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SYNOPSTS

A harbour is being developed in the northern portion of Richards
Bay. Concern has been expressed by ecologists at the possible
threat to the ecology of the southern portion of the bay which is
to be developed as a nature reserve. The object of this study is
to compare by mathematical modelling the behaviour of the
proposed new nature reserve with that of the original undeveloped
system. It is hoped that the results of this work will make it
possible to anticipate any ecological problems that may arise

and facilitate the design of remedial measures.

A mathematical catchment model developed by Pitman® has been usod
to synthesise 50 years of monthly runoff into the bay for several
conditions of catchment development. The fiood hydrographs
associated with several recurrence intervals were also
constructed by unitgraph technique.

Tidal level fluctuations, velocities and volumes were simulated
for the original system and for the proposed nature reserve for
extreme and average sea boundary conditions using a one-dimensiona
mathematical tidal propagation model developed by Hutchisonl®.
This model was also applied to the passage of floods through

the original bay and new nature reserve.

Long-term water and salt circulations within the two systems were
simulated using a lake model developed by Hutchison??,

1t is concluded that the estuary mouth designed by the CSIR
for the nature resarve gives rise to unacceptably high tidal
fluctuations within the bay. There is also a strong likelihood
that pver the greater part of the Jagoon the bed will pe exposed
at Tew tide for some time after the mouth has been scoured out
by the passage of a large flood through the system. There 15
1ittle danger of a salinity build-up in the foreseeable future
and flood Tevels are found to be acceptable.

A satisfactory configuration of the estuary mouth is propased
with the necessary bed and bapk protection to minimise scour
during ficods.
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1. INTRODYCTION

1.1 Description »f the system
{a) The natural system before harbour development

Befure man's activities commenced Richards Bay was a sedimentary
basin of area 3 050 ha with a narrow outlet to the Indian Ocean
at the north-eastern extremity. The fresh water supply to the
bay came mainiy from the north-west, The average depth of the
bay was approximately one metre.

The banks in the interior of the bay were low-lying and marshy, the

northern and western margins being covered by swamp vegetation,
while mangroves occupied the southern and eastern margins. The bay
was inhabited by large colonies of shrimps, prawns and crabs.

Some 183 species of Tish have been identified!. the the most
notable being salmon, grunter, bream and springer. Of particular
significance is the fact that neariy all of the fish found were
juveniles which depended for their foed supply Targely on
extensive beds of eel grass (rosestera capensia) in the entrance
channel of the bay and on the soft-bodied organisms found in the
southern portion of the bay.

(b) Harbour developments

Initial progress has already been made towards the estabTishment
of a harbour which witl ultimately be capable of handling ships
of up to 250 000 tons d.w.t. The harbour will occupy about two-
thirds of the bay area in the north-astern sector and will be
separated from the south-western portion by a 4,5 km long berm
wal1?, The southarns portion is to be preserved as a nature
reserve.

The entrance to the harbour will be formed by a curved 1,2-km-
tong southern breakwater and a straight O,4-km-lohg northern
breakwater, The approach channel is to extend 3,5 km beyond the
southern breakwater. The depth of this channel will vary between
-24 m LWOST* at the seaward end to ~19 m LWOST in the turning
basin within the harbour proper. The width af the channel between
the breskwaters is to ve 300 m.

* The LWOST referred to in this chapter is LWOST(SAR}, 1.e. 0,300 m
GMSL. See figure E,1 of Appendix E.




{z) Proposed nature yeserve

The nature reserve in the southern portion of Richards Bay,
separated from the harbour by a berm wall, receives the runoff
from the entire Umhlatuzi and Nsezi catchments,

An artificial mouth is being provided to open the nature reserve
to the sea and will be FTormed by five channels separated by Jevees
built to heights of approximately 4,5 m LWOST®, The centra
channel, designed to facilitate tidal exchange, is to have a
depth of 0,0 m LWOST and a soitem breadth of 285 m. The remaining
four channels are to be dredged to -4,5 m LWOST and will be
blocked at their seaward siue by a 200 m wide sand~b .r with crest
at +2,0 m LWOST. These channels are intended selely to dispose of
flood discharges and are designed to maintain a bay vater
elevation not higher than 3,1 « LWOST for a flood discharge of

4 300 m¥/s? Tidal gates will be provided in the berm wall to pass
part of the discharge through the harbour when the Umhlatuzi is
in high flood. :

1.2 The problenm

When the proposal to develop Richards Bay as a harbour was made
pubtic, cansiderabe concern was expressed at possible adverse
effects on the ecolagy of this natural area, Parameters that
are considered of importance by ecclogists and that can %to &
certain degree be menipulated by enginsering means are the
following:-

fa) The water level regime in the proposed nature reserve
(1) Tidal fluctuations
{ii) Tidal velocities and volumes
{i1i) Long term fluctuations in Tagoon levels (i.e. over a
period of 50 years or mere)
{iv) Flood leveis

(b) The salinity regime in the proposed nature reserve
(i) Satinity fluctuations during a tidal cycls
(i*) tlong term satinity fluctuations {over a period of
50 years or mors).

These parameters to a large extent dictate the type of ecosystem
that exists. Ideally therafore it would seem advissble to ensure
that they are mzxintained in the newly created nature reserve or

at Teast to ensure that unavoidable changes are rela%ively small,

®
L
I
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1f this is not done there is a strong pessibility that the nature
reserve may degenerate to a different type of ecosystem.

1.3 Previous research on the nature reserve

In 1972 the CSIR" developed a simple mathematical mode
satisfying the continuity and momentum equations in order to
simulate the tidal fluctuations and velocities in the lagonn.
The model was subject to the following limitations:

(1) In the momentum equation the non-steady and non-uniform
terms were neglected. This implies that horizontal inertia is
ignored as also Bernoulli effects. Bernoulli effects become
especially important in the region of the estuary mouth where
constricted flow areas give rise to large changes in velocity.

{11) The Richards bay syste~ was assumed to consist of a Take
connected to the sea by means of a straight uniform channel in
which the water Jevel varied linearly from the sea to the Take.
The model was calibrated by adjusting the Chézy roughness
coefficient entil the bay Tevels generated by the mode agreed
with those recorded in the original Richards bay area. Because
of the simplicity of the model the Chézy coefficient compensates
for- inaccuracies in the modelled channel geometry and as a
result the model is applicable only to the particular system
and for the specific conditions for which it was calibrated.

Evidence of possible inaccuracies in the model are to be seen

in the fact that the two different mouth conditions for which
the model was calibrated reguired Chezy coéfficients of 27 m*/s
and 38 mils respectively. It would ~eem to be unrealistic
therefore to apply this model to anather estuary system such as
the nature reserve, which has a totally different geometrica?l
confijguration. For these and other reasons the author felt that
the simulated tida) ranges and velocities yielded by the CSIR
medel for the nature reserve would not be sufficiently accurate.

It should be noted also however that the CSIR model tests were
carried out only for the nature reserve system, whereas a true
comparison between the original untrammeled Richards bay system
and the proposed nature reserve system requires that both be
modelled for similtar off-shore tidal conditions.

The CSIR also set up fixed bed*and moving bed® physical models
te establish peak bay flood levels fer various mouth conditions
in the nature reserve system. Relative leveis were established




for a constant discharge in the prototype of 4 300 m®/s, which
was assumed to be a flood of T0O=year recurrence interval {R.I.).
According to the authors calculations (see chapter 2.5) the
100-year peak discharge is only about 2 300 m®/s. Additionai
flood estimates were thus deemed necessary.

No previous work has been carried out to establish the parametérs
(a) {iii), (b) (i) and (b) {ii) above.

1.4 Alm of this study

The aim of this study is to compare the water circulation regime
in the original Richards Bay with that in the new nature reserve
Tagoon with respect to the parameters Tisted in 1.2 above. This
is accomplished with the aid of axisting detailed mathematical
models which, once calibrated, can be applied to systems of
different geometry (in other words the inadequate information
about the geometry is not taken care of merely by adjusting the
Chézy coefficient}. These models are calibtated on the basis of
recorded data from the original system. After calibration of the
models, both the old Richards Bay system and the nature reserve
are modelled for similar boundary conditions so as to allow
direct comparison to be made -between the two with respect to the
ppraweters Tisted in 1.2 above.




2. CLIMATOLOGY AND HYDROLOGY . THE RICHARDS BAY ESTUARY
SYSTEM

2.1 General description of ths system

The Richards Bay sy. <hown in figure 2.7, is defined for the
purpeses of this stu e bay itself, the two large river
catchments feeding irom the north-west and two minor coastal

catchments freding it from the north-east and south-west. The
two Targer catchments are drained by the Umhlatuzi and Nsezi.

The Nsezi and the two minor rivers draining the coastal
catchments terminate in fresh water lakes from which some fiow
enters the bay by way of swamps and groundwater. Topographical
features of the system are ilTustrated in figure 2.2.

2.2 Rainfall
2.2.1 Mean annual rainfall

Monthly rainfall records were abstacted from the records of
the Weather Bureau, Depariment of Transport®. The locations of
the recording stations used, as well as mean annual isohyets,
are shown in figure 2.3. These isohyets were drawn’ among
annual precipitation values for the stations indicated.

Mean annual precipitation (MAP) decreases from 1 400 mm in the
south-eastern coastal region to 800 mm in the north-central
region,

Table 2.7 gives the name,position, MAP and length of racord
for each ttation (only stations with reasonably long records
were used).

2.2.2 Rainfall records

Operation of the mathematical catchment model (see section 2.4)
reguires as input menthly rainfall and wmean monthly evaporation
over each catchment. Rainfall histories for all rainfall stations
used are expressed as percentages of mean annual pracipitation

as recorded at each’ gauge. For each sub-catchment these monthly
percental values for selected gauges are averaged out to yfeld
catchment values as percentages of catcament MAP. The mean annual
n-neipitation values for each sub-catchment are taken from figure
For each catchment monthly rainfall records expressed as percentages
of catchment MAP are reproduced in tables A.1 to A.7 in Appendix A.
The precipitation recerds have been presented in this form for
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Table 2.1 : Netalls of ralnfall stations

No. Station Lat, Long,| MAP Parind of
number | name @ ti o '} | record-years
1 303/122) Nkandhla 28 32|31 5 886 | 1901 - 1971
2 303/695] Melmoth 28 35| 31 24 809 1899 - 1971
3 303/833} Eshowe 28 53 {31 28 (1327) 1915 - 1871
4| 304/283} Kwayaya 28 43 {31 40 7451 1921 - 1870
5§ 304/487) Lavoni 2% 37131 47 8371 182 - 1952
6 364/631] Port Durnford 28 51} 31 53 J1357] 1915 « 1970
7 | 304/736] Empangent 28 & [ 31 55 11130 1906 - 1971
8 304/7822] Kulu Halt 28 43 131 57 11017 1916 - 1971
9 305/ 37{ Falrview 28 37132 2 997 1826 - 1971
10 | 305/ 43| Enselent 28 36|31 52 (2213] 1931 - 1971
i1 | 305/187] Richards Bay 28 47 |32 6 |1192) 1921 - 1971
12 | 305/308] Kwa~Mbonahli-Bos| 28 38 | 32 11 |1358| 1930 - 1971
13 337/143| Babanango 28 234 3% 8921 1928 ~ 1971
14 337/628 1 Ntonjanent 28 28 131 21 81n | 1937 ~ 1971
Table 2.2 : Details of D.W.A. evaporation measurlne statlans

No, Station Lat, | Long, | Mean annual Nata
Symons nan
potentlal station|
evanoration

number{ name o rje v onened
1 y2R02 Cedara 29 32130 17 1200 1952
2 | U2EQ3 | Midmar Dam 24 30130 12 1362 a6k
3 | U3ED3 | Chakas Kraal 29 27431 12 1342 1962
L | UsE0L | Sevenoaks 29 13| 30 35 1160 « 1968
5 USE02 | Parnall 29 161 31 22 1140 » 1965
& ] V2E0L | Muden 28 58| 30 22 1190 » 1965
7 | WIE0L | Mtunzini 28 57 31 46 1200 * 1985
8 | WIEQZ | Empangen! 28 45| 31 57 1340 1867

8 | WlECH Amatikulu 29 03| 31 32 1270 1966

10 W2EQ) Vryhetd 27 b6 | 30 &7 1466 1952

11 W2E02 Riyvarview 28 27132 17 1240 » 1964

12 | W3EOL | Charter's Creek| 28 12|32 25 1416 1950

13 | wign2 Lister's Point 27 58 (32 23 1548 1264

14 | W3EA3 | Hluhluwe Dam 28 n7 {32 11 1705 1963

Note:  * Nenotes that Symons pan valtues

by means of equation 2

2e1e

have haeh calculated
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the reasons stated below:

{1) Individual rain gauge records are too Tengthy te reproduce

{2) Average precipitation values for each catchment are more
easily visualised than isoTated point values

{3) The mathematical catchment model requires areally averaged
monthly rainfall records.

2.3 gymons pan evaporation

Locations of the relevant Symons and Class A evaporation pans

of the Department of Water Affairs® are shown in figure 2.4. Uata
pertaining to each station are shown in table 2.2. Most of the
stations used have only - sss A pan data. These class A pan

values were converted to (.- ivalent Symons pan values by the
equation:
ES = 0,625 Ep 4 280 MM ooieiiinisinien e {2.1)
where Es = annpual Symons pan evaporation (mm)

Ep = annual class A evaporation (mm)
Eguation 2.1 was developed by Lund?.

Because ¢f the Tow density of measuring stations it was not
possible o draw realistic isolines of mean annual evaporation.
It was therefore decided to use the monthly evaporation maps
produced by Pitman®. It is evident from these maps that the
evaporation is relativiy constant over the entire study area.
Mean monthly evaporation values were abstracted and are Tisted
in table 2.3,

Fable 2.3 : Average monthly potential evaporation as measured

by Symons pan

Month Jan Feb Mar Apr May Jdun Jul Aug Sep Oct Mov Pec

Eva?or?tlnn 150 135 130 95 82 &5 70 95 110 13D 140 155
i

Anhual total = 1357 rm




2.4 River runoff

2.4.1 Measured runoff

Locations of the Department of Water Affairs (D.W.A.) river flow
gauging stations® are listed in figure 2.1. Details of the
gauging stations used are Tisted in table 2.4,

Table 2.4 : Detaits of D.W.A. runoff gauging stations used

Station River Catchment | Gauge | Lat, Long. | Perlod
rafarance area type south| east reggrd

Wo, km® o ¢+ [ o + | (vears)
WiMol Umhtatuzi 1248 wair 26 46 |31 29 1921-39
W1MOg " 2293 " 28 45 2145 1962~70

Measured monthly flows at the two gauges are shown in tables 2.5
and 2.6. These data weve abstracted from the D.W.A. records and
from refarence 9.

For months where the gauge capacities were exceeded, or where
data were missing, the runoff volumes were es¥imated by
correlation with catchment rainfall using the mathematical
catchment model in an iterative calibration process. Underlined
valugs {n the tahles are estimstes,

2.4.2 Runoff modelling

For hydrological simulation of the estuary system to be meaningful
it should extend over a period of about 50 years, The recorded
streamflow data, 11sted in tabl.s 2.5 and 2.6 are thus clearly
inadequate as fnput to the model as they are too short. In
addition, the gauges are incapable of monjtoring high discharges.
It was thus necessary to use a mathematical catchment model to
synthesize runoff values from monthly rafnfall and potential
evaparation recerds. Average menthly rainfall dats for each
catchment are available from 3921 to 1977 (tables A.1 to A.7 in
Appendix A} and average monthly potential evaporation values
appear in tabla 2.3.

(a) The catchment mode) and its calibration

A concise description of the mathematical catchment model s to
be found in Appendix B, Suffice {t to say here that the model
synthesizes monthly runoff using monthly rainfall and potentia
evaporation data and that the key to its application lies in
gvaluating the twelve model parameters. These paraneters are
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functions of the geology, topugraphy, sofl and vegetal cover and
the degree of agricultural and industrfal development within the
catchment. Calibration can be facilitated by assuming initial
valuas based on Pitman's regional parameters.

The model is then run for the periocd for which runoff recerds
are zvailable and the synthesized runoff compared with the
measured runoff, The model paremeters are next adjusted until

an “"acceptable fit" between mod21 and prototype flows is
attained. With the new parameters the model can then be used to
extend the runoff record to cover the period of available
rainfall record. The same parameters can be used to simulate
runoff records from adjoining ungauged catchments, provided the
geology, topagraphy and other pertinant catchment features are
simiiar,

In this study the simulated runc..s are required primarily for
prediction of the fuiure behaviour (¥ the Richards Bay estuary
system. For these conditions an "acceptable fit" should be based
upon the following characterisiics of mudel and prototype runoff
records:

(1) Mean annual runoff {m®x 10%}
1=n
=] (222
= MAR 'Wf§1 Ty eerereneneaniannns (2.2
where n = number of years (October to September
Tyo= total runoff tor year i (m®x 10%)

(2) Mean log annual runoff
=

n
el = L5 Tog (Tyhen (23]
i=1
where Tog has the base 10.

(3) Standard deviation of the log of annual runoff
[l [
I, (10g LI AL T4)?

=St e (2.8)
n-1
"(4) Annual distribution of flow (i.e. the mean October,
November ..... September flows - m¥x 10f),
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Assuming that annual runoff follows a Teg-normal distribution,
items (2) and (3) above serve to compare the distribution of the
model with that of the natural system. In. order to-lend meaning to
the standard deviation of the log of annual runoff, the range of
this quantity can be calculated as follows:

Thax = antilog]O(MARL + SL) (méx 10%) ...... vo.(2.8)
Tain = antilog o (MARL - SL) (m¥x 10%) .........(2.8)
where Thax and Toin define the upper and Tower limits of the

range within which two-thirds of the annual runeff totals could
be expected to Tie if the values were normally distributed.

The log of annual runoff can also be expressed in physical
terms by:

T antilog]U(MARL) (mix 10%) ..ooviuunias PN {2.7)

The two sub-catchments used for model calibration are both
drained by the Umhlatuzi, viz. WIMO1 and WiM09.

Gauge WIMO1 was in operation from 1921 to 1939 during which
period its catchment remained practically undeveloped with
respect to agriculture and urbanization. Recoirds for gauge

WIMOS are available from 1962 to 1970. It shouild be noted that
considerable agricultural development has since taken place in
this catchment and diring the perfiod in question approximately

7 600 ha* of lind was under irrigated sugar cane. In order to
account for irrigation losses the net monthly Symons pan
evaporation from an area of 7 600 ha was deducted from the
synthesized monthly runoffs. The assumption here is that all of
the land is continually irrigated.

Table 2.9 Tists the sub-catchments used to calibrate the model
and indicates the fit obtained beStween the model and the natural
system with respect to items (1) to (3) Tisted above. Tha two
calibration simulations are given in tables 2.7 and 2.8, Item (4},
the annual distribution of flow for model and natural system, is
shown in figure 2.5.

* A detailed explanation of how this figure was reached is
presented in Appendix C.
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Table 2.9 : Catchment model calibration results

Gauge | Period State HAP. Antilog (MARL) | Reage of standard deviation :

?, Na. of of m % 10t n o« 10 of 1ag grnughe reneft :
4 record | catchment | natural| mode! | natural| model naturnl model
! i system system system i
: Tota [Tax_| Twin | Trax
i WMol | 1921-39 | virgin a0 181 L3 152 34 52 279 H
4 WiM09 | 1362-70 | developed | 167 172 181 hy 75| 269 76 273 ;
: 1

E
H : Table 2,10 : Source data used to synthesize runoffs from catchments }
‘ ? i
i ! Catchment Synthesization commonents {
: : Ne.|  Mame Aran s made] naramatars | ratnfall | evasoratisn :
. kn* | catshments usad i

; 1} tmhlatuzi river | 2807 | Wil as callbrated Table A1 | Table 2.3 :
: w9 » PR n {
: bhalow as far gauses noAs «
. : W41 WIMOL and WiHAG :
! | total " oA “ i
i i H
i 2 | Msezl river 341 tatal Table A.5 | Table 2.3 |

as For gauges
N1MO1 and WG9

: 3 [ Warth=sastarn 187 tatal speclal ~ see Table A.6 | Table 2,3
H enastal catohment sectlon 2({a}
4 | Seuth-westarn 103 sl saeclal - see Tabie A.7 | Table 2.3

eaastal catchment seatlon 2(a)
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The model parameters used for the calibration simulations are
shown in table B.2 of Appendix B. It will be noticed that identical
parameters were used for gauges WIMOT and WIMO9

The model parameters for the two small coastal catchments to the
narth-east and south-west of the bay, which are extremely flat
and sandy, were chosen so as to cause the runoff to appear mostly
&3 ground-water seepagé. The medel parameters adopted are
iueattcal to those used by Hutchison and Pitman? for similar St.
Luute .ake catchments. In the absence of quantitative measurements
1t bration was not possible but the mean annual runoffs from
theer Jatchments were checked against the rainfall-runoff
relationships presented §in reference 10 and the resulting
comparisons are given in table 2.17.

(b} Synthetic runoff from the undeveloped catchments

Using the model parameters referred to in {a) above, extended
monthly runoffs were synthesized for the following catchments:

{1} Umhlatuzi catchment {excluding that part of the catchment
drained by the Nsezi}

‘Ta) Umhlatuzi catchment commanded by gauge WIMOT

(Ib} Umhlatuzi catchment excluding those portions commanded by
gauge WiM01 and drained by the Nsezi viver.

(2) MNsezi catchment (to confluence with the Umhlatuzi)

{3} MNorth-eastern coastal catchment feeding into the estuary
via the Mzingazi and groundwater flow

(4) South-western coastal catchment feeding directly into the
bay via interflow and groundwater seepage.

Table 2.70 indicates source data pertaining %o the synthesization
pracess for each of the catchments Tisted above.

The resulting synthetic monthly flows for the four tota" catchments
in undeveloped condition are prasented in tables 2.11 to 2.14,
while those for the Umhlatuzi sub-catchments upstream and
downstream of gawge WIMO1 ave Tlisted {in tables 2,15 and 2,16,

The MAR's for the undeveloped catchments arrived at by this

provess are compared in table 2.17 with thase shown in HRU
report No. 2/691°,
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catehments

eatchment MAR nix 10°

No. name thls sudy | HRU 2/69
1 | tmhiatuzt (excluding Nsezl) 358 344
2 | Msezl (to confluence with Umhlatuzi) 126 151
% | Morth-eastarn coastal catchment 55 65
4 | South-western coastal catchmant 33 37
Total 572 577

(c) Modedling of water usage 1o simulate 1970 conditions

The snly change of significance to be accounted for is that
resulting from abstraction of waver for irrigation. For
conditions prevailing in 1970 the estimated areas of Tand
under sugar in the Umhlatuzi and Nsezi catchments were
respectively 12 300 and 13 100 ha*. To simulate the conditions
prevailing at that time flows corresponding to net evaporation
from the Tand under cultivation in each catchment were deducted
from the simulated monthly vunoffs for undeveloped catchments.
The resulting monthly flows are listed in tabjes 2.18 and 2.19.
The monthly flows from the two coastal catchments were assumed
to be unaltered from the virgin conditions {i.e. as in tables
2.13 and 2,14 in (b) above).

{d) Modelling of water usage to simulate year 1950
conditions

The major developments that have to be accounted for within the
catchments are:

{1} Increased abstraction of water for sugar cane irrigation
{2) The construction of a storage dam®! on the Umhlatuzi

(3) Abstractions from the Umhlatuzi at its mouth and from the
three coastal lakes for industrial and urban usage in the
Richards bay area.

These water usages are summarized in table 2,20.

* see Appendix C.
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Jable 2.20 : Estimated woter demands as at 1980

catshment use source

Umhlatuzi- azriculiural

downs trean

of gauge

WML » Nkwaleni settlement 6 500 ha dam
Ntamhanana valley *#* 5 200 ha "
Bantu reserve 2 000 ha "
Ntambanana valley 2 800 ha Mfule *w*

urba nd. Indu al

Richards bay 0.77% IO:m /Jmonth dam
N 7,93 %10%m /manth | coastal lakes

Umhlatuzl~ agricultural
ups tream
of saure -
WIMOL » sugar cane £06 ha Umhtatuz!
Nsezt aErlcultural
sugar cane 14 100 ha* Nsezl

* Gauge WIMOT fis located at the site of the proposed dam,

**¥ It is proppsed to supply this area from dam storage only
when direct pumping from the Mfule proves inadequate.

*%% The Mfule is a tributary of the Umhlatuzi.
+  These estimates are based on results From Appendix C.

According to reference 1t minimum water requirements for the
Nkwateni Settlement snd the Nature Reserve have been set at
108 D00 m*/d (3,29 x 10% m3/month) while those for the
Ntambonana valley have been set at 65 00 m%/d (1,98 x 10%m®/
month) .

From table 2.20 it may be noted that to satisfy a highly reliable
continuous demand of 7,93 x 10% m® per month the ‘hree coastal
lakes are needed. As the total surface area of these three lakes
is about 2 030 ha, it foliows that abstraction uf 7,93 x 10° »°
per month for any threg~month period during which there is
negligible runoff into the Takes will cause the water Tevel to
drop by 1,2 metres. As such a lowering of the water Tevel might
be damaging both to the Tocal ecology and to recreational
facilities, 1t was decided to assume that the lake levels will
be maintained at a constant level, i.e. during any one manth
abstraction from the lakes may not exceed the vunoff into the
takes for that month. It was assumed that any shortfall in supply

i
!
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would be made good from the Umhlatuzi dam.

Operating rule for the dam

To model water usage for 1990 conditions it was necessary to
atsame an operating rule for the proposed dam*' on the

Umhlatuzi. The proposed capacity is 295 x 10% m?, From table 2.15,
it is evident that the MAR of the catchment commanded by the dam
is 168 x 10° m®. The draft that should be sustained by the
reservoir at a high degree of assurance is 6,04* x 10% m® {i.e.
43% MAR). From the draft-storage-frequency relationship for the
relevant region in Appendix E of reference 10, in order teo
sustain a draft of 43% MAR in the face of a drought of RI 100
years the storage must esceed 23% MAR, {.e. 40 x 10% m®. Thus for
the purposes of simulaticn it was assumed that whenever the
storage dropped beTow 40 x 10%m?, the monthly irrigation supplies
to the Hkwalenl Settlement and the Ntombgnana Valley were
restricted to 3,29 and 1,98 x 10°m? respectively.

A mathematical model was sat up to simulate the water usage
appropriate to 1990 conditions as described above., A symbolic
representation of the modelled conditions is given in figure
2.6. Dutput from the wodel takes the Form of monthly runoffs
frem the four catchments into the Richards Bay estuary. These
runoffs are listed in tables 2.21 to 2.24.

(&) Comparison of virgin, 1970 and 1990 runoffs

A comparisen of the mean annual runoffs for undeveloped, present
day and projected 1990 conditions is given in tables £ 25 and
2.26.

* The figure of 6,04 x 10%n%per month is broken down as follows:

Richards Bay and Eshowe urban and 0,77 x 10°n%/month

industrial demand

Minimum itrrigation requirement for 1.98
Ntambonana valley
Minimum frrigation requirement for 3,29

Nkwaleni SettTement and Bantu Reserve
Total 6,04 x 10°m*/month

!
|
¢
i
{

§
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Table 2.25 : Summary of mean annual runoff values

: catchment . time perlod
- i No.| name undeveloped 1970 1994
mIx10° wm | mix 1’ mm | mix1n® m
1 Umhtatuzi 358 128 nl 107 a2n 78
2 | Nseuzi 128 150 an 112 82 %
3 north-east 55 278 55 278 20 iss
coastal
i | south-west 33 326 33 326 7 69
coastal

Jable 2.26 : Summary of approximate median annual runoffs

catchment time period
No.{ Name undeveloped 1970 1990
wx 10° mm | m¥x10° mn | nix0® mm
1 | Umhlatuzi 288 101 203 72 77 27
2 | Nsezl 91 1ng 35 42 8 in
3 | north-east 43 218 3 218 1 5
cnastal {
& | south-vest 25 248 25 248 i 0 Q
coastal
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2.5 Flood discharges from the catchments feeding
Richards Bay '
2.5.1 Design flood criteria

Atthough, strictly speaking, the catchment is not of
sufficient size (4 000 km?) to be classified as a "large
catchment"*, there is no hard and fast rule. On the other hand
the flood response of the Richards Bay estuary system could
not be treated as an intermediate-sizad catchment as more than
one sub-catchment is fnvolved, each with a different response
time. Thus meaningful flood responses can be obtained only by
designing for a single storm pattern over the entire catchment.
It would be illogical to use the most severe storm pattern for
each sub-catchment {ndependently and then combine these to
vbtain design flood discharges into the Bay system.

2.5.2 Sub-catchment Tags

From a comparison of figure 2.7 with figure F.1 in HRU Repsrt
Mo. 1/72%%, it may be observed that almost the entire catchment
area falls within Veld Zone 8. For each of the sub-catchments,
the profile of the main drainage Tine was plotted and the
average slope line drawn as shown in figure 2.8. The lengths of
the main watercourse and distance frem catchment outlet to centre
of area of catchment, L and Lc respectively, were measurad from
1:280 000 relief maps. From these values the Catchmeat Index,

Lile

/5

was calculated and the catchment lag, T1,then estimated for each
sub-cdtchment by referring to figure F.2 of HRU report No. 1/72.
The relevant parameters are listed in table 2.27.

2.5.3 Design storm

In order to estimate the extreme flood conditiens realistically,
a single storm must he synthesized for the entire catchment. As
the critical etorm duration was unknown, the 2-, 4-, 8-, 12-, 18-
and 24-hour storms wers synthesized

* HRU Report No. 1/72'% describes a "large catchment" as being
greater than 5000 km? in area.
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Catchment No.1 (total)
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Table 2.27 ¢ Parameters used in calcuiation of catchment
indices and lags

sub-catchment area L Le 8 catchment | Yag, T

2 index
No.| description lem km | km tours
la | Umitatuzr above | 1246 | 99| 46 | 0.0120 &1 500 9

gauge WiMO1

1h | Umhlatuzi below ! 1581 [ 120! 66 | 0.004% | 119 000 13
raugn WiMol

1 | total Umhlatuzi | 2R07 | 188 | 96 | 80,0083 | 275 Onp 18

2 | Nsezl a6l 1 751 30 [ 9.n020 41 70n f

% | north-rastern 197 | 25 10 | 0,0011 7 530 5
coastal

4 | south-western 101 [ 18| 8 0.0011 4 340 k
coastal

Table 2.28 : Areas enclosed by isohyets of maximum observed
G-day storm (km*)

fsohyet storm reginn 13{1000+) storm remion 13(500-1000)

No.| mm | catchment total catchment total
area area area area

encloserd enclosad enclnsed anclnsed
11 350 B18 BRO - -
2§ 300 ang 3 360 1 427 2 360
3] 250 1120 5 180 2 740 8 580
4] ann 1120 6 220 2 780 11 100
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{a) 24-hour duration storm

By comparing figure 2.7 with figure D.1 of HRU report No. 1/72

it is seen that the catchment lies within the boundaries of storm
region 13, The isohyets of the maximum observed storm for storm
region 13 are shown in figure 2.7%. For the sake of convenience
these isohyets have been numbered from 1 to 4 as indicated in
table 2.28.

The total areas enclosed by each design storm isohyet within
efach storm region are Iisted in table 2,28 along with the
corresponding areas embraced yy isohyet and catchment boundaries.

Using the totai area enclosed by each isohyet contained in

table 2.28 along with the maximum depth-area-duration curves
presented in figures D.20 and D,21 of HRU report No. 1/72, the
corresponding maximum one-day duration rainfall values were
cbtained for each isohyet in each of the twe storm regions. The
isohyetal precipitation values for storms of various recurrence
intervals were interpolated froum the corresponding depth-area-
duration-frequency curves, The one-day duration ischyetal values
for the two stnrm regions are presented in table 2.29.

The values underiined are those adopted to construct the design
storm inputs. From figure 2.7 and table 2.28 it is seen that for
isohyets 2, 3 and 4 storm region 13{500~1000) dominates, while
the area enclosed by isohyet number 1 falls entirely within
storm region 13(1000+}.

The proportions of each catchment embraced by the isohyets were
obtained by pianimetry and are shown in tabie 2.30.

These proportions,apptied to the adopted 24-hour duration rainfall
values for each isohyet tontained in table 2.29,yielded the
average sub~catchment precipitation values for various recurrence
intervals of the 24-hour storm. The resuiting values, expressed

in miTlimetres and as proportions of total citchment average
precipitation, are Tisted in table 2.37.

The rainfall values for the total catchment were used in
conjunction with figure 6.2 of HRU report No. 1/72 to interpolate
the percentage runoff for eath of the recurrence intervals Tisted,
For the probable maximum event the maximum runoff efficiency was

* These were obtained from figures D.20 and D.21 of HRU report
No. ‘1/72.
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Table 2.29 : |sohyetal precipitation values for 2hk~hour

duration storms of varlous recurrence Intervals

1 storm storm Isohyet number
i3 recurrence reglon
1 interval 1 2 3 ]
5 13(1000+) 120 90 751 71
; 13(5080-1000) - 75 55 45
10 13{1000+) 155 | 120 [ ico [ 95
13(500-1000) - 1n0 75 G5
! ! 20 13(1000+) 190 | 150 [ 135 | 130
\ i 13(500-1000) - 125 95 85
50 13(1000+) 2351195 | 175 [ 170
13(500~1000) - {250 {115 [ 100
. 1o 13(1000+) 265 | 225 | 205 | 200
i 13(500~1000) - 165 | 130 120
!
! probable | 13(1000+) 390} 320 { 270 [ 260
} raximum 13(50n-1000) - 270 ] 220 1210

Table 2.30 : Proportinns of sub-catchment area represented

sub~catchment Isohyet numher

Ho. name 1 2 3 L3

1 | total Umhlatuzi excluding| 0,228 | 0,474 {0,286 0,012
Nsezl catchment

la | Umhlatuzi catchment 0,200 { 0,479 {0,300 | 0,038
' ahove gauge WIMOL
2 1b | Umhlatuzi catchment 0,282 1 0,577 | 6,282 0,000
H below saurge WiMOQ
; 2 | Nsezt catchment 0,554 | 0,392 {0,054 0,000
3 § north-eastern comstal 1,000 | 0,000 | 0,000 | 0,000 2
catchment
i 4 | south~western coastal 1.000 { 6,000 [ 0,000} N, 000
i i catchmant
i total catohment 0.367 {0,415 |0,209 | 0,009
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Jable 2.32 : Storm rainfall, loss and runoff for various storm
durations for the total catchment (mm)
recurrence | storm duration 2 4 8 1z 18 1
interval hours
years proportion of | 0.69 (0.76 | 0.8% | 0,80 | 0.96 | 1,00
24=hour storm
5 ratnfall 59 66 73 78 83 87
loss 51 56 3 65 69 72
runoff 8 10 12 13 14 15
10 rainfall 78 87 6 | 103 | 11p 115
loss (23 72 78 83 87 90
runoff i 15 18 20 23 25
20 rainfall 97 109 120 128 136 142
toss 79 87 93 98 104 108
runoff 18 22 27+ 30 32 3
14 ratnfall 118 132 146 156 168 173
ioss h 103 111 317 | 123 126
runoff 2t 28 35 39 43 47
100 rainfatl 133 148 163 175 186 194
loss i02 112 121 | 127 134 138
runoff 31 36 42 48 32 56
probable ralnfali 209 | 231 | 256 § 275 | 290 | 303
max jmum loss 29 32 36 38 4o 42
event runoff 180 198 220 | 37| 250 | 281
Table 2.33 : Jotal catchment flood peaks for various storm
dyrations {(m*/s)
rReurrence storm duration = hours
Interval
years 2 13 8 12 18 2h
B 160 881 860 817 701 614
10 1159 | 1.237| 1227 1221} 1132 1 008
20 1467 | 1 621 1 727 | L 774 1 608 1 364
50 1878 2048 | 2 195 | 2284 2087 | 1873
g 2295 | 2 h22| 2 619 2 7741 2 513 2 225
prohahle | 11 387 |12 006 | 12 371 | 12 75% ) 11 632 ) 10 173
max tmum
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obtained from figure 6.7 of the same report, From these percentages
the total catchment runoffs and Tosses in millimetres were
calcutated and are listed in the last two columns of table 2.31.

{b)} Storms of duration other than 24 hours

The method outlined in HRU report.No. 1/72 was used to obtain
the rainfalls and runoffs for storms of duration other than 24
hours. These appear in table 2.32.

2.6.4 Design flood synthesization

Design flood hydrographs were synthesized using a computer program
developed by Pitman'®, This program follows the unitgraph method
outiined in HRU report No. 1/72 and can also be modified to lag-
and-route flood hydregraphs from the various sub-catchments.

(a) Crivical svorm duration

Flood hydrographs from each sub-catchment were synthesizsd in
this way for 2-, 4~, 8-, 12-, 18- and 24-hour storm durations.
The resulting hydrographs were summed to yield total catchment
discharges into Richa . Bay. The flood hydrographs thus obtained
appe.r in table 2,33 in which the maximum flood peaks for each
recyrrence interval are underlined.

To simplify the following ~alculations a e¢ritical storm duratien
of 12 hours was adopted 111 recurrence intervals.

{b} Flood hydrograph synthesization for undeveloped catuhments

From figures 2.1 and 2.7 it is noted that catchments 2, 3 and 4 are
controlted at their outlets by the Nsezi, Mzingaxi and Cuuu lakes
respectively. Accordingly, to simulate flood diszharges from

these catchments, the floods derived in section ‘a) above, for
‘storms of 12-hour duration must be routed through these Takes.

For the purposes of this investigation it was deemed sufficient
to adopt level~pool routing. The following discharge formula for
a broad crested weir'* was assumed to apply at the outlet to the
Takes: 5
21,65 Lygh 2 ouiiiiiiiianiiinianaeaaes(2.9)

= spiTlway lengi {m)
= 9,81 n®/s
% = head on crest (m).

where

@ - oo

A spillway length of 500 m was adopted as a rough estimate
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based on the end widths of the lakes.

The flood hydrographs for virgin conditions for each Sub-catchment
appear in columns 2, 4, 5 and 6 of tables D.1 to D.6 in Appendix D.
The pesk oischarges for floods of various recurrence intervals

'akte 2,34 ¢ Peak flood discharges into Richards Bay for
undevelopad catchment conditions (m¥/s)

sub-catchment tagurrence interval - years

Mo, name 5 10 20 50 | 100 | pmf¥

1 | Umhlatuzl 281 k83 1413 | 8939
Nsezi 358 | 519 1111 | 4358

2
3 | north-east coastal 179 2717 483 | 3475
5

south-west coastal | 103 | 158 278 | 828

* Probable maximum flood

{¢) Flood hydrograph synthesization for developed catchment
conditions

tor developed catchment conditions the main catthment change to

he accounted for is that resulting from the construction of a dam
on the Umhiszuzil, For purposes of simulation the Umhlatuz
catchment (Mo. 1 in figuve 2.7) was treated as two separate sub-
watchwents - one upstream, and one downstream of the dam, numbered
1a and b respectively {see figure 2.7},

Ty ensure that the vasults could be compared with those obtained

For unceveloped conditions, floed hydrographs from sub-catchments

Ta and 1b were constructeu in such a way that the sum of the

hydrogre sh from the Tower part and that from the upper vart

souted down the Umhlatuzi should egnal the hydroghaph ob.ained in

(bt above for undeveloped conditions.

The »eihind adopted is elahorated below:

\i) First, the 12-hour duration storm flood hydrograph was
construsted for the catchment upstream of the dam.

(2) This flood iydrograph was then Muskingum-routed from the
upper catchment cutlet {at the dam) to the lower catchment

sutlet (which 1s also the total catchment outlet at Richards
Bay.
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The form of the equation used 15 as follows:

(3

"

Oy = €T, # OBy # Cply evvnnninnnnn, TP ..(2.10)

where 02 = discharge at Tower end of channel section
at end of time step At

01 = discharge at Tower end of channel section
at beginning of time step At

12 = discharge at upstream end of channel section
at end -of time step At

y = dischurge at upstream end of channel section
at beginning of time step At

and C, » Gy and €y are constants defined as follows:

“{¥x - 0,58%)

0 T K - Kx % 0,500) trereereeeees e (z.11)

Kx + 0,54t

O = K= Kx + 0,58E) roreereeeeees

K- Kx - 0,5t

2T (K - kx5 ,5at) cereeeeeees e (2.13)

[4

where K = storage constant with dimension of time.

x = dimensionjess constant which varies between 0, 0
and 0,5, For rivers it is usually taken as O,
4t = time Step of computation (in this case taken as

2 hours).

The Tag K was estimated as follows:

Length of stream from dam to bay = B9 km. Assuming the
flood hydrograph veiocity to be 3 m/s, then the time
tag = 8,24 hours (say 8 haufs)‘
For purposes of routing the river was divided into four
egual veaches of lag time 2 hours. ”
This routed 12-hour hydrograph from the upper catchment was
then subtracted from the total Umhlatuzi catchment hydrograph
obtained in section (b) above. The resulting hydrograph was
then smoothed graphically and adopted as the Tower catchment
flood hydrograph.

The flood hydrograph for the upper catchment was then routed
through the dam. Equation 2.9 for a broad-crested weir was
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assumed to apply to the dam spillway. The dam characteristics!?
are as follows:

Spiliway tength = 160 m
Lake syrface area when full = 8 ikm?

Level-pool routiny was used, the dam assumed to be full at the
onset of the floed.

(5) The flood hydrograph thus generated was then routed to the
Umhtatuzi mouth using equation 2.70 and added to the lower
catchment hydrograph obtained in step (®) above ta yield the
total Umhlatuzi (catchment 1) flood hydrograph.

The resulting hydrographs for catchment 1 for varjous recurience
intervals are given in A, andix D and the peak discharges are
Tisted in tab'e 2.38.

Table 2.35 : preak flood discharges into Richards Bay from
catchment No. 1 for developed conditions (m®/s)

recurrence Interval 5 16 20 50 100 pmf
vears

flood peak « m¥/s 228f 409 708 964 | 1251 | 8k07

Peak discharges for the total catchment drairing into Richards
Bay-both for developed and f: r undeveloped catchment conditions
are given in table 2.36.

Table 2.36 : Peak flood discharges ieto Richards Bay from the
total catchment for developed and undeveloped

conditions (m®/s)
catchment recurrence interval ~ years
condition
8 10 20 50 100 pmf
undaveloped 799 1236 1746 2250 2747 | 13000
developed (with dam) 762 1174 1644 2119 2573 | 12164

It should be noted that,in calculating flood hydrographs for
conditicns prevailing after construction of the dawm, the
assumption was made that the critical storm duration would remain
12 hours. The time Jag introduced by the dam could well modify
the critical storm duration. Any errors thus introduced must be
small, however, as the differences between fiood peaks for the
total catchment before and after constructiuvn of the dam are
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small (see table 2.36). Should 12 hours not be the critical
storm duration for develaped conditions, then by definition
the true peak discharges must be Aigher than. those calculated,
and must therefore render the difference between the developed
and undeveloped peaks even smaller.

The rasult of this reasoning is that the flood response of the
catchment for developed conditians may, for purposes of
simulating flood responses in the Richards Bay estuary, be
assumed to be essentially the same as that for the undeveloped
catchment.
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3. MODELLING OF ONE~DIMENSIONAL TIDAL PROPAGATION ARD
DISPERSION IN THE OLD RICHARDS BAY AND THE PROPOSED
NEW NATURE RESERVE ESTUARY SYSTEMS
3.1 Description of programs used (HCSP03, HCSPO4 and HCSPOS)
Three separate FORTRAN IV programs developed by Hutchisenl?,
HCSP03, HCSPD4 and HCSPO5, were used to simulate tidal propagation
and dispersion in the Richards bay estuary. These programs are
discussed below:
3.1.1 HCSPO3
This program simulates unsteady, spatially varied fiow in a one-
dimensional channel. Estuary geometry is defined by means of
cross-sections at specified chainages from the mouth. Each cross~
section is represented by a depth-area curve,

For any specified ocean tidal stage-time curve and upstream
water level- or discharge-time relatfonship, the program
caleulates the corresponding stage-time and discharge-time
relationship for all defined sections within the estuary.
The estuary is sub-divided into interconnected one-dimensional
reaches as depicted in figure 3.1. A generalised reach is shown
in figure 3.Z. Cross~sectiona) characteristics of the estuary are
specified at the ends of each reach. Each flow cross~section is
divided into two regions:
(1) A shallow storage region where velocities are negligible
{2) A flow region through which most of the water transport
takes place.
The flow simulation is accomplished by a simultaneous implicit
Ffinite difference soTution of the continuity and momentum or
energy equation within each estuary reach:

{a) Continuity equation

309 sz
Bk 3,;} N NS ¢ 18 B
where @ = discharge {n x~direction (m®/s)

% = tongitudinal axis of flows positive in the
upstream or Taudward direction (m)

B = total water surface width (m)
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z = water level (m)

t = time (s)

q = lateral inflow of water over distance 8x (m®/s)
(b) Womentum eguation

sz, olol . B0, ,__(MHB") N JL._)_Q) b 22 3g
3% C%a?H  ga 3t 3t ga? ga? &x

g 3, My, #eQ | Mo k.00 .,
ga® ax 2y 9% ga?éx  yH  Zga?éx

where C = Chezy coefficient of roughness (mi/s)

= cross-sectional area of flow region (m?}

= hydraulic depth {m) = a/b .
= momentum correction factor (dimensionless)
= energy correction factor (dimensionless)

= water suyrface width of flow region (m)

= rate of change of water Surface breadth of flow

region with z (dimensionless)

= gravitational acceleration {m/s?)

= wind shear stress factor (N/w*)

= speci®ic weight of water {N/m?}
¢= headloss coefficient (dimensionless)

= storage region inflow momentum factor

oz
T Hw NG g woEoe

(c) Energy eguation

Y241,2. (Qz)} Ul 2%
33241 T *"m)c
+ Eé) crrieaes (3.3

T “““m‘

where K, = hydra:lic depth at section ¢ (m)
R

"

st hydraulic depth at section Z+1 {(m)

ks = contraction or exparnsion headloss
coefficient {dimensionless)

daay g = energy corraction factors at sections 1

and 741 respectively.

The energy equation s usually specified only for estuary reaches
that exhikit sudden constrictions whare Bernoulll effects
deminate., A detailed derivation of the above equations is given
in reference 18.
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3.1.2 HCSPU4

HCSPO4, the plotting program, reads in the output of HCSPO3 and
tne natural system water levels and discharges (if required).
Output takes the form of stage-time and discharge~time curvés
in the model, or model and natural system.

3.1.3 Hcspos

HESPOS reads in the output from HCSPO3 and models solute
dispersioh using a Lagrangian-type advection process and a
dispersiun equation. It simulates the movement of sea water into
the estuary or that of an artificial tracer introduced at any
point in the estuary.

Computation proceeds in two separate stages:

{1} Advection
The estuary is divided into a series of interconnected
elements, each assigned an initial solute concentration.
Advection is simulated by moving the elements up or down
the estuary channel according to the discharges at each
cross~section. The discharge-time relationship is obtained
from the output of the one dimensional estuary flow model,
HCSPOY.

Inflow of water across the upstream or downstream boundaries
of the estuary ts accomplished by creating new elements of
specified solute concentration. Qutflow of water across these
boundaries §s dealt with by removing elements, or portions
thereof, from the system.

(2) Dispersion
Sotute dispersiof across element boundaries is computed
after the advection step has been completed. Equation 3.4 is
a simplified form of the dispersion equrvion. This equatien
uses a Fickian-type dispersive law and merely reflects the
change in storage of element n due to dispersive fluxes
across it's two ends.

Choq(=Faag) + SRV, + Tooy # Ty) + Cpyq (5Ty)
= Gy (Tyg)  Cplpe Tooy = Tod # CgdT) neeninnn o (304)
where = the solute concentration in the element

subseripts n«i,n,and n+l = element numbers
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the prime * indicates that the solute concentration
applies to conditions after the
dispersion step {1.e. the unknown values)

A WE 8t
and T, 4 ] e {3,5)
(Ty+ 2n.4)
T An.E".ﬁt ,
B 62 3 s SRR RE PR R eesnaa (3.6
" n* Tnet (

where Ay g

"

total cross-sectional area between
elements n-Y and n (m?)

Ay = total cross-sectional area between
alements n and n+l (m?)

dispersion coeffxcient between elements
o<t and n (m2/35)

En = dispersion coefficient between elements
n and n+l (m?/s)

n_]iln,1n+1 = lengths of elements n~T, n, and n+) (m}.

E

-1

z

Figure 3.3 illustrates these terms.

3.2 galibpration of the one-dimensional tidal propagation and
digspersion models using hydrographic data measured in the
original Richards Bay gystem prior to harbour construction

3,2.7 Richards Bay natura) system data

The Tocation of the Richards Bay estuary system is shown in
figure 2.1. A plan of the estuary s given in figure 3.4, The
survey datum for all the hydrographic data presented in this
chapter s LWOST{HRD) as defined in Appendix E.

(a) Estuary geometry

The Tocutions of all the cross-sections used to calibrate the
modet are indicated in figure 3.4, These croess~sections were
derived from depth surveys carried out between September 1969 and
November 1970 by the CSIR'*, The cross-sections are plotted in
figures 3.5 %o 3.9.

(b} Mater level and discharge measurements

The Tocations of the three CSIR water Tevel recording stations

in the bay are illustrated in figure 3.4, A breakdown of the

water level and velocity measurement data used to calibrate the
medel is gfven 1n table 3.1. Unfortunately weasurement of su@
level at Richards Bay did not take place concurrently with Jevel
measurements within the estuary. It was therefore necessary to

use Durban sea tide records for model calfbration. Durban sea tide
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records prior to October 1970 are considered by the Navy
hydrographer to be unreiiable. This places a further restraint
on the selection of suitable data for calibration. Runoff from
the Umhlatuzi has been recorded by the CSIR on a daily basis.
This coarse time resolution renders simulating floods extremely
inaccurate. For this reason the data chosen for calibration of
the wodel have been selected during periods when flows from

the Umhlatuzi were low and daily changes small.

bischarge measurements were carried out at the estuary mouth on
the 20 th November 1970 by the CSIR, These could not be used for
model calibration purposes because at the cross-section used there
were two tidal chant21s, one on either side of Pelican Island. The
one-dimensional med:]1 proved {ncapable of simulating accurately
the discharges -at this point because of the two-dimensional effect
{This is due to the fact that ebb and flow tides favour

diffent channels). .

Model runs demand elevations at time resolution shorter than one
hour which is the interval associated with the data in table 3.7.
ftater levels therefcre had ta be {nterpolated Tinearly between the
hourly valuyes except at the tidal peaks andt troughs where a
parabolic interpotation was employed.

3,2.2 CGanvergence test vuns

Tests were carried out to study the convergence of the finite
difference solution in HLSPO3 and consequently to select an
appropriate simulation time increment. A zere inflow at the
upstream boundary {cross-section 13) and a sinuspidal tide of
1,2 m range {(cross-section 1) were specified. Thase runs were
perrormed far five time {ncrements varying from 225 to 3600
seconds. In each case sufficient "running.in"* time was allowed.
The results are Tisted in table 3.2, For all model runs initial
conditions constituted a level water surface throughout the
estuary and zero discharge at all cross-sections., From tahle 3.2
it is evident ‘that a time increment of 900 seconds and a running-
in period of 24 hours yields satisfactory results, i.e. the

% Ruaning-in period, require: to eliminate the effect of wrongly

assumed starting levels and discharges, is defined as the period

after which the differances in the water Jevels and discharges at
corresponding stages in the tidal cycle were less than 1%.
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Table 3.1 : Hydrographic data used to callbrate the

one-dimensional tldal propagation model

Period Type of Measuring Cross- | Measurement period
v Adata statfon section

NO. day h day K

Detober watey Estuary : T1 4 i 0to 29 13

1969 Tevel Estuary :T 5 1 0to 23 4

Estuary 10 7 12 to 29 13

discharge | Unhlatuzi :mouth 13 1 .0 to 29 13

October water Durban - 1 12 to 11 0O

1970 Tevel Estuary 4 5 16 to 3 6

Estuary 10 1 12 to 11 0

d¥scharze | Unhtatuzimouth 13 1. 12t 1 ¢

Oc*ober water burban isea - 20 0 to 30 9

197¢ Tevel Estuary : T1 ] 20 0 to 30 0

Estuary : T3 10 20 0 to 29 12

discharge | UnhTatuzl:mo. th 13 20 0to 30 0

Note: The levels referred to above are stored at hourly Intarvals
and discharges from the Umhlatuzl at dally Intervals.

Table 3.2 : Results of convergence tests

Cross- Mode? Levels and discucrges as 3 of | Running-In

sectlon| = output the "correct! valuesw time (No,
number of 12-hour
tima Increment (At) in seconds | tidat
3600 1800 900 450 225 |cysles)
2 high tide 100,90 100,0 100,0 100, 100,0 1
low tlde 97,6 98,9 99,6 99,7 100,0 2

peak Inflow | 95,8 90,7 05,5 98,1 99,4
neak outflow| 106,2 104,1 88,5 9%,5 100,0

pesk Inflow | 109,8 98,3 95,8 100,0 100,0 1

peak outflow| 115,2 118,98 100,3 100,0 169,0 2

10 [hish tide 99,2 99,6 99,8 93,9 100,0 2
Tow tide 98,1 98,6 09,7 99,9 100,0 2

peak Inflow | 102,8 a&,7 67,3 89,1 100,0 H

peak outflow] 107,85 118,1 98,7 99,4 99,8 H

12 |hlgh tids 98,0 98,% 99,3 99,7 99,1 7
Tow tide 58,6 99,3 100,0 100,0 100,0 g

2

* The "correct”values were obtalned by axtrapoiation to
zero 8t on plots of the values of peak high nr low tlde
Inflow or outflow agalnst tima.
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majority of errors are less than 1% and all are below 5%.

3.2.3 Medel caljbration fer the period 7 to 17 Octoher 1969

As no reliable sea levels are available for this peripd,‘the
recorded levels at gauge Ty were used as the downstream boundary
conditions. The data recorded at stations T, and TJ {sectiovs 5
and 10) were used fo calibrate the model between séctions 4
{measuring gauge T,) and section 13 (upstream end of hay).

Estuary mouth geometry used for this simulation was obtained from
the depth survey carried out by the CSIR*® dyring November 7989
and is shown in figure 3.10.

Tabte 3.3 demonstrates the correlation achieved between model
and natural system behaviour, Fioure 3,13 i1lustrates the
comparison between model and natural system water Tevels for the
madel runs which produced the “hest fit™ at sectinns § and 10,
In determining the "best fit" in this case, as weil as in thase
of chapier 3.2.5, greater emphasis was placed on correspondence
hetween model and natural system average Tevels and tidal ranges
than on the correlation coefficient, which could easily be
distorted Ly ai-error in average sea fevel.

3.2.4 Mode] calibration for the period 5 to & October 1970

The data recorded during this period were used to calibrate the
mode] between the estuary mouth {section 1) and the upstream

and of the bay (section 13). Sea level data at Richards Bay were
not available for this period. Durban sea Tevel data were used
for the downstream boundary conditipn. Water levels recorded at
gauges T‘ and T, (sections 4 and 10} were used to caltbrate the
model. Estuary mouth geometry was taken from the depth survey
carried out by the GSIR!® during July and August of 1970, given
in figure 3.1,

The correlation achieved between model and natural system ig.
indicated in table 3.3, Model and natural system water levels at
gauges Ty and T4 are plotted 1n figure 3.14.
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3.4.6 Model calibration for the period 20 to 29 October 1970

Data recorded during this period were used to calibrate the
model betwee: the estuary mouth {section 1) and the upstream
boundary (section 13}, Dswnstream boundary conditions were
provided by Durban sea level records. Model calibration was
facilitated by comparison between simulated and vrecorded levels
at gauges T] and T3 (sections 4 and 10).

The estuary mouth geometry used for simulation purposes was
osbtained from the depth survey carried out by the CSiR during
November 1976. This is shown §n figure 3.72.

The correlation achieved bevween model and natural system is
indicated in table 3.3. Model and natural system vater levels at
gauges Ty and T3 are gletted in figure 3.15. Two model simulations
were carried out for this poriod as described below

{a) Initial ecaiibration simulation

The initial calibration simulation was carried vut for conditions
as described above. From figure 3.35 it i5 seen that the tidal
range at gauge TT is too lavrge, Moreover the discrepancy between
model and natural system tidal ranges becomes more pronounced
towards the end of the simuTation period. Closer examination of
the rvailable matural system data reveals the follew*ag facts:

{1} Depth surveys of the mouth geometry carried out in September
atd Novemher 1969, and March and July 1870 bear striking
similarity, suggesting that these represent eguilibrium
conditions for periods ot tow flow from the Umhlatuzi.

{2} On the 14 th Outober 1970 a flood {12-14 Oclober) opened up
a new esuary mouth.

(3) The simulation period commences six days after the above
mentioned f1ood when runoff From the Umhlatuzi 1s steadily
decreasing,

{4) The depth surveys carried out to establish the mouth
geometry used in the simulation were carried out on 10, 13
and 16 November, while a flood similar in magnitude to that
which opened the new mouth occured during the pecriod 10~%1
November?!®,

Vhe wquilibrium mouth geometry {i.e. corrasponding to that
prevailing in September and November 1969,and March and July
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1970) is much more constricted than that measured in
November 1970.

It is thus reasonable tc assume that the mouth geometry used

in the model simulation is not sufficiently constricted to
represent the conditions prevailing during the periad simulated.
In order to confirm this belief the following simulation was
performed:

(b) Sensitivity run

The only change introduced was that mouth geometry similar to
that prevailing in duly, ugust 1970 was used. QGuly sectien 1, the
sea boundary, was altered

The improvement to the fit between model and natural system

tevels at sections 4 and 10 is apparent from figure 3,15 and
table 3.3,

3.2.7 Resylts of the model calibwation simulatians

The momentum equation was used ihroughout and the mouth Bernoulii
equations were not applied. The best fit between mode! and natura
system water levels {llustrated above was achieved after irying
several values of effeciive roughness of the channel. The roughness
height finally adopted for all sections was 100 mm for all three
runs.

TabTe 3.4 lists the range of Chdzy roughness coefficients associated
with the model ¢alibration runy for several estuary cross-sections.

3.4 : Range of Chézy rovghness coefficients extracted from

the results of the model calibration runs

se¢

Chézy
coffi
"I]R/S

tion number 1 2 3 4 5 & 7 8 {10 {12
maximumi48,3[46,9(47,2(51,1[50,6(51,31561,8/48,4(48,2(48,8
cient
minimum |38,5(44,5(46,9[46,4]46,4148,3)409,6(45,9143,4]41,7
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3.3 Simulation of one-dimepsional tidal propagation and
advection in the original system and in the proposed
new hature reserve

The model simutations described below were performed in order to
compare the natural system with the nature reserve in regard to
points (a) (1),{i1) and (iv),and {b){§) discussed in chapter 1.
It should be noted that in making this comparison it was assumed
that the calibration parameters obtained in chapter 3.2 for the
natural system could be used to simuTate conditions in the new
nature reserve.

In order te study changes in average water Jevel, tidal range,

tidal prism and advection anplitude the upstream boundary river
infiow was set at zero while the downstream boundary sea levels
were represented by a sine curve of period 12,5 hours (i.e. the
average sea tidal frequency). A running-in period of 200 hours

was allowed,

Three average mean sea levels were used in the simuTation runs:
(a) 0,940 m LWOST, the present actual mean sea level (AMSL)

{b) 1,060 m LWOST, the highest monthly MSL recorded

(c) 0,820 m LWOST, the lowest monthly MSL recorded

Sea tidal ranges of 1,900, 1,200 and 0,450 m were used in the
simulations. 1,200 m {s the average tidal range, white 90 percent
of all tidal ranges fall between 1,900 and 0,450 m*°,

In each case advection amplitudes* during a complete tidal cycle
were obhtained by simulating the movement of solute samples
injected into the estuary channel at various distances from the
estuary mouth.

3.3.1 Simulation of one~dimensional tidal propagation apd
advection in the opiginal system

simuTations were carried out for two distinct cenditions of
estuary mouth:

{a) Mouth geometry pravailing during normal conditions {i.e.

prior to October 1970). The bathymetric survey of July/August
1970 was taken as representing these conditions.

* The advection amplitude at a particular chainage is defined as
the total length of estuary channel traversed during a tidal cycle
by a particie placed in the estuary at that chainage at peak inflow
velocity.
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(b) Mouth geometry occurring immediately after the passage of a
flood through the estuary. The depth survey carried out
during November 1970 is taken as heing representative of

these conditions.
The peometry used in (a) and {b) above is similar to that
given in figures 3,10 and 3.12. The results of these simulations
are summarised in table 3.5 and in figures 3.21 and 3.2%.
3.2.2 Simulation of one-dimensional tidal propagation and
advectiop in the proposed new nature reserve system

The Tayout of the new nsture reserve after compietion of the
harbour works is presented in figure 3.16, The locations of the
cross-sections usad in the one-dimensional hydraulic model are
shown in Figure 3.16. The cross-sections are plotted in figures
3.17 to 3.19,

The following estuary mouth conditions were used:

{a) Mouth design accepted by the SAR & H

(Tayout 11 of CSIR report No. C/SEA/74/11/3)
The mouth geometry, which is presently being dredged for the
nature reserve, is given in figure 3.16, This mouth consists of
one tidal channel with invert level at chart datum (0 m LWOST)
which is open to the sea, and four flood channels with inveri
tevel at -A,5 m LWOST which are blocked at their seaward ends
by & 200 m wide sand-bar with & crest height of +2,00 m LWOST.

{b} Mouth similar to that of the natural system during July/

August 1970
In this simulation sections number 1 and 2 were altered to

conform with the cross-sectional characteristics of the natural
system during normal conditions. ATthough the tidal prism in the
new nature reserve is different from that in the natural system
the river runoff into the ba remains similar. It is possibie
therefore, thot the dredged mouth may tend towards this
configuration.

{c) Layout I mouth with the sand-bar eroded %o -4,5 m LWOST
Extreme bay tidal conditions after the passage of a flood were
simulated assuming the sand-bar blocking the four flood channels
to have been washed out hy a fleod.

(d) tayout IT mouth with the sand-bar eroded to -2,0 m LWOST

As there is no way of knowing how severely the sand-bar will be
eroded by a flood, this other assumption was made for comparative
purposes.
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RICHARDS BAY SYSTEM

" FIGURE 3.16:

Bathymetry of the new nature

reserve after harbour canstruction
showing losation of cross-sections
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{e) Mouth geometry recorded in moving-bed model tests after

the passage of a Targe fiood

Simulations of conditions prevailing after a flood were carried
out using the geometry obtained by the CSIR in the moving-bed
model test NE32' after the passage of what was considered by the
CSIR to be the 100-year flood (i.e. 4 300 m®/s). This geometry is
probably very extreme as the flood modeiled corresponded to what
was something 1ike a T-in-1 000-year event (see chapter 1}. It
should also be noted that in the model test the peak cischrge was
sustained for a period equivaient ta 24 hours in the real system.
Table D.5 of Appendix D indicates that the peak discharge should
last only from 6 to 8 hours,

{f) Design mouth

A tida) channel was designed such as to bring tidal fluctuations

in the bay within acceptable Timits. This consists of a 1 km long
channel with nvert level at -0,5 m LWOST and bottom width 30 m.

A cross-section is given in figure 3.20.

The results of these simulations are summarised in table 3.5 and
figure 3.23.

3.3.3 Lomparison of the cne-dimensional tidal proagation and
advection in the natural system with that of the propased
new nature reserve

Table 3.5 gives the mean and extreme bay fevels and the tidat
prisms for each of the simulatiens. Figures 3.2] to 3.23 show the
maximum and minimum water Tevels and the maximum tidal advection
occurring at each estuary cross-section. From table 3,5 and figure
3.23 it is seen that in all of the runs simulating conditions
existing in the proposed nature reserve after the passage of a
Targe flood the water levels in the bay fall below fnvert level.

In order to make these simulations effective it became necessary
to assume the existence of a small channel in the bottom of each
of the affected estuary cross-sections. The dimensions of the
channel were chosen such as to ensure that the water Tevel
remains above invert Tevel and tha*t the water velocities remain
within reasonable Timits without adverseiy effecting the accuracy
of the tidal simulation,

Comparison of these water Tevels with figure 3.76 shows that, over
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90 percent of the bay, the bed would become exposed at Tow tide

(1.e. the entire bay except the borrow pit). Tidal simulations

within the harbour proper indicate that full sea tide,with negligible
rhase shift, occurs on the harbour side of the tidal control gates

in the berm wall. Taus operation of these gates will not prevent

this bed exposurs at low tide. From fable 3.5 it is noted that the
maximum tidal range occurring in the original system is 0,42 m,
whereas in the new nature reserve, with Taysut II mouth, the

maximum tidal range ¥s as high as 0,75 m.

Very little improvement is effected by using a tidal channel of
cross-section similar to that of the original system. This is due
to the fact that the tidal channel of the new nature reserve is
only 1 km long, whereas tnat of the original system was nearly 7 km
Tong. Thus in order to reduce the tidal range a mouth of smaller
cross-section than that of the orfiginal system is required. From
table 3,5 it js seen that the mouth configuration used in simulation
(f) of chapter 3.3.2 results in a maxiuwum tidal range similar to
that of the original system (0,52 m). It should be noted, however,
that such a mouth would probably not develop naturally. It is
possible that the tidal channel will tend towards the cross-
sectional characteristics of the eriginal system {simulated in
chapter 3.3.2 b}, To maintain 2 mouth similar to that designed
would probably require some form of bank and bed protection or the
provision of an artificial consiriction (such as a weir). Any such
constriction would also have to block the four flaod channels te
preve) t the bay from draining completely at low tide after the
passage of a Targe flood.

FIGURE 3,20: DESIGNED NEW ESTUARY
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Table 3.5 : Comparison between the one-dimensional tidal
propagation in the original system and that in
the proposed new nature reserve

system| mouth condition water Tevels {m) mordel
t1al
sea modelled bay levels | prism

& 3

mean frange | mean max, min, [ranxe [ 17 of

old duly/Ausust 1,061 1,99 ) 1,43 1,57 1,30 0,26 7,8
1970 1,06) 0,45[ 1,09 1,0% 1,94 0,10 2,9

0,941 1,201 1,J1 1,20 1,0k} 0,16 4,3

0,82 0,45 5,84 0,89 0,80 | 0,09 2,0

0,82413,90/01,20 1,31 1,1170,27 5,6

Novamher 1970 1,9641,90) 1,38 1,54 1,12¢0,42] 12,3

1,061 0,451 1,08 1,17 1,00 (0,17 8,7

0,9%) 1,207 1,05 1,19 0,92 ¢,27 7.1

0,821 0,4510,84 0,91 0,76 {0,15 3,4

0,82 1,80(1,08 1,25 0,92]0,34} 3,0

new tayout I 1,06 (1,90 1,35 1,76 1,01 ]0,75| 10,6
1,084 0,451 1,07 1,24 0,82710,32) 4,0

9,94 11,20 1,97 1,35 0,848 ]0,50 A3

0,821 0,45 0,84 0,97 0,72 (0,25 2,9

0,%2 1,80 1,18 1,51 6,92 | 0,59 7,5

July/August 1,06 {1,9001,4n 1,76 1,10 (0,88 9,6

1970 0,821 0,451 9,84 0,94 0,750,218 2,0

0,82 11,9011,20 1,47 0,99 | 0,48 6,3

design 1,061,909 1,43 1,73 ),21 (48,52 2,3

0,82 10,451 0,85 0,87 0,81 0,08 0,8

0,82}11,9011,20 1,40 1,106,317 4,0

sand-bar eroded | 1,06 { 1,971 1,11 2,06 0,374 1,691 22,6

to ~i,5m n,8211,9910,92°1,82 0,254 1,57 [ 19,%
sand-har sroded| 1,06 | 3,90 11,34 2,08 0,334 1,68 | 22,6

to =2,0m 0,82{1,90 /0,983 2,83 0,264 1,57 19,3

model test WE? 1,050 1,90 1,13 2,05 0,404 1,65 | 22,8

0,82 11,80 (0,83 1,80 N,284 1,52 19,1

* These levels are below the
of the bay. viz. 0,5 m

average bottom level
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3.4 Simulation of the flood response of the Richards Bay
original system and the new nature reserve system

Maximum flood water Tevels were obtained by carrying out
simulations with HCSPO3 for the original and new estuary systems
using the flood hydrographs derived in chapter 2 as upstream
boundary conditions. Average sea tidal conditions were used at the
downstream {sea) boundary (i.e. a sinusoidal sea Tevel hydrograph
with mesn 0,940 m LWOST and tidal® range 1,200 m). The geometry
dats tiles used in the flood simulatfons are similar to those used
in chapser 3.3, The simulated maximum water Tevels obtained for 6-,
29~ 100~year recurrenc. interval floods in the Umhlatuz
setunient are given in table 3.6,

lable 3.8 : Maximum simutated water levels in_ the Richards Bay
estuary during 5-, 20- and 100-year floods in the

Umhlatuzi catchment (metres to LWOST)

estuary system [mouth condltion recurrence Interval flood
5 20 100
original July/August 1.7 2,4 2,8
natural system [1970
Noverber 1970 1.5 2,1 2,6
W osystem layout 2 1,7 2,0 2,5
safter harbour
construction) tayout 2 with - - 2,31
sand-har at -%,5m
Jayout 2 with - - 2,1
sand-har at -2,0m
Me3 model test - - 2,1
July/August 1970 - - 3,1
designed channel - 2,5 3,0

in no case modelled did the 100-year flood level exceed 3,1 m LWOSY
(i.e. the design criterion proposed by the CSIRY).
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4. MOBELLING LONG TERM WATER AND SALT CIRCULATION IN THE
CRIGINAL BAY AND THE PROPOSED NATURE RESERVE

Salinity measuremerts (see table 4.1 and figure 4.3) suggest that
the main body of the original bay was spatially well mixed :xcept
for localised regions at the river mouths. This implies that the
Yarge scale two-dimensional {in plan) currents generated by wind
action and Coriolis forces and smaller scale turbulent mixing
processes are sufficiently vigorous to produce a uniform salinity.

Salt is transparted into the bay by the dispersive action of the
tides. During the incoming tide sea water flows into the hay {see
figure 4.3). Due to turbulence this water mixes with bay water.
DiTuted water thus flows out of the bay during the ocutgoing tide.
Part of the salt remains in the bay. If there were no freshwater
inflow to the bay this tidal dispersion would eventually fill

the entire bay with sea water. Any net inflow of freshwater to
the system sets up an advective current out to sea which flushes
out some of the salt. The salinity of the bay therefore depends
on the balance beiween the tidal dispersion and the freshwater
advection,

The one-dimensional tidal model used in chapter 3 has been used
to approximate the tidal intrusion process discussed above. This
mode? could be used to simulate the dispersion/advection process
for the entire lake. The mixing effect of the large scale two-
dimensional currents in the bay could be dealt with by specifying
a suitable one-dimensional dispersion coefficient. However it
would prove completely unmanageablie for simulating the long term
(say 50 years) salinity fluctuations in the bay at say § hour
increments. . :

1t was therefore decided to use a cell type monthly Tlake model
developed by Hutchison??. Briefly the fake or bay is represented

as a series of interconnected cells. The bay/ocean boundary is
represented by a Take stage-discharge curve. In this model the
tidal dispersive process discussed above is treated as pure
dispersion, the rate of salt influx being dependent on the salinity
gradient between the bay and the sea, the cross-sectional area of
the channel linking the bay to the sea and a dispersion constant

A brief discription of this lake model follows.
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4.%  Description of the programs used
4.1.1 HBYPOS

This srogram is designed to simuTate long-term water circulation
within the lake, i.e. for periods of 50 years or more. The lake
system 15 represented as a serigs of interconnected storage cells
each having a horizontal water surface (see figure 4.3). Water
enters the vystem by way of estuarfes, which connect the Take %o
the sea, rivers and direct rainfall and leaves the system via the
estuar%es and evaporation. Discharges in the flow links coennecting
the cells are goverved by continuity*, From a glance at the bay
geometry it is obvious that the friction losses are negligible.
The continuity soTution 15 given below:

() Contivnuity equation for general cell i

A typical flow tink 1s illustrated in figure 4.1, For this
solution al) the cel? Jevels at the end of the time period, i.e.

24, are equal and set at zz' {i.e. thare are no frictien losses
in the links}).

From the fundamental continuity equatiocn:
I =248 +0 .isenns

where, during time increment At, I = inflow
0 = outflow
45 = change of stoerage
we get:
22 (- b 4 g,0032 kzm‘aQEk) SN e 08649
(33 * kay 0%y AT Y i pl
X, A v k=m, 8QE
B T B! k”,‘“’Ek - g ) teggAy el (82)
= i

where zz' = cell water Tevel at time t + &t (m)
2y = cell water level at time £ {m)

%3 = cell surface area correction factor
Ay = cell water surface area {kim?})
8t = time incremant (days)

0,0864 = saconds x }0%/day

* The program can handle friction Tosses 1f necessary.
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m, = number of estuaries entering cell 1

k = general estuary
QF, = discharge in estuary at time t (m¥/s)

fi,j = factor defining direction of flow in link j
=T if positive direction of flow in the Tink
is out of the cell

1 if positive direction of flow in the iink
is into the cell

link discharge at time t + 8t (m3/s)

o
"

=
"

i = number of flow 1inks connected to cell i

genaral flow Yink
river inflow (m®:310%)

<
[
" ou

e. = net evaporation from cell {w/day)

Thus for ¢ cells and p flow 1inks, the number of unknowns at the
end of time period 8t will be p+1 (i.e, flow Iink discharges and
final lake level) while the number of cell continuity eguations
will be I,

{b) Solution procedure

For a configuration of 7 cells and p Yinks a set of 1 calt
continuity equations is set up and solved for the p+1 unknowns,
¢iz. the final Take level and average 1ink discharges,

Pregram HOYPOS is described in detail in reference 22,

4.1.2 HOYPOG

This program simulates salinity circulation within the lake
system, Both advective and dispersive processes are considered.
The storage cells are assumed to be well mixed and thus have a
uniform salinity distribution. A1l salt transport takes place
within the flow links. A typical salinity distribution within
the model 1s il1Tustrated in figure 4.2.
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(a) Advectien

The advective currents im the flow 1links are averages obtained
from the program HBYPO5. Salt advection over the wonthly time
increment is approximated as the product of the average 1ink
discharge and the average salinity of the cell from which the
water is flowing. This implies a constant discharge and a linear
variation in cell salinity over the time period. The advection
equations used are given below:

Advection into cell via flaw Tink j:-
: - _ 1 .
Advection = LAI = 0,0864 LS Z(C")’J + Co,j)Qaijt

1
-0,0864 sy 5 5(0) ¢ C3)0avgst woaiiiiias (4.3)
where i 3
and ri,j = 0 and si‘j =1 if Qavj is out of cell ¢
QavJ = average discharge in Tink during period &t (m®/s)

=1 and 5; =0 if Qavj is into cell i
s

Advection into cell via estuary k:-
Advection = EAl = 0,0864 rszQEavk&t - Sk %(Ci + Ci)QEavkst
..... e (4.4)
where L and s, have the same meaning as before but with

respect to QEav.

QEav, = average estuary discharge for peried §t (m¥/s)
(b) Dispersion
The dispersive process is assumed to be governed by a‘Fickian~
type law, i.e. the rate of transport is proportional to the
salinity gradient. This gradient is evaluated in terms of the
salinities of the cells at the beginning and end of the channel
and the <i.anel dispersive Tength {see figure 4.2). The dispersion
length is the distance between the cell centroids. The dispersion
rate is also dependent upon the average channel cross-sectiona
area between cell centroids. The dispersive lgngth of an estuary
i$ taken as the distance from the certroid of the cell te that
edge of the cel: which is linked to the sea. The dispersion
equations used are given below:

Dispersion into cell via flow link j:-

Dg.
i i = = deg! - gl o-
Dispersion = LDI = EF;(Co,j Ol s m Gp o Cst vee{4.5)
where D = tink dispersion coefficient; assumed to be the
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same for all Tinks {(km?/day)

95 Tink dispersive cross-sectional area (m?)

hj = Tink dispersion distance {m)

8t = time increment (days}

[

Ci,C; = average salinity of cell i at time t and

t+8t {ppt)

average salinity of cell at other end of flow
Tink at time t and at time t+st (ppt).

"

€o,57%.3
Dispersion into cell via estuary k i-
Dispersion = EDI = ?EE(Z.?S - C; -Gt L. P ,.{8.6)
where 9 and h, have the same meaning- as before but with
respect to the e;tuary
and C, = sea water salinity (ppt).

The increase in cell salt content during the period 8t is given

by:-
Cysler -
s = VSIC = Vs €y aeeeinains N (3% 3

where Vsi, Vs; = cell i volumes at time t and t+st (m¥x10°)

The cell salt conservation equation is:~
As = net inflow of salt = ILDI + TLAI + ZEDI + IEAL ...(4.8)

Substitution of equations 4.3 to 4./ into 4.8 and re-arrangement
of the terms yields:-

gyius + i’;jz i T;L +0,0880 5, jtavy) » & t:‘ (o + 0,088

s 0eavy)y - &7 jz ‘c(;’j(—h-ﬂ_- - 0,0864 ry sQav,) =

c_i{\ls_i - §§~J n ( 1 + 0,0862 s, Qav Y - st if? (E%E +

0,0854 5, Qv )} + €8t ; ‘_ﬁﬁ +0,0864 r,Qfay,}

+§.§” (7,—l+noce4 re§029;) ...... L. (4.9}

3=1
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{c) Solution procedure

Flow tink dispersion geometry, dispersion coefficient and sea
water salinity must be specified. Equation 4.9 is set up for
each of the 7 cells, thus praoviding ¥ equations with 7 unknowns,
viz. final average cell salinities. At any time t cell levels
and salinities are known from the previous time step while
average link and estuary discharges and final cell levels are
generated by the simulation program. The set of I equations is
then solved simultaneousTy to yield the cell salinities at the
end of the time period. The solution thus continues in a stepwise
manner,

Programs HDYPO5 and HDYPO6 can be run at menthly time increments
or fractions thereof

4.2 Calibration of ths water and salt circutation models

4.2.1 Richards Bay natural system data

Salinity measurements were carried out by the CSIR during the
periad February 1969 to March 1971, These salinitiss are
tabulated in table 4.1. The locations of the salinity measuring
stations are given in figure 4.3, It should be noted that this
data is subject to the following limitations

(i) Very few measurements were taken within the bay proper,
(11) Station S4 was inoperative for most of the observations,
{111) These salinity readings are point measurements carried out
on a specific day. They may not, therefore accurately
represent the average bay salinity for that day. It is also
difficult to extrapolate month-end salinities for purposes
of comparison with simulated values.

As the bay is spatially well mixed, it was decided to model it

as one cell. The estuary channel was represented by a second cell
because there is a consistent difference between the bay and
estuary channel salinities (see table 4.2). The cell configuration
is shown in figure 4.3,

The spatially weighted average salinity within each cell for the
months during which saiinity measurements were made by the CSIR
are given in table 4.2. The level-area retationship for each cell
is given in table 4.3. The Tevel-discharge relationship for the
estuary was established by running the one~dimensional tidal
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Table 4.1 : Average salinities measured at CSIR salinity

measuring stations (ppt)
Fate station number

yearimonthiday{ 1 2 3 & 5 6§ 7
1969) Feb.f 26 35 35 3k

1970 jan. g9{33 32 31 - 29 32 33

1871) Mar, | 3|34 34 34 28 27 27 3%

Note : These are spot measuc~ments, The vatues given
above are averages of top and bottom salinitles
measured at one point in time.

Table 4.2 : Weighted average salinities within each cell on

the dates when salinity measurements were made

date cell number
year jmonthlday 1 2
1969 | Feb | 26 35 34
Mar | 14 15 8
May 5 21 17
dun 23 26 21
Jul 9 26 25
Sep t 29 33 32
Nov | 25 25 21
1970 Jan 9 32 30
Jul 28 33 31
Sep | 11 34 31
Gct 14 25 19
Dec 17 24 19
1971 | Mar 3 34 28

Note: The above average cell salinities were weighted by
Thiessen's Polygon methed.

i
i
|
¥
{
|
H
i
i
i
i
|
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propagation model discussed in chapter 3 for the original system
for one tidal cycle with various fixed bay levels. A sinusoidal

sea tide of 1,2 m range (Durbah mean) and 0,940 m MSL (Durban mean)
was specified at the downstream boundary, Simulations performed by
Hutchison??® {ndicate that use of a mean sy median tidal range and
the tong term mean sea Tevel gives an accurate average estuary
inflow or outflow.

July/August 1970 mouth geometry was taken as being rapresentative
of normal conditions within the original bay system. The resulting
Jevei-discharge relationship is given in table 4.4.

Table 4.3 : Level-area relationship for each cell used to
model the original Richards bay system

cell 1 cell 2
tevel m] area km?| tevel m|area km?
-3,00 6,006 ~0,10 0,408
~1,00 0,574 0,20 5,01L
~0,50 0,943 0,40 14,065
0,00 1,428 0,60 lg,072
0,50 3,261 0,70 20,948
1,00 6,017 1,00 22,389
1,50 7,142 1,50 23,364
2,25 10,333 © 2,25 31,078
3,00 13,587 3,00 38,937

Table 2.4 : Level-discharge rejationship for the original Richards
bay estuary - July/August 1970 mouth {+ve direction
into the bay

Tevel m discharge m’/s
0,70 87,8
1,11 .0
2,00 ~553,3
3,00 -1 411,8

4.2.2 Convergence test runs

These runs were used in order to select an appropriate simulation
time increment, The period 1961 to 1971 was simuiated in the
original system for calculation fime increments varying between

1 and 8 calculations per month. Boundary river runoffs were
provided by “the monthly runoffs simulated in chapter 2 for 1970
catchment conditions (1.e. tables 2,13, 2.74, 2,18 and 2.39). The
dispersion coefficient, D, was set at 10 km®/day. The results of
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the cenvergence tests are given in tabTe 4.5, from which it 1s
seen that a calculation time increment of } month (i.e. 4
calculations per month} yields satisfactory results, i,e. the
error ip average cell levels and salinities are less than 2% and
in no singie month do these errors exceed 10%.

Jable 4.5 : Results of convergance test simulations - average
cell levels and salinities for the perjod 1921 to
1971 for 1970 catchmeni conditions ’

number of Take level salinity ppt

calculations

per wonth n cell 1 teell 2
1 T.13 25,6 22,7
2 1,13 25,8 22,7
4 1,12 25,6 22,
8 1,14 25,7 22,7

4.2.3 Model calibration for the period February 1868 to July 1971

The level-discharge curve given in table 4.4 was used for the
estuary boundary (i.e. a MSL and tidal range of 0,940 and 1,200 m

respectively, and July/August 1970 mouth conditions were assumed).

The menthly runoffs into Richards Bay simulated in chapter 2 for
1870 catchment conditions weve used for the river boundaries.
The model was calibrated by varying the dispersion coefficient,
D, and the evaporation pan coefficient until a reasonabie
agreement was achieved between measured and simulated salinities.
The evaporatien pan coefficient was found to have very little
effect and was set at 1,1, The discontinuous nature of the
available salinity data precluded any attempt at accurate
caibration of the model. Table 4.6 demonstrates the correlation
achieved between model and natural system behaviour. The final
value of D adopted was 13 km®/day.
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of the measured and simulated salinities

within the original Richards Bay Yake system (ppt)

date cell number 1 cell number 2
year |month | day [measured| simulated| measured | simulated
1969 Feb 26 35 30 34 28
Mar 14 15 23 8 20
May 5 21 18 17 13
Jun 23 25 25 21 22
Jul 9 28 26 25 24
Sep 29 33 30 32 29
Nov 25 25 27 21 24
1970 Jan 9 32 30 30 28
dul 28 33 31 31 28
sep | 11 34 31 31 30
Oct 14 25 27 19 24
Dec 11 24 24 19 20
an Mar 3 34 27 28 23
Note: The above simulated cell salinities were interpolated
Tinearly between the month end values obtained from the
lake model. :
Iable 4.7 : Level-area vrelationship for each cell used to model
the proposed nature reserve
cell 1 cell 2
level m| area km?{level m| area km?
-11,16 0,718 0,20 0,588
-4,66 1,069 0,40 3,465
=0,16 1,670 0,60 7,250
0,40 2,465 1,00 8,888
0,60 3,437 1,50 9,348
+00 3,883 2,25 | 16,012
1,50 3,976 3,00 | 17,859
3,00 5,281
Table 4.8 : Level-discharge relationship for the proposed

nature reserve estuary - Layout IT mouth

Jevel m discharge m/s
0,70 132,38
s 4,
2,00 =7¢7,5
3,00 ~1 594,
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4,3 Simulation of the long term water and salt circulation in
the original Richards Bay system and in the proposed new
nature reserve

These simulations were run for a period of 51 years using the
synthesized monthly runoffs jnto Richards Bay discussed in
chapter 2 as boundary conditions. Corresponding monthly net
potential evaporations from the bay are also available for the
simelation period. The dispersion coefficient used is 13 kmZ/day.

4.3.1 Original natural system

Conditions in the original Richards Bay system were simulated only
for the 1970 catchment conditions, The discharge-Tevel relationship
of table 4.4 was used as the estuary boundary condition while the
river inputs were abstracted from tables 2.13, 2.74, 2.18 and 2.19.
The results of this simulation are given in table 4.9.

4.3.2 Proposed new nature reserve

The cell configuration is shown in figure 4.4 and the Tevel-area
relationship For each cell is given in table 4.7. The level-
discharge relationship for the estuary was determined as before,
using layeut II mouth, and is shown in table 4,8,

Simulations were performed for twe catchment conditions:
{a) 1970 catchmeur conditions ~ the river boundaries specified as
in 4,3.1 akove for the original system simulations,

and

(b) 1990 catchment conditions - here the river inputs were provided

by tables 2.27 to 2,24,

The results of these simulations are given in table 4.9.

4.3.3 Comparison between the tong term water and salt circulation

in _the original natural system and that of the proposed
nature veserve

From table 4,9 1t is seen that at a0 time does the salinity
exceed 36 ppt in any of the systems modelled, For the catchment
conditions prevailing in 1970 there is very little difference
between the average salinities and water levels obtained in the
original system and those of the proposed nature reserve,

It is thus clear that there is 1ittle cause fer concern with

i
H
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respect to Tong term average water levels and salinities within {
the proposed nature reserve, H

Table 4.9 : Comparison between the Tong term water and salt
cireulation in the original natural system and

that of the proposed new nature reserve

parameter units estuary system
ariginal system Broposed Bature Teserye |
19790 catchment { 7970 catchment catchmen
cell 1 ]cell 2 cell 1] cell 2jcell 11 ceil 2

mean annual

net evaporation|mixic® 0,90 2,39 2,38 1,08 1,08
river runoff " 54,96 { 503,99 0,00 | 503,99 0,00] 232,93

mean annual

estuyary inflow |m®x106 0,53 - ¢,00 - 4,41 i
estuary outflow * 556,11 - 502,48 - 235,82 -

water levels

average m 1
maximum monthlyj " 1
minimum monthiy| " 1
standard dev. # 0

salinity

average pot 2
maximum monthly v 3
minimum monthly{
standard dev, "
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5. CONCLUSIONS AND R:ZCOMMENDATIONS

§.1 Conclusions

For all the model simulations performed it was found that the mean
bay level averaged over a tidal cycle within the prepcred nature
reserve were not significantly different from those experienced

in the original system. The tidal prism was found to differ
markedly depending upon the mouth conditions ascribed to the new
system, Tidal ranges within the proposed nature reserve with
tayout Il mouth were found to Be two to three times larger than
those of the original system. It was also established that should
a flood wash out the sand-bar which hlocks the seaward ends of

the four flood channels. there is a strong 1ikelihood that the bed
of nearly the entire nature reserve will become exposed at low
spring tide. The design is offered of a tidal channel that will
cause acceptable tidal ranges within the nature varsrve,

Maximum fload levels for all of the mouth configurations modelled
were found to be acceptable (i.e. not higher than 3,1 m LWOST®
for a 100-year flood). Proposed developments within the Umhlatuzi
catchment make very 1itile difference to the flood response of
Richards Bay.

Tidal advection ampiitudes along the thalweg of each of the estuary
systems have been plotted and from these the extent of tidal sea
water intrusion can be infarred.

Very 1{ttle difference was found between the Tong term water levels
and salinity fluctuations within the original system and those in
the proposed nature reserve. Even for projected 1990 catchment
conditions the average monthly salinity never exceeds 36 ppt {i.e.
1 ppt above average sea salinity).

5.2 Recommendatioas

(a) It is strongly recommended that the four flood channels in

the new estuary mouth be permanently blocked so as to prevent
unacceptably shallow water at Tow tide after a flood has scoured

out the narrow sand-bar at present temoparily obstructing the seaward
out1§t. This.could be effected by:

(i) filling in the flood channels with material borrowed from
the dykes separating the fleod channels,
or {i1) constructing an erosion-resistant weir across the flood
channels.
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it is suggested that the finished level of the flood plain {case
{i)) or the crest Tevel of the weir (case (ii}) should be set at
1,0 m LHOST (see figure 3.33 of chapter 3),

{b) A 30 m wide tidat channel with invert level at -0,5 m LWOST
is recommended in order to keep tidal water level fluctuations
within the nature reserve similar to those that were experienced
in the original Richards Bay system.

{¢) It is suggested that suitable bed and bank protection be
provided for the tidal channel to prevent scour during floods.
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APPENDIX B - Mathematical catchment model

Brief description of the model¥*

A gaphical description of the mode? is given in figure B.1. Data
input for the model consists of monthly rainfall and evaporation.
Some of the precipitation is intercepted, while some is kept in
depression and soil moisture storage from where losses to evapo-
transpirat1oﬁ occur. The remainder appears as surface runoff. Part
of the seil moisture reaches surface channels via interflow. Each
component contribyting to the euiflow from the catchment has to be
suitably lagged. To improve the sensitivity, menthly rainfall data
is broken down into quarter-monihly units and computations are
carried out at quarter-monthly time steps,

Evaporation Tosses from intercepted water is modelled as a function
of interception storage (PI), monthiy rainfall and total interception
loss. The remaining rainfall is then split into surface runoff and
absorbed rainfall, AI, the proportion of the catchment that is
impervious, and Zmin and Zmax, the minimum and maximum absorbtion
rates for the remaining catchment, determine the surface runoff.

The quantity of soil moeisture lost to evaporation is contrelled by
the potential evaporation for the month, the soil moisture starage,
S, the total soi? moisture storage capacity, ST, and the Factor R
{that determines the rate at which evaporation decreases from
potential at S=ST to zero at a storage defined by R) and the
potential evaporation. The soil moisture storage, S, is determined
at each time step by satisfying the water balance of the catchment.
The quantity of soil moisture reaching the channel system depends
on S and ST, as well as on SL {the s0il moisture level below which
no runoff from soil moisture occurs) and FT (the runoff from soil
moisture at S=ST) and POW (the power of the assumed seil moisture-
runoff curve).

TL is the time delay of runoff, while 6L is the soil moisture Jag.
GW provides an upper Jimit to groundwater runoff.

The twelve catchment parameters are Tisted in table B8.1.

* A detalled description can be fonnd in reference 8.
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Table B.1 : Model parameters

parameter units description
POW - power of the soil molsture - runoff curve
SL mm sol) molsture sturage below which no
runoff ocours from soll storage.
ST mm maxImum soll molsture capaclty,
FT mm/month | runoff from soll molsture at full capacity.
G mm/month | max imum runoff from soll moisture.
Al ~ impervious proportion of catchmant.
Z=min mm/morith | minimum absorbtlon rate.
Z-max mm/month | maximum absorhtlon rate,
Pl mm Interception storage,
TL months | lag of surface runoff,
Gl months | Mgroundwater™ lag.
R - parameter detarmining evaporation - sofl
nolsture storage relationship,

Jable 8,2

Parameters selected after calibration

with recorded data

gauge POM | SL| ST | FT [GW [ At} Zmln | Zmax [ P! TL|6LY R
WiMol 3.0 0] 25028 | 0| 0)5000] 6000 | 1,8 .25 0l.8
WiMog 3.0 o|250]25¢ 0 0| 5000} 6000 1.8 .25 0.3
coastal | 2,0 0! 65020 G| 05000 6000(1.8]{.25 0].5
catchments
*  The "eeastal catehments' comprise the twe small catchments

north=east and south-west of Richards hay, {see

figure 2.1)
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APPENDIX C -~ Estimation of areas of land under sugar cane

Areas of farm Tands falling within the Eshowe and Lower Umfolozi
magisterial districts were measured from the relevant 1 : 50 000
topographical survey maps. The areas of farm land within these
districts falling within the various catchment boundaries were
also ascertained. It was thus possible to calculate the proportion
of farm Tand falling within the catchment boundaries within each
district. These areas and proportions are given in table C.1.

Table C.1 : Areas of farms within each sugar producing district

Area District
bounded
by Eshowe Lower Umfolozi
Z ha proportion ha propartion
i
i catchment commarded 50 4.00 - -
by gauge WIMOL
catchment commanded 3 510 0.18 8 450 6.18
by gauge WIMOO
Unhlatuzl catchment 4 nan 0.21 14 310 0.27
Nsazl catchment - - 16 890 0.32
tota) district 19 530 1.00 52 650 1,00

The following data pertaining to areas of land under sugar in the
two magisterial districts were abstracted from reference 15,

Table C.2 : Jotal ares of land under sugar in the Eshowe and
Lower Umfolozi districts from 1918 to 1961 (ha)

district vear

1918 1926 1930 1982 1961
Eshowe 286 2 50% 6 285 7 008 12 540
Lowar Umfolozi| 4 978 | 19 080 | 21 710 | 23 450 | 29 800

These figures, ajong with projected future areas, are represented
in figure C.1.




- 106 -

S19, SIp Jele)siBewl [ZOjopUN 12MmM0

pue amoys3g 2y} Ul 1eBns Jspun pue] Jo sealy T3 JW oI
122
] et =) © =} B @ B >
g &8 § & & 5 &8 B 8
S N SR S R 0
-+ 000 0L
-
-
- 4 o000z
-— 000 3
-
~
- 1y sa1enbs 15827 - 4 oo o7
-~
- BMOYST  w—
1ZOJOJU[T J2M0 —
120104} T 4 ogooes

(ey) ealvy



Table €.3 ¢

- 107 -

Aveas of land under sugay falling within catchment

boundaries during relevant model calibration and

simulation periods (ha)
catchment | district s!mulatlon‘aerlod
1921-39 [ 1862-71 1870 1990
ahove Eshowe 40 600
WiMO1 Lower Umfolozi - n.a. n.a, -
total ko 609
above Eshowe 2 300
WiMO9 Lower Umfolozi n.a 5 300 L3 n.a.
total 7 600
Umhlatuzl | Eshowe 2 300 4 000
Lowar Umfolazl n.a. LR 8 508 | 12 900
total 17 300 16 o0on
MNsezi Eghowe - -
Lower Umfolozi n,a, n.a 11100 | 1k 100
total 1t 100 | 1k 100
total Eshowe L o700 1% 100 14 obn 19 aon
" Lower Umfolozl 19 f00 | 33 490 35 100 | 4 500

It was assuymed that the areas of land under sugay in each sub-
catchment would remain in the same proportions as those of the
cultivated lands shown in table C.1. Table €.3 was compiled

using the proportions ¥n table C.1 along with projected future.

areas in figu

re C.T.
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APPENDIX [ - Flood hydrographs for various recurrence interval storms
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APPENOIX E - Survey datum

A1l topographical heights and water levels in this report have as
datum the LWOST defined by the Hydraulics Research Division of the
Council for Scientific and Industrial Research'®, This is the datum
that was used by the CSIR in all reports prior to 1971,

A1 sea levels used in this study were obtained from the S.A. Navy
tide recorder located at Salisbuyry Island inside Durban Bay. These
records are considered by the Navy to be unreliable prisr to
October 1970. For the period Dctober - November 1970 the tide
recorier datum at Salisbury Island was 0,370 metres below that of
the SAR & H recorder at Durban?”. It should be noted that this
corraction cannct he applied to other time periods as the positions
of these recorders relative to each other has varied jn the past.

Al1 datum Jevels at Richards Bay pertinant to this study are shown
in figure €.7. It should be noted that all SAR & H working
drawings and CSIR reports subseguent to 1971 are relative to LWOST
¢SAR) which is -0,900 m GMSL.
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