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Lateral Spreading of a River Plume and Transport of
Suspended Sediments in the Nakdong Estuary
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Abstract 1A hydrodynamic solution for the lateral spreading of a river plume which was developed
by assuming a Gaussian distribution of density difference between a turbulent jet river plume and
ambient salt water is verified by the field data in the Nakdong river plume. Effect of the river
plume on the transport of fine-grained suspended sediment at the Nakdong Estuary is also examined.
The analysis of field data showed a reasonably good correspondence with the theoretical solution
adopted in this work. Therefore, the hydrodynamic solution can be used as a useful tool in dealing
with the lateral spreading of a river plume. The density stratification due to the existence of a river
plume seems to cause a retarded settling of the suspended sediments in the water column, and
thus a farther transport of the fine sediment is expected than in the normal steady flow.
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1. INTRODUCTION

For the present work we assumed that the density
difference and axial velocity component have a
Gaussian distribution in the lateral cross-section of
the river plume ie.

Ap(x, 3, 2)= Apyx) e~ B¥2p=@HR

U, y, 2)=u,lx) e8P @2
Here x is the distance along the plume axis from
the river mouth, y is the lateral distance from the

plume axis, and z is the depth from the level sur-
face. Ap, is the density difference with .the ambient

seawater at the surface of the axis. H and B are
the depth and half width of the plume at whose
boundary Ap=0.6Ap, which is considered to be ne-
gligible value in the merging boundary (Fig 1)

With the assumption, Yu and Lee (1993) develo-
ped a hydrodynamic solution for the lateral sprea-
ding of the river plume. The result can be arranged
as follows. The lateral expanding velocity in the
plume cross-section is

vi=Ap/B?) ge™ VPR 2@1—1%);1\/:)
[E-P)—21G1)— Gl (1

and its surface value is
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Fig. 1. Definition sketch of the river plume.

v,= Apy/B) go~ VP 2\/‘?(}7' i)
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where

t=ﬁ, G(t)=”;e;_7‘(t) dt dt,

which can be numercally integrated and the subsc-
ript 7 stands for the interfacial values and

o

To verify the above results, we carried out field
observations and analyzed the field data obtained
in the Nakdong Estuary.

In addition, we tricd to find the effect of a river
plume on the density stratification which causes re-
tarded settling of the suspended sediments and re-
sults in a farther transport of the sediment.

2. FIELD MEASUREMENTS AND DATA
ANALYSIS IN NAKDONG ESTUARY

The Nakdong river mouth is dammed by a bar-
rage to prevent the salt water from intruding flood
tide. The barrage holds the fresh river water during
the flood tide and subsequently opens to releasc
the fresh water into the wide estuary basin at the
beginning of the next ebb tide. Usually the large
amount of released fresh water easily forms a tur-
bulent jet plume and spreads into the estuary basin.

To test the lateral spreading of the plume, a sta-
tion was held at the Nakdong Estuary (Fig. 2) and
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Fig. 2. Location map of the current, salinity, temperature
measurement and water sampling.

the change of current, salinity, and water tempera-
ture with time and depth were mcasured for 10
hours on April 4, 1992. Since the rver plume is
directed southwards and the tidal currents flow east-
westwards at Nakdong Estuary, the tidal currents
could easily swing the plume east-westwards, and
thus the stationary measurement could effectively
measure the lateral variation of the plume according
to the change of tides. The measurcment was car-
ried out at a half hour- interval at every half meter
from the surface to the bottom while the plume
was strong. When the plume was none or weak,
the measurement was carried out at an hour and
one meter intcrvals with time and depth, respecti-
vely. Water samples at the surface and | m above
the bottom were also collected every hour to anal-
yzc thc concentration of suspended scdiment.
Since the vertical water temperature variation was
so small that no abrupt change in vertical gradient
was distinguishable, the vertical variation of salinity
and current speed was used to determine the depth
of plume layer. The current speed was vectorially
divided into east-west and north-south components
which were used to determine the lateral expanding
velocity of the plume and the plume depth.

3. RESULTS AND DISCUSSIONS

3.1 Spreading of River Plume
Figure 3 shows the vertical distribution of the
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Fig. 3. Vertical distribution of currents in north-south dire-
ction (solid line, scaleX 10 cm/sec) and the salinity
difference at each depth from the bottom (broken
line, scaleX1%).
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Fig. 4. Change of the plume depth with time (solid line)
and the associated lateral position from the plume
axis (broken line).

north-south component of the currents and the dif-
ference of salinity at cach depth from the salinity
of the near hottom water. The vertical distribution
of the currents shows most evidently the change
of the plume dcpth with time. The abrupt weake-
ning of the current speed in the north-south direc-
tion may reflect the diminishing effect of the river
plume, and it is also supported by the abrupt cha-
nge in salinity differcnce near the same depth as
the current weakens, On the day of field measure-
ment the ebb current began at approximately 9:00
in the morning, and the plume began to be obser-
ved near 10:00 at thc station and the depth of
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Fig. 5. Depth-mean current speed and direction of the up-
per layer (A) and lower layer (B) and the difference
between upper and lower layers (C). One vertical
length scale corresponds to 10 ¢cm/sec of the cur-
rent speed.

plume changed with time reaching up to approxi-
mately 6 m (Fig. 4).

With the latcral components of velocity the net
current of the plume was calculated by subtracting
the depth-mean current of the lower layer from that
of the upper layer above the determined plume de-
pth. Figure 5 shows the directions and speeds of
the depth-mean currents of the upper layer (A), lo-
wer layer (B), and the difference (C) between the
upper and lower layers. The ditterence (C) was ado-
pted to be the net current by the plume. Figure
5 also shows that the direction of the plume current
at 11:30 (Fig. 4), was almost southwards when the
plame depth reached at its maximum of 6 m and
its east-westward component was almost nil, stro-
ngly implying that the plume axis was passing th-
rough the station at that time. By the assumption
that the plume was steady and its direction was
only changed by the tidal currents, the relative late-
ral distance from the plume axis to the lateral bou-
ndary could be calculated from the change of the
plume depth (Fig. 4).

Assuming that the plume axis passed through the
station at 11:30, the axial and lateral components
of the currents at cach lateral position were calcula-
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Fig. 6. Axial velocity of the plume layer at each lateral
location from the axis. Broken line: theory, asteri-
sks: field mecasurements, squares: average of the
field mesurements.
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Kig. 7. Lateral velocity of the plume layer at each lateral
location from the axis. Broken line: theory, asteri-
sks: field measurements, squares: average of the
field measurements,

ted. Figures 6 and 7 show the axial and lateral co-
mponent of current speed of the plume plotted on
the theorctical curve. On the plots, the measureme-
nts at 13:00 were omitted because the measurements
were only limited to the upper 5 m due to the inst-
rument failure. Even though the measurcments
show some scatter on the plot, the average of the
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~ Fig. 8. Change of settling velocity (W/Ws) due to the den-

sity difference (p/p;) with depth.

measurements at each lateral position roughly fol-
lows the theoretical curve. The scatter of the points
may be partially caused by the assumptions impo-
sed on the calculation. However, it mostly seems
to be the result of the rough estimation of the
plume depth since the field measurements were
done at half- or one-meter depth intervals.

3.2 Suspended Sediment Transport

Transport and deposition of fine cohesive sedi-
ments in a steady flow are largely dependent on
the settling velocity of the particles, In the Stokes
rcgion, the settling velocity of a spherc is given
as

D’ ( p—p
=82 (2P ©)
18v\ p
where, W sctling velocity of the grain,

g gravity,
D : grain diameter,
v : kinematic viscosity of the fluid,
p, : grain density,
p : fluid density.

From the above equation, it is obvious that the

density stratification due to the river plumec may
affect the settling velocity of the grains and thus
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affect the transport and deposition of the suspended
sediments. Figurc 8 shows the vertical distributions
of the settling velocity of a quartz grain (p,=2.65
gfem?) and the fluid density at the plume axis (p,=
10 g/em?®, p,= 1025 g/cm®, H=6 m) from the surface
to the bottom assuming a constant viscosity and
the Gaussian distribution of the density difference.
The settling velocity is decrcased approximately 4%
for the incrcase of fluid density about 2.5% at the
depth of 15 m from the surface, which is consistent
with the reported decrcuse of settling velocity by
about 5% from the fresh water (o the saline water
of 35% {(Dyer, 1986).

The existence of the river plume also causes the
vertical temperature gradient, and the effect of tem-
peraturc gradient is already included partially in
the density gradient. However, the settling velocity
is also affected by the viscosity of the fluid, which
is largely affected by the temperature and changes
the Reynolds number WDA. The small grains in
the Stokes region is most affected by the tempera-
ture change, and the settling velocity decreases
about 2% as the tcmperature dccreases by approxi-
mately 1 degree from 20C (Sleath, 1984; Dyer,
1986).

Usually the temperature of the Nakdong River
plume is higher than the ambicnt seawater except
for the cold winter time. The vertical temperature
difference may be small during spring and fall, but
it may be greatest during the summer time. At the
Nakdong river plume the measured temperature at
the surface was higher than that at the bottom by
less than about 0.5C during April, 1992. However,
the differcnce was about 2.5C during June, 1992,
which might considerably decreasc the settling velo-
city as the sediment particles settle down. The tur-
bulence caused by the plume, which affect the drag
on the grains, may also affect the scttling velocity
of the particles and it is expected to reduce the
settling velocity. However, the settling velocity of the
small particles in the Stokes region are little affected
by the turbulent fluctuations (Ludwick and Domu-
rat, 1982),

The concentration of fine cohesive sediments in
a steady flow is uvsvally more or less uniform th-
rough the whole depth duc to the cxtremely slow
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Fig. 9. Concentration of suspended sediments at the sur-
face (solid line) and @1 the bottom (broken line)
(April 4, 1992).

settling velocitics of the sediment particles (Sleath,
1984). And the concentration in the water column
decreases exponcntially with time (Einstein and
Krone, 1962; Odd and Owen, 1972) such as

?(i Zcixp[_ prhW ] Q)

where, C: concentration at time ¢,
C,: initial concentration at time =0,
p: probability of a particle reaching the
bed,
h: water depth.

Even though the probability p is usually & func-
tion of acting shear stress below (he critical shcar
stress for deposition (Owen, 1977; Krone, 1993), the
retarded settling of the particle duc to the cxistance
of the river plume may reduce the probability for
the sediment particle to reach the bottom, and thus
the sediment s held in suspension much longer
and transported farther before it reaches the bottom.
Fig 9 shows the variation of suspended sediment
concentration at the surface and 1 m above the
bottom at the station, and the concentration is kept
almost constant with time and depth except for the
increase at the bottom during the time of maximum
ebb and flood currents (Figs. 5(B) and 9, 13:00 and
17:00). The increase probably seems to be the result
of resuspension of the bottom sediment by the st-
rong tidal currents.
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4, CONCLUSION

Fresh water effluent from a river mouth into an
cstuarine basin constitutes a turbulent jet plume,
and the jet plume forms density gradient horizonta-
lly and vertically from the plumc axis. The actual
river plume effluent from the Nakdong River mouth
barrage was identified by the measurements of cur-
rents, salinity, and water temperature at a station
in the Nakdong Estuary, and the analysis of the
field data showed a reasonably good corresponde-
nce with the theoretical solution, which supported
the applicability of the lateral spreading velocity of
a river plume based on the assumption of a Gaus-
sian distribution for the density difference.

The vertical density gradient due to the river
plume scemed to reduce the settling velocity of the
sediment particle in the water column. Hence the
sediments arc held in suspension longer and trans-
ported farther into the estuary basin. The measure-
ment of suspended sediment concentration at the
Nakdong Estuary also showed a relatively constant
concentration with time and depth for a fidal cycle
even though an cxponential decrease of concentra-
tion with time at the plume layer was cxpected if
it were a normal stcady flow.
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