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HYDRAULIC STUDIES FOR THE WATER INTAKE
OF CENTRAL COSTANERA

ABSTRACT

Two hydraulic problems, associated to the construction by Mitsubishi Corporation of a power
plant for Central Costanera, are studied.They are the possible influence of the discharged heated
water on the temperature of the intake water and the sedimentation rate in the dredged region
around the water intake. The studies are undertaken with numerical techniques. Three nested 2D
hydrodynamic models are implemented. They feed a heat transfer model and a sediment transport
model. It is shown that the overtemperature at the water intakes manifests itself as more or less
definite pulses, with durations of a few hours and with peak values in the range from 2 to 5°C,
and that the feedback effect is quite small. On the other hand, a maintenance dredging between 10
and 30 m'/month is estimated for the dredged zone, with null values of siltation close to the intake
itself, up to distances of about 15 m, and with an increment of siltation volume between 0.5 and
1.5 m*/month for each additional meter of dredging zone length.
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1 INTRODUCTION

Mitsubishi Corporation is in charge of the construction of a power plant for Central Costanera.

(Figure 1.1). The plant will take water for refrigeration from the Riachuelo and will discharge it
into the Rio de la Plata.

In view of the necessity of performing some hydraulic studies, Mitsubishi commissioned INA,
through its Hydraulic and Environmental Laboratory (LHA), to undertake them.

Two hydraulic problems were studied:

1

i)

The possible influence of the discharged heated water on the temperature of the intake water
had to be established in order to guarantee an adequate performance of the refrigeration
system.

As dredging will be performed around the water intake (in order to establish a sufficiently
low intake level that guarantees the refrigeration system functioning even during extreme ebb

events), the sedimentation rate in the dredged region had to be evaluated in order to estimate
the maintenance dredging.

The studies were undertaken with numerical techniques:

. a)

b)

c)

Based on the shallow water character of the study zone, a horizontal 2D hydrodynamic
model was implemented to describe the water currents. Details of this technique have been
published in Reference [1].

The results of the hydrodynamic model feeded a heat transfer model of the plume. This is

also based on a horizontal 2D analysis. Details of this technique have been published in
Reference [2].

The results of the hydrodynamic model were also an input for a sediment transport model.

Siltation rates were calculated based on the computed velocity fields and sedimentation
formulas.

The models needed a variety of field data:

A)

B)

6

D)

Bathymetric information was obtained from available nautical charts and navigation channel
surveys and from localized bathymetric surveys specially performed for Mitsubishi.

Historical records of the Rio de la Plata water levels were used to characterize the flow
regime.

From disperse information, including measurements specially made for Mitsubishi, a
characterization of the water currents in the study zone was achieved.

From available information and additional data specially measured for Mitsubishi, a
quantification of the sediment properties was obtained.
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E) The intake and dredging conditions were specified by Mitsubishi.
This report is organized as follows. In chapter 2 the data acquisition and processing for the study

is described in detail. The thermal and the sedimentologic studies are presented in chapters 3 and
4, respectively. Finally, in chapter 5 the final conclusions of both studies are summarized.
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2 DATA ACQUISITION AND PROCESSING

2.1 Hydrodynamic regime

The hydrodynamics of the study region is essentially controlled by the tidal-eolical regime of the
Rio de la Plata. Under normal conditions, the influence of the Riachuelo discharge is negligible.
Only during big floods of the Matanza-Riachuelo basin some effects can be expected.

The hydrodynamic regime of the Rio de la Plata is the result of the combined action of the
following factors:

1)  The oceanic tidal wave.
i) The local wind action.
i) The water discharge from the tributaries.

The oceanic tidal wave has itself astronomical components (with a mean amplitude of about 0.60
m and with the M2 component as dominant) and metheorological effects. This wave generates
water currents between, approximately, 0.20 and 0.70 m/s. Of particular significance are the
storm surges linked to the storm events known as “sudestadas” (associated to strong and
persistent winds from the southeast), that can generate large increments of the mean river level.

Local winds can produce strong setups or setdowns at the river head, i.e., the Parana Delta front.
During the “sudestadas” the water level increment at the Delta front may be higher than 1 meter.

In fact, the water level variations due to wind action is much more significant that astronomical
changes due to stationality.

The significant tributaries of the Rio de la Plata are the Parana and Uruguay rivers, with a total

average discharge of about 22,000 m/s. They produce a net drift current towards the Ocean of
the order of 0.10 m/s.

2.2 Water levels

A characterization of the flow regime of the Rio de la Plata in the neighbourhood of Buenos Aires
city (including the study zone) can be achieved by analyzing the available water level records.

As an illustration, Figure 2.1 shows the time series of the water level, referred to the plane of
reference (zero “MOP”™ or zero “Riachuelo”) corresponding to a particular period of 30 days at
Palermo station, in Buenos Aires city. Note that the disturbances caused by the wind action are as
significant as the astronomical tide.

The distribution function (or rather, the histogram for a 0.25 m class interval) for the hourly
water level at Palermo, over the period 1989-91, is presented in Figure 2.2. The mean water level
1s 0.88 m MOP. However, along the whole historical record (starting at 1905) the mean value is
lower: 0.79 m MOP. This difference could be associated to the observed relatively wet
hydrological cycle of the tributaries along the last two decades.
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In Figure 2.3 the cummulative frequency of hourly levels, expressed as a frequency of
cxceedence, is shown. Note that 90% of the time the water level exceeds 0.25 m MOP. while only

10% of the time is over 1.6 m MOP. This means that 80% of the time the level 1s within a band
of 1.35 m.

A similar analysis can be made for the peaks. i.e., flood (local maximum) or ebb (local minimum)
conditions. Figures 2.4 and 2.5 present the histogram (for the same class interval as before, i.e..
0.25 m) and the frequency of exceedence for flood conditions at Palermo. The average value is
1.21 m MOP. During 80% of the time the flood level varies in a band of 1.3 m that goes from 0.6
to 1.9 m MOP.

Analogously, the histogram and frequency of exceedence for the ebb conditions are shown in
figures 2.6 and 2.7. The mean value is 0.51 m MOP, and it moves within a band of 1.1 m, from
0.0to 1.1 m MOP, during 80% of the time.

The relatively large width of the variation band of the flood and ebb levels put in evidence the
strong influcnce of the local winds on the water levels.

In order to investigate the existence of a pattern in the time variation of the water level, a
correlation analysis between ebb levels and the subsequent tidal wave height was performed.
Figurc 2.8 shows the correlogram for these two quantities. It is observed that the correlation is
rather poor, indicating a quite random pattern. However, a weak trend can be distinguished,
associating larger heights to lower ebb levels, as expected.

As a characterization of extreme events, annual maximum and minimum water levels at Palermo
station were analyzed. Figure 2.9 presents the recurrence period for the annual maximum levels.
It is observed that a peak level of about 3.0 m MOP can be expected each 2 years. A 10 years
recurrence period is associated with a level of about 3.6 m MOP.

Analogously, the recurrence period for the annual minima are shown in Figure 2.10. Once each 2
years a minimum of about -1.1 m MOP can be expected, while the level -2.4 m MOP has a
- recurrence period of 10 years.

2.3 Water currents

The wind-perturbed tidal wave that travels upstream the Rio de la Plata is. essentially, a long
gravity wave. Hence, the relation between its height H and its velocity amplitude V, is, within the
linear approximation, given by [3.4]:

= — |2 @2.1)

where g is the acceleration of gravity and h is the mean depth.

Figure 2.11 shows current velocity records (for the period 04 to 07/Apr/87) corresponding to a
point located about 30 km downstream the Riachuelo mouth and 9 km off the coast [5], which
can be considered as “open waters”, in the sense that the hydrodynamics there is only poorly
influenced by the coast. The motion is essentially one-directional, i.e., the current only inverts its

direction. In Figure 2.12 the corresponding peak velocities with the associated (recorded) flood
and ebb levels are presented.
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An analysis of these data was performed in order to verify equation 2.1. The best correlation
between peak velocity and tidal wave height was obtained when the peak velocity was associated
with the previous wave height. Taking h = 9 m (representative of a mean depth along the wave
trajectory from the ocean), the coefficient 2V./HA(Wg) is plotted in Figure 2.13 for various valucs
of the drift current (subtracted, with the corresponding sign, from the peak values). It is observed
that it fluctuates around the theoretical value 1. The “best fit”, 1.e., the one with the lowest mean
square error, corresponds to the drift current of 0.10 m/s.

2.4 Riachuelo discharge

As explained above, under normal conditions the flow regime in the Riachuelo mouth is
controlled by the Rio de la Plata. Hence, a pulsatile flow prevails, with ebb and tide conditions in
phase with the ones corresponding to the Rio de la Plata.

Available results of simulations made with a hydrodynamic mathematical model of the Matanza-
Riachuelo River [6] include discharge time series about 15 km upstream of its mouth for normal
conditions. The peak values are about 10 m’/s both for ¢bb and flood conditions (with associated
peak velocities of about 0.10 nv/s for both conditions).

2.5 Definition of scenarios

Based on the previous information, particular scenarios can be defined, i.e., sets of statistically
significant hydrodynamic conditions in open waters, that can later be used for model runs (see
next chapters).

The establishment of scenarios was started with the selection of an ebb level. According to Figure
2.2, the most frequent ebb level (with a class interval of 0.25 m) is about 0.38 m MOP, with a
frequency of 26.1%. The associated distribution of tidal wave height (taken from Figure 2.8) is
illustrated in Figure 2.14. The value 0.60 m was taken as representative of (the center of gravity
of) the water level excursion. This means that the subsequent flood level is 0.98 m MOP.

Now, the peak velocities associated with this tidal excursion can be calculated assuming that
equation 2.1 holds (for h = 9 m). Considering that the drift current towards the ocean is 0.10 m/s,

in agreement with the analysis developed in section 2.2, the obtainedd ebb and flood velocities are
0.50 and 0.30 m/s, respectively.

To complete the needed hydrodynamic conditions for a model operation (see chapter 3), a
discharge of £10 m’/s out from the Riachuelo mouth was associated to ebb and flood conditions,
respectively. A complete set of hydrodynamic conditions characterizing this scenario, named
Scenario A, is presented in Table 2.1.

With the explained methodology, one more scenario was build, correponding to a relatively high
ebb level of 1.13 m MOP, with a frequency of 6.5% (Scenario B). The complete set of
hydrodynamic conditions associated to this scenario is also shown in Table 2.1.

The results for scenario B will show the sensitivity of the results to variations in the
hydrodynamic conditions.
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2.6 Water discharge and intake from and for the power plant

Presently there exits refrigeration circuits for seven units, named Ul to U7. The intakes for all of
them are concentrated in the same zone, within the Riachuelo mouth. The discharges, instead, are
located at two different points along the Rio de la Plata coast (Figure 2.15):

i) For units Ul to US there is a total discharge of 75,000 m'h (20.8 m’/s) with an
overtemperature of 8°C.

i)  Units U6 and U7 have associated discharges of 46,000 m*/h (12.8 m’/s) each, but with
different overtemperatures: 7 and 8°C, respectively.

The total intake/discharge for the refrigeration circuits is then of 167,000 m’/h (46.4 m"’!s).

The intake for the new power plant will lie closer to the Rio de la Plata, while the discharge will
be implemented at one of the present locations (Figure 2.15). The intake/discharge will be of
60,000 m’/h (16.7 m?/s), which will be added to the present value.

2.7 Bathymetry and chartography

The bathymetry of the study region was built compossing data from different sources:

a)  For the Rio de la Plata fringe adjacent to the coast, bathymetric charts from the Hydrografic
Service of the Navy (SIHN) were used. In particular, the most updated chart (H155A) was
taken.

b) For the navigation channel (Canal Sur), giving access to Dock Sud, surveys made by the
National Direction of Harbour Works (DNCPyVN) during August 1996 were obtained.

¢) A bathymetric survey of the Riachuelo mouth was specially made for Mitsubishi during
January 1997,

In Figure 2.16 bathymetric contour lines of the compossed bottom topography are shown. This
representation is considered to be completely adequate to modelling purposes.

A detailed chartography of the study zone was obtained through digitalization of aenal
photographs (approximate scale 1:7000) purchased at Base Acronaval Punta Indio.

2.8 Sedimentation

Bathymetric surveys identified as (b) and (c) in the previous section superpose in most of the
Riachuelo mouth. As a measurable sedimentation ocurred in the dredged zones (navigation
channel and access channel to the power plant dock) during the five months period between them,
a data processing was performed in order to quantify it.

The superposition zone was divided in cells, according to Figure 2.17. Note that one set of cells

aligns with the navigation channel, following the contour line -8 m MOP (according to the August
survey). while the remaining ones lie on the access channel to the power plant dock region.

Pag. 7/18



Iydraulic Studies for the Water Intake of Central Costanera INA

The sedimentation for each cell was evaluated by simply calculating the volume between the two
topographic surfaces. Figure 2.18 shows the monthly sedimentation rate for the navigation
channel. The mean value is 0.13 m/month. The general trend seems to be a smooth increase in the
sedimentation ratc when moving into the Riachuelo mouth.

The sedimentation rate in the dock access channel is presented in Figure 2.19. The mean value is

now somewhat higher, 0.17 m/month. No general trend is observed. Hence the variations may be
associated to estimation errors.

2.9 Suspended sediment

During the campaign made specially for Mitsubishi, water samples at three locations were taken
in order to make granulometric analyses of the suspended sediment.

The three locations are shown in Figure 2.20. One corresponds to the discharge area, while the
other two are associated to the actual and future intake arcas. For each location three water
samples were taken: one at the bottom, one at the middle of the water column and the third one at
the water surface.

Figure 2.21 shows the measured suspended sediment concentrations for each point. Note that all
of them are between 25 and 35 mg/l for the intake regions. They are larger for the discharge zone:
nearly doubled for the middle and surface positions and a peak of about 270 mg/I at the bottom.

The grﬁnulomctry of the taken samples for the three locations are presented in figures 2.22 to
2.24. As expected, they are essentially constituted of silt and clay (diameters lower than about 60
pm). Note that, in all cases, the material is finer towards the surface. as expected. For the intake
regions the mean diameter is between 3 and 7 pm. That is also the case for the middle and surface

positions at the discharge location. However, at this location the mean diameter is about 13 pm at
the bottom.

Taking as a reference a concentration between 60 and 100 mg/l and a mean diameter of around

10 pm in open waters [7], the observed suspended sediment characteristics can be explained as
follows:

1)  The lower concentrations and granulometry for the intake regions are consistent with the fact

that only the finer material makes its way through the Riachuelo mouth, due to the
decreasing water currents.

i)  The suspended sediment characteristics at the middle and surface positions of the dicharge
location are similar to the open water values, which is consistent with a more exposed zone.

ii) The peak concentration and mean diameter at the bottom of the discharge zone shows that
the discharge itself is exerting some influence on the suspended sediment, probably putting in
suspension part of the bottom sediment.

2.10 Dispersion coefficients

Heat transfer within the fluid will be subjected to turbulent diffusion. In addition, due to the

vertically integrated analysis, differential advection due to the vertical gradient of the horizontal
current velocity must also be considered. The combined effect is represented through the
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dispersion coefficients, relating the diffusivity to the product of the local shear velocity and water
depth.

Values of the dispersion coefficients close to the coast of the Rio de la Plata are available from
previous studies made at INA [8]: 20.0 for the longitudinal coefficient and 0.23 for the
transversal one. They were used as valid for the dispersion of heat in the present study.

Pag. 9/18



Hvdranlic Studies for the Water Intake of Central Costanera IN:A

3 THERMAL STUDIES

3.1 Physical description of the problem

The heated water discharged to the Rio de la Plata by the refrigeration system will merge with the
river waters. After a short distance, where the initial dilution takes place, a jet amenable to a
horizontal 2D analysis will develop.

Both the jet momentum and the plume overtemperature will gradually attenuate while they
develop into the river. This attenuation is mainly duc to the combined action of two physical
mechanisms: the water currents and the turbulent diffusion (the heat radiation towards the
atmosphere is practically negligible over the short distances of interest).

The development of the thermal plume will be subjected to the tidal action, which will transport it
back and forth during the tidal cycle. Hence, it is expected that, at least during part of this cycle,
the plume makes its way towards the water intakes, which exert significant “calls” to the river
waters.

3.2 Hydrodynamic modelling

The water current is the driving mechanism of heat transfer from the discharge zone to open

waters or, eventually, towards the intake locations. Hence, it has to be represented with enough
accuracy.

A nesting modelling procedure was undertaken. Two hydrodynamic models were implemented
(Figure 3.0):

i) A “regional” model: It includes the mouth of the Riachuelo and a coastal strip of the Rio de
la Plata. Its extension is 3,000 m in the longitudinal direction (parallel to the coast) and

2.000 m in the transversal direction. It must fulfill known conditions in the open waters of
the Rio de la Plata.

ii) A “local” model: It includes the zone of development of the thermal plume. Its extension is
2.000 m in the longitudinal direction and 1,825 m in the transversal direction. Its boundary
conditions are provided by the regional model.

Duc to the small spatial scale of the study zone, relative to the tidal wave. dynamics effects within
the model domains are negligible. Hence, instantaneous states can be simulated by imposing the
appropriate (fixed) boundary conditions (water levels and velocities).

The northeast open boundary of the regional model was considered to be completely aligned with

the water particles trajectories (coincident with the streamlines due to the neglection of dynamic
effects). Hence it was treated as an impervious border.
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Once a scenario is chosen and a particular condition (associated to a particular instant of the
tydal cycle) selected, the boundary conditions at the two remaining open borders of the regional
model were taken as follows:

a) Southcast boundary: The water level corresponding to the selected condition was imposed all
along.

b) Northwest boundary: The water discharge was imposed so as the velocity at the open waters
extreme of the boundary was equal to the value corresponding to the selected condition.

The northeast open boundary of the local model is located in a zone where the influence of the
discharges from the water plant has already died out. Hence, the runs made with the regional
model can be used for both conditions: actual and future.

The local model was run for each one of the defined stages of the two scenarios and for the two
discharge/intake conditions. Each simulated instantaneous hydrodynamic stage of each scenario
was associated to a particular instant of the tidal cycle, according to Table 3.1. The origin of time
is taken as coincident with the peak ebb flow. This cycle is repeated succesively. Figures 3.1 to
3.6 show the calculated velocity fields for scenario A.

The system evolves smoothly from one stage to the other. It was supposed that the intermediate
stages can be obtained by lincar interpolation between them.

In order to understand the water movement, a follow up of the positions of water particles
emerging from one of the discharges location was done. The results for the actual conditions are
shown in figures 3.7 to 3.17, while figures 3.18 to 3.29 present the ones corresponding to the
future conditions. The call from the actual water intake is clearly observed. The second call, from
the new water intake, is also noticed for the future situation. It is observed that, for both
situations, only some of these particles are able to penetrate into the Riachuelo mouth and reach
the intake locations. Hence, the effect of the overtemperature on the water intakes is felt only
during a time window.

3.3 Heat transfer modelling

The modelling technique used to represent the unsteady thermal plume consists in the
discretization of the heat discharge into short pulses, each of which gives small (gaussian) clouds
of overtemperature. The model follows the position, shape and orientation parameters of each
cloud. The overtemperature at a particular point in space and at a particular instant of time 1s
calculated through the superposition of the effects of all clouds. This methodology is quite
efficient in treating this complicated heat transfer problems.

According to the results of the foregoing section, the heat clouds, and hence the thermal plume,
will be able to penetrate into the Riachuelo mouth only during a time window. The remaining time
“fresh water”, coming directly from the Rio de la Plata, hits the water intakes. As a consequence,
the intake water will be subjected to pulses of overtemperature, which values have to be
determined by the thermal model.

Figures 3.30 to 3.37 present instantaneous thermal plumes corresponding to scenario A for the
actual conditions, while the corresponding results for the future conditions are shown in figures
3.38 to 3.45. As expected, the plumes for the future situation are “thicker” than for the actual
situation, due to the enhanced heat discharge. Note that there appear some overtemperature local
maxima, with peak values sometimes greater than the overtemperature at the discharges
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themselves. This is a typical unsteadiness effect, which occurs due to the local reduction of the
current velocity along the fluid particles trajectories, leading to heat accumulation.

Figurc 3.46 shows the overtemperature for the actual conditions at the actual and future intake
locations for the whole tidal cycle of scenario A. It must be mentioned that some minor
quantitative corrections were made to these results in order to disregard a spurious effect
emerging from the accumulation of heat clouds in a quasi-stagnant region close to the future
intake location. The heat clouds accumulation led to the appearance of a relatively small, but
measurable. overtemperature threshold. This accumulation could only be avoided by increasing
the spatial resolution or diminishing the temporal resolution, an impractical solution due to the
short time available for the study. Henee, and ad-hoc correction of the model results was made by
cstimating this overtemperature threshold (0.45°C for the future intake location and 0.35°C for
the actual intake location) and substracting it from the results.

From Figure 3.46 it is observed that two overtemperature pulses of about 2 to 3 hours duration
are observed at the actual intake location, with peak values of 1.2 and 2.7°. At the future intake
location only the main pulse is observed. It leads the one at the actual location by about three
hours and attains practically the same peak value (2.6°C).

The results for the future situation are shown in Figure 3.47. Now the two pulses are significant
at both intake locations and they occur sooner within the tidal cycle. At the actual intake location
the peak values are similar for both pulses and lie in between the values for the previous case
(they reach about 1.9°C). Both pulses are mounted on a base overtemperature of the order of
0.5°C and about 10 hours duration. This change of behaviour must be due to the “calling effect”
of the new water intake, that produces an approximation of the thermal plume to the coast.

At the future intake location the overtemperature peak values of the two pulses are about 2.3 and
37 C

Figurcs 3.48 and 3.49 present the results corresponding to scenario B for the actual and future
conditions. respectively. They are qualitatively and quantitatively similar to the ones for scenario
A, though significant phase differences occur in association with the different pattern of velocity
variation during the tidal cycle. The most significant difference is the increase of the peak
overtemperature at the future water intake to a value close to 5°C. This gives a measure of the
expected overtemperature variation due to changes in the hydrodynamic regime.

3.4 Overtemperature feedback

The fact that there appears a measurable overtemperture at the water intake produces an
increment of the heated water overtemperture at the discharge, due to the fact that the
refrigeration system imposes a (practically) fixed temperature increase to the flowing water,
which in turn generates an increment of the overtempertaure at the water intake, thus leading to a
positive feedback mechanism. In order to quantify it, the following calculation procedure was
implemented:

1)  The calculated overtemperatures at the water intakes (figures 3.46 or 3.47 for scenario A)
were added to the overtemperature at the discharge, but introducing a time lag due to the
time it takes to the water to travel all along the refrigeration circuit. This is conservative in
the sense that no temperature decay is assumed.
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i) Assuming that the relative overtemperature calculated by the model at the water intake
locations, with respect to the overtemperature at the water discharge, remains the same
irrespective of the absolute value of the latter, the absolute overtemperature at the water
intakes was calculated using the augmented overtemperature at the discharge. but

introducing a time lag representative of the time of travel of the water particles from the
discharge to the intake.

i) The procedure was repeated succesively in time until convergence was achieved.
The estimated times of travel were the following:

From actual water intake to main water discharge: 1 hour
From new water intake to main water discharge: 0.5 hour
From main water discharge to actual water intake: 5 hours
From main water discharge to future water intake: 2 hours

The former two time values were estimated based on the available planes of the power plant,
from which a representative length and a transversal section of the conducting pipe were
obtained. The last two time values, instead, were obtained from the the hydrodynamic model.

An initial mean temperature of 7.5°C at the main water discharge was assumed.
The obtained results were not too sensitive to variations in the values of the foregoing parameters.

Figurc 3.50 shows the overtemperature at the main water discharge for the actual conditions. The
observed peaks are a direct consequence of the overtemperture at the actual water intake.

The calculated change of the overtemperature at the actual water intake location, due to this
temperature increase at the water discharge, was practically negligible, due to the fact that the
time lag of about 5 hours (for pulses durations of the order of 2 to 3 hours) makes it impossible

for the augmented overtemperature to reach this location. Hence, the results of figure 3.46 are
representative of the final situation.

For the future conditions, the existence of two water intakes produces a superposition of effects
arising from them. The effective overtemperature of the water emerging from the main water
discharge was estimated as a weighted average between the two of them. Figure 3.51 shows the
obtained results for this overtemperature. The corresponding overtemperture at the water intakes
are presented in figure 3.52. Comparing with figure 3.47, it is observed that the increments due to
the feedback mechanism are very small.
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4 SEDIMENTOLOGIC STUDIES

4.1 Physical description of the problem

The upper Rio de la Plata constitutes a siltation basin for the fine-grained suspended sediment
carried as wash load by the Parana River. As a matter of fact, the sudden expansion of the flow
at the Delta front produces a continuous advancement of the Delta frontline. However, most of
the sediment injected by the Parana River is maintained into suspension by the tidal currents and
transported downstream by the drift current, while loosing a fraction by deposition. Siltation is,
then, a continuous process modulated by the hydrodynamic cycle.

This siltation mechanism means that at any place where quasi-stagnant conditions are attained the
siltation rate may be significant, producing a natural filling. This must be taken into account
when undertaking coastal engineering works.

4.2 Detailed hydrodynamic model

To estimate the siltation rate, and hence the maintenance dredging of the excavation around the
future water intake, mathematical modelling techniques were used.

In the first place, a 2D “detailed” hydrodynamic model, centered around the new intake location,
was implemented. Figure 4.1 shows the model domain. Its extension is 560 m in the longitudinal
direction and 650 in the transversal direction. The spatial discretization step was taken as 6.25 m.

The boundary conditions were provided by the local hydrodynamic model. Figures 4.2 to 4.7
present velocity fields corresponding to different instants of the tidal cycle for scenario A and
actual conditions, while figures 4.8 to 4.13 show the correponding ones for future conditions.

4.3 Sedimentologic model

The sedimentation model is based on the following siltation formula for suspended fine sediment

[9]:

o F(u.,
l-p  u

where 5 is the siltation rate, ¢ the suspended sediment concentration, w, the settling velocity of
the representative (mean) sediment diameter, p the porosity of the deposits, u, the shear velocity,

u. the critical value for deposition of the shear velocity and # the following function:
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0 if  w,>u,

- 2
el ]__[u‘j if  w.>u,

4.4 Model calibration

The values of the sediment parameters (c, w,, , p and u,) were considered as uniform throughout
the study region. Hence, siltation changes across the domain are controlled by the shear velocity,
a hydrodynamic parameter which is obtained from the results of the detailed hydrodynamic
model.

A value of 35 mg/l was taken as representative of the concentration ¢, according to the
measurements presented in chapter 2. The value of the critical bottom shear stress #. was chosen
as 8.4 mm/s, in agreement with the literature [10] and past experience in the Rio de la Plata. The

porosity p of the bottom deposits was estimated as 0.8 from analysis performed at INA on this
region [ 11].

The remaining parameter, namely the settling velocity w,, associated to a representative sediment
diameter, is the controlling parameter of the absolute value of the siltation rate for very fine
sediments like the present ones, according to the data presented in chapter 2. This is, then, the
actual calibration parameter. The selection of its value can be made based on the estimated
siltation rates of the study zone, also presented in chapter 2.

The net siltation rate associated to a tidal cycle was obtained through a weighting average of the
values corresponding to each one of the six hydrodynamic stages simulated by the hydrodynamic
model. The weights were proportional to the assigned time interval, according to a step-like
representation of the cycle. The contour lines of annual siltation rates associated to mean
diameters of 15 and 30 pm are presented in figures 4.14 and 4.15. It is observed that the second
one is in better agreement with the observed values (0.13 m/month on the navigation channel and
0.17 m/month on the dock access, according to the analysis of chapter 2). However, as this
diameter is relatively high in relation with the measured granulometric curves, calculations of
siltation will be performed for both diameters, as a way of obtaining a measure of the uncertainty
associated to the estimations.

4.5 Maintenance dredging

A dredged zone at -4 m IGM with a rectangular form was consider, as shown in F igure 4.16. The
minor side of the rectangle is paralell to the water intake mouth and has a length of 12.5 m. The
major side is 44 m long, and reaches the access channel to the power plant dock.

Figurc 4.17 and 4.18 present the siltation rate contour lines around the dredged zone,
corresponding to the two diameter values. It is observed that a non-siltation zone occurs around
the intake mouth due to the relatively high water velocities, which produce a shear velocity above
the critical value. Its extension is about 15 m and its width 5 m.

Figure 4.19 shows the siltation rate along the dredged zone for the two diameter values. It is
observed that they grow relatively fast when moving away from the intake mouth. It is also noted
that the difference between the siltation rates associated to the two diameters is high, which
illustrates the above mentioned sensitivity to this parameter.

Pag. 15/18



Hydraulic Studies for the Water Inlake of Central Costanera INA

By intcgration of the siltation curves, total siltation volumes of about 7.5 and 26 m’/month arc
obtained for the 15 and 30 pm diameters, respectivicy. Hence. it can be concluded that the
maintenance dredging is in the order of 10 to 30 m’/month, expressed in terms of in-situ volumes.

The increment of siltation volume due to a deeper excavation level is primarily related to the

increment of length of the dredging zone. As a rough estimation, the increase of siltation volume,
for each additional meter of dredging zone length, is between 0.5 and 1.5 m*/month. -
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5 CONCLUSIONS

The following are the main conclusions of the studies.

Thermal study:

The overtemperature at the water intakes manifest itself as more or less definite pulses, with
durations of a few hours and with peak values in the range from 2 to 5°C, which
automatically superpose on the overtemperature at the water discharge after a time of the
order of 1 hour. However, the feedback effect is quite small due to the fact that the time of
travel of the overheated water is of the order of half the tidal cycle, making impossible its
reaching to the intake locations.

Sedimentation study:
The estimated maintenance dredging, for a dredged zone about 45 m long at - 4 m IGM
around the futurc water intake, ranges between 10 and 30 m'/month, with null values of

siltation close to the intake itself, up to distances of about 15 m. The increment of siltation
volume, for cach additional meter of dredging zone length. is between 0.5 and 1.5 m*/month.
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TABLE 2.1
Hydrodynamic conditions for different scenarios

Scenario A
ID Water level | Velocity | Riachuelo discharge
(m MOP) (m/s) (m3/s)
ANT1 0.38 0.50 10.00
AN2 0.50 0.34 6.00
AN3 0.60 0.21 2.67
AN4 0.70 0.07 -0.67
AN5 0.80 -0.06 -4.00
ANG6 0.98 -0.30 -10.00
Scenario B
ID Water level | Velocity | Riachuelo discharge
(m MOP) (m/s) (m3/s)
BN1 1.13 0.43 10.00
BN2 1.30 0.21 3.20
BN3 1.45 0.01 -2.80
BN4 1.63 -0.23 -10.00

File: C:\COSTANER\INFO\VEL_INT.WQ2




TABLE 3.1
Hydrodynamic cycle for different scenarios

Scenario A
ID Time
(hours)
ANT 0.00
AN2 1.70
AN3 2.30
AN4 2.70
ANS 332
ANG 5.00
AN5 6.98
AN4 7.71
AN3 8.19
AN2 8.89
ANT1 12.00
Scenario B
ID Time
(hours)

BN1 0.00
BN2 2.50
BNS3 3.00
BN4 5.00
BN3 7.36
BN2 7.95
BN1 12.00

~ File: C:\COSTANER\INFO\VEL_INT.WQ2
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