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ABSTRACT

Cold fronts arising from Antarctic and reaching 8witheast Brazil region modify the wind
field basic and have important impact over physicaemistry and biological processes that
act in the hydroelectric reservoirs. During the t@intime these cold fronts can reach
southeast Brazilian coast each six days and suraawdr fourteen days in average. Most part
of them reaches interior of Sdo Paulo, Minas Geaad Goias States. Thus, the objective of
this work is to analyze the influence of cold freqassage in the thermal stratification and
water quality of the ltumbiara (Goias, Brazil) hgdlectric reservoir. To reach this objective a
collection o meteorological (wind direction and @nsity, short-wave radiation, air
temperature, relative humidity, atmospheric pressuwvater quality (pH, dissolved oxygen,
conductivity, turbidity) and water temperature ouf depths (5, 12, 20 and 40 m) data were
used. These data were collected using an Integ@ystem for Environmental Monitoring
called SIMA, in high frequency, 10 minutes. SIMAewloped in partnership between the
Vale do Paraiba University and the National Institof Space Research INPE), is a set of
hardware and software designed for data acquisiéind quasi real time monitoring of
hydrological systems. SIMA utilizes Brazilian séitek to transmit the data. The stratification
was assessed by non-dimensional parameter analysslLake Number an indicator of the
degree of stability and mixing in the reservoir wed in this analysis. It was possible to
observe the developing of upwelling and downwellingdifferent shores of the reservoir
during the cold fronts passage. These phenomenancalify the chemistry and biological
processes in the water body.
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INTRODUCTION

Some authors (Stech and Lorenzzetti, 1992) hadifadehthat the cold fronts arising from
Antarctic reach the southeast Brazil region modiythe basic wind, atmospheric pressure
and also the air temperature. During the winteretithhese cold fronts can reach southeast
Brazilian coast each six days and summer eacheeunirtiays in average. Most part of them
reaches interior of S&0 Paulo, Minas Gerais and$8tates.

These modifications were identified as a key foarge the physical, chemistry and
biological processes in the hydroelectric reses/fliundisi et al. 2004). The response of each
water body to meteorological conditions is revedlesily by the thermal structure present in
the water column (Ambrosetti and Barbanti, 2001).

Based on this the objective of this paper is toastiee influence of the passage of cold fronts
on the thermal stratification of a tropical hydmettic reservoir in Brazil.
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MATERIAL AND METHODS

Study area

The ltumbiara hydroelectric reservoir (18°25’S, @@W) is located in a region stretched
between Minas Gerais and Goias States (CentralilBtiat was originally covered by
tropical grassland savanna. The basin’s geomorglgotesulted in a lake with a dendritic
pattern covering an area of approximately 814 knt? @ volume of 17.03 billion m3 (Figure
1).
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Figure 1. Itumbiara reservoir location in Brazil (a), beereMinas Gerais and Goias States
(b) and the topography near the reservoir anddbation of the moored buoy (c).

Satellite data
The data of GOES-10 (Geostationary Operational tenwiental Satellite) from May 3o
June 06th 2009 was used to capture the track dffomht pass over the Itumbiara reservoir.

Hydro-meteorological data

The meteorological (air temperature, humidity, @iressure and intensity wind) and
limnological (water temperature in 5, 12, 20 andhdflepth) data from May $1to June 06th
2009 was collected by a moored buoy called SIMAednated System for Environmental
Monitoring, see Stech et al., 2006) in each 1h.
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Surface Energy Budget

A study of the energy exchange between the lake atmdosphere is essential for
understanding the aquatic system behavior and etction to possible changes of
environmental and climatic conditions (Bonnet, Roand Devaux, 2000). The exchange of
heat across the water surface was computed ustngnéithodology described by Henderson-
Sellers (1986) as:

K=pA-A-(@ +o +4) 1)
where ¢, is the surface heat flux balanag, is the incident short-wave radiatiod, is the
albedo of water (=0.07)p, is the Longwave fluxg;, is the sensible heat flux arggl is the
latent heat flux. The units used for the termsdn @) are W ri.

Lake Number - Ly
To indicate the degree of stability and mixing e treservoir, due to the passage of cold
front, the Ly was used (Imberger, 1998).
Z
1-——
gS( - j

m

Ly = (7)
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Where z; and z, are the height to the center of the metalimniosh e center of areqg, is

the average density of the water coluron,is the water friction velocity A, is the surface

area of the reservoir ang (gcm?) is an estimate of the stability of the reseneailculated as
(Hutchinson, 1957):

1 H
S= [a(h, - 2p(2)A(2)dz (8)
00
To calculate the stability of water column the rgee bathymetry are needed.

Bathymetric Data

The bathymetry of the ltumbiara reservoir was miadevo campaigns, the first from 1115
May 2009 and second from 11-16 August 2009. Thehdeata was collected using an echo-
sound LMS-525 from Lowrance, with a GPS (Globaliftmsng System) coupled. The depth
data was treated in accordance to Merwade (2009).

RESULTS

Bathymetric Map

The results of the depth surveys show that thavesegresents the highest depths in the line
of flooded river with depths higher than 78m durthg high water level; with a littoral zone
with depth less than 2m. Other higher deep regiarear the Dam where the depth reach 70m
(Figure 3).
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Figure5: Bathymetric map of the Itumbiara reservoir.

Satellite data

Using the satellite GOES data is possible to seee#ttension and the hour of the cold front
passage over the reservoir. The Figure 3 shows\ubkition of the cold front passage over
the reservoir and |dent|f|es the maximum actlvrtyma front (Figure 3- b)

Figure 3: GOES-10 satellite data showed the evolution ef ¢bld front passage over the
reservoir: (a) 01lst June 2009 at 08:00h, (b) Otee 2009 at 09:45h (c) Olst June 2009 at
13:00h. The arrows indicate the location of theresir.
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M eteor ological and Limnological Data

The Figure 4 shows the meteorological and limnaaigparameters used in this study. It is
clear that during the passage of cold front theoapheric pressure and the air temperature
decrease; in the other hand the wind shows alilittieease and also the relative humidity. The
water surface temperature decreases after thegeas$dhe cold front as showed by Stech
and Lorenzzetti (1992) for South Brazilian Bight..

o

Wind (mfs)
o

(=]

o
o

Air T.(C)
(%]
o

o

(]
=]

Water T. (C)
]
[=2]

-
o
o

R.H. (%)
o
=

o

1000

900

Atm. Press. (mb)

800 | 1 | | | 1 1 |

31/05/2009 01/06/2009 02/06/2008 03/06/2008 04/06/2008 05/06/2009 05/06/2009 06/06/2009
19:00:00 0 15:00:00  10:00:00  08:00:00  04:00:00 010000  21:.00:00 17:00:00

Figure 4: Meteorological (wind intensity, air temperaturelative humidity and atmospheric
pressure) and limnological (water temperature) ipatars collected by the SIMA buoy from
May 32" to June 06th 2009.

This pattern observed before, during and afterpdesage of cold front is reflected in each
component of the heat flux balance (Figure 5). Byirthe passage of the cold front the
intensity of the shortwave radiation decreased) ait increase of the longwave radiation. The
sensible flux tends to be higher during and afterdold front passage if compared the period
before the passage. The latent flux during thegugssf the cold front tends to decrease, but
after the passage the latent flux tents to incragsén. The heat balance before the passage of
cold front is positive when shortwave act in theteyns; however during the passage the
balance is negative and tends to normalize withdibgipation of the front.
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Figure 5: Heat flux components: SW — shortwave radiatioR,-Llatent flux, SF — sensible
flux, LW — longwave radiation and HB — heat balance

These pattern of meteorological and heat flux efduring the after the passage of the cold
front will reflect in the water column temperatumed stability (Figure 6). Before the passage
of the front the water column presented a littlaperature difference between the epilimnion
and metalimnion; with the passage of the cold frivet water temperature of the top-most
layer decrease and the difference of temperatutteeinvater column decreases also.
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Figure 6: Thermal structure (a) and the Lake Numbeg, {Ib) for the Itumbiara Reservoir.

In accordance to Antenucci and Imberger (2003) wiher 1 there is no deep upwelling and
when Ly < 1 the cold deep, often nutrient rich, water frtm hypolimnion will reach the
surface layer during the wind episode. AN & 1 occurred during the daytime when the
incident shortwave radiation is present, but afterpassage of the cold front the valuesof L
increase during the heating phase. Oft@n<Ll occurred during the nighttimes, the unique
exception is the day during the cold passage witke&s than 1.
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After the passage of the front the water from hiypwlion progressively cooler and the mixed
layer goes up to the top layer. The fact of theiricreases after the front passage during the
daytime could be explained by the fact that duriimg cold front passage the water losses
energy to the atmosphere and when the cold frasighte the incident shortwave radiation
heats the surface creating the condition enhartbimgtability of the water column.

Tundisi et al. (2004) discuss that the most imparfands of the cold front passage over a
Brazilian hydroelectric reservoir is the releaseiroh and manganese; this is because this
release could increase the costs of the drink wegatment.

CONCLUSION

The passage of cold front over a region decreabesatmospheric pressure and air
temperature, enhancing the relative humidity. lopital hydroelectric reservoir these
modifications in the thermal structure can inducgreat modification in the biological and
chemical processes. Also when the upwelling evestioa cold water rise at the surface
bring a nutrient rich masses that enhance the dpimdb productivity in combination with light
penetration into the water column.
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