Valley Characteristics

Ralation of Channal to Relation of Chowmel to Valley

Measurementa Terraces Valley Bottom Sides or Resistant Terraces Surface Geoloay
(Vertical) (Lateral)

valley length2220 m ‘/mnl not applicable pot applicable (no valley or free) bedrock_ ;

bottom width(av.)2HLQ® indefinite not obviously degrading v“occasionally confined lncu,tnne dq‘muzs

valley slope |¢ 126 fragmentary partly entrenched frequently confined /nuvyl deposits

(straight-line continuous ' entrenched entrenched aeolian

height at head « aggrading sand covered ~Nw_ 1 area
of reach+2,5 m to MSL c ts

River Mouth

Charasteristice Mgasurements
apen/closed right benk breakwater length -
natural / sesebiesiel left bank breakwater length [ ]
canalized v rock ®sill level m to MSL#* * ‘w
sandy cliffs on right bank: height @ to MSL Comments e, - O'L Ll Vo -~ ‘J—”
" rocks on right bank cliffe on left bank: height & to MSL 3
rocks on left bank sandspit: direction of growth \q5° w3 __Yo WSL __auccovd =2 g
outer bar - length of spit 280 » I,,ni AR N W ENE Y
silt plume (fluvial) length stabilized i m
+” suspended sediment (marine) widch SQ = —_—

FLOOD PLAIN ARD CHANNEL FEATURES

Description of Flood Plain

Mresence Extent Vegetation Forest Type Land Use
none none almost none not known/spplicable not cultivated
indefinite average width 260 m grass deciduous cultivated ™\ X area
fragmentary maxisum vidth §30 = reed swamp Db I area coniferous ¢ mot built-up
v continuous serial length TLO ® eparsely forested riparian partly built-up
area S$§ ha%  moderately forested coastal dune/evergreen mainly built-up
heavily forested mangroves Comments * eow.o:pl _Clood
B @g&a PO W E
Channel Description MN.B. Estimate of flow stege: LOW/NEAR LONG-TERM MEAN/HIGH
Fattern Measuremente Islands/Shoale Typs of Flow Bar Type
straight - meander belt width ® vnone® stagnant/scill none
sinuous meander wave length L] occasional v’ uniform water surface v”channel side bars
irregular sinuosity(whole resch) \ [} frequent uvniform with rapid in reach point bars
ftgular meandern thalveg 26\0Q = split irreguler v’ channel junction bars
v’ irregular meanders lake/lagoon srea ha braided pool & riffle sequence mid-channel bars
tortuous meanders inundated diamond bars
bifurcated channel slope _ diagonal bars
lake/s channel width = B 8= ® sand waves/large dune
lagoon river slope o Comments
river wideh x 2,1 8 s= SiOm g
K y 1 2 - tw:rma.\\h on W
Obstructions/Constructions T | i
Natural __ Degree Man-made Degree of Obstruction/Construction for Each
+ none vnone road bridge/g \ &\ Vrodh ol yeadw . R_L G E :ngé
logs minor reil dridge/s
boulders ®ajor causeway
vegetation weir/dam
fish traps
Comments bank /s
groynes
canals
others
Lateral Channel Activity
lateral ietivity FNature of Banks Bank Vegetatiom Lateral Stability
not detectable v alluvius (sile/sand) none +“stable
dm.mnrefu progression natural levées weak slightly unscable
progression & cut-offs rock/boutdars good moderately unstable
mainly cut-offs protected/stabilized very strong highly unstable
entrenched loop development cultivation to left bank 1L 2 Comment s
/:‘r,r;x\.-l.nr lateral activity channel edge right bank 3o 2 R PO S i
ulsion e
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TABLE XI: ABSTRACT

ZINKWAST 1931 .- 1976
1. Sinuosity Range 1,47 ~¥1i,53
2. River width x Range 93 m - 72 m
3. Lateral displacement x =16 m
Average coefficient of variation %Z = 12
x

4. River length

5. Flood plain area

(i) 7 cultivated (= J959 only)
(ii1) 7 swamp
6. Riverine vegetation
(i) Left bank
(ii) Right bank

(iii) Total area (main river and tributaries
within reach)

7. Lands bordering flood plain cultivated with sugar
(i) Left bank
(ii) Right bank
8. Rainfall
1977/78
1978/79
1979/80

9. Number of days the mouth was open
1977/78
1978/79
1979/80

10. Man's influence during 1937 - 76

(i) Decrease in riverine vegetation (increase of 2 -

2 500 - 2 700 m

127
132 > 36%

25% ~ 167
3672 ~ 177

17 ha = 2 ha

697% ~ 897%
227 - 827

1 083 mm
1 049 mm
948 mm

102
+33

22

9%Z from

1937 — 76 due to re-establishment of vegetation on former island)

(ii) Increase in area under sugar cane to the edge of

flood plain

(iii) Since detailed records were kept (that is, from 6.2.77) the
mouth has been opened artificially on ten occasions.
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