4.1. Yacyreta dam — Principal spillway

Even though the core of this article is related to hydrodynamic conditions of the stilling basin before and after the
disposition of a deflector to reduce supersaturation of TDG, it is important to understand the flow pattern not only
for high discharges but more frequent discharges.

Figure 3 shows the flow pattern for a condition given for the maximum water reservoir elevation (WSL) and small
sector gate opening (GO), without the deflector (original design) and with deflector. As can be seen, the flow
conditions on the deflector gets an almost horizontal exit of the jet with very low effects as regards air entrainment
towards the bottom of the dissipator. Deflectors are 4 m long and are located at elevation 57.00 m, being disposed
in all the spans.

Figure 3. Yacyretd dam—Spillway—Flow condition without and with deflector (WSL=82.0m, GO=2.0m,Q=6,640 m>/s)

An important aspect of Principal spillway of Yacyreta dam is that the air-entrainment devices disposed in each
span to reduce risks of cavitation were eliminated jointly with the construction of the selected deflectors, showing
explicitly the importance assigned to the resolution of the issue of fishes’ mortality.

Under these conditions, which allow the evaluation and final selection of the best alternative of deflector
considering the minimum deepening of the jet, the stilling basin was analyzed from the hydrodynamic viewpoint
with especial emphasis of the highest flows because these conditions represent the most important ones from the
viewpoint of the turbulence intensity and cavitation risks.

Figure 4 shows the flow pattern for the maximum flow discharge and the condition with deflector, being able to
observe the presence of a recirculation flow generated behind the deflector and a displacement of the hydraulic
jump towards downstream. This displacement of the initial section of the hydraulic jump would implies that the
length of the stilling basin would not be enough to reach most of the turbulence energy being dissipated inside the
dissipator, being eventually necessary to evaluate local scour downstream of the end sill.

Figure 4. Yacyretd dam—Principal spillway — Flow conditions with deflector (WSL=82.00 m, GO=Total, Q=55,000 m?%/s)

On the other hand, Figures 5 and 6 allow observing the longitudinal variation of RMS and p/yo.1% on the centerline
of the bottom.
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Figure 5. Yacyreta dam — RMS variation without and with deflector
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Figure 6. Yacyreta dam — p/yo.1% variation without and with deflector




4.2. Jorge Cepernic dam

Following the same concepts expressed for Yacyreta dam, Figure 7 shows the flow pattern for a condition given
for the maximum water reservoir elevation (WSL) and small sector gate opening (GO), without and with deflector
respectively.

Figure 7. Jorge Cepernic spillway-Flow conditions without and with deflector (WSL=114.00 m, GO=1.0 m,Q=300 m?/s)

As can be seen, the deflector leads to an almost horizontal exit of the jet with minimum effects as regards air
entrainment towards the bottom of the dissipator. It must be said that deflectors are 4 m long and are located at
elevation 77.50 m, being disposed in those spans without outlet bottoms.

Figure 8 shows the flow pattern for the maximum flow discharge and the condition without deflector, while Figure
9 illustrates the behavior with the deflector.

Figure 9. Jorge Cepernic spillway — Flow conditions with deflector (WSL=115.00 m, GO=Total, Q=4,100 m?/s)

Figure 8 and 9 show a frequent and an extraordinary condition respectively, being able to see that the effect of the
deflector for high flows is the displacement of the initial section of the hydraulic jump, exactly as it were
previously mentioned for Yacyreta spillway.



On the other hand, Figures 10 and 11 allows observing the longitudinal variation of RMS and p/yo.1% on the
centerline of the stilling basin, comparing conditions without deflector and with the selected deflector.
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Figure 10. Jorge Cepernic spillway — RMS variation without and with deflector
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Figure 11. Jorge Cepernic spillway — p/yo.1% variation without and with deflector



5. Evaluation of results and discussion

Main results of the evaluation of Yacyretd dam’s Principal spillway and Jorge Cepernic spillway were previously
presented as regards the changes in the flow pattern and pressure fluctuations distribution on the stilling basin due
to the incorporation of a deflector to reduce the supersaturation of TDG.

Even though the spillways and their stilling basins are certainly different in terms of unit discharge, difference of
elevation between reservoir and tailwater, among others, there are common aspects observed in the flow pattern
as well as the parameters RMS and p/y0.1%.

In fact, the analysis of the results allows expressing the following statements:

e The location of the deflector is effective to deviate the direction of the flow for low discharges (frequent
operation of the spillway) and strongly reduce the air entrainment towards the bottom. Under these
conditions, the jet moves at the surface and establishes a recirculation flow with opposite direction with
respect to that generated by the roller of the hydraulic jump.

e Spillways operation with high flows generate a deepening of the jet towards the bottom of the stilling
basin, being clearly observed a separation flow behind the deflector.

e Measurements of pressure fluctuations exhibit that the presence of the deflector changes the location
where turbulence intensity is higher, with maximum values of RMS displaced towards downstream and
more intensity with the presence of the deflector. However, these differences of RMS values are less
significant at the end of the stilling basin.

e In relation to the parameter that defines cavitation risk, the values of p/yo.1% decay in the separation zone
behind the deflector due to the reduction of mean pressures and an increase of the pressure fluctuation.

e Despite of the reduction of p/yo.1%there are not cavitation risks.

6. Conclusions

After comparing the hydrodynamic behavior of the spillway for the current configuration and that resulting from
the presence of the deflector, it is deduced that there is a change in the configuration of the flow and a consequent
change in the records of fluctuating pressures detected in the spillway profile and in the stilling basin.

This change is observed by means of the presence of a recirculation zone as a consequence of the action of the
deflector on the flow and the displacement of the beginning of the hydraulic jump, which produces an increase in
the levels of turbulence in this zone.

Finally, it is important to mention that implementation of structural measures, like deflectors to reduce
supersaturation of TDG, should be considered since the first phases of the project in order to avoid eventual
environmental incidents or hydrodynamic conditions out of the optimum condition when measures are
implemented after the completion of the dam and all their complementary structures.
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