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ABSTRACT

Little research has been undertaken into sedimgmardics in lakes, and most of it only analyses
particular aspects such as the texture of the sgdanin this study, the characteristics of theavav
field in Guaiba Lake are investigated. The pararmesggnificant wave height (Hs), period (T)
and direction of wave propagation are examinedthagewith their relation to the resuspension of
sediments at the bottom. For this purpose, the enadtical model SWAN (Simulating Waves
Nearshore) has been validated and employed. Théseminted out that the highest waves modeled
reached 0.55 m at a few points in the lake, pdaityuwhen winds were blowing from the S and SE
quadrants with an intensity over 7 m.s-1. Generafigaking, waves follow wind intensity and
direction patterns, and reach maximum height inualib to 2 hours after wind speed peaks.
Whenever winds were stronger, waves took some 2shtoureach 0.10 m. However, with weak to
moderate winds, the waves took around 3 hoursh@ee this value in significant wave height. In
addition to speed and direction, wind regularityy@d relevant in generating and propagating waves
on Lake Guaiba. In conclusion the lake’s sedimenirenments were mapped and classified as
follows: 1) Depositional Environments (51% of tlzéé); 2) Transitional Environments (41%); and
3) Erosional or Non-Depositional Environments (8%As a contribution to the region’s
environmental management, elements have been dresitding to the concentration of suspended
particulate matter.

Resuwmo

Pesquisas referentes a dindmica sedimentar em $dgosscassas e a maioria trata da distribuicdo e
textura dos sedimentos, sendo raras aquelas gem farengéo ao padrao de ondas e suas relacdes
com a ressuspensao destes sedimentos e suas @sagiuEste trabalho analisa as caracteristicas
das ondas incidentes no Lago Guaiba (Brasil) pao o utilizagdo do SWAN (Simulating Waves
Nearshore) e suas relagdes com a ressuspensdadideerses junto ao fundo. Os resultados
mostraram que as maiores ondas incidentes atin@irafm, particularmente quando de ventos do
guadrante S e SE e com velocidades maiores ques.7Em termos gerais, as caracteristicas das
ondas seguem os padrdes de intensidade e diregdwedtos, atingindo seus maximos valores
aproximadamente 1 ou 2 horas ap6s a velocidad&delps ventos. Em concluséo, os ambientes de
sedimentacédo do lago foram mapeados e classificidseguinte forma: 1) Ambientes Depositionais
(51% da area do lago); 2) Ambientes Transiciondi®4); e 3) Ambientes Erosionais ou de néo
deposicéo (8%).Como forma de contribuir & gestabiemal da regido, foram gerados subsidios
referentes ao potencial de concentracéo de mapeniatulado em suspenséo.

Descriptors: Wave modeling, Sediment Environmer&/AN, Low energy environments,
Resuspension by waves, Sedimentology.

Descritores: Ambientes sedimentares, Ambientes digkabenergia, Ressuspensdo por ondas,
Modelagem de ondas.

INTRODUCTION allowing a better agreement between reality and the
model’'s governing equations.
Sheltered environments such as lakes and Let us review some of the works published

lagoons are especially to be recommended for tH8 thiS context. Zeigler (1969) has already drawn
modeling of hydrodynamic patterns, since they show att€ntion to the high applicability of models in

low relative energy variation and can be considaed NYdrodynamics studies, pointing out that, although
closed or semi-closed systems. Furthermore, thel wif"oSt 0f them have been developedin marine

and waves tend to follow more regular pattems’environments, they fit pe_rfectly well for studie$ o
lakes and lagoons. Other important works are tlobse
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Resio and Hiipakka (1976) and Schwab et al. (1984jocks, forms the highlands, which accounts for the
where numerical models were used to predict theewavemarkable volume of sediments that are carriedl int
spectrum, wave height, direction and period in théhe Guaiba, mainly by the Jacui, Sinos, Taquad, an
Great Lakes region. On the other hand, Nummedal &ravatai Rivers (TOLDO JR., et al., 2000).

al. (1984) and Liu (1987) have experimented with The outflow from the tributaries loses its
several wave models on Lake Erie (Pennsylvaniasarrying ability when it enters the wide deposidibn
USA). They confirm, based on their analysis of the€Guaiba basin, where coarse sediments are retained,
wave spectra, that the models perform positivelgnvh giving rise to the Jacui River Delta (Fig. 1). Fine
applied to environments with limited and variablesediment enters the lake as plumes of suspended
fetch. material.

Some other very important variables for the The intense sedimentation of Lake Guaiba
study of lake dynamics are the specific physical ancan be measured by the long-term sedimentatios rate
chemical properties of fine sediments that tend toecorded by Toldo Jr. et al. (2000), in the laggo
attract certain contaminants. These sediments ean basin, with an average volume of 0.52 mml/year.
carrying agents that remove water contaminantseOn¢lowever, short-term sedimentation rates obtained by
deposited, sediments contaminated with heavy metalse 210Pb method indicate values between 3.5 @hd 8.
that are slow to degrade may become a source ofm/year over the last 150 years (MARTINS et al.,
contaminants waiting for extreme events or humat989), which reflects human activity, particularly
activity to be remobilized and return to the foddhin  farming, in areas influenced by the drainage basin.
(MARTIN; MCCUTCHEON, 1999). Fine sediments are preferably

In order to define the degree of impact thisdeposited beyond the 3 m isobath. Between the
kind of sediment has in a body of water, the mairshoreline and the 3 m isobath, the lakebed typicall
parameters to be analyzed are the wave climatdisplays sandy sediment with no fine sediment above
bathymetry and geomorphology. This study use#t (BACHI et al., 2000). This absence of fine sedimne
mathematical modeling techniques to predict waves to be explained by wave action which resuspends
(using the SWAN model), in addition to the toolsthe sediment through turbulence caused in the water
available in the Geographic Information Systemsolumn, making particle destination also dependent
(GIS). The purpose is to describe Lake Guaiba’'sewavthe action of currents and the extent of the tuaibul
patterns, both in terms of time and space, idantfy flow.
the places more subject to wave action and/or pi@ne The lagoonal hydrodynamic regime, of
lakebed sediment resuspension. To this end, thehich Lake Guaiba is part, is complex both in high-
following parameters: significant wave height,water and dry seasons. The cause and effect
direction of wave propagation, average and pealewavelationship among the several factors that plaglea
period, and orbital motion near the lakebed, weren the Guaiba outflow, particularly the strong
analyzed. influence of winds, shows that the lake is not jaist

extension channel of its tributaries, but a kind of
The Lake’s Dynamics reservoir, closely linked to the Patos Lagoon (Eig.
Lake Guaiba behaves like a reservoir in

Lake Guaiba (which in the Tupy-Guaranywhich the Itapud section (Fig. 1) actsas a
language means bay of all waters) is setin theontrol reflecting upstream and downstream level
lowlands between the edge of the Crystal Shield angbnditions. Despite the predominance of the natural
the Rio Grande do Sul Coastal Plains and covers &utflow direction (from Guaiba to Patos Lagoonk th
area of 496 ki The Lake receives the outflow of Lake's waters are strongly affected by winds, which
eight sub-basins stretching out through the cemter cause water impoundment and reversed flows when
northeast of Rio Grande do Sul state and which covéllowing from the south quadrant. Variation in leigl
an area of 84,763.5 Kmincluding more than 250 the main force that generates currents in the Guaib
municipalities. This is the state’s most denselyits complex dynamics are still little known, sirtbere
populated region, with some 6.5 million inhabitantsare only a few studies in existence written by
who account for almost 70% of the state’s GDP. Thisesearchers of the Federal University of Rio Graitwle
includes the state capital Porto Alegre, which usesul, the Federal University of Rio Grande (MOLLER
water from the Lake for public supply (Fig. 1). JR. et al., 2001; CASTELAO; MOLLER JR., 2003)

The first studies on Guaiba sedimentatiorand government entities connected with water
were conducted in the 1970's and describe thganagement (DNAEE - the National Department of
morphological, mineral, and textural features oé th water and Electric Energy; DMAE - the Municipal
Lake. Roughly speaking, one may say that the are@epartment of Water and Sewage).
drained by the Rio Grande do Sul Southeast Basin, The daily oscillations of the Guaiba are
consisting of plutonic, volcanic and sedimentarycaused by wind speed variations, and are relatively
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regular, while wind direction, the Coriolis Effeetnd physical map from the Porto Alegre Environmental
the tide level at Rio Grande (a city located near thAtlas (MENEGAT et al., 1998); b) database of the
Patos Lagoon estuary) are secondary factors thaSedimentation of the Guaiba River Complex» Project
increase or decrease these oscillations. During tHBACHI et al., 2000), and c) data obtained from 14
high-water season, level variations are less aftebly topographic profiles developed for the Itapud State
wind speed. In normal or dry seasons, winds of abo®ark beaches, located south of the Lake (NICOLODI;
7 m.s! may produce oscillations of over 50 cm. TOLDO JR., 2003).

Data interpolation was undertaken on
SURFER 8.0 software with a 2 m spatial resolution,
using the Kriging method, which is a locally adpdt
statistical interpolator. The interpolations werada
in small sectors scanned by quadrant, preferabilggn
NW-SE alignment, due to the Lake's direction and
contour features.
+w This model was validated by comparison

with interpolated profiles measured in the fieldhava

recording ecobathymeter in the course of the
«Mechanics of Lake Guaiba Currents» project
undertaken by the National Department of Water and
Electric Energy (DNAEE) in 1983. The methodology
followed was that described by Plan et al. (2002),
which had already been applied in Rio Grande do Sul
in studies on shoreface delimitation on the Traraand
continental platform — Rio Grande do Sul (GRUBER
et al., 2006).

Salgado Filho |
Airport

Porto Alegre

Guaiba Lake

Wind data Analysis

As to local winds, twelve-month data relating t®&9
and 1997, obtained from Salgado Filho Airport (Fig.
1), measured daily at the standard height of 1 m a
hourly intervals, were used.

The results can be seen in Figure 2, which
shows the wind direction and speed data histogram.
The data were transformed into 365-line, 24-column
Fig. 1. Location map of Guaiba Lake, highlightihg region images, with each pixel equivalent to one hour's
of Itapuda and Salgado Filho airport. The black t&8I"  recording.
represents the location of the anchoring wavelidery used The predominant winds in the Porto Alegre
to validate the wave model and current measurements region blew from the SE and E quadrants, according
t0 29% and 22% of the data recorded, followed by S,
NW, N, and W winds, respectively, in 12%, 10%,
8.8% and 7% of the records. The least frequent svind
came from the NE and SW quadrantsin 4.1% and
. 4.3% of the records analyzed. As to velocity, the
The following steps were taken for the gyerage was 2.52 ritsand the maximum 13 mis

analysis proposed in this study: a) preparatiora of cajm atmospheric conditions and unrecorded data
bathymetric model of the Lake; b) wind data analysi gccount for 13.7% of the data.

¢) mathematical wave modeling; d) analysis of the The statistical results of this data set were
potential resuspension of sediments in the watgforrelated with known weather standards for thedPor
column; e) relationship between the results and thgiegre region (COUSSIRAT DE ARAUJO, 1930;
points Of_ th_e abstraction of water for humanMORENo, 1961; LIVI, 1998; CAMARGO, 2002).
consumption in Porto Alegre. The existing positive correlation between data sets
permits the application of the results both in past
situations and forecasts, since years 1996 and 1997

. .. were considered «normal» with regard to the climate
This model has been created by complllngpararneters used

pre-existing data from the following sources: a)

@ Point of the anchoring waverider buoy
0 5 10

N —

Km
w e Transverse Mercator Projection
UTM Coordinate System
s WGS 84 Datum

MATERIAL AND METHODS

Preparation of a Bathymetric Model of the Lake
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Fig. 2. Analysis of wind data: The figure ‘A’ repents the direction continuously over the periodlyaed
(record time) and the same data grouped into fregudnistograms. Figure ‘B’ represents the velocity
continuously over the period analyzed (record tiamg) the same data grouped into frequency histagram

Wave Modeling The model is based on an energy balance

equation and follows the same methodology of third

SWAN (Simulating Waves Nearshore) generation wave models as, for instance, WWATCH
software was used for wave modeling. SWANand WAM models (TOLMAN , 1997, 1999), but with

software is a numerical model for wave spectrunmore appropriate wave physics for shallow waters.

analyses in coastal zones, lakes and estuariedieStu SWAN describes waves through the action density
such as those by Lin et al. (1998) and Jin and0DY) spectrum N§, 6) rather than the energy density
determined that SWAN, as compared with othespectrum Ef, 6), because action density is retained in
models and data measured in the field, could bghe presence of currents, as opposed to energjtyens
applied in sheltered environments (as, for examplgWHITHAM, 1974 apud HOLTHUIJSEN, 2000), as

Chesapeake Bay and Lake Okeechobee), wither the equation 1:

satisfactory results.
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N(c,0)= E(c,0)/c Q) Cartesian coordinates were used, as well as the
Mercator projection system, and nautical convention
whereoc is the angular frequency, afdis the wave for wind and wave directions. The spatial grid was

direction. composed of a rectangular grid with a 200 m
Besides wind and bathymetry data, otheresolution. The contours of Lake Guaiba (Jacui River
definitions were necessary for the use of SWAN: Delta and Patos Lagoon entrance) were considered
closed.

e currents: the influence of currents on the wave Since SWAN assumes a static initial condition, it
climate was dismissed due to the low speeds initialized in a JONSWAP spectrum, calculated
observed. Bhowmik and Stall (1978) andthrough wind speeds at 10 m from the interface
Burrows and Hedges (1985) demonstrated thdtetween air and ocean. The application also uses th
horizontal currents in shallow lakes significantlyKahma and Calkoen growth curve in deep waters
affect only wave height at speeds of over 0.5 m/d1992 apud Holthuijsen, 2000) and the significant
In Lake Guaiba, currents have an average spe&@ight and peak spectrum frequency figures of Brers
of 0.1 m/s and a maximum speed of 0.15 m/&nd Moskowits (Holthuijsen, 2000).

(NICOLODI et al., 2010); The data generated by SWAN were analyzed in

« water level — as in the studies of Toldo et allhe IDRISI Geographic Information System through
(2000), Wood et a2001), Jin and Ji (2001), the &N automatic computer interface developed for this

level was considered constant for modelingStUdy- The combination of complex mathematical
purposes; models such as SWAN and geoprocessing applications

. . provides unique possibilities, since the gamutooig
water density (1,000kgff available in these applications is immense, armiell
ross-referencing data obtained from the model and
eolny kind of data having the georeferenced spatial
variable. An example of this interaction can be
observed in Figure 3.

e spectrum domain - defined during the 0.3 Hz to
Hz interval to represent the highest possibl
number of waves.

Script Model
xyzicis x 1*1*1927ahs.pm*1927ahs.vec*utm-22s*m*1.0 Vetorial data
xyzidris x 1*1*1927bhs.pm*1927bhs.vec*utm-22s*m*1.0 [Significant Wave Height (Hs)|
xyzicrs x 1*1*1927chs.pm*1927chs.vec*utm-22s*m*1.0

inftial x 1927ahs4*2*1*0*1*2609%dird*1*

Inifial x 1927bhs4*2*1*0*1*2609%bdi4*1*

inffial x 1927chs4*2*1*0*1*2609bdird* 1 *

pointias x 1927ahs*1927ahsd*1

pointras x 1927bhs*1927bhs4*1

pointras x 1927chs*1927chs4*1

reclass x i*1927chs4*1927ahs-rec*3*1927*

reclass x i*1927bhs4*1927bhs-rec*3*1927*

reclass x i*1927chs4*1927chs-rec*3*1927*
overlay x 1*1927ahs-rec*masc_linha*1927ahs-masc
overlay x 1*1927bhs-rec*masc_linha* 1927bhs-masc
overlay x 1*1927chs-rec*masc_linha*1927chs-masc
convert x 1*1927bhs-masc*1927bhs-vid*3*2*2
convert x 1*1927chs-masc*1927chs-vid*3*2*2
convert x 1*1927dhs-masc*1927dhs-vid*3*2*2
window x 1927ahs4*win1927ahs*3*win

window x 1927bhs4*win1927bhs*3*win

window x 1927chs4*win1927chs*3*win

histo x 1*win1927ahs*masc_win*1*1*1*0*360*2*win1927hsa.txt
histo x 1*win1927bhs*masc_win*1*1*1*0*360*2*win1927hsb.txt
histo x 1*win1927chs*masc_win*1*1*1*0*360*2*win1927hsc.ixt

Reclassified image
Significant Wave Height (Hs)

Fig. 3. Example of interaction between the SWAN giddata output in blocks of
specific variables (Hs, T, dir) and Geographicaloimation System IDRISI
through the use of script with the subroutine "magrodeller.” This procedure
imports the data from the SWAN, turning them intpaint file and later into a
raster image, leaving them ready for future crassiwith any georeferenced
variables.
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ResuLTs anpDiscussion bas Mo
The wave model was validated through a - @
correlation of the data obtained with the data mests = @
by an FSI3D waverider buoy produced by Falmoutt *''

.0
+

*
Scientific, Inc., and moored near Jangadeiros Glub, o ¢ .
the southern area of Porto Alegre (UTM 22S 47423 ,s = » . . S I
and 6667179) between June and August, 200 " Joaes T T " " e 0T s

(Fig. 1). The results were considered within

expectations, and the correlation obtainedwa: FX«& Y M AR rr Pt o2
comparable to those of most of the studies corirdte

the literature and deemed satisfactory (RIS et al.  owsctiontn

1999; GORMAN; NEILSON, 1999; WOOQOD et al., AP S R TR O AT SR A U P S
2001; SHAN-HWEIO et al., 2002; PIRES-SILVA et

al, 2002; RUSU et al., 2002; OU et al, 2002;

ROGERS et al.. 2003. HSU et al.. 2005: ZIJLEMA:Fig. 4. Chart comparing data from significant heigs) and
WESTHUYSEN. 2005') ' ' 'wave direction measured by the waverider (in blaid the

data obtained through the SWAN (in gray) during the

In a_ddltlon to prowdlng_ |nf0_rmat|_on ON validation of data. The localization of waveridenche seen
the wave climate and its relationship with the, Figure 1.

hydrodynamics and geomorphology of sheltered
environments, lakes and ponds are also used for the
calibration of the terms used in the formulatmmn 0-3h 4h 9h
the model itself. Westhuysen et al. (2007)iedrr
out several tests with SWAN in two lakes in
Holland (Lake ljssel and Lake Sloten), for the
purpose of assessing the whitecap term used in tl
model. This term was considered to be one of th
causes of the unconformity found in the resultthat
period.

Most discrepancies occurred in the last few
hours of monitoring, when winds abated as from 8 ar
on July 5, and the original direction changed fritna
S to the W quadrant. At this point, the waves
measured by FSI sharply decreased in height, whic
was not shown by the SWAN results, which posted
less abrupt height reduction. This indicates tha

51 13h )
‘z
SWAN tends to respond more slowly to fast wind ‘ 30h gy 33h
) 40 h

directional variations, especially in sheltered
environments such as the Guaiba, where wave
depend entirely on wind energy. The same
phenomenon was observed by Jin and Ji (200.
when using SWAN on Lake Okeechobee, in Florida
This kind of discrepancy can be attributed to non
linear (triad or quadruplet) interactions betweeaves
(Fig. 4). 7
With a view to determining the patterns of
waves incident on Guaiba, we selected a few inlerva
in the series of wind data that stood out as thetmo
intense situations and that also presented son
regularity in the direction of provenance. Moreqwer
range that represented the average wind
conditions was selected. Figure 5 illustrates th€ig. 5. Results regarding the significant wave heifHs)
significant height analyzed in one of the selectedhodeled for 48 hours between the 23th and 24thcM2896
intervals (23rd and 24th, March 1996). at Guaiba Lake.

43 h
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The wind speed during this period rangedGuaiba was wind regularity. In situations when the
from 2 to 10 m/s. In the first six hours, the difee of  wind blew constantly, waves tended to be higher.
origin varied between the NW, N and W quadrants. At The identification of wave patterns includes
7am the wind stabilized its direction in the NWLake Guaiba’s general NW-SE orientation, which
quadrant, varying only at 7am on the 24th. The wavefavors wave generation and propagation driven by
accompanied, in general, the wind patterns. certain wind regimes, and the wave refraction pgsce

The wave height varied between 0.05 andvhich leads to an alignment of the wave breakingezo
0.45 m with the increase directly related to windapproximately parallel to the shoreline.
speed, reaching maximum values between 5 and 6 am

on the 2%, approximately 2 h after the wind peak had Analysis of Sediment Resuspension Potential in
occurred between 2 and 4 am. The waves started the Water Column
to decline after the decrease in wind intensity. .

As from 18h on the 24th the wind blew with According to Iron and Zollmer (1990 apud

greater intensity (8m/s), which was again refledred -AYBAUER; BIDONE, 2001), contamination is
an increase in wave height. The curve of the perioff9ely caused by organic and inorganic matteniearr
also followed the variations of wind speed, tholggts Y Wwater, mostly together with suspended material.
closely. The period values ranged from approxinyateIDepend'ng on_the hyd_rodynamlc char_acterlstlcs_ef th
0.8 s to 1.8 s. The direction of wave propagatia@s w environment, fine pgrtlcles (formed chiefly by onga
the main variable reflecting the changes in thedwin Matter, —clay —minerals, and Fe and Mn
For the first 6 hours, during the period of chairgthe oxides/hydroxides) may decant and deposit in the
direction of the wind. the waves propagateosedime“t substrate. Therefore, places where fine
predominantly from the 'NW and between 5 and @€diments accumulate are perfect sites to recotd no
hours, they began to migrate to the N. From 8arin thaust geological features, but also the history of
direction stabilized again from the NW. occupation and contamination of a water basin.

Under a northwesterly wind, recorded at 10 The relation between wave energy and the
h, 20 h, 06 h and 16 h, westward spreading waveiart of bottom sediment motion is _then a key
were generated on the beaches of the east bahie of £OmPonent to be analyzed. This evaluation conefsts
Guaiba, while on the west bank northerly waves wer/0 main procedures: a) orbital speed,) and b)
concentrated. The same situation was observed undlear stresst). While significantly different from
a westerly wind, regarding the wave propagatiodhat each other in terms of methodology, they have a

This phenomenon is due to two main factorscommon wave orbital motion parameter, which is

The first concerns the flow direction of Lake Guaib d€términed from the height (H) and period (T) a th
that follows the lake's general NW-SE alignmente Th Surface wave. In this manner, the wave effectivenes
second relates to the process of wave refractioff! Starting sediment motion is a function of theita
characterized by the change in the direction oftotion near the bottom and its frequency (1/T).
propagation due to the reduction in depth. Itis that The wave orbital motion near the lakebed

causes an alignment of the surf zone such that tt$€d in this study was provided by SWAN, which
wave crests tend to be parallel to the shoreline. shows this variable inserted in the bottom friction

In general, one can say that the waves on tHf@rmulation, which includes the JONSWAP empirical

Guaiba follow wind intensity and direction patterns Models (HASSELMANN et al., 1973), the Collins
and attain maximum values about 1 or 2 hours aftdt972) drag law model and the eddy viscosity model
wind speeds peak. Under more intense winds, wav&§ Madsen et al. (1998).
took about 2 hours to reach 0.10 m, and wind The interaction between water and bottom
direction did not remain constant at all times. it Surface involves friction forces that act within a
weaker winds, these times virtually doubled. BotfPoundary layer. In shallow water environments, this
situations with shorter response times coincideth wi 12Yer may occupy a significant portion of total dep
those when wind intensity was less than 4 m/s. way@d under certain conditions the boundary layer may
increase was higher with wind speeds above 7 mis. contain almost the entire water column, as in shall

In addition, a saturated wave spectrum wa¥/aters where waves break.

identified in Lake Guaiba by a numerical experiment The vertical and horizontal distribution of
A situation was simulatedin which winds b|eworbltal motion is changed near the bottom due & th

steadily for 8 hours at speeds higher than 25 m/s. bogndary layer stru.cture. The thickness of thiglag
this case, the highest wave increase (0.55 m) did ndeflrlled as the distance from the bottom to the
reflect the strong wind intensity. In addition peed ~Maximum speed value related to the free flow.

and direction, another factor that proved releviant The area covered by the boundary layer has

generating and propagating gravity waves on thB'0ré energy in its dynamics, when compared with
other natural systems, and this significantly afec
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resuspension and carriage of sediments. It isfidvere quadrants, and currents induced by winds and
a modeling agent of shallow water topographydischarge.
(SWIFT et al. apud TOLDO et al., 2000). Transitional Environment: this corresponds
Calculations were made to define theto 41% of the lake's area. These are mostly lowggne
percentage of time for wave orbital motion to reackenvironments, their substrate consisting basiaHlly
the minimum limit to start moving silt and very éin sand and silt, remobilized in certain situationstesl
sand (15 cmd fractions of sediment by cross-to waves generated by winds of 11 Th.®r
checking information on wind frequency as aabove. Under weaker wind conditions, erosion may
consequence of speed intervals and directionstiwvith occur in shallow areas. The spatial distribution of
results relative to orbital motiotug,). these areas occurs between the depositional and
Based on the systematized information orerosional environments, reflecting the transition
sedimentary distribution, which are typical of aent between low and high energy regimes.
waves, orbital motion, boundary layer, and the Erosional Environment: this corresponds to
beginning of a turbulent flow, three sedimentatiorB% of the lake's area. These are environments where
environments have been distinguished in Lake Guailsrosion or non-deposition of fine sediments prevail
(Fig. 6). The environments identified as (1)due to wave action with orbital motion above 15€m.
Depositional Environment, ) Transitional * for at least 50% of the time. A characteristidtese
Environment and (3) Erosional Environment have &nvironments is a lakebed consisting of sand, since
spatial distribution largely determined by the eéak fine sediments are constantly remobilized and taken

geometry and bathymetry. into the water column. During periods without
incident waves, depositions may occur on this kihd
g lakebed, to be once again remobilized by subsequent
g ‘?’ ) ) turbulence.
Map of sedimentary environments
of Lake Guaiba
I rosiona CoNcLUSIONS

‘Transicional

it The Lake Guaiba wave climate was modeled

for the years 1996 and 1997. This allowed the
calculation of such parameters as the significamten
height, direction of wave propagation, average and
peak wave periods, and orbital motion. Based on this
information, maps of potential sediment resuspenmsio
and sedimentation environments on the Guaiba have
been produced.

As a general rule, waves followed wind
intensity and direction patterns, and reached mamim
values between 1 and 2 hours after the wind speed
peak. Whenever winds blew more intensely in th& fir
hours, waves responded in about 2 hours to red¢h 0.
m. Wave increase was greater with wind speeds above
7 m.sh

Factors such as the lake's geometry and
geomorphology were also important, particularly
when there were sandy spits, which partly reduce

i : i 500000 wave energy, resulting in smaller wave heightsneve
Fig. 6. Map of sedimentary environments of Lake iBaa in significantfetch situations.

based on the systematized information on sedimentar a
distribution, which are typical of incident wavestbital One can say that that the Guaiba's waves can

motion, boundary layer, and the beginning of a ulebt p.otentially. ge.nerate near-bottom turbulence in
flow. different situations. However, the maximum depth

does not exceed 1.9 m for S quadrant winds and

Depositional Environmenthis corresponds Minimum speeds of 11 mtsOn the other hand, the
to 51% of the lake's area. These are low hydrodjmamboundary layer thickness where the turbulent flow
environments which favors the deposition of fingbegins has very low values of up to 1 cm. _
sediments. These deposits are located in deeper lak Shallow areas containing fine to very fine
areas, near the navigation channel, and are stetltersand and silt may present excessive turbulence, and
from the main resuspension forces, which can bg\ls turbulence involves the entire water column in
generated by wind waves from the E and Seome places. This condition results in erosionhef t
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