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ABSTRACT

multidisciplinary approach to establish the cause-effect relationships. The study focuses on the hydraulics of Lake

Victoria’s Magu Bay and Simiyu riverine input of suspended sediments and their distribution in the Bay.
Sampling in the river mouth and the Bay was conducted aboard an 8m outboard engine wooden boat. Turbidity, currents
speed and direction were measured using an "AANDERAA” multi-sensor self-recording current meter model 9
(RCM9). Water depth was measured using an echo-sounder type FISHIN” BUDDY II. Geographical positions of the
sampling locations were obtained using a GPS, Model Garmin 12. Suspended sediment concentrations were determined
by sampling the water, filtering and weighing the sediments. Data on rainfall and water discharge were obtained from
the Mwanza Meteorological office. Statistical analysis shows that cumulative rainfall of 1043 mm and the respective
discharges of 98.5 m3/s have a return period of 5 years. A return period of 50 years is expected to have cumulative rainfall
of 1403 mm and discharges of 156.7 m3/s. Concentration of suspended particles was highest at the river mouth (1573
mg/l at station 1) and exponentially decreased as one moves away from the river (0.9 mg/l at station 8, a station that was
most off-shore from the river mouth). Also, turbidity was higher towards the river and decreased as one moves away from
the river mouth. In the first half a kilometre longitudinally from the river mouth, most of the suspended sediment has
been deposited its concentration is attenuated exponentially as Cs/Cso = e, where Cs is suspended sediment
concentration at distance x from the river mouth and Cs, is concentration at x = 0 (at the river mouth) and k = 2.1 is the
attenuation coefficient. Both surface and bottom currents exhibited the same trend as sediment concentration. At the
mouth of the river, the surface and bottom current are northward. In the first half kilometre from the river mouth, the
current speed has been strongly attenuated from 0.54 m/s to 0.07 m/s. From there onwards, the current speeds are
reversed, almost flowing in the opposite direction of the river flow. Simiyu River is a major sediment contributor to the
bay ranging from zero on days when there is no water discharge to about 20,000 tons/day in the observed period. It is
recommended that a comprehensive and long-term study to cover all river sediment input into the lake be undertaken.

I ake Victoria is experiencing multifaceted environmental and ecological problems. A study of the problems needs a
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1. INTRODUCTION though not adequate, attention. Non-point

sources of material input into the lake have in

Lake Victoria, the greatest among the African
Great Lakes and the third largest in the World,
has a surface area of about 68,800 km?2. The lake
is shared by Kenya (6%), Tanzania (49%) and
Uganda (45%). The lake is generally shallow
with average and maximum depths of 40m and
80m respectively. The lake occupies a crustal
sag between the western and eastern rift
shoulders, and was formed as a result of river
reversal and ponding during the Cenozoic
rifting (Johanson et al., 1996; Stager et al., 1997).

According to Mpendazoe et al. (1993); Hamza
(1996) and Mtega and Masanja (1999), pollutant
loading in Lake Victoria resulting from land-
based activities has received substantial,

many occasions been neglected and in most
cases they are merely implicated by
circumstantial evidences.

According to Lehman (1996) sedimentation is
one of the many causes of ecological changes in
the Lake. The accelerated rates of input of
nutrients into Lake Victoria in the last four
decades has been to a greater extent a result of
direct and indirect anthropogenic activities in
the watershed. For instance, the proliferating
human population is inevitably creating
pressure on land use in the catchment area.
Land denudation with the concomitant soil
erosion is a major problem in poorly managed
agricultural, mining and human settlement
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areas. These activities exacerbate the Aeolian
and fluvial transport of soil material, organic
matter and nutrients. The main objective of the
study is to determine riverine inputs of total
sediment and particulate nutrients from the
Simiyu river. The study focuses on water
discharge, suspended sediment concentration,
depositional features and pattern of surface
currents in Magu Bay in Speke Gulf of Lake
Victoria.

2. STUDY AREA

The site chosen for the present study was Magu
Bay, in the Speke Gulf where Simiyu River
discharges its water into Lake Victoria (Figure
1). Speke Gulf is the second largest gulf of Lake
Victoria, located on the southeastern part of the
lake and has a surface area of approximately
2425 km?2. Magu Bay is in the Speke Gulf, with
a surface area of approximately 78 km? and it is
one of the most lucrative fishing grounds in the
Tanzanian waters of the lake. The Simiyu River
catchment area is approximately 5320 km?2 and
is located between 33° 15" - 352 00" E and 2° 30’
- 3030’ S. The Simiyu River drains the Serengeti
National Park plains and partly Mau ranges in
Kenya to the Lake Victoria on the downstream
before it discharges its waters to the Lake
Victoria.

The bay is shallow with depth ranging between
0.5 m in areas very close to shore, and 15 m at

station 8 (approximately 15 km from Simiyu
River mouth) as shown in Figure 2. In the
shallow area close to the shore, most of the lake
bottom is soft, laden with lots of detritus and
large quantities of dead mollusk shells. At the
entrance of the river to the lake and all along
the river stretch the bottom is typically muddy
or silty. Sandy areas occasionally appear at
some points. Most of the shoreline along the
bay and particularly at Simiyu river mouth, is
fringed by dense reeds/sedges, especially
Cyperus papyrus, but Phragmites sp., Vossia sp.,
Eichhornia crassipes, Pistia niloticus and Typha sp.
are common in some areas of the bay. None of
the beaches in the bay had extensive water
hyacinth mats.

Available rainfall data spans from 1969 to 1997
collected at Ndagalu rainfall station (Station
ID: 92.3346). Water discharge data spans from
1969 to 1985 and again from 1999 to 2000. Data
is not available for the period between 1986
and 1998. Figure 3 shows cumulative annual
rainfall recorded at Ndagalu Rainfall Station.
The cumulative annual rainfall was highest in
1989 with a value of 1256 mm and it was lowest
in 1969 with a value of 65.2 mm. From 1969,
the cumulative annual rainfall has generally
been increasing with a linear trend of y = 15x
+621. Figure 4 shows recorded water discharge
recorded at Simiyu River Road Bridge
(STATION ID: 01.12.02.2).
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Figure 1. Sampling stations in the Magu Bay, Lake Victoria
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3 HYDRAULIC PROCESSES, SEDIMENT
ANSPORT AND DISPOSITION

3.1 Effect of widening of river mouth on
water depth

As the river enters the lake, the river mouth is
suddenly widened. For a steady 1-D uniform
flow the equation of continuity is given (e.g.
Guo, 2002)

where Q is the water discharge (m3/s), A is the
cross-sectional area (m2) of the river channel
and V is the average water flow velocity. For
such steady flow conditions, Manning's
equation is usually employed and the water
discharge can be expressed as

1 A5/3

Q:;meﬁ ..................................... )

Where n is Manning coefficient and P is the
wetted perimeter and S is the bed slope of the
channel. If a rectangular channel is assumed,
then

A=By and P=B+2y, «cccccovviiininnennn. 3)

In which B is the channel width and y, is the
normal depth. Substituting Equation (3) into
Equation (2) gives that

IR
Q_n(B+2y”)2/3\/§ ........................... (4)

If Equation (4) is written in a dimensionless
form, i.e.

(yn)S/3
nQ B

B¥3.[s - 2/3
Vs @+22j

nQ
38/3\/5

And defining X =

y
and Y=-% ... (6
B (©)

Then Equation (5) becomes X =

Equations (6) and (7) shows that as the width
of the channel increases to approach infinity
(0) and the discharge remains constant, the
dimensionless depth Y approaches zero and

therefore Equation (7) becomes Y = X*'° ... (8)

Similarly, as the channel width decreases to
approach zero, Guo (2002) showed that

Y=22"X )

The cross-point between the two asymptotic
values given by Equations (8) and (9) is given
by Guo (2002) as X, = 2%/3 = 0.315 such that

Y = X3/5

for X > X
Y :22/3X

for X <X,

3.2 Effect of vegetation on flow velocity

The vegetation found at the mouth of River
Simiyu has a strong influence on physical and
probably biological process. The presence of
the reeds is directly linked to the hydraulic
variables such as velocity and floor depth and
their variation thereof. The influence of the
vegetation on the physical processes such as
flow velocity and flow depth can be described
through resistance equations. In natural rivers
such the vegetated Simiyu, resistance arises, in
addition to boundary shear stress and surface
roughness, also from a variety of other energy
loss mechanisms associated with channel
characteristics, including vegetation.

From a simple force balance analysis, James et
al. (2004) suggested the use of a simple
equation for flow through emergent vegetation.
It is assumed that resistance through
vegetation is dominated by stem drag, which
depends strongly on the morphology of the
stems. The drag force (Fp) of a stem is related to
local flow velocity (V) by

where p is the density of water, As is the
projected area of the stem defined by the stem
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length and the diameter (d), Cp is a drag
coefficient depending on the stem size, shape
and the stem Reynolds number given as,

Re =E in which v = 1.14 x 106 m2/s is the
14

kinematic viscosity for water at 20°C ...... (12)

By measuring the drag force, Cp is commonly
presented graphically as a function of Re.

The conventional free surface flow resistance
equations can be developed from the balance of
forces driving and resisting the water
movement. The driving force originates in the
down-slope weight component of the water,
and the resisting force in the shear stress
imposed by the boundary. The balance of these
forces leads to a dependence of the boundary
shear stress on flow depth, and a combination
of this with an assumed relationship between
boundary shear stress and velocity leads to an
equation for velocity as a function of flow
depth. However, if the resistance to flow is
exerted by the stem drag rather than boundary
layer, the velocity is independent of flow
depth. For a steady uniform flow of a unit
width element in a macrophyte-dominated
flow, and equating the driving force (down
slope weight of component of element) to the
resisting force, which is the sum of drag forces
from all stems within the element, James et al.
(2004) gives:

where y= pg is the unit weight of water, g is the
gravity acceleration, m is total number of stems
within the element, L is the length of the
element and S is the slope of the channel. Re-
arranging Equation (13) and taking the number
of stems per unit area N = m/L, the flow
velocity is obtained as:

where the resistance coefficient

The resistance coefficient depends on stem
density, stem diameter and drag coefficient. By
measuring the slope, discharge and flow depth
values, values of F can be calculated. As the
flow depth increases the relative contribution
of bed shear to resistance becomes small.
However, for low flow depths, sparse stem
densities and very rough boundaries the
influence of the bed shear on overall resistance
can be expected to be important. Under these
conditions, and in the absence of stems, the
shear stress increases linearly with depth to a
maximum value, where it is balanced by the
shear stress at bed. For a unit width within a
wide uniform flow in the presence of stems,
part of the down-slope component of the flow
is carried out by the stem and the bed shear is
reduced. Consequently, the actual bed shear
can be expressed as

2
TO:[I—NZd JWnS—%pCDNyndVZ ...... (16)

However, the conventional free surface flow
resistance equations are based on an assumed
proportionality between boundary shear and
average flow velocity and given as:

Combining Equation s (16) and (17) gives

2
apV? = [1 —%}ms ~ 1 pC,Ny,dv* (18)

Rearranging and replacing the parameter “a”

f

with S gives the velocity under the influence

of bed shear and stem drag as
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_ Nmd®

1

where = F_ = 7 4
r 4+ Y pc, Ny,
As flows depth decreases, the contribution of

bed shear to total resistance becomes more
significant.

gy, ---(20)

3.3 Sediment transport and deposition

The phenomenon of sediment transport is
related to many variables, some of which are
interrelated and dependent on each other.
Basing on field data, Yang and Lim (2003) and
Yang(2005) introduced a parameter Tt which
provides a good linear relationship with
sediment discharge g, i.e.

8 t = kTT
7/s l/t; B u*c

vomroow

where Tr is the total load transport parameter,
k is a constant, 7, is the overall bed shear stress
as given by Equation (16), ws is the particle fall
velocity and u-is the critical shear velocity and
u~is the shear velocity given as

I, =

If wu’>>u. and introducing?, = pgRS,

sediment discharge can be written in terms of
sediment concentration as follows

2
S = k(Lj USR] (24)
q Yo—7)Vw, y,

where R is the hydraulic radius and S is the
energy slope. If S is expressed in terms of flow
velocity as = V%/ (C2R), in which C is Chezy’s
coefficient, and if it is introduced in Equation
(24) and applying Equation (23), sediment
concentration becomes

C =k, [V—3] ....................................... (25)

w

N

where
k| 1{ WJ -
7o yn(Z.SClnlly”]

50

(26)

Therefore, depending on the size and density
of the bed material and the flow conditions,
sediment particles can be transported by the
flow in the form of bed load and suspended

load as long as u.” >>u’ . In this situation,

there is no deposition in the channel and the
one-dimensional depth integrated mass
transport equation for a channel with a
constant cross-section with respect to x is given
as (Partheniades, 1992)

oC, +V 9C, = 19 AD, G (27)
ot ox Aox ox
where C; is the suspended sediment

concentration, A is local cross-sectional area of
the channel, and D, is the dispersion
coefficient. For a uniform flow conditions and
in the absence of density gradients, D, is
constant and equal to D; in which case
Equation (27) becomes

If a constant concentration, Cs is being
maintained at x = 0 and applying appropriate
boundary conditions, i.e. Cs(0,t) = Cs, for t 2 0,
Cs(x,0) = 0 for x > 0 and at x = o« the
concentration Cs will be zero all the time, then
the solution of Equation (28) reduces to a
simple form

: 2 2
As we go along the x-axis and as u.” —u._,

sediments begin to be deposited. With a given
settling velocity, the rate at which suspended
sediment is deposited depends on the decrease
in current speed or the ratio between the stress
at the bed and the critical depositional shear
stress required to deposit grains of a given size.
Based on experimental observation, the rate of
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deposition for grains of a given settling
velocity is given as (Brown et al. (1989)):

R, = C{ —QJ ................................. (30)

T

Where C; is the concentration of sediment near
the bed and 7 is the critical shear stress.

4. MATERIALS AND METHODS

Water discharge and rainfall data sets for
Simiyu River watershed were obtained from
the data bank of the Tanzania Meteorological
Agency Office in Mwanza. The water discharge
data are those measured at the Simiyu River
Road Bridge (STATION ID: 01.12.02.2).

Sampling in Magu Bay was conducted aboard
an 8 m outboard engine wooden boat. Speed of
currents and turbidity were measured using an
“AANDERAA” self-recording current meter
model 9 (RCM9). The current meter is a self-
contained instrument that could be moored in
the lake for long periods of time. It measures
horizontal current speed and direction,
temperature, salinity, turbidity as well as
pressure from which the water depth above the
instrument can be deduced. Water depth was
also measured using an echo-sounder type
FISHIN” BUDDY II. Geographical locations of
the sampling stations were obtained using a
GPS, Model Garmin 12. Suspended sediment
concentrations were found by filtering and
then weighing the sampled water,. The
sampling procedure was rather simple. Water
samples were taken in the middle of the water
column by immersing sampling bottles into the
turbulent flowing water at the river mouth and
at various stations in the Bay.

Water transparency was determined by using a
20 cm diameter Secchi disk. Suspended
particulate matter was determined by filtering
a known volume of water through pre-
weighed (A) glass micro fiber filters. In the
laboratory the filters were dried in an oven at
50 °C temperature to constant weight, B. The
weight of the suspended particles was obtained
by subtracting weight B from A.

5.  RESULTS AND DISCUSSION

Figure 5 shows results of statistical the
expected cumulative rainfall and water
discharge for various return periods using
Weibull Distribution Function (k, = 2). It can be
seen that cumulative rainfall of 1043 mm and
the respective discharges of 98.5 m3/s have a
return period of 5 years. A return period of 50
years is expected to have cumulative rainfall of
1403 mm and discharges of 156.7 m3/s.

As the river enters the lake the width of the
river channel suddenly increases. The sudden
widening of the river channel and the presence
of the vegetation at the river mouth result in
energy loss of the flow. Consequently sediment
deposition increases and the depth of the
channel decreases longitudinally from the river
mouth until it reaches a minimum of 0.8 m at a
distance X, = 0.52 km as shown in Figure 6A.
Although the theoretical value of X, is 0.32, the
field value of 0.52 km is quite close and may be
fluctuating depending on the variation of water
discharge with seasons.

Concentration of suspended particles was
highest at the river mouth (1575 mg/1 at station
1 and exponentially decreased as one moves
away from the river (0.9 mg/1 at station 8, a
station that was most off-shore from the river
mouth). Also, turbidity was higher towards the
river and decreased as one moves away from
the river mouth. At a distance half a kilometre
longitudinally from the river mouth, most of
the sediment has been deposited and only a
concentration of 533 g/l is remaining. Fitting
the data with an exponential decay function in
accordance with Equation (29) sediment
concentration  is  generally  attenuated
exponentially and the attenuation coefficient
was found to be 2.1.

Water temperature did not vary much between
stations; it ranged from 26 °C to 28 °C for
surface water and from 24 o C to 26 ° C for
bottom water. In the first 1.5 kilometres
longitudinally from the river mouth, surface
and bottom temperatures are the same. From
there onwards, as water depth increases, the
surface temperature varies very little with
distance. However, the bottom temperature
decreases with distance from the river mouth.
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Figure 6B shows that suspended sediment
concentration is directly related to current
speed as proposed in Equation (25). At the
mouth of the river, the surface and bottom
current are northward (60° clockwise with
respect to the North). At Station 2, which is 0.52
km from the river mouth, the current speed has
been strongly attenuated from 0.54 m/s to 0.07

m/s. From there onwards, the current speeds
are reversed, almost flowing in the opposite
direction of the river flow (250° clockwise with
respect to the North). This is probably why
most of the suspended sediments are deposited
here. Figure 6C shows that the current speed
decays exponentially according to the equation
V = 54e3.9x,
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Figure 3. Cumulative rainfall recorded at Ndagalu Rainfall Station (STATION ID: 92.334) for the

period 1969 - 1997.
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6. CONCLUSION

It is pertinent to conclude that Simiyu river is a
significant supplier of sediment into Magu Bay.
Deposition of suspended sediments takes place
mainly within the first half kilometre from the
river ~mouth. However, according to
observations by Yanda et al. (2001), less than
10% of the sediments in Simiyu river basin ever
reach the lake. Most of the suspended
sediments from Simiyu river water are trapped
by the fringing macrophytes at the mouth of
the river. Therefore, the attenuation of the
sediment load to the lacustrine environment is
quite tremendous. The sediments that escape to
the inshore lake waters are probably less than
5% of the total sediment load in the Simiyu
River basin. The present study shows that
there is a clear need of assessing the sediment
trapping efficiency of Magu bay wetland
macrophytes. It is recommended that a
comprehensive long-term study to cover all
major rivers entering the lake be undertaken.
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