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Manaus '99 - Hydrological and Geochemical Processes in Large Scale River basins

Monday / Segunda Feira / Lunes / Lundi 15/11/99 pm

Time Schedule for Topic 5 - Oral communications'
Towards hydrological and biogeochemical models oflarge-scale basins

First Session /14:15 - 16:00/ Chairman : Dr. Alfred Becker
14: 15 - 14:30 : Güntner, A. and Bronstert, A. A large-scale hydrological model for the semi-arid tropics

of north-eastem Brazil.

"" ~ " 14:30 - 14:45 : Conway, D. and Mahé, G. River flow modelling in two large river basins: the Parana
~ 0'/ (subtropical) and the Niger (tropical).

14:45 - 15:00: Azevedo, 1. R. G.. Tanton, T. W., and Clarke, D. A hydrological model for assessing
global warming effects on hydrological regimes of catchments with scarce data.

i 15:00 - 15: 15 : Becker, A., Krysanova, V., and Wechsung, F. Integrated ecohydrological modelling in the
Elbe river basin in Germany.

t>; 15: 15 - 15:30 : Mayorga, E., Richey, 1. E., and Aufdenkampe, A K. Towards a mechanistic. remote
sensing driven model of organic matter cycling linking the land surface and river system in the
Amazon basin.

p( 15:30 - 15:45 : Hrissanthou. V. Erosion. transport and sedimentation in Nestos river basin.

15:45 - 16:00: Santos, C. A. G.. Suzuki. K., and Watanabe. M. Application ofa physically-based erosion
model for a large river basin in Japan.

Coffee break /16:00 - 16:30

Second Session /16:30 - 18:30/ Chairman : Dr. Tomas Ounne
X 16:30 - 16:45 : Hubert, P., Bendjoudi. H.. Schertzer. D., and Lovejoy, S. Approche multifractale de la

définition des régimes hydrologiques.

\ft)! ~ 16:45 - 17:00 : Versiani. B. R.. Souto. G. S., and Lebel, T. Étude de régionalisation de débits maxima en
grands bassins: cas de la région du Alto Sào Francisco - Minas Gerais.

\il \ J.... 17:00 - 17: 15 : Cappelaere. B.. Lubes-Niel. H.. Guyot. 1. L., Molinier, M., Oliviera, E. et Rodrigues. M.
S. Prévision des crues à Manaus.

.)( 17:15 - 17:30: Grisales. C. L.. Lozano. 1. G.. and Carvajal. y. Amüisis comparativo de modelos de
pron6stico de caudal autorregresivos simples involucrando variables macroclimaticas en dos rios
interandinos de Colombia.

17:30 - 17:45 : Perrin. C.. Michel. c.. Melo. M. D.. and Nascimento. N. O. Intercomparation of lumped
and semi distributed watcrshcd models on Brazilian river basins.

~ 17:45 - 18:00 : Wittenberg. H. Discharge. recharge and evapotranspiration of groundwater detennined by
bascflow separation.

18:00 - 18: 15 : Sambou. S. and Thirriot. C. Identification d'un modèle de régression linéaire pour la
prévision des crues du Fleuve Sénégal.

18: 15 - 18:30 : Mendiondo. E. M. and Clarke. R. T. Resiliência das bacias fluvias a partir de intervalos de
variaçào de vazoes maximas.
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Manaus '99 - Hydr%gica/ and Geochemica/ Processes in Large Sca/e River basins

Tuesday / Terça Feira / Martes / Mardi 16/11/99 am

.Time Schedule for Topic 1 - Oral communications
Hydrology of large-scale river basins

First Session / 08:00 - 10:00/ Chairman : Dr. Eurides de Oliveira
08:00 - 08: 15 : Fontana, D. and Kruse. E. Aplicacion de tecnicas de medicion de caudales mediante

perfilador de corriente por efecto Doppler en grandes rios de Argentina.

'lv~ 08: 15 - 08:30: Filizola. N. P.. Guimaràes. V. S.. and Guyot J. L. Mediçào de vazào em grandes rios
Amazônicos corn 0 uso do Perfilador Doppler-Acustico de Corrente.

\q) \ 08:30 - 08:~5 : Rodrigues, M. S., Guimaràes, V. S., Oliveira. E., Silva, 1. 1., Callède, 1.. and Oliveira. A.
M. Aquisiçào automatica de dados em lùdrologia.

08:45 - 09:00 : Bourrel, L., Philipps. L.. and Moreau. S. Estudio de la diruimica de las inundaciones en la
cuenca Amazonica boliviana con un enfoque conjunto de la hidrologia i de la percepcion remota.

09:00 - 09: 15: Hamilton. S. K.. Sippet S. 1.. and Melack, 1. M. Determination of inundation patterns in
the major floodplains of South America from passive microwave remote sensing.

09: 15 - 09:30 : Rosenqvist, A., Forsberg, B. R, Pimentel, T. P., Rauste, Y. A.. and Richey. 1. E. The Use
of Spaceborne Radar Data for Inundation Modelling and Subsequent: Estimations of Trace Gas
Emissions in Tropical Wetland Areas.

fi) 109:30 - 09:45 : Muller. F., Seyler. F.. and Guyot 1. L. Utilisation d'imagerie radar ROS JERS-I pour
l'extraction de réseau de drainage. Exemple du Rio Negro (Amazonie).

ft> 1 09:45 - 10:00 : Seyler. F.. Muller. F.. Cochonneau. G., and Guyot J. L. Délimitation de bassins versants à
partir d'un modèle numérique de terrain. Comparaison de différentes méthodes pour le bassin du Rio
Negro (Amazonie).

Coffee break / 10:00 - 10:30

Second Session /10:30 - 12:30/ Chairman : Dr. Bernard Pouyaud
10:30 - 10:45 : Costa. M. H. and Foley. 1. A. Water balance of the Amazon basin: potential effects of

environmental change.

10:45 - 11:00 : Eid, N. 1. and Campana. N. A. Estimativa da vazào média mensal em sub-bacia do Rio
Negro com 0 apoio de sistema de informaçoes geogrMicas.

ft' 11:00 - 11: 15 : Guyot 1. L.. Callède. 1.. Cochonneau. G.. Filizola. N. P.. Glùmaràes. V. S.. Laraque, A..
Molinier. M.. Oliveira, E.. and Seyler. F. Caractéristiques hydrologiques du bassin amazonien.

II: 15 - 11:30 : Pombosa Loza. R.. Heredia Calderon. E.. Hoorelbeke. R. Perez. Y.. Roura. J. and Erazo.
A. Balance Hidrico Superficial de la Cuenca dei Rio Napo. Pastana y Santiago.

f1)111:30 - 11 :~5 : Olivry. 1. C. Evaluation de l'écoulement inter-annuel des rivières sous forêt intertropicale
humide à partir des précipitations.

t'V \Il:45 - 12:00: Mallé. G.. Banlba. F.. Soumaguel. A.. Orange. D.. and Olivry. J. C. Pertes en eau darts la
cuvette lacustre du Niger: bilan hydrologique et surfaces inondées.

12:00 - 12: 15 : Campos. 1. N. B.. Studart. T. M. C.. Franco. S. R, and Luna, R Liquid discharges from
Jaguaribe river to Atlantic Ocean after large reservoir construction: Variability analysis.

fbl12: 15 - 12:30: Grimaldi. M.. Caron. x.. Allard. V.. Roselen. Y.. Lanlotte. M.. Fritsch. E.. Boulet. R. and
Magat. P. Dynamique de la nappe et régime hydrologique des rivières dans le haut bassin amazonien
(Humait.;\. Brésil).
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AJanaus '99 - Hydrolog/cal and (;eochem/cal Processes ln Large Scale R/ver hasIns

Tuesday / Terça Feira / Martes / Mardi 16/11/99 pm

Time Schedule for Topic 1 - Oral communications
Hydrology of large-scale river basins

15:45 - 16:00: Uvo. C. B. and Tolle, U. Comparison between linear and non-linear methods of
forecasting discharge in the Amazon one season in advance.

Third Session /14:00 - 16:00/ Chairman : Dr. José Marengo
fD r <t-14:OO - 14: 15: Pouyaud. B.. Ribstein, R.. Gallaire, R., Chevallier. p .. Caballero. Y.. and Berthier. E.

Régimes l1ydrologiques des hauts bassins nivo-glaciaires boliviens et variabilité pluviométrique des
vallées andines en conditions El Nifio et La Niiia.

rL' r y 14: 15 - 14'30: Ronchail, J. Weakness of the relationslllp between rainfall and ENSO in the lowlands of
Bolivia.

14:30 - 14.45 : Heredia Calderon, E. and Pombosa Loza, R. 1nfluencia deI ENSO sobre los caudales
mensuales de las grandes cuencas septentrionales dei Ecuador: dos Napo y Esmeraldas.

14:45 - 15:00: Rossel, F. and Cadier, E. ENSO et préCipitations sur le bassin versant du Guayas
(équateur) .

cl 15:00 - 15: 15 : Ordofiez Galvez, 1. 1. Anilisis y tendencia de los anos de El Nifio en la cuenca Amazonica
Peruana.

'Ç"-[ 't>< 15:15 - 15:30: Molinier, M .. Guyot. 1. L.. Cochonneau, G.. Guimaràes. V. S., and Oliveira. E. La
variabilité hydrologique du bassin amazonien et la circulation atmosphérique océanique.

15:30 - 15:45 : Marengo, 1. A. 1nterdecadal and long-term variability of the hydrometeorology of the
Brazilian Amazon basin.

Coffee break / 16:00 - 16:30

Fourth Session / 16:30 - 18:30/ Chairman : Dr. Carlos Tucci
16:30 - 16'45 : Seoane. R. and Obertello, 1. Variaci6n estacional de variables hidrol6gicas y su relaci6n

con eventos extremos deI ENSO.

16:45 - 17:00: Chavasse, D. 1. and Seoane. R. Anomalias climaticas en Ulla subcuenca deI rio 19uazu y
prediccion extendida de volumenes.

17:00 - 17:15: Flanlenco, E. A Modelos de pronostico estacional en el Rio Parana (periodos Octubre
Marzo/Abril - Setiembre), basado en las temperaturas observadas de la superficie dei Mar (TSM) y
fenomeno ENOS (El Nifio/Oscilacion dei Sur).

17: 15 - 17:30 : Piovano, E. L.. Depetris, P. 1.. and Probst, 1. L. The hydrological signal of ENSO in the
upper Parana drainage basin.

17:30 - 17:45 : Paula, A. C. A Maré em ambientes estuarinos de interesse à navegaçào : casa Barra Norte
do Rio Amazonas.

;-: ;' 17'--1-5 - 18:00 : Kosuth. P., Callède, J , Laraque, A.. Fihzola. N. P.. Guyot. J L.. and Seyler, P. Sea-tide
\ ..- effects on downstream Amazon River flows.

18'00 - 18: 15 : Hida. N.. Maia. 1. G.. Hiraoka.. M.. Shimmi, O.. and Mizutani. N. River water level
changes of the Amazon estuary at Breves, Caxiuanà and Abaetetuba.

\t.l 18: 15 - 18:30: Kosuth. P.. Blitzkow. D.. Campos. 1. O. Bueno. R F., Correa y Castro, C. A. and
Callède, J. Altimetric reference for Amazon area: first experiments.
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Manaus '99 - Hydrological and Geochemical Processes in Large Scale River basins

Wednesday / Quarta Feira / Miercoles / Mercredi 17/11/99 am

.~ ,~:·':'-_Tiirië Sèhedùle for Topic 2 - Oral comnlunications.'
Erosion, transport and sedimentation in large-scale river basins

First Session / 08:00 - 10:00/ Chairman : Dr. Robert Meade
08:00 - 08: 15 : Walling, D. and Fang, D. Longer-tenn variability of sediment transport to the oceans.

fb( 08: 15 - 08:30 : Aalto. R., Dmme, T., and Guyot, 1. L Geomorphic Controls on Andean Denudation Rates.

fC; 08:30 - 08:45 : Baby, P., Guyot, 1. L, Deniaud, Y., Zubieta., D., Christophoul, F., Rivadeneira, M., and
Jara, F. The Righ Amazonian Basin: tectonic control and rnass balance.

FD\ 08:45 - 09:00 : Filizola, N. P., Boaventura, G. R., and Guyot, J. L Suspended Sediment Yield in The
Brazilian Amazon Drainage Basin.

fL) 09:00 - 09: 15 : Guyot, J. L., Filizola, N. P., Laraque, A., and Seyler, P. La variabilité saisonnière des flux
sédimentaires dans le bassin de l'Amazone.

09: 15 - 09:30 : DlUUle, T., Mertes, L A. K., Meade, R. H., Richey, 1. E., and Forsberg, B. R. Sediment
transport and floodplain storage along the Amazon River valley in Brazil.

09:30 - 09:45 : Irion, G., Müller, J., Keim, G., Mello, 1. No, and Junk, W. 1. The Late Quaternary river and
lake Development in Central Amazonia.

09:45 - 10:00 : Keim, G., Irion, G., BeWing, R., Junk, W. J., and Mello. 1. N. The sediment deposits of
Lago Calado, a Ria-Iake in Central Amazonia (Brazil), as indicator for postglacial water level rise of
the Amazon River.

Coffee break / 10:00 - 10:30

Second Session / 10:30 - 12:00/ Chairman : Dr. Jean Claude Olivry
fj) \ 10:30 - 10:45 : Laraque, A., Guyot, 1. L, Filizola, N. P., and Seyler, P. Dynamique hydrologique et

hydrochimique de la rencontre des eaux des rivières Solimôes et Negro dans le bassin de l'Amazone.

10:45 - 11:00: Vieira da Silva, R. C. and Goulart Pecly. J. O. Distribuiçào vertical de velocidades e
concentraçôes de sedimentos no rio Solimôes.

re! 11:00-11:15: CaUède. 1., Guyot. 1. L. Kosuth. Po, and Guirnaràes. V. S. Estimation de la vitesse de
, déplacement du fond de l'Amazone.

1l:l5 - 11 :30: Vieira da Silva, R. c.. Moraes Novo. E. M. L. and Goulart Pecly. J. O. Potencialidades do
uso de satélites para 0 monitoramento da concentraçào de sedimentos no rio Amazonas.

Il :30 - Il :45 : Vinzon. S. B. An assessment of the Amazon Shelf sediment dynamics.

Il :~5 - 12:00 : Sidorchuk. A. The Hierarchical System Alluvial Relief of the Large Rivers.
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Manaus '99 - Hydrological and Geochemical Processes in Large Scale River basins

Thursday / Quinta Feira / Jueves / Jeudi 18/11/99 am

Time Schedule for Topic 3 - Oral communications.
Geochemistry of large-scale river basins

First Session / 08:00 - 10:00/ Chairman : Dr. Michel Meybeck

O::-l:OO - os: 15 : Richey. 1. E. and Victoria. R. 1. Regional -seale biogeochemical cycles of the Amazon: A
rivcrinc perspective.

\1) loS: 15 - 08:30: Mounier. S.. Bcnedetti. M. Benaim. 1. Y.. and Boulègue. 1. Dissolved, colloidal and
particulate organic carbon transport in the grcat Amazonian rh'ers: mixing and characterisation.

~~\ U8:30 - 08:ol5 : Turcq, P. M. Seyler, P.. Guyot. J L.. and Etcheber. H. Characterization of suspended
partlculates and dissolved adsorbed organic matter in Amazon ri,·er.

mus -Ol):OO: Aufdenkampe. A. K.. Hcdges. 1. 1. Quay. P. D.. Richey. 1. E.. and Krusche. A V.
Sorptive fractionation of organic matter in the Amazon basin: Consequences for nitrogen fluxes.

()l):UO - 09: 15: Gade!, F .. Serve. 1.. and Blazi. 1. 1. BlOgeochernical characteristics of organie matter in
waters of the Amazon river and its tributaries. Their evolution during the water mixing downstream
Manaus.

fe' 09: 15 - 09:30: Pate!, N.. Mounier. S.. Guyot. 1. 1.. Benamou. c.. and Benaim, 1. Y. Behaviour of a little
Solimôes's tributary: the Purus.

09:.30 - 09:ol5 : Fernandes. M 8.. Elias. V. 0 .. and Cardoso. 1. N. Assessment on polar lipid levels and
compositions on the Amazon shelf.

09:ol5 - 10:00: Fernandes. M. B. and Sicre. M. A. n-Alkanes and PAHs discharged by the Ob and Yenisei
Ri, ers into the Arctic Kara Sea sheIf.

Coffee break / 10:00 - 10:30

Second Session / 10:30 - 12:30/ Chairman : Dr. Robert Stallard

10:30 - 1O:-l5 : Gaillardet. J.. Dupré. 8.. and Allègre. C. 1. Chemical weathering mass budgets in the
Amazon river Basin.

IlU5 - 11 :00 : Mortatti. 1. and Probst. 1. 1. Chemical erosion of silicates in tlle Amazon basin.

II :00 - II: 15 : Brinkmann. W. 1. F. Suspended sediment-bound trace consistuents of Rio Negro waters
upstream Manaus-Amazonia.

II: 15 - 11:30 : Seyler. P.. B03\·entura. G. R.. Sondag. F.. and Ah'cs. V. P. Distribution and partition of
trace clements in the Amazon mainsteam.

'8)\11 ~() - II :ol5 : Tao. F.. Aucour. A M.. Sheppard. S.. Bencdetti. M.. and Guyot. J. 1. Mixing at the Rio
Ncgro/Solimoes confluence: Isotopie constraints imd major element redistribution.

II'olS - 12:00: Gérard. M.. Seyler. P. Sond.:1g. F.. Boaventura. G. R.. and Bencdetti. M. Rare Earth
Elements in the Amazon Basin: Encontro d.:1S Aguas.

fOI, 12:00 - 12.15: Benedetti. M.. Mounier. S.. Benaim. J Y.. Boulègue. J.. Seyler. P.. and Filizola. N. P.
Mctal ions transport by colloids in the Amazon basl1l.

12: 15 - 12:30 : Probst. 1. L.. Lele~ter. L.. Depetris. P. J.. Haida. S.. and Mortatti. J. Trace element and rare
earth speciation in river sediments by new sequentiaJ extraction procedure. Implications for
continental erosion and river transports into the oceans.
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Manaus '99 - Hydr%gica/ and Geochemica/ Processes in Large Sca/e River basins

Thursday / Quinta Feira / Jueves / Jeudi 18/11/99 pm

\1>1

Time Schedule for Topic 3 - Oral communications
Geochemistry of large-scale river basins

Third Session / 14:00 - 16:00/ Chairman : Dr. Pedro Depetris
14:00 - 14: 15 : Meybeck, M., Vorosmarty, c., and Green, P. Towards typologies of major world river

basins.

14: 15 - 14:30: Stallard, R. F. The Mississippi River Basin - An Examination of Major - Element
Nutrient, and Sedimentary Biogeochemistry as Related to the Global Carbon Cycle.

14:30 - 14:45 : Subramanian, V. Geochemical processes in the Ganges-Brahmaputra river system.

14:45 - 15:00: Probst, 1. L., Amiotte Suchet, P., Boeglin, 1. L., Mortatti, 1., and Ludwig, W. Silicate rock
weathering and atmospheric/soil C02 uptake estimated from river transports of alkalinity, cations and
silica.

15:00 - 15: 15 : Hieronymus, B., Godot, 1. M., and Boulègue, 1. Hydrochimie du fleuve Tocantins et de
rivières côtières de l'est du Pani.

15: 15 - 15:30 : Depetris, P. J. and Probst, 1. L. The Geochemical Nature of the Parana River Suspended
Sediment Load.

15:30 - 15:45 : Ndam Ngoupayou, 1. R., Sigha Nkarndjou, L., Braun, 1. J., Meybeck, M., Dupré, B.,
Viers, J., Sighornnou, D., Lienou, G., Nia, P., and Molinier, M. Comparaison des transports de
matières dans les écosystèmes tropicaux du Sud Cameroun: exarnple des bassins des fleuves Nyong et
Sanaga et de la rivière Dja-Ngoko.

15:45 - 16:00 : Torres, A. M. and Stattegger, K. Provenance of surface sediments of the Amazon mouth:
interpretation from mineralogical and geochemical analyses.

Coffee break / 16:00 - 16:30

Fourth Session / 16:30 - 18:30/ Chairman : Dr. V. Subramanian
fD) 16:30 - 16:45 : Allard, T., Ponthieu, M., Filizola, N. Po, Guyot, J. L., and Benedetti, M. Particulate and

colloidal matter from the Rio Negro / Solimoes mixing zone (Brazil) : insight from crystal chemistry.

16:45 - 17:00 : Delaune, M. Minéralogie des sédiments grossiers de l'Amazone: Origine et évolution en
fonction des apports latéralLx.

17:00 - 17: 15 : Biggs, T. and Dunne, T. Stream chemistry and mesoscale land use change in the Amazon
basin: Defining biogeochemical response units based on watershed properties.

17:15 - 17:30: Forsberg, B. R., Rosenqvist, A., Richey, 1. E., and Pimentel, T. P. Modeling spatial
patterns of flooding and methane emission on the Jau River floodplain using multitemporal JERS-I
SAR imagery.

17:30 - 17:45 : Glauber, A. 1., Peralta, D. G., and Nairnan, R. 1. The Effects of Landslide Disturbance on
Seasonal Cycles of Allochthonous Input to Peruvian Amazonian Headwaters Strearns.

17:45 - 18:00 : Seyler, P. and Boaventura, G. R. How significant is the pollution of the Amazon basin by
trace elements?

18:00 - 18: 15: Roulet, M. and Lucotte, M. Modern cycle of mercury in the Amazon.

r\>\ 18: 15 - 18:30 : Maurice Bourgoin, L., Quemerais, B., Guyot, 1. L., Laraque, A., and Seyler, P. Transport
and behaviour of total mercury in the Amazon River at the confluence of black and white waters.
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A1anaus '99 - Hydrological and Geochemical Processes in Large Scale River basins

Friday / Sexta Feira / Viernes / Vendredi 19/11/99 am

Time Sehedule for Topie 2 - Oral communications
Erosion, transport and sedimentation in large-seale river basins

Third Session 108:00 - 10:001 Chairman : Dr. Desmond Walling
1Nl8:00 - 08: 15 : Meade. R. H. Large ri'Vers and their floodplain as conveyors and storers of sediment. An

overview.

rD) ~ 08:15 - 08:30: Laraque. A. and Olivry. J. C. Contribution des différentes unités physiographiques du
bassin du Congo sur ses exportations de matières à l'Océan Atlantique.

08:30 - 08:45: Alekseevskiy. N. and Sidorchuk. A. Total sediment yield of the Lena River. Eastern
Siberia.

cl 08:45 - 09:00: Amsler. M. L. and Drago, E. C. A review of the suspended sediment budget at the
confluence of the Parana and Paraguay Rivers.

09:00 - 09: 15: Mortatti. 1., Probst, J. L.. Rodrigues. J. C.. Milde. L. C. E.. Ferraz. F. F. B.. and Bortoletto.
M. Erosion balance of the Piracicaba river basin (Sao Paulo. Brazil).

IÇD\~ 09: 15 - 09:30 : Picouet. C.. Hingray. B.. and Olivry. 1. C. Essai de modélisation du régime du transport
particulaire sur les fleuves tropicaux d'Afrique: le Niger supérieur.

~ 09:30 - 09:45 : Smith, L. C. and Sidorchuk, A. Hydrologie variability and floodplain sedimentation of
major West Siberian Rivers.

09:45 - 10:00 : Sichingabula. H. M. C1astic sediment flux into the lndian and Pacifie oceans by rivers in
Central Southern Africa and Western Canada.

Coffee break 110:00 - 10:30

10



Manaus '99 - Hydr%gica/ and Geochemica/ Processes in Large Sca/e River basins

Friday / Sexta Feira / Viemes / Vendredi 19/11/99 am

'Time Schedulè for Topic 4 - Oral communications'
Ecohydrology of large river basins

First Session /10:30 - 12:30/ Chairman : Dr. Jeffrey Richey
V. 10:30 - 10:45 : Zalewski, M. Application of ecohydrological approach for restoration and sustainable

management of river basin.
.-(10:45 - 11:00 : Kreibich, H. and Kern, J Studies on the Role of Nitrogen Fixation and Denitrification in

the Floodplain Forest of the Varzea.

"- 11:00 - 11:15 : Saxena, D. P. and Subramanian, V. Biogeochemical studies of the floodplain sediments of
Yamuna river (tributary of Ganga) during recent past.

~11:15 - 11:30: Rosales, J, Bradley, C., PeUs, G., and Gilvear, D. A conceptual model of
hydrogeomorphological-vegetation interactions within confluence zones of large tropical rivers;
Orinoco, Venezuela.

ml ~ 11:30 - 11:45 : Kosuth, P., Vauchel, P., Bader, J C., and Lamagat, J P. Respective effects of Climate
Change and Anthropic Action on the modification of the annual extension of flooded areas along
Senegal River Valley.

,;.. 11:45 - 12:00: McClain, M., Gomez Barrios, M., and Gonzales, M. Water Quality in the Peruvian
Amazon: A Survey ofResults from Environmental Impact Assessments.

fÛ\ 12:00 - 12: 15 : Wasson, J G., Barrère, B., Guyot, J L., Gourdin, F., and Binet, D. Hydro-écorégions et
facteurs de contrôle physiques et chimiques des hydrosystèmes dans le bassin amazonien bolivien.

12: 15 - 12:30: Mendiondo, E. M. and Neiff, J. J. Ligaciones entre el régimen hidrol6gico y la
productividad biol6gica en la planicie de inundaci6n deI Rio Pararui.
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lvfanaus '99 - Hydrological and Geochemical Processes in Large Scale River basins

Friday / Sexta Feira / Viemes / Vendredi 19/11/99 pm

Time Schedule for Topic 4 - Oral communications
Ecohydrology of large river basins

Second Session /14:00 - 16:00/ Chairman : Dr. Maciej Zalewski
~ 14:00 - 14: 15 : Duchemin, E., Lucotte, M., Canuel, R., Almeida, D. c., Pereira, H. c., Dezincourt, 1. D.,

and Queiroz, A. G. Reservoirs as an Anthropogenic Perturbation on the Carbon cycle.

K 14: 15 - 14:30 : Rosa, L. P., Matvienko, B., Santos, M A., Sikar, E. M, Lourenço, R. S. M.. and Menezes,
C. F. Biogenic gas production from major Amazon dams, Brazil.

à 14:30 - 14:45 : Maurice Bourgoin, L., Quiroga, L, Malm, O., and Courau, P. Total mercury distribution in
the Bolivian tributaries of the Madeira River. Importance of the biomagnification process in the
aquatic food-chain.

~ 14:45 - 15:00: Telmer, K., Costa, M, Araujo, E. S., Angélica, R S., and Maurice, Y. Mercury in the
Tapaj6s River Basin - The Significance of Suspended Sediments from Alluvial Gold Mining, Para,
Brazilian Amazon.

Jk 15:00 - 15: 15 : Vink R. J. Modelling human influence on heavy metal flow from source to river mouth:
the Elbe.

~ \ y' 15:15 - 15:30 : Viramontes, D., Descroix, L., Nouvelot, 1. F., and Barrios, 1. L. G. Variabilité des apports
liquides et solides dans un grand bassin endoréique du Nord Mexique : le bassin Nazas-Aguanaval
(92 000 km2).

~15:30 - 15:45 : Haida, S. and Probst, 1. L. Impact des barrages sur les transports dissous dans un bassin
versant semi aride: Le Sebou (Maroc).

15:45 - 16:00 : Nasfi, F. H., Boujelben, A., and Ben n'Cir, H. Evolution Hydrologique du Bassin Versant
de l'oued Zeroud.

Coffee break /16:00 - 16:30

Third Session /16:30 - 19:00/ Chairman : Dr. Newton de Carvalho
'ftJ\ (1 16:30 - 16:45 : Pouyaud, B., Diaz, c., Fraizy, P., and Maurice Bourgoin, L. Variabilité interannuelle des

caractéristiques hydrologiques du rio Beni au site du projet de barrage de Angosto deI BaIa et
conséquences prévisibles.

Ç{)\;r 16:45 - 17:00 : Zahar, y. and Albergel, 1. Hydrodynamique fluviale de l'Oued Medjerdah à l'aval du
barrage Sidi Salem. Evolution récente.

2s 17:00 - 17:15 : Sanz Montero, M. E., Avendafto Salas, c., and Cobo Rayan. R. Influencia de los embalses
en el transporte de sedimentos hasta el delta deI rio Ebro (Espaîia).

17:15 - 17:30: Tucci, C. E. M. Potenciais impactos e 0 desenvolvimento do Pantanal.

r17:30 - 17:45 : Silveira, A. L. L. Nào-estacionaridade do escoamento do rio Jacui/RS.

17:45 - 18:00: Mwaura, F. Small Man-Made Reservoirs in Eastern Rift Valley, Kenya. Are they
Valuable Common Property Resources or just a Source of Watershed Nuisance?

18:00 - 18: 15 : Maiga, H. A. and Gerbe, A. The Threat of Sand on the Niger River in Mali.

18: 15 - 18:30 : Murty, K. S. Impact of major river valley projects: India.

18:30 - 18:45 : Ismagilov, H. A. Turbidity of Amudarya river in regulated conditions.

18:45 - 19:00: Wei Wenshou and Hu Xunlun. Water Resources and Its Management in Tarim River
Basin, China.
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POSTERS
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Manaus '99 - Hydr%gica/ and Geochemica/ Processes in Large Sca/e River basins

Tuesday / Terça Feira / Martes / Mardi

Topic 1 - Posters - 08:00 - 18:00
Hydrology of large-scale river basins

16/1 1/99

Alcazar, 1.. Gonz:iJc7~ A.. and Palau. A. A comparison of commonly used methodologies to detcnnine
minimum inslrcam flow nceds for rÎ\·ers.

Asabina E. Melhodology for rescarching and exposmg of slgnificance of envlronmental factors in large
rher basins.

Bourges. 1. and Carrasco. L. M. Los regimenes hidrol6gicos de la cuenca Amazonica de Bolivia.

Cordero. A.. Severo. D. L.. Temn. A. L.. and Medeiros. P. A. Principais avanços no monitoramento da
rede hidrologica da bacia do rio ItaJai.

Diarrd. B. Evolution de la pluviométrie Cl ses implications au Mali.

Eid. N. 1. Balanço Hidrico Vertical Médlo Mensal e Distribuido da Bacia Arnazômca.

Fisch. G.. Vendmme. I.. and Albuquerque. V. F. Vm modela simples para estimativa de
evapotranspiraçào honifia aplicada em areas de floresta e de pastagem na Amazônia.

Flamenco. E. A. and Kruse, E. Regimen hldrologico deI Rio Parana (Argentina) y su relacion con gases
de e[eclO invemadero.

Galval1l. E.. Pereira. A. R.. and Klosowski. E. 5. Relaçôes entre 0 indice de Oscllaçào Sul (lOS) e 0 total
mensal de chuv;] em Maringa-Pr.

Gamaro. P. E. M. ADCP Problemas ou Soluçôes.

Laroque. A.. Guyot. 1. L.. and Cochonneau. G. La rencontre des eaux des rivières Solimôes ct Negro
.modèle en 3 dimensions.

Nclngar. Y. Variations des niveaux du Lac Tchad: les effets de la sécheresse dans le bassin du Chari.

Ne\\lon. B. E.. DUille. T.. Eisenbeer. H . and Morais. 1. M. The effects of land-use on ronoff generation
for hillslopes on deeply weatlIered Precambrian basemenl rocks in the state of Rondoma. Brazil.

Shermato\. E.. Nurtayev. B. 5.. Yuldashev. T. U.. and Raisov. B. O. Water resources variability of inland
lakes at Centra! Asia.

ShUlno\·a. N. Volga river basin: generalize estimates of the evapotranspirotion losses From agricultural
lie Ids.

Vi\as. 1. M.. Escudero. H. M.. and Carvajal. y. Influencia de variables macroclimaticas asociadas a!
ENSO (El Nino Oscilacion deI Sur) en la hidroclimatologia dei Municipio de Cali (Colombia).
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Wednesday / Quarta Feira / Miercoles / Mercredi . 17/11/99

Topie 2 - Posters - 08:00 - 18:00
Erosion, transport and sedimentation in large-seale river basins

Ferreira, C. A. B. and Carvalho, N. O. AMlise da vida titil do empreendimento UHE Coaracy Nunes no
Estado do Amapa.

Figueiredo, A. G. 0 transporte de sedimentos na bacia fluvial do Rio Aguapei. afluente do Rio Parana.

Grisales, C. L., Lozano, 1. G., and Carvajal, y. Anâlisis deI efecto deI Fenomeno ENSO en el transporte
de sedimentos en dos rios interandinos de Colombia (Cauca y Magdalena).

Orange, D., Laraque, A., and Olivry, 1. C. Evolution des flux de matières le long de l'Oubangui et du
fleuve Congo.

Soares, L. M. F., Jouanneau, J. M., Walling, D., Boaventura, G. R., and Guyot, J. L. Variabilidade das
taxas de sedirnentaçào na varzea de Obidos.

Torra, R. Erosion velocity on the left margin of the Parana river gullies'. Mesopotamia region.
Northeastem Argentina.

,.,' , ' Topie 5 - Po.sters ~ 08:00 ~ 18:00
.;f6.w:arâs ijydrological and biqgëochemicalmod~lsoflarge-scale basins

Miranda, G. Modelo matematico para pasar la inforrnacion pluviométrica a inforrnacion menor a 2-l horas
y su aplicacion en caudales maximos en la cuenca deI Rio Uchusula Mizque.

Odiyo, 1. O. and James, C. S. Modelling process driven sediment storage response in typical pool-rapid
channel types.

Ordofiez Galvez, 1. 1. Modelo regional de simulacion de niveles en rios amazonicos.

Pefia, A., Ayuso, 1. L., and Girildez, 1. V. Influencia de la topologia de la red de desagüe en la respuesta
hidrologica de una cuenca.

Puentes, A., Ayuso, 1. L., Pella, A., and Girâldez, 1. V. Caraterizacion de la respuesta unitaria de una
cuenca tropical.

Swain, P. C. and Umamahesh, N. V. Artificial neural networks for streamflow forecasting.
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Thursday / Quinta Feira / Jueves / Jeudi

Topic 3 - Posters - 08:00 - 18:00
Geochemistry of large-scale river basins

. 18111/99

Dessert, c., Dupré. B.. Oliva, P.. Gaillardet 1., Bajpayee. S., and Chakrapani. G. 1. Chemical weathering
of Deccan traps determinated by river geochemistry. Impact on the C02 cycle and the transport of
material to the ocean.

Ibafiez, M. S. R. and Aranha, F. 1. Limnology of a pre-Amazonian river basin (Itapecuru. MA).

Llerena, C. A and McClain. M. AARAM Pern - Hidrologia y biogeoquimica de la cuenca andino
amaz6IÙca deI rio Pachitea.

Maurice Bourgoin, L., Seyler, P., Elbaz Poulichet. F., and Gasc, F. Trace elements distribution in the
Andean sub-basins of the Madeira river : role of the weathering processes in the freshwaters
geochemistry .

Pereira, S. B. and EI-Robrini, M. Aspectos geoquimicos do material particulado da plataforma continental
do Amazonas.

Quintanilla, J., Maurice Bourgoin, L., and Guyot, 1. L. Evoluci6n espacio temporal de la hidrogeoquirnica
de la cuenca amaz6IÙca de Bolivia.

Salomào, M. S. M. B., Molisani. M. M., Ovalle, A R. C., Rezende, C. E.. Lacerda, L. D.. and Can·alho.
C. E. V. Particulate heavy metal dynamic and mass balance in the lower Paraiba do Sul river
watershed, Southeastern, Brazil.

Scribe, P., Briand, G., and Pèpe, C. Biogeochimistry of orgaIÙc matter transfered from various soils to
rivers in srnall tropical draining basins ( Manaus, Brazil).
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Friday / Sexta Feira / Viemes / Vendredi

.Topic 4 - Posters - 08:00 --18:00 .
Ecohydrology of large river basins

19/11/99

Almeida. D. c., Duchemin. E.. Lucotte. M.. Queiroz. A. G.. Silva, H. C. P.. Dias, 1. D., Canuel. R.. and
Silva, E. C. R. Emissào de metano através do fluxo de bolllas do reservatorio tropical de Cuma-Una..
Estado do Para, Brasil.

BernaI. N. A H. Disponibilidad y distribucion de agua para la generacion de energia hidroeléctrica por
grandes vertientes en México.

Cabo. L.. Puig. A, Arreghini. S.. Olguin. H. F.. Seoane. R.. and Obertello. 1. Physicochemical parameters
and plankton in the Lower Delta of the PéllëlIk1 River in relation with flow.

Carvalho, N. O., Silva, 1. T. N.• and Palma.. L. N. Avaliaçào do assoreamento do reservat6rio de Ha. no
Rio Uroguai, e programa de monitoramento.

Chembarisov. E. 1. Basin landscape geochemical method for calculating mineralization of water: example
of the Syrdarya river.

Dollar. E. S. 1. Fluvial geomorphology as an aid to river management and conservation in South Africa.

Domingues. T. F.. Ometto. J. P. H. B., Martinelli, L. A.. Krusche. A. Y.. Bemardes. M. c.. Ballester. M.
V.. Camargo. P. B.. and Victoria. R. L. Biogeochemistry of two southeastem Brazilian meso-scale
watersheds under different anthropogenic influences.

Kambarov. B. F. Conservation soil and water resources.

Maco, 1. G. Hidrologia y contaminacion de los rios de la Amazonia andina por las actividades antropicas.

Magalhaes. M. D., Figueiredo. A M.. and Laraque. A. Balbina.. 10 anos depois...

Morais. S. S.. Roulet. M.. Sousa Passos. C. 1.. and Duchemin. E. Mercury contamination in fish of an old
Amazonian reservoir (Cuma Una).

Palau. A. Evoluci6n de la fisico-quimica dei agua durante las operaciones de vaciado total dei embalse de
Barasona (Rio Esera. Huesca).

Prasad. G. K. and Rajamani. V. Biogeochemistry of the Cauvery flood plain sediments. southem India:
Implications to their origin and fanning .

Rios. A. 1. W .. Tarapanoff. 1.. and Del'Arco. J. O. Diagn6stico ambiental da bacia do Rio Araguaia (Area
Piloto) - Mapa de \ulnerabilidade natural das terras.

Shirokova. Y.. Forkutsa. I.. and Stulina. G. The problems of the rivers pollution of Uzbekistan.

Sighomnou. D.. Sigha Nkamdjou. L.. and Molinier. M. Influence des prélèvements pour irrigalion sur
l'hydrosystème du Lac Tchad. Exemple de la SEMRY au Cameroun.
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EXCURSIONS
EXCURSOES

EXCURSIONES
EXCURSIONS
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Mahaus '99" Hydrological and Geùchemical Processes in Large Seale River basins

Wednesday / Quarta Feira / Miercoles / Mercredi 17/11/99 pm

EXCURSION FOR ALL PARTICIPANTS

EXCURSÀO PARA rODOS OS PARTICIPANTES

EXCURSION PARA TODOS LOS PARTICIPANTES
EXCURSION POUR TOUS LES PARTICIPANTS

UEncontro das liguas"

•

Departure from the Manaus Tropical Hotel: 14:00

Retum to the Manaus Tropical Hotel: 19:00
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Saturday / Sabado / Sabado / Samedi 20/11199

EXCURSION / EXCURSAO / EXCURSION / EXCURSION

1. ADCP Dischargv Mvasarvmvnt at Manacapuru

2. Rio rtvgro Clnd Anavilhanas IslClnds

3. Florvsta Tropical no Lago sCllvCldor

4. Tvchnical Toar at Balbina Dam
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ABSTRACTS
RESUMOS

RESUMENES
, ,

RESUMES
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A comparison of commonly used methodologies to determine
minimum instream flow needs for rivers

J. ALCAZAR. A. GONzALEZ. A. PALAU

Three different approaches have been made to study instream flow needs for rivers. resulting in what we
cali hydrologie (historical discharge based methods), hydraulics (cross-section methods), and hydro
biologicaJ (habitat simulation methods) techniques. Hydro-biological techniques have gained increased
recognition and are widely accepted currently. They are based on simulation techniques that describe
physical river habitat for sorne species as a function of streamflow variables. such as depth and water
velocity, and streambed materials. These variables are strongly related to streamflow regimes. and we
can define them as dependent variables in equations where the only independent variable is the river
flow.

In this paper. the Basic Flow methodology, as weil as other commonly used methodologies including
hydrologie. hydraulic, and hydro-biological techniques. are applied to 7 river reaches at the Ebro
Watershed (north eastem Spain) to simulate physical habitat conditions created from the minimum flow
proposed by each technique. The Basic Flow method. which is based on the application of the simple
moving average forecasting model as the tool to get the information from hydrological series of daily
mean flows, provided acceptable physical habitat conditions that meet standard requirements from
literature. Furthermore. it has major advantages over other methodologies. such as objectivity. Jack of
arbitrariness, and it seems to have a biological meaning at least in the calculation process. Besides. it is
easy to apply (it has been programmed in a PC), fast obtaining results. and cost-efficient, so it seems to
be a good methodology to apply when determining instreamflow needs for rivers in regulated river
management.
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Total sediment yield of the Lena River, Eastern Siberia

N. ALEKSEEVSKlY, A. SIDORCHUK

Lena River is one of the largest on the globe. Its length is ~~OO km (world \Oth). basin area is
2~9()O()O km: (world 8th). mean discharge is 17000 m3/s (world 8-9th), maximum discharge is 178000
m'/s (world 2nd). The area of alluvial delta of the Lena River in the Laptev Sea is about 20nno km:
(\\orld 5-9th), despite a very young age (about ~noo - 6000 years) of this sedimentary body. That shows
a very high rate of sediment yield from the river mouth during the second part of the Holocene.

Suspended sediment yield is measured by Russian Hydrometrical Sur'vey beginning 1967 at Kusur
station (basin area is 2~30000 km:. or 97.6% of the whole). \Vith the help of sediment concentration /
discharge relationship the sequence of mean annual suspended sediment yield was calculated for the
whole period of hydrometrical observation in Kusur from 1935. The cakulated mean annual }leld is
19 106 t. with the maximum ~3 106 t in 1961 and minimum 5 106 t in 1952. For such river the
suspended sediment yield to the ocean is very low. and can not explain the formation of a large river
delta.

Bed load transport is very intensive at the Lena River. Bottom allm ial sediments at the lower reaches
consist mainly of fine sand. It is transported in form of hierarchical system of alluvial features: npples.
dunes, bars and islands. Special measurements of ripple dynamics on the Lena River near Yakutsk
(1700 km from the river mouth) showed bed load specifie discharge 20-25 t/m per day. Original method
to caJculate sediment transport was \\orked out. Morphology and dynamics of the whole system of
allm ial forms in the river is used for bed load calculations with this method. Calculated mean annual
bottom sediment yield is about 20 106 t.

Total sediment yield at the lower rcaches of the Lena River is about ~O 106 t per annum, and 50% of this
quanti~' is bed load. Relatively high transport of sandy sediment explains complicated alluvial relief of
the Lena River channel and high rate of the river delta formation.
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Particulate and colloidal matter from the Rio Negro/Solimoes mixing zone
(Amazonia, Brazil) : insight from structural chemistry

T. ALLARD, M. PONTHIEU, N. FILIZOLA, J.L. GUYOT, M. BENEDETTI

At the Earth's surface, elements are mobilized during alteration and erosion processes. and exported
mainly via rivers towards oceans as particulate. colloidal and dissolved forms. A major contribution to
these exportations at global scale originates from intertropical area. and the interpretation of mass
balance requires the understanding of trapping and mobilization of elements as solid matter. This study
focuses on particulate and colloidal matter in the mixing zone of Rio Negro and Solimoes, which form
Amazon river. Previous geochemical studies reported a non conservative partition of some elements
including metals, resulting from mixing of waters with contrasting chemistries and suspended matter
contents. Our objective is to understand the role of transported solids, in relation with redistribution of
elements. This requires to determine the nature and proportion of solid phases in the particulate and
colloidal fractions, together with their fate during mixing of waters.

Samples were collected in September 1997 during one of the cruise of the Hibam project in both Rio
Negro and Solirnoes (end members) and at several km distances downstream. Tangential flow
ultrafiltration was used to concentrate particulate (63111n-0.2Ilm) and colloidal (0.2 um-Sklf) fractions.
Grids for Transmission Electron Microscopy (TEM) were prepared in the field by embedding aliquots of
water in hydrophilic resin. Solid matter was further separated in the laboratory by ultracentrifugation
and ultrafiltration of supernatents (5 kD cuttoff).

Owing to the nature of transported phases (crystalline, amorphous, mineral and organic). this study
requires the combination of traditional tools (X-ray diffraction, TEM) and spectroscopies sensitive to
local structural order and having low detection limits (Fourier transformed infrared spectroscopy, UV
visible spectroscopy, Electron Paramagnetic Resonance (EPR». The nature of transported solids in the
particular fractions is known to consist of phases inherited from soils (clays. quartz, iron oxy
hydroxides, organic matter...), in various proportions according to their origin. Impurities and defects
can reveal several generations of the same mineral in materials from the Earth's surface (Muller et aL.
1995). They provide probes for studying particle mixture in the studied zone. By comparison to the
particuIate fractions, the colloidal fractions are more organic in all samples. but still contain crystalline
phases such as kaolinite or quartz. In addition to the nature of colloids. attention is paid specifically to
speciation of ferric iron as determined through EPR spectroscopy. Indeed. using this methodology for
suspended matter from organic-dominated streams (Cameroon), an important colloid-mediated transport
of ferric iron as Fe3+-0rganic matter complexes and amorphous oxides was recently quantitatively
evidenced (Olivie-Lauquet et al., 1999). Results are coupled to geochemical analyses and discussed by
reference to the degree of water mixing.
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Emissao de metano através do fluxo de bolhas do reservat6rio tropical
de Curua-Una, Estado do Para, Brasil

D. C. ALMEIDA, E. DUCHEMIN, M. LUCOTTE, A. G. QUEIROZ, H. C. P. DA SILVA, J.D.
DIAS, R. CANUEL, E.C.R. SILVA

Reservat6rios de hidrelétricas sào responsaveis por causar a pertubaçào em grande escala da troca de
carbono entre a biosfera - atmosfera. Medidas realizadas cm alguns reservat6rios tropicms
demonstraram que eles sào importantes fontes de gases do efeito estufa. 0 metano (CH4), considerado
um dos principais gases do efeito estufa, têm coma fontes ambientais importantes os lagos tropicais e
ambientes inundados. 0 mecanismo critico da emissao de metano por ambientes tropicais aquaticos
acontece através de bolhas. 0 objetivo desse estudo foi avaliar os niveis de emissào de metano no
reservat6rio da Usina Hidrelétrica de Cumâ - Una, um reservat6rio corn 21 anos de inundaçào localizado
a 80 Km ao Sul de Santarém. As campanhas de amostragens foram realizadas em Fevereiro de 97 corn
nivel de âgua no reservat6rio alto e, Maio e Setembro de 98 corn 0 nivel de agua do reservat6rio
considerado baixo. Bolllas evasivas foram medidas usando funis coletores de lm de diâmetro. Os
resultados mostram 65 mg! m2/ dl ( n=55) para Fevereiro de 97, Il mg! m2/ dl ( n=15) para Maio de
98 e 95 mg! m2/ dl ( n=24) para Setembro de 98. Os primeiros resultados sao considerados baixos em
relaçào a dois outros reservat6rios tropicais: Gatun Lake no Panamâ e Petit Saut na Guiana Francesa
onde foram feitos estudos com 0 CH4 através do fluxo de bolhas. Contudo nao existe nenhuma relaçào
entre emissào de metano e profundidade, porém descobriu-se uma relaçào entre a variaçào do nivel de
agua e as emissôes. 0 estudo das emissôes do CH4 em reservat6rios tropicais sào importantes para se
conhecer futuramente 0 aumento desse gas na atmosfera contribuindo para 0 efeito estufa, sendo 0 fluxo
ebulitivo um importante mecanismo para a emissào desse gâs.
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A review of the suspended sediment budget
at the confluence of the Parami-Paraguay Rivers

M.L. AMSLER, E.C. DRAGO

Drago and Amsler (1988). computed the concentration charges of suspended sediment transported along
the Paraguay-Parana hydrosystem during its period of maximum solid discharges. They showed that the
concentrations in the Parana River downstream of the Paraguay River mouth, increased as much as 60
'X, due to the sedimentary load supplied by the Bermejo River to the Paraguay mainstem. 80 km
upstream its confluence with the Parana River.

This conclusion arised from a careful analysis of available concentrations data obtained during the 1970
decade at several cross-sections of the Bermejo, Paraguay and Parana rivers. At that time, the large dams
of ltaipti and Yacirern were not still built on the Upper Parana River. thus their influences on the
sediment transport of this last river were not present in the computations ofDrago and Amsler (1988).

In this paper the sediment budget reported by these authors is updated on the base of new suspended
sediments concentrations data measured during the nineties. after the construction of the cited large
dams at properly located cross-sections. With these data and under the assumption that the sediment
loads supplied by the Bermejo and Paraguay rivers did not change (there were not built large dams on
these nvers during the last thirty years). it was possible to know a decreasing of the suspended sediment
transport in the Upper Parana River owing to Itaipti and Yacireta reservoirs. As a consequence of this
result. il was computed the increased influence of the sediment load delivered by the Bermejo River on
the solid discharges transported along the middle and lower reaches of the Parana River.
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Methodology for researching and exposing of significance
of environmental factors in large river basins

E. ASABINA

This methodology was used for studying how environmenlal factors effect on hydrological regime in
basins of Niger and rivers of coastal area of Cameroon.

There are two characteristics in generatlllg conditIOns of hydrological regime in large watersheds:

1. Large rivers flow through difTerent natural zones \Vith unlike climatic conditions and have complex
polyzonal regime. So the influence of severa1environmenlal factors is smoothed in large watersheds.

2. Total runoff from large watersheds consists of cumulative runoff of average and small rivers. i.e. the
large basin may be considered as aggregatc of smaller ones. Just within the boundaries of large river
basin notation of local and transit runoff takes sense.

Climatic factors such as air temperature. evaporation. precipitation. etc.. concem to number of zonal
factors. Another group of geograplllcal factors named azonal are caused b) their different origin in the
geological pas!. Azonality retlects in heterogeneity of relief. geological texture. stream net\\ork. soils.
vegetation. etc. Zonality and azonality are opposite sides of common development process of
geographical systems.

Zonal characteristics expose more distinct in hydrological regime of average rivers, which basins are
representative for specific zone. The average rivers flo\\' mainly in homogeneous location and have
simple regime therefore. Azonal characteristics retlects in reglme of small rivers and streams very much.

The simple technique to expose several environmental factors is supposed to understand and estimate
their influence on runoff. 11 supposes to determine zonal parameters primarily. i.e. the runoff
characteristics where mtluence of local (azonal) factors is excluded.

The methodology for researching of hydrological processes in large watersheds lets to account aIl of
peculiarities of regime resulted from diversity of naturaJ conditions. 1Is nucleus IS in accollnting of the
circumstance that h)drological characteristics of stlldied smaller \\'atersheds are typical for different
landscapes. So the hydrological characteristics may be distributed on unstudied watersheds \\ ith similar
landscape becallse ratios of elements of hydrologlcal regime and water balance stay ratller constant in
homogeneous natura1 conditions and in many years duration. This state is very important bec:llIse it
excludes necessity to do hydrological observations in eveI!' individual streams.
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Sorptive fractionation of organic matter in the Amazon Basin:
Consequences for nitrogen fluxes

A.K. AUFDENKAMPE, J.I. HEDGES, P.D. QUAY, J.E. RICHEY, A.V. KRUSCHE

The significant role of sorption to mineraI surfaces is one of the most important new insights in natural
organic matter dynamics. Fine mineraIs in most soils. suspended river sediments and marine shelf
sediments have uniforrn surface-associated organic coatings of 0.5-1.1 mg e m-2 that are largely
protected from otherwise rapid degradation for as long as they remain sorbed (Hedges and Keil. 1995).
Thus. understanding the processes that forrn and maintain this sorbed organic matter is important to
cycles of bioactive elements at both regional and global scales.

ln the Amazon and other major rivers of the world. about 90% of transported organic matter is either
sorbed to fine mineraIs or has remained dissolved (Meybeck. 1982 & 1993: Keil et al .. 1997). yet the
compositions of these two fractions are quite different. Relative to co-existing dissolved organic matter
(DOM). fine particulate organic matter (POM) consistently has lower carbon to nitrogen ratios. higher
total amino acid concentrations and higher ratios of basic to acidic amino acids (Hedges et al.. 199-l). In
addition, the stable carbon and nitrogen isotope composition are rarely alike at the same location. "ith
fine POM depleted in both Be and 15N relative to DOM for alliowland Amazon samples measured to
date by our group (Quay et al.. 1992). Despite the vastly different residence times of dissolved and
particulate aM, nitrogen and amino acid patterns have been used to implicate preferential sorption of
these components. On the other hand. isotopie observations have been interpreted solely as source
indicators.

This study examines whether biochemical and isotopie fractionation of DOM components occurs during
sorption to mineraI surfaces. thus deterrnining the aM compositional trends observed in the Amazon
Basin and other river systems. To test this hypothesis. changes in DOM and POM compositions during
sorption were directly measured in a set of nine laboratory experiments. in which natural suspended
river sediments and organic-free kaolinite were mixed with various natural DOM samples from the
Peruvian Amazon. Analyses of dissolved and particulate organic carbon. nitrogen. hydrolyzable amino
acids. 01 3e and 0 15N were used to directly trace molecular-level fractionation.

ln every case. nitrogen was preferentially taken into the POM fraction relative to the parent DOM. as
were total hydrolyzable amino acids with respect to total organic carbon and total nitrogen. Particulate
amino acid compositional patterns indicated preferential sorption of basic amino acids with positively
charged nitrogen side chains and to a lesser extent those with hydrophobie side chains. In short, we
have recreated in a beaker aIl the various organic nitrogen compositional patterns of the Amazon Basin.
While conjectured from river samples. this is the first direct evidence for preferential uptake of
naturaIly-occurring nitrogenous DOM by suspended riverine mineraIs.

Additional experiments are currently being conducted to detennine the relative extents to which
microbiaIly-mediated processes versus purely abiotic sorptive processes contribute to the observed
selective uptake of nitrogen into POM. Because incubations lasted 24 hours at 300e. numerous
generations of microbial colonies should have been able to leave behind biofilms and necromass.
Whereas microbial biomass alone could not account for the concentrations seen. bacterial exopolymers
and cell wall remains could be quantitatively and qualitatively important.

This study demonstrates that the fractionation effects of sorptive processes need to be taken into account
when comparing differences in aM composition between phases. and highlights the need to understand
the dynamics of exchange between phases in future conceptual and quantitative models.
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A hydrological model for assessing global warming efTects
on hydrological regimes of catchments with scarce data

J.R.G AZEVEDO, T.W. TANTON, D. CLARKE

This paper describes a simulation model to evaluate the potential effects of global wanning on the
hydrologicaI regime and the potential for irrigation and hydro power generation of the Sao Francisco
River Basin in the Northeast of Brazil. This basin was chosen because of the vital importance of ils
water resources for energy generation and crop production for this part of Brazil. The Sao Francisco
River basin has an area of 640 thousand km", equivalent to 7.5% of the Brazilian territory. a length of
about 2700 km and a mean annual volume of 84 billion m3. Because of the scarcity of hydrological and
climatological data in the Northeast of Brazil an empirical-statistical hydrologicaI model relating river
discharge to both temperature and precipitation was developed. The river basin was divlded into l\velve
main sub-basins. Eight are large sub-basins drained by méUor tributaries and the remaining four reaches
are on the main river. their length largely being dictated by the presence of dams. In the version of the
model presented a hydrological simulation was developed for the 27442 km: Velhas River sub
catchment, using the Least Squares Method to calculate a multiple linear regression relationship
between discharge and both temperature and precipitation The relationship when used in a whole
catchment model with a +2 degree rise in temperature and precipitation varying between 80% and 100%
of the CUITent levels. suggests that there would be a decrease in discharge of between -33% and -19%
percent and resulting in a loss of power generation of between -33% and -21 %. A validation procedure
was carried out and the model presented a reasonable level of agreement with other data sets. A
sensitivity analysis was also carried out and the model results compared with those obtained from l\\0
different works. which employed conceptual hydrological models. The proposed hydrological model
perfonned reasonably weil and could be a good alternative for catchments with scarcity of data.
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Le bassin d'avant pays des Andes amazoniennes
Contrdle tectonique et bilans de masse

P. BABY, J.L. GUYOT, Y. DENIAUD, D. ZUBIETA, F. CHRISTOPHOUL, M. RIVADENEIRA,
F.JARA

Le bassin d'avant-pays andin a commence a se devclopper il ya environ 27 Ma, mais le systeme de
drainage transcontinental de l'Amazonie s'est mis en place il ya seulement 6 Ma a la suite d'une forte
acceleration de la surrection des Andes. Depuis cette epoque, la paleogeographie a peu change et le
bassin d'avant-chaine des Andes boliviennes. peruviennes et equatoriennes constitue la bordure ouest et
l'alimcntation du grand bassin amazonien. Le piegeage des sedirncnts continentaux dans cette partie du
bassin amazonien est directernent controlee par l'avancee du front orogenique andin et done par les
processus d'interactions tectonique-erosion-climat qui le dirigent,

L'etude geologique realisee au pied des Andes a partir d'observations de terrain. d'analyses de forages
petroliers et de sismique reflexion. a perrnis de caracteriser deux cas extremes (Nord-Bolivie et
Equateur) dans le fonctionnement du bassin d'avant-pays amazonien. Les bilans de masse de sediments
pieges - dans ces 2 cas extremes - it l'echelle du million d'annee sont correles aux bilans actuels obtcnus
it partir de l'etude hydrologique du grand bassin amazonien.

En Bolivie. durant les 6 derniers millions d'annees, le front orogenique qui s'est deplace vers l'est de 85
km en chevauchant la plaque bresilienne. a provoque par sa surcharge une forte subsidence du bassin
d'avant-pays et d'importants taux de sedimentation.

A l'oppose, le bassin d'avant-pays equatorien qui a ete deforme par une tectonique en decrochement
(transpressive), s'est souleve et a ete soumis it I'erosion. alimentant ainsi les zones subsidentes plus
meridionales du grand bassin amazonien.
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Integrated ecohydrological modelling in the Elbe river basin in Germany

A. BECKER, V. KRYSANOVA

Global and regional water and biogeochemical cycles are not enough understood and need to be fllrther
investigated. This also concerns the terrestnal and fluvial parts of these cycles. i.e. water and associated
fluxes of mate rial and solutes in river catchments and fluvial systems at different space and time scales.

The model SWIM (Soil and Water Integrated Model) has been developed for this purpose. It represents a
cOlltlnuous-time semi-distribulcd model. which IS capable of simulating hydrological processes.
vegetation grO\\1h. erosion and nutrient dynamics (nitrogcn. N and phosphorus. P) with a dmly time step
at river basin scates (mesoscale basins havîng drainage areas between about lOO and a few thousand
km;). A three-level scheme is used for the areal discretisation of the land surface in modelling. namely
into river basins - subbasins - h~drotopes. plus a vertical subdivision of the root zone into a maximum of
III la~ers to be derived from available soil data bases. A hydrotope (or Hydrological Response Unit.
HRI..i) is dcfined as a set of elementary areal units having the same land use and soil type. SWIM has an
Illtcrface to the GRASS GIS. which represents a modIlicallon of the GRASS interface of the USDA
modcl SWAT. This interface is used to initialize the model by using spatially distributed GfS-data of
e\cvation. land use. soil. hydrogeology. climate. and the routing structure (related to the river network
structure). Ail hydrologicaI. geochemical. and relevant vegetation gro\\'1h processes at and below the
I:md surface. including essential component proccsses and systems. are taken into accoum in the
Illodclling. some in rather detailed. distributed. process rele\ ant form as. for instance. the hydrotope
relatcd dynamics of soil water and vegetation. others l1l a more simplified way. This combination of
component modcls allows the SWIM model system to be classified as rather robust. It further facilitates
the application in larger river basins and in particular the detcnninationlestimation of model paramcters.

SWIM has been applied for integrated hydrological. vegetation gro\\1h and water quality modelling in a
number of tributa~ basins of the Gennan part of the Elbe river basin (about 100 000 km:). Sdected
results of these applIcations will he presented and discussed to illustrate the perfonnance capabilllies of
SWIM. In addition to exal1lples of model validation. recent results of sorne impact analyses \\ ill also be
presented. They use scenarios of climate change as expected for the coming fifty years in the reglOn as
model input. Finally some general conclusions concerning the large scale application of SWIM and the
extrapolation of results wi Il be drm\ n.
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Metal ions transport by colloids in the Amazon basin

M.F. BENEDETTI, J. BOULEGUE, S. MOUNIER, J.Y. BENAIM, N. FILIZOLA, P. SEYLER

Organic colloids play a very important role in the geochemistry of major and trace elements in surface
and soil waters. They may change mineral sorbent properties by coating and they may affect the
speciation of minor and trace elements in surface, lake, sea, and interstitial waters. Adsorption and
chelation of trace metals by dissolved (DOC<0.45 urn) and colloidal organic carbon (5000 Dalton <
DOC < 0.45~m) influence the bioavailability, toxicity and transport in rivers. Size fractionation by
ultrafiltration coupled with the complexation capacity measurements is a powerful tool to gain
knowledge about trace element speciation in aquatic systems. Here we report the distribution of DOe.
which passed initially through a 0.20~m filter membrane. The distribution and the degree of association
of major and trace elements with the discrete size fractions are presented. Samples were taken in brazil
1996-97-98 during various cruises on the Rio Negro and on the Amazon river from Manaus to
Santarem. Surface water samples were taken and treated on board with sequential cross flow
ultrafiltration (ultrasart from Sartorius). All samples were treated in the same way: 50 liters of water
were filtered using clean ultrafiltration membranes with the molecular cutoffs of 0.2J,Ull. 100kD and
5kD. All membranes were cleaned in the lab with 50 liters of MQ water. In the field the first 5 liters
were systematically discarded to prevent sample contamination during the filtration. Total C and metal
ion (Na, K, Ca, Mg, AI, Fe...) concentrations were measured in each concentrated fraction and as well as
in the permeate. Metal ions were determined by ICP AES and GFAAS. Total organic carbon and
dissolved organic carbon were determined with a Dohrman 80 analyser. Mass balance calculations
indicate a good recovery of carbon and metal ions (>80%). Total metal complexing capacities (TMCC)
were determined by fluorescence quenching at pH 5 using Copper as a quenching probe. The
distributions of the C and the metal ions are expressed as the percentage of the sum of the different
fractions (i.e.; particulate P <0.22~. colloidal 5000D < C < 0.22~. and dissolved D < 5000D). For the
Rio Negro the colloidal fraction represents 30 to 10 % of the total organic carbon. Particulate and
colloidal carbons account for at least 60% of the total organic carbon. In the Rio Solimoes and the
Amazon after Manaus the dissolved organic carbon represents more than 75 % of the total organic
carbon. Thus carbon flux at Obidos once the mixing is completed is essentially due to dissolved organic
carbon. The distributions of major and trace elements are also expressed as the percentage of the sum of
the different fractions (P. C, and D). Three groups of elements can be distinguished. The group of Na
and Si, both elements are found in the dissolved fraction. The group of Mg, Ca. K. for which 50 % of
the total amount of each element is found in fraction D while 15% and 35 % are found in fractions C
and P, respectively. The group of Al and Fe which are found in the particulate fraction at 99% for all
river samples. Complexing properties of the different fractions (i.e. P, e. and D) vary from one river to
an other. In black rivers 67% of the TMCC is due to the fraction e. For white rivers (Solimoes,
Madeira) it ranges from 24% to 0%. The fraction P accounts for 0 to 30% of the metal ion complexing
capacity for all rivers. The fraction D accounts for most of the metal complexing capacity for white
rivers. This conclusion is not confirmed by the distribution of Fe and Al in the fractions below 02J.Ull.
Ninety to 80 % of the concentration of both metal ions is located in the colloidal fraction (CI+C2) and
not in the dissolved fraction (D). The strong affinity of Al and Fe for organic ligands is well known.
Their distribution may confirm the presence of organic colloids with a specifically high affinity for metal
ions. A similar result was previously obtained for small rivers where in the watershed podzohzation
processes were occurring. However. here in fraction C I the high concentrations of Fe and Al could also
be due to the presence of sub-micron sized Fe or Al oxy-hydroxides, Such minerals were observed by
TEM in similar water samples. The association of positively charged oxides at the pH of the samples
with negatively charged organic matter could explain the similar distribution of Fe. AI and C for those
samples. We are currently undertaking proton titration of the same fractions to see if the overall binding
capacity follows the same pattern. Such an information is important to understand the behaviour of the
organic matter and the metal ions during the mixing between the Amazon fresh water and the Atlantic
seawater.
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Disponibilidad y distribucion de agua para la generacion
de energia hidroeléctrica por grandes vertientes en México

N.A.H. BERNAL

La distribuci6n deI agua en México es muy desigual y por 10 tanto su disponibilidad esta determinada
por las condiciones geogrMicas deI territorio mexicano. El desarrollo de México esta relacionado
fuertemente al recurso agua. el cual por ser escaso ha definido los patrones de desarrollo demogrMico y
econ6mico.

La mayor parte de las corrientes mexicanas se localizan en las vertientes exteriores. Se originan en las
cordilleras y descienden hacia las costas deI Océano Pacîfico y dei Golfo de México. En este punta se
precisa seii.alar la importancia que tiene la linea divisoria continental. ya que es fundamental en la
distribuci6n de los volumenes de escurrimiento.

En México se ha tratado de aprovechar en gran medida los rios para la generaci6n de energia eléctrica
ademas de otros usos coma son el riego agricola, derivadoras 0 para servicios a la poblaci6n. En este
trabajo se ha hecho enfasis en el estudio de las 13 presas hidroeléctricas de mayor importancia en
México. por su producci6n de energia y por el tamai'io de la misma.

La distribuci6n espacial de la disponibilidad de agua para la generaci6n de energia eléctrica en México
esta intimamente relacionada con las caracteristicas geogrMicas deI pais en general y en particular a las
geomorfol6gicas. fluviales y de pluviosidad. Durante los ultimos aii.os. en México se han construido un
nUmero importante de presas para la generaci6n de energia hidoreléctrica. A partir de la década de los
afios cuarenta a la fecha. este tipo de obras se han realizado en forma constante y sistematica. las cuales
constituyen la base para el almacenamiento y disponibilidad de agua para la generaci6n de energia.

Las presas estudiadas y su respectivo volumen de disponibilidad de agua se localizan -de una manera
general- por vertientes. Siete grandes embalses se localizan a 10 largo de la vertiente deI Oceano Pacîfico
y las seis restantes en la parte meridional de la vertiente deI Golfo de México. En estas presas se trabaj6
con datos referentes a volumenes de agua para cada una de ellas en 10 referente al aporte de agua,
almacenaje en la presa. extracci6n de agua para generaci6n de energia y energia producida. Se
analizaron los datos en conjunto por grandes vertientes para obtener una visi6n diferenciada de ambas
vertientes. conocer la disponibilidad y distribuci6n geogrMica de agua existente en cada vertiente para
la generaci6n de energia hidroeléctrica.
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Stream chemistry, solute fluxes
and mesoscale land use change in the Amazonia

T. BIGGS, T. DUNNE, J.M. MELACK, M.A.S. BAHIA

Analyses of surface waters collectcd in both the wet and dry seasons in Rondonia. Brazil are used to
detine a chemical land use signal for 75 watershcds of varying soil type. size. and land use intensity.
During the dry season (August 1998). forest catchments had consistently low concentrations of major
cations. CI. S04, TDN. TDP. and H2SiO~. while concentrations of these dissolved species were
significantly elevated in deforested catchments <5000 km2. ln small watersheds with low altisol
frequency «1000 km2. average 250 km2. <10% altisols. n=9). total cations were 350% higher in
deforested catchments (>~O% dcforested. from 1996 Landsat TM) than forested catchments «20%
deforested). dissolved Si 750%. TDN ~O%. TDP 430%. CI 840%. and S04 125%. Catchments with
higher altisol occurrence (>50% altisols. n=9. from GIS soils database) showed less dramatic changes.
Wet season concentrations Oanuary-March. 1999) were diluted compared to dry season concentrations
for most streams below 5.000 km2. The largest watersheds (> 10.000 km) showed no wet season
dilution. suggesting that above that size. the streams become groundwater dominated.

The total flux of dissolved material \Vas caJculated for II watersheds with permanent discharge stations.
ranging from 1000 km2 to 30.000 km2. allowing calculation of export rate per unit area. Assuming a
uniform background export rate in forested regions. the mcan export rate per unit area for deforested
areas was calculated. Samples of rain water. deep groundwater wells (>45 m). saturated areas and
weekly wet season soil water samples in forest and pasture were also collected to elucidate the observcd
stream concentrations.

The results suggest that a signal of enhanced solute yields resulting from deforestation in Rondonia is
recognizable up to a drainage area of between 5000 and 10.000 km2. Beyond that size. streams appear
to become groundwater dominated and buffered against changes in land use and hydrologie regime.
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Los regimenes hidrologicos de la cuenca Amazonica de Bolivia

J. BOURGES, L.M. CARRASCO

Bolivia cuenta con aproximadamente 1'100.000 Km2 de superficIe, de la cual el (il'Yo se encuentra
ocupada por la Cuenca Ama/.onica. Gracias al aporte de sus cuatro grandes tributarios. principal mente
proeedentes de Bolivia. el Madera participa con cerca dei 8% a los aportes dei Ama/onas al Océano

La distribucion temporal de las lIuvias lI1ensuales en el ano, presenta la mlsma forma sobre el conjunto
de la cuenca amazonica. Las precipitaciones mas fuertes caen durante el veranD austraL de diciembre a
marzo. S~gUn las regiones. puede haber el resta deI afio una estacion seca bien marcada 0 lIuvias muy
frecuentes. La distribucion espacial de las lIuvias aparecc muy distinta segun las regiones. Puede variar
de 500 mm.laiio cn la alta cuenca dei rio grande. a cerca de 6000 mm. en ciertas zonas de la cuenca dei
Chapare. En la Hanura. la plu\'iometria decreee de Norte a Sur con promedios de 1800 mm. sobre las
cuencas dei Mamoré y dei Beni. y mas de 2000 mm. sobre el deI Madre de Dios.

El conjunto de la cuenca Amazontca podemos subdividirla en: "Andinas·'. situadas en el costado
amazonico de la Cordillera Orienta\. con dos subgrupos: las deI Beni y dei Chapare mas meridionales y
méls irrigadas, "Intra-Andinas" aquellas que encontféindose al interior dei macizo andino, se haHan
protegidas en parte por la influencia amazonica. "Ando-amazOnicas·'. cuya parte superior se situa en la
Cordillera, pero que reciben también en su parte inferior la contribucion de aguas de la lIanura y las de
"L1anura" que no experimentan ninguna influencia andina.

Sobre el conjunto de las cuencas Andinas 0 Intra-andinas. el periodo de aguas altas dura
aproxlmadamente tres meses. generalmente, de enero a marzo. Este periodo es idéntico en la Hemura
sobre los rios Ando-Amazonicos hasta aproximadamente una distancia de SOO a 800 Km de pie de
monte. Mas alla de este limite y hasta la fonnacion dei madera. las aguas altas se desfasan
progresivamente y pasan mas bien de febrero a abri\. 10 que corresponde a las aguas altas observadas en
las cuencas de lIanura donde las velocldades de propagacion son mucha mas lentas. No obstante. en el
curso inferior deI Mamoré y dei Itenez. aguas debajo de las lIanuras de inundacion que retrasan la
crecida anua\. se observa que el periodo de aguas altas se situa frecuentemente entre los meses de marzo
y mayo.

La heterogeneidad fisica de la zona estudiada y la amplitud dei relieve hacen que el régimen de las
precipllaciones y la pluviometria anual sean muy variables de una reglon a otra. y muchas veces de una
cuenca a otra. A fin de estudiar la relacion precipitacion-escurrimiento y de discerntr eventuahnente un
carücter regional. se relacionan la precipitacion media sobre una cuenca con cl parametro que mide el
escurrimiento. y de la misma dimension que la precipitacion. la lamina escurrida.

Se e\'idencia un grupo de cuencas que reciben una altura de lIuvia superior a 1200 mm por ano y en el
cual sc puede considerar que eXiste poca relacion entre precipitacion y altura de escurrimienbto
superficlal.

Este gmpo representa la lIanura y las regiones Ando-Amazonicas y Andinas. con excepcion dei Beni.
para cl cual las alturas de lIunas son IIlcoherentes con las alturas de escurrimicnto superficiaL Por
debaJo de 1200 mm.. es declL en las regiones "semi-aridas". la disperSion es tal que es dificil vislumbrar
una relaclon \'Ùlida. En IOdo caso. la impresicion sobre la delermlnaclon de la precipitacion media no
penlllte c\'1denciar caractercs regionales ni cstablccer una relacion correcta entre IIm ia y escurrimiento.
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Estudio de la dimimica de las inundaciones en la cuenca Amazonica boliviana
con un enfoque conjunto de la hidrologia i de la percepcion remota

L. BOURREL. L. PHILLIPS, S. MOREAU

La Amazonia boliviana se caracteriza por una gran lIanura central generalmente inundada mas de 4
meses al mto. La superficie afectada puede abarcar 100 000 a 150 000 km2 seglIn la variabilidad
hidrometeorolôgica anual en las subcuencas andinas (cabeceras de los rios Madre de Dios. Beni y
Mamore que alimentan el Rio Madeira) y en la lIanura. Las inundaciones provocan generalmente
perdidas considerables de millares de cabezas de ganado. en particular en el Departamento dei Beni
donde se produce 47% de los bovinos de Bolivia. Ademas. impiden la gestiôn sostenible de los recursos
piscicolas de la regiôn Amazônica y afectan a numerosas ciudades. pueblos }' comunidades. siendo
necesarias medidas de evacuaciôn en ciertos casos.

En el ai'io 1997. el ORSTOM (1) ha empezado. con sus socias bolivianas deI SENAMHI (2). deI
SEMENA (3) y de la ABTEMA (4). un programa de investigaciones para estudiar la dimimica de las
inundaciones en Amazonia boliviana.

En época de lIuvias. esta regiôn presenta una persistente cobertura nubosa y zonas vastas de dificil
acceso : por esta razôn. este estudio hidrolôgico se basa primero sobre la utilizaciôn de la percepciôn
remota radar que permite de prender la distribuciôn espacio-temporal de las inundaciones.

El principal objetivo de la parte teledetecciôn de este programa es de identificar las zonas a riesgos con
el objetivo final de monitorear el fenômeno de las inundaclOnes (orientar y optimizar las acciones de
Defensa Civil. asi como la gestiôn de los recursos piscicolas y ganaderos).

Por eso. hemos primero intentado valuar la utilizaciôn de los datos radar en banda C con polarizaciones
HH (ERS) YW (RADARSAT) por el objetivo especifico de la identificaciôn de las zonas inundadas de
la Amazonia boliviana.

Este articulo presenta los primeros resultados obtenidos en los dos ultimos ados. en la lIanura de
inundaciôn deI rio Mamore alrededor de la ciudad de Trinidad. con la utilizaciôn de imagenes
ascendientes ERS-SAR y RADARSAT-SAR correspondientes a las épocas seca y inundada. de datos de
terreno y de sobrevuelos adquiridos en el mismo tiempo que las imagenes radar i también de datos
hidrometeorolôgicos como precipitaciones. temperaturas y nive les diarios de agua (en los rios y en la
lIanura) obtenidos en estaciones ubicadas en la parte alta y en la parte baja de la cuenca deI Mamore.

Después de la caracterizaciôn deI cielo hidrometeorolôgico anual de las inundaciones estudiadas. estan
primero presentadas compuestas color y elasificaciôn de imagenes ôpticas Landsat TM para mapear las
principales umdades de vegetaciôn en la area de estudio. y luego algunas SAR-TM compuestas color
(cômo transformaciones RGB-IHS. cômo diferencias entre imagenes RADARSAT 0 ERS de épocas seca
y inundada) esté'm utilizadas para valuar las respectivas contribuciones de los datos radar en el mapeo de
la extensiôn de las inundaciones.
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Suspended sediment-bound trace consistuents
of Rio Negro waters upstream Manaus-Amazonia

W.L.F. BRINKMANN

Suspended sediments contain primanly organic colloids of various kind and sorne mineraI constltuents
in the form of cIays. The bulk of suspendcd matcnals are mainly derivcd from 3 sources:

(1) thc organic standing crop of seasonally flooded fringe forest areas (lgapo). which combines the
Icachates of litter layers and forest stand

(2) regosol and podzol areas. \vlllch provide leachates of organic colloid ennched waters

(3) sandy. hydromorphic soils of the \alle~ bottom areas of terra firme forest strcams. where the
increascd residence time of near-surface groundwater produce orgamc coltold enriched leachates

The organic colloids are pnmarily produced by proccsses of biodegradatlOn and biosynthesis of the
organic matter standing crop. Leachates contmn smalt amounts of minerai compounds. \vhich might be
uscd as tracer constituents for source discnminatlon procedures.

The bulk of trace constituents IS bound to organic colloids by physlcal and chemical sorptlOn and
complex formation.

Suspcnded solids were analyzcd by a combinat ion of various methods. snch as AAS. ICPtrvIS. INAA.
NAA. NAAt and PAA.
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Parametros fisicos, quimicos y plancton en el Bajo Delta dei Rio Parana,
en relaciôn con el cielo hidrolôgico.

L. CABO, A. PUIG, S. ARREGHINI, H.F. OLGUIN, R. SEOANE, I. OBERTELLO

En sistemas fluviales, al igual que en planicies de inundaci6n y humedales, las variaciones temporales
de determinados parametros fisicos y quimicos deI agua, asi coma de la flora y la fauna, dependen en
gran medida deI cielo hidrol6gico. El entendimiento de estas relaciones ecohidro16gicas resulta
fundamental para la posterior evaluaci6n de vulnerabilidad al impacto humano deI ecosistema. El Rio
Parana presenta un régimen hidro16gica con bajantes en agosto-setiembre y crecientes en febrero-marzo,
en el curso superior, y marzo-abril en la regi6n deltaica, La subcuenca deI Parana Inferior (15,000 km2).
de elima templado humedo, presenta escasos cuerpos de agua lénticos permanentes, a diferencia de la
llanura aluvial deI Parana Medio. La hidrologia deI Delta deI Parana esta regulada por el régimen de los
rios Parana, de la Plata y Uruguay; correspondiendo al primero la mayor influencia en la zona estudiada,
franja extema deI Bajo Delta, donde se suman efectos de mareas y sudestadas deI estuario Rio de la
Plata. La informaci6n édita sobre fisicoquimica y plancton de esta franja deltaica es escasa., a pesar de
su ubicaci6n aguas abajo de importantes polos industriales y pr6xima a la ciudad mas poblada de
Argentina. El objetivo deI presente trabajo es evaluar las variaciones espaciales y temporales de
parametros fisicos y quimicos, asi coma deI fito y zooplancton, bajo diferentes condiciones deI cielo
hidro16gico en aguas superficiales deI Bajo Delta deI Rio Parana. Esta primera etapa se desarro1l6
durante 1995, en parte de dos aiios hidro16gicos (periodos septiembre-agosto) cuyas caracteristicas se
contrastaron con la serie de datos diarios de 1905-1996 en Parana. Asimismo se analizaron las
condiciones meteoro16gicas para evaluar la influencia deI fen6meno denominado "sudestada", que afecta
la forma de los hidrogramas en el Delta. Se realizaron cuatro muestreos, ineluyendo distintos estados deI
hidrograma mensual, en cinco sitios. Las muestras de agua superficial se tomaron por triplicado en el
canal de navegaci6n, midiéndose in situ oxigeno disuelto, pH, conductividad y temperatura, y en
laboratorio (filtraci6n en campo y transporte en frio), amonio, nitratos, f6sforo reactivo soluble, sulfatos,
eloruros, calcio, magnesio y alcalinidad (APHA, 1985). Las muestras cuantitativas de fitoplancton (200
ml) se concentraron por sedimentaci6n y se contaron submuestras de 1 ml (pipeta de Hensen-Stempel)
en camara de Sedgwick-Rafter bajo microscopio. Las muestras cuantitativas de zooplancton se tomaron
filtrando 80 1 de agua superficial por red (48 !lm). Las submuestras (5 ml), tomadas con pipeta de
Hensen- Stempel se contaron en camara de Bogorov bajo microscopio estereosc6pico. Las variaciones
temporales de la gran mayoria de los parametros fisicos, quimicos y bio16gicos superaron a las
espaciales. Tanto los parâmetros fisicos y quimicos coma la abundancia planct6nica estuvieron
asociados, fundamentalmente, al régimen hidro16gico, Los parametros fisicoquimicos evaluados
reflejaron principalmente efectos de la creciente en el Parana Medio, que al inundar los cuerpos lénticos
bajos y suboxigenados de la lIanura aluvial, produce disminuci6n de oxigeno disuelto, nitratos, sulfatos y
aumentos en f6sforo reactivo soluble, conductividad, bicarbonatos y calcio. Las densidades deI
fitoplancton y deI zooplancton aumentaron cuando el nivel hidrométrico fue bajo. Las diferencias
espaciales se manifestaron, principalmente, en el sitio correspondientc al frente de avance, reflejando la
acci6n deI Rio de la Plata y fen6menos locales, relacionados con la muerte y descomposici6n de los
juncales, que crecen intensamente. La fuerte relaci6n observada con el régimen hidro16gico enfatiza la
necesidad de considerar la importancia de este factor en los emprendimientos que regulen tanto el caudal
coma las momentos de cambio en el nivel hidrométrico.
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Estimation de la vitesse de deplacement du fond mobile de I' Amazone
par correction des mesures de debit

par mesureur ultrasonique aetTet Doppler (ADCP)

J. CALLEDE, J.L. GUYOT, P. KOSUTH, V. GUIMAR..AES

Les hydrologues du Projet HiBAm ont effectue plusieurs centaines de mesures de debits par systeme
ultrasonique (ADCP) sur le Bassin Amazonien depuis 1995. Des erreurs systematiques sur les
trajectoires des jaugeages ont ete observees durant les crues. La correction de ces erreurs a permis
d' estimer la vitesse de deplacement du fond mobile de I' Amazone. Cette vitesse du fond mobile,
fortement correlee ala vitesse de l'eau pres du fond. peut atteindre 50 cm/s en crue aObidos. A l'avenir.
le couplage de GPS a la mesure ADCP devrait permettre darneliorer cette correction et I'estimation de
la mesure du fond mobile.
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Descargas liquidas do rio Jaguaribe ao oceano Atlântico
apos a construçao do açude Castanhao : analïse da variabilidade

J.N.B. CAMPOS, T.M.C. STUDART, S.R. FRANCO, R. LUNA

A Bacia do Rio Jaguaribe drena uma area de n.043 km2 que corresponde a 48% da superficie do Estado
do Ceara. Sua descarga liquida para 0 Oceano Atlântico. nas proximidades da cidade de Aracati. sera
significativamente alterada corn a conclusào do Açude Castanhào. ainda em fase de construçào. 0
reservat6rio devera ter uma capacidade total de 6.7 bilhôes de metros cubicos. sendo 250 milh6es de
reserva intangivel, 4.2 bilMes de volume util e 2.25 bilh6es para proteçào de cheias. Corn essas
dimensôes ele sera 0 segundo maior do Nordeste Brasileiro e 0 maior do mundo em um encravado em
um rio intermitente. 0 rio Jaguaribe. em condiç6es naturais pode apresentar picos de cheia da ordem de
8.000 m3/s e. por outro lado. passar 18 meses sem nenhum escoamento.

Este artigo apresentara uma anâlise da variabilidade de três variâveis aleat6rias resultantes da operaçào
do reservat6rio: a descarga liquida para 0 oceano (representada por suas sangrias). a vazào regularizada
com uma dada garantia e a evaporaçào do seu lago. Para isto. serno utilizadas ferramentas da hidrologia
estocâstica e a operaçào ficticia do reservat6rio.

Scrào gerados 5.000 valores de vazôes anuais afluentes ao Açude Castanhào. segumdo a distribuiçào de
probabilidades Gamma II. corn parâmetros calculados a partir da média e do desvio padrào da série
hist6rica de vaz6es, fragmentadas a nivel mensal. Na operaçào simulada do reservat6rio. serào atribuidas
regras de retirada e condiçôes iniciais ao sistema e estudado 0 seu comportamento para cada uma das 50
séries sintéticas de vaz6es afluentes de 10. 20. 30. 40. 50 e 100 anos de duraçào. como também para 1
série de SOOO anos. Sendo assim. serâ possivel analisar a variabilidade das perdas para 0 oceano, da
vazào regularizada e da evaporaçào a curto e a longo prazo. assim coma no estado de equilibrio.
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Prevision des erues de l'Amazone aManaus

B. CAPPELAERE, H. NIEL, J.L. GUYOT, M. MOLlNIER, M.S. RODRIGUES, E. OLlVEIRA

La capitalc de t'ctat bresilien d'Amazonas, Manaus (1.2 millions d'habitants), est particulicrcrncnt
cxposec aux crucs du systemc fluvial amazonicn. L'irnportance des submersions dues a la topographic
extrernement plate et aux hautcurs parfois considcrablcs pouvant etre atteintes par la cruc, a motive la
realisation d'un outil dc prevision des niveaux aManaus. Compte-tenu des particularites de cc systeme
fluvial singulier et des donnees disponibles, l'approche statistique a ete choisie et plusieurs techniques
ont ete testecs (regression. PLS. neurones). ainsi qu'unc procedure adaptee de prise en compte des
lacunes dans les series de donnees. Les equations de prevision elaborees pour diverses echeanccs (jusqu'a
60 jours) ont cte intcgrees dans le logiciel opcrationnel CHEIAMAZ. qui devrait bicmot etre couple aun
systeme automatise de tcletransmission en temps reel des donnees.
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Avaliaçao do assoreamento do reservatorio de Ha, no Rio Druguai,
e programa de monitoramento a montante e a jusante da barragem

N.O. CARVALHO,J.T.N. SILVA, L.N. PALMA

A barragern da URE lti esta sendo constroida no rnédio curso do rio Uroguai. ern posiçao de area de
drenagern de 4~.500krn2. Apesar de ficar situada no sul do pais ern regiào corn razoaveis densidade
populacional e uso do solo. a bacia apresenta uma pequena produçao de sedimentos devido a boa
cobertura vegetal da bacia. No entanto, corn 0 desenvolvimento que esti ocorrendo na bacia. é esperado
um crescirnento populacional e um aumento do uso do solo. 0 que certamente ira aumentar a erosào das
terras e 0 consequente transporte de sedimento nos rios.

o presente trabalho apresenta um resurno do estudo sedirnentol6gico realizado para a formaçào do
reservat6rio. considerando 0 assoreamento e a sua vida ùtil. Complementarmente. e a partir dos mesmos
dados. sera efetuado mn estudo da distribuiçào dos sedimentos no lago e a fonnaçào do delta
(dedividades superior e frontal) para poder avaliar a quantidade de dep6sitos na <lrea do volume ùtil e os
seus reflexos na geraçào de energia. A previsào do assoreamento foi efetuada a partir de poucas
mediçôes de curto periodo (maio a outubro.87). nào podendo representar resultados confiaveis. Por outro
lado essas rnediçôes foram ern sua maior parte efetuadas no periodo de estiagem. nào contendo mediçôes
de enchentes ou mesrno pennitir que se possa ter a taxa de aumento da carga s6lida corn 0 tempo.

Em decorrência. os estudos sedimentol6gicos realizados deixam a desejar. sendo necessario revisào no
futuro, para 0 adequado acornpanhamento das transfonnaçôes na bacia e no reservat6rio.

o programa de mediçôes induira 0 monitoramento a jusante da barragern, para acompanhamento da
possivel erosào da calha fluvial, devido a liberaçào de agua limpa corn poder erosivo. Esta possibilidade
ja apresentou uma ocorrência por ocasiao do desvio do rio para constroçào da barragern. Estào previstos
trabalhos de levantamento peri6dico de seçôes transversais ao longo do reservat6rio e no trecho do canal
a jusante da barragem, operaçào e manutençào de rede sedirnentométrica. estudos complementares corn
uso de imagens de satélites. e outros. que certamente fomecerào subsidios importantes para os estudos
sedimentol6gicos pretendidos.

45



!'vfanaus '99 - Hydrological and Geochemical Processes ln Large Scale River Basins

Anomalias climaticas en una subcuenca dei Rio Iguazu
y prediccion extendida de volumenes

D.I. CHAVASSE, R.S. SEOANE

El objetivo de este trabajo es estudiar la capacidad predictiva de un modela deterministico complejo
aplicado a la cuenca baja dei rio 19uazu y el impacto dei fen6meno ENSO (El Nino Oscilaci6n Sur)
sobre las variables hidrol6gicas y los caudales simulados en la subcuenca dei rio Chopim.

La cuenca elegida es de gran utilidad para la predicci6n de crecidas en el trama argentino-paraguayo dei
rio Parami dado que el aporte dei rio 19uazu es muy significativo y es el ultimo afluente que recibe antes
de ingresar al territorio argentino por su margen izquierda. La cuenca dei rio 19uazu esta ubicada entre
los 25° y 27° de latitud Sur y los 49° y 55° de longitud Oeste y su superficie es ligeramente inferior a
70000 km2. Se han modelado la cuenca baja dei 19uazu (24000 km2). tramo comprendido entre las
estaciones hidrométricas Salto Osorio y Salto Cataratas y el rio Chopim (7600 km2). principal
subcuenca de ésta.

El aporte de la cuenca baja se simula con el modelo de humedad de suelo de Sacramento y el traslado de
los caudales observados a la salida de la cuenca alta con distintas versiones dei modelo Muskingum. Se
realiza una verificaci6n dei ajuste de estos modelos mediante el método Bootstrap y se observa para los
periodos de calibraci6n y validaci6n. las diferencias en los estadisticos de control seleccionados.

Para estudiar la capacidad predictiva a corto plazo dei modela detenninistico complejo aplicado a la
cuenca baja dei rio 19uazu se estima la funci6n de correlaci6n cruzada entre la precipitaci6n y el caudal.
Se propone un experimento numérico para analizar los resultados de esta funci6n y conocer el adelanto
de tiempo que permita obtener estimaciones confiables.

Para la cuenca dei rio Chopim se estudia la influencia de eventos extremos dei ENSO sobre los
estadisticos de las variables hidrol6gicas y de la serie de errores que definen la capacidad de simulaci6n
dei modelo. Se discuten las variaciones observadas en la respuesta dei modelo demostrando. en forma
estadistica, la importancia de la variaci6n de las variables de estado y de los errores. Para investigar la
influencia dei ENSO se propone un experimento numérico que consiste en realizar simulaciones
utilizando trazas registradas de la precipitaci6n c1asificadas en anos Nino. Nina y anos no Nino no Nina.
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Basin landscape geochemical method for calculating mineralization of water:
Example of the Syrdarya river

E.L CHEMBARISOV

By the employees of laboratory of hydrochemistry of Institute of water problems Academy of Sciences
Republic ofUzbekistan it ofIered of basin landscape-geochemical a method of account rnineralization of
river waters. It is based on interrelation revealed by the author between growth irrigated of the area in
river basin and size mineralization of river water in closing post of the river.

On an example of separate weil investigated river basins of central Asia is shown., that since 1960 size
mineralization of river waters was increased in bottom posts proportionally to growth irrigated of the
area. Working formula shown this dependence was ofIered which has the following kind:

Mfin = Mint + a Fef (1)

where Mfin and Mint : rnineralization of river water according at the initial and at the final stations of
the river basin (gr./liter) ; Fef : regularly irrigated and drainage area named "efficiency" because it
influences mineralization level of river water (thousands of hectares) ; a : coefficient, it is called
"integral landscape-geochemical indicator". It depends on salination level of soil and initial
consumption in the river.

Equation (1) is a working formula for basin landscape-geochemical way of calculating rnineralization
changes of river waters. If we know Mint and "a" coefficient, the fonnula cao be used to define the
expected mineralization of river water at the final station (Mfin), ifwe know the change in irrigated area
in future.

For example pursued the expects offuture mineralization ofwater Syr-Darya river.
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Riverflow Modelling in Two Large River Basins:
the Parana (Subtropical) and the Niger (Tropical).

D. CONWAY, G. MAHE

Water balance models of varying degrees of complexity have been widely used for a number of
hydrological applications. Here we apply a simple conceptual water balance first developed by
Thornthwaite (1948) and later Thornthwaite and Mather (1955) in a distributed manner to model
riverflow in two very large river systems. the Parana river in South America and the Niger river in west
Africa. The approach utilises global data sets of rainfall, potential evaporation and soil available water
capacity at 0.5 degree latitude and longitude resolution. The rainfall and PE data sets have been
augmented with additional station data from regional sources to provide dense spatial coverage over
much of the river basins. River flow data for tributaries ranging in size from 631 km2 to 67,600 km2
for the period 1931-1990 (Parana) and 1951-1990 (Niger) are used to calibrate and validate the model.

The results show varying degrees of model performance during both the calibration and validation
procedure. Time series of rainfall and PE were used to reconstruct river flows for the whole river basins
back to 1901. These were compared with measurements dating back to 1901 and 1907 for the Parana
and the Niger, respectively. There was reasonable agreement between modelled and observed river
flows and the prolonged changes in river flow regimes that have occurred since the 1970s (Table I) are
unprecedented in the instrumental records. The analysis highlights some interesting issues pertaining to
the development and application of water balance models.

* Varying levels of model performance in different catchments. ranging from acceptable to poor.

* Sensitivity of model performance and parameter values to input data sets. particularly the method
chosen to estimate PE. Average annual PE for the period 1961-1990 over each river basin is 552 mm
(1666 mm) with a Penman Monteith PE function and 1261 mm (3477 mm) with a standard reference
crop Penman function for the Parana and Niger, respectively. Best model results were obtained with the
standard reference crop Penman function.

*Both rivers exhibit prolonged large fluctuations in their flow characteristic (volume and timing) before
and after the early 1970s which are associated with changes in rainfall, runoff ratios and possibly
changes in land use and land cover although these are unquantified. This raises difficulties in defining
periods for model calibration and validation and the stability of parameter values during periods where
changes in catchment characteristics and runoff processes are taking place.
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Principais avanços no monitoramento da rede hidrologica da bacia do rio Itajai

A. CORDERO, D.L. SEVERO, A.L. TERAN, P.A. MEDEIROS

A intençào deste trabalho é apresentar os avanços obtidos no monitoramento da rede hidrologica na
bacia do rio ltajai. Inicialmente sera apresentado a evoluçào e os avanços obtidos no monitoramento da
rede hidrologica da bacia do rio ItajaL desde a instalaçoes das primeiras estaçoes hidrologicas. operadas
manualmente. até hoje corn as modernas estaçoes telemétricas automatica. Apos sera apresentado a
evoluçào das obras civis realizadas na referida bacia para 0 controle das cheias. Por fim sera apresentada
a variabilidade das vazoes maXÎmas registradas no municipio de Blumenau. desde os seus primeiros
registros até os dias atuais.

A bacia do rio Itajai esta localizada na Vertente Atlântica do Estado de Santa Catarina e tem uma area
de 15.000 km2 de area. Seus principais afluentes sao 0 rio Itajai do Sul, 0 rio Itajai do Oeste, 0 rio ltajai
do Norte ou Hercilio, 0 rio Benedito e 0 rio Itajai Mirim. Ela é considerada uma bacia estadual porque
fica totalmente dentro do Estado. A bacia do rio Itajai tem a sua situaçào caracterizada pela existència de
altas serras nas nascentes sui, norte e oeste (entre 1.000 a 1.750 m) e de planicies pequenas a leste. nas
vizinhanças do Oceano Atlântico. Na sua média anual, a temperatura do Vale do Itajai, em linhas gerais.
vai caindo, a partir da foz em direçào às encostas de 210 a 180. As épocas mais quente e fria do ano sao
bem caracterizadas, subindo a 250 a média do mès mais quente (janeiro ou fevereiro) e descendo a 150 a
do mès mais frio (julho).

Podemos dizer que a variaçao quantitativa da chuva no decorrer do ana se resume: (1) numa estaçao
chuvosa principal no verao corn chuvas médias mensais da ordem de 140 mm. que abrange em geral .t
meses (dezembro a março): (2) numa estaçao chuvosa secundaria na primavera (setembro e outubro).
corn chuvas médias mensais da ordem de 120 mm; (3) num mès relativamente seco (novembro) corn
cerca de 80 mm: e, (4) num periodo de 5 meses, que constitui a parte menos chuvosa do ana (abril a
agosto), ou seja, outono/invemo. corn média mensal de 85 mm.

Diversas obras de contençao de cheias ja foram executadas em varios pontos da bacia, sendo que as
principais sao: a Barragem Sul que tem capacidade para armazenar 93,5.106 m3 de agua, a Barragem
Oeste que tem capacidade para annazenar 83,0.106 m3 e a Barragem Norte que tem capacidade para
annazenar 357,0.106 m3

.
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Water balance of the Amazon basin:
Potential efTects of environmental change

M.H. COSTA, J.A. FOLEY

Il is generally expected that the Amazon basin will experience at least two major environmental changes
during the next few decades and centuries: (\) increasing areas of forest will be converted to pasture and
cropland, and (2) concentrations of atmospheric C02 will continue to rise. Using state-of-the-art
numerical models of the interactive physicaL chemical and biological systems, this paper evaluates the
potential changes in the water balance of the Amazon basin that may result from environmental change
on the time scale of centuries. The environmental changes considered are changes in the land use (full
deforestation) and a doubling ofthe atmospheric C02 concentrations. Furthermore, a distinction is made
between the physiological and radiative effects of C02.

Initially. the effects of deforestation and the physiological effects of C02 are evaluated in a land-surface
model (IBIS - Integrated Biospherc Simulator), running with a prescribed climate. When forests.
woodlands and savannas are replaced with grasslands, annuai average evapotranspiration decreases by
--{}.5 mm/day (-12%), which is comparable to observations. We also perform a model sensitivity study in
order to assess the potential physiological effect of doubled C02 concentrations on stomatal conductance
and. as a consequence, on the water balance of the Amazon basin, again without considering feedbacks
in the atmosphere. The model results suggest that doubling atmospheric C02 concentrations would
decrease the canopy conductance by 20 to 35% (depending on the vegetation type) and would decrease
evapotranspiration by -4% throughout the region, increasing the annuai mean runoff.

In a second part of the study, we use IBIS coupled to the NCAR GENESIS atmospheric general
circulation model, to determine the combined effects of large-scale deforestation and doubled C02
concentrations (including both physiological and radiative effects) on Amazonian climate. In these
simulations, deforestation decreases basin-average precipitation by 0.73 mm/day over the basin, as a
consequence of the general reduction in vertical motion above the deforested area (although there are
sorne small regions with increased vertical motion). The overall effect of doubled C02 concentrations in
Amazonia is an increase in basin-average precipitation of 0.28 mm/day. The combined effect of
deforestation and doubled C02, including the interactions among the processes, is a decrease in the
basin-average precipitation of 0.42 mm/day.

Concluding. runoff is strongly affected by both local and global environmental modifications
(indiùdually). The initial simulation of the effect of deforestation (without considering the feedbacks in
the atmosphere) revealed a decrease in the evapotranspiration and an increase in the annual mean
runoff. consistent with tens of deforestation field studies conducted at the catchment scale. However,
when feedbacks in the atmosphere are allowed, a decrease in the precipitation compensates for the
decrease in evapotranspiration. making changes in the annuai mean runoff smal\. The further addition
of 2xC02 effects nearly compensates the drop in the runoff caused by deforestation: the basin-wide
annual mean runoff in the 2xC02 deforested scenario is basically the same as the runoff in the IxC02
forested scenario. Despite that. there are important changes in the seasonality of runoff. Deforestation
and the physiological effects of C02 tend to increase the runoff in the rainy season, which may lead to
increased frequency and intensity offloods.

50



Manaus '99 - Hydrological and Geochemical Processes in Large Scale River Basins

Mineralogle des sediments grossiers de I'Amazone
Origine et evolution en fonction des apports lateraux

M.DELAUNE

Dans le cadre des campagnes du programme HiBam (DNAEE I CNPq I IRD) il a ete precede aI'analyse
mineralogique des sediments grossiers transportes sur le fond du lit de l'Amazone (partie bresilienne) et
de ses principaux affiuents. Ces donnees ont ete completees par des informations sur la mineralogie des
affiuents issus de la cordillere orientale en Equateur, des rio Ucayali et Maranon au Perou et de sondages
effectues al'embouchure de I'Amazone.

Le cortege mineralogique des sediments de l'Amazone varie tres peu depuis Tabatinga jusqu'a son
embouchure; il est assez varie (une vingtaine d'especes minerales ont ete observees) mais I'association
epidotes I hornblendes I augites I chlorites et mineraux alteres est largement dominante.

Ce cortege est la resultante des apports des principaux affiuents : rio Ucayali ( rnineraux alteres, chlorite,
epidote, hornblende, grenat), rio Maranon (epidote, augite) et rio Napo (augite, hornblende, epidote)
dont la reunion est al'origine de l'Amazone.

Ces mineraux proviennent de l'alteration des roches du socIe andin (hornblende. epidote, chlorite) et des
cendres volcaniques deposees sur les versants de la cordillere orientale en Equateur. La forte proportion
de mineraux alteres reflete le caractere juvenile du materiel erode.

Le long de son parcours au Bresil les principaux affiuents sont :

- rive gauche: rio Ica, rio Japura. rio Negro.

- rive droite : rio Jurua, rio Purus, rio Madeira, rio Tapajos.

Les rio lea et Japura ont la meme origine et les memes corteges mineralogiques que le rio Napo ; leur
contribution ne modifie pas le spectre mineralogique de I'Amazone.

Les sediments du rio Negro sont caracterises par de fortes teneurs en zircons et les affiuents de la rive
droite par I'association zircons I andalousite.

Bien que differents par leur mineralogie des sediments de l'Amazone, tous ces apports lateraux ne se
traduisent pas par des variations sensibles du spectre mineralogique si ce n'est par une legere
augmentation des teneurs en andalousite apartir de Manacapuru. Quant au zircon. ses teneurs restent
tres faibles (inferieures a2%).

Tout se passe done comme si il se produisait, soit une dilution des apports des affluents, soit un transport
lateral avec l'incorporation graduelle aux sediments de I'Amazone. Quant ala tres faible participation du
zircon cela tiendrait au fait qu'il a une densite nettement superieure acelle des autres mineraux presents
ici et qu'il se depose aproximite des embouchures.

Les prelevements ayant ete effectues dans la partie centrale du fleuve, l'etude de la mineralogie des
sediments proches des berges permettrait de verifier ces hypotheses.
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The geochemical nature of the Parana river suspended sediment load

P.J. DEPETRIS, J.L. PROBST

The Parana River basin. being the second largest drainage system in South America (2.6 106 km2),
exhibits \Videly different natural (geology, relief. climate. and biota) as well as man-made environmental
factors controlling the nature and export of its total suspended sediment (TSS) load. Current estimates
(Depetris and Paolini; 1991; Milliman and Syvitski. 1992) place its mean sediment yield close to 30-t
km-2 y-I (about 80 106-t y-l). Particularly during the high water season, the Andean tributaries (mainly
the Bermejo River drainage system) supply as much as 50% of its mean TSS load.

A set of depth-integrated TSS samples collected during 1971-73 within the framework of a UNDP
Argentina project were analyzed to obtain information on major and trace components. Clearly. the
analyzed materials \Vere composed of freshly weathered products as weil as of recycled detritus supplied
by exposed sediments and sedimentary rocks.

The chemical index ofalteration {CIA = 100 [AI203/(AI203 + CaO* + Na20 + K20»} was computed
for all the analyzed samples. High-relief drainage basins (i.e.. San Francisco, Bermejo, and Pilcomayo
rivers) exhibited variable CIA values. in the 50-65 range, suggesting scantily weathered materials
(values in the 45-55 range indicates no weathering in essence) and a grain-size effect. Conversely, the
Parana main stem TSS reaches CIA values in the 65-77 range. Correlation between the discharge and
CIA in the Parana is not significant. with wider CIA variability during low discharges than at high flo\\'.
The discharge-weighted mean CIA for the Parana River is 70.9.

Upper cmst (UCC) normalized diagrams show a significant geochemical difference between the sampIes
collected in Andean tributaries and those obtained in middle course of the Parana River. The first group
shows an enrichment of alkaline earths (Ca, Mg) with respect to the UCC. The second group exhibits a
marked depletion of soluble elements (K. Na, Ca. Mg, and Sr) and a significant enrichment of sorne
metals (noticeably, Sc. V. Cr, Ni, Cu. and Zn), likely due to adsorption phenomena.

On the basis of 21 depth-integrated samples collected at the Parana-Santa Fe cross-section (600 km
above the mouth). discharge-weighted means were calculated for Sr. Ba, V, Ni, Co. Cr. Zn. Cu, Sc, y,
Zr. and Mn. With the sole exception of Sr, all elements exhibit means higher than UCC values. Major
TSS components have the following discharge-weighted means: Si02, 59.15%: A1203. 16.71%: MgO,
1.67%; CaO. 1.02%: Fe203, 7.00%; Ti02, 0.99; P205, 0.36%; Na20. 1.29%: and K20. 2.89%.
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Chemical weathering of Deccan traps determined by river geochemistry
Impact on the C02 cycle and the transport of material to the ocean

C. DESSERT, B. DUPRÉ, P. OLIVA, J. GAILLARDET, S. BAJPAYEE, V. SUBRAMANIAN,
G.J. CHAKRAPANI

Recent studies have emphazised the importance of the chemical weathering of basaltic rocks for the
transport of dissolved and suspended material by flowing river water to the ocean and associated
atmospheric CO2 (Gislason and al.. 1996: Louvat and Allègre, 1997: Gaillardet et al., 1999). The global
weathering and CO2 consumption fluxes due to basait weathering are however still poorly estimated. We
focus in this study on the basaltic traps of India. The Deccan basal tic traps are the largest known
occurrences of continental flood basalts on the Earth surface. The purpose of this study is to evaluate the
impact, in terms of chemical weathering and CO2 consumption, of the piggest volcanic catastrophe in
the last 200 Myr. From the chemical analysis and Sr isotopes systematics of the dissolved and suspended
load of the rivers, we estimate the present day erosion rates and aunospheric CO2 consumption rates for
the main rivers draining the Deccan traps basalts. The majority of the Deccan traps lavas of western
India were erupted around the Cretaceousffertiary boundary 65 Myr ago. This volcanic event was very
short «1 Myr). The traps basalts have an actual volume of 106 km3 and cover an area of 5.105 km2

.

Courtillot and al. (1986) suggested that the total initial volume of lava was 3.106 km3
. Therefore. two

third of the initial basait disappeared during the last 65 Myr. Javoy and Michard (1989) estimated that
the total amount of CO2 outgassed was L6.1018 moles. This very large quantity of CO2 was released, in a
very short period of time, directly into the atmosphere. Chemical erosion rates were estimated from the
chemical compositions of the dissolved loads after subtraction of the atmospheric input. After this
correction, we calculated the weathering rates by summing the concentrations of the major dissolved
elements. The HC03' concentrations did not taken into account because we supposed that this element
arises from atmospheric CO2. The chemical erosion rates of Deccan basalts ranged from 21 to 62
t/km2tyr. These rates are similar of those determined for Iceland and Sao Miguel (Louvat, 1997). But
they are relatively high if compared to the estimations of large silicate basins (Gaillardet et al .. 1999).
These results confirm the high denudation rates of basaltic lithologies reported on volcanic islands. The
consumption rates of atmospheric CO2 associated to the chemical weathering of Ca + Mg and Na + K
silicates in basalts were calculated from riverine HC03' concentrations. These rates ranged from 0.58
106 to 2.54 106 mol/km2/yr. Chemical basait weatllering represents an annual average consumption of
5.9 10" mol C/yr. These estimates correspond to 6.8% of the global riverine silicate alkalinity flux
(Gaillardet et al., 1999). lt must be highlighted that this flux is higher than silicate alkalinity flux of the
Ganges-Brahmaputra system (2.3%, Galy and France-Lanord, 1999). If these rates can be extrapolated
to the past, it took about 3 Myr to chemical weatllering of newly formed basalts to completely remove tlle
atmospheric CO2 degassed from Deccan pulses. Thus, we conclude that weathering of Deccan traps
appears to be a major control on atmospheric pC02. The flux of strontium derived from tlle weathering
of Deccan basalts ranged between 361 and 1080 mol/km2/yr. Witll an average of 724 mol/km2/yr. This
specifie flux correspond with an annual average flux of 3.6 108 mol/yr to the ocean. Concerning the
Ganges and Bramaputra. the two largest Himalayan rivers, the flux of strontium was estimated to 6.5
108 mol/yr by Galy and al., 1999. This Himalayan erosion flux is just twice bigger than tllOse determined
for Deccan. The flux of strontium. coming from the weathering of the Deccan basalts. should not be yet
neglected in the global balance of strontium to the ocean (palmer and Edmond. 1989). The 87Sr/86Sr
isotopie ratios of the river samples vary between 0.7082 and 0.7114. These ratios reflect the chemical
erosion of the basaltic rocks (the 87 Sr/86Sr rock isotopic ratios range between 0,708 and 0.715. Cox and
Hawkesworth, 1985). These ratios are relatively low, compared to those of Himalayan rivers (0.730) and
similar of the mean river composition (0.712). The considerable flux of Sr due to Deccan traps
weathering play a role in the global increase of Sr isotopie composition in the ocean. The chemical
composition of tlle river waters reflect the importance of Deccan basalts weatllering in the global budjets
of elements flux (Sr) to the ocean and atmospheric CO2 consumption.
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Évolution de la pluviométrie et ses implications au Mali

B. DIARRA

Le MaIL situé en Afrique de l'Ouest connaît deux types de saisons et des périodes de transitions. Les
différentes saisons sont caractérisées par le déplacement de la zone de convergence intertropicale (ZClT)
liée au centre d'actions anticycloniques (Açors. Libye. Sainte Heline.). L'analyse des données
pluviométriques montrent une variation inter et intra - annuelle avec un déficit important en 1972 
1973 en 1983 - 1984. Une tendance à la baisse est notée depuis les années 1970 entraînant ainsi une
diminution de la pluviométrie de 200 mm entre les périodes 1951 - 1969 (normale) et 1970 - 1989
(sèche). Le coefficient de variation est de 15 à 45%respectivement du Sud au Nord. Cette variabilité de
régime pluviométrique a occasionné un raccourcissement des cycles végétaux des cultures. la baisse de
rendement et de production. la famine. la sécheresse. Des dispositions d'assistance météorologiques sont
en cours pour réduire l'effet des impacts climatiques sur les systèmes éco-socio-économiques.
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Fluvial geomorphology as an aid to river management in South Africa:
The Mkomazi river

E.S.J. DOLLAR, K.M. ROWNTREE, D.A. HUGHES

This paper attempts to show how fluvial geomorphology has become an integral part of the drive to
manage South Africa's fluvial Systems. The new South African Water Bill recognises an ecological
reserve and a basic human needs reserve. The ecological reserve relates to the water necessary to protect
aquatic ecosystems while the basic human needs reserve relates to the water required to protect the needs
of the persons served by the water resources concemed. Water in the reserve may not be allocated. The
determination of the reserve is complex. As the physical structure of the channel to a large e:\1ent
determines the aquatic habitat, knowledge of the magnitude and frequency of channel forming flows.
both in terms of discharge and sediment transport is required. Data is presented from three South
African rivers, the Mkomazi, Mhlatuze and Olifants rivers. Through the use of cross-sectional data.
hydrology, hydraulics and bed material, the relationship between channel form and bed load to flow
discharge was determined. The detennination of a 'channel fonning discharge' was then be used in the
planning and management of river systems. The data indicates that South African flmial systems do not
comply to the classic 1 to 2 year return period for channel forming discharge on the annual series. but
that the river systems show a complex response to the magnitude and frequency of different flow classes.
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Biogeochemistry of two Southeastern Brazilian mesoscale watersheds
under difTerent anthropogenic Influence

T.F. DOMINGUES, J.P.H.B. OMETTO, L.A MARTINELLI, A.W. KRUSCHE, M.C.
BERNARDES, M.V. BALLESTER, P.B. CAMARGO, R.L. de VICTORIA

Natural biogeochemical processes and anthropogenic influences are being evaluated for the Piracicaba
and Moji-Guaçu drainage basins. As neighbor mesoscale watersheds (12,400 km2 and 15,390 km2,
respectively) both are located in a subtropical region, mainly at the Sào Paulo State. These areas display
distinct human development attained by particular population and industry concentration and
distribution, and also by differences in land use. Such contrast was detected on the dynarnic of
biogeochemical variables from 0 Il 1997 till 06/1998. Total suspended solids, dissolved organic and
inorganic carbon, dissolved o";ygen, alkalinity, N02, S04, Cl, K, Ca, Na, and Mg showed significant
differences below 1% between the watersheds; N03 and respiration rates showed differences below 5%;
pH and NH4 didn't show significant differences. During high waters dissolved organic carbon,
respiration rates and N03 showed no significant differences between watersheds indicating that dilution
of the anthropogenic sewage loading is apparently occurring on the Piracicaba basin. The total
suspended sediments carried by these drainage basins during low waters wasn't significantly different
denoting that lower erosive processes are occurring in the Moji-Guaçu in the rainy season.
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Reservoirs as an anthropogenic perturbation on the carbon cycle

E. DUCHEMIN, M. LUCOTTE, R. CANUEL, D.C. ALMEIDA, H. C. PEREIRA, J. D.
DEZINCOURT, A. G. QUIEROZ

There are number of recognised environmental and socio-economic concems associated with reservoirs,
the most recent ofwich are fluxes of greenhouse gases (GHGs) from reservoir surfaces to the atmosphere
and carbon retention by sedimentation in reservoirs.

Our studies demonstrate that reservoirs emit significant quantities of the GHGs (C02 and CH4) to the
atmosphere due to the long-term effect of changing terrestrial areas into aquatic ones. Direct
measurements on reservoirs in northem Canada (La Grande complex) and in the Brazilian Amazinia
region (Cuma-Umi reservoir) show that boreal and tropical reservoirs are significant sources of GHGs
throught diffusive processes and bubble fluxes. Comparatively, studies reveal that GHGs diffusive fluxes
from tropical reservoirs are at the same order of magnitude, but bubbles fluxes approximately ten times
higher. The measured fluxes represent carbon emissions of 80 gC m-2 yr-l and 300 gC m-2 yr-l for
studied boreal and tropical reservoirs, respectively. Moreover, carbon mass balance calcu1ations indicate
that the organic matter originally presents in soi! cannot solely account for the GHGs emissions from a
flooded land over several decades, and that organic carbon leached from the drainage basin (watershed)
must be included. At the same time we calculated that reservoirs accumulate an important quantity of
organic carbon. ln a first approximation, the carbon retention rates were 15 gC m-2 yr-l and 100 gC m
2 yr-l. respectively, for these reservoirs.

The purpose of this presentation will be to expose the short and long-terrn impacts of impoundment on
regional and global carbon cycle. with an emphasis on Amazonian reservoirs.
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Sediment transport and flood plain storage along the Amazon River valley in Brazil

T. DUNNE, L.A. K. MERTES, R.H. MEADE, J.E. RICHEY, B.R. FORSBERG

An investigation of sediment transport along the Brazilian Amazon reveals four processes of sediment
exchange between the channel and floodplain. They are: bank erosion: bar deposition: settling from
diffuse overbank flow: and sedimentation in floodplain channels. Their magnitudes (both into and out of
the channel) exceed the river's sediment discharge past Obidos (~1200 Mt yr-l). We estimated these
exchanges for ten valley reaches, and combined them with transport calculations based on sediment
sampling and flow records to define a budget for each reach. The supply of sediment entering the
channel from bank erosion was estimated to average 1570 Mt yr-l, while 2070 Mt yr-l were transferred
from the channel to the bars and to the floodplain in channelized and diffuse overbank flow. Another
300-400 Mt yr-l are deposited in a delta-plain downstream of Obidos.

Components of the sediment budget reflect hydrologic characteristics of the valley floor and geomorphic
characteristics of the channel and floodplain, which in tum are influenced by tectonic features of the
Amazon structural trough. Geologic structures transverse to the valley have forced the river to incise its
profile In four reaches and thus to form a narrow, relatively confined floodplain with a steeper channel
in contrast to the wider floodplains with a more sinuous, lower-gradient channel in the intelVening
basins. Compared to these narrower floodplain reaches, the wider floodplains receive more sediment
from overbank flow, and allow the river to migrate to generate large inputs of sediment to the river from
bank erosion.
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Balanço hidrico vertical médio mensal e distribuido da Bacia Amazônica

N.J. EID

Ao se dispor de dados climatologicos e de capacidade de retençào de agua no solo, geograficamente
referenciados, é possivel estabelecer-se 0 balanço hidrico vertical na unidade espacial em consideraçao.
Baseando-se em dados disponiveis a nivel global e/ou continental, de temperatura, precipitaçao, radiaçao
liquida incidente e ainda da capacidade de retençao de umidade do solo, procedeu-se ao balanço hidrico
vertical nos limites da bacia amazÔnica. Ainda que 0 balanço seja médio mensal, a contabilidade é
efetuada diariamene dividindo-se os valores mensais pelo respectivo nlimera de dias. A distribuiçao
espacial do excesso de precipitaçao na bacia é apresentada em terrnos dos valores médios mensais e no
total anual médio em células reamostradas que correspondem a meio grau terrestre.
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Estimativa da vazao média mensal em sub bacia do Rio Negro
corn 0 apoio de sistema de informaçoes geograficas

N.J. EID, N.A. CAMPANA

Baseando-se em dados disponiveis a nivel global e/ou continental, de temperatura, precipitaçào. radiaçào
liquida incidente e ainda da capacidade de retençào de umidade do solo, procedeu-se ao balanço hidrico
vertical mensal no periodo de novembro/83 a outubro/90, na bacia do Rio Negro em Sào Felipe, corn
area de drenagem da ordem de 110.000 Km2.

A bacia foi delimitada por meio de sistema de infonnaçoes geogrMicas. baseando-se em modelo
numérico do terreno (MNT) global corn resoluçào aproximada de 1000 metros. Efetuou-se a intersecçào
da bacia assim delimitada corn as células de 0.5 graus terrestres de resoluçào. nas quais se efetuou 0

balanço hidrico vertical. Desta fonna pôde-se quantificar 0 excesso de escoamento em células corn maior
resoluçào.

Embora a area delimitada da bacia. baseando-se no MNT, para 0 posto Sào Felipe. tenha sido
determinada aproximadamente 20% superior àquela indicada no Inventario das Estaçôes Fluviométricas
do DNAEE. 0 valor absoluto das vazoes mostra-se compativel corn os valores observados no mesmo
periodo, à excessào do amortecimento que deve ser introduzido a fim de se obter melhor aderência entre
esses valores.
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n-Alkanes and PARs discharged by the Ob and Yenisei Rivers
into the Arctic Kara Sea shelf

M.B. FERNANDES, M.A. SICRE

Estuarine ecosystems are subjected to perturbations caused by the introduction of anthropogenic
compounds by rivers. Understanding the fate of river-borne particles is a key problem in Siberia because
of the presence of many petroleum exploration centers, industrial plants and nuclear dumping sites. In
that respect, the Ob and Yenisei River discharges need to be considered as they represent more than 80%
of the influxes to the Kara Sea and more than 50% of fluvial waters discharging into the Siberian Arctic
(pavlov and Pfirman, 1995). In this study we evaluate n-alkane and polycyclic aromatic hydrocarbon
(PAH) levels in the suspended matter and surficial sediments throughout the Ob and Yenisei estuaries
(Fig. 1) and discuss their distribution in the adjacent Kara Sea.

Particulate and sedimentary PAH levels in the Ob and Yenisei estuaries are low. They rarely exceed 300
ng/g (Fernandes and Sicre, in press). Molecular distributions outline major pyrolytic inputs likely
brought by aeolian transport of particles from lower latitudes. PARs of diagenetic origin are also
observed. Righ CPI values, generally >3, and the low abundance of unresolved compounds (UCM) in
the n-alkane fraction indicate major terrigenous inputs. From our results we can conclude to the absence
of notable hydrocarbon contamination. A close examination of sedimentary n-alkanes and PAH
distributions identifies two major depositional areas in the Kara basin: the southeast of the Novaya
Zemlya Island and the river mouth. Ice dynamics and estuarine mixing are key factors to the
accumulation of n-alkanes and PARs in these regions. In early winter, ice has already formed along the
coast into the Kara Sea. The polynyas along the shore ice front induce vertical convection as the water
column destabiIizes during brine release (pfirman et al., 1995). This mechanism causes fine surficial
sediment particles to raise up to surface waters, where they can get incorporated into ice crystals. In late
spring and summer, the ice front starts to melt around the river mouth, allowing ice-trapped organic
matter to settle. When ice breaks up, icebergs are carried offshore by the river flow and coastal
circulation. The second depositional center in the northwest Kara Sea may possibly be a site where
melting icebergs release particles. Under ice-free conditions, the river plume, driven by winds and river
flow, also plays a role in the fate of riverine organic compounds along the coast.

Low PAH levels and the quasi-absence of an UCM indicate that the Ob and Yenisei estuaries can be
considered as rather pristine. In Arctic coastal systems, besides estuarine mixing, the seasonal ice
formation and melting plays an important role in the transfer of river-borne material along the coast into
the Arctic Ocean. These processes likely account for the distribution of n-alkanes and PARs throughout
the Kara Sea.
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Assessment on polar Iipid levels and compositions on the Amazon shelf

M.B. FERNANDES, V.O. ELIAS, J.N. CARDOSO

The Amazon River discharges around 1 x 109 tonnes/year of suspended sediments on the Amazon shelf
(Milliman. 1991). The particulate organic matter (OM) flux reaches 14 x 1012 gC/year (Richey et al.,
1990), of which about 65-70% might get decomposed or transported outside the shelf before being
buried (Aller et al., 1996). The Amazon shelf is also a site of intense marine productivity, where depth
integrated rates ofprimary production reach 2.6 gC/m2/day, while in other tropical environments typical
production rates are around 0.6 gC/m2/day (DeMaster et aL 1996). In this study, surficial sediment
samples collected during the AMASSEDS (A Multidisciplinary Amazon Shelf SEDiment Study)
program (Fig. 1) were analyzed for 4-desmethyl sterols and n-alkanols in order to investigate the
deposition and fate of terrigenous and marine lipids in the Amazon shelf.

The low OM burial efficiency reported for the Amazon shelf combined to the weathered character of
Amazon River suspended particles and the high mineralization of marine detritus results in low sterol
and n-alkanol levels in the shelf, individual concentrations rarely exceeding 150 ng/g. The
predominance of even n-alkanol chains, -90% of which of high molecular weight (HMW), suggests that
the accumulation of terrigenous detritus is responsible for higher lipid levels in the Northwest, towards
stations 4129 and 4223 (Fig. 1). It is also the area where the percentage of C29 sterols, generally
ascribed to a terrestrial origin, reaches its maximum. Higher percentages of low molecular weight n
alkanols (LMW) of marine origin are associated with much lower polar lipid levels. The strong
allochthonous influence diminishes further up north and in deeper sediments north of Cape Norte shoal.
The decrease in HMW n-alkanols and the abundance of C27 sterols such as cholesterol point out to
planktonic detritlls in those areas as opposed to the Northwest. Lipid levels and distributions in the river
mouth indicate the dominance of allochthonous inputs, which decrease in the southwest with distance
from the mouth.

The episodic cross shelf transport of fluid muds and direct deposition from the river plume result in an
area of enhanced polar lipid accumulation Northwest of the river mouth. Even though primary
productivity is estimated to be elevated. the presence of authigenic compounds can only be recognized
where lipid levels decrease substantially. The organic matter accumulating in surficial sediments
appears to be mainly of terrestrial origin up to many hundreds of km from the river mouth.
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Amilise da vida titil do empreendimento URE Coaracy Nunes, Estado do Amapa

c.A.B. FERREIRA, N.O.CARVALHO

A usina hidre1étrica de Coaracy Nunes, localizada no Estado do Amapa teve 0 enchimento de seu
reservat6rio ocorrido em 1975. Ap6s 22 anos em operaçao a fio d'agua, nao ha sinais de sedimentaçao,
havendo perspectivas de assim continuar por um tempo maior. Esse trabalho visou avaliar a vida liti1 do
empreendimento, corn base em informaçôes co1etadas de tres estaçôes hidrométricas localizadas nos rios
Araguari, Amapari e uma quarta situada no rio Oiapoque. 0 traba1ho envo1veu co1etas de dados
recentes. regionalizaçao das descargas s6lidas e a uti1izaçao do método de Co1by no ca1cu10 da vida liti!.
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o transporte de sedimentos na bacia fluvial do rio Aguapei, afluente do rio Parana

A.G. FIGUEIREDO

A predominância de fenômenos erosivos provocados pela falta de planejamento do uso e manejo do solo
e de orientaçoes técnicas adequadas sao os principais fatores responsaveis pela degradaçao do solo e
consequentemente 0 assoreamento das calhas fluviais devido ao volume de sedimentos que sao
transportados, ap6s serem desagregados de suas origens, desde as nascentes dos c6rregos, pequenos
tributarios, até a calha fluvial do rio principal. No oeste do Estado de Sao Paulo os fenômenos erosivos,
que agem na superficie e sub-superficie do solo, e os&nbsp; assoreamentos nas calhas fluviais sao
permanentes e progressivos devido<b>:</b> ao tipo de solo arenoso, a declividades acentuadas, ao
c1ima, 0 uso inadequado do solo, os desmatamentos continuos nos espigoes e nas margens dos rios
(matas ciliares), às estradas vicinais sem pavimentaçoes e obras de drenagens.

Ap6s um levantamento preliminar de varias calhas fluviais pertencentes às principais bacias fluviais,
localizadas na regiao oeste do Estado, definiu-se estudar a calha fluvial do rio Aguapei porque além de
representar relativamente bem as principais caracteristicas c1imaticas e fisicas da regiao ainda conta corn
levantamentos batimétricos, dados de vazoes liquidas medidas e dados de concentraçoes de sedimentos
determinadas a partir de amostras colhidas em postos fluvio-sedimentométricos locados em seçoes da
calha do rio situadas nas partes alta e média da bacia. .

A bacia fluvial do rio Aguapei: corn uma area de drenagem de 12.120 km2, Integra areas de cinqüenta e
oito municipios, sendo 3.670 km2: situada na parte alta, 4.973 km2 situada na parte média ( partes: alta
mais média == 8.643 km2 e 3.477 km2 situada na parte baixa da bacia. Neste trabalho apresenta-se uma
analise da dinâmica dos sedimentos transportados em suspensao, considerada a modalidade de
transporte de sedimentos em predominância (cerca de 95%), durante as décadas de 70 e 80, em duas
seçoes da calha fluvial do rio Aguapei, provenientes dos trechos do rio situados nas partes alta e alta
mais média da bacia. Pela metodologia adotada, através de analises e calculos, corn a utilizaçao de
valores especificos e totais, determinados a partir de mediçoes e amostras colhidas, diariamente, nas
seçoes da calha do rio, foi possivel determinar valores de sedimentos transportados em suspensao,
referentes a cinco periodos intercalados adotados. Corn os resultados obtidos definiu-se a dinâmica dos
sedimentos transportados em suspensao em&nbsp: trechos da calha fluvial do rio Aguapei, durante 0

periodo total estudado.
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Suspended sediment yield in the Brazilian Amazon drainage basin

N. FILIZOLA, J.L. GUYOT, G. BOAVENTURA

Some experiments was done regarding the budget of suspended sediment in Amazon Basin and some
estimations of the suspended sediment yield, was also made. As a conclusion scientists have cited The
Amazon River as one of the biggest rivers on world on suspended solids discharge. Concerning this
theme, in this paper, a study was done with DNAEE (actually ANEEL) sedimentometric network, that is
a Brazilian government agency that operates 60 stations. since 1977.This agency has done more than
2500 samples for TSS.

That data, from ANEEL, makes possible a good assessment of the TSS-total suspended solids
transported by rivers on Amazon Basin and a new estimation, of about 600 106 ton.ano-l , was done for
the mean annual discharge of suspended sediments at the mouth of the Amazon River. The results re
classified. that big river, as the third one in the world, concerning the sediment yield.

The Solimoes and Madeira, rivers that comes from Andes, are the greatest contributors of the Amazon,
in terms of suspended solids transportation. They represents 95% of all the TSS transported on the
Amazon Basin. This results reinforce the importance of the Andes in the system of suspended sediments
transportation on the rivers of the Amazon Basin in Brazil.
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Medicao de vazao em grandes rios Amazdnicos
corn 0 uso do Perfilador Doppler-Aciistico de Corrente

N. FILIZOLA, V. GUIMARAES, J.L. GUYOT

o ADCP euma ferramenta que, ha algum tempo (decada de 80), vem sendo utilizada corn sucesso no
mar. especialmente em estuaries. Em grandes rios, as experiencias ainda sac poucas.

No Brasil este equipamento vem sendo utilizado de modo continuo em algumas localidades. 0 marco
inicial do uso do ADCP. no Brasil, se deu na Bacia Amazonica, em 1994, atraves da equipe Franco
Brasileira do projeto HiBAm. na epoca composta por tecnicos do extinto Departamento Nacional de
Aguas e Energia Eletrica - DNAEE e 0 Instituto Frances para a Pesquisa e 0 Desenvolvimento em
Cooperacao - ORSTOM.

Os trabalhos do HiBAm. 12 campanhas de medicoes de vazao, com mais de 500 medicoes de vazao
realizadas mostraram a vantagem fundamental deste equipamento para melhorar os conhecimentos
sobre a hidrologia e tambem sobre os fluxos de sedimentos dos grandes rios da regiao Amazonica.

Esse equipamento possui outras caracteristicas bastante uteis, pois mede seu movimento e altura em
relacao ao fundo e da um perfil de intensidade do eco do material em suspensao na agua. Essa ultima
caracteristica possibilita conhecer a distribuicao dos sedimentos em suspensao na secao.

Nesse estudo e apresentada uma abordagem resumida 0 ADCP, de forma a transmitir ao leitor os
conceitos principais da tecnica corn urn visao sobre sua utilizacao em ambiente tropical, ja que isso se
mostrou importante, tanto do ponto de vista da experiencia americana (origem do equipamento). quanto
da experiencia brasileira.

Como exemplo de experiencia do usa do ADCP no Brasil, apresentam-se resultados obtidos em diversas
estacoes hidrologicas na Amazonia e em especial um levantamento de campo comparativo entre as
metodologias tradicionais e 0 ADCP, executado na estacao hidrologica de Manacapuru.
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A simple model to estimate hourly evapotranspiration over forest
and pasture areas in the Amazon region.

G. FISCH, I. VENDRAME, V.F. ALBUQUERQUE

Using hourly measurements of an automatic weather station installed at the forest and the pasture sites
in the Amazon region (Ji-Parana - Rondonia, southwest Amazonia), the actual evapotranspiration
(EYT) has been investigated. A simple model of estimates of EYT using Penman-MOntheih equation
has been derived, with the incorporation of stomatal conductance computed by hourly values of solar
radiation, air temperature, vapour pressure deficit and soil moisture deficit. Simulating the integrated
daily EYT for 45 golden days during 1992-1993 (projeto Abracos), these estimates were compared with
obsen'ed turbulent fluxes measurements done by an eddy-correlation equipment. The results have shonw
that the model was able to estimate the real flux with an error of 0.5 mm/day (correlation coefficient of
0.76) for the pasture site and 0.3 mm/day for the forest. These results show that the simple model was
better adjusted over forest, probably due to the lower soil moisture deficit related with the pasture,
mainly during the dry season. This model is able represent the daily and monthly EYT for hydrology
purposes.
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Modelo de pronostico de inundaciones en el Rio Parana en Corrientes
(periodo Octubre - Mano) basado en las temperaturas observadas de la
superficie dei mar (SST) y fenomeno ENSO (El Nifio/OscilacÎon dei Sur)

LA. FLAMENCO

La ocurrencia de episodios fuertes dei fen6meno El Nino provoca impactos climâticos severos (sequias,
inundaciones) en distintas regiones dei planeta, y en particular en el litoral de la Republica Argentina,
donde las consecuencias son inundaciones en el rio Parami (Berri, 1996a).

En Julio de 1997 habia evidencias claras dei comienzo de un episodio El Nino, dado el calentamiento
(anomalias positivas) que se observaba desde Abril en el centro y este dei Océano Pacifico Ecuatorial.

Ademas. los diferentes modelos fisicos y estadisticos de pron6sticos de éstas anomalias indicaban que
este calentamiento se acentuaria hasta fines de 1997 0 principio de 1998. En consecuencia era necesario
conocer con la mayor antelaci6n posible, la magnitud de la crecida estacional a esperar en el rio Parana.

La experiencia adquirida en el entrenamiento en predicciones clim<iticas realizado en el Internati 0nal
Research Institute (00), dei Observatorio Terrestre Lamont-Doherty de la Universidad de Columbia
(USA). ha perrnitido elaborar un modela estadistico de predicci6n de inundaciones en el rio Paranâ
(periodo Octubre-Marzo), en la estaci6n fluviométrica Corrientes, basado en la variabilidad climâtica
global (fen6menos acoplado océano-atm6sfera).

El modelo es calibrado en el periodo 1950-1996 aplicando la técnica de Regresi6n Multiple Lineal. Usa
coma predictores observaciones de las temperaturas de la superficie dei mar (SST) dei Océano Pacifico
Ecuatorial. las de una regi6n oceanica ubicada frente a las costas peruanas y el Indice de Oscilaci6n dei
Sur (SOI). y es posible aplicarlo en los primeros dias dei mes de Setiembre de cada ano Nino.

Con el objeto de evaluar la habilidad predictiva de este modelo, es realizado un anâlisis entre los
volUmenes observados y simulados. aplicando la técnica de validaci6n cruzada, siendo la diferencia
promedio hist6rica entre dichos "alores dei 7.7%.

No exic;ten antecedentes de pron6sticos estacionales de esta naturaleza en el rio Parana y con tan
importante antelaci6n. En Setiembre y con motivo de la evoluci6n que habia alcanzado el episodio El
Nino '97 hasta ese momento, a través de distintos medios de difusi6n fue publicado el pron6stico
estacional Octubre 97-Marzo 98. el cual fue de 445600 lun3 (± 26882 hm\
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Regimen hidrologico dei Rio Parana (Argentina)
y su relacion con gases de efecto invernadero

E.A. FLAMENCO, E. KRUSE

En los liltimos ados las predicciones hidrol6gicas a mediano y largo plazo. han adquirido un interés
creciente dado su influencia directa en la actividad socioecon6mica de una regi6n. En particular. en el
casa dei Rio Parami su importancia adquiere un significado trascendente. dado que la altemancia de
periodos de inundaciones y sequias afecta al sistema productivo y urbano de varios millones de
habitantes.

Existen distintos antecedentes que tienden a demostrar que la distribuci6n de la Temperatura Superficial
dei Mar (TSM) en el océano Pacifico y la Oscilaci6n Austral entre las presiones dei Pacifico e Indico.
influye en los patrones de precipitaci6n en la cuenca dei Rio Parami, 10 cual se vincula directamente con
la variabilidad dei escurrimiento de este no.

En esta investigaci6n, relacionada a un marco hidrol6gico global. se reconoce la relaci6n existente entre
los caudales dei no Parami en Corrientes (Argentina) con las variaciones que se registran en la
concentraci6n de di6xido de carbono atmosférico.

Se efectlia un amilisis detallado sobre la base de distintas técnicas estadisticas y se plantean resultados
que permiten elaborar hip6tesis de comportamiento. A su vez se destaca las posibilidades que ofrece el
estudio coma base para la predicci6n hidrol6gica de largo plazo (1 a 3 ados en adelante).
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Aplicacion de técnicas de medicion de caudales mediante perfilador
de corriente por efecto Doppler en grandes rios de Argentina

D. FONTANA, E. KRUSE

Se analizan las posibilidades que brindan en los relevamientos hidrométricos las mediciones de caudales
efectuadas a través de un perfilador de corriente por efecto Doppler en los rios Parana y Uruguayen
Argentina.

Se muestran los resultados de las aplicaciones efectuadas, discutiéndose las venlajas que ofrece su uso en
los grandes rios con relaci6n a las técnicas convencionales.

La informaci6n correspondiente a los aforos realizados en el Rio Parana (Corrientes e lm Cm\.) y en el
Rio Uruguay (Garabi y Garruchos) resulta ilustrativa de la aplicaci6n de la metodologia. Se comparan
los caudales registrados por el perfilador con los realizados en forma convencional, resultando ello de
utilidad para verificar la aplicaci6n de ambos procedimientos.

Los resullados obtenidos muestran que se trata de una metodologia efectiva y precisa para la medici6n de
caudales de grandes rios, especialmente euando se presentan crecidas de cierta magnitud.
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Modeling spatial patterns of flooding and methane emission
on the Jau River floodplain using multitemporal JERS-l SAR imagery

B.R. FORSBERG, A. ROSENQVIST, J.E. RICHEY, T.P. PIMENTEL

Multitemporal JERS-l L-Band Synthetic Aperture Radar imagery provides a unique and powerful tool
for investigating spatial fllooding patterns in wetland environments. When this imagery is used together
\\ith field measurements of biogeochemical processes, linked to flooding, it is possible to develop
predictive spatio-temporal models of these processes, useful in the ca1culation of regional
biogeochemical balances. We present here an analysis of flooding and methane emission on the Jau
River flood plain (Central Brazilian Amazon) using multitemporal JERS-l imagery and field
measurements of methane emissions. The Jau is a large black water river with an extensive lateral
floodplain. covered predominantly with seasonally inundated igap6 forest. 25 JERS-l L-band SAR
images of a scene covering 1030 krn2 in the central part of the Jau basin, acquired at 44 day intervals
during a period of 3 years. were used to characterise the flooding pattern in the basin. Methane
emissions estimated at regular intervals along a gradient of flooding conditions in this same scene were
used to characterize the seasonal variations in methane flux and link them to the flooding pattern. Total
flooded area within the scene varied from .....{) to 177km2 as a predictable function of stage height
measured at a gauging station on the Jau River near the center of the scene. Methane emissions in all
flooded environments varied as a function of the rate of change in stage height. Using these
relationships together with daily stage readings it was possible to estimate total annual methane
emissions from the scene. Annual emissions between 1994 and 1998 were estimated to vary from 1,377
- 2,485 mtonsC/y. with an average value of 2.021 mtonsC/y for the period. The maximum total flooded
area of the entire Jau river basin, estimated from multitemperal JERS-I imagery, was 688 km2. Based
on the results from the smaller scene, the average methane emission from this area was estimated to be
7.857 mtonC/y. Considering this flux and the areal extent of this type of habitat in the Amazon basin,
flooded back and c1ear water swamps could contribute significantly to the regional and global fuxes of
methane to the troposphere.
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Biogeochemical characteristics of organic matter in waters of the Amazon river
and its tributaries. Their evolution during the water mixing downstream Manaus

F. GADEL, L. SERVE, M. BENEDETTI, J.L. BLAZI

Researches were focused on the Amazon river and its tributaries during the Purus 96 cruise (october
1996) and during the Encontro das Aguas croise (september 1997), 10w water periods. The first aimed at
the study of organic matter in suspended material and sediments of these rivers. The second (HIBAM 97
project) concemed the study of the particulate ( 00.2 Jlm) and colloidal (0,2 J.lm- 5kD) fractions in the
water mixing downstrearn the confluence of the main rivers. the rio Negro (black water) and Solimoes
(white water). The applied analytical techniques involved the quantitative analysis of organic matter and
its qualitative one in samples using colorimetry, high perfonnance liquid chromatography and pyrolysis
gas chromatography-mass spectrometry methods. During the first cruise (purus 96) in the Amazon river
and its tributaries organic matter contents were very variable in suspended material. The highest values
\\ere found in the Negro. Trombetas and Tapajos rivers, while in the Madeira and Solimoes rivers they
were weaker owing to the high mineraI load. The polysaccharide contents were higher in the Tapana
and Tapajos rivers (diatorns) and weaker in the Negro and Solimoes. Phenolic compounds decreased
dO\\TIstream. Ligneous phenols predominated. more particularly iil deep waters and in deposits.
Hydro;\:ybenzyl phenols, rather deriving from phytoplankton, were more abundant in the middle area in
the rios Negro and Trombetas. The pyrolysis analysis showed that aromatic hydrocarbons deriving from
soil leaching were less abundant during this low water period. while nitrogen containing compounds,
carbohydrates and arninosugars were increasing, resulting from the higher phytoplankton activity.
Phenols. resistant compounds. increased in deposits and in deep waters. During the second cruise
(Encontro das Aguas) raw waters were ultrafiltered on board with a tangential flow equipment using the
follo\\ing cutoffs : 0.2 Jlm and 5 kD in order to obtain the particulate fraction ( 0 0,2 Jlm) and the
colloidal one (0,2 JlIl1-5 k.D). The organic compound contents were more variable in the particulate
fraction than in the colloidal one in the Negro and Solimoes rivers, therefore showing a higher diversity
of sources in the first fraction. The contents of organic carbon, polysaccharides and phenolic compounds
were generally higher in the colloidal fraction where the dilution effect by the minerai load did not
occur. except in the rio Negro where the highest values \Vere observed in the particulate fraction
enriched in organic matter. Related to organic carbon. the contents in polysaccharides and phenolic
compounds were more variable in the particulate fraction. The pyrolysis analysis showed that aromatic
hydrocarbons were generally concentrated as nitrogen containing compounds in the particulate fraction
corresponding to a more degraded materiaL while sugars, aminosugars and phenols were more abundant
in the colloidal fraction. excepting the rio Negro with higher contents of aromatic hydrocarbons in the
more degraded colloidal fraction. An opposition was observed in the distribution of these different
compounds in the particulate and colloidal fractions showing a possible exchange between them. These
facts were apparently confinned by the values of the eharacteristic ratios that seemed to testifY a lighter
degradation of the colloidal fraction (higher values of furfural + acetic acid / pyrrol and lower for
benzene / toluene ratio). The progressive homogenizing of surface waters resulting from water mixing.
ob\ious enough dO\\TIstream. \Vas emphasized by the very similar contents in organic carbon.
polysaccharides and phenolic compounds at the different stations. Moreover given the importance of the
rio Solimoes with regard to the rio Negro the parameter values then were closer to the Solimoes waters
dO\\TIstream the confluence. Deep waters only showed particularities, certainly resulting from
enrichrnent or impoverishment in organic matter due to currents or to the own water flowing of these
Iwo rivers. The pyrolysis analysis also showed that contents of aromatic hydrocarbons and nitrogen
containing compounds became homogenous downstream in surface waters in the particulate and
colloidal fractions. on the contraI)' of deep waters. Then contents of sugars and phenols increased sligWy
in the particulate fraction. These results showed that the study of organic matter thus allowed to precise
the participation of labile or resistant. pedogenic or aquagenic compounds in suspended material.
deposits and different size fractions according to the river discharge. the drainage basin and the depth.

72



Manaus '99 - Hydrological and Geochemical Processes in Large Scale River Basins

Chemical weathering mass budgets in the Amazon river Basin

J. GAILLARDET, B. DUPRE, C.J. ALLÈGRE

The Amazon river basin is the largest river basin of the world both in terms of water discharge and
surface area. We have sampled the Amazon (between Manaus and Santarem) and its major tributaries
(Solimoes Negro, Madeira, Trornbetas, Tapajos and Urucara rivers) for a geochemical investigation of
both dissolved and suspended phases. These two phases were separated using a 0.2 Ilm filtration. A
conventional view is to consider 111at during chernical weathering source rock react with soil water to
form solutes and a residual phase rnainly constituted of clay mineraIs and mev-hydroxides. While solutes
are continuously leached from soils, residual solids accumulate and are only released to rivers when
physical processes of erosion are active. Once corrected from atmospheric inputs, dissolved and
particulate phases in rivers should be complementary reservoirs. The basis idea of this work is to test
this working hypothesis at the scale of a large drainage basin. In other words. we try to answer to the
following question: Is the chernical composition of the dissolved load of the Amazon river consistent
with that of the suspended load ?

It is difficult to answer to this question because two major parameters have to be known: the chemical
composition of the bedrock and the amount of suspended solids in one liter of river water (i.e. the
physical denudation rate). However, we will try to solve the mass budget equations of weathering using
two geochemical tools. First we will use elemental ratios combining the most soluble (such as Na, Ca...)
and the most insoluble elements such as Th and REEs). In addition to chemical ratios, we will show that
isotopie ratios can be used to solve the mass budgets equations and give consistent resuJts. Finally, we
will propose sorne new geochernical tools that should be developed to go further on.
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Relaçoes entre 0 Indice de Oscilaçao Sul (IDS)
e 0 total mensal de chuva em Maringa, PR

E. GALVANI, A.R PEREIRA, E.S. KLOSOWSKI

Efetuou-se correlaçoes entre 0 Îndice de Oscilaçao Sul (lOS) corn os desvios do total mensal de chuva
para a regiao de Maringâ-PR (Lat.: 230 25' S, Long.: 510 57' W e. AIt.: 542 metros), em uma série de
21 anos (1976-1996). Apos os câlculos observou-se que 0 lOS apresenta correlaçao inversa (-0,14) corn 0
desvio de chuva registrado nesta regiao. sendo 0 coeficiente de correlaçao mais significativo
relacionando-se 105 corn desvios de chuva de très meses posteriores, ou seja. 0 JOS de janeiro. reflete
uma alteraçao do total de chuva de abril e maio. mostrando atraso de très a quatro meses entre a
ocorrència de uma anomalia de temperatura e pressao no Pacifico, e sua manifestaçao na regiao
norte/noroeste do Estado do Paranâ. Observa-se também que em anos de El Nino de intensidade
moderada e forte (105 negativo) os desvios de chuva apresentam-se positivos em 47% dos meses.
podendo assim os valores de 105 serem utilizados na previsao quantitativa do desvio de chuva, corn
antecedència de 3 a 4 meses e, probabilidade de acerto de até 47%.
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ADCP Problemas ou soluçoes

P.E.M. GAMARO

Corn as novas tecnologias e novos equipamentos disponiveis. muitas vezes nao conseguimos
acompanhar a rapidez do desenvolvimento. e mais fica dificil enquadrar 0 raciocinio antigo nas novas
técnicas. corn isto deixamos de utilizar 0 potencial completa dos equipamentos. Este trabalho mostra
aIgumas possiveis distorçêies de uso corn 0 equipamento de mediçao de vazao ADCP (Acoustic doppler
CUITent Profiler), e as açêies tomadas para mostrar aos técnicos que 0 utilizam 0 potencial real do
mesmo, ganhando corn isto uma maior produtividade do aparelho
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Rare Earth Elements in the Amazon Basin: Encontro das Aguas

M. GERARD, P. SEYLER, F. SONDAG, G. BOAVENTURA, M.F. BENEDETTI

Rare earth elements (REE) abundance patterns of rivers water dissolved, colloidal and suspended
material should provide valuable information both for the aquatic cycle of the REE and the knowledge of
the weathering processes occurring on the continental crust. Moreover. REE are elements which are
sensitive to major geochemical processes occurring in waters such as: surface complexation, redox
variation, organic matter complexation. Their properties should help for a better understanding of the
above mentioned processes in natural systems. Size fractionation by ultrafiltration coupled with the
complexation capacity measurements is a powerful tool to gain knowledge about trace element
speciation in aquatic systems. Here we report the distribution of REE. The distribution and the degree of
association of major and REE with the discrete size fractions are presented. This study focuses on one of
the most important zone for the amazon basin, the "encontro das aguas" area where the two major rivers
of the basin. the Rio Solimoes and the Rio Negro meet.

Samples were taken in brazil 1997during a cruise on the Rio Negro and on the Amazon river from
Manaus to Obidos devoted to the study of the mixing zone. Water samples at various depth and distance
from the mixing were taken and treated on board with sequential cross flow ultrafiltration. All samples
were treated in the same way: 2 litres of water were filtered using clean ultrafiltration membranes with
the molecular cutoffs of 0.2~un and 5kD. All membranes were cleaned in the lab with 10 litres of MQ
water. In the field the first 0.25 litres were systematically discarded to prevent sample contamination
during the filtration. Total C and metal ion (Na, K, Ca, Mg, AI, Fe...) concentrations were measured in
each concentrated fraction and as well as in the permeate. Metal ions were determined by ICP AES and
GFAAS. Mass balance calculations indicate a good recovery of carbon and metal ions (>80%).REE
concentrations were measured with ICP-MS. Detection limits are in the range of a few tenth of ppt.

In the present volume, we report data on bulk unfiltered samples, and filtered fractions PI and P2
corresponding to 0.2 urn and 50000 cut-off membranes, respectively. The first striking result is that the
Rio Solimoes has bulk water REE concentrations higher than the Rio Negro. For the smaller fractions
this trend is reversed since the REE concentrations in the Rio Negro are always higher. The same trend
is observed for mixed samples which have the highest contribution of the Rio Negro end member. The
distribution of the REE among the different size fractions is a direct consequence of such a pattern. For
the Rio Negro 50 to 30 % of the REE are concentrated in the particulate fraction (>0.2~). The major
part of tile REE ( 50-60%) is therefore found in the colloidal fraction (0.2I1m»5000D) while only 0 to
10% remains in the so called dissolved fraction «50000). For the Solimoes a totally different
distribution is observed. More than 95% of the REE are located in the particulate fraction. Only a minor
amount is found in the colloidal fraction and the dissolved fraction. For samples corresponding to
various proportions of the end members all intermediate compositions are found.

When we normalised the first permeate «0.211) to the unfiltered sample a general enrichment for the
heavy REE is observed in the REE patterns. Also a strong Eu anomaly is seen on the different REE
pattern diagrams irrespective of the proportion of the mixing. When the second permeate «50000) is
normalised to the first «0.211) the heavy REE enrichment can still be distinguished in the REE pattern
diagrams. However tile enrichment is much less pronounced than in the first normalisation. Again in
this pattern a Eu anomaly is observed. The more classical normalisation to the shale gives very flat REE
pattern for most of the water samples fractions. Owing to the knowledge of the mixing proportions of the
two end members that are well characterised we can calculate the theoretical composition of the different
water samples corresponding to different mixing proportions and compare it to the actually measured
concentration. The geochemical implications of this calculation will be discuss in the extended paper.
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The efTects of landslide disturbance on seasonal cycles of allochthonous
Input to Peruvian Amazonian headwaters streams

A.J. GLAUBER, RJ. NAIMAN, D.G. PERALTA

We are examining the seasonal inputs and biogeochemical characteristics of allochthonous riparian
material in headwater Amazonian streams.This study is part of AARAM's (Andean Amazon Rivers and
Management) Pachitea Project. an investigation of spatial and temporal variability in biogeochemical
cycles within an upstream Andean Amazonian river basin. Studies in other regions have shown that
biogeochemical influences in upstream reaches partially control downstream river biogeochemistl)'. It is
suspected that seasonal variation in quantity and quality of allochthonous inputs to headwater streams,
such as those of the Andean Amazon, may affect the biogeochemistry, biodiversity and productivity of
downstream reaches. As part of AARAM's Pachitea Project, we present data on riparian litterfall to
quantify potential variations in species composition, nutrient quality (N,P,C) and quantity across a
natural landslide disturbance gradient in Peruvian tropical montane rainforest. We suspect that strearns
adjacent to biodiverse mature riparian forests experience temporaily more stable inputs of litter and
nutrients than streams adjacent to low-diversity disturbed forests. Additionally, by investigating
biogeochernical inputs along a natural disturbance gradient.we will better understand controis on
ecosystem recoYery within the upper Pachitea River Basin.
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Dynamique de la nappe et regime hydrologique des rivieres
dans le haut bassin amazonien (Humaita, Bresil)L _

M. GRIMALDI, X. CARON, V. ALLARD, V. ROSELEN, M. LAMOTTE, E. FRITSCH, R.
BOULET, P. MAGAT

L'hydrologie de grands bassins versants, comme celui de l'Amazone, integre les fonctionnements
hydrodynamiques d'unites de paysage, qui varient selon le climat, la couverture vegetate, le substrat
geologique et son evolution pedogenetique. Sur l'une de ces unites, les bas plateaux de la partie sud du
haut bassin amazonien (region d'Humaita, AM), cette etude montre que les crues des rivieres principales
sont liees al'extension et ala dynamique de la nappe en tete de bassin versant.

Ces bas plateaux, a vegetation de foret claire et de savanne, sont constitues des sediments de la
formation Solimoes (Pliocene). lis s'elevent a 10m environ au-dessus des rivieres. Au sommet des
plateaux, des depressions de taille variable et de denivelee inferieure a2m sont partiellement inondees
en saison des pluies. L'etude porte sur l'une de ces depressions, drainee par un ruisseau dont le cours
traverse plusieurs zones marecageuses avant de rejoindre le rio Acua, lequel appartient au reseau
hydrographique du rio Solimoes. L'etude pedologique d'une toposequence sur un versant de la
depression met en evidence des horizons superieurs argileux, epais de 1 a 2m, a forte differenciation
laterale : leur couleur, indicatrice des transformations minerales liees au regime hydrique du sol, varie
en quelques dizaines de metres, de rouge puis jaune, al'amont de la toposequence, ablanc dans les sols
hydromorphes du centre de la depression. Ces horizons sont developpes apartir d'une argile tachetee de
plusieurs metres d'epaisseur.

L'evolution de l'etat hydrique du sol le long de la toposequence a ete suivie en fonction de la
pluviometrie. Six piezometres et quatre stations tensiometriques ont ete relies a des ccntrales
d'acquisition afin d'analyser les variations saisonnieres et al'echelle de l'averse. La hauteur d'eau dans la
riviere a ete egalement mesuree occasionnellement. Enfin, la conductivite hydraulique du sol est
determinee in situ par infiltrometrie en plusieurs points.

En saison seche, le toit de la nappe, horizontal, se situe a plus de 4m de profondeur au centre de la
depression. Des le debut de la saison des pluies, en novembre 1998, la nappe remonte de 4m sur
l'ensemble de la toposequence, en 20 jours totalisant 206mm de pluie. Plusieurs mecanismes expliquent
cette remontee rapide et hors de proportion avec la lame d'eau precipitee, parmi lesquels : l'importance
du ruissellement sur le versant, a cause d'une croute peu permeable. qui concentre la lame d'eau au
centre de la depression oil I'infiltration est dix fois plus elevee ; l'extension de la frange capillaire au sein
de l'argile tachetee. proche de la saturation en eau en saison seche. Par la suite, la nappe atteint le
sommet de l'argile tachetee a l'amont de la toposequence et elle affleure au centre de la depression. La
vidange de la depression par ecoulement superficiel est limitee par un seuil, barrage naturel peu eleve.
Lors des episodes pluvieux, le niveau d'eau dans la depression monte rapidement a cause du
ruissellement sur le versant. Cette retenue d'eau joue alors le role d'un bouchon hydraulique qui ralentit
l'ecoulement de la nappe dans le sol, et provoque sa montee rapide - en une heure environ - et croissante
de l'aval vers l'amont. Lorsque le niveau d'eau dans la depression depasse celui du seuil, le trop-plein est
evacue jusqu'au ruisseau, alimente aussi par la nappe. La vidange superficielle de la depression et la
dynamique de la nappe dans les plateaux se repercutent sur le debit du rio A~ua, avec un retard
d'environ 24 heures lie aux zones marecageuses en amont.
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Analisis comparativo de modelos de pronostico autorregresivos simples
involucrando variables macroclimaticas

en dos rios interandinos de Colombia (Cauca y Magdalena)

CL GRISALES, J.G. LOZANO, Y. CARYAJAL

Los fenomenos climaticos sobre los océanos ejercen gran influencia en la hidroclimatologia de
Colombia. en especial el fenomeno El Nino Oscilacion deI Sur (ENSO), que es responsable de la
yariabilidad climatica en escalas de tiempo que van desde meses hasta décadas. Debido a esta
dependencia. se estudio la correlacion entre algunas variables indicadoras deI clima en los Océanos
Pacifico y Atl<intico con los caudales medios mensuales de 2 rios interandinos de Colombia; el rio
!l.fagdalena localizado entre las cordilleras Central y Oriental, con una longitud aproximada de 1.538 km
y 156.622 km2 de cuenca hidrognüica y el rio Cauca localizado entre la cordillera central y occidental
longitud aproximada 1.350 km Y63.300 km2 de cuenca hidrogrMica.

Para el desarrollo deI estudio, se estandarizaron las series de caudal y variables macroclimaticas con el
objeto de estimar los coeficientes de correlacion; posteriormente se suavizaron mediante un promedio
moùl de 3 meses. con el fin de filtrar la variabilidad de alta frecuencia, tratando de preservar al maximo
la sefial original. Seguidamente, se estimaron correlogramas cruzados para valores de los rezagos
mensuales entre 12 y -12 meses, seleccionando las variables macroclimticas que presentaron mejor
correlacion con su respectivo desfase (mejores predictores).

Los resultados muestran las Yariaciones de la situacion hidrologica deI pais, respecta a las variables
macroclimaticas. Los coeficientes de correlacion indican que las variables que presentan mayor
asociacion con los caudales analizados son en su orden: Las temperaturas de la superficie deI mar en las
regiones Nino 3. Nino 3-4, Nino 4 y SOI, mientras en el Atlantico, las mejores correlaciones las
presentan: la Temperatura en el Tropico, en el Atléintico Norte (NATL) Y Atlantico Sur (SATL)
respectiyamente.

La rnejor prediccion al muy corto plazo (un mes) no hace uso de las variables macroclimaticas, se reduce
al tradicional modela autorregresivo, pero si el horizonte de predicciones es mas largo estas variables si
aportan inforrnacion importante. Adicionalmente, las variables macroclimaticas son buenos indicadores
de los periodos criticos, ya que la tendencia de los autorregresivos es a predecir la media.

El conocimiento actual de la dinamica de la oscilacion deI ENSO permite hacer predicciones a largo
plazo. superiores a los basados en la mera persistencia estadistica. Estos modelos proporcionan una
mejor herramienta de prediccion a largo plazo que los autorregresivos. Presentando otra gran ventaja, la
posibilidad de disponer de la inforrnacion en forma inmediata.

La posibilidad de pasar de modelos totalmente estocasticos, cuyo (mico contacto con la realidad
hidrologica es a través de los yalores medios, sus varianzas y covarianzas, a modelos con base fisica. con
ecuaciones bien definidas, y con una amplia red de observacion, abre perspectivas importantisimas en la
prediccion a mediano y largo plazo. Estos modelos sin ser perfectos, son superiores al mero azar y
compiten con las herramientas estadisticas mas sofisticadas.
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Analisis dei efecto dei fenomeno ENSO en el caudal y el transporte
de sedimentos en dos rios interandinos de Colombia (Cauca y Magdalena)

c.L. GRISALES, J.G. LOZANO, Y. CARVAJAL

Colombia es unD de los paises que posee mayor abundancia de recursos hidricos de superficie en el
mundo, formando una red hidrogrâfica mayor de 700.000 microcuencas fisicamente definidas. La
precipitacion promedio anual es de (3.000 mm/ano), dos veces superior a la de América Latina (1600
mm/ano) ytres veces el promedio mundial (900 mm/ano). Dispone aproximadamente de mil rios
permanentes cuando en todo el continente africano no hay mas de 60. Comparativa y proporcionalmente
es el primer pais en el mundo en disponibilidad de agua, ya que los paises que 10 superan, Canada,
Brasil y Rusia, son 8 veces mas grandes en extension. El rendimiento media anual dei escurrimiento (58
Uslkm2) es casi seis veces mayor que el rendimiento promedio de la parte continental dei planeta (10
litrosls/km2) ytres veces mayor que el rendimiento promedio para América Latina (21 litros/s/km2).

Las cuatro principales corrientes colombianas son; el rio Magdalena localizado entre las cordilleras
central y oriental, con una longitud aproximada de 1538 km y 256.622 km2 de cuenca hidrogrâfica
(22.5% dei territorio nacional), el rio Cauca entre la cordillera Central y Occidental longitud
aproximada 1.350 km Y 63.300 km2 de cuenca hidrogrâfica (5.5% dei territorio nacional), el rio San
Juan con una longitud aproximada de 376 km y un area en su cuenca hidrogrâfica de 14.605 km2 (1.3%
dei territorio nacional), y el rio Atrato entre la cordillera Occidental y la serrania deI Baudo y el Darién
con longitud aproximada de 750 km y 35.702 km2 (3.1% dei territorio nacional). En el area de
influencia de estos rios se encuentra mas dei 90% de la poblacion deI pais, 10 que los hace de vital
importancia para el desarrollo agricola, econ6mico y social.

El clima de la region es muy afectado por el fenomeno ENSO (El Nino Oscilaci6n dei Sur) (evento
natural que se da coma resultado de la interaccion entre el océano y la atmosfera en la region dei O.
Pacifico Ecuatorial). El ENSO en su fase extrema calida es un fen6meno cuasiperiodico con una
recurrencia promedia de 4 anos. que varia entre 2 y 7 anos (Trenberth, 1991); mientras que su fase
extrema fria, tiene una recurrencia promedia de 7 anos; En Colombia, la fase câlida se asocia con
sequias. y la fase fria. con exceso de lluvias cuya intensidad, frecuencia y duracion aumentan
considerablemente el caudal de los rios y la erosion hidrica favorecida por el tipo y el uso que se le da al
suelo. El caudal presenta una relacion directa con el transporte de sedimentos, que es un buen indicativo
dei grado de erosi6n en las cuencas.

El rio Magdalena, con su principal afluente el rio Cauca, transporta en ciertos tramos de sus respectivos
trayectos, cantidades superiores a 50 millones de toneladas de sedimento por ano. En la mayor parte de
las zonas hidrogrâficas no se han alcanzado limites peligrosos comparativamente con otras regiones de
Suramérica. Europa, Asia, Africa y Australia. A partir de 10 anterior se efectuo un analisis de
correlacion entre variables macroclimaticas y el transporte de sedimentos en los rios Magdalena y Cauca
en sitios especificos de control, obteniéndose como resultado que las variables que poseen mayor
asociacion con el transporte de sedimentos son las mismas que las obtenidas al hacer el analisis entre
caudal y variables macroclimâticas (Carvajal et al, 1998).

Se hallaron correlaciones menores que las obtenidas con las dei caudal media mensual. sin embargo se
observa disminucion dei transporte de sedimentos diarios durante la fase c<ilida por debajo de la media
historica e incremento de estos por encima de la media hist6rica durante la fase fria para el rio
Magdalena. esto coma consecuencia de la ausencia e Incrementa de lluvias respectivamente. principal
factor de erosion en la zona.
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A large-scale hydrological model for semi-arid Tropics of North-Eastern Brazil

A. GÜNTNER, A. BRON8TERT

Scarcity of water resources is a major constraint for agricultural production, life quality and development
in the serni-arid tropics of north-eastern Brazil. Detennination of natural water availability on a large
spatial scale is an essential prerequisite to understand and to mitigate economic and social impacts of
droughts of regional and state wide e>.1ent.

A large-sca1e hydrological model for the quantification of water availability in the Rio Jaguaribe basin
(72 000 km2

) in the federal state of Ceara, Brazil, is presented. The study area is characterized by serni
arid tropical hydroclimatological conditions, with high temporal and spatial variability of precipitation.
The basin is located predorninantly on crystalline bedrock, thus surface water is the major source of
water supply. Runoff is captured by several tllOusands of reservoirs with volumes varying in a wide
range.

The hydrological model works in a spatially distributed mode with deterministic conceptual approaches.
Spatial discretization is based on physiographical units (topography. soils, vegetation), the lateral
connecti\ity of singular patches is explicitly taken into account. Sub-unit heterogeneity is included by
distribution functions of respective model parameters and variables. This applies also for the huge
number of small reservoirs which cannot be respected with geographic reference within each modelling
unit Model output in tenns of river runoff, reservoir storage or soil moisture is given with daily
resolution on the sub-catchment scale or for administrative units-(ïfiillticipios).

Scaling issues due to the wide range of spatial scales between runoff generation at the hillslope scale and
water ayailability at the regional scale are addressed by including simulations in a small representative
basin. located within the study area. Results which led to the adaptation of the runoff generation
approaches to the characteristic semi-arid conditions are presented in this paper. Uncertainty of model
results of the large-scale model due to the rough data base are assessed by comparison with results of its
application to the small basin for which higher-resolution data are available. Results of model
application to the entire Rio Jaguaribe basin are given. Sensitivity studies demonstrate possible effects of
land use changes or climate change on water availability while at the same time quantifying model
uncertaint)·.
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Caracteristiques hydrologiques du bassin amazonien.

J.L. GUYOT, J. CALLEDE, G. COCHONNEAU, N.P. FILIZOLA, V.S. GUIMARAES, P.
KOSUTH, M. MOLINIER, E. OLIVEIRA, F. SEYLER, P. SEYLER

Le bassin amazonien s'etend sur plus de 6 millions de km-, et apporte al'ocean atlantique 209 000 m3/s,
soit un debit specifique de 34 Us.km2. La distribution de ce debit specifique sur l'ensemble du bassin
montre de fortes tendances regionales, avec des valeurs de 18 a 30 IIs.km2 pour les affluents
meridionaux de l'Amazone (Xingu, Tapaj6s, Madeira, Purus; Jurua), de 40 a 50 Us.km2 sur le cours
principal (Solimoes), et de 50 a70 US.km2 pour les affluents septentrionaux de la zone equatoriale (Ica,
Japura, Uaupes, Negro). Cette variabilite regionale est evidemment tres fortement correlee a la
pluviometrie. L'etude du regime saisonnier montre egalement des particularites regionales. Les
tributaires meridionaux presentent un regime tropical austral, avec un maximum hydrologique en mars
avTil et une periode d'etiage en septembre. La variabilite annuelle des debits mensuels est relativement
elevee, avec un rapport des debits moyens mensuels extremes (RQm) allant de 5 a 15. Les quelques
cours d'eau de l'hemisphere Nord (Branco, Negro) presentent un regime tropical boreal, avec maximum
en juin-juillet et un etiage en fevrier-mars, avec des valeurs de RQm variant de 3 a8. Le cours principal
(Solimoes/Amazone) est caracterise par un regime equatorial altere par les differents apports lateraux,
avec un maximum hydrologique en mai vers l'amont et en juin a l'aval. La variabilite saisonniere sur le
cours principal, ainsi que celle des rios I~ et Japura, est tres faible, avec des valeurs de RQm variant de
1.7 a2,5. Sur les 20 annees de la periode d'etude (l970-1990),.-1aVanabilite interannuelle du module est
tres faible sur le cours principal de I'Amazone et ses affluentsde la zone equatoriale, avec un rapport des
modules extremes observes (RQa) variant de 1,25 a 1,35. Cette variabilite est plus elevee dans les
bassins oil le debit specifique, done la pluviometrie, est plus faible avec des valeurs comprises entre 1,4
et 2.3 pour les affluents meridionaux de l'Amazone, et des valeurs superieures a 3 dans le bassin du Rio
Branco. Enfin, cette variabilite interannuelle des debits est liee pour certains bassins aux variations
climatiques globales de type El Nino,
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La variabilite saisonniere des flux sedimentaires dans le bassin de I'Amazone

J.L. GUYOT, N.P. FILIZOLA, A. LARAQUE, P. SEYLER

Les apports de l' Amazone en matieres particulaires al'Ocean Atlantique ont jusqu'a present ete calcules
a partir d'un echantillonnage restreint, realise lors d'une douzaine de campagnes hydrologiques. En
1995. le programme HIBAM (ANEEL-CNPq-IRD-UnB) a installe un reseau de 10 stations de reference
en Amazonie bresilienne, avec un echantillonnage decadaire, pour apprehender la variabilite temporelle
des fractions dissoutes et particulaires au cours du cycle hydrologique, sur les principaux tributaires de
I' Amazone. Les resultats obtenus ala station hydrornetrique de Obidos (Para. Bresil) - la derniere station
dejaugeage sur I'Amazone avant son embouchure - permettent d'estimer avec plus de precision les flux
de matieres a I'Ocean, ainsi que l'impact du phenomene climatique de type « El Nifio » de 1997-1998
sur ces flux.
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Impact des barrages sur les transports dissous
dans un bassin versant semi aride: Le Sebou (Maroc)

S. HAIDA, J.L. PROBST

Le bassin versant du Sebou occupe, au Nord-Ouest du Maroc, une superficie d'environ 40 000 Km2. Ce
bassin a fait l'objet. ces dernières années, de l'installation de 16 barrages d'une capacité variant entre
0.12 et 3800 106 m3. Il connaît, également, une forte activité économique dans les secteurs agricole,
industriel et urbain qui peut menacer la qualité des eaux de surface.

Au cours de ce travail les eaux du Sebou et de son principal affluent Ouerrha ont fait l'objet de
prélèvements hebdomadaires lors des deux cycles hydrologiques 1996/97 et 1997/98. La première année
d'échantillonnage a coïncidé avec la mise en service du barrage Al Wahda construit sur l'Ouerrha. Le
but de cette étude est de mettre en évidence l'importance des apports dissous dans ce bassin et de suivre
leur évolution géochimique après l'installation des barrages. Les éléments chimiques pris en
considération dans ce travail sont les éléments majeurs et traces, et le carbone organique dissous (COD).

La composition chimique des eaux du Sebou à l'aval montre une très forte concentration ionique variant
selon les saisons entre 912mg/l en période de crues et 1611mg/l en période d'étiage. Ces valeurs,
comparées à celles obtenues pour une période avant l'installation des barrages, montrent un facteur de
concentration de 1.8. Cette forte minéralisation peut être attribuée à la diminution des débits de
l'Ouerrha et à la contribution importante, environ 40%, des affluents qui drainent des formations
évaporitiques. Au cours de l'année hydrologique 1997/98, les volumes d'ealLx lâchés à partir du barrage
Al Wahda sur rOuerrha, ont permis une nette dilution des eaux à l'aval du Sebou.

On peut également noter aux cours de ces deux années de mesures de fortes concentrations en carbone
organique dissous qui dépassent parfois SOmg/\. Ces concentrations anormales, généralement
accompagnées d'une forte alcalinité, peuvent être attribuées aux rejets polluants issus des tanneries, des
unités agro-industrièlles et des agglomérations urbaines.

A la lumière de ces résultats, on peut en déduire que les apports dissous du Sebou à l'aval sont
étroitement liés au fonctionnement des barrages et surtout à celui du grand barrage Al Wahda. Ainsi, la
réduction des apports liquides naturels entraîne de fortes concentrations en éléments chimiques
alLXquelles, peuvent s'ajouter les rejets anthropiques qui malgré leur caractère essentiellement
organique. constituent une grande menace pour la qualité des eaux du Sebou, et notamment pour la
complexation et le transport des polluants métalliques.
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Determination of inundation patterns in the major floodplains of South America
from passive microwave remote sensing

S.K HAMILTON, S.J. SIPPEL, J.M. MELACK

Seasonal inundation detennines the structure and function of tropical floodplain ecosystems. and
therefore information on the spatial and temporal variability of inundation is fundamental to understand
and manage these ecosystems. We have developed methods and algorithms to determine flooded area
from the 37-GHz polarization difference observed by the Scanning Multichannel Microwave Radiometer
(SMt\.1R), operated on board the Nimbus-7 satellite from 1979-87. Inundation patterns have been
determined in four of the major floodplains of South America: 1) The fiinging floodplain of the
mainstem Arnazon River; 2) The Pantanal wetland of the upper Paraguay River in Brazil; 3) The Llanos
de Moxos in Bolivia; and 4) The Orinoco Llanos of Venezuela and Colombia. In each of these regions,
we estimated inundation area separately for subregions using mixing models that account for the major
landscape units with distinctive microwave emission characteristics. The resultant information provides
a detailed view of spatial and temporal patterns in inundation for the 9 years of SMMR data. We have
also eX1:ended the inundation records into the past using predictive relations between river stage and
flooded area; stage records are available for > 95 years in the Amazon and Pantanal, and for several
decades in the Moxos and ürinoco. Comparison of the inundation patterns among these four floodplain
regions reveals unique hydrological features of each region that help eX1>lain their distinct ecological
characteristics.
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Influencia dei ENSO sobre los caudales mensuales
de las grandes cuencas hidrograficas dei Ecuador

E. HEREDIA CALDERON, R POMBOSA LOZA

El efecto dei ENSO sobre el régimen hidrol6gico de las grandes cuencas hidrogrMicas ecuatorianas es
todavia poco documentado. Varios estudios sobre los efectos dei ENSO sobre las precipitaciones, en
particular en la costa Ecuatoriana han sido Hevados a cabo recientemente, sin embargo los efectos sobre
los regimenes de los rios, y en particular de la regi6n Amaz6nica no se han estudiado.

En el Ecuador el c\ima presenta gran variabilidad espacial debido, sobre todo, a su posici6n geogrMica, a
la influencia de factores tales coma la topografia, la presencia de los glaciares, las corrientes marinas, a
esta se suma el efecto de la posici6n relativa de la ZeIT y dei evento ENSO, esta influencia determina
un régimen hidrol6gico complejo.

En el presente trabajo se presenta el estudio comparativo de los efectos dei ENSO sobre los caudales
mensuales de dos importantes rios ecuatorianos ubicados en el norte dei pais, el primero, El rio
Esmeraldas que drena hacia el Pacifico con una superficie de aproximadamente 20000 km2 y el
segundo, el dei rio Napo que drena hacia el Amazonas con una superficie aproximada de 26000 km2. Se
establecen las diferencias existentes entre eHos y la necesidad de estudiar con mayor profundidad las
diferentes componentes que modulan la variaci6n estacional de los caudales y los efectos dei ENSO
sobre eHos.
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River water level changes of the Amazon estuary:
at Breves, Caxiuanâ and Abaetetuba

N. HIDA, J.G. MAIA, M. HIRAOKA, O. SHIMMI, N. MIZUTANI

The objective of this paper is to report on the preliminary findings based on river water level data being
collected at Breves and Caxiuanà in the western Amazon estuary. The data is concerned with the period
from December 1995 to May 1997. Information includes water level, water temperature, and electric
conductivity. Annual Water Level Changes: Extreme tide-induced water level difIerences are observed
twice a month. These variations correspond to the rhythm of spring and neap tides. The phenomenon is
clearly visible at both Breves and Caxiuanà. Calculated from the 1996 data, the difIerence between the
high and low water levels caused by the two events are nearly equal, i.e., it averages 36cm at Breves and
33cm at Caxiuanà. On the other hand, the daily changes of water levels at Breves are much bigger than
those at Caxiuanà.

Daily Water Level Changes: As expected, the tidal cycles induce the water levels to rise and fall twice-a
day. During the spring tides, associated with the full and new phases of the moon, the curves for water
level changes almost coincide. However, they appear in a difIerent pattern during the neap tides. The
variations between the high and low levels during the spring tides are O.89m in April and 1.26m in
November at Breves, and O.20m in April and O.27m in November at Caxiuanâ.. Corresponding figures
during the neap tides are O.87m in April and 1.21m in Nobember at Breves, and O.17m in April and
O.23m in Novemver at Caxiuanâ.. Monthly mean water levels throughout 1996 are highest in April, 
O.89m at Breves and -1.78m at Caxiuanà, and lowest in November, -1.l8m at Breves and -2.21m at
Caxiuanà. Water Temperature: According to the data measured at Caxiuanà in 1996, the daily mean
water temperature varied seasonally from a low of 27.3 oC on April 20th, to a high of 31.5 oC on
October 2lth. Electric Conductivity: As far as the data obtained at Breves, the amount of daily mean EC
ÜlS/cm, 25°C) was small, and the range of variations was in a level between 33 J.1S/cm on April 24th,
1997 and 67 J.1S/cm on December 8th, 1995. Supplement: The average daily tidal range at Abaetetuba is
about 2.7 m. Higher than normal tides occur during the spring tides, associated with the full and new
phases of the moon.
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Hydrochimie du fleuve Tocantins et de rivières côtières de l'Est du Para

B. HIERONYMUS, J. M. GODOT, J. BOULÈGUE, B. KOTSCHOUBEY

La région du Tocantins et le nord-est est du Para (Brésil) sont encore peu connus du point de vue de
l'hydrochimie et des relations eau-roches. L'importance de la connaissance de cette relation est apparue
comme primordiale au cours des études conjointes franco-brésiliennes entreprises sur les gisements
d'altération du Tocantins et du nord-est du Para: latérites et bauxites de Carajas. Açailandia
Paragominas et TucuruL kaolins du Capim.

Cela nous a amené à nous intéresser non seulement aux sources et ruisseaux de ces gisements dont
l'étude a pennis la mise en évidence de phénomènes de dégradations et de transferts actuels, mais aussi
aux grands ensembles hydrologiques de la région. Nous avons ainsi étudié sur plusieurs années les
caractéristiques chimiques du fleuve Tocantins en amont et en aval du barrage de Tucurui, ce qui a
pennis de tester l'impact d'un grand ouvrage sur un fleuve important. Nous avons également étudié des
rivières du district bauxitique d'Açailandia-Paragominas.

La chimie des eaux du Tocantins est contrôlée par deux facteurs:

(a) l'alimentation par l'atmosphère: pluies d'origine marine et surtout continentale. dissolution d'aérosols
issus des émissions par les plantes et pluviolessivats, les feux de forêts et l'érosion continentale:

(b) la dissolution des roches du bassin versant.

Les éléments dont la chimie est principalement dominée par les apports atmosphériques sont K et Cl.
Après estimation et déduction des apports atmosphériques. la quantité d'éléments attribuée à la
dissolution des roches a pu être détenninée. en particulier pour 1998 et 1990. Des épisodes importants
de sécheresse en 1992 rendent plus délicate l'interprétation des variations spatiales des apports
atmosphériques pour cette année.

Les éléments issus de l'altération des roches sont principalement Ca et Mg . une grande partie de Si et
localement Na. En effet. si la contribution atmosphérique est importante pour Na. on a pu mettre en
évidence dans la région de Tucurui un apport non négligeable du à l'altération de roches: graywakes à
albite et métabasaltes plus ou moins albitisés par des processus hydrothennaux. Le calcium et le
magnésium sont issus en quasi totalité de l'altération de roches basaltiques, ou très localement du
lessivage de roches carbonatées. Le silicium peut être attribué pour plus de 75% à l'altération de roches
sauf lors des épisodes particulièrement secs de 1992 où l'apport atmosphérique a pu être prépondérant.
Les teneurs des eaux en aluminium et en fer résultent aussi de l'altération des roches bien que des
apports atmosphériques faibles et variables puissent être envisagés dans les zones à bauxites. Les roches
lessivées qui influent sur la chimie du Tocantins sont donc principalement d'origine basique ( basaltes.
ultrabasites ) bien qu'au niveau géologique elles n'occupent pas une grande place dans les afileurements
reconnus. On peut voir là un effet de la dissolution plus rapide de ce type de roches par rapport aux
roches acides et métamorphiques.

La quantification de ces contributions permet de calculer des rapports élémentaires caractéristiques des
allérations pour les di"ers cours d'eau. Les bilans d'altération et d'exportation de matière par le fleuve
Tocantins ont pu être calculés en terme de flux.
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Erosion, transport and sedimentation in Nestos river basin

V. HRISSANTHOU

Nestos River flows through two European countries, Bulgaria and Greece, and discharges its water into
the Aegean Sea. The basin area of Nestos River is about 5760 km2. In the Greek part of Nestos River,
two dams were already constructed while a third dam is under construction. The construction of the
dams and, therefore, the creation of the corresponding reservoirs implies the decrease of sediment yield
at the basin outlet, where the ecologically interesting Nestos delta exists.

In this paper, the estimation of the annual sediment yield, due to rainfall and runoff, is undertaken by
means of two mathematical models for that part of Nestos River basin which lies downstream of the
dams. The area of this part of Nestos basin is about 830 km2. Both models consist of three submodels: a
simplified rainfaIl - runoff submodel, a surface erosion submodel and a sediment transport submodel for
streams. The two models differ only in the surface erosion submodel.

The common rainfall - runoff submodel of both models considers the soil moisture variation in the root
zone through rainfall, deep percolation, potential evapotranspiration and runoff. The common sediment
transport submodel for streams is based on the concept of stream sediment transport capacity (Yang and
Stall, 1976). The tirst surface erosion submodel is based on the relationships of Poesen (1985) for splash
detachment and splash transport, while the second one on the computation of the momentum flux
exerted by the droplets and the momentum flux exerted by the overland flow (Schmidt, 1992).

The considered part of Nestos basin was divided into 20 natural subbasins. Month1y rainfall data for 11
years (1980 - 1990) from eight rainfall stations were available. The calculations were carried out on a
monthly basis for each subbasin separately. The monthly values of sediment yield at the basin outlet for
a certain year were added to produce the annual value of sediment yield due to surface and stream
erosion. The comparison results for the annual sediment yield values according to both mathematical
models are satisfactory.
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Approche multifractale de la définition des régimes hydrologiques

P. HUBERT, H. BENDJOUDI, D. SCHERTZER, S. LOVEJOY

Les changements d'échelle. dans le temps comme dans l'espace. constituent pour l'hydrologie une sorte
de pierre philosophale. Il existe dans la littérature de très nombreu.x travaux de recherches empiriques
concernant les débits extrêmes, leurs relations mutuelles et leur dépendance à la taille des bassins
hydrographiques. On pourrait en particulier citer le célèbre Essai de classification des crues maximales
observées dans le monde de Francou et Rodier publié en 1967. L'approche multifractale. issue de l'étude
de la turbulence et fondée sur les symétries de l'équation de Navier et Stokes, permet de considérer
certaines de ces études sous un jour nouveau et pourrait leur donner une base rationnelle. Elle conduit en
effet à identifier et à formaliser les invariances d'échelle. dans le temps et dans l'espace, des phénomènes
hydrométéorologiques. replaçant ainsi dans un même cadre conceptuel les événements normalLX et les
événements extrêmes, et suggère que ces derniers, pluies comme débits, pourraient être régis, quelle que
soit l'échelle de temps considérée, par des lois de distribution à décroissance algébrique et non
exponentielle comme on l'a postulé jusqu'à présent. Ces conjectures sont très importantes au plan
théorique car elles permettent de replacer le problème de la définition des régimes hydrologiques dans
un cadre conceptuel nouveau, issu de la physique, dont l'absence a jusqu'ici cruellement fait défaut et qui
à conduit à de multiples modélisations ad hoc sans portée autre que locale. Leurs conséquences
pratiques, en particulier au niveau de la prise en compte du risque hydrologique dans l'occupation des
sols et la conception des aménagements et des ouvrages, sont également considérables car elles
conduisent à attribuer aux événements dits exceptionnels des temps de retour beaucoup plus faibles que
les approches classiques.
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Limnology of a pre-Amazonian river basin (Itapecuru, MA)

M.S.R. IBANEZ, F.J. ARANHA

The water characteristics of the ltapecuru River, a plain river of the Northeastem Brazil (1,450 km) was
investigated on ten municipalities, upstream and downstream, in different periods of the dry and rainy
seasons (September, 1994 to June, 1995). Water transparency, electrical conductivity, dissolved oxygen
and suspended solids presented low variability in the temporal scale, with sorne exceptions. The
behavior of these variables in the source-mouth axis was also discussed. The relative poverty of
electrolytes in the upper course with higher values in the middle one and extremely high values in the
mouth, is due to geological and geomorphological features of the basin that shows different lithologies.
The tidal influence became evident in the ionic composition of the waters.
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The late Quaternary river and lake development in Central Amazonia

G. IRION, G. KEIM, J. MULLER, J.N. MELLO, W.J. JUNK

The development of rivers and lakes in Central Amazonia depends to a high degree on the long-time
variations of the local water level, which is related directly to the Quaternary sea-level fluctuation.
During high sea stages the lower sections of the rivers and creeks were flooded and sedimentation rates
increased whereas during low water periods erosion is dominant. 3.5 KHz profiling, coring in lake
bottoms and field observations in area of tlle triangular between lower Rio Negro and Rio Amazon sorne
100km up and downstream of the Rio Negro junction reveals the widespread distribution of sediments
deposited during Pleistocene high sea-level stages. The smaller lakes which have been formed in tl1e
lower section of rivers and creeks are filled up totally during the periods of higher water levels by botl1,
the sediments of their own drainage areas and by sediments derived from main stream during seasonal
flooding. An exceptional development took place in the lower section of the valley of Rio Negro. This
valley is formed in the soft sands of tl1e cretaceous Barreira Formation and has hence an extraordinarily
widtll of up to 20km. In contrast to tl1e smaller valleys only the upper part is filled with sediments
deposited most probably during several high sea-level stages forming tl1e islands oftl1e "Arquipelago das
Anavilhanas".

When sea-levellowered to more than 100m below MSL 20.000 years ago during Wisconsin maximum,
in the investigation area the water level of tl1e Amazon River dropped severa! 1Otl1 of metres. By 3.5
KHz profiling in the moutl1 of Rio Preta da Eva and of Rio Manacapuru and from sediment distribution
at tl1e Ilha do Camarao, situated just in front of Manaus, it can be shown tl1at tl1e local mean river levels
has been at least 25m below the today's river mark, and it seems to be most probable tl1at tl1e water level
reached a gauche of 40-50m below tl1e today's mean level. This indicates tl1at during Pleistocene low
water periods the inclination of the river table between Manacapuru and tl1e Atlantic has been at least 3
times higher tl1an today. In that period tl1e water velocity and hence tl1e erosion forces must have
increased significantly. This correspond witl1 the sediment distribution in tl1e Amazon cone where
higher sedimentation rates with coarser particles (up to gravel size) have been described for sediments
deposited during Wisconsin cold period. It can be concluded that for long periods of tl1e Wisconsin and
during older cold Pleistocene periods tl1e incision of Rio Arnazon has been very intense and hence tl1e
river bed, at least in tl1e lower 2.000km of its course has had a different shape tl1an today. Most probably
it has been more straight witl1 much less tendency of forrning separate channels and river branches tl1an
today. The seasonal differences of tl1e water tables may have been less distinct and tl1e floodplain has
been significantly smaller tl1an today. As can bee concluded from tl1e distribution of channels in tl1e
"Arquipelago das Anavilhanas" tl1e course of Rio Negro during Wisconsin maximum bas been reduced
to a single trench like bed on the right side of the valley.

The most conspicuous sedimentation processes taking place during Holocene is tl1e formation of tl1e
varzea (floodplain) of tl1e Arnazon River. The formation of the varzea as it is developed today started
only when sea level, and hence the river level arrived at the reach of tl1e present MSL sorne 3.000 years
ago. Sediment cores of lakes in the varzea show distinct seasonal varves witl1 a thickness of 4mm for
each year. This allows to calculate the age of the lakes as being 2.000 years This result, together witl1
14C-dating is in good agreement witl1 tl1e estimated age of the present varzea.

In conclusion, glacial maximum conditions difIered from present-day conditions in a change from
dominance of erosion and tl1e lack of greater seasonal flooding to sediment accumulation and tl1e
flooding of large areas: This change from low water to high water levels may have taken place all along
the Pleistocene time and will have afIected the biological system of tl1e Arnazon valley.
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Turbidity of Amudarya river in regulated conditions

H.A. ISMAGILOV

AmuDarya river is one of the biggest river with colloidal phase not only Central Asia. but may he in ail
world. Big turbidity of river had have led to intensive change of river bed process and as a result to
erosion of banks, waterlogging of husbandry lands. towns. also silting up and decreasing of conduct:
possibility of irrigated changes. Regulation of AmuDarya river in low reach of Tuyamuyun dike in 1982
has led to cut of water turbidity below the waterworks. In natural condition the average monthly
turbidity for many years is composed 1.3 -7.2 kg 1m3. Maximum turbidity of stream per day is achieve
up to 20 kg/m3. In regulated conditions of river (regulated degree from 7 to 20 %) there were observed
decreasing of turbidity in comparison with natural from 20 to 50 times. This relationship is actual now
for period of reservoir filling (October ~April). Stream turbidity. which cornes out from dam vegetation
period is more than on time of filling. Maximum turbidity in vegetation period is observe in case of
many water years in September (i.e. in the end of vegetation) , but in low water years in May (i.e. in the
commencement of vegetation). Observations fulfilled the last years had shown the turbidity increase of
water that leave the storage for vegetation time in comparison with start of commissioning, and for the
filling period the change of turbidity did not observed. There was always observed turbidity decrease on
extent of below the low reach, at natural terms. In condition of regulated flow have been occured three
cases of turbidity change on length: Initial turbidity of river beyond the dike more than a transfer ability
of stream. In this case the stream can not carry ail sediments, which cornes out and take place washing
up of silt at river -bed; Initial turbidity of river stream less than transfer ability of flow. In this case
beyond the dam has occurred washing away of banks and additional filling of stream with deposits.
Initial turbidity of river is equal for transfer ability of stream. Turbidity change in this case, beyond the
water reservoir did not observed. Analysis of results of AmuDarya river data gave a possibility to obtain
an equation for transfer ability of stream (turbidity), depending on hydraulic elements of flow for
regulated conditions of the river. This equation allows to identif)r turbidity and deposits discharge on
different plots of AmuDarya river by design and maintenance ofany kinds of waterworks.
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Irrigation methods for conservation soil and economic use
ofwater in arid zone of Central Asia

B.F. KAMBAROV

This work dedicate irrigation engineering allows more economic use of water and reduces soil erosion,
increases the protection of soil and water environment from pollution by fertilizers. Intensive use of
irrigated soil leads to fertility losses ,. a problem more pronounced in Uzbekistan. Results obtained
under natural conditions over a period of sorne years confirm expectation of improved soil conservation
and fertility in the soil by using furrow irrigation and others irrigation systems.

We have developed a polimer" K", which has advantages: it gives a soil structural formation. regulated
water permeability on siopes for irrigation, rainfall and makes a protection soil, length of the furrow can
be increased by up to 500 m in the slope 0,02-0,22 ml m, in this case can be used without a network of
irrigation ditch in the field.

On soil with hard gypsum and sandy inter layers to a depth of 0,9 m with special tractor implements for
loosening and polymer have yielded cotton 37,5 centner/ha against 18,2 centner/ha.

Polimer formed in the upper layeTS of stony and sandy soil by subsidience of silts with nutrients for
plants in the water irrigating.

We propose zigzag-shaped, contour and other types of furrows on slopes 0,1-0,25 rn/m. Irrigation
methods on the the slope is effective by reliable when theory of irrigation engineering is used
corresponding to the standarts for set norms, irrigation, components, prograrnming and improvrnent of
soil fertility, forecasting of yieldes.

This work coveTS also is description of drip, irrigation, subsoil and bench border irrigation. We use
methods of irrigation to increase soil fertility of deserts and recommend that is method and others for
development offarms then to meet agricultural requirements, recommend temporary irrigation dithes on
siopes of fields in the 600 thousand hectars.

We use methods utilization ecologic dean fertilisers: hlorella. silt of reservoir and aquatic plant for
economic chemical fertilisers.

Results obtained: economic use of water namely 110 million m3 . additional irrigation potential- 203-l
ha, economic use of irrigation labourers 988 persons.
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The sediment deposits of Lago Calado, a Ria Lake in Central Amazonia (Brazil),
as indicator for postglacial water level rise of the Amazon River

G. KEIM, G. IRION, H. BEHLING, W.J. JUNK, J.N. MELLO

In order to study the complex paleolimnology of Central Amazonian Ria Lakes (Lagos da Terra Firme),
sediment cores of 15m length were recovered from Lago Calado (80lan west of Manaus on the left bank
of the Amazon River), which is one example out of hundreds of lakes of this type in Amazonia. The
sediments were analysed with sedimentological, mineralogical, geochemical, and palynological
methods, by which general aspects of the development of the lake can be worked out.

Due to the very low gradient of the Amazon River, the level of the Amazonian waters depends on
Quateroary sea level changes far beyond the place, where Lago Calado is situated. Furthermore, the
water tables of Ria Lakes like Lago Calado are controlled by the Amazon River. Therefore, the sediment
sequence of Lago Calado describes not oruy the depositional history in the Calado Valley but as weIl the
development of the water level of the Amazon River during the late Pleistocene and Holocene. During
the maximum of Wisconsin glaciation, when sea level and hence the level of the Amazon River was low,
the Calado Valley was flown through by a minor tributary. Gravel and sand were deposited on top of
cretaceous sandstones, which can be observed in the sediment sequence in the lowennost part of the
sediment cores. In the earliest Holocene, during rising water levels, an alternation of sands and dark
mud deposits (lake sediments) reflects changes hetween fluviatile and lacustrine environments. About
9500 BP (ail ages base on calibrated 14C data) the Amazon River reached a level of 20m below the
recent mean water level. 7600 BP, when the water level of Rio Amazon was about l3m below today's
level, the valley became permanently flooded and a continuous sedimentation of fine grained lake
deposits started. According to our 14C data and the sediment characteristics, the recent water level was
not reached prior to 3000 BP, probably later.

The depositional processes in Lago Calado are not only influenced by the long terrn water level changes
but as weil by the annuaI periodic water level variations of the Amazon River. During saisonal rising
stage, Amazon water can enter the lake, when the run off from Lago Calado's catchment area can not
compensate the necessary water volume of the lake. Therefore, two different sources for allochthone
sediment particles exist: the local tributaries and the Amazon water. The origin of the lake deposits can
be distinguished by means of mineralogy and geochemistry, since the suspended load of the Amazon
River is rich on smectite and iIIite, whereas kaolinite is the only clay mineral in the suspended matter of
the lake's tributaries. In the initial lake phase nearly the whole sediment was delivered by local
tributaries. During the transgression phase the local tributaries were still the dominant sediment sources,
whereas since 3000 BP a strong increase of Amazon delivered matter cao he observed. Despite the
changes in the sediment supply the ratio of deposition was relatively constant at 1.5mm/yr.

In the valley of Lago CaIado sorne terraces could be localised several meters above the recent sediment
surface. The terraces consist of altered lake sediments. They are interpreted as relicts of the
Sangamonian (high sea level) equivalent of the today's Lago Calado. From the position of the terraces it
must be assumed that during Sangamonian the mean water level in CentraI Amazonia was
approximately 6m higher than today.

With the investigation of the sediments of Lago Calado, it is possible to get a general idea about the
processes which occured during the postglacial transgression phase. Il can he assumed that not oruy
during the Late Quateroary but also during the complete Pleistocene the sea level changes were the
important driving forces for the sediment dynamics in the Amazonian lowland. During low sea level
stages erosional processes and valley deepening dominated, whereas during high sea level extensive
aquatic landscapes were formed.
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Altimetric reference for Amazon area: first experiments

P. KOSUTB, D. BLITZKOW, LO. CAMPOS, R.F. BUENO, C.A. CORREA E CASTRO, J.
CALLEDE

Knowledge of the altitude above mean sea level of the main hydrometric stations is a prerequisite for an
in-depth understanding of rivers hydrodynamics and sedimentologic processes, particularly for the use of
models. In tropical regions with dense forest cover, usual geometric land leveling can hardly, if ever, be
achieved. This is the case of the Amazon river network where only two of the 220 hydrometric stations
in Brazil have been leveled. In such regions, alternative geodesic techniques have to be implemented.
This paper presents an altimetric study of the downstream reach of the Amazon River (seven stations on
800 km) using GPS technique for geometric height determination and geoid model to convert geometric
to orthometric heights. For these seven stations the average precision on the geometric height was
O.075m (from O.02m to O.16m). A comparison of orthometric heights in Santarem derived (1)
from available geometric leveling and (2) from GPS measurement coupled with geoid model
shows a difference (1)-(2) ranging from -O.I03m to +O.743m depending on the geoid model. The
development of such "autonomous" altimetric techniques would allow improved monitoring of
river networks, including for the study of flooded areas dynamics.
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Sea-tide effects on downstream Amazon River flows

P. KOSUTH, J. CALLEDE, A. LARAQUE, N. FILIZOLA, J.L. GUYOT, P. SEYLER, J.M.
FRITSCH

Physical influence of sea tide on downstream Amazon River can be assessed more than 1000 km
upstream from the sea.

In order to analyze this phenomenon, over the year recording of water levels (every 30') has been
ensured at 5 stations along the downstream Amazon River and measurement campaigns have been
organized, for different river discharge rates (Iow flow 100000 m3!s and mean flow 150000 m3!s) and
sea tide amplitude ( 2 meters to 3.5 meters).

During these measurement campaigns, hourly variations of water levels and discharges (using ADCP
technique) have been recorded at different stations along the downstream Amazon River. It led to such
surprising observations as local changes in discharge from 130 000 m3!s to 40 000 m3!s in 4 hours.
cyclic storage of 8 billion m3 in 6 hours, or even local inversion of flow from 60 000 m3!s to - 22 000
m3!s in 4 hours on some branches of the Amazon. Hourly fluctuations in suspended sediment
concentrations have equally been monitored.

Damping and time-delay of the tidal signal, depending on water regime and distance to the sea has been
analysed. Physical processes of wave propagation and cyclic water storage and release have been studied
both through data analysis and confrontation with mathematical hydrodynamic models. The impact of
this tidal pulses on sediment transport to the sea has been analyzed.

This study is intended to contribute to increased understanding of physical processes at the interface
between large rivers and the ocean, improved methodology to measure and monitor these processes. and
better understanding of large rivers hydrodynamics,
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Respective effects of climate change and anthropic action on the modification
of the annual extension of flooded areas along Senegal river valley

P. KOSUTH,P. VAUCHEL,J.C. BADER,J.P. LAMAGAT

The Senegal River Basin (300 000 km-) can be divided in an upper basin. which constitutes the main
catchment area. and a low valley where flood propagation invades large areas. The hydrological
monitoring of the Basin is almost complete from 1904 to 1998.A major change in climate has occurred
at the beginning of the 70ies and is still over lasting with a persisting drought and a 50% reduction of
the mean annual water volume. This has induced drastic reduction of flooded areas and consequent
impacts on both human activities and ecosystem dynamics related to the flood regime. At the end of the
80ies a dam has been built on the upstream basin with the objective of regulating the river regime
through artificial sustaining of low flows for hydropower, irrigation and navigation. while preserving a
minimal flood for environmental purposes through artificial flood support.

The purpose of the present study was to develop a methodology to assess and quantify the respective
effects of natural drought and anthropic action (river regulation) on the flooding regime of a given flood
plain. The intention is to provide rational quantified elements to feed the debate on respective
responsibility of climate change and human action, and help in defining an accurate management
strategy for the reservoir.

Various flood plains have been monitored for two years through daily measurement of water levels both
in the flood plain and in the river. regular measurements of flooded areas limits through GPS and
analyse of remote sensing images. An hydrological modelling of the overall system has been elaborated,
from the upstream basin to the flood plain : natural regime or reservoir management regime, flood
propagation along the river, flood plain dynamics, ... This allows to compare the flooding of the plain for
the 1904-1998 period, both under natural conditions (wet period 1904-1972 and dry period 1973-1998)
and simulated reservoir management conditions. Methodological problems linked with the extrapolation
of results to the overall flood valley are considered.
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Studies on the role of nitrogen fixation and
denitrification in the floodplain forest of the varzea

H. KREmICH, J. KERN

A shift of organisms, biomass, and energy between rivers and their inundation areas are dependent on
the water level. Therefore, floodplains are dynarnic and complex ecosysterns which periodically oscillate
between terrestrial and aquatic phases. The high level of biomass production in the Amazon whitewater
floodplain is closely linked with the supply of nutrients, namely nitrogen.

The largest nitrogen load is transferred to the vârzea by the water of the Solimoes river. Alone this can
only partially explain the high productivity of macrophytes and of the floodplain forest. With about 20%
legurninous trees, there might be a high potential of nitrogen fixation due to the legume-rhizobium
symbiosis. Therefore N2 fixation may play an important role as a nitrogen source for the vârzea forest.

First results show that nitrogen fixation of rhizobium symbioses as weIl as offree living bacteria exist in
the vârzea forest. Active nodules have been found at roots of various legurninous trees as weIl as of
herbaceous plants, bushes, and lianas. Application of the acetylene incubation technique showed high
fixing rates in clear forest ground and in the rhizosphere of different tree species. Studies using the
natural abundance method resulted in low 15N/14N isotope ratios of woody legumes as weIl as of woody
non-Iegumes indicating that N2 Fixation is not restricted to legumes. Further studies using the isotope
dilution method shall help to quantifY the efficiency oftree-rhizobium symbioses to fix N2.

First findings of the factors influencing and regulating N2 fixation and denitrification indicate a high
variability of both processes within a few square centimetres of forest ground. A flooding experiment
using soil of a Cecropia forest with different amounts of additional water incubated in acetylene
atmosphere showed a high increase of denitrification with the maximum activity in the first 4 hours but
also a significant increase of nitrogen fixation with a maximum after 2 days of inundation. Since
nitrogen fixation and denitrification in the soil are mainly controlled by hydrological processes, the
continuous change from aquatic and terrestrial areas seems to be very important for the gaseous nitrogen
exchange.
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La rencontre des eaux des rivieres Solimdes et Negro
Modele en 3 dimensions

A.LARAQUE,~L.GUYOT,G.COCHONNEAU

Dans le cadre du programme HiBAm de I'accord CNPqlANEELlORSTOMlUnB, plusieurs releves avec
un courantometre aeffet Doppler (ADCP de 300 KHz) ont ete effectues sur la zone de rencontre des
eaux tres contrastees des rios Solimoes (beiges) et Negro (noires) juste en aval de la ville de Manaus.

Plus d'une vingtaine de sections perpendiculaires au cours d'eau ont pu etre explorees en periode de crue
cornme en etiage entre 1995 et 1998. Ces sections peuvent atteindre 90 metres de profondeur et des
largeurs de 5 000 metres pour des vitesses de l' eau depassant souvent 3 m.s-l. L' ADCP envoie un signal
acoustique toutes les 5 secondes. Cela pennet de decouper une section en parfois plus de 250 verticales.
Pour chacune d'entre elles, le temps de retour de I'echo et son alteration frequentielle indiquent leur
profondeur, ainsi que l'orientation des lignes de courant tout au long d'un decoupage en cellules de 2
metres de haul. En fonction des rnatieres transportees, ce meme signal infonne de I'intensite en Beam
qui y est liee, pour chaque cellule ainsi que de la vitesse moyenne de l'eau. Une repartition spatiale tres
bonne et tres precise est ainsi obtenue. En integrant toutes ces donnees sur la section, l' ADCP calcule en
instantane le debit liquide. Pour evaluer les flux solides et dissous, nous avons preleve pour analyses
(MES, elements majeurs dissous, COP, COD, elements traces), des echantillons d'eau a plusieurs
profondeurs sur differentes verticales et effectue des mesures in situ (temperature. conductivite
electrique, turbidite, pH, alcalinite). L'utilisation d'une sonde CID Profiler (SEABIRD SBE 19) a
egalement perrnis d'etudier en continu les variations verticales de la temperature et de la conductivite.

Grace ala comparaison des differents transects effectues et des resultats sur les parametres etudies, ce
poster illustre pour la premiere fois, par un modele en trois dimensions, la bathymetrie relativement
accidentee de cette zone, ainsi que la dynamique du melange tant du point de vue hydrologique que
geochimique.
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Dynamique hydrologique et geochimique de la rencontre des eaux
des rivieres Solimdes et Negro dans le bassin de I'Amazone

A. LARAQUE, J.L. GUYOT, P. SEYLER, N. FILIZOLA

Les eaux tres contrastees en tenne physico-chimique des Rios Negro et Solimoes se rencontrent au droit
de la ville de Manaus pour former le fleuve Amazone. On peut observer alors sur quelques dizaines de
kilometres une zone de melange entre les eaux « blanches » chargees en matieres en suspension du Rio
Solimoes et les eaux « noires» riches en matieres organiques du Rio Negro.

Afin de determiner les processus biogeochimiques qui s'y produisent, cette zone a fait I'objet d'une
etude scientifique detaillee lors de la campagne fluviale du programme HiBAm qui s'est deroulee en
periode de basses eaux entre le 16 et le 26 septembre 1997. Durant cette periode, la zone de melange a
ete echantillonnee selon douze coupes transversales. Chacune d'elle a ete etudiee en utilisant un
correntometre aeffet Doppler (ADCP de 300 KHz) qui a pennis de representer les lignes de courant. la
repartition des charges solides et de mesurer les debits. De plus, six sections ont ete explorees selon
plusieurs verticales, sur lesquelIes des mesures in situ (temperature, conductivite electrique, pH.
turbidite, alcalinite) et des prelevements ont ete effectuees a differentes profondeurs. Ces derniers ont
servis adeterminer la repartition des matieres en suspension, des teneurs en elements majeurs dissous,
du COP, COD, et des elements traces. L'utilisation d'une CID (Seabird SBE 19) a egalement pennis
d'etudier en continu les variations verticales de la temperature et de la conductivite. A partir de ces
donnees, des calculs de flux de matieres ont ete realises.

L'ensemble des mesures a permis de representer de facon detaillee la configuration et la dynamique de
la zone de melange des eaux. Les eaux du Negro se differencient de celles du Solirnoes par des valeurs
plus faibles a la fois des vitesses (0,4 a0,8 contre 3 m.s-l), des conductivites electriques (8 contre 70
OS.cm-l a 25°C), des turbidites (5 contre 80 NTU), des pH (5,5 contre 7), et par des temperatures
legerement plus elevees (31,4 contre 30,6 "C) correspondant aux caracteristiques physiographiques
particulieres de chacun des bassins draines. Dans la zone de melange dont la topographie du lit du
fleuve est relativement accidentee, les eaux du Solimoes plus denses et aux vitesses de courant plus
elevees, circulent sous les eaux du Negro. La ligne de contact est franche et quasi verticale au debut de
la zone de melange et s'inclme progressivement pour devenir horizontale et plus diffuse aproximite de
la surface (en fin de melange). Enfin au gre de la turbulence du courant les dernieres cellules d'eaux
noires du Negro sont absorbees par celles du Solimoes deux fois et demi plus puissant. Les calculs de
bilan effectues montrent que la loi de conservation de masse tant pour les elements majeurs dissous que
pour les transports particulaires est respectee.

Enfin, les resultats ADCP presentes ici ont ete compares aceux des transects effectues pendant d'autres
phases hydrologiques (notamment en crue).
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Transports specifiques dans le bassin du Congo

A. LARAQUE ,J.C. OLIVRY

Le fleuve Congo, ler du continent africain et 2eme de la planete, dispose d'une chronique hydrologique
qui couvre tout le Xxieme siecle. Par contre, par comparaison avec d'autres grands fleuves de la planete,
il est adeplorer une certaine carence de connaissance sur la qualite des ses eaux et sur leur variabilite
tant spatiale que temporelle, faute de donnees de terrain suffisamment abondantes.

Ce n'est que tres dernierement qu'un quart de son bassin versant de 3.7 millions de km2. a pu faire
l'objet d'etudes et d'un suivi scientifique regulier, de longue duree et courtes frequences a une echelle
spatiale consequente, En effet de 1987 a 1994, dans le cadre du programme PEGIIGBF . mene par
l'INSUlCNRS/ORSTOM • ce fleuve a son exutoire, a beneficie d'un suivi hebdomadaire de ses
concentrations en matieres en suspension (MES) et mensuel de ses concentrations en elements dissous,
pendant que ses affluents de rive droite etaient suivis au pas de temps mensuels pour l'ensemble de leurs
transports.

Ce travail fait la synthese pluriannuelle des calculs de bilans d'exportations de matieres ason exutoire en
affinant les rares estimations anterieures. 11 precise leurs fluctuations saisonnieres et leur tendance
interannuelle. Mais surtout, il permet de comprendre le fonctionnement de l'ensemble de ce bassin en
analysant pour la premiere fois de maniere quantitative et qualitative. les contributions de chacune de
ses grandes unites physiographiques. La Cuvette Centrale, vaste depression couverte d'une foret pluviale
en partie inondee en crue, celle de la ceinture de reliefs a cuirasse lateritique plus ou moins eleves et
couverts d'une savane arbustive a arboree et les plateaux Batekes constitues d'un immense aqui.fere
sablo-greseux sont autant d'ecosystemes qui impriment au fleuve de fortes signatures tant en terme
d'ecoulements que de transports de matieres, Les caracteristiques geochimiques associees a chaque
typologie des eaux, sont soulignees. L'etat d'equilibre du fleuve est decrit, tout comme l'influence des
vastes "Pool" qui le jalonnent (Sandy Beach. Stanley Pool) qui servent de "reservoirs temporaires ou
saisonniers" de sediments en etiage, qui sont ensuite repris et retransportes en crue.

Enfin, a la lumiere des enseignements precedents et du role joue par chacune de ces entites. un modele
de son fonctionnement biogeohydrodynamique est propose.
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Analisis y manejo de rios de la Amazonia Andina - Proyecto ARAM

C.A. LLERENA

An31isis y Manejo de Rios de la Amazonia Andina (AARAM. por sus siglas en inglés), es un proyecto
financiado por el Instituto Interamericano de Investigaci6n dei Cambio Global (lAI) que se desarrolla en
cuatro cuencas altas dei Amazonas, con la participaci6n de cientificos de Bolivia, Brasil, Colombia,
Ecuador, EE.UU. y Peru en calidad de investigadores principales; y cientificos Europeos coma activos
colaboradores.

AARAM - Peru, el componente peruano de AARAM, se lleva a cabo desde Junio de 1998 en la cuenca
andino-amaz6nica dei rio Pachitea (4500-300 msnm, 28000 km2) Ytiene coma sus principales objetivos:

1.- Obtener informaci6n hidrol6gica, meteorol6gica y sobre el uso de la tierra y el agua en la cuenca con
el fin de generar una base de datos que perrnita mejorar el conocimiento de los procesos hidrol6gicos y
de los impactos de la ocupaci6n hurnana de la cuenca y de los cambios en el uso de la tierra que esta
ocupaci6n genera, especialmente en los ecosistemas ribereiios. Este objetivo se complementa con el
necesario mejorarniento de las instalaciones y equipos de toma de datos en la cuenca.

2.- Capacitar a cientificos j6venes de la Amazonia andina en hidrologia y biogeoquimica amaz6nicos,
compartiendo experiencias interdisciplinarias entre los cientificos de los paises participantes y
colaboradores con el fin de buscar una metodologia comun de trabajo y desarrollar una masa critica de
especialistas con proyecciones al futuro y capacidad de influencia en los niveles de decisi6n politica. Con
fines apoyar a la capacitaci6n en otros niveles y de compartir y difundir informaci6n, se espera contactar
con organizaciones privadas y gubernamentales locales: ONGs, programas de desarroll0, escuelas y
otras.

En este reporte se presentan y discuten los avances dei trabajo realizado en la cuenca dei Pachitea hasta
el mes de Marzo de 1999, siendo los mas importantes: tres campaiias ( dos en periodo de creciente y una
en vaciante) de toma de datos de caudales y calidad dei agua en 14 estaciones dei rio Pachitea y sus
tributarios; la firma de un acuerdo de cooperaci6n con el Servicio Nacional de Meteorologia e Hidrologia
(SENAMHI) y los contactos con organizaciones gubernamentales y no gubernamentales que laboran en
la cuenca; el inicio de estudios de post-grado (M.Sc.) en la Universidad Nacional Agraria La Molina
(UNALM), de sendos profesionales de Bolivia, Colombia, Ecuador y Peru, con apoyo de AARAM 
Peru; la visita y participaci6n en una de las campaiias de toma de datos dei co-PI de Colombia; la
conformaci6n de un equipo peruano de AARAM de trece Integrantes, que a la fecha vienen produciendo
siete tesis de grado en la cuenca dei Pachitea; y el reforzarniento y consolidaci6n dei equipo
internacional de AARAM.
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Hidrologia y contaminacion de los rios de la Amazonia andina
por las actividades antropicas

J.G.MACO

En la Cordillera de los Andes nacen los principales rios fonnadores de la gran cuenca hidrol6gica
amaz6nica, los cuales se caracterizan por ser de cauce pedregoso y/o rocoso. presentando gran pendiente
y velocidades muy f<lpidas cuando discurren a través de los Andes. Sin embargo, ya en el !lano
amaz6nico. estos rios discurren por pendientes mas suaves y la velocidad de corriente se toma menos
rapida, siendo el cauce compuesto de material arenoso-arcilloso-lïmoso. Por otro lado, las actividades
antr6picas que se desarrollan en la Amazonia peruana, tales coma: las auriferas. las petroleras y las
urbanas, producen una serie de desechos que son arrojados a los sistemas acuaticos aledanos sin previo
tratamiento. En varios cuerpos de agua de las cuencas de los rios Tigre y Corrientes, donde se produce la
mayor actividad petrolera en el Peru, existe contaminaci6n por hidrocarburos y por las aguas de
producci6n. Asimismo, se ha deterrninado que las aguas de producci6n afectan seriamente el equilibrio
osm6tico de los peces 10 cual influye en el desarro!lo nonnal de sus funciones vitales. Los cuerpos de
agua aledai'ios a las grandes ciudades, tales coma : Iquitos, Pucallpa y Tarapoto, se encuentran
seriamente contaminados con hidrocarburos y coliforrnes totales y fecales los cuales son causantes de
una serie de cuadros epidemiol6gicos en la poblaci6n. Ademas, se reportan datos sobre los niveles de
contaminaci6n por mercurio en el sistema hidrol6gicos de la Cuenca dei rio Madre de Dios.
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Balbina, lOans apres...

M.D. MAGALHAES, A. M. FIGUEIREDO, A. LARAQUE

Le barrage Amazonien de Balbina situe sur le Rio Uatuma et alirnente par un bassin de 18 862 km2 a
maintenant 10 ans. D'un volume de 17 533 x 106 m3. it a fait J'objet durant toute cette periode, d'un
suivi physico-chimique (T''C, CE, turbidite, MES. residu sec, pH. transparence. couleur. chlorophylle,
02. phosphates. ammonium, Fe2+, Fe3+. H2S) de ses eaux (famille des black waters) sur 7 stations
repartics sur sa superficie. Ce travail presente les premiers resultats provenant de I'exploitation des
chroniques decennales des donnees de la station M l, la plus proche du barrage. la plus profonde (35
metres). et la mieux suivie (pas de temps hebdomadaire des parametres, enregistres tous les 2 metres de
profondeur).

n permet d'ores et deja de suivre l'evolution temporelle de ces parametres au sein d'une colonne d'eau,
comme d'apporter un jugement sur leur etat "d'equilibre ou de desequilibre" par rapport a un etat initial
connu. On peut interpreter ces ctats et meme predire leur evolution. comme la date de retour aun etat
originel, grace aun modele simple, base sur des courbes de tendances.

Par exemplc, la conductivite electrique, montre une variation verticale brusque (halocline) aux alentours
de 10/15 metres du fond. Des la mise en eau du barrage. elle a fortement augrnentee avec un gradient
vertical depassant 70 uS/cm a 25°C au fond de la retenue. suite aux perturbations apportes au sol. En
moins de 2 ans ses valeurs de surface et de milieu ont ete divisees par 2. puis depuis 8 ans, elles
connaissent un retour regulier et plus lent a une "normale" ou situation initiale (6-7 uSlcm a 25°C).
qu'elles atteignent en fin 1997. La conductivite de fond quant a elle subit des variations plus erratiques et
prononcees taut au niveau saisonnier que interannuel. L'utilisation du modele predictif precedemment
annonce, amene a penser, dans l'hypothese d'une poursuite continue de l'evolution actuelle, que la
conductivite de fond rejoindra les valeurs de surface (actuellement a l'equilibre avec celles des apports
lateraux et atmospheriques) que vers mi 2002.

Les tendances des autres parametres confinnent ce diagnostique, Par centre, l'oxygene dissous montre la
persistance d'une couche de fond abiotique. suggerant un faible brassage vertical des eaux.

Enfin, des correlations entre differents parametres sont presentees (turb.-MES. CE-RS.... ). ainsi que des
bilans de matieres tant en suspension que dissoute.

Des etudes plus amples se poursuivent sur toute la base de donnees disponibles afin de caracteriser et
comprendre plus finement cette dynamique spatio-temporelle et les processus en jeu dans le but de
pouvoir les comparer avec d'autres milieux similaires.
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Pertes en eau dans la cuvette lacustre du Niger :
Bilan hydrologiq ue et surfaces inondees

G. MARE, F. BAMBA, L. DEMBELE, D. ORANGE, J.C. OLIVRY

La cuvette lacustre du Niger couvre une superficie totale d'environ 73 000 km2, et s'etend a I'aval des
stations hydrologiques de Kelvlacina sur le fleuve Niger (147000 km2) et de Douna sur le Bani (102 000
km2), jusqu'a Dire et Tombouctou au nord. Elle est divisee en une partie sud (58 000 km2), et nord (15
000 km2), de part et d'autre d'un chapelet de lacs centraux dont les debits sont controles a leurs
exutoires. Pluies et debits diminuent sur la periode d'observation commune 1955/1996. Le debit entrant
est de 1490 m3s-1, le debit sortant aDire est de 900 m3s-1. La perte totale moyenne est de 40 % du
debit entrant moyen, 18,6 km3. variant sur la periode entre 24 et ~8 %, soit ~ et 39 km3. Les pluies sur
la region varient entre 356 et 682 mm, pour une moyenne de 545 mm. Les pertes annuelles sont plus
fortes dans la cuvette nord (10,5 km3) que dans la cuvette sud (8,2 km3), cette derniere etant pourtant 5
fois plus grande en surface. Le sud est une plaine de transit. oil l'ecoulement est seulement retarde. Dans
le nord l'inondation alimente de tres nombreuses depressions laterales oil I'eau est piegee, I'ETP y est
aussi plus forte. Le total evapore au-dessus de la cuvette serait en moyenne de 800 mm annuels, mais
pourrait varier entre 400 mm (1984/85) et 1300 mm (1924/25).

Ces pertes en eau dans la cuvette sont d'environ 430 mm de 1955 a 1970, puis de 215 mm durant les
annees 70 et enfin d'a peine plus de 100 mm durant les annees 80. Les pertes en eau dans la cuvette
nord, plus importantes que celles de la cuvette sud diminuent depuis 1955, alors que dans la cuvette sud
les pertes ont augmente jusqu'au milieu des annees 60 avant de diminuer egalement jusqu'a des valeurs
comparables a celles de la cuvette nord. Il y a une relation lineaire entre les pertes et les debits entrants.
Les pertes dans la cuvette sud augmentent lineairement aux debits d'entree jusqu'a 1500 m3s-1. Pour
des debits superieurs les pertes augmentent peu. Le schema est inverse pour la cuvette nord, oil les pertes
sont plus faibles que dans le sud pour des debits entrants inferieurs a 1500 m3s-1, mais oil les pertes
augmentent ensuite formtement. Il semble par ailIeurs y avoir un changement de relation entre les
inondations des deux cuvettes autour de 1971, annee de rupture statistique des series.

Les surfaces inondees ont ete calculees par deux methodes differentes. basees sur l'equation du bilan
hydrologique (Olivry), l'autre sur une relation qui prend en compte les hauteurs d'eau a Mopti, station
hydrologique situee au milieu de la cuvette lacustre (Cisse-Gosseye). Les valeurs des deux modeles sont
parfois assez differentes mais les sens de variations sont concordants. Les surfaces inondees vont de
3000 km2 a40 000 km2 pour les valeurs extremes. La perte augmente avec la surface mondee, ainsi en
1955 elle est de 540 mm pour une surface inondee de plus de 40 000 kmz. et en 1984 elle est de 61 mm
pour une surface inondee entre 3000 et 9000 km2 selon les modeles, Une etude est en cours pour
calculer les surfaces inondees al'aide de l'imagerie satellitaire NOAA AVRHH.

Si l'essentiel des pertes est evapore, la cuvette foumit chaque annee en moyenne plus de 15 milliards de
m3 d'eau a l'atmosphere en plus des 35 milliards de m3 foumis par la pluie au-dessus de cette region,
Cette cuvette lacustre constitue un reservoir d'eau pour l'evaporation sur le trajet des lignes de grain qui
traversent I'Afrique de l'Ouest d'Est en Ouest, bien que l'inondation n'atteigne son maximum qu'a la
fin de la saison pluvieuse. L 'influence de la pluie sur I'ecoulement dans la cuvette serait tres faible. entre
5 et 10% pour les extremes avec un coefficient decoulement suppose de 5%.
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The threat of sand on the Niger river in Mali

H.A. MAIGA, A. GERBE

The Niger, the largest river in West Mrica, crosses the country of Mali on 1 750 km travelling from
humid areas in the South-West to semi-arid zones in the North-East. In these regions bordering the
Sahara desert, the river, which flows practically between sand dunes, has an influence on the natura!
environment and puts rhythm into all the econornic activities of native populations. In addition be under
a subdesertic climate. the river valley is submitted to recurrent droughts. The deficit in rainfall, and the
decrease in the discharges noticed since 1970 had catastrophic impacts like the progression of sand
dunes into the floodplain of the river. the drying of lakes. the reduction of both area and duration of
floodings, the degradation of the vegetation.

The semi-arid climate of the area is characterized by very small rainfall, high temperatures and
dominant winds from East et North-East. Since the occurrence of the last drought in 1965 in this zone,
it has been observed an increase in the sand movement and deposits in particular in the valley the Niger
river.

The riverside populations are made anxious in one hand by the invasion of their fields and habitations
by eolian sand after storms and on the other by the fast generation of sandbanks and sandbars in the
main channel of the river by water erosion. The dunes bordering the river have moved several tens of
meters into the floodplain reducing the agricultural land traditionally devoted rice irrigated by natura!
flooding. This situation is made worse by the ephemeral streams flowing during the rainy season which
discharge a good quantity of sand in the floodplain.

Because of the reduction of inundated areas, the farrners have moved their new fields into the mean
water bed of the river destroying the natural vegetation, which induced a stronger erosion of the banks
and bed in several reaches.

The causes and consequences of the increase of sandbanks and sandbars movement into the Niger river
are diverse; they strengthen each other ; one can cite among the most important, drought, desertification
and the pressure of mankind and livestock on the environment. the directs effects are among others.
villages and cities threatened, agricultural land reduced, a stronger depopulation from rural areas
towards the towns or more wealthy countries, a navigation becorning more difficult on the river.

The fight against sand dust, sandbanks, and sandbars in the river valley comprises today several forms
whether it concerns the reduction of eolians deposits or the protection of the river banks erosion. Against
the eolian hazard, one proceeds in one hand by fixing mechanically and biologically the sand dunes and
in the other hand by promoting tree plantations to serve as windbreak around irrigated perimeters and
habitations. To protect the bank against waves, natural vegetation called « bourgou » is intensively
replanted.
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Interdecadal and long-term variability of the hydrometeorology
of the Brazilian Amazon basin

J.A. MARENGO

RainfaIl indices were constructed for both northem and southem Amazonia. and together with river data
were used to identify possible climate trends in Amazonia. Besides the fact that no systematic long-tenn
trends towards drier or wetter conditions were identified since 1920's, it was observed a 20-year time
scale variation of rainfaIl in northem Amazonia, a similar variation of rainfall in southem Amazonia.
an opposite tendency of rainfall in both regions. and an effect of the sa that is stronger in northem
Amazonia, and very weak in the southem basin. This tendency or cycle is somewhat observed on the Rio
Negro water levels at Manaus but it is absent from the records of other rivers in Northem or Southem
Amazonia.

Sorne of the observed long-tenn variations, especially in northem Amazonia are consistent with previous
identified interdecadal variability in circulation and sea surface temperature meridional gradients in the
tropical Atlantic, and do not seem to show a direct relation to changes in land-use in Amazonia.
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Total mercury distribution in the Bolivian tributaries of the Madeira River.
Importance of the biomagnification process in the aquatic food-chain

L. MAURICE-BOURGOIN, O. MALM, P. COURAU

Mercury contamination from amalgamation of gold in small scale gold mining is an environmental
problem of increasing concern, particularly in tropical regions like Amazon, where a new boom of such
gold mining started in the 1970s. Results on the mercury concentration in two abiotic compartments
(water and sediments) and two biotic compartments (fish and human hair) from the gold-mining areas
of the Bolivian Amazon basin, are presented. Total mercury concentration range measured in surface
waters of the upper Beni river basin vary from 2.24 - 2.57 ng 1-1 in glacial waters of the Zongo river, to
7.22 - 8.22 ng I-I, in the Beni River at the end of the Andean piedmont. The highest mercury
concentrations were not found in the rivers where the mining activities take place but at the outlet of the
Andean sub-basins exploited for their alluvial gold.

Total mercury concentrations measured in sediments vary from 0.012 in the Beni river downstream to
0.244 ug Hg g-1 in the Mapiri river. The quite low concentration of Hg in the sediments indicate a low
sedimentary contamination due to the high particulate transport in the Beni river, especially in its
Andean tributaries.

The mercury concentrations found in carnivorous fishes vary in the Beni River from 0.8 to 1.8 J.lg Hg g
1, in the Mamore River, from 0.4 to 2.1 ug Hg g-I, and in the Madeira River at its formation from 0.3 to
5.2 ug Hg g-L This results indicate, on one hand, that each of the carnivorous fishes collected is
contaminated and on the other hand, that high mercury concentrations can nearly exceed 10 times the
WHO (1976) safety limit. Although main gold-mining activities take place in the headwaters of the Beni
river and at the confluence of the Mamore and Beni rivers, the Mamore ecosystem in the flood plain is
also contaminated. This means that vapour mercury released in atmosphere during burning operations
may be easily reoxidised, due to the high humidity, and deposited again by wet or dry precipitation in
the plain. The mercury accumulated by carnivorous fishes is mainly present on its organic form ;
methylmercury represents 70 to 100% of the total mercury analysed, confirming the methylation and the
accumulation of Hg in the food chain. Thirty persons have been studied in all the Bolivian Amazonian
basin; seven of them present elevated levels (> 6 Ilg g-I ww, limit WHO for beginning poisoning). Our
results show that the major health impact caused by mercury affects people who are not working directly
in gold cooperatives but who have a regular fish diet.
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Transport and behaviour of total mercury in the Amazon River
at the confluence of black and white waters

L. MAURICE-BOURGOIN, B. QUEMERAIS, J.L. GUYOT, A. LARAQUE

Transport and transformation of mercury and the role of organic matter in these processes have been
studied in the Amazon river at its confluence of the Negro ('black water'), Solimoes and Madeira
('white waters') rivers. With the Tapaj6s R., the Negro R. presents the highest total Hg content (11,6 to
18,2 ng 1- 1). This high Hg concentrations measured in the Negro R. are due to the extreme particulate
Hg content which reach values (2074 ng g-1 at the surface) 10 to 20 times higher than these measured in
the other Amazon tributaries. Beyond flood hydrological period, the mercury comportment is mainly
conditioned by the colloidal and particulate carbon. The total organic carbon analysed in the Negro R.
waters is constituted mainly with particulate carbon (54,8%) whereas the dissolved organic carbon is
composed mainly with humic compounds (50%), carriers for most of the metal ions transported in the
rivers. The high Hg concentrations observed in the Negro waters can be explained by the run-off
processes in the drainage basin associated with the Hg speciation processes in the forest soils. The
comportment and the accumulation of Hg are controlled by complexing and mobile humic compounds
and by their adsorption on the Fe and Al oxy-hydroxydes.

At the confluence of the Negro R. black waters and the Solimoes R. white waters, we can observe an
abrupt decrease of the Hg content. The Hg fluxes carried by the Negro and Solimoes rivers, in dry
hydrological season, reach respectively 39 and 55 kg Hg d-I ; 60 km downstream their confluence, this
flux decreases to 73 kg Hg d-I, which represents a net loss of 5 kg dissolved Hg d-I and 15 kg
particulate Hg d-I. This losses must be correlated with the comportment of the total suspended matter
and with the particulate and colloidal organic carbon. In black waters, mercury is mainly adsorbed on
organic particles, linked to Fe and AI oxy-hydroxydes of the collordal fraction, and can floculate and
deposit in the confluence zone with white waters.

On the other hand, downstream the confluence of the Amazon with the Madeira R., mercury is
conservative. Its total concentration reaches 9,8 ng I-I downstream which differs from 2,8% with the
theoretical value, which is in the same range of the analytical precision.
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Trace elements distribution in the Andean sub-basins of the Madeira river:
role of the weathering processes in the freshwaters geochemistry

L. MAURlCE-BOURGOIN, F. GASC, F. ELBAZ-POULICHET, P. SEYLER

The distribution of trace elements (V, Mn, Co, Ni, Cu, Zn. As, Rb. Sr, Mo, Cd, Sb, cs, Ba. Pb, and U)
was investigated in surface waters and associated particles in the upper Amazonian basins, in Bolivia.
Three main factors of the geochemical characterisation of the studied rivers explained mainly by
weathering and dilution processes. are : i) substrate lithology, ii) mining activities, and Hi) organic
matter content. Using statistical methods (PCA), the combined use of this geochemical data with
geological information on each watershed demonstrates the fundamental role of the weathering
processes on the trace chemistry of the Andean rivers. The geochemistry of dissolved elements reflects
the lithological differences between the Mamore and Beni basins. Andean tributaries of the Mamore R.
are characterised by high concentrations of Mn, Sr, Mo, Ba and U while high concentrations of As, Zn,
Cd and Cs characterise Andean tributaries of the Beni R. Dissolved Sr. Ba, Mo, Rb, U and to a lesser
extend Zn and Cd correlate with major ions and appear to be predominantly derived from soluble rocks
(carbonates, evaporites or sulfides essentially contained in shale). Influence of the shale erosion from
Silurian and Devonian series explain the high concentrations of V, Zn, Cu and Pb measured in Beni
tributaries. Additionally, the high values of Co, Ni and Mn reflects the Palaeozoic detritical series from
the drainage basins of the Tipuani and Challana rivers. The higher content of Mn in the Ichilo river may
reflects the predominance of carbonate rocks in this Mamore sub-basin. Regarding to the anthropogenic
influence. the high Zn, As, and Cd concentrations measured in the Taquesi river can be explained by
important mining activities. High values of V measured at the end of the dry season in plain rivers
('black waters') can be correlated with the decreasing of the phytoplancton biomass.

The fractionation of trace elements in SPM has been attributed to the sorting of feldspars during
transport in water, and to the mixing between clay minerals and quartz. These minerals, refractory to
weathering and introduced in water rivers by mechanical erosion, have not contributed to the dissolved
load and the contribution of silicate phases remains rather small.
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Towards a mechanistic, remote-sensing driven model of organic matter cycling
Jinking the land surface and river system in the Amnon basin

E. MAYORGA, J.E. RICHEY, A.K. AUFDENKAMPE

The biogeochemical imprint of large riveTS results from a complex mixture of materials originating in
heterogeneous regions and transformed during transit through the fluvial system. A number of
approaches have been used to explain river observations in tenns of key detennining processes and
dominant regions of influence. These include careful mass balance and compositional studies in small
catchments. considering the major sources and transformations along flowpaths: statistical identification
of aggregated controlling variables in the drainage areas: extensive analysis of the elemental, molecular,
and isotopic composition of riverine organic matter (OM). coupled to lab experiments and
undeTStanding of the effects of different basic processes: and models of particular environments or
flowpaths. White each method has unique strengths. they can suffer from difficulties in extrapolating to
larger riveTS draining heterogeneous environments. lack of mechanistic underpinning and validation, or
an inability to make quantitative statements about the relative importance of ditTerent processes. We will
present our current developments towards an integrated modeling framework aimed at quantitatively
describing the dynamics of OM cycling in mesoscale to large rivers by mechanistically tracking the
evolution of OM from the land, through the river corridor. to the river. The biogeochemical model is
lightly coupled to spatially distributed models ofwater and sediment C)'CIing and transport. Development
and testing center on the Amazon basin. building on nearly two decades of detailed biogeochemical
studies in a large variety of riverine environments under the CAMREX project (Carbon in the Amazon
River Experiment): and other projects focusing on mesoscale basins in human-impacted regions (as part
of LBA: Large scale Biosphere-Atmosphere experiment in Amazonia). and using long. continuous time
series of basin·wide satellite images to detect land surface dynamics and force hydrological and
biosphere models (as part of NASA's Earth Observing System). We intend to synthesize the
understanding gained from the ditTerent approaches listed above. from the Amazon and other regions.
Already in place is a system of linked land-surface hydrological and biosphere models forced by a time
series (1981 to 1998) ofclimate and biophysical variables derived from the NOAA-AVHRR sensor at 5
km resolution. The biosphere model currently implemented is CASA. which includes net primary
production. litter and root turnover. and soit organic matter (SOM) C)·cling. Like CENTURY. it divides
SOM into conceptual pools \Vith eharacteristic turnover times. Like most current land-surface biosphere
modcls. these models generally do not handle the export of OM to the river system in any detail. Results
from CAMREX have emphasized the key role of sorptive processes in controlling the cycling of OM and
the distinct compositional imprint of ditTerent particulate and dissolved size fractions. and have made
clear the need for aM models that are more geochemically based and applicable to both terrestrial and
aquatic environments. These requirements have led us to adopt a conceptualization of measurable OM
pools based on density or size fractions. Current concepts and plans for numerical implementation will
be discussed. We are using a linear routing scheme for moving waler and materials from the land
lhrough the river network. In conjllnction with the development of a ne\\" geochemical mode\. the river
system will bc subdivided imo at least three scales: the smaUest streams at "sub-pixel" scale receiving
direct input from the land. medium-scale streams handled in a generalized fashion. and larger-scale
riveTS (drainage areas of - 2000 km2 and larger) treated explicitly. Our focus lies on the larger-scale
nvers. but this hierarchical framework can be modified when finer resolution regional data becomes
avatlable. More realistic surface water routing and geochemical transport-reaction will bc implememed
at this scale. Another key component that must he developed is sediment cycling. We plan to start with
simple assumptions about erosion and sediment transport regime. and later implement schemes from
related projects. This system of coupled models is heing developed \Vith several objectives. First it will he
used to quantitatively evaluate current hypotheses of organic matter C)'CIing. llsing the river datasets
from CAMREX and LBA. In the future. il can he used to predict the composition and flu.xes in ungaged
systems. and the impact of anthropogenic scenarios on river systems. Lastly. when coupled to detaiIed
riverine measurements. it may serve to provide indirect constraints and validation for land-surface
biosphere models.
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Water quality in the Peruvian Amazon:
A survey of results from environmental impact assessments

M.E. MCCLAIN, M. GOMEZ-BARRIOS, M. GONZALES

Reliable data on the quality of water in the Amazon basin are exceedingly rare and generally limited in
their geographical extent. This lack of data weakens our ability to evaluate the condition of surface
waters of the region and to identify sensitive or vulnerable areas. Consequently, little infonned advice
can be given to planners and policy makers who must decide issues ofwater protection and development
in the region.

As one alternative means of filling data needs, we have acquired and tabulated the results of several
baseline envirorunental studies conducted in areas of potential petroleum exploration. These data have
been generated as part of official environmental impact assessments (ElAs) which are required by the
Peruvian Minist!)' of Energy and Mines prior to the final approval of any petroleum
exploration/exploitation plans. In all cases, the sampling was carried out by independent contractors
and analyses were made in laboratories in Lima, Peru. Both sampling and analytical methodologies
generally corresponded to those recommended by the US Environmental Protection Agency (EPA). The
variety of water quality parameters analyzed are shown in the table.

Physical Temperature, Conductivity, FTIJ, Total Suspended Sediments

Biological Total Colifonn Bacteria, Fecal Colifonn Bacteria

Nutrients Nitrate, Arrunonia, Phosphorus

Organics BOD, COD, Phenols, Oil & Grease, Hydrocarbons

Major Ions Chloride, Sulfate, Ca, Mg, Alkalinity

Trace Metals Ag, Ar, As, Ba, Cd, Cr, Cu, Fe, Hg, Ni, Pb, Se, Zn

Physical characteristics and major ion concentrations reported in EIAs are generally within the same
ranges as those reported in academic investigations, while trace metal concentrations are generally
below detection limits. Nutrient levels reported in ElAs are similar to, or greater than, academic
investigations. Perhaps the most intriguing results are the biological and organic parameters, as these
are rarely included in academic research programs from the Peruvian Amazon. Oil and Grease was
detected in 38 of 63 samples. Assuming the measurements to be accurate, this organic contamination
may derive either from spills in nearby oil-producing areas or from natural oil seeps. Colifonn bacteria
counts and BOD values also reveal higher levels of organic contamination than is generally expected in
the remote ar~s sampled.

We will present and discuss these data in light of existing datasets to achieve a more comprehensive
assessment of the water quality status of rivers in the Peruvian Amazon.
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Large rivers and their flood plain as conveyors and storers of sediment.
An overview.

R.H. MEADE

Large rivers are continental-scale conveyance systems for moving sediment. The three major river
systems of South America, for example, convey massive quantities of sediment from the leading edge of
the drifting continent to its trailing edge. Between original source and ultimate sink, the sediment can be
subjected to multiple episodes of storage into and remobilization out of floodplains and other alluvial
features. Residence times of sediment in storage may be sufIiciently long (i.e., millennia) in sorne
floodplains to allow the pedochemical transformation of the mineraI compositions of the sediment
particles.

Sources of sediment in large river systems are heterogeneous and variable in space and time. Exchanges
of sediment between channels and floodplains, in sufficiently long reaches of river, can store and
remobilize quantities of sediment that are greater than the net downriver fluxes. In the lower reaches of
most large river systems, floodplains are net sinks for riverine sediment. The seaward transfers of river
sediment into deltas, estuaries, and onto continental shelves are complex responses to ocean tides, ocean
currents, and the spatial configurations of coastlines.
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Ligaciones entre el régimen hidrolôgico y la productividad biolôgica
en la planicie de inundaci6n dei Rio Parana

E.M. MENDIONDO, J.J. NEIFF

El sistema Paraguay-Parana (Area > 2xl06 km2) presenta su eje mayor orientado en sentido N-S,
cortando fajas clitruiticas y territorios litoestructurales diferentes, siendo la via natural de transporte de
sedimentos para el Océano Atlantico. Ademas, presenta un valle de inundaci6n con alta productividad
biol6gica. con mas de 300 especies peces, cuya producci6n supera 1 ton.ha-l.aiio-l. En esta extensi6n de
800 km en sentido N- S, con ancho medio de 15 km, se desarrolla la explotaci6n pecuaria, forestal, de
pesca y de turismo, localizandose junto al Proyecto Hidrovia. via comercial para los paises dei
MERCOSUR.

Los ciclos bio-hidroquimicos de la zona estudiada esta en continuo cambio durante estos Ultimos aiios,
tanto por disturbios antr6picos a través de obras de ingenieria dentro dei valle y, en térrninos moderados,
por la construcci6n de represas aguas arriba. Existen también alteraciones en los regimenes de
precipitaciones a partir de 1970 cuando se denota una mayor frecuencia entre eventos extremos a causa
dei ENSO (p.e. 1983, 1992 e 1998). Este cuadro leva a una alteraci6n en los ciclos de nutrientes y a un
ciclo de paulatina fragmentaci6n dei paisaje. La metodologia usada trata de indices de vegetaci6n NDVI
(Normalized Difference Vegetation Index), que infieren sobre la tasa de consumo de agua por las
plantas. Fueron analizadas las series temporales de los niveles de agua en el valle de inundaci6n y
relacionados con las respuestas de NDVI para los periodos AbrilJl992 hasta Setiembre/1993. y
Febrero/95 hasta Enero/96 con paso de tiempo de Dt = 10 dias, a través imagenes NOAA-AVHRR.
Conforme si la zona analizada dentro dei valle de inundaci6n esta conectada 0 no al cauce principal, su
crecimiento vegetativo resulta diferenciado. Asi 10 indican las curvas de crecimiento de Eichornia spp
monitoreadas en el periodo.

Los valores de NDVI medios areales sao contrastados con las oscilaciones naturales dei hidr6metro
local. Los resultados indican que existen zonas con decaimiento temporal de NDVI sujeto a la posici6n
relativa que éstas ocupan dentro dei valle, 10 que interfiere en la productividad. Los indices vegetativos
fueron evaluados en funci6n de la fragmentaci6n dei paisaje para diferentes niveles de inundaci6n y para
diferentes rangos de biomasa. Estos indicadores sao correlacionados con el hidroperiodo deI humedal
(Mendiondo, 1998), por funciones dei tipo FITRAS (Neiff, 1996) y discutidas sus relaciones entre ellas.
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Resiliência das bacias fluvias a partir de intervalos de variaçiio de vazoes maximas

E.M. MENDIONDO, R.T. CLARKE

A resiliência de um sistema hidrol6gico natural permite absorber as perturbaçôes que sobre ele incidem.
Esta habilidade dos sistemas hidrol6gicos é traduzida pela sua capacidade de dissipar energia ante
eventos extremos. a Método Classico trata este t6pico através da analise dos intervalos de confiança das
vaz6es extremas, isto é ante eventos corn baixa probabilidade de ocorrência. No entanto, 0 Método
C1<issico admite uma visao parcial, considerando somente leis estatisticas e nao necessariamente fisicas.

Neste trabalho é introduzido um Método Altemativo que estima a resiliência ante eventos extremos de
forma combinada i) fazendo uso da abordagem classica e ii) pelo uso intensivo de reamostragens dos
dados obtidos da partir da natureza fisica presente nas mediç6es de vazào. Esta metodologia foi aplicada
em dois ambientes geogrâficos : i) em bacias de clima subtropical de até 3x104 km2 de area de captaçao,
afluentes ao rio Droguai no Brasil, sendo algumas delas embutidas espacialmente e ii) no sistema do Rio
Parana de 2 x 106 km2 de area, onde se desenvolvem grandes zonas ribeirinhas e pianicies de
inundaçao, drenando aguas de Brasil, Paraguay e Argentina. Em ambos casos foram testados diferentes
coeficientes de aproveitamento do inventario hist6rico de mediçôes.

Os resultados mostraram que i) 0 aumento do numero de mediçôes de vazào se traduz em intervalos de
variaçao menores, ii) a resiliência estimada, interpretada através dos intervalos de confiança, pelo
Método Altemativo foi sensivelmente menor à estimada pelo Método Classico usando varios tipos de
distribuiçôes te6ricas e dois métodos de estimativa de parâmetros; iii) embora os intervalos pelo Método
Altemativo sejam reduzidos, na maioria dos testes realizados, eles contém a estimativa original. Os
resultados indicam uma evidência forte de distorçao das larguras dos intervalos entre os dois métodos
conforme diminue a freqüencia de ocorrência do evento extremo.

A degradaçao destes intervalos por unidade de area tem um comportamento erratico para bacias
menores, porém numa faixa entre 2,7xlü4 a 3,lx104 km2 os resultados apresentam uma certa
"regionalizaçao", mostrando-se a nova metodologia consistente corn 0 aumento da bacia. A interpretaçao
dos resultados permite discutir os alcances de nova metodologia conforme a disponibilidade de dados.
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Towards typologies of major world river basins

M. MEYBECK, C. VOROSMARTY, P. GREEN

Depending on their definition. from 550 to more than 1.000 rivers have been registered as major world
rivers (Meybeck and Ragu 1995, Milliman et al 1996). The biogeochemical functions of these systems in
terms of network organization, transfer and storage of water. particulates. dissolved matter, originating
from natural or anthropogenic sources. provides unique information on chemical weathering. soil
formation and erosion. fonnation of detrital sedimentary rocks. inputs to oceans, aquatic biota and its
diversity. In tum world rivers can be affected by human activities through various activities and misuses
along various gradients of pollution and of artificial control. The combination of these may lead to an
infinite number of river types. We are proposing here a small set of major differenciations mostly
associated with river fluxes as proposed within IGBP (Vorosmarty et al 1997. Meybeck 1998) which will
be illustrated for the 30 largest world basins according to their potential drainage area.

The selected basins are described with a 30-minute spatial resolutlOn using the Simulated Topology
Network (Vorosmarty et al 1999A). Each river basin is described \\ith a set of both non-hydrological
attributes (dry data) and hydrological attributes (wet data). The potential river network differentiate
between the inland drainage or endorheism and the drainage to oceans or exorheism. Our global runoff
model (Vorosmarty et al 1998) simulating the yearly average nmoff field as weIl as the seasonal runoff
variations pennits the separate rivers with pennanent. intennittent and ephemeral flows (rheism) from
non-flowing or occasional flow (arheism). based on a 3 mm average runoff model also used to
differentiate within river systems their active and passive subbassins in tenns of lateral transfer of water.
Sorne of the world's major rivers are only partially active such as the Orange. Nile, Niger. Tarim. Usmg
whole-basin attributes to understand the functioning of these systems leads to severe bias where only
their active parts should be considered.

Basin heterogeneity. even for the 100 % active basins. should also be carefully considered using both dry
data (e.g. elevation. climate. soi!. lithology that control the potential sources of nverbome constituants)
and wet data (e.g. surface runoff. wetland occurrence. lake occurrence [limnic index. Meybeck 1995].
reservoir distribution [neo-Castorization: Vorosmarty et al 1997]) that control lateral transfer and sinks
of material. The time scale ofwater transfer in river systems and its alteration (river aging. Vorosmarty
et al 1997). is much linked to nutrient cycling and particulate retention (sediment delivery).

Surface water engineering (rivier damming. diversion. irrigation) now widespread. results in
significantly decreased water discharge over the last fifty years : Colorado. Nile. Indus. may eventually
lose their connection to coastal seas. Another major linkage between human activities and river systems
is described by the distribution ofboth urban and rural population with regard to the surface river runoff.
There is an extreme range of potential population pressure on rivers. over several orders of magnitude.
Eventually this index and others (such as the fertilization rate of cropland ) will be compared to the
changes of world river quali ty.
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Modelo matematico para pasar la informacion pluviométrica
a informacion menor a 24 horas y su aplicacion en caudales maximos

en la cuenca dei rio Uchusuma-Mizque

G. MIRANDA

En base a formulas matematicas existentes para el calculo de intensidades de precipitaciones inferiores a
24 horas. se ha obtenido un modela matematico de transformacion de la informacion colectada cada 24
horas y distribuir esta informacion en periodos de 10 minutos para la estacion meteorologica de
AASANA-Cochabamba. Los resultados que se obtienen con este modelo se asemeja en un 90 %. a la
informacion que se registra en el pluviografo. por 10 que se considera este modela adecuado para ser
empleado en otras cuencas bajo condiciones de c1ima semiarido y con caracteristicas fisiogréificas
similares a la zona estudiada. Ademas se aplico el modelo para la estimaci6n de caudales ma.ximos de la
cuenca Uchusuma-Mizque.
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La variabilite hydrologique du bassin amazonien
et la circulation atmospherique oceanique

M. MOLINIER, J.L. GUYOT, G. COCHONNEAU, V. GuIMARAEs, E. OLIVEIRA

Une premiere exploitation de la banque de donnees hydrologiques du projet HiBAm (CNPq - IRD \
DNAEE \ DnB) orientee vers l'etude de la variabilite climatique (Guyot et al., 1997) avait montre qu'il
existait de bonnes correlations entre l'indice d'oscillation austral (South Oscillation Index - SOl) et
l'indice des debits dans la partie nord-est du bassin amazonien. Pour le reste du bassin, des tendances
regionales ont aussi ete observees, mais n'etaient pas toujours significatives.

Cette note se propose d'affiner cette premiere etude en prenant en compte l'ensemble du bassin
amazonien, et non plus seulement 17 stations hydrologiques, et de la comparer a quelques grands
bassins tropicaux du continent africain comme le Niger, le Senegal et le Congo.

Les resultats ne sont pas fondamentalement differents pour le bassin amazonien. On retrouve les zones
sous l'influence directe de ce phenomene, comme le nord-est du bassin (bassins du Jari et du Rio Branco)
ou les phases "El Nino" (El Nino South Oscillation - ENSO) correspondent a des diminutions assez
marquees des precipitations regionales ce qui entraine une baisse importante des debits des rivieres.
Dans une moindre mesure, le bassin du Rio Negro et la partie aval de l'Amazone peuvent etre classes
dans cette categoric, A l'inverse, les debits du Rio Madeira augmentent durant les phase "El Nifio" et
diminuent lors des periode de "La Nifia", mais de facon assez peu sensible.

Ace phenomene "El Nifio" associe aux anomalies de circulation generale de l'atmosphere (Walker), se
superpose un autre phenomene qui a une grande influence sur la variabilite du climat du continent
americain (Hastenrath and Heller, 1977, Nobre et Shulka, 1996) et du continent africain (parker et al.,
1988, Folland, 1991). n s'agit de la circulation meridionale (Hadley) liee au gradient des anomalies de
temperature de surface de la mer (Sea Surface Temperature - SST) de l'Atlantique tropical. Ces deux
phenomenes modulent, de maniere conjuguee, la variabilite du climat de l'Amerique du Sud en general,
et de la region amazonienne en particulier. Bien que les effets du phenomene ENSO se fassent sentir de
facon plus intense sur la pluviometrie et done sur les debits des cours d'eau amazoniens, on constate que
les anomalies de SST sur l'Atlantique tropical influencent egalement le climat de cette region. Cette
double influence est particulierement perceptible sur les fleuves Jari et Rio Branco et, a un degre
moindre, sur I'Amazone a Obidos. En effet, on observe, comme dans le cas de la region Nordeste du
Bresil ( Aragao et al., 1994, Aragao, 1997), des episodes de deficit plus intense lorsque se conjuguent les
effets d'ENSO (ocean Pacifique chaud) et une anomalie negative du dipole atlantique (ocean Atlantique
Sud chaud et oceanAtlantique Nord froid). Ce phenomene a ete particulierement ressenti en 1998.

Les regimes des grands fleuves de l'Afrique tropicale ne semblent pas etre aussi directement affectes par
ces phenomenes. C'est tout au moins le cas pour le Congo ala station de BrazzavilIe (3 475000 km-) et
pour le Niger aKoulikouro (120 000 km-), Une etude plus fine, englobant d'autres bassins africains, est
cependant necessaire pour confirmer ce point, en particulier en ce qui concerne les anomalies du Dipole
Atlantique.
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Mercury contamination in fish of an old Amazonian reservoir (Curua Una)

S.S. MORAIS, M. ROULET, C.J. SOUSA PASSOS, E. DUCHEMIN

There are in the amazonian region large and small hydroelectric reservoirs such as Tucurui and Balbina.
Furthermore the amazonian watershed have a great potential for further hydroelectric development.
However, studies carried out in fish of northern reservoirs, located in Québec and Ontario (Canada),
showed an increase in the Hg concentration in fish which feed on planckton and insects, the maximum
concentrations of Hg are reached in about five years. Fish which feed mainly on other fish seem to reach
their highest Hg concentrations ten to fiften years after flooding. Depending on the species studied Hg
concentrations have been observed to increase as much as six times in reservoirs as compared with the
natural environment.

Furthermore, the ingestion of food contaminated by methylmercury (MeHg) has already been cause for
intoxication in regional scale. The practice of commercial and subsistence fishing is very common in
reservoirs. At present, there are a lot of studies about Hg contamination in fish of reservoirs, but at our
knowledge only one was conducted on a tropical reservoir, the Tucumi reservoir. However, the results
of this study are not so meaningful since they are based on few samples and that the sampling stations
are located near a gold extraction site.

During the beginning of september 1998 we have performed a preliminary toxicological study of Hg
contamination in fish from 21 old years impoundment, Cuma-Una reservoir, near Santarém. Curua-Una
reservoir is not affected by gold extraction but we observed a large deforestation area around it. This
deforestation could affect the Hg concentration since it permits the erosion and lexiviation of Hg
naturally contained in soils. This study is conducted to assess if the ingestion of fish from an old
reservoir could be dangerous for the human populations that live in this region and sometimes have
restricted feed habits. Finally, the Hg concentrations of these fish will be compared to those found in fish
of the Amazon river during a previous study.
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Chemical erosion of silicates in the Amazon basin

J. MORTATTI, J.L. PROBST

A detailed hydrogeochemical study of the dissolved load transported by the Amazon river and major
tributaries was carried out to investigate the chemical erosion process of silicate rocks in the Amazon
basin.

The total solute transport by the Amazon river to the Atlantic ocean was estimated to be 254.3 x 106
tons per year, where 80 % is from Andean origin, the highest contributions were from HC03, Si02 and
Ca, 131.5, 38.1 e 33.9 x 106 tons per year, respectively. The contribution of the atmospheric inputs on
the dissolved load transported by the Amazon river to the ocean was estimated for each chemical species
to 56.9 % for S042-, 21.9 % for Cl-, 6.0 % for Ca2+, 3.7 % for Mg2+, 13.8 % for Na+ and 32.3 % for
K.

After corrections for atmospheric inputs, the contribution of atmospheric/soil C02 to the total HC03
river fluxes was estimated by geochemical modeling, based on the chemical water control by the main
weathering reactions of different minerals. The results showing that at Obidos, the average contribution
of the atmospheric/soil C02 to the total HC03- river flux is around 68 %, which corresponds to a total
atmospheric/soil C02 consumed by the rock weathering of the 331 x 103 moles /km2/a.

The chernical denudation rate of silicate rocks for the whole Amazon basin was represented by the value
observed at Obidos was estimated to 22.6 tlkm2/a, while in the upper part of the basin, at Vargem
Grande, the weathering rate was higher (40.9 t/km2/a). During the low water period, the chernical
denudation rates of silicate rocks were lower than that observed during the high water river stage, 17.6
and 41.7 tIkm2/a, respectively for Vargem Grande, and 19.6 and 32 t/km2/a for Obidos.

The chernical weathering rate of silicate rocks, for the Amazon basin, calculated from the flux of
dissolved silica in the river waters, knowing the chemical composition of the parent rock and of the
saprolite, was about 14.8 m1My. For low and high river water stages, the values calculated are ranged
between 9.4 and 18 mlMy, respectively.
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Erosion balance of the Piracicaba river basin (Sâo Paulo, Brazil)

J. MORTATTI, J.C. RODRIGUES, F.F.B. FERRAZ, M. BORTOLETTO, J.L. PROBST

It was carried out the characterization of the mechanical and chemical erosive processes in the
Piracicaba river basin, in terms of the fluvial transport of dissoved and particulate material. The
hydrochemical behaviour of the Piracicaba was verified by comparison with the observed concentrations
and theoretical dillution curves. It can be observed that HC03- was a chemical specie with a bigger
specifie transport with 14 tIkm2/y. while the N03- given the smal1est specifie transport (0.70 tIkm2/y).
The calculated value of the IDS was about 35.5 tfkm2/y.

The influence of the atmospheric inputs to the total dissolved load of Piracicaba river was important for
S042+. Ca2+ and Mg2+ (79.6; 63.8 and 41.8 % respectively), while for Na+ and CI-. the contribuition
values shows to be modest (3.0 and 8.2 %, respectively). The values obtained for N03- and K+ \Vere
sirnilar (21.5 and 20.6 % respectively) and for Si02 the contribution was around 23.8 %.

After the atmospheric input corrections, it was verified the consumptions of atmospheric/soil C02
during the rock alteration process, estimated from the transport of riverine HC03-. An average value of
the atmospheric/soil C02 flux, of about 2.61 x 105 moles/krn2/y, was calculated for the period 1992 
1996.

A detailed study of the suspended sediment transport in the Piracicaba river basin was performed during
the 1992 - 1996 period. It was possible to evaluate the effective mechanicaJ erosion in the drainage area
of about 0.76 x 106 t/y.

The classicaJ method for hydrograph separation, envolving the mass balance equation, was used to
estimate the surface runoff contribution to river flow (18.8 %) it was caJculated about, The solid load
calculated in the surface runoff (1.17 g1L) showed to be of the same order of magnitude as the main river
in the world.

The specifie physicaJ degradation, calculated for drainage basin was around 51 tIkm2/a, corresponding
the velocity of the soil thickness reduction of about 28 mlMy. The transport of dissolved material \Vas
0.24 106 t/y, corresponding to a specifie chemical erosion rate of 25.2 t!km2/y, with a velocity of the
silicate rock profile reduction of about 1. 9 mlMy).
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Transport du carbone organique dissous, colloïdal et particulaire
par les grands fleuves amazoniens: caractérisation et mélange

s. MOUNIER; M. BENEDETTI; J.Y. BENAIM; J. BOULÈGUE

L'Amazone est le mélange de deux types d'eaux très différents: les ealLX blanches (Rio Madeira et
Solimôes) et les eaux noires (Rio Negro). Des prélèvements provenant de ces fleuves sont fractionnés sm
place par ultrafiltration tangentielle séquentielle (UFTC) afin d'obtenir des domaines de tailles séparés.
Un suivi sur plusieurs mois (1994-1997) des apports en matière organique particulaire, colloïdale et
dissoute montre des différences de plus de 20% dans les concentrations avant et après le mélange. Cette
variation peut s'expliquer par des phénomènes de coagulation et floculation dans la zone rencontre des
ealLX. Ces modifications physico-chimiques de la matière organique ne sont pas constantes au cours d'un
cycle hydrologique annuel. Les périodes de grandes transfonnations se produisant juste avant les
périodes de crue et d'étiage.

Une étude spectrofluorométrique de la matière organique transportée par les fleuves du bassin
amazonien à également été entreprise afin de comprendre les phénomène de mélange. Cette étude est
accompagnée par des mesures dans les différents domaines de taille de la capacité de transport des
métaux trace (sonde Cu++). Grâce au mesure de flux faites lors des différentes campagnes, l'étude
saisonnière met en évidence un comportement différent de la zone de mélange au cours d'une année.

Une estimation du flux donne une valeur de 28 Tg par an de carbone organique, ainsi qu'une perte
moyenne de 9 Tg de carbone organique par an dans la zone de mélange comprise en Manaus et Obidos
soit environ 30%.
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Utilisation d'imagerie radar (ROS) JERS-l pour l'obtention de reseaux
de drainage. Exemple du Rio Negro (Amazonie)

F. MULLER, F. SEYLER, J.L. GUYOT

L'utilisation d'images radar JERS-I, acquises dans la region du bassin amazonien entre septembre et
novembre 1995 a permis d'extraire pour le bassin versant du Rio Negro, le reseau de drainage ainsi que
les limites et superficies de certaines de ses sous-unites hydrographiques, Le reseau de drainage a ete
obtenu apartir d'images radar en plusieurs etapes, 1) par extraction automatique du reseau principal
(Rio Negro et ses principaux afiluents), limitee en raison de l'existence de differents types de rivieres
dans la region se traduisant par des signatures heterogenes, 2) par des operations de filtrage et de
nettoyage, et 3) essentiellement des complements manuels pour les drains de plus petit ordre. La
determination des sous-unites hydrographiques correspondant a des stations hydrometriques du reseau
national bresilien, a des lors ete possible en tenant compte du reseau obtenu et de la topographie telle
que representee par le radar. 11 est montre id que le systeme hydrographique obtenu s'avere d'une plus
grande qualite que des objets issus de la digitalisation de cartes au UOOOOOO (reseau million) et le
Digital Chart of the World (reseau DCW). Cette plus grande qualite s'exprime pour les rivieres par une
densite de drainage superieure (seulement par rapport au reseau DCW), par une representation plus
fidele de leur trace (longueurs superieures par rapport au reseau million), par la precision geographique
du trace, par l'adequation avec les limites des sous-bassins versants determinees (l'homogeneite globale
des objets determines). Quantitativement, la methode de determination des sous-bassins versants
augmente quelquefois la valeur des superficies de maniere significative meme si cette augmentation
demeure negligeable a l'echelle du Rio Negro entier. Ce travail se situant en amont d'une prochaine
modelisation hydrologique par SIG, ce systeme hydrographique (reseau et sous-bassins extraits) devrait
apporter de notables ameliorations d'une part par son homogeneite et d'autre part par l'affinement des
limites des bassins versants et de la longueur du chemin hydraulique pour chacune des rivieres.
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Impact of major river valley projects: India

K.S. MURTY

Water is the heart of the Indian economy. Indian civilisation evolved on the banks of the mighty rivers
of the country, like the Ganga, Yamuna , Godavari, Krishna and Kaveri and indeed these are
worshipped as Goddesses! Historically, the art of irrigation was known to Indians from early times. The
Grand Anicut of the Cauveri ( Kaveri) is a weir approximately 300 meters long, 12 to 18 meters wide
and 5 to 6 meters high, and was constructed sometime in the 2nd century of the Christian era. It
irrigates as much as 250000 hectares. The Moghuls initiated the canal system in northem India, while
the Vijayanagar kings developed the system in South India. During the British rule. Sir Arthur Cotton
and Proby T Cautley took up the delta irrigation schemes in the Godavari and Krishna basins. Irrigation
and hydroelectric power generation have made large strides since Independence and the country bas
invested over Rs.l00000 million in the last five decades on 600 storage dams of various sizes on major
and minor rivers, accounting for storage capacity of more than 16 million hectares for irrigation, flood
control and power generation. Such developmental activities, imperative as they are, have caused a
variety of environrnentaI impacts which can be c1assified as physical, chemicaI, biologicaL social,
economic and cultural. Unfortunately, adequate assessment of these possible impacts were not made
before the projects were sanctioned or executed. Submergence of fertile land, villages, displacement of
people from such areas, loss of forest area and precious fauna, water logging, salinity of soils, flood
incidence, induced seismicity in quake-prone areas and loss of cultural assets are sorne of such
environmental consequences of the large projects. That the government became conscious of these could
be understood from the fact that it refused to sanction the SILENT VALLEY project in Kerala.
However, the dams on Tehri, Nannada and other rivers have been opposed on environmental and
technical grounds and mass movements have been launched by people in the areas likely to be affected
by these projects. The department of Environment has stipulated that no project proposai would be
c1eared uniess proper assessment of the environmental impact has been made and a report is submitted.
There are adequate laws and legislations approved by the parliment in this regard.
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Catchment based integrated water resources management (IWRM)
in the Rift valley, Kenya. The smail reservoir approach

F.MWAURA

The biophysical characteristics, socio-economic benefits, and environmental problems in eight small
[0.1-1.0 km2] public man-made reservoirs in central rift valley, Kenya were studied between 1995 and
1998. The results revealed that average water transparency and pH was between 0.3-1.0 m and 6.0-9.5,
respectively, while total dissolved solids [IDS] and specific conductance ranged from 20 to 150 mg/l
and 60 to 230 Ds/cm, respectively. The concentration of dissolved oxygen [DO] was between 2.0 and 9.0
mg/I while those of total phosphorus [TF; 28-472 Dg/I] and total nitrogen [TKN; 315-39 000 Dg/I]
showed that the reservoirs were in polytrophic state. Phytoplankton composition was found to be rather
low, rarely exceeding 10 species per site while the zooplankton community did not exceed ten species
per site either. The dominant macrobenthic invertebrate groups included oligochaeta, diptera and insecta
whose abundance was greater after the rains. An average of 60 birds per reservoir were counted during
the dry period while the number of species per site usually ranged between 5 and 25. During the wet
season, the diversity of water birds was found to increase tremendously although the total count declined
remarkably probably due to increased short range dispersal. Large scale breeding by Black-headed
Herons and little Egrets was established to occur in at least one site. The reservoirs were found to
support an average of 2000 people per site in various ways including domestic and livestock water
supply and grazing but the importance of these values varied from season to season. Most of the
reservoirs were found to possess a good unexploited fishery and recreation potential. The common
environmental problems observed in the reservoirs included increasing infestation by cyanobacterian
blooms and invasive macrophytes as weil as rapid sedimentation. The results of the study showed that
the reservoirs can act as good early warning systems of watershed degradation through regular
monitoring of water quality and hydroperiodicity. From the findings of the study it is recommended that
the rural communities be assisted to realize greater benefits from their reservoirs through integrated
wetland and water resource management [IWRM] and thereafter they will definitely take greater interest
in the protection of reservoirs which will ultimately enhance watershed conservation.
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Evolution hydrologique du bassin versant de l'oued Zeroud

F.H. NA8FI, A. BOUJELBEN, H. BEN N'Cm

En Afrique du Nord, le cours des rivières éphémères appelés « ouedS» est aussi soudain, aussi abondant
et aussi violent que les averses sous le régime Méditerranéen. Ils sont signalés par des lits vides et des
encaissements secs au fond des vallées en été. Mais, aussitôt après un orage, ils se transforment pour
quelques heures ou pour quelques jours en d'immenses fleuves rugissants, animés d'un courant si
puissant qu'il emporte tout sur son passage. Leur passage cause d'importants dégâts. dont les moindres
seraient les lessivages des sols, l'érosion des terres et les dépôts d'alluvions pas souvent fertiles. L'un de
ces tonitruants oueds et non des moindres est l'oued Zéroud, situé dans le centre de la Tunisie. Pour
protéger la région de ses crues dévastatrices, il a été érigé un barrage sur son cours: le barrage de Sidi
Saad. Depuis la mise en service de ce dernier, bien des changements hydrologiques et pédologiques ont
eu lieu.

ETAT DES LIEUX AVANT LA CONSTRUCTION DU BARRAGE.

A l'occasion de chaque grande pluie, le centre ouest de Tunisie était souvent le théâtre de destructions
catastrophiques autant en biens qu'en vies humaines causées par les crues de l'oued Zéroud. L'immense
plaine de son bassin versant, d'une superficie de 10000 km2, était souvent inondée. Toute
suralimentation des nappes, normalement peu profondes, provoquait en période de crues, une remontée
des niveaux qui entretenait la salinisation des terres, les eaux de lessivage étant chargés en sels, ce qui
tendait à dégrader les terres et à transformer la plaine en une zone désertique. Du point de \ue
hydrogéologique, le bassin versant de l'oued Zéroud se caractérise par une roche mère sédimentaire
présentant des afI1eurements de calcaire. Il est de nature sablonneuse à l'amont de l'oued, argilo
sablonneuse dans la zone médiane, argileuse à l'aval de l'oued, ce qui explique l'inondation fréquente de
la plaine située en aval. Les niveaux piézométriques étaient environ de 150m en amont, 100m sur le
cours médian et SOm à 30m à l'aval de l'oued.

ETAT DES LIEUX APRÈs LA CONSTRUCTION DU BARRAGE.

La pluviométrie annuelle est toujours du même ordre, prise sur une décade, c'est à dire, oscillant autour
de 300 mm. Seulement, maintenant, il n'y a plus de crues ni d'inondations de terres agricoles, terres dont
la superficie a plus que quintuplé. Un périmètre irrigué de plus de 5000 ha s'est installé dans cette zone.
Le niveau piézométrique se situe entre 50 et 60m à l'amont, à 40m dans la zone médiane du cours de
l'oued et à 10 à 2m à l'aval de l'oued. Il existe une nappe phréatique et une nappe profonde dans le
deuxième horizon.

L'effet dévastateur dû aux crues de l'oued Zéroud a disparu depuis la mise en place d'un barrage à
l'amont de cet oued. Hormis l'aspect socio-économique en pleine expansion aujourd'hui, l'exploitation de
cet ouvrage se traduit maintenant par des effets bénéfiques, notamment par l'arrêt des crues, l'arrêt de
l'érosion, la suppression des dépôts et alluvions, la diminution du lessivage, le gain en qualité de l'eau
qui perd sa salinité et la gestion rationnelle de l'eau notamment.
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Comparaison des transports de matieres dans les ecosystemes tropicaux
du sud Cameroun: exemple des bassins

des fleuves Nyong et Sanaga et de la riviere Dja-Ngoko

J.R. NDAM NGOUPAYOU, L. SIGBA NKAMDJOU, J.J. BRAUN, M. MEYBECK, B. DUPRE,
J. VIERS, D. SIGHOMNOU, G. LIENOU, P. NIA, M. MOLINIER

Cette etude a pour objectif de comparer les flux et les formes de transfert dans les deux principaux fleuves du Sud
Cameroun, le Nyong et la Sanaga, ainsi que dans la riviere Mbam, affluent majeur de la Sanaga. Ces travaux ont
ete realises dans le cadre du progranune PROSEIPEGI (INSU-CNRS-ORSTOM). Les donnees ont ete acquises
entre aofit 1994 et decembre 1996 pour le Nyong et entre aout 1995 et decembre 1996 pour la Sanaga et le Mbarn.
Le Sud Cameroun est caracterise par des couvertures de sols tres epaisses, principalement lateritiques. Les portions
des bassins etudies ont ete choisies selon des criteres c1imatique, geologique et anthropique. Les portions de bassin
prises en compte sent les suivantes : -le bassin amont du Nyong aMbalmayo (13555 km2, 48,4% de la totalite du
bassin fluvial). nest soumis aun c1imat equatorial de transition et entierement couvert par la foret dense humide.
Le substratum se compose de roches silicatees du craton du Congo et de la chaine panafricaine (migmatites,
granite-gneiss, schistes), Ce bassin est tres peu anthropise, - le bassin amont de la Sanaga aEbebda (76000 km2,
57% de la totalite du bassin fluvial). nest sournis aun climat tropical de transition et couvert principalement par
une savane arboree, Le substratum est constitue de roches silicatees acides du socle precambrien (chaine
panafricaine) et de formations volcaniques de l'Adamaoua. Les roches du socle sont majoritaires. Le bassin est tres
peu anthropise, - le bassin du Mbam aEbebda - confluence avec la Sanaga - (43000 km2, 100% du bassin). Soumis
aun climat equatorial d'altitude, il draine la region volcanique des hauts plateaux Bamileke (basaltes, andesites...).
A la difference des deux precedents bassins, celui-ci est tres anthropise. Dans l'ensemble, les eaux du Sud
Cameroun sont tres peu mineralisees (12 < TDS < 43 mg.L-I). Les charges cationiques (TZ+ = [H+] + 2[Ca2+] +
2[Mg2+] + [K.+] + [Na+]) sont assez voisines pour la Sanaga et le Mbam, respectivement 280 et 330 !J.eq.L-1. Elles
sont plus faibles pour le Nyong (210 !J.eq.L-I). Les rapports SiffZ+ sont de 0.3 pour le Nyong et de 0.4 pour la
Sanaga et le Mbam. A la difference de ces demieres rivieres dont le pH est neutre et les teneurs en COD faibles (2
3 mg.L-I), les eaux du Nyong sont legerement acides (pH = 5,6) et riches en COD (15 mg.L-I). La NlCB
(Normalized Inorganic Charge Balance = [TZ+-TZ-]rrZ+) est fortement deficitaire en anions (46%) pour le Nyong
du fait de la presence d'acides fulviques. Pour la Sanaga et le Mbam, la NlCB est faible (1-5%). Les formes de
transfert de carbone sont differentes pour les rivieres sous foret et sous savane. Dans le Nyong, le carbone est
essentiellement transporte sous forme organique ([COD] = 4170 mole.ha-l.an-l ; [HC03-] tres faible). Dans la
Sanaga et le Mbam, le carbone est transporte sous les deux formes: organique ([COD]Sanaga = [COD]Mbam =
1250 mole.ha-l.an-l).et inorganique ([HC03-]Sanaga = 1080 et [HC03-]Mbam = 1950 mole.ha-l.an-l). Il est a
noter egalement que le rapport des flux de carbone organique dissous et particulaire [COD/(COD+COP)] est de
87% pour le Nyong, 60% pour la Sanaga, mais seulement de 25% pour le Mbam. Les flux de fer et d'aluminium
dans le Nyong, principalement associes ala matiere organique colloidale (Viers et al., 1997), sont relativement tres
importants ([Fe]Total = 30 mole.ha-Lan-I ; [Al]Total = 18 mole.ha-I.an-l ). Par centre, dans la Sanaga, Fe et AI
sont associes ades phases colloidales minerales (Olivie-Lauquet, 1996). Les flux sont de 8 mole.ha-Lan-I pour Fe
et de 11 mcle.ha-l.an-I pour AI. Le transport fluvial des matieres dissoutes (TDS) et en suspension (TSS), exprime
en t.km-2.an-l, est sensiblement egal, sur le Nyong (TSS = TDS = 5) et la Sanaga (TSS = 18 et TDS = 16) tandis
qu'il varie considerablement sur le Mbam (TSS = 98 et TDS 28). Le rapport coprrss est de 0,20 pour le Nyong
et seulement de 0,06 et 0,04 pour la Sanaga et le Mbam. Pour le bassin du Nyong, sous foret tropicale humide, le
taux d'erosion total estime est extremement faible (0 =5 mmllOOO ans). Il est un peu plus fort pour le bassin de la
Sanaga sous savane (0 =15 mml1000 ans). Ces taux sont equivalents aceux estimes pour le bassin de l'Orenoque
(Edmond et al., 1995) et du Congo (Gaillardet et al., 1995). Ces faibles taux d'erosion sont amettre en relation avec
l'epaisse couverture de sols lateritiques qui protegent de l'alteration les roches vulnerables (Stallard, 1995). La
plateau du Sud Cameroun est l'une des regions du monde ou l'erosion chimique et physique est la moins active. Ceci
conduit, comme dans le cas du bassin du Nyong, aux taux d'erosion les plus faibles rencontres dans les zones
tropicales humides. Par centre, pour le Mbam, le taux d'erosion total est de l'ordre de 60 mmllOOO ans. Ceci peut
etre relie (i) au substratum volcanique basique plus vulnerable a l'erosion que les roches silicatees ignees, (H) a la
ge'omorphologie de cette zone tectoniquement active aux reliefs accuses ainsi que (iii) a l'anthropisation tres
irnportante provoquant la degradation des sols de ce bassin.
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Variation des niveaux du Lac Tchad:
Les effets de la sécheresse dans le bassin du Chari

Y.NELNGAR

La république du Tchad, pays sahélien s'étend du tropique du cancer 23°27' N au Nord à 7°30'N au Sud
et du 14° E à l'Est au 24°E à l'Ouest sur une superficie de 1 284 000 Km2. Son extension beaucoup plus
en latitude qu'en longitude est à l'origine des variations hydro-climatiques ( de la zones humides à la
zone désertique). Le bassin a un caractère endoréique, mais les deux grands cours d'eau. Chari et
Logone sont appelés des fleuves du fait qu'ils se jettent dans le Lac Tchad, une vaste mer intérieur, le
mieux connu en Afrique centrale. Le système Chari-Logone véhicule en période d'hydraulicité normale
plus de 40 milliards de m3 dans le Lac Tchad. Ces volumes d'eau varient suivant les débits du Chari et
de la pluviométrie de chaque année. Les plus hautes eau:'{ de 1961 correspondent au volume évacué de
57 milliards de m3. La sécheresse de 1972-73 et celle de 1984-85 la plus sévère ont réduit
considérablement le niveau du lac et les apports du Chari à 6 milliards de m3 soit 10 fois moins que la
période humide. Certains tributaires du Chari-Logone ont été asséchés suite aux sécheresses sévères
favorisant ainsi l'avancée du désert vers les zones humides.
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The etTects of land-use on runotT generation for hillslopes on deeply weathered
Precambrian basement rocks in the state of Rondonia, Brazil

B.E NEWTON, T. DUNNE, H. ELSENBEER, J.M. MORAES

The focus of soil physical investigations on oxisols (latosols in the Brazilain system) has created the
widely accepted belief in predominantly vertical flowpaths due to uniforrnly high hydraulic
conductivities to a depth of one meter or deeper. Surface and near-surface hydraulic conductivities of
soils control the partitioning of runoff into surface and shallow subsurface flow and the recharge of
groundwater. We investigated vertical profiles of saturated hydraulic conductivity, Ksat in latosols
developed on Precarnbrian basement rocks under three land-eover histories: primary rainforest. pasture
converted from primary rainforest, and teak planted on pasture after primary rainforest. Simple flow
models were used to explore runoff response from forested and deforested hillslopes.

The research sites are located at Rancho Grande (l01J 18' S, 621J 52' W, 143m arnsl) in the state of
Rondonia, Brazil. Hillslope lengths are approximately 175m-to-325m with average gradients of 0.02.
We measured saturated hydraulic conductivity, Ksat, at 25-m intervals along interfluve-stream channel
transects under the bunch grass B. brizantha (n=IO), on bare soit between B. brizantha bunches (n=15),
B. decumbens (n=7), and rainforest (n=48), respectively, and in a grid pattern in the teak plantation
(n=23). We calculated surface Ksat from dise permearneter measurements ofK at supply potentials of-3
and -6 cm. We measured Ksat over an integrated depth of 5-15 cm with a Guelph permearneter, and 12
30, 32-50, and 72-90 cm with an arnoozemeter, a constant-head weil permearneter.

In all cases Ksat decreased with depth, with most of the decrease occurring between the surface and a
depth of 30cm. In conjunction with prevailing rainfall intensities and frequencies, tItis anisoptropy
supports a transient perched water table and a lateral component of hillslope flowpaths, and under
pasture also overland flow. Our results are at variance with the data from other latosols where Ksat tends
to increase with depth.
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ModeUing process driven sediment storage response
in typical pool-rapid channel types

J.O. ODIYO, C.S. JAMES

The maintenance of ecological integrity of natural river systems is a function of channel morphology
since various biotic species respond differently to alluvial and bedrock morphologies for their
establishment, procreation, feeding, recreation and habitation. Sedimentation studies in bedrock
controlled Sabie River in Kruger National Park, South. Africa have established siginificant sediment
accumulation in pool-rapid channel types and therefore it is important to develop spatial and temporal
sedimentation and erosion models to form the basis for understanding how such bedrock morphologies
control sediment deposition and erosion in order to set precedence for engineering and ecological
management.

The transport, erosion and deposition of sediment in a channel is influenced by the channel morphology,
sediment availabilty, the magnitude of discharge and the local hydraulics. Deposition and lor erosion of
sediment leads to new morphological states with time and continuously changes the hydraulics of flow
and shear stress distribution, tending towards an equilibrium state for a particular flow condition. The
equilibrium state is therefore important since it is the ultimate state of sediment storage or erosion and is
thus useful in identification of the influence of the various interacting factors.

Sediment accretion graphs (SAGs) and/or sediment erosion graphs (SEGs) that take into consideration
the influence of the channel width, the average depth of flow of the upstream pool of an obstruction, the
dimensions of the upstream face of the obstruction and the flow magnitude have been developed in a
laboratory based investigation. These empirical graphs, together with suitably scaled sediment
characteristics, permit the prediction of sediment storage and/or erosion resulting from various flow
scenarios for natural rivers with pool-rapid channel reaches. The applicaIibilty of SAGs and/or SEGs in
sediment modelling studies is potentially useful to overcome difficulties encountered in the application
of conventional models of sediment transport. Sediment transport rates estimated from conventional
sediment transport models deviate significantly due to inability to predict sediment delivered into the
channels accurately and the difficulties experienced in measuring the sediment output rate. However, the
determination of SAGs and/or SEGs considers specific sediment input values that can be related to
sediment supply estimated from the catchment erosion models and thus facilitates the determination of
the sediment transport rates in natural channel reaches when applied together with a sediment budget
equation.
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Evaluation de l'tkoulement inter-annuel des rivieres
sous foret intertropicale humide apartir des precipitations

J.c. OLIVRY

A partir des chroniques hydro-pluviometriques acquises pendant trois decennies sur les bassins de dix
sept stations hydrologiques de fleuves cotiers du Cameroun, caracterises par l'importante couverture
forestiere de leurs bassins soumis aux climats equatorial de transition boreal et tropical humide, un
modele simple a ete etabli permettant le calcul de l'ecoulement inter-annuel d'un cours d'eau en
fonction de la hauteur inter-annuelle de precipitations moyennes recues par son bassin versant (Olivry,
1986). Le bilan hydrologique inter-annuel a montre pour ces bassins des deficits decoulement de 960
mm a1240 mm, correspondant aux valeurs de l'evapotranspiration reelle et semblant indiquer que sous
la grande foret humide, «the evergreen rain forest », l'evapotranspiration potentielle est satisfaite toute
I'annee ; celle-ci est en moyenne de l'ordre de 1l00-1l50mm et varie peu en regard de la repartition
geographique des precipitations, L'interet de I'echantillon camerounais est, en effet, de presenter une
gamme de hauteurs de precipitations inter-annuelles variant de 1500 mm aplus de 5000 mm et couvrant
largement les variations observees sur l'ensemble du domaine forestier tropical humide de la planete.

Le modele a ete applique a differents bassins forestiers de la ceinture intertropicale dont les
precipitations moyennes et les debits sont connus a travers differentes publications, sans que l'on puisse
juger pour autant de la qualite de l'information disponible. Les donnees de vingt-six bassins ont ete
utilisees ; ces bassins sont situes en Afrique equatoriale, en Asie du Sud-Est, sur le versant indien de
Madagascar, en Amerique centrale et en Amerique du Sud. Les modules specifiques calcules ont ete
compares aux valeurs observees, Les ecarts relatifs sont inferieurs a 15% dans 80% des cas, a10% pour
60% des cas, mais inferieures a 5% pour seulement 25% de I'echantillon etudie. Les resultats sont
discutes : representativite des bass ins choisis (couverture forestiere et anthropisation, geomorphologie),
qualite de la determination des precipitations moyennes, climat et calcul de l'evapotranspiration. Le cas
du Xingu, du Japura et du Purus en Amazonie sont plus particulierement evoques,
Cette approche, en caracterisant un fonctionnement global des cours d'eau sous foret tropicale humide,
permet une evaluation acceptable de la ressource en eau disponible pour des bassins non jauges apartir
de la seule precipitation et, a contrario, une analyse critique des donnees publiees.
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Evolution des flux de matieres le long de l'Oubangui et du fleuve Congo

D. ORANGE, A. LARAQUE, J.c. OLIVRY

Plusieurs descentes fluviales ont eu lieu entre Bangui sur I'Oubangui et Brazzaville sur le Congo de
1988 a 1992, toujours en periode de hautes eaux. Elles avaient pour objectif principal d'apprecier la
variation longitudinale de la qualite des eaux et des suspensions de l'amont vers l'aval de deux grands
fleuves de la zone equatoriale et d'identifier la part et la nature des apports des differents affluents,

Les concentrations en matieres en suspension presentent une faible decroissance reguliere sur
l'Oubangui, entre 30 mg/I a l'amont et moins de 20 mg/I a la confluence. Cette evolution est
caracteristique d'une baisse par simple dilution de l'apport de l'amont avec les apports laterau:x peu
importants de matieres solides provenant de bassins sous foret, Apres la confluence avec le haut Zaire,
ou la charge solide est legerement superieure a celle de l'Oubangui, de l'ordre de 25 mg/l, les
concentrations du Congo decroissent regulierement jusqu'a la confluence avec le Kasal. A ce point, elles
passent de 10 mg/l a20 mg/l pour atteindre 25 mg/l aBrazzaville.

La concentration en matieres dissoutes des eaux a une evolution inverse de celle des matieres
particulaires. EIle passe de 44 mg/l aBangui a 54 mg/l a la confluence avec le haut Zatre pour rester
relativement stable jusqu'a Brazzaville. En fait, malgre cette homogeneite spatiale d'ensemble, la
repartition entre la phase dissoute minerale et la phase dissoute organique evolue. En effet, la matiere
organique dissoute est pratiquement absente des eaux de l'Oubangui sur 300 km en aval de Bangui. Puis
elle apparait progressivement pour representer 17 mg/l a la confluence avec le haut Zalre, Ensuite, le
long du Congo, la concentration en matiere organique dissoute diminue legerement jusqu'a Brazzaville
par simple effet de dilution.

L'Oubangui et surtout le Congo sont deux axes fluviaux enormes par rapport a leurs effluents. Leurs
eaux ne subissent done pas de fortes variations spatiales. Les changements sont progressifs meme si
ponctuellement it existe une difference notable de qualite entre les deux rives d'une meme section. Cela
est tres sensible dans la cuvette congolaise au niveau de chaque confluence avec une «coca-cola river»
qui apporte des eaux acides aconcentration en matiere organique dissoute importante.

EOOn, le Congo et l'Oubangui sont deux fleuves qui exportent tout le long de leur trajet durant leur
periode de hautes eaux de l' ordre de 25 mg/I de matieres en suspension et de 45 a 51 mg/l de matieres
dissoutes, respectivement de l'amont aI'aval. En crue, tout le long de cet axe fluvial principal, les flux
de matieres particulaires ne representent en fait que le tiers des flux totaux transportes.
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Evolution des flux de matieres le long de I'Oubangui et du fleuve Congo

D. ORANGE, A. LARAQUE, J.c. OLIVRY

Plusieurs descentes fluviales ont eu lieu entre Bangui sur I'Oubangui et Brazzaville sur le Congo de
1988 a 1992, toujours en periode de hautes eaux. Elles avaient pour objectif principal d'apprecier la
variation longitudinale de la qualite des eaux et des suspensions de l'amont vers l'aval de deux grands
fleuves de la zone equatoriale et d'identifier la part et la nature des apports des differents affluents,

Les concentrations en matieres en suspension presentent une faible decroissance reguliere sur
l'Oubangui, entre 30 mg/l a l'amont et moins de 20 mg/I a la confluence. Cette evolution est
caracteristique d'une baisse par simple dilution de l'apport de l'amont avec les apports laterau:x peu
importants de matieres solides provenant de bassins sous foret, Apres la confluence avec le haut Zaire,
ou la charge solide est legerement superieure a celle de l'Oubangui, de l'ordre de 25 mg/l, les
concentrations du Congo decroissent regulierement jusqu'a la confluence avec le Kasal. A ce point, elles
passent de 10 mg/l a20 mg/l pour atteindre 25 mg/l aBrazzaville.

La concentration en matieres dissoutes des eaux a une evolution inverse de celle des matieres
particulaires. EIle passe de 44 mg/l aBangui a 54 mg/l a la confluence avec le haut Zatre pour rester
relativement stable jusqu'a Brazzaville. En fait, malgre cette homogeneite spatiale d'ensemble, la
repartition entre la phase dissoute minerale et la phase dissoute organique evolue. En effet, la matiere
organique dissoute est pratiquement absente des eaux de l'Oubangui sur 300 km en aval de Bangui. Puis
elle apparait progressivement pour representer 17 mg/l a la confluence avec le haut Zalre, Ensuite, le
long du Congo, la concentration en matiere organique dissoute diminue legerement jusqu'a Brazzaville
par simple effet de dilution.

L'Oubangui et surtout le Congo sont deux axes fluviaux enormes par rapport a leurs effluents. Leurs
eaux ne subissent done pas de fortes variations spatiales. Les changements sont progressifs meme si
ponctuellement it existe une difference notable de qualite entre les deux rives d'une meme section. Cela
est tres sensible dans la cuvette congolaise au niveau de chaque confluence avec une «coca-cola river»
qui apporte des eaux acides aconcentration en matiere organique dissoute importante.

EOOn, le Congo et l'Oubangui sont deux fleuves qui exportent tout le long de leur trajet durant leur
periode de hautes eaux de l'ordre de 25 mg/I de matieres en suspension et de 45 a 51 mg/l de matieres
dissoutes, respectivement de l'amont al'aval. En crue, tout le long de cet axe fluvial principal, les flux
de matieres particulaires ne representent en fait que le tiers des flux totaux transportes.
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Analisis y tendencia de los aiios de El Niiio en la cuenca Amazonica Peruana

J.J. ORDONEZ GALVEZ

Sabido es que la cuenca Amaz6nica peruana representa el 74% deI territorio nacional, la cual esta
confonnada por 08 cuencas que son: Amazonas, Ucayali, Maranon, Madre de Dios, Putumayo, Yaravi,
Alto Purus y Alto Yurua, siendo las cuencas con mayor superficie: Amazonas con 104 875 Km2,
Mara:iion con 303200 Km2 y Ucayali con 346975 Km2.

Con la finalidad de conocer el comportamiento, variabilidad y tendencia de las variables
hidrometeorol6gicas; durante la ocurrencia deI Fen6meno el Nino, se realiz6 un anâlisis de la
precipitaci6n, niveles de agua y caudales, ha nivel media anual, para la cuenca amaz6nica peruana.

El periodo de infonnaci6n utilizada para el presente anâlisis corresponde a 1965/97, 10 cual ha
perrnitido conocer que la ocurrencia de dos periodos bien definidos en el régimen pluviometrico:

Periodol 1965/82 ( régimen creciente

Period02 1982/97 (régimen decreciente

para los niveles de agua y caudales, el periodo amilizado es de:

Periodo 1968/87 (régimen creciente

Periodo 1987/97 ( régimen decreciente

Obteniéndose para cada uno de ellos expresiones matematicas que representan el comportamiento de las
variables analizados.
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Modelo regional de simulacion de niveles en rios amazonicos

J.J. ORDONEZ GALVEZ

Sabido es que la cuenca Amaz6nica peruana representa el 74% deI territorio nacional, la cual esta
confonnada por 08 cuencas que son: Amazonas. Ucayali. Maraiion. Madre de Dios. Putumayo. Yara,,;.
Alto Purus y Alto Yurua, siendo las cuencas con mayor superficie: Amazonas con 104 875 Km2

•

Maraiion con 303 200 Km2 YUcayali con 346 975 Km2.

El rio Amazonas recibe los aportes de agua de los rios Maraiion y Ucayali, principales tributarios que
nacen en territorio peruano, el periodo utilizado para el presente estudio corresponde a 169/97.

Con el fin de saber el comportamiento, variabilidad y tendencia de los incremento y descensos deI
régimen hidrico de los rios Amazonas, Maraiion y Ucayali, se realizo un aruilisis regional deI
comportamiento de dichas variables as! como también la aplicaci6n de un modelo regional:

y = ( * U(2 M(1

Donde:

y ( Incrementos y descensos de niveles deI rio Amazonas

U ( Incrementos y descensos de niveles deI rio Ucayali

M ( Incrementos y descensos de niveles deI rio Maraiion

(,(2(1 ( Coeficientes a deterrninar por correlaci6n multiple.

Los resultados obtenidos en el presente estudio, ha perrnitido deterrninar expresiones materruiticas que
refleja el comportarniento de las variables hidrol6gicas deI rio Amazonas en funci6n de los rios Maraiion
y Ucayali, contribuyendo de esta manera a tener un mejor conocimiento de recurso agua en la arnazonia
peruana.
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Evoluci6n de la fisico-quimica dei agua durante las operaciones de vaciado total
dei embalse de Barasona (Rio Esera, Huesca)

A. PALAU YBARS

Entre 1995 Y 1997 se lIevaron a cabo tres vaciados totales (uno por ana) deI embalse de Barasona (rio
Esera, Huesca. Espafia), con el objeto de habilitar sus antiguos e inoperantes desagües de fondo. Esta
actuaci6n fue objeto de un exhaustivo seguimiento de las afecciones ambientales, destacando en
particuJar la evoluci6n de las caracteristicas fisico-quimicas deI agua antes, durante y después de los tres
vaciados consecutivos.

El embalse de Barasona presentaba, coma rasgos propios destacables, su condici6n de meso-0ligotr6fico
y un alto grado de aterrarniento (entre un 20-25% de su capacidad total, con una a1tura de 28 m de
sedimentos en el paramento aguas arriba de la presa), hecho este que condicionaba las capacidades de
gestion hidraulica de la presa y que influyo en gran medida, en las operaciones de vaciado y tarnbién en
sus consecuencias sobre el medio fluvial.

El presente articulo expone los resultados deI seguimiento de la fisico-quimica deI agua, durante los tres
vaciados, en el rio aguas abajo deI embalse. Los resuItados muestran la magnitud y duracion de los
cambios, que son ciertamente espectaculares a escalas de tiempo muy breves, en el casa de a1gunos
parametros y variables coma las materias en suspension, el oxigeno disueIto, el pH, la a1calinidad, el
amonio y la conductividad eléctrica en las proximidades de la presa. En todos los casos, los cambios de
la fisico-quimica deI agua, derivados deI vaciado deI embalse, se atenuaron con rapidez aguas abajo,
especialmente cuando se incorporan caudales importantes. También se aportan datos sobre la dinâmica
de los nutrientes (nitrogeno y fosforo) asi como de a1gunos metales pesados.
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Behaviour of a little Solimoes's tributary: the Purus

N. PATEL,S. MOUNIER,J.L. GUYOT, C. BENAMOU,J.Y. BENAIM

The first study of the molecular size distribution and fluxes of organic carbon from the Rio Puros to the
Amazon River is reported in this talk. The Rio Purus, which drains the sediments of the sub-Andean
trough and of the central plain, is a tributary of the Rio Solimoes. Organic carbon measurements using
sequential tangential ultrafiltered (STUF) and discharge measurements give original information of the
Puros basin, which has not been studied much until now. Firstly for the rivers of this basin the total
organic carbon values and the molecular size distribution are similar to those found for white waters. In
addition two sampling sites of the Purus River show a very large concentration (>80%) in the dissolved
material. This distribution is similar to those of the Rio Madeira and this is all the more curious since
the Rios Purus and Madeira do not drain the same kind of soil. Afterwards, the Rio Purus distribution is
severely modified by two small tributaries, inducing non-conservative transformation.

Moreover a good estimate of the Rio Amazonas carbon flux and discharge at the Obidos station was also
determined. For the Amazon basin, this work has confirmed the carbon size redistribution and
flocculation/coagulation phenomena at the confluence. Indeed during this seasonal campaign, there was
a large size transfer from particulate to colloidal and dissolved form during water mixing of fresh waters
but no significant loss of carbon was observed after the formation of the Amazon River. This dynamic
exchange between the fractions is important for some phenomena such as metals transport by the
organic matter because the metals transport and the molecular mass distribution of associated metals to
organic matter are closely linked to the size of the organic material.
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A Maré em ambientes estuarinos de interesse à navegaçao :
caso Barra Norte do Rio Amazonas

A.C. PAULA

As condiçoes ambientais reinantes no litoral brasileiro (processos de sedimentaçao. correntes, descarga
fluvial e extensao da plataforma continental) saD muito dinâmicas, principalmente na Barra Norte do
Rio Amazonas (AP e PA), na Lagoa dos Patos (RS), na Baia de Sao Marcos (MA), Baia de Paranagua
(FR). entre outros locais. Levantaram-se os dados de maré arquivados na Diretoria de Hidrografia e
Navegaçao, em diferentes midias, a partir de 1970, principalmente observaçoes com ecogramas em
fundeios ao largo, e maregramas na costa.

De forma a assegurar a navegaçao e auxiliar 0 trâfego mercante na Barra Norte do Rio Amazonas
(cartas nauticas nos. 200, 201, 210 e 220), foi desenvolvido um modelo empirico corn os dados
maregrâficos para a reduçao das sondagens batimétricas na area, considerando niveis de reduçao
escalonados e 0 amortecimento da onda de maré, aumentando-se a profundidade local de forma segura
para 0 navegante.
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Influencia de la topologia de la red de desagüe
en la respuesta hidrologica de una cuenca

A. PENA, J.L. AYUSO, J.V. GIRALDEZ

El Hidrograma Unitario Instantineo Geomorfologico esta basado en el aruilisis cuantitativo de la red de
desagüe de la cuenca bajo un enfoque "hortoniano". Asi, la geomorfologia de la cuenca es descrita
asignando un orden a cada trama de canal y agrupéindolos después en estados que, conteniendo las
caracteristicas medias de todos ellos en numero, longitud y area de drenaje, proporciona la respuesta de
la cuenca a un impulso unitario de precipitacion.

Sin embargo, existen otros esquemas para modelar la red, coma el modelo topologico aleatorio de
Shreve (1966). Bajo este nuevo enfoque, el amilisis hortoniano es cuestionado en base a dos postulados
béisicos: (1) en ausencia de controles geologicos, las redes de canales naturales son, de forma muy
aproximada, topologicamente aleatorias (Shreve, 1966) y (2) las longitudes de los canales interiores y
exteriores y sus superficies asociadas en cuencas con caracteristicas geologicas y climatologicas
homogéneas, poseen distribuciones estadisticas diferentes que son aproximadamente independientes de
su localizacion en la cuenca, por 10 que los cocientes de Horton estarian determinados, principalmente,
por su aleatoriedad subyacente (Shreve, 1967). Ademas, y 10 que es mas importante, el c:ilculo de los
cocientes de Horton implica el sumatorio de gran numero de magnitudes, longitudes 0 areas, asociadas a
los canales, tal que muchos de los detalles responsables de las diferencias en la estructura de la red son
promediadas (Shreve, 1969).

En definitiva, la cuantificacion de la red de desagüe mediante el anaIisis hortoniano enmascararia la
verdadera organizaci6n de los diferentes canales en la red. Redes de desagüe de igual orden, D, con
valores similares de RB, RA Y RL, pueden, no solo tener estructuras topologicas muy distintas, sino
diferentes distribuciones para las longitudes 0 las superficies asociadas a los canales dependiendo de su
posicion en la red, cuestionândose asi el HUIG desarrollado por Rodriguez lturbe y Valdés (1979) y
Gupta y col. (1980). Por otra parte, el nucleo de la formulaci6n deI HUIG original tiene su origen en la
teoria de las redes topologicamente aleatorias de Shreve (1966, 1967 Y 1969) Y en los trabajos
posteriores de Smart (1972), resultando que el conjunto de aproximaciones e hipotesis asumidas dan
lugar a estimaciones especialmente imprecisas, sobre todo en grandes cuencas, donde la red de canales
presenta importantes desviaciones con respecto a la teoria de redes topologicamente aleatorias y cuando
los controles geologicos configuran un patron geomorfol6gico que varia espacialmente dentro de la
cuenca.

La idea es permitir que la verdadera organizacion de la red sea la responsable de su respuesta
hidrologica. Si la red es tal que cada uno de sus elementos individuales contienen idénticos valores de
sus magnitudes, entonces los valores promedio de esas magnitudes seran pararnetros adecuados para
describir el comportamiento de la cuenca. Por el contrario, si los canales de la red presentan una
distribucion irregular en el espacio, y contienen informaci6n cuantitativa distinta a la media, el resultado
debe responder a esa irregularidad sin pérdida de informacion relevante.

En este trabajo se parte deI soporte conceptual que proporciona el HUlG desarrollado por Rodriguez
Itmbe y Valdés (1979) que ha mostrado su validez en cuencas naturales. Sin embargo, algunos aspectos
son cuestionados y los resultados obtenidos en su aplicacion presentan imprecisiones bajo determinadas
circunstancias, en concreto con respecto a la probabilidad que tiene una gota de seguir una u otra
trayectoria en la red de canales.
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Aspectos geoquimicos do material particulado
da plataforma continental do Amazonas

S.B. PEREIRA, M. EL-ROBRINI

o sistema RiolPlataforma do Amazonas é um dos mais importantes do mundo, em tennos de tamanho,
de descarga aquosa (1,0 - 2,8 X 105 m3/s) e solida (1,2 X 109 ton/ano).

Optou-se pela amilise de elementos maiores e associou-se a variaçao destes corn a composiçao
mineralogica e teores de C e N na pluma estuarina do Amazonas que estende-se offshore durante a
descarga maxima e confina-se na parte interna da Plataforma do Amapa, durante a descarga minima. As
coletas de amostras de material em suspensao referentes a este trabalho foram realizadas durante a
descarga minima no decorrer do 2D cruzeiro da Operaçao Norte II do Programa REVIZEE (Recursos
Vivos da Zona Econômica Exc1usiva), no periodo de 13 a 23/10/97 na Platafonna Continental do
Amazonas. Na quantificaçao do material empregou-se métodos c1assicos de analises coma a gravimetria,
além de espectrofotometria de absorçao atômica, espectrometria de infravermelho e difraçao de raios-X.

A concentraçao de material em suspensao variou de 2300 mg/L (minima de salinidade em 24,31%0,
proximo à costa) até um minima de 20 mg/L (salinidade em 35,860/00) resultado, este associado ao
aumento da salinidade. No que se refere a composiçao mineralogica ha predominância do argilomineral
caolinita em grande parte das amostras e este dominio provavelmente esta associado aos teores elevados
de Al203 (maximo de 25,6%). Em parte das amostras ha uma certa predominância de ilita, que
possivelmente associa-se à substituiçao de aluminio par ferro, que apresenta valores mais elevados
nessas amostras (mâximo de 9,54% em Fe203). Outro grupo de amostras exibe altemância de dominio
entre ilitalclorita e teores baixos em esmectita havendo diminuiçao de caolinita, 0 que estaria associado à
adsorsào de cations (Ca2+, Mg2+ , Na+, K+), que tendem a promover a enriquecimento desses
argilominerais, através de processos geoquimicos coma 0 intemperismo e neofonnaçào. 0 intemperismo
parece estar mais associado às alteraçoes de feldspatos, a julgar pela presença de vestigios destes nos
difratogramas. Espera-se que haja neofonnaçào, considerando as reaçoes de troca e adiçao, envolvendo
os argilominerais em zona de convergência. Observou-se que nos pontas de caleta mais proximos da
costa os teores de caolinita se mostraram mais expressivos, em contraste corn os teores de ilita, c10rita e
traços de esmectita, que se apresentaram mais elevados corn 0 aumento da salinidade e a conseqüente
afastamento da costa. Isto parece confinnar os resultados obtidos por outras pesquisadores, no que diz
respeito ao assentamento diferenciado desses silicatos pela variaçao da salinidade. A razao C/N alta
(mâximo em toma de 40 e minimo em toma de 9) na maioria das amostras investigadas indica uma
predominância constante de compostas orgânicos nao nitrogenados sobre os nitrogenados, 0 que pode
indicar disponibilidade de nitrogênio para 0 meio.
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Intercomparation of lumped and semi distributed watershed models
on Brazilian river basins

C. PERRIN, C. MICHEL, M.D. MELO, N.O. NASCIMENTO

Rainfall-runoff watershed models are widely applied in the field of water resources. Conceptual
modelling has proved relatively efficient in catching the main features of hydrological time series.
However, the use of these models is often thought to be restricted to the regions where they have been
developed. Moreover, models existing in the literature have been mostly, tested in countries with
abundant hydrological data. It is therefore very useful to compare their merits in countries with
comparatively scarce data especially when climatic conditions of these countries are far from those
prevailing in catchments used for model development. In the present paper several models developed in
Europe, Australia and Brazil are compared on fairly large river basin data. The additional interest of
such a comparison lies in the fact that sorne models are lumped whereas Others are spatially distributed.
It is generally admitted that large basins, say more than then thousand square kilometres in area, cannot
he reasonably dealt with using lumped models. This comparison provides an opportunity to test this
assumption. The economical weight of water resources in a country such as Brazil puts a strong
emphasis of rainfall TUnoff modelling, and therefore, it of prime importance to find out which models
are best suited to hydrological applications. In this comparison exercise, the performance of four
watershed models (GR3J ; IPH3 ; TOPMODEL and ffiACRES) are assessed on eight Brazilian river
basins larger than ten thousand square kilometres in the State of Minas Gerais.
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Essai de modélisation du régime du transport particulaire
sur les fleuves tropicaux d'Afrique: le Niger supérieur

C. PICOUET, B. HINGRAY, J.c. OLIVRY

Estimer l'évolution de la charge en suspension à partir de l'hydrogramme de crue afin de quantifier le
régime des flux de matières transportées dans un grand cours d'eau conduit naturellement à rechercher
un modèle de calcul du transport particulaire à partir de variables hydro-pluviométriques : leurs
chroniques sont généralement plus longues ce qui permet la reconstitution des flux de matières
transportés par le fleuve pour la période d'observations.

Il est classique de chercher à corréler les concentrations des matières en suspension mesurées avec les
débits pour calculer les flux transportés. Ces relations entre charge solide C et débit liquide Q s'avèrent
plus ou moins complexes suivant les bassins étudiés mais sont généralement ajustées à des équations de
la forme C = aQb (avec b> 1).

Pour les fleuves tropicaux unimodaux d'Afrique, la relation entre C et Q présente des hystérésis de crues
orthogrades à l'échelle annuelle: Cameroun, Oubangui, Niger (Olivry et al., 1977, 1988,1995), Chari,
Sénégal (Gac et al. 1980, 1992, Orange 1991, 1994).Les quelques modèles proposés relient directement
flux liquides et flux particulaires pour lesquels la variation de débit est plus déterminante que celle des
concentrations de matières. Or l'hystérésis des courbes Concentration = f(Débit) traduit bien des
processus se succédant en 3 phases (érosion précoce et forte de l'ensemble du bassin, érosion atténuée et
transport dans le réseau hydrographique, érosion limitée aux berges en phase de récession) au cours
desquelles la dynamique des transports de matières en suspension est différente et fortement liée aux
caractéristiques armuelles des pluies (conséquence sur les écoulements et le cycle de la végétation...)

Le Fleuve Niger à Banankoro (71 000 km2) est caractérisé par un cycle annuel de ce type avec des
distinctions entre années de bonne ou mauvaise hydraulicité. Une étude antérieure (picouet et al., 1998)
a montré l'importance du volume écoulé, avant et après la mise en place effective de la végétation sur la
variabilité de la charge en suspensions dans le fleuve : au début de la crue, plus le volume écoulé est
important et plus les concentrations seront importantes (on retrouve la forme classique présentée ci
dessus) ; lors du reste de la montée de la crue, la proportion des particules prêtes a être arrachées aux
sols est moindre et la végétation joue son rôle protecteur, le volume écoulé depuis le début de la crue
aura donc des effets inverses, i.e., plus le volume écoulé sera important et plus la concentration sera
faible (plus il y aura dilution) ; par la suite, avec la décrue et la fin de la saison des pluies, les matières
en suspension sont diluées par la part prépondérante que prend l'écoulement d'origine souterraine.

La modélisation, présentée ici, est basée sur ces considérations et a été appliquée aux moyermes
mensuelles sur l'ensemble des armées étudiées. Elle permet de calculer la concentration en matière en
suspensions d'un mois considéré, à partir d'une première fonction liée au débit moyen mensuel et d'une
autre qui dépend du volume écoulé depuis le début de la crue. Le principe de départ est de définir une
fonction théorique de type C=aQb qui représenterait, s'il n'y avait pas d'influence saisonnière, l'érosion
moyerme possible sur le bassin versant (versants et berges) tant qu'il pleut. Ensuite, la différence entre la
concentration observée (Cobs) et la concentration théorique (Ctheo) est reliée avec le volume écoulé
depuis le début de l'année hydrologique. Ce dernier paramètre permet de prendre en compte les effets
antagonistes évoqués ci-dessus. Les résultats de la modélisation sont discutés.
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The hydrological signal of ENSO in the Upper Parana drainage basin

E.L. PlOVANO, P.J. DEPETRIS, J.L. PROBST

The tropical-temperate Parana River is one of the largest rivers in the worId (2.6 106 km2). Rivers
flowing in the tropics exhibit a significant correlation with ENSO (Amarasekera et al., 1997). Mossman
(1924) and Bliss (1928) -- members of Sir Gilbert WaIker's research group -- first hinted a cause-effect
relationship between the Southem Oscillation in the Equatorial Pacific and the Parana River flow.
Recently, Depetris et al. (1996) have examined the 1904-1991 discharge anomalies record of the Parana
at Corrientes, and found a spectral peak at a period of 40 months. Cross-spectral analysis revealed a
significant coherence squared (5% confidence level) in the neighborhood of the 30-month period range
between the equatorial Pacific Ocean sea-surface temperature (SST) anomalies and the Parana River
deseasonalized discharge. Exceptional discharges at Corrientes lags by about 8 months behind positive
SST anomalies in the Pacific.

The tropical Upper Parana supplies most of tlle total discharge (ca. 450 km3). Its mean contribution to
the total discharge is about SO% during high flow (Jan.-Apr.) and decreases to 65 % during the low
discharge period (Jun.-Aug.). The remainder is mostly supplied by the Paraguay River, which drains
BraziI's Mato Grosso as weil as the Andean eastem slope (Bermejo and Pilcomayo rivers).

The almost 100-year long deseasonalized record of Parana's discharge in its heterogeneous headwater
shows ample variability, with conspicuous, rather short-lived positive departures from the mean (mainly
associated to El Nifto events) and longer lasting dry spells. The river's accumulated anomalies show a
dry period during 1917-20, another one with its onset during the late 40's, and a steep water positive
departure from the mean that started in the early SO's, in agreement with the 1982-83 El Nifio event.
Most striking is the positive trend observable in the Paraguay's deseasonalized data during the last 20
years, possibly caused by Mato Grosso's increased deforestation.

The harmonic analysis of deseasonalized sea level pressure at Pt. Darwin and dicharge anomalies at the
upper Parana (in Posadas) and at the Paraguay River shows: a) significant periodogram peaks at
discharge anomaly frequencies coincidental with the occurrence of ENSO events in the Pacific; b)
significant and high squared coherency between sea level pressures and discharge anomalies in both
sub-basins; and c) evidence of a weaker ENSO signal in the Paraguay drainage basin.
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Balance hidrico superficial de la cuenca del Rio Napo, Pastaza y Santiago

R. POMBOSA LOZA, E. HEREDIA CALDERON, R. HOORELBECKE, V. PEREZ, J. ROURA,
A. ERAZO

El presente estudio comprende el Balance Hidrico de la Cuenca del Rio Napo, el no rnas grande del
Ecuador, localizado en la parte norte de la Amazonia ecuatoriana. La cuenca. de aproximadamente
27860 km2 hasta la localidad de Nuevo Rocafuerte, recoge las aguas de los deshielos del Antisana,
Sincholagua, Cotopaxi y L1aganates en su parte andina y drena las aguas provenientes de las altas
precipitaciones del pie de monte andino oriental y de la cuenca media Amazonica.

El Balance Hidrico se fundamenta en la aplicacion de ecuaciones que iguaIen entradas, salidas, y
almacenamientos de agua en la cuenca, por el principio de Conservacion de Masa. Dado que ningun
Balance puede ser generaIizado en el tiempo 0 en el espacio, puesto que es especifico para un periodo y
espacio considerados, para este estudio se tomo un periodo de 15 ailos, sin embargo se cuenta con
informaci6n de aproximadamente 25 ailos. El balance se desarrolla a escala mensual.

Para el estudio minucioso del ciclo hidrologico, se deben determinar las componentes de la circulacion
del agua entre la atm6sfera y el suelo, 10 cual permite establecer el Balance de la region, que puede
expresarse en forma simplificada como: P - Q= ETR + 0

Donde P es la precipitacion media, es decir, la componente del agua que proviene de la humedad
atmosferica que cae sobre la superficie terrestre; Q es el caudal medio; ETR representa la
evapotranspiraci6n media, que es la suma de la cantidad de agua que pasa a la atmosfera por los
procesos de evaporaci6n del agua interceptada por el suelo y la transpiracion de las plantas; y 0 es un
termino de discrepancia, debido a posibles errores de medicion y de estimacion de los parametros del
estudio. Esta ecuacion es aplicable bajo la hipotesis de que los carnbios de a1macenamiento en un
periodo largo de tiempo, en areas extensas tiende a minimizarse y se puedan suponer nulos.

Es evidente que la calidad del balance hidrico depende en gran medida de la calidad de los datos que se
utilizan para el analisis, por tanto, para poder tener resultados significativos, es necesario realizar un
proceso de control de calidad de la informaci6n existente, identificacion de errores y correccion de los
mismos. En este ambito, se ha puesto especial enfasis en la depuraci6n de los datos de niveles
registrados y aforos, asi como de los datos pluviometricos. El calculo de caudales diarios, mensuales y
anuales se derivan del analisis de aforos, niveles y curvas de descarga, estos valores provienen de
mediciones estan expuestos a errores, por ello es necesario realizar analisis de consistencia. Para la
informacion meteorologica, este analisis se realizara mediante curvas de doble masa y mediante la
aplicacion del paquete Climan. El calculo de la evapotranspiraci6n se realizara por varios metodos.

Se esta elaborando un banco de datos con la informacion hidrometeorologica y con las caracteristicas
topograficas y fisiograficas de la cuenca, tipo y uso del suelo. Con esta informacion se generaran mapas
de isoyetas, isotermas, isolineas de evapotranspiracion y de isolineas de escorrentia.
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Regimes hydrologiques des hauts bassins nivo-glaciaires boliviens
et variabilite pluviometrique des vallees andines en condition El Niiio et La Niiia

B. POUYAUD, P. RIBSTEIN, R. GALLAIRE, P. CHEVALLIER, Y. CABALLERO, E.
BERTHIER

L'IRD (anciennement ORSTOM) et son partenaire J'entreprise hydroelectrique COBEE exploitent
depuis 1991 des stations hydrometriques de hautes altitude (4800 m) a l'aval de 3 bassins versants
glaciaires du Huayna Potosi (6088 m), sur le versant amazonien de la Cordillere Royale de Bolivie. A
partir de ces observations recentes de bonne precision, il a ete possible de reconstituer 3 chroniques
hydrologiques longues d'une vingtaine d'annees chacune, comprenant done plusieurs evenements
importants El Nitio et La Nifia. L'emprise glaciaire de ces bassins versants est comprise entre 15 et 70 %
et ils ont des orientations fortement contrastees. L'evolution annuelle et infra annuelle de leur
hydraulicite peut etre clairement mise en correlation, positive ou negative, avec I'occurrence des
evenements El Nino et La Nifta, L'explication de ces fonctionnements parfois opposes des bassins
versants glaciaires est fournie par le pourcentage d'englacement et l'orientation des bassins versants,
mettant ainsi en evidence, en Bolivie, la dependance etroite aux evenements ENSO de l'hydrologie
glaciaire des fleuves composants primaires du bassin amazonien.

La pluviometrie dans la vallee du rio Zongo (tributaire du rio Coroico, puis du rio Beni et enfin du
Madeira), a 10 stations pluviometriques controlees par la compagnie hydroelectrique « COBEE »,
echelonnees entre 4800 et 1200 metres d'altitude, est connue depuis une trentaine d'annee de facon
suffisamment precise pour pennettre une etude statistique a l'echelle annuelle et mensuelle. La
comparaison des valeurs de pluies centrees reduites a l'echelle de l'annee et de la saison avec les valeurs
du SOl confinne l'attenuation du signal ENSO sur les precipitations, lorsque l'on va vers l'aval et la
plaine amazonienne, alors que ce signal ENSO est encore bien marque aux stations d'altitude par un net
affaiblissement des precipitations en phases El Nifio.

Les deux approches precedentes, complementaires, donnent les cles du fonctionnement hydrologique des
hautes vallees andines tributaires de la plaine amazonienne, et notamment de sa dependance vis-a-vis
des evenernentsENSO.
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Variabilite interannuelle des caracteristiques hydrologiques du rio Beni
au site du projet de barrage de Angosto del Bala, et consequences previsibles

B. POUYAUD. C. DIAZ, P. FRAIZY. L. MAURICE BOURGOIN

Lorsqu'a Angosto del BaIa, le rio Beni (l'un des 4 principaux constituants du rio Madeira) sort des
dernieres chaines des contreforts andins, a 10 km al'amont de Rurrenabaque (Bolivie), il emprunte une
gorge etroite de moins d'une centaine de metres de largeur et profonde d'un demi km. Le fleuve peut
lui-meme y atteindre une cinquantaine de metres de profondeur. Le site de la gorge taillee dans les gres
tertiaires est extremement favorable ala construction d'un barrage de grande capacite, compte tenu de la
taille imposante de la plaine amont dont on connait l'hypsometrie, Les debits Iiquides sont relativement
bien connus depuis une vingtaine d'annees et pennettent une etude statistique classique. Les debits
solides (Guyot, 1993) sont estimes sur une periode de reference nettement plus courte, mais suffisante
pour approcher les volumes annuels de sediments transportes en suspension ou dilution. Les parametres
hydrologiques necessaires aune pre-etude de faisabilite du barrage sont donc reunis.

Diverses hypotheses faites sur la hauteur du barrage et sur ses regles hydroelectriques de gestion
pennettent d'anticiper les consequences hydrologiques, economiques et humaines de la mise en ceuvre
eventuelle d'un tel barrage, qui seraient a priori plutdt positives sur son cours avaI (regulation des
debits), mais au contraire catastrophiques sur la cuvette amont (submersion des richesses de la
biodiversite), actuellement occupee par un pare naturel oil vivent notamment de nombreux representants
des ethnies Chimane et Mosetene exploitant le potentiel piscicole et botanique de cet espace encore
preserve.

L'influence fort peu visible des evenements ENSO sur I'hydraulicite du rio Beni aAngosto del BaIa est
egalement rapidement presentee et discutee,
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Biogeochemistry of the Cauvery flood plain sediments, Southern India :
Implications to their origin and farming

G.K PRASAD, V. RAJAMANI

Soil, an essential earth resource for food production is formed by the interaction of the physical.
biological and cheoùcal forces of nature. Alluvial soils and flood plain sediments are known to be very
fertile and rich in plant nutrients. The nutrient e1ements are derived from rocks in the catchment areas
by complex weathering processes. Rock weathering, soil erosion, transportation and deposition of these
weathered rnaterials has resulted in the formation of nutrient enriched, easily weatherable sediments.
The alluvial sediments are home to billions of organisms, which utilise the bio-available nutrients, in
tum accelerating the process of bio-weathering by secreting various kinds of organic acids and complex
cheoùcal compounds into the sediments. Action of these compounds leads to further weathering and
release of nutrients, thus making the area a highly fertile farmIand. Understanding this complex
biogeocheoùcal process is very important for sustainable agriculture. Cauvery constitutes a major river
system of southem India. It originates in the western ghats, in the Mysore plateau, flows eastward and
finally drains into the Bay ofBengal. Along the way it f10ws through granitic, gneissic and charnockitic
terranes which are subjected to repeated uplifts, and fonus a vast and highly fertile flood plain in the
down stream area.. Sediment samples from the flood plain areas were collected from a depth of 0 - 20
cm, within 200 m on either side of the river channel. The dooùnant type of fungi present in the samples
were isolated, cultured and identified using techniques in oùcrobiology. Aspergillus niger, A. terreus
var. terreus, Byssochlamys nivea (Westling), Rhizomucor pusilius and Fusarium solani were the major
fungi identified. AlI these organisms are known to secrete organic acids and hence may play an active
role in bio-weathering. Huoùc acids (HA) and fulvic acids CFA) extracted from the sediment samples,
were analysed by ICP-AES for various elements, and by XRD and IR spectroscopy for mineralogy and
organic characteristics. The analyses indicate that, possibly, the humus is fresh and not very complex in
nature. Concentrations of all major oxides in bulk samples, including the calculated Chemical Index of
Alteration (CIA), suggest little cheoùcal weathering, of the samples as weil as their sources. The
samples are predooùnantly alkaline in nature, with low EC values indicating very Iittle free ions. The
organic carbon content is weil below the average expected values « 1.5 %) and constitutes nearly 80 %
of the total carbon in the soil samples. Nitrogen content is also at best low to average. Organic acid
concentration is low and does not seem to have influenced the pH of sediments to any great extent.
Neither the texture nor the composition of the sediments show any perceptible variation along the course
of the river downstream, to suggest any further cheoùcal weathering. Most of the nutrients are still
trapped in the oùnerals of the sediments, perhaps because of their very recent origin «10,000 years,
Pramod Singh, unpublished data).
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Trace element and rare earth speciation in river sediments
by new sequential extraction procedure.

Implications for continental erosion and river transports into the oceans

J.L. PROBST, L. LELEYTER, P.J. DEPETRIS, S. HAmA, J. MORTATTI

Part of the elements which are transported in rivers as particulate phases belong in fact to the dissolved
phases and they are adsorbed onto suspended matters. In order to assess the origin, the fate and the
bioavailability of these elements, the speciation of particulate elements (alkalines: Rb, Cs - alkaline
earth: Sr, Ca - metals: Fe, Mn, Co, Pb - actinides: Th, U - lanthanides (REE): La, Ce, Pr, Nd, Sm, Eu,
Gd, Tb, Dy, Y, Ho, Er, Tm, Yb, Lu) has been determined thanks to a new sequential extraction
procedure (Leleyter and Probst, 1998). This 7-step sequential scheme is designed to dissolve and to
separate chemical phases of the sediment sample whieh can be affected by changes of physico-chemical
conditions, in the following order: elements dissolved with water, really exchangeable, bound to
carbonates, bound to manganese oxides, bound to amorphous iron oxides, bound to crystalline iron
oxides and bound to organic matter. At the end of the extraction procedure, the remaining elements, not
bioavailable, are in the residual fraction which is mainly composed of primary minerais and clay
minerais. 37 river sediment samples (suspended matters and bottom sediments) ) which have difIerent
mineralogical and chemical compositions have been studied from Argentina (patagonian rivers: Chico,
Colorado, Coyle and Deseado), Brazil (piracicaba river), France (Garonne and III rivers) and Morocco
(Sebou river).

The results show that the elements which belong to the same chemical group have the sarne preferential
scavenged sites. Alkalines are mainly associated with the residual fraction. Alkaline earth elements are
very bioavailable (40-90%, 40-65% and 65-100% of Sr is bioavailable in the Piracicaba, III and Sebou
river sediments respectively) and are mainly controlled by exchangeable and carbonate fractions. The
87Sr/86Sr isotopie signatures of bioavailable particulate Sr fractions are close to that of the dissolved Sr.
Metals are also very bioavailable (30-60% and 50-100% of Co in the Patagonian rivers and in the other
rivers respectively, 78% of Pb in the III river) and they are mainly bound to the iron and manganese
oxides. The actinides are mainly associated to the oxides but sometimes uranium is controlled by
carbonates too. Nevertheless, U and Th have the same biovailability in a given sediment but it varies
from one river to another (7-82%). The REE are mainly linked to the carbonates, to the iron oxides and
to the organic matter. The PAAS normalized REE distribution of the residual fraction can be different
from that of the total sediment, indieating sorne REE fractionation during the fluvial transport. These
results are fundamental to study the signature of the continental crust erosion using the river transports
of dissolved and suspended matters and the signature of river inputs to the oceans. Most of previous
studies on REE distribution and Sr isotopic signature in riverine material could be revised taking
account our results.
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Silicate rock weathering and atmospheric/soil C02 uptake
estimated from river transports of alkalinity, cations and silica

J.L. PROBST, P. AMIOTTE SUCHET, J.L. BOEGLIN, J. MORTATTI, W. LUDWIG

The chemical erosion of inorganic materials consists in dissolving or hydrolyzing primary minerals of
rocks and soils, releasing dissolved elements which are drained into groundwater and rivers. The
chemical weathering processes require C02 and the natural weathering pathway caused by the carbonic
acid reaction with minerais produce dissolved inorganic carbon. Nevertheless, on a geological time
scale, the flux of C02 consumed by carbonate dissolution on the continents is balanced by the C02
fluxes released to the atmosphere by carbonate precipitation in the oceans. Consequently, with regard to
the C02 content in the atmosphere, it is only the fluxes of C02 consumed by silicate rock weathering
wltich represent a non-negligible sink of C02. Then, this study is focussed mainly on the C02 uptake by
silicate rock weathering and on the subsequent riverine alkalinity transport.

The C02 fluxes consumed by silicate weathering cou1d be calcu1ated for about forty large river basins
from river fluxes of alkalinity, silica, cations and anions (data from the literature) after correction from
the atmospheric inputs. We used a geochemical modelling (MEGA) based on the stoichiometry of the
chemical reactions wltich control the dissolution and hydrolysis of the different minerals and on the
ionic ratios in streamwater draining major rock types. The resu1ts show that the fltLX of C02 consumed
by silicate weathering is directly proportional to the silicate rock weathering rate.

As previously shown by difIerent authors, climate (e.g. precipitation, runoff and temperature) is one of
the main factors controlling silicate rock weathering and consequently, atrnospheric/soil C02
consumption. For large river basins, it is shown that the riverine dissolved silica fltLxes are mainly
proportional to the runoff intensity. A temperature effect could be pointed out (higher silica fluxes in
tropical-equatorial areas than in temperate and subarctic regions for the same runofi), but this effect is
much less important than the runoff control. The results of our geochemical modelling allow to
determine good linear relationships between C02 fluxes and runoff for the major world river basins.
Nevertheless, it appears clearly that, for similar runoff, the C02 flux consumed by silicate weathering is
lower for lateritic drainage basins than for non-lateritic ones. For a mean runoff of 250 mm.y-l , the
chemical weathering of silicate consumes a specific C02 flux about 1.8 times lower in lateritic drainage
basins than in non-lateritic ones. It is important to consider such a difference because the lateritic covers
occupy 33% of the whole continental areas. However, titis difIerence cannot necessarily be attributed to
lower weathering intensity in lateritic regions, but also to other parameters such as relief, mineralogical
weathering stage and particularly, thickness of soil profiles.

To reconstruct the geological fluctuations of C02 consumed by silicate weathering, it is interesting to
derive directly alkalinity produced by silicate weathering from riverine discharge of dissolved silica. But,
there is no correlation between alkalinity and dissolved silica content in large rivers because lithologies
and weathering types and rates are so different from one river basin to another. Nevertheless, it has been
possible in this study to determine a good relationship between the weathering types as calcu1ated using
the weathering index Re (calcu1ated from riverine fluxes of cations and silica, after corrections for
atmospheric inputs) and the ratio between alka1inity derived from silicate minerai hydrolysis and silica
concentrations in large river basins. The results show that when the Re increases going from allitization
processes (Re tends to 0: genesis of gibbsite) to monosillitization (Re tends to 2: formation of kaolinite)
and to bisiallitization (Re tends to 4: weathering products are smectites), the molar ratio alkalinity/silica
increases respectively from less than 1, to 1-2 and to more than 2. By combining this modelling with the
worldwide spatial distributions of weathering types and of runoff intensity, it is possible to reconstruct
the average ratio alkaliny/silica discharged by world major rivers into the oceans.
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Caracterizaci6n de la respuesta unitaria de una gran cuenca tropical

A PUENTES, J.L. AYUSO, A.PENA, J.V. GIRALDEZ

Las caracteristicas c1imaticas de las zonas tropicales confieren especial importallcia a la hidrologia de
sus cuencas, en particular por las fuertes intensidades de lluvia debidas a los fenomenos de tipo
cic1onico.

La caracterizacion de la respuesta unitaria de una cuenca en la que se disponga de registros de aforo. es
una de las técnicas mas usadas dentro de la practica de la ingenieria a la hora de predecir los volumenes
de escorrentia y los caudales punta de avenidas futuras, ocasionando por aguaceros de proyectos.

La teoria deI Hidrograma Unitario (HU) conforma un modela conceptual que a pesar de sus limitaciones,
constituye una util herramienta para el disefio de estructuras para la proteccion contra las avenidas y la
gestion de los recursos hidricos .

Se presenta en este trabajo los resultados de aplicar diversos métodos y modelos en la identificacion deI
HU de la cuenca deI rio San Diego, ubicada en la provincia mas occidental de la Isla de Cuba, a 85 km.
de la ciudad de La Habana, con una superficie de 262 km2, este rio nace en el macizo montafioso de la
Cordillera de los Organos y desemboca al sur de la provincia en el mar Caribe, atravesando en su
recorrido de norte a sur, paisajes montafiosos y la llanura costera sur de la provincia de Pinar deI Rio.
Tras analizar tres episodios registrados de lluvia - escorrentia, en el que las intensidades de lluvia fueron
significativamente importantes, los HU obtenidos después de aplicar las técnicas de minimos cuadrados ,
minimos cuadrados suavizados, y obtener las funciones matemâticas con el HU instantâneo de Nash y el
Hidrograma Unitario Geomorfol6gico Instantâneo (HUIG), se aprecia que los hidrogramas obtenidos
mediante estos modelos no difieren de los hidrogramas observado en la estacion de aforos Gavilanes,
donde vierte una superficie de 155 km2, destacando la precision de la reproduccion de dichos
hidrogramas en la mayoria de los modelos estudiados, analizados los episodios individualmente 0

agrupados fueron evaluados siguiendo los criterios de Zhao (1986), identificando la mejor respuesta
unitaria

También para facilitar el anâlisis hidrologico de la cuenca se ha desarrollado un conjunto de algoritrnos
que sintetizan la informacion topogrâfica existente en los modelos digitales de elevacion obtenidos por
los SIG matriciales (Grass4.2) 0, extraible simplemente de la cartografia, generando una estructura
topologica de la que se puede obtener el Hidrograma Unitario Instantaneo Geomorfol6gico (HUIG),
delimitando automaticamente la cuenca y su magnitud gemorfologica de cada canal.

El Hidrograma Unitario (HU) de Ih, obtenido a partir deI HUIG, propuesto por Rodriguez Iturbe y
Valdés (1979) y Gupta y col. (1980) seglin la fonnulaci6n de Pefia y col. (1999), que considera la
distribucion topologica de los canales de la red coma un factor a tener en cuenta en la respuesta
hidrologica de la misma, son similares a los deI modela de Nash, por cuanto, el HUIG, se traduce en una
expresion de suma de funciones exponenciales.
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Evolucien espacio temporal de la hidrogeoquimica
de la cuenca amazonica de Bolivia

J. QUINTANILLA, L. MAURICE BOURGOIN, J.L. GUYOT

La cuenca amazonica de Bolivia con una superficie de 872.000 Km2 corresponde a la parte alta de la
cuenca del rio Madera, principal afluente meridional del Amazonas. El rio Madera tiene como afluentes
principales a los rios Beni y Mamore, cuyas cuencas corresponden a medios biogeograficos muy
contrastados desde los glaciares de la cordillera Oriental de Los Andes ( 6500 msnm) , hasta la selva
tropical humeda del piedemonte y las sabanas de la planicie amazonica (95 msnrn).

Del analisis generai de la evoluci6n de los elementos mayoritarios de los rios de la cuenca andino 
amaz6nica de Bolivia, se nota una clara predominancia del ion sulfato respecto al bicarbonate,
existiendo una correlacion directa con el calcio, magnesio y sodio,

Globalmente, las aguas de la llanura amazonica se distinguen de las aguas de los tributarios andinos por
un color negro (aguas negras), pH mas bajo, conductividad baja y abundancia relativa en potasio, hierro
y a veces silice disuelta,

En 10 referente a 10s nutrientes, en 10scontenidos de las aguas de esta cuenca se puede notar una baja
incidencia en concentracion, 10 cual se ve reflejado en el minimo proceso de eutroficacion de la region.

En la region andina la facies predominante es sulfato calcico - magnesico y descendiendo
geograficamente se inicia el cambio de facies hacia bicarbonato calcico - s6dico.

El rio Orthon tie ne una facies bicarbonato sodico - calcico, en cambio el rio Mamore, tiene actualmente
una facies sulfato calcico - sodico.

Finalmente en toda la cuenca, se mantiene un bajo tenor de: cloruros, hierro y boro; incrementandose en
cambio el potasio, silice disuelta y la turbidez.
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Regional -scale biogeochemical cycles of the Amazon: A riverine perspective

J.E. RICHEY, RL VICTORIA

How does a large river system obtain and subsequently modify its biogeochemical composition? While it
is often stated that, at regional to continental scales, river basins are natural integrators of surficial
processes, the mechanics of how to interpret such rnt'onnation is far from understood. Overall. the
challenge is to Iink the flow of water through the landscape down river channels to the ecological and
chemical attributes of basins at scales larger to much larger than typical small watersheds. How to
define these linkages between regional-scale land surface processes and the capability of river systems to
transport and process land-derived materials is the key issue. In practice. this involves development of
large-scale river models.

In this presentation, the Amazon River system is used as a test case for developing a model of the
dynamics of a large floodplain river which has as its goal the quantitative understanding of the sequence
of processes from uplands to floodplains that produce the integrated hydrological, chemical, and
biological signais at the mouths of the major tributary basins (scale: 50,000 to 1 million km2). The
summary working hypothesis is that, "The quantity and composition of dissolved and particulate
bioactive materials in a parcel ofwater at any downstream node in the river system is predictable as the
product of a cornmon set of processes which occur differentially according to upstream conditions of
relative topography, soil organic content and texture. water residence time, and floodplain extent."

The central premise of river basin models is that the constituents of river water provide a continuous,
integrated record of upstream processes whose balances vary systematically depending upon changing
interactions of flowing water with the landscape and the interplay of biological and physical processes
This approach, as embodied originally by the River Continuum Concept, is based on the concept of a
dynamic interaction of the landscape with its fluvial system. River properties should vary
systematically downstream as processes affecting primarily the interactions of flowing water with the
landscape give way to within river transport and processing. They should respond with differing
magnitudes and lags to natural or manmade perturbations depending on the processes involved and the
downstream transfer rates of their characteristic products.

Therefore, the chemical signatures of riverine materials should be able to identify different drainage
basin source regions, reaches or stages and can be tied to landscape-related processes such as chemical
weathering and nutrient retention by local vegetation. The chemical composition of river water is
sensitive to both underground and surficial processes acting over a wide range of characteristic temporal
and spatial scales. The information richness of riverine chemical recordings is potentially immense,
especially for organic substances, and is Iimited largely by availability and application of appropriate
analytical methods and conceptual models. Important/y, with proper sampling, both the concentrations
and fluxes of riverbome materials can be direct/y quantified and related to specific source regions. The
chemical signature of riverine materials can be used to identify different drainage basin sources and the
unique balance of processes acting within them. Area- or rainfail-nonnalized export fluxes can be
deterrnined for different drainage basins and tied to landscape-related processes such as chemical
weathering and nutrient retention by local vegetation. Fluxes of measured constituents can be compared
over any segment of the water flowpath to establish local mass balances and budgets. Such comparisons
are particularly useful in establishing the magnitudes of unknown sources (e.g. photosynthesis or
groundwater inputs) or sinks (e.g. respiration or gas exchange) of bioactive materials within critical
sections of the water network.
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Diagnostico ambiental da bacia do Rio Araguaia (Area Piloto)
Mapa de vulnerabilidade natural das terras

A.J.W. RIOS, J. TARAPANOFF, J.O. DEL'ARCO

A Administraçào das Hidrovias do Tocantins-Araguaia - AHITAR. orgào vinculado a Ciao Docas do
Para do Ministério dos Transportes, preocupada em compatibilizar a hidrovia a ser implantada no
sistema hidrognifico Araguaia-Tocantins corn a legislaçào e 0 uso ambientalmente correto das terras a
serem incorporadas ao processo produtivo, estabeleceu um convênio de cooperaçào técnico-cientifica
corn a Fundaçao Instituto Brasileiro de Geografia e Estatistica-IBGE, para a realizaçào de um
Diagn6stico Arnbiental em parte da bacia hidrogrâfica do rio Araguaia, trecho compreendido entre a
cidade de Barra do GarçaslMT e a localidade de Luiz Alves/GO, corn uma area aproximada de 80.000
Km2, escolhida como area piloto. 0 Diagn6stico Ambiental visa determinar e conhecer as diferenças
geoambientais na area considerada, determinar a vulnerabilidade de suas terras no que diz respeito a
erosào e a pressào decorrente do uso atual das terras, corn 0 prop6sito de estabelecer areas favoraveis
para a implantaçào de experimentos para 0 controle de erosào e do aporte de sedimentos para a rede de
drenagem. Pretende-se, ainda, gerar parâmetros ambientais passiveis de referencial e indicadores
rrietodol6gicos para estudos e aplicaçào em outros trechos do sistema hidro-vüirio Araguaia-Tocantins. 0
Diagn6stico Arnbiental esta sendo realizado de maneira multi e transdisciplinar pôr uma equipe técnica
do IBGE/DIGEO-CO, composta pôr ge610gos, agrônomos e engenheiro florestal, que sob enfoque
calcado na Teoria GeraI de Sistemas e 0 modela de compartimentaçào da paisagem fisica de Bertrand
(1971), considera as inter-relaçoes vigentes entre os componentes do meio fisico-bi6tico: rocha - relevo
- solos - hidrografia - vegetaçào - clima. A visào holistica e sistêmica decorrente deste estudo perrnite
estabelecer os distintos compartimentos da paisagem, avaliar coma cada um reage às pressoes antr6picas
e, entào, indicar as areas mais favornveis para estudos posteriores. As anâlises tematicas foram efetuadas
a partir de pesquisa bibliogrâfica, material cartogrâfico na escala 1:250.000 (bases plani-altimétricas;
imagens de radar de visada lateral de 1976; imagens de 1M Landsat 5, bandas 3,4 e 5 de 1996, estas
ultimas em meio anal6gico e digital) e trabalhos de campo para descriçao dos aspectos fisico-bi6ticos e
antr6picos e coleta de amostras de rochas, solos e de espécimes botânicos para classificaçào. Todos os
dados obtidos foram tratados em ambiente computacional,com emprego dos software MICROSTATION
95, MICROSOFT ACCESS 97 e MODULAR GIS ENVIRONMENT.

o produto final esta consubstanciado em cinco (5) mapas na escala 1:500.000, conforme segue: MAPA
GEOAMBlENTAL. 0 Mapa Geoambiental compartimenta a paisagem de acordo corn suas
caracteisticas fisico-bi6ticas (rochas-relevo-solos-hidrografia-vegetaçào-elima), hierarquizada em taxons
- do maior para 0 menor --em: Dominios, Regioes, Geossistemas e Geofacies. Representa a radiografia
do meio fisico corn a cobertura vegetal primitiva, mostrando quais sao e como se distribuem os recursos
naturais da area. Mostra coma a area é. MAPA DE VULNERABILIDADE DAS TERRAS. Mostra a
capacidade de evoluçào da paisagem fisica face a açao das aguas superficiais (erosao pluvial,
principalmente). Separa as areas corn vulnerabilidade: muito fraca, fraca a moderada, moderada,
moderada a forte, forte e muito forte, além de uma classe especial relacionada aos dep6sitos fluvio
lacustres do Quaternârio. Mostra corn a area funciona. MAPA AGROECOLOGICO. Mostra 0 potencial
agricola e a capacidade de suporte dos diferentes tipos de solos identificados, face aos diversos usos da
terra (pastagem, lavoura, mineraçao ... ), racional e ecol6gicamente eqquilibrada. MAPA DE
QUALIDADE AMBlENTAL. Mostra a situaçao atual do meio ambiente face a açao antr6pica,
distinguindo Areas Conservadas (corn vegetaçao remanescente) e Âreas Derivadas, indicando, aqui, as
que se encontrarn em situaçao de Equilibrio Dinâmico (corn uso compativel), Alerta e Critica (corn
graves impactos ambientais). Mostra como a area esta. MAPA DE ZONAS PARA DETALHAMENTO,
EXPERIMENTAÇOES E AÇOES CORRETIVAS. Mostra as intervençoes que deverab ser
implementadas para 0 aproveitamento raçional e 0 controle e manutençao do equilibrio dinâmico vigente
nos sistemas ambientais caracterizados.
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Aquisi';30 automatica de dados em hidrologia

M.S. RODRIGUES, V.S. GUIMARAES, E. OLIVElRA, J.J. SILVA, J. CALLEDE, A.M.
OLNEIRA

Corn 0 advento da informatica, a partir da decada de 80 e a utilizacao de novas tecnologias na area de
hidrologia, na decada de 90, as informacoes hidrologicas passaram a ser aquisitadas automaticamente
atraves de sensores modernos, annazenadas "in loco" em Platafonnas de Coleta de Dados e em alguns
casos teletransrnitidas. Esta modernizacao melhora a qualidade dos dados; pennite a avaliacao
"instantanea" da disponibilidade hidrica; melhorara a avaliacao do potencial energetico; pennite realizar
o balance hidrico em tempo "quase real"; melhora 0 controle dos recursos hidricos e pennite
disponibilizar dados mais atualizados para a sociedade. como por exemplo dados instantaneos para
alimentar modelos de previsao de tempo.

As informacoes, apos aquisitadas e tratadas. podem ser disponibilizadas em vanas midias. como a
Internet.

Este trabalho mostra tanto a experiencia no planejamento, operacao e rnanutencao de sistema
telemetrico de informacoes hidrologicas, quanto a implementacao de um sistema para aquisicao,
tratamento e disponibilizacao das informacoes.

154



Manaus '99 - Hydrological and Geochemical Processes in Large Seale River Basins

Weakness of the relationship between rainfall and ENSO in the lowlands of Bolivia

J. RONCHAIL

In the lowlands of Bolivia, drained by the tributaries of the Rio Madeira, rainfan are seldom dependant
of El Nino and La Nina events:

-during El Nino events, there is no significant rainfall anomaly;

-during La Nina events, since 1970, negative anomalies are significant during the second half of the
rainy season and during the winter (Ronchail, 1999). But negative anomalies can also occur during
non-La Nina periods.

These results are consistent with the negative relation between a discharge index of the Rio Madeira in
Porto Velho and the Southem Oscillation Index (SOI) during the 1970-1995 period (Guyot et al., 1997),
and, above all, with the weakness of this relation.

The weakness of the re1ationship between ENSO and the discharge in Porto Velho may he explained by
the fact that a quarter of the Rio Madeira drainage basin is located in the Andes (Guyot. 1993); now, in
the Northem Altiplano negative rainfaii anomalies are significant during El Nino events, so that the
anomalies are opposite in the Andes and in the lowlands and may compensate their effects on the
discharge.

Further, the weakness of the relations discharge-ENSO and rainfall-ENSO in the south-west of the
Amazon basin is may be due to the distance of this place to the ocean and aIso to its specifie atmospheric
circulation.

Meridional wind variability in continental South America is very strong. Northerly tropical circulation
often aItemate with southerly temperate circulation. Both are modified in opposite ways during ENSO
events and an hypothesis is that they could produce compensatory effects on the Bolivian lowlands
rainfal1s.

Circulation during ENSO and the relation between meridional circulation and the Bolivian lowlands
rainfall will be documented.
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Biogenic gas production from major Amazon dams, Brazil

L.P. ROSA, M.A. SANTOS, B. MATVIENKO, E.M. SIKAR, R.S.M. LOURENÇO, C.F
MENEZES

The present study is the outcome of two projects submitted to ELETROBRAS, first of one was
performed between 1992-1993 and the second from 1997-1999. The idea was to establish a direct
cooperation between COPPEIUFRJ and CRHEA-USP/S. Carlos. with the support of ELETROBRAS,
for carrying out technical and experimental research on greenhouse gas emissions of hydroelectric plants
in the Amazon region.

COPPE could otTer the experience acquired through the Energy Planning Program's work on calculating
Carbon Dioxide (C02) emissions in the course of production and use of the various types of energy, as
weil as the fact that a research on Methane (CH4) emissions was already on the way. CRHEA in S.
Carlos had experience in limnology, together with sorne research on measuring the gas emissions of
hydroelectric plants.

The data on CH4 and C02 generation through organic decomposition in the flooded areas, comprising
the dam, are rather sparse and difficult to organize into a working body of information. Most certainly.
the decomposition of part of the biomass, such as large tree trunks, does not lend itself to observation
within a feasible time horizon, while the decomposition half-life of leaves and/or thin branches requires
only few months or years.

Two types of measurement were performed to coyer both emission by bubbles and diffusive gas
exchange at the water air interface. The equipment would be taken by motor boat to the sampling
location. Spontaneously rising bubbles were caught by funnels each kept hanging from pairs of 2L
volume plastic floats. The funnel's mouth diameter was 0.7m, the angle at the tip being 600. The tip
ended in a 20mm polyamide piece over which a test tube or a larger collection vessel could be fastened.
Collection vessels were originally water fi lied. Rising bubbles reaching the funners mouth would be
channeled to the collection vessel where they were allowed to accumulate over 2+ hour periods. being
then harvested and. after noting total collected volume, taken to the laboratory for chromatographie
analysis.

Gas exchange at the water atmosphere interface was evaluated through an equilibration method in which
confined portions of air were allowed to partly equilibrate with the gas dissolved in the water, over 5 and
10 minute periods. using the diffusion chambers.

In bubbles there is mainly methane (up to 97.7 mole % ) while C02 release dominates in diffusion
(99.0%). A thermal conductivity gas chromatograph was used to analyze samples for C02. Methane was
analyzed using a flame ionization detector.

In order to predict future development of gas emissions a mathematical model \Vas developed based on
gas emission data. Il is also based on the supposition that part of the original biomass flooded by the
reservoir decomposes in a relatively short period of time. falling exponentially within a few years. while
trunks and thick branches decompose slowly. their emissions adding to that of the lake throughout its
Iife span.
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A conceptual model of hydrogeomorphological-vegetation interactions
within the confluence zone of large tropical rivers : Orinoco, Venezuela

J. ROSALES, C. BRADLEY, G. PETTS, D. GILVEAR

This paper presents a model describing the significance of hydrogeom0I"P.hic process in determining the
ecological characteristics of tributary confluence zones.

Theses zones are typified by higWy dynarnic hydrological and geomorphological variability in which
timing. magnitude. duration of flood events, water source areas. sediment transport rates. and hydraulic
forces can vary significantly in different years. Greatest variability being exhibited in the lateral and
longitudinal borders of the confluence area. The model has been developed following detailed studies
along the Rivers Mapire and Caura and a reconnaissance survey of eight other lowland tributaries of the
Orinoco River. Model parameters include water quality, flooding regime and current and historical
channel dynamics.

The model suggests that in large tropical rivers, channel confluences exhibit high beta-diversity due to
strong gradients of water quality and flooding regime and a high degree of channel instability inducing
high spatial variation in vegetation patches. In areas of intense flooding specialist communities with low
diversity exist whereas in areas of less pronounced inundation more diverse communities are found.

The extent of floodplain subject to a confluence effect varies seasonally and from year to year and can be
predicted on the basis of differing hydrological conditions in major river in comparison with a tributary.
The ability of these hydrological processes to predict vegetation communities in this variable zone is
assessed.
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The use of spaceborne radar data for inundation modelling and subsequent
Estimations of trace gas emissions in Tropical wetland areas

A. ROSENQVIST, B.R. FORSBERG, T. PIMENTEL, Y.A. RAUSTE, J.E. RICHEY

River floodplains are the dominant wetland habitat in the Amazon basin. These flooded environments
provide important habitat for aquatic flora and fauna and they play a key role in sustaining regional fish
production. They are also a globally significant source of methane and other trace gases essential to
climate regulation. Accurate infonnation on wetland spatial distributions is however needed to improve
estimates of habitat availability and calculate regional contributions of trace gases, in particular methane
(CH4), to the troposphere. The spatial distribution of wetland ecosystems can to a certain extent be
mapped by means of ground surveys, or by use of optical remote sensing data from aerial or spaceborne
platforms, often by using indicators such as e.g. tree species distribution. Such traditional methods do
however not provide any infonnation about parameters such as the spatial extent of inundation at a
given time, flood duration etc.

Microwave signals from spaceborne remote sensing platforms have the specific property of penetrating
clouds and haze, thereby providing a clear vie'Y of the forest regardless of the weather. If the sensor
operates with a sufficiently long wavelength, the signal will in addition also penetrate the forest canopy,
thereby rendering information about the woody biomass, the forest floor and its prevailing water status.
As a consequence, inundated igap6 forest will appear differently (brighter) in a radar image than non
flooded igap6, thereby providing a unique tool for monitoring the instantaneous spatial extent of
flooding.

Within the framework of the Global Rain Forest Mapping (GRFM) project, the Jau river in the central
part of the Amazon basin, has been monitored with the L-band SAR on the JERS-l satellite, and a
spatial model of the inundation patterns of the river has been developed. The satellite measurements
have been complemented on the ground by monthly measurements of CH4 emissions along a transect
through the seasonally flooded forest in the Jau. The ground measurements verify the clear relationship
between the L-band backscatter and the status of inundation, which in turn proved to be closely
correlated with the emissions of CH4. By the use of the spatial/temporal JERS-I inundation modeL the
daily CH4 fluxes could be estimated.
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ENSO et precipitations sur le bassin versant du Guayas (Equateur)

F. ROSSEL, E. CADIER

L'influence de I'ENSO sur les precipitations a fait l'objet de nombreuses etudes dans differentes regions
de la planete et de l'Amerique du Sud en particulier. L'Equateur, situe entre le Perou et la Colombie, est
particulierement touche par ce phenomene. Le rechauffement de l'ocean qui caracterise ce phenomene
entraine des precipitations et des inondations qui amenent des pertes rnaterielles et humaines parfois
considerables, Cependant, peu d'etudes precises et sur une periode comprenant plusieurs evenements ont
ete realisees pour ce pays. La critique et l'homogeneisation des series pluviometriques de 210 stations
reparties entre les regions cotieres, la cordillere des Andes et le versant amazonien de I'Equateur ont
permit d'etudier pour la premiere fois, sur une periode de 30 ans, I'influence du Niiio sur les
precipitations annuelles et mensuelles de ce pays et d'estimer les possibilites de prevision des
precipitations. A partir d'une regionalisation et d'une zonification de la pluviometrie, les relations entre
I'ENSO et les totaux pluviometriques annuels sont etudiees, Cette analyse a permit de diviser l'Equateur
en trois regions: une ou I'influence de I'ENSO sur les totaux pluviometriques annuels est forte. une ou
elle n'est pas significative et une intermediaire ou l'influence varie selon les evenements. La premiere
correspond it la majorite des regions cotieres, la deuxieme aux vallees inter-andines et au versant
amazonien, la troisieme aux flancs occidentaux de la cordillere des Andes, au nord des regions cotieres
et au versant est du relief cotier, La grande plaine cotiere de la riviere Guayas. dont le bassin versant a
une superficie totale de 31500 km2, est la plus importante zone d'habitation, d'activite industrielle et de
production agricole du pays. Elle est situee dans la region la plus fortement influencee par I'ENSO.
L'etude des rnecanismes it I'origine des precipitations sur les regions cotieres de I'Equateur, des
anomalies de temperature superficielle de la mer et de vent it proximite du continent ont permit de
definir un schema type d'apparition de precipitations abondantes. Ces dernieres correspondent
generalement it un rechauffement de l'ocean et it un affaiblissement des alizes. Conditions
habituellement observees it proximite des cotes de l'Equateur et du Perou au cours d'un ENSO. L'etude
des relations numeriques entre les anomalies de pluie, de temperature et de vent du Pacifique oriental a
permit de determiner des modeles previsionnels mensuels des precipitations de la plaine de la riviere
Guayas. Les correlations lineaires multiples determinees permettent d'expliquer de 60 a 80 % de la
variance des precipitations des mois de fevrier it mai it partir des conditions observees le mois precedent.
Les previsions obtenues avec les donnees disponibles en temps reel sont relativement satisfaisantes pour
la saison des pluies exceptionnelle de 1998.
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Modern cycle of mercury in the Amazon

M.ROULET,M.LUCOTTE

During the past 20 years. rescarchers havc particularly studied the Hg dynamic in goldmining rcgions.
whcre indiscriminate Hg use for gold purification rcsults in a strong contamination of ncarby
ccosystems. The long distance Influencc of thesc ncw releases of anthropogenic Hg on the natural
background levels of the mctal in thc Amazonian cnvironment havc not becn elucidatcd. High human
exposure to Hg through fish ingestion havc bccn mcasured in various regions of Amazon without
goldmining activities. Bascd on an extenslvc study of Hg conccntrations and burdcns in forest and
aquatic ecosystems of the Tapaj6s rivcr basin and comparison with data frolll othcr Amazonian basins.
wc propose that relatively high bllrdens of natllrally accumulatcd Hg in Amazonian soils could
significantly influence the Hg burdcns of aquatic systems following thc podzolisauon and/or crosion of
the equatorial soil covcr. These proccsscs can explain Hg burdens observed in mcr water dcpcnding on
geochemlstry and anthropogenic activitics in the watershed. The scnsibiltty of Amazonian aquatic
ecosystems to new Hg inputs seems to depend on the relative Intcnsit) of thesc two geochemical
processcs that affect a m~~or reservoir of natural Hg. In newly colonized Amazonian environmcnts. soil
erosion. a process highly increased after deforestation. is the major process increasing the loading of Hg
in aquatic systems.
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Particulate heavy metal dynamic and mass balance
in the lower Paraiba do Sul river watershed, Southeastern, Brazil

M.S.M.B. SALOMAO, M.M. MOLISANI, A.R.C. OVALLE, C.E. REZENDE, L.D. LACERDA,
C.E.V. CARVALHO

The Paraiba do Sul River (PSR) can be considered as a medium size river, with an extension of
approximately 1,145 km, and a watershed of 55,400 km2. Located in Southeastern Brazil, the river
drains the most industrialized states of Brazil: Rio de Janeiro, Sao Paulo and Minas Gerais. Maximum
river flow is observed during summer (4,380 m3/s) and the lower discharges generally occur in the
winter (180 m3/s). The dynamic and balance of heavy metals associated with particulate matter in the
lower Paraiba do Sul River watershed and the influence of ifs main tributaries was studied. During low,
medium and high discharge period the observed metal abundance was sirnilar Fe>Mn>Zn>Cr>Cu, oruy
Cu presented higher concentrations than Cr during the wet season. The heavy metal concentrations
showed two distinct patterns during the different discharge regimes studied. Fe and Cu presented their
concentrations increasing with the crescent river discharge, following the SPM variations and Cr, Mn
and Zn presented an opposite trend. The highest metal loads were related with the highest water flows
and consequently with the highest suspended particulate matter loads, increased by the surface runofI
and sediment ressuspension. The importance of the tributaries input for the total transported load of the
Paraiba do Sul river was generally lower than 10%. Although in sorne months where the Paraiba do Sul
river presented low water flux and strong local rain occurs this importance reached up to 40%.
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Identification d'un modèle de régression linéaire
pour la prévision des crues du Fleuve Sénégal

S. SAMBOU. C. THIRRIOT

Le basin du fleuve Sénégal a une superficie de 300000 km2
• II se divise en deu.;{ parties qui s'articulent

autour de Bakel : le Haut bassin très accidenté et la basse vallée plate. avec un lit majeur communiquant
avec le lit mineur par le biais de chenaux entrelacés. Depuis la construction des barrages de Manantali et
de Diama. la prévision des crues du cours d'eau est devenue une priorité pour la gestion intégrée des
deux ouvrages. en ce qui concerne en particulier les applications hydroagricoles. Nous commencons par
faire une typologie des crues de part et d'autre de Bakel, en mettant l'accent sur les temps de propagation
déterminés à partir des indices de coordination (qui sont les homologues des coefficients de propagation
pour les variables à seuils) et sur l'effet du lit majeur sur l'écoulement. Une procédure d'identification
d'un modèle de régression linéaire basée sur les écarts quadratiques résiduels relatifs exprimés par
anticipation à l'aide des indices de coordination a permis de déterminer l'ordre du modèle ainsi que le
réseau optimal de prévision. Les essais de prévision réalisés ont été analysés et critiqués à l'aide de
critères de qualité choisis. Les résultats obtenus ont été améliorés en temps réel à l'aide du filtre de
Kalman.
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Application of a physically-based erosion model for a large river basin in Japan

c.A.G. SANTOS, K. SUZUKI, M. WATANABE

Physically-based models have proved to be very useful for modeling the runoff-erosion process for small
basins. However, the application of such models to large river basins could be compromised due to the
difficulty of applying average parameter values for large areas with heterogeneous reality but the authors
have been studying a way to use physically-based erosion models for practical prediction of sediment
yield in large areas. Thus. a physically-based erosion mode!. which was firstly calibrated to erosion plots
of 100 ml and then applied to micro-basins of around 0.5 ha in semiarid region of northeastern Brazil is
used in this present paper in order to simulate the runoff and erosion for a 14.000 times larger river
basin in lapan named Ishite.

Since the tested model is physically based it can in principle overcome many of the deficiencies of
empirical models. therefore making them available and suitable for simulation in areas with climatic
differences. l'hus. the authors collected results of their studies with a distributed physically-based model
in a typical semiarid area to be applied to a total different environment. The results proved that the
tested physically-based model could simulate the runoff-erosion process with reasonable results in spite
of the difference of the basin with which the model was firstly applied and the present tested river basin.
Thus, the model can be considered very promising to further simulations in larger river basin as the
Amazon Basin.
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Influencia de los embalses en el transporte de sedimentos
hasta el delta dei rio Ebro (Espaiia)

M. E. SANZ MONTERO; C. AVENDANO SALAS. R. COBO RAyAN

Los cmbalses son clementos que reportan numerosos beneficios a nuestra sociedad. También causan una
serie de efectos en el media flm ial donde sc asientan. Dentro dc Espana. el Rio Ebro con una cuenca
\crtiente de aproximadamente 85500 km2 y mas de 184 prcsas construidas. tlene una capacldad total de
clllbaise de 7762 hm3. Muchos de ellos son antenores a 11)50 10 que ha supuesto una gran rctencion de
las aportaciones solidas deI rio en sus vasos. de tal manera que cl delta fonnado en su desembocadura ha
experimentado un déficit de sedimentos durante las ùltimas décadas.

En este trabajo sc analiza la cantldad de sedimentos en suspension que transporta el Rio Ebro a la
entrada y salida dei complejo de embalses fonnado por Mcquinenza. Ribarroja y Flix. dispuesto en su
curso medio-bajo. Para cl estudio se han considerado las medidas realizadas intermitentemente en seis
estaciones de aforo a 10 largo de un periodo comprendido entre 1975 y 1990 Ylos resullados obtenidos de
los reconocimientos fotogramétricos-batimétricos de los embalscs.

Los resultados indican que cl complejo de embalses estudiado recibe de sus alimentadores pnncipales
(rio Ebro. Cinca y Segre) una aportacion anual media de solidos en suspension que asciende
aproximadamente a 1 millon de toncladas. De éstas. casi cl 70'% ha sido suministrado por cl propio Rio
Ebro y el 30% por sus afluentes de la margen izquierda (rios Cinca )' Segre). mientras que de los cauces
situados en la margen derecha (rios Martin y Guadalope) recibe menos dei 1%.

La mayor parte de los solidos transportados en suspension por los cauces considerados. algo menos dei
75'%. queda retenida en los embalses ~a que por la salida deI complejo Çseccion de Flix) pasan
anualmente una media de 263.()OO 1. Si consideramos este porcentaje media coma represelllalivo dei
pcriodo. el Delta dei Ebro habra dejado de recibir. entre 1966. al10 en el que se constmyo el embalse de
Mequinenza. y cl ano 2000. alrededor de 25.5 x 106 toneladas de solidos en suspension. Esta cifra
justifica por si sola el deterioro deI Delta descrito por dlstIntos autores. Sin embargo. estos numeros
aumentan de forma considerable si tenemos en cuenta otros embalses de la cuenca. Asi. solo por mostrar
ejemplos de los cauces citados. sc puede indicar que. segùn los dalos de A\'endano et al. (11)1)7). en los
embalses de joaquin Costa y Mediano. situados en los tramos mas altos dei Rio Cinca sc aculllulan
anualmente 437.500 t Y 334.900 t. respectivamente. El embalse de Oliana dispuesto en cl Rio Segre
recibe en el mismo periodo 662.700 t. A su vez. los rios citados de la margen derecha presentan en
cabecera los embalses de Cueva Foradada. en el Rio Martin y Santolea en el Rio Guadalope. El pnmero
retiene al ana 113.250 t de sedimento y el segundo 21.980 t.

Todo 10 expresado anteriormente confinna la influencia de los embalses de la cuenca. en el estado actual
dei delta.
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Biogeochemical studies of the tloodplain sediments
ofYamuna river (tributary of Ganga) during recent past

D.P. SAXENA, V. SUBRAMANIAN

The floodplain sediments of river Yamuna has been studied , which is the largest tributary of the river
Ganga, originates from Yamuntori Glacier ,in the Mussorie range of the lower Himalayas.

The core samples were collected by manual drilling from the floodplain of Yamuna Basin , at five
sampling stations, Sharanpur (next to Himalayas), Delhi, Jagmanpur, Hamirpur, and Allahabad. The
analysis of core sediments were done for metals ( Pb, Zn, Fe, Cu, Ni, Cr, Ti, Ba, and Al), and
Phosphorus by using XRF techniques. Carbon and Sulphur by using Leco Carbon and Sulphur analyzer
respectively.

Ali the studied metals show, higher concentration in the upper part of the core except , Jagmanpur core
sediments . The higher values is due to the increase of industrialization and urbanization in the recent
past. The Jagmanpur core is not following the trend as a result of turbulent mixing of sediments from a
large number of small streams . Ali the metals at Delhi region reported higher values in comparison to
the down stream cores (except Cr) because Delhi is the highly industrialised area in the entire basin. The
Industrial effulents of Delhi contribute large amount of metals to the main stream and other drainage
channels carry them from the catchment area and deposited with the floodplain sediments.

Phosphorus concentration ranges from 272 mg/g to 940 mg/g . This is comparable to the range of
average content of Phosphorus in the sediments of Indian rivers , 11000 mg/g (Subramanian 1993) .
Delhi sediments reported highest values 321 - 940 mg/g . Carbon and Sulphur values are higher in
younger strata(upper ) then older strata of floodplain . It signifies the change in nutrition dynamic of
basin in recent past as a result of anthropogenic activity.

The rate of sedimentation values with both techniques, Cs13? and Pb210 are reasonably similar. The
Sharanpur area has highest rate of sedimentation ( 5.99cm/yr).
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Biogeochimistry of organic matter transfered from soils to rivers
in small tropical catchment basins ( Manaus, Brazil)

P. SCRIBE, G. BRIAND, C. PÈPE, J. DAGAUT, A. SALIOT, A. BRUCHET, D. RYBACKI

Tributaries of the Rio Negro upstream Solimoes River are currently divided into three broad categories:
whitewater, colored-water and blackwater.

CfN ratio, organic carbon isotope. Rock-Eval pyrolysis. Curie Point Pyrolysis-Gas Chromatography
Mass Spectrometry, and sterol and phenol analyses were perfonned to characterize the organic matter
associated with particles and sediments of four rivers. and present in the soils of their basin.

Two ofthese small basins «10 Km2) draining black waters, have sandy podzolic soils: the third basin
drains clear waters out off latosolic (clay) soils : the fourth one has clayous soils on the upland, sandy
soils on the slope, and drain coloured waters Pyrolysis-GC-MS of the soils allowed to discrirninate
organic matter associated with the clay from that associated with the podzoL To assist in the comparison
between samples, the proportion of four main types of fragments (carbohydrates, proteinaceous
materials, N-acetylamino sugars and polyhydro~:yaromatic-like compounds) are calculated relative to a
known biopolymer standards which are submitted to pyrolysis . Podzolic soils, as well as the particles of
their rivers, contained clearly higher amounts of polysaccharides (1). DI3C of the particles showed
their terrigenous origin and sterol distribution confirm the low contribution of the autotrophic sources of
organic matter.

24-ethyl-cholest-5-en-3 0 -01 was the preponderant terrigenous sterol in the soils from the surface
horizons and in the particles of few colored rivers, whereas 24-methyl-cholesta-5,22 dien-3D -01 was
preponderant in (Eh) horizon of podzols and hydromorphous soils (2).

This last sterol was also predominant in particles and sediment from blackwater rivers which suggest
that dissolved organic matter in this case .could issued from the washing of (Bh), and adsorbed on
particulate material.

These data allowed to differenciate the organic matter transfered to rivers from two pedologie systems,
characteristic of large intertropical zones.
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Variacion estacional de variables hidrologicas
y su relacion con eventos extremos dei ENSO

R. SEOANE, J. OBERTELLO

El objeùvo de esta invesùgacion es avanzar en el conocimiento de la relaci6n entre distintas variables
hidrol6gicas y meteorologicas y la ocurrencia de fenomenos extremos dei ENSO (El Nifio-Oscilaci6n dei
Sur).

El ENSO consùtuye la mayor fuente de variabilidad en la circulaci6n atmosférica e influye sobre las
principales componentes dei cielo hidrol6gico, responsables de la ocurrencia de eventos extremos de
crecidas y sequias. El an3J.isis de sus efectos sobre disùntas variables hidrologicas y meteorologicas es
importante debido a las consecuencias de la ocurrencia de eventos extremos sobre el medio ambiente y
las acùvidades humanas.

Se presenta un analisis estadistico de distintas series de valores mensuales de caudal, temperatura y
precipitacion en la cuenca dei rio Neuquén. El area de aporte de este rio en la seccion de aforos de Paso
de los Indios es de 30800 km2 y su régimen de alimentacion es pluvionivaL con ano hidrologico abril
marzo.

En una primera etapa se compara, para cada serie. la variacion estacional de los dos primeros
momentos (media y desvio estandar) de la serie total con los correspondientes a los anos de ocurrencia
de "El Nino" y dei fen6meno opuesto "La Nina". Las diferencias entre estos estadisùcos descriptivos
fueron analizadas utilizando disùntos métodos para mostrar la significacion de los valores esùmados.

En la segunda parte dei trabajo se aplica un modela de balance hidrologico seriado con el prop6sito de
estudiar los efectos en escala mensual dei ENSO sobre una variable de estimacion indirecta como es la
humedad dei suelo. Se esùman los estadisùcos de los errores dei modela para los anos de ocurrencia de
los fenomenos "El Nino" y "La Nina" y se comparan con los correspondientes a la serie total.
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Delimitation de bassins versants it partir d'un modele numerique de terrain.
Comparaison de differentes methodes pour le bassin du Rio Negro (Amazone)

F. SEYLER, F. MULLER, G. COCHONNEAU, J.L. GUYOT

Ce travail combine les outils des systemes d'information geographique (SIG), de la teledetection
spatiale. et des modeles nurneriques de terrain (MNT), dans une perspective de modelisation
hydrologique spatialisee. Il a pour objectif particulier de tester les methodes employees pour l'extraction
automatique des bassins de drainage, les sources de donnees disponibles, leur precision et leur qualite, et
de mettre au point une demarche homogene pouvant etre appliquee a l'ensemble d'un grand bassin
fluvial. Les resultats obtenus pour le bassin du Rio Negro, affiuent de l' Amazone, montrent que les
sources de donnees existantes sont d'une qualite et d'une precision suffisante pour la modelisation, et
que les methodes amettre en oeuvre sont egalement suffisamment robustes.
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How significant is the pollution of the Amazon by trace elements?

P. SEYLER, G.R. BOAVENTURA

Measurements of trace metals in rivers are of substantial interest for researchers examining basic
scientific questions related to geochemical weathering and transport and to scientists involved in
pollution control evaluation. Trace metals in natural waters include essential elements such as cobalt,
copper, zinc, manganese, iron, molybdenum, nickel, which may also be toxic at higher concentrations,
and non-essential elements, which are toxic, such as cadmium, mercury and lead. The release of
potentially large quantities of these toxic metals, particularly in the river systems of industrialized
countries, but also in tropical rivers, is an acute problem of great environmental concern. With few
exceptions (e.g, the Hg in the Amazonian region) emission inventories of antropogenic sources are still
rare for developed countries and almost non-existent for developing countries. We tent here to present a
first quantitative estimate of anthropogenic and natural fluxes of trace metals in the Amazon basin. We
have limited our inventory to the principal industrial sources known in the Amazon Basin.

Concerning use-related sources, Mo ore mining activities taking place as open pits (for instance in the
Serra do Navio, Amapa State), represent a potentially source of associated ferrous metals (such as Ni,
Cr, Cu, As...). Wind dispersal of material from unstable spoil heaps can result in local or regional
atmospheric contamination. Currently, the manufacture and disposal of trace metals-eontaining products
(e.g. battery production in the industrial district of Manaus) are also a source of metals.

Concerning the inadvertent discharges, a source of metallic contamination in the studied region comes
from the residual oil combustion using for electric utilities and fluvial and terrestrial transportation.
Using the selected emission factors (Nriagu and Pacyna, 1988; Nriagu, 1989), the electric-power
production installed in the Amazonian states and the fuel consumption using for transportation
(Ministerio de Minas e Energia, 1995). the emissions of trace elements from fossil fuel burning have
been estimated. Another important sources of metals in the Amazonian atmosphere, is due to forest
burning. Based on the past 10 years-deforestation rates , this inventory suggests that forest fires will be
the far more major source of Cr. Cu, Mn, Ni, Pb, V, As. and Zn, released annually to the atmosphere
from anthropogenic sources. Fuel burning source account for less than 1 % of the trace element
emissions, except for V (10%).

In order to compare the magnitude of anthropogenic transport of trace metals to the Amazonian
atmosphere and the riverine fluxes from the Amazon system to the Atlantic Ocean. we computed the
amount of trace elements as particulate and dissolved forms transported at Obidos, using the systematic
relationships obtained between dissolved trace elements and discharge. A comparison of these values
with those termed as the anthropogenic sources suggests that industrial emissions of trace metals exceed
the total flux from Amazon River by factors of 10-30for Mn and Cu, 1-15 for V, 0-50 for As, and 30-90
for Ni. Antropogenic discharges. essentially due to forest fires. are apparently exercising a profound
influence on the global scale-fluxes of these trace metals. Thus, it seems. even in the Amazon basin. that
manking has become the key agent in the global biogeochemical cyclesof trace elements.
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Distribution and partition of trace elements in the Amazon mainsteam

P. SEYLER, G.R. BOAVENTURA, F. SONDAG, V.P. ALVES

Since 1995 in the framework of the the UnB-ANELL-IRD joint project, the HiBAM program has carried out a
systematic sampling survey of the Amazon River and its major tributaries. The aim of this program is to explain and
quantify the actual geochemical processes controlling the input to the ocean of large tropical hydrosysterns. For this
purpose trace elements are assessed in order to characterize and quantify the weathering and transport mechanisms.
This understanding may also provide a scientific basis for the anticipated development of the Amazon basin. The
work reported here derives from a new set of data on both dissolved and solid load of trace metals (V, Cr, Mu, Co,
Cu, Zn, As, Rb, Sr, Mo, Cd, Sb, Cs, Ba, U) of the Solimoes-Amazon mainstream and its tributaries between
Tabatinga, situated on the boundary between Colombia and Brazil and Santarem situated upstream the marine
influence. Moreover,a monthly time series covering a whole hydrological cycle was obtained at the Obidos gauging
station during the 1997 year. Concerning the origin of the trace elements, the close correlation between V, Cu, As,
Sr, Ba, U and major Ions and pH suggest that these elements have a common carbonate and/or evaporite source.
However, m waters with high DOC content as Negro and the Upper Solirnoes rivers, Cu could be strongly
complexed by organic Iigands. Cr. Mu, Co, Ni are well correlated and Cr and Co are rather well correlated with
Dissolved organic carbon, reflecting probably their relative abundance in dolomitic formations occurring in the
upper Madeira basin and in the ferricrete soils of the lower parts of the basins. The correlation between Zn and Pb
reflect a control by source rocks, probably sulfide mineralization where Zn and Pb are commonly associated. Rb
and Cs are well correlated together but the origin are more difficult to precise, since their concentrations are in the
same order of magnitude in the Amazon tributaries. The trace element concentrations in the particulate matter show
a clear relationship with the location of the samples. For instance, V, Co Cr, Mn, Sr, Cs, Ba concentrations are
higher in the Solirnoes left-bank tributaries than in its right-bank tributaries. Left bank tnbutaries come from the
Andean Cordillera (Ica and Japura rivers), while right bank tributaries (Javari, Jurua, Purus) drain the soils and
sediments of the subandean trough and of the central plain. The composition of suspended sediments in the
Solimoes mainstream reflects the mixing of both but is closer to the composition of its Andean tributaries.
Concerning the transport of dissolved trace metals in the Amazon mainstream. the concentrations decrease
downstream from Tabatinga to Obidos, as previously observed for the major elements. The common concentration
decrease is a consequence of the dilution of the high-concentration waters coming from the Andes by the low
concentration waters onginatmg in drainage basms of the lowland and shield areas. Downstream the Negro and
Solimoes junction, the increase of Cs, Cr is due to the inputs of more concentrated waters coming from Rio Negro.
In suspended matter, the trace elements concentrations are rather uniform for each sub-basin All the trace elements
are highly auto-correlated. Flat patterns are observed for the samples from the Solimoes, Madeira and Amazon
mainstream. By contrast, the Rio Negro is enriched in Fe and impoverished m Mn, Co and Ni. The Trombetas
shows enrichment of Mn and to a lesser extent of Zn. In order to compare the dissolved and suspended trace
elements loads of the different types of rivers of the Amazon basin, we computed the mass of each element in one
!iter of river water. - In the Rio Solimoes, V. Cr, Mu. Co, Ni, Zn, Cs, and Pb are almost entirely carried by the nver
particulate matter; Cu, Rb, Sr, Ba and U are transported mainly by the suspended particles. but dissolved phase
contribute to the transport. Only As IS transported predominantly in a dissolved form, In the Rio Negro, the
proportion of the elements transported by the dissolved phase is higher for the whole set of elements TIle
proportion of V, Cr, Mn, Rb, Sr, Ba and U associated WIth the dissolved phase accounts for more than a half of the
total transport. In the Rio Amazon at Obidos, the proportion between the dissolved and particulate transport clearly
shows an mtennediate pattern. The increase of the dissolved transport observed from the Solimoes to the Rio Negro
can be explained by the degree of mobilitv for a given element during the weathering As alreadv emphasized. and
concerrung at least the tropical weathermg type. As. Cu, Rb, Sr, Ba and H are the most easilv leached trace
elements. whereas V. Cr. Mn, Co, Ni, Zn. Cs and Pb are less "mobile" From a monthly time series of dissolved
concentrations measured at Obidos station. several observations can be found. -Varianons of river chemistry may
reflect variations of the sources The increased proportion of waters from the less solute-rich rivers during the high
discharge period of the Amazon contributes to the observed decrease of H, Sr, Ba, Cu and V concentrations 
Elements such Mn and As are mamly transported by the flood flows, suggesting that these elements are washed
away in solution during the high discharge. Moreover, these elements can be stored in the surrounding Iloodplam
areas (varzea) where the deposinon/resuspension cycle as well as the exchange rate between floodplain and
mainstream channel may control at least partially their temporal variation. - Elements such as Co, V, Cd that show
a peak concentration dunng the falling stage are not conservative upon mixing, smce a large percentage of the
reactive forms of some of those elements are adsorbcd, The "black" waters of the van-ea show pH values about 2
units more acid than the Solimoes, These differences lead to some desorption when the waters from the main
channel mix with the acidic waters of the van-ea. - At least. Ni and REE have a very limited solubility and are
transported mainly in the particulate [arm
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Water resources variability of inland lakes at Central Asia

E. SHERMATOV, B.S. NURTAYEV, T.U. YULDASHEV, B.O. RAISOV

Regime of Eurasian inland lakes is consequence of periodical climate change. In accordance with study
the nurnber of scientists. fluctuation of climatic indices depends from energy of solar activity.

The analysis indicates that the mean of humidity indices of inland lakes depending on Solar activity can
be described as following:

K=A+B* W

Where k-indices of drought, or index of humidity; ratio of transpiration to precipitation.

A and B-constant parameters of equation.

W-Sunspot Number.

Coefficient of correlation is in the intervals:

rw.k.=0.67-0.98.

We analyzed also dependence of precipitation from evaporation, that expresses as following equation:

0=1012,925-1.046E

where: a-precipitation, E-evaporation, and numbers - constant parameters of

relationship.

In particular, interrelation between evaporation and precipitation, for inland Issik-Kul lake is deterrnine
as: r = -0.86.

Water content of Eurasian inland lakes depends from atmosphere circulation.
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The problems of the rivers pollution of Uzbekistan

J. SHIROKOVA, L FORKUTSA, G. STULINA

Rivers are the main irrigation sources in the territory of Uzbekistan: Amudarya (its length is 1440 km.
Sirdarya, Surkhandarya, Chirchic, Ahangaran, Zarafshan and Kashkadarya. The majorities of rivers are
fully regulated and do not have a natural flow. The total water use in the Republic of Uzbekistan has
stabilized at a level of 62-65 cubic kms. of which II cubic kms is taken from Sirdarya. and 25 cubic kms
from Amudarya. The remaining 29 cubic kms is taken from small rivers, underground sources of
overflow disposai and collector and drainage water, as well as by circulation of the water supply in
agriculture.

The major consumers of water are agriculture - 85% (53-55 km3), industry - 12% (6 km3), and the
municipal economy - 3% (1.7 km3). 53 reservoirs and irrigation channels with a length of 171 thousand
kms have been constructed in the Republic to provide services for agriculture.

As a consequence of the total flow regulation the natural hydraulic regime of large rivers has been
broken. Sorne rivers often lack water after large water take-off and are maintained only by spare outflow
and recycled water. Increase in water take-off is ~ccompanied by increase in outflow of collector and
drainage water (CDW). From 1960 to 1985 total outflow of CDW in Sirdarya increased from 7.3 to 12.7
km3/year, in Amudarya - from 3.1 to 17.9 km3/year.

As a result of the intensive take-off and multiple use of river flow in the middle and lower parts of rivers
their outflow is formed to a great extent by recycled water with a high content of salts and chemicals.
Collector and drainage water flows to rivers without appropriate control and sewage disposai. Water
users in the lower parts of rivers use bad quality water. Water quality in det:'lils does not meet the
requirements.

Rivers are mainly polluted by industry and the municipal economy, as well as by irrigated agriculture
and large urbanized terri tories. Industrial enterprises return up to 50% of the volume of water taken
from irrigation sources in the form of sewage. The most dangerous sewage content are salts of heavy
metals (mining industry, car manufacturing), oil products, carbolic acids, nitrogen compounds (oil
refining and chemical industries); SPAV, dye, organic and biogene stuff (Iight industry), minerai salts.
fertilizers and chemicals (irrigated agriculture). The large volume of sewage constrains options for their
disposaI.

In the report detailed situation of river's pollution caused by collector-drainage water will be shown and
proposais for improvement of control and ecological situation of rivers in Uzbekistan will be given.
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Volga river basin:
Generalize estimates of the evapotranspiration losses from agricultural fields

N.A. SHUMOVA

Presented is the results of calculating of the agricultural field evapotranspiration in the Volga river basin
under natural and optimal water supply conditions and potential evapotranspiration. The
evapotranspiration model worked out in the Water Problems Institute of the Russian Academy of
Sciences and standard observational data of agrometeorological stations including the Ieaf area index
were used for calculations. The foundation of the present approach is the calculation of the quantitative
consumption of water by agroecosystems during their growth and development. The actual regularity of
the formation of the soil-hydrology conditions and their variability from year to year are considered too.

Under natural water supply conditions normal agricultural fields evapotranspiration changes from 500
mm at the north-west to 200 mm on the lower reaches of the Volga river. One can see from an analysis
of the values of evapotranspiration and precipitation that an average of 75% was formed from
precipitation over the frost-free period. The other part (an average of 25%) of evapotranspiration was
formed from the spring soil water storage. The average squared deviation of evapotranspiration varies
from 56 to 62 mm, the variation coefficient changes within range of O. I3 to 0.26. Notice that the normal
agricultural field evapotranspiration remains practically unchanged if the crops being cultivated do not
have a noticeable effect on spatial redistnbution of the snow cover and on a change in the portion of
meltwater and rain precipitation on imbibition of water into soil and on surface runoff. Moreover the
normal agricultural field evapotranspiration approximately equals to the nonnal annual
evapotranspiration from the catchment basin estimated by water balance method as the difference
between precipitation and runoff.

Under optimal water supply condition (plants are weIl provided with water, for exarnple under
irrigation) normal evapotranspiration depends on the length of growing season and for spring wheat
changes from 500 mm at the north-west to 600 mm on the low reaches of the Volga river. These values
were formed from precipitation over frost-free period (50%), spring soil water storage (15%), and
irrigation water (35%). In the case of optimal water supply conditions the average squared deviation
varies from 36 to 75 mm, the variation coefficient changes within range of 0.06 to 0.13.

Potential evapotranspiration in the Volga river basin varies from 600 mm at the north-west to 1100 mm
on the lower reaches of the Volga river. The ,average squared deviation of potential evapotranspiration
varies from 46 to III mm, the variation coefficient changes within range of 0.06 to 0.15.
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Clastic sediment flux into the Indian and Pacific oceans by rivers
in Central Southern Africa and Western Canada

H.M. SICHINGABULA

Continental erosion by world large rivers accounts for most of the sediment deposited in the oceans.
This paper exallÙnes clastic sediment flux of large unregulated rivers in the tropics (Luangwa River. in
Central-southern Mrica) and temperate (Fraser River. in Western Canadian Cordilerra) regions.
accessing varied physiographies and experiencing different climatic conditions. An assessment of flood
sediment yields, mean annual and total annual sediment yields led to the conclusion that, estimates of
annual sediment yields by flood events instead of mean values of discharge and sediment concentration
should be used in the determination of rates of sediment flux into oceans by large rivers.

Luangwa River is located in eastern Zambia and joins the Zambezi River which drains into the Indian
Ocean. It has a mean annual discharge of 626 m3s-1 and an area of 140,922 km2 at Luangwa Great
East Road bridge station (5-940). Luangwa valley is underlain by rock types varying in age from pre
Cambrian to Quarternary times. SillÙlarly, the Fraser valley which has a mean annual discharge of
3,350 m3s-1 and a drainage area of 219,000 km2 at Mission station (08MH024), is located largely in
British Columbia, Canada. Its basin is composed of mountain ranges, plateaux, deep valley floors and
coastallowlands which characterize the basin's major physiographic regions.

On data and analysis. for Luangwa River, discharge (1960-1996) and suspended sediment concentration
(1978-1984) data were monitored by the Department of Water Affairs. The archivaI discharge (1913
1988) and daily sediment concentration (1966-1988) for the Fraser River were obtained from Water
Survey of Canada, Ottawa, and from published sources. Computations of annual sediment yields of
rivers were based on mean annual values of discharge and sediment concentration. Total annual
sediment yields were based on daily discharge and associated sediment concentrations. Analysis has
shown that in 1982, Luangwa River transported 24.5 million tonnes of sediment load with an average of
67,043 tonnes being moved per day. These loads are in the same order of magnitude as those of the
Fraser River which transported 25.6 million tonnes with a mean of 70,034 tonnes of clastic sediment per
day in the same year. Moderate and high magnitude flows with low durations were responsible for
transporting most of the sediment loads. This is typical of most years for the two rivers. However, on
Luangwa River the high flows tended to proportionately transport more sediment loads than did those on
the Fraser largely due to the highly seasonal character of the flows in Zambia characterized by long low
flow periods. Conversely, high flows O!\ the Fraser are influenced by spring snowmelt, intense summer
and fall (autumn) storminess and by short periods of low winter flows.

Additionally, between 1960-1991, Luangwa River transported a total of 457 million tonnes with an
annual mean of 15 million tonnes of clastic sediment deposited into the Zambezi River. However. on
average only about 20 million tonnes per annum of clastic sediment is ultimately deposited into the
Indian Ocean owing to two major impoundments on the Zambezi Rjver. In contrast, the Fraser River
from 1966-1988 transported 378.6 million tonnes with a mean annuai of 16.4 million tonnes of
sediment being deposited into the Pacific Ocean. The long-term trend of sediment yields for Fraser
River was downward partIy accounted for by decreased discharge after 1970 whereas on the Luangwa
River the trend was upward. This could have been the consequence of increasing tree cutting for
settlements and agriculture in Luangwa's headwaters region. But more data are required on sources and
factors controlling sediment supply to river channels.

An assessment of flood annual sediment yields on Fraser River (1966-1988) revealed that a total of 9.1
llÙllion tonnes of sediment with a mean of 371,435 tonnes per year were transported by single flood
events into the ~cific Ocean. Compare this to lile total mean loads of 616,239 lonnes and a mean
annual load of 26,793 tonnes in the same perioli. Quite c1earty, estimates based on mRl values grossly
underestimate actual sediment loads of rivers with of,vious implications. It is therefore conc1uded that ~
least annual flood discharge and sediment data instead of averages should be used in the deterllÙnation
of annual setliment flux i~o oceans by targe rivers. This caBs for increased monitoring of flow and
sediment discharges of large rivers by various agencies charged with this task worldwide.
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The hierarchical system of alluvial relief at the large rivers

A. SIDORCHUK

Interaction between the river flow and channel bed is the main cause of alluvial forms generation. The
hierarchy of alluvial forms consists of 3-8 levels. The number of levels (the complexity of the system)
generally increases with the river size. Investigations on the largest rivers (Amazon, Niger, Lena, Ob',
Enisey and others) shows typical sequence of alluvial forms: 1) ripples. megaripples and antidunes
(ultrarnicroforms); 2) dunes ofthe tirst and second order (microforms); 3) large dunes of third order and
small bars of the tirst order (mesoforms); 4) large bars and meanders (macroforms); 5) parallel braids,
complicated bends (megaforms). The variability of length for alluvial forms of different hierarchical
level is described with gamma-distribution. This variability generally decreases with increase of
hierarchicallevel of alluvial form 0.4-0.45 for megaripples to 0.20-0.35 for large bars. The ratio between
mean length of alluvial forms from adjacent levels of hierarchy is rather constant at different rivers. It is
about 6 for pair dune_I - megaripple, is 3.6 for rnicroforms and is 3.2 for meso and macroforms.
Individual alluvial forms on different levels of hierarchy are rather independent: correlation between
mean length of small forms on the surface of large one and the length of this large form is very weak.

Alluvial forms of low hierarchicallevels depend mainly on channel depth and Froude number. They can
rapidly change their parameters with the river flow change. Alluvial forms of the higher levels of
hierarchy also depend on river channel width. They are formed during maximum flow and their
geometry is relatively stable. Therefor the river channel pattern is related to maximum discharges, and
for the same annual flow the arctic rivers with more variable flow regime have large alluvial forms. than
tropical rivers with more uniform flow regime.
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Influence des prélèvements pour irrigation sur l'hydrosystème du Lac Tchad
Exemple de la SEMRY au Cameroun.

D. SIGHOMNOU, L. SIGHA NKAMDJOU, M. MOLINIER

De nombreux auteurs sont d'accord pour reconnaître que le lac Tchad était jadis une mer qui se serait
étendue jusqu'aux limites du bassin du Nil. Sa superficie était évaluée à près de 350.000 km2 au cours de
l'Holocène. De nos jours, et suivant l'importance des crues du fleuve Chari, sa principale source
d'alimentation, le lac n'occupe que 10.000 à 25.000 km2

, ce qui représente une baisse très considérable.
Situé en région sahélienne, l'hydrosystème du lac Tchad, avec ses nombreuses plaines d'inondation.
constitue un écosystème d'une très grande valeur au plan de la nature et de l'économie rurale de la sous
région. Les précipitations et les inondations sont les principaux facteurs détenninant sa productivité.

La péjoration climatique que connaît la région depuis trois décennies a conduit à une forte baisse de la
productivité naturelle de ces plaines, d'où un accroissement de la pression sur les ressources naturelles
avec les conséquences qui en découlent. Pour résoudre le problème, on a de plus en plus cherché à
modifier les modes d'utilisation des ressources en eau de la région, en construisant notamment des
barrages hydro-agricoles, afin de réduire la dépendance de l'agriculture vis-à-vis des précipitations et
des inondations. C'est ainsi qu'au Cameroun il a été mis sur pied en 1979. un projet rizicole dénommé
SEMRY, avec à la base la création du barrage hydro-agricole de Maga.

Pour permettre de comprendre et limiter les conséquences négatives de ce projet sur les inondations et le
milieu naturel du Yaéré, des investigations sont entreprises sur le terrain depuis 1994. Dans cet article,
outre la caractérisation des effets de la restauration des inondations dans la plaine, les premiers résultats
de l'étude sont utilisés comme outils de diagnostic pour évaluer et discuter l'impact des aménagements
de la SEMRY sur le système hydro-écologique du bassin du lac Tchad dans son ensemble. Ces résultats
enregistrés après quatre années d'essai pilote de réinondation, sont révélateurs de ce qui adviendrait des
populations et de la diversité biologique de ce milieu, en cas de retour à une hydraulicité normale ou
excédentaire. Il s'agit en particulier de la disparition progressive de certaines espèces végétales au profit
de nouvelles espèces mieux adaptées aux nouvelles conditions écologiques, de la reconstitution de la
population animale sur le plan de la faune, du retour progressif des populations de la plaine suite à
l'amélioration des conditions socio-économiques.
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Nio-estacionaridade do escoamento do Rio JacuiIRS

A.L.L. SILVElRA

A bacia do rio Jacui, corn 72.000 km2, é a maior bacia contribuinte ao lago Guaiba que margeia Porto
Alegre e caracteriza-se por nela terem sido construidas varias barragens para exploraçao hidroenergética
e para navegaçao fluvial. 0 impacto destas obras na série hist6rica dos escoamentos nao foi ainda
objetivarnente quantificado, apesar de haver um senso comum de que 0 conjunto das obras amortece as
cheias da bacia, havendo menor perigo da grande cheia de 1941 se repetir em Porto Alegre.

Este artigo é uma contribuiçao a este assunto que nao responde a todas às questôes, mas que pretende
analisar corn métodos objetivos a estacionaridade ou nao-estacionaridade de algumas séries hidrol6gicas
longas do rio JacuL Resultados de testes estatisticos paramétricos e nao-pararnétricos foram confrontados
corn os periodos de implantaçao das obras para avaliar 0 impacto destas no regime de escoamento. A
analise estendeu-se às séries mensais e anuais, enfocando principalmente as suas médias e varianças.
Como outros fatores, entre os quais as modificaçôes de uso do solo. 0 consumo d'agua para irrigaçao,
assim coma os fenômenos El Nino e La Nina. podem afetar as séries hidrologicas, 0 artigo procura
estabelecer sua influência potencial nos resultados.
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Hydrologie variability and flood plain sedimentation of major West Siberian Rivers

L.C. SMITH, A. SIDORCHUK

The Russian Federation contains the worlds largest Arctic land mass and contributes about 85'Yr, of the
total lerrestrial runoffto the Arctic Ocean. Combined annuaI flows of the Venisey. Ob and Lena Rivers
total more than 1500 km3. a signifiC<1nt freshwater input that affects the thermohaline circulation and
sea-production of the Arctic Ocean. Despite the very large size of the Ob and Venisey rivers. suspended
sediment yields are weil below the world average, whereas in eastern Siberia yields are significantly
higher. This difference corresponds to a physiographic contrast betwcen low-relief basins of Western
Siberia and high-relief basins of the eastem Siberian Platform. On the Ob River. station measurements
by the Russian Hydrometeorology Survey show a net reduction in sediment load between Belogor'ye and
Salekhard through a several hundred km reach of anastomosing channels and floodplain lakes. Like
most Arctic rivers, flows in the high-Iatitude parts of Ob, Venisey, Taz, and Pur Rivers are seasonally
controlled and c10sely follow the annual temperature cycle. Peak discharge typieally occurs in late May
or early June, with at least half of the total annual flow oeeurring during the spring flood. S~ nthetic
aperture radar (SAR) data collected over the area from 1993 10 1996 suggest that floodplain lakes,
anastomosing ehannels, and wetlands are linked in a seasonally inundated network, enhancing sediment
deposition on the floodplain. Hydrologlc exehange with these aquatic ecosystems is also thought to
enrich the total organic carbon content of channel waters. The satellite data show that during thc spring
flood. over 90% of the floodplain actively exchanges with primaI} and secondary river channels. This
arca shrinks one order of magnitude by September. Our results indicate that hydrology and floodplain
geomorphology play a critieal role in determining the volume and composition of the major West
Siberian rivers prior to their entry to the Arctic Ocean.
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Variabilidade das taxas de sedimentaçao na varzea de Obidos

L. SOARES, J.M. JOUANNEAU, G.R. BOAVENTURA, J.L. GUYOT, D. WALLING

A aplicaçào do método de 210Pb é relativamente recente para a obtençào da idade de sedimentos. Esse
método funciona muito bem para sedimentos lacustres pouco perturbados e para 0 estudo de pacotes de
neves depositadas no ultimo século. A aplicaçào desse método em ambientes fluviais é algo mais recente
ainda. No entanto, devido à dinâmica constante desse ambiente. fica restrita sua aplicaçào e
confiabilidade. Os estudos mais recentes mostram que é preciso entender 0 que ocorre corn 0 elemento
(21OPb) durante a sedimentaçào nas planicies de inundaçào e nos demais depositos associados
diretamente aos rios. A atividade de 210Pb esta diretamente relacionada ao conteudo de argilominerais e
consequentemente à granulometria. Assim, um bom local para 0 estudo da taxa de sedimentaçào de um
rio é a planicie de inundaçào, pois é relativamente rica em material fino (silte e argila). a presente
trabalho vern mostrar um dos mais novos estudo sobre a taxa de sedimentaçào na Bacia Amazônica.
Como ârea alvo, foi escolhida a planicie de Obidos que margeia 0 ponta mais estreito do Rio Amazonas.
Grande parte da ârea dessa planicie é banhada por âguas diretamente carreadas pela rio. A maior parte
do material em suspensào é proveniente dos Andes ou da erosào interna da bacia. Os resultados
preliminares mostram uma esperada diminuiçào da atividade de 210Pb em profundidade , porém montra
uma variaçào da atividade ao longo do perfil do sedimento. Essa variaçào é dificil de ser explicada, pode
ser associada ao periodo de seca onde nào ocorre sedimentaçào e sim urn pouco de erosào no inicio das
chuvas. Pode ser associada à atividade biologica. Outro fator importante, seria a atribuiçào dessa
variaçào aos grandes fenômenos climâticos globais que podem contribuir de uma forma ou de outra ao
aumento e dirninuiçào da taxa de sedimentaçào da bacia causando esse efeito da CUIva do perfil.
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The Mississippi river basin - An examination of major -element, nutrient,
and sedimentary biogeochemistry as related to the global carbon cycle

R.F. STALLARD

The Mississippi Basin Carbon Project (MBCP) of the United States Geological Survey (USGS) is
currently studying whether human-modified terrestrial erosion and sedimentation is a substantial
additional carbon sink (on the order of 1015 g yr-l globally) in terms of the technologically perturbed
carbon cycle. This project requires characterization of today's carbon, nutrient. and sedimentary cycles
and reconstruction of the same cycles in the pre-technological pasto To do this, comprehensive water
quality data (major constituents. nutrients, carbon, sediment. trace constituents) archived by the US
Geological Survey and other agencies and institutions are being assembled, standardized, and quality
controlled. From the assembled data, constituent discharges and yields are being calculated for more
than one hundred subbasins distributed throughout the Mississippi Basin. Analyses are used to describe
bedrock weathering reactions, which are then related to geology and soils of individual subbasins.
Carbon, nutrient and sediment yields for pre-technological times will be constructed using "best"
estimates obtained from non-developed sites and equilibrium-erosion models derived from the major
element data, and historical infonnation. Because the Mississippi Basin is so thoroughly developed,
reasonably natural sites are difficult to identify within the basin or even through comparison with other
temperate-climate regions. Accordingly, the Mississippi data set will be compared to data from three
large, reasonably natural, river systems of the Western Hemisphere along an equator-to-pole climate
gradient: the Amazon. ürinoco. and Mackenzie systems.

Major-element data demonstrates that river chemistry correlates strongly with the geology and soils of
the river catchment. For example, the fonnation of 2: 1 clays is clearly indicated by water chemistry for
rivers that drain sedimentary terrains having calcareous sediments or loess as bedrock or mollisols as
soils. Titis strong relation between water chemistry, geology, and soils is also seen in the Amazon,
ürinoco, and Mackenzie River Basins. Finally, in contrast, concentrations of nutrients are far greater
within the Mississippi Basin than in the other large rivers, reflecting loadings from fertilizer
applications and excessive atmospheric inputs caused by human activities. Unlike the other three
watersheds, vast quantities of sediment derived from agricultural erosion are trapped as colluvial and
alluvial deposits in low-order streams and in thousands of artificial reservoirs. The burial of associated
carbon derived from a soil source or autochthonous production is perhaps a significant carbon sink.

Whole-basin syntheses such as the MBCP of the USGS are essential to linking human modifications to
effects. Modifications of hydrologie and biogeochemical processes in temperate watershed are enonnous.
Tropical and boreal river basins are being rapidly and extensively developed. Not only do such syntheses
enrich our perspective of complex Earth-surface phenomena, but they can provide clear guidance for
planners and policy makers in other regions.
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Geochemical processes in the Ganges-Brahmaputra river system

v. SUBRAMANIAN

The mighty rivers draining the Himalayan range show several features that are unique to large rivers of
the world. Similar to any other river-large or small, there are prounced spatial and temporal variations
both with respect to water chemistry and sediment properties. The Ganges show certain aspects of
sediment load and mineralogical and chemical variations that differ considerably from the Brahmaputra.
While the Ganges show the impact of large urban and other landuse components in its properties, the
Brahmaputra is relatively uncontaminated since it flows through less densely populated region. Major
water quality parameters such as HC03-, S042-, P033-, Si020, etc are generally higher in the Ganges
compared to the other river system. Also, within basin variations are common for the Ganges than for
the Brahmaputra since the former river system has several large tributaries. Sorne of the tributaries of
the Ganges carry more sediment load than the Ganges at certain places. The Brahmaputra has about less
than 50% ofindividual solute concentrations (IDS of Brahmapurtra 100 mg/l) compared to the Ganges
and its tributaries. In the Bengal basin area in Bangladesh the two mighty rivers merge to form a
combined system along with that of Megna draining the shield area of northeast India and water and
sediment properties in this region differ from the upper reaches in India. Both the rivers carry a
predominant coarse sediment load ( with a mean size about 60 micron) with a similar clay mineral
population consisting of variable proportions of iltite, kaolinite and chIorite. There is very tittle organic
C and P- most of the P is inorganic. While the Ganges in India throughout its 2200 Km stretch shows
various levels of pollution with respect to heavy metals, the upper reaches of Brahmaputra in India and
the combined system in Bangladesh can be considered relatively clean.

The erosion rates throughout the river system is perhaps one of the highest in the world but this may not
necessarily imply large scale sediment export to the open ocean since the estuary region of the Ganges
below Calcutta seems to be geochemically active.

181



Manaus '99 - Hydr%gica/ and Geochemica/ Processes in Large Sca/e River Basins

Artificial neural networks for streamflow forecasting

P.e. SWAIN, N.V. UMAMAHESH, B. KRISHNA

A new methodology for predicting the flood flow is presented. In literature we come across number of
approaches for predicting streamflow. Neural network (NN) is a fairly recent technique which has been
suggested and applied for many problems in water resources. To demonstrate the procedure and Neural
network-based approach. the case of the Mahanadi river basin in India is selected for analysis and
discussion.

The Mahanadi, literally meaning the great river, is the biggest river flowing through the State of Orissa.
It drains an area of 1.416xlO5 km2. The Hirakud Dam is a multipurpose project built across the
Mahanadi at latitude 210 32 'N and longitude 630 52 'E, about 3km upstream of Burla town. The mean
annual rainfall over the basin is 1402mm where as the average monsoon (June to October) rainfall over
the catchment upto Hirakud reservoir is 1138mm. For efficient operation of the reservoir, a realistic
estimate of the volume of water entering the reservoir is required, particularly during the monsoon
when the regulation becomes critical.

Existing methods for predicting streamflow are based on multiple regression analysis. time series
analysis or empirical formulae. More recently Neural Networks (NN) has been proposed for a number of
applications in water resources. There is a rapid growing interest among water resources specialists in
using NN for various water resources problems.

The attractiveness ofNN to streamflow forecasting is threefold. Firstly, NN can represent arbitraI)' non
linear function given sufficient complexity of the trained network. Secondly, NN can find relationship
between different input sarnples and, if necessaI)', can group samples in analogous fashion to cluster
analysis. Finally, and perhaps most importantly, NN is able to generalize a relationship from small
subsets of data whilst remaining relatively robust in the presence of noisy or missing inputs, and can
adopt or leam in response to changing environments.

The Feed Forward Neural Network (FFNN) with one hidden layer is used for forecasting flood flows.
The available flood flow data for 34 years [1959-92] is divided into training data (96 sets) for estimating
the parameters of the model and testing data (40 sets) for testing the forecast results with an independent
data set. The rainfall and runoff during the previous time period are taken as input for predicting present
time period flow. The network is trained using the data in the training set. The training of the network is
done using back propogation algorithm. The trained network is then used to predict flows using data
from testing set and the predicted values are compared with the observed values. The present study
reveals the capability of the neural network for floodflow prediction.
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Mixing at the Rio Negro/Solimoes confluence:
Isotopie constraints and major element redistribution

F. TAO, A.M. AUCOUR, S. SHEPPARD, M. BENEDETTI, J.L. GUYOT

The objective of the 1997 HIBAM project cruise on the Amazon. during the low water period. was to
characterise the mixing processes and the distribution of carbon and trace elements between the different
size or molecular weight frachons. at the confluence of the Rio Negro (black water) with the Rio
Solimoes (white water). Water samples were collected in the Negro (Paricatuba) and in the Solimoes
(Manacapuru) before the confluence and at seven sites downstream from the confluence (Punta do
Solimoes to Jatuarana). At each site. samples were taken at 3 or -l depths in the water column that is up
to 35-40 meters thick. "Raw" water samples were ultrafiltered on board with a tangential flow system
using the following cutoffs: 0.20m and 5000D. We present here the hydrogen isotope results of the
unfiltered water sampIes and the organic carbon isotopic composition in the different size fractions.

The DIH ratios ofwater sarnples from both the Negro (OD = -14.4%0) and Solimoes (OD = -26.7%0) do
not vary with depth. Because of the marked isotopic difference (i.e. 12%0) between the two rivers, water
rnixing can be calculated from hydrogen isotope mass-balance. Waters from the Negro preferentially
flow over those from the Solimoes: the Negro contribution ranges from 100% to 75% for surface
samples doser to Manaus (Pta do Solimoes). This contribution decreases to -l5% with depth. The water
columns are isotopieally uniform at sites doser to Jatuarana where the mixing is assume to be
completed. The Negro contribution ranges from 100% dose to Manaus to 30% at Jatuarana further
downstream. The Negro contribution based on DIH at Jatuarana is similar to that in the total river
discharge. indicating complete mixing of the waters. Concentrations of Cl- of the Negro (13 DM) and
Solimoes (l17 0 M) are quite different. Assuming a conservative behaviour. mixing calculations for Cl
generally agree with those for hydrogen. At sorne sites. however. the Cl-concentrations are higher than
expected from the H-isotope mass balance.

A preliminary investigation of the 13C/12C ratio on organic carbon of the different size fractions was
made from the Negro and Solimoes. For Solimoes surface waters, the particulate (>O.20m) and the
colloidal fraction (O.20m-5kD) show no isotopie difference (0 13C = -28.3%0). The particulate fraction
presents a weak variation with depth in the Negro (0 13C = -27.6 to -28.1%0) and no difference with the
similar fraction from the Solimoes. This suggests that DOC ::::: 13C cannot be used to trace
Negro/Solimoes organic C contributions or organic C transfer between different size fractions.

183



Manaus '99 - Hydrological and Geochemical Processes in Large Scale River Basins

Mercury in the Tapajos river basin - The significance of suspended sediments
from alluvial gold mining, Para, Brazilian Amazon

K. TELMER, E.S. ARAUJO, R.S. ANGÉLICA. Y. MAURICE

Method: Ali water samples are filtered through ().~5u membranes to separate the dissolved from
suspended load and are then treated and stored at ~oC (in iced coolers in Ihe field) for chemical analysis.
Water for the delennination of Hg is processed immediately to avoid a!1Y Hg loss by volalolization.
Water is filtered by syringe pressure through a millipore Slen\ ex synnge-tip cartridge /ilter and
collecled as a separate aliquot in centrifuge falcon tubes that have been pre-lIljected with a precise
ammount of BrCI by pipette to stabilize and oxidize ail Hg specics 10 Hg2+. Disolved Hg is subsequently
analysed by hydride generation and lep-MS or by Cold Vapor Atomic Fluorescence Spectrophotometry
for very low concentration samples. The residue on cellulose membranes used to tilter water for the
determination of cations (250ml aliquot) are retained and collected in small polyethylene vials for the
delennination of inorganic suspended solids. As weIl. 500ml of sample is pushed through a ~7mm pre
ignited glass fibre tilter membrane. The residue is used for the detennination of Hg in the suspended
load by analy ses on a Milestone AMA 25~ Mercury Analyser and simultaneous analyses of particulate
organic carbon (POC) by LOI on the same sampIe.

Results: Dissolved lllercury concentrations are elevated in waters affected by mining operations when
compared to concentrations in pristine rivers. Ho\Ve\ er. essentially ail dissolved mercury concentrations
fall below the Canadian aquatic life Iimit 0.1 ppb. Mercury bound to suspended sediment tells another
story It is roughly 100 times the concentration of dissolved mercury per litre of water and thus.
represents the major pathway of river-borne mercury. Suspended load Hg concentrations are
proportional to the concentration of total suspended solids suggesting thal the source of mercury is the
sediment ilself and not mercury discharge from Garimpos. This observation is further supported by
observed Hg concentrations of 50 to 300 ppb in reglOnal laterite profiles - this is not unusual and falls
within the normal range of surficial materials \Vorldwide. Further. mercury released by garimpciros is
almost exclusively atmospheric as mercury is no longer used directly in sluice boxes. Although a portion
of the Hg rcleased to the atmosphere ma)' find its way back into the river. the calculated annual export of
mercury frolll the Crepon River. 4 tonnes. IS difficult to account for by Garimpo discharge alone. This is
not to say Ihat direct discharge of mercury is msignificanl. Analyses of river sediments shows localized
hot spots of contamination. But the regional problem - riverine mercury at 100 times background levels
is dominantly caused by the enhanced physlcal erosion of garimpo sluicing and dredging operations than
by direcl mercury discharge. This has major implications for remediation and prevention. Simply
halting the use of mercury is surely a step in the right direction but regional mercury pollution will only
be reduced \Vhen the dredging is stopped or contained.
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Erosion velocity on the left margin of the Parana river gullies:
Mesopotamia region, Northeastern Argentina

R. TORRA

The object of this communication is to present preliminary erosion rates measurements. They show rapid
erosion velocity on the left margin of the Parana river gullies', aIl along Corrientes and Entre Rios
Provinces at Argentina.

Sandy-muddy lithofacies sediments are clearly verified at the left margin of the Parana river. There is a
full superiority of heterolithic succession. They are the physical constitution of sections of the
Mesopotamia region.

The physical properties of the sediments called ltuzaingo Formation are constituted of an outstanding
lithofacies of very "friable" arenaceous beds interleaved with mud layers. This secuency of about 20 m
thickness is underlying down soft, friable silty-clay sediments ofabout 8 m thickness.

Sandy-muddy lithofacies is now interpreted as intertidal to subtidal in origin. Silty-clay thin beds are
interpretated as a non-tidal offshore sand bodies, both Miocene aged.

During ten years, measurements were carried out over the left margin of the Parana river in order to
veri:fy the backwasting of sediments.

Preliminary measures made during the last ten years at the field gave a rate of OIÙy 10 cm of
backwearing per year. This is interpretated as indicious of an actual morphoclimatic stable period.

The width of the young fluvial valley of the Parana river is of about 30 km. This led us to age it in
aproximately 300.000 years BP. Changes in the erosion velocity may be inferred, and that may result an
antropic problem. We assume the age of the actual Parana river valley in 30.000 years BP.
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Provenance of surface sediments of the Amazon mouth:
interpretation from mineralogical and geochemical analyses

A.M. TORRES, K STATTEGGER

Sediment samples from the Arnazon mouth in the North and South channels were taken to get
information about the nature of the provenance. Results indicate that the abundance and distribution of
minerais and elements in the sediments of the Amazon mouth are controlled by differences in grain size
and by variations in composition of the source areas. Clay and heavy minerais analyses reveal two main
source areas. A clay minerai assemblage with concentrations illite > smectite > kaolinite is
representative of the Amazon sediments derived from the Andes Mountains. whereas a second
assemblage with concentration illite > kaolinite > smectite indicates the influence of sediments from
Precambrian shields and of the Amazon Basin. The typical heavy minerai assemblage of the Amazon
fluvial system is dominated by hornblende, epidotes and hypersthene and. to a lesser extent, by basaltic
hornblende, gamet and augite. The second assemblage is dominated by epidotes, hornblende, zircon and
hypersthene, with gamet and basaltic hornblende regularly present. The first assemblage is derived
mainly from the uplifted terranes of the Andes where the upper Arnazon drains a source area that
supplies a large amount of unstable minerais that were subjected to minimal chemical weathering. The
latter assemblage suggests that more stable minerais are abundant among the heavy minerais and are
strongly influenced by Brazilian and Guiana shields and recycled sources.

Geochemical analyses suggest that fine sediments from the Amazon mouth are characterized by a
chemical index of alteration (CIA) between 67 to 70, close to the average cratonic shales values. By
contrast, both coarse and fine sediments (quartz- zircon- and kaolin-rich) derived predominantly from
Precambrian rocks of the crystalline shields are characterized by CIA values highest. In general, South
Channel sediments are enriched in La, Th, Hf and Zr relative to those from the North ChanneL
suggesting they are derived from the most felsic sources of the Brazilian Shield and recycled sediments
from the Paleozoic Amazon Basin mixed in various proportions. The Amazon sediments have high
DREE, high LaIYb, and negative Eu-anomalies, similar or more than those of the cratonic shales.
supporting the suggestion of a granitic-granodioritic source area. High DREE values probably
characterizes an Andes provenance, whereas sOllle low IJREE represent higWy quartzose sediments
from Precambrian sources that were subjected to severe chemical weathering. The Amazon mouth is
thus considered a mixing zone of the sediments that reflects different provenance and climatic range.
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Potenciais impactos e 0 desenvolvimento do Alto Paraguai

C.E.M. TUCCI

A bacia do Alto Paraguai contém um dos três mais importantes biomas brasileiros, 0 Pantanal, uma area
de cerca de 134.000 km2 corn funcionamento de banhado (wetJands) gerada pelos condicionantes fisicos
regionais. Esta bacia tem uma divisào fisica, econômica e ambiental bem definida entre 0 Planalto, na
sua parte superior (acima de 200 m de altitude) e 0 Pantanal, que é a planicie formada por rios lagos e
baixios inundados grande parte do ano. 0 Planalto tem comportamento hidrologico semelhante a
maioria das bacias hidrogrâficas do pais, ou seja, corn precipitaçôes acima de 1400 mm anuais, vazào
especifica da ordem de 20 Vslkm2 e um balanço hidrico corn superavit hidrico. 0 escoamento do
Planalto escoa diretamente para 0 Pantanal, dessa forma, todas as açoes produzidas no Planalto podem
produzir impactos diretos sobre 0 Pantanal e para jusante em aguas internacionais de Paraguai, Bolivia e
Argentina.

o Pantanal tem um comportarnento singular. ja que cerca de 50 a 70% do volume de agua e sedimentos
de montante é retido pelas depressôes no periodo de inundaçào devido a baixa capacidade de escoamento
da rede fluvial. representando a fonte de vida para este sistema de areas inundadas. 0 Balanço hidrico
do Pantanal. sem considerar a entrada de montante é negativo. ou seja sem alimentaçao do flu:<o de agua
e sedimentos de montante a tendência é do sistema se manter seco, alterando toda a vegetaçào. ja que as
precipitaçôes chegam a cerca de 1000 a 1200 mm anuais e a evapotranspiraçao potencial da ordem de
I-tOO a 1600 m.

o Pantanal tem mostrado uma sustentatibilidade importante através da convivência entre 0 gado e a
preservaçao do ecossistema. Nas ultirnas décadas alguns impacto ambientais potenciais e desenvolvidos
podem comprometer esta convivência harmoniosa. Os principais sào os seguintes: (1) aumento de
sedimentos contarninados de montante pela mineraçào (Mato Grosso) ou degradaçao solo pela
agropecuaria (Mato Grosso do Sul). criando depositos corn material tOXlCO. além do proprio
assoriamento. a medida que 0 Pantanal retém 60% dos sedimentos: (II) construçào de obras hidraulicas
como diques para reduzir as areas inundadas. como foi construida numa fazenda em Mato Grosso: (III)
projeto da construçao da hidrovia entre Corumbâ em Caceres. alterando 0 leito do rio Paraguai. A
alteraçao do leito, aumentando a sua capacidade de descarga podera reduzir a quantidade de agua
escoada para as baias e âreas inundadas. Como 0 balanço é negativo a area inundada do Pantanal
poderia ser muito menor nos anos mais secos. criando condicionantes diferentes dos naturais no
Pantanal

A bacia do Alto Paraguai ainda se encontra relativamente pouco habitada. mas tendera a médio prazo a
um desenvolvimento econômico que podera agravar os impactos existentes e ainda criar novos
condicionantes. A agua é 0 fator de sustentaçao do ccossistema da bacia e deve ser utilizada de forma
raclOnal nào somente para a conser\'açào ambiental como também para garantir a sustentabilidade do
desenvolvimento regional.
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Characterization of suspended particulates and dissolved
adsorbed organic matter in Amazon river

P.M. TURCQ, P. SEYLER, J.L. GUYOT

Suspended matter has been characterized in mixing zone of black (Rio Negro) and white (Rio Solimoes)
waters in Amazon River, during a very dry season (September 1997). The aim of this study was to
constrain the influence of particIe nature on the different processes occuring in the very specifie region
of water mixture.

Samples were collected along horizontal and vertical profiles in river waters. Organic matter was
characterized physically and chemically by Fourier Transformed Infra-Red spectroscopy (FTIR) and by
elemental CIH/N analysis. Chlorophyll and phaeopigments were also analyzed by colorimetrie methods.
Mineral contents were characterized and quantified by FTIR.

Suspended matter concentration varied between 7 mg.l-l (Rio Negro) and 90 mg.!-l (Rio Solimoes) and
between 30-40 mg.!-l in the mixing zone. Particulate organic carbon content represent 16% in Negro
and 2% in Solimoes waters of total suspended particles. Rio Negro provides c.a. 18 KgC.s-l and
Solimôes c.a. 96 KgC.s-l of particulate organic carbon to Amazon River. Similarly particulate organic
nitrogen flux was 5 time more in Solimôes than Negro. Mean C/N ratio was 9. Mean cWorophyll
concentration was 5 Ilg. 1-1 but phaeopigments concentration was considerable indicating degradation
processes.

Infra-red spectroscopy shows marked differences in the mineraI composition of the two waters
characterized by the presence of main!y kaolinite and gibbsite in Rio Negro and kaolonite and quartz in
Rio Solimoes. Infra-red analysis of organic matter point out different peaks of humic substances.
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Comparison between Iinear and non-Iinear methods
of forecasting discharge in the Amazon one season in advance

C.B. UVO, U. TOLLE

The inter-annual variability of precipitation and water availability observed during the main discharge
season of the Amazon Basin has been shown to be related to the sea surface temperature (SST) pattern
over the Atlantic and the Pacifie Oceans. However. the links between large-scale atmospheric motion
and local and regional mnoff patterns are complex and still not fully understood. Here, the development
of two methods of forecasting seasonal discharge one season in advance at twelve sites in the
Northeastern South America from Pacifie and Atlantic Ocean SST is presented. They are a statistical.
linear, model and a non-linear artificial neural network. Results from the two methodologies are
compared. Both methods are better able to forecast discharge at sorne sites than at others. Discharges
from sub-basins in the northern part of the Amazon Basin are better forecasted from Pacifie Ocean SST
while those from southern sub-basins are better forecasted from Atlantic Ocean SST. Forecasts are also
more accurate in years when ENSO SST patterns are weIl defined over the Pacifie or when a meridional
SST gradient is observed over the Atlantic Ocean compared to years when no special SST pattern is
observed in either ocean. However, the forecasts given by the artificial neural network are considerably
more accurate than those of the statistical mode\. This difference in accuracy provides a further
indication that the linkages between large and small scales processes are non-Iinear.
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Étude de régionalisation de débits maxima en grands bassins:
cas de la région du Alto Sâo Francisco - Minas Gerais

B.R VERSIANI, G.S. SOUTO, T. LEBEL

Un des principalLx sujets de recherche en hydrologie est l'estimation des débits maxima pour l'étude des
évacuateurs de crue ou pour la prévision des niveaux en aval. Parmi les méthodes d'estimation le []
index est une des plus connues. Dans cette méthode, on étudie les relations entre les caractéristiques
géomorphologiques et climatiques du bassin avec les débits moyens annuels et ensuite les lois de
probabilité des débits maxima annuels. Néanmoins, pour les grands bassins où on a souvent des séries de
données moins fournies, deux problèmes se posent : la variabilité spatiale et les problèmes
d'échantillonnage dans l'analyse statistique des séries courtes disponibles.

Cet article présente brièvement une méthode de régionalisation des débits maxima basée sur la fonction
de distribution TCEV ( Two Componemt Extreme Value ), proposée par Rossi et al ( 198-l ) et son
application à des séries de débits maxima annuels dans la région de Minas Gerais ( Brésil) . Ce modèle
statistique est composé du produit de delLx exponentielles, chacune représentant un processus de
Poisson: le premier correspond aux débits maxima générées plus fréquemment et l'autre aux débits
maxima plus rares, les horsains ( 'outiiers' ). Avant de faire la mise en œuvre de l'application de la
méthode, une étude d'échantillonnage est faite pour toutes les séries de données disponible, pour
analyser la variabilité spatio-temporelle des débits, inclus les horsains.

La région d'étude est un bassin de 50000 km2 situé dans une zone représentative du climat tropical de la
région Sud-Est du Brésil et dispose d'un réseau de 65 Iimnimètres , d'où l'intérêt de l'étude de la
régionalisation.

La technique de régionalisation est divisée en trois parties. Le premier niveau de régionalisation consiste
à étudier toute la région, c'est à dire caler le modèle statistique pour tout les points de mesure de débit,
et vérifier la variabilité des estimateurs des paramètres du modèle sur toute la région.

Le deuxième niveau de régionalisation consiste à mieux définir les régions homogènes. Une région
homogène est définie comme une zone où les coefficients d'asymétrie des débits extrêmes sont à peu
près constants. Le troisième niveau de régionalisation consiste à définir des sous-régions homogènes et à
définir la loi de probabilité régionale. Ensuite on cherche la détermination du D index, qui permettra
mieux estimer les quantiles de débits maxima pour toute la région d'étude.
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Distribuiçâo vertical de velocidade e concentraçiio de sedimentos no rio Solimoes

Re. VIEIRA DA SILVA, J.O. GOULART PEeLy

o objetivo deste trabalho é ajustar dados de velocidades e concentraçoes de sedimentos em suspensào
medidos em rios da bacia amazônica, pelas equaçoes universais que governam a distribuiçào destas
variaveis Foram utilizadas neste caso, uma lei logaritmica, para a distribuiçào de velocidades na vertical,
e a equaçào de O'Brien-Rouse para a distribuiçào de concentraçoes de sedimentos em suspensào. Foram
analisados dados obtidos em seçoes dos rios Amazonas e Madeira por equipes e técnicos da
ANEEL/ORSTOM, corn a utilizaçào de equipamentos "Acoustic Doppler CUITent Profiler" (ADCP).Os
resultados obtidos indicam que, apesar das grandes dimensoes dos rios monitorados, as leis universais
apresentaram uma boa adequabilidade nas verticais. As distribuiçoes transversais, todavia, apresentaram
distorçoes em algumas mediçoes. Tabelas mostrando alguns parâmetros de turbulência caracteristicos de
cada seçào, coma 0 coeficiente "k" de Karman e 0 expoente "z" da distribuiçào de concentraçào de
sedimentos sào apresentadas. Foram efetuadas as extensoes de curvas te6ricas ajustadas nas zonas nào
amostradas pela ADCP permitindo estimar valores para as concentraçoes e velocidades nestas regioes. A
quantidade de dados obtidos para os dois nos nao é suficiente para assegurar uma calibragem dos
parâmetros caracteristicos da hidraulica fluvial.· Todavia, levando-se em conta a grande carência de
dados hidrol6gicos da bacia amazônica, os resultados obtidos sempre podem apresentar um avanço a
mais no conhecimento dos processos fluvio-morfol6gicos dos rios da regiao.
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Potencialidades do uso de satélites para 0 monitoramento
da concentraçao de sedimentos no rio Amazonas

R.e. VIEIRA DA SILVA, E.M.L. MORAES NOVO, J.O. GOULART PECLY

A obtençào de dados sobre concentraçào média de sedimentos em cursos d'âgua a partir das
caracteristicas de imagens de satélite, constitue-se atualrnente nurna das mais promissoras tecnologias de
monitoramento de dados fiuviométricos. Ernbora as estirnativas feitas até 0 presente nào tenham
contemplado rios de grandes profundidades, procurou-se neste trabalho, a partir do conhecirnento da
distribuiçào vertical de sedirnentos em suspensào obter-se dadas que permitam cOITelacionar a radiância
superficial obtida pela irnagern do satélite corn a concentraçào média de sedirnentos no trecho irnageado.
Para isto foi utilizado urn rnosaico de imagens de trecho do rio Amazonas elaborado pelo Instituto
Nacional de Pesquisas Espaciais (INPE) onde a radiância produzida pelos sedimentos em suspensào foi
determinada para as diversas unidades do rnosaico. Estes valores foram comparados corn rnediçôes
pontuais da concentraçào de sedimentos realizados corn 0 auxiho de equipamentos "Accoustic Doppler
CUITent Profilers (ADCP) por equipes da ORSTROM/ANEEL em diversas seçôes do rio Amazonas.
Estes dados foram ajustados pela equaçào universal de O'Brien & Rouse corn vistas a sua generalizaçào.
Ernbora os resultados obtidos refiram-se a urn pequeno numero de mediçôes in-situ e de passagens de
satélites, 0 nosso estudo pennitiu estirnar a grande potencialidade futura da metodologia em anâlise.

192



Manaus '99 - Hydrological and Geochemical Processes in Large Scale River Basins

ModeHing human influence on heavy metal flow
from source to river mouth: the Elbe

RJ. VINK

Achieving efficient management strategies to reduce pollutant loads to the sea requires a good
comprehension of how much each source in each sub-basin contributes to the river-mouth transport. The
lack of water quality models for such large scale river basins with a sufficient spatial and temporal
resolution called for a new modelling approach.

The River Elbe is one of the fastest changing river basins in Europe due to the sudden change of a
centrally planned economy to a free-market economy in 1989. This economic transfonnation also caused
a change in material fluxes in the Elbe river basin. To allow efficient management to bring about a
reduction in the input of heavy metals to surface water and the North Sea. the relative contribution of
point and diffuse sources to the total heavy metal load and their spatial and temporal distribution must
be analyzed. The analysis of such large river basins as the Elbe requires detailed infonnation on the
spatial and temporal characteristics of both emissions and physical infonnatlOn of the entire river basin.
Although the extent of such large river basins Iimits the resolution of such a study and therefore the
rcsults of this analysis will evaluated on a yearly basis. Since the up-scaling of detailed small-scale
analyses to large-scale analyses is generally not successfuI. the approach used for this large-scale
analysis c10sely resembles the techniques used for quantifying nitrogen and phosphorous. GIS-based
modelling techniques are used to estimate point and diffuse pathways of metals into the river system by
using a variety of digital map data sets. In this paper the methodology of this GIS-based computational
framework to support policy analysis of water quality management for large transboundary river basins
\\ill be described.
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Aspectos da dinâmica dos sedimentos na foz do rio Amazonas

S.8. VINZON

Dados experimentais do escoamento e da dinâmica dos sedimentos obtldos pelo AMASSEDS (A
Multidisciplinary Amazon Shelf Sediment Study) foram analisados corn 0 auxiho de um modelo
llumérico, examinando a interaçao tluido-sedimento. Neste modelo, a vdocldade de queda das particulas
foi considerada coma uma funçao da concentraçao dos sedimentos, e a taxa de erosào no fundo foi
ajustada utilizando mcdiçoes de velocidade e concentraçào perto do leilo assim coma uma relaçao entre a
reslstência à erosào e a densidade derivada de mediçoes de laboratono 0 amortecimenlo da turbulência
devido à estratificaçao foi também considerada na analise.

As séries temporais de mediçoes de perfis de concentraçào de sedimento'i foram comparados corn
simulaçoes do modelo visando obtcr um melhor entendlmento dos processos que ocorrem na coluna
d'agua. Foi encontrado que a açào da maré é preponderante no mecamsmo dc rcsuspensào de
scdimemos do fundo. Por outro (ado, 0 espalhamento dos sedimentos na platafonna continental do
Amazonas é baslcamente detenninado pelos processos de transporte que acolllecem nas proximidades do
leito. Assim, ulilizando uma aproximaçao simples da inleraçào f1uido-scdllllcnto que acontece onde
estào presentes altas conccntraçoes de sedimentos. a dinâmica desta pequena camada foi analisada,
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Variabilité des apports liquides et solides dans un grand bassin endoréique
du Nord Mexique: le bassin Nazas-Aguanaval

D. VIRAMONTES, L. DESCROIX, J.F. NOUVELOT, J.L. GONZALEZ BARRIOS

Les zones arides sont en général soumises à une variabilité spatio-temporelle élevée des précipitations et
des écoulements. Dans le cas du Nord-Mexique. la Sierra Madre Occidentale sert de« château d'eau» et
ses apports expliquent l'existence d'oasis et de périmètres irrigués dans le désert de Chihuahua et sur la
plaine côtière du Pacifique, localement aride. Si l'influence du Niiio est faible, par contre on peut
craindre une modification des apports du fait de la transformation du milieu dans la Sierra Madre. où
déforestation et surpâturage conduisent à une rapide diminution de la couverture végétale.

On cherche à déterminer l'éventuel impact de ces transformations sur les apports annuels d'un bassin
d'alimentation qui est aussi la principale zone d'apport en eau souterraine; cela est particulièrement
important dans la mesure où la nappe phréatique profonde de la Laguna, exutoire du bassin -endoréique
du Nazas, et aussi principal bassin laitier mexicain, est surexploitée depuis une cinquantaine d'années
déjà. ce qui conduit à une dégradation de la qualité de ses eaux profondes (risque de salinisation et
alcalinisation des sols). Les apports et les régimes sont déjà profondément modifiés par deux retenues
importantes sur le bassin versant. Des analyses isotopiques ont permis de déterminer que la Sierra
Madre était la principale zone d'alimentation des aquifères. On cherche à déterminer les principales
composantes du ruissellement grâce à une série de données de plus de cinquante années.

Le bassin étant endoréique, la sortie du système ne se fait que par recharge de la nappe profonde et
surtout par évaporation. L'érosion et les transports solides sont relativement modérés pour une zone
semi-aride (500 tlkrn2/an en moyenne) du fait de l'importance de la couverture végétale dans le haut
bassin; cependant, la rapide dégradation de celle-ci ne risque-t-elle pas de modifier sensiblement ce
bilan ?

Pour le moment, cela ne semble pas avoir modifié le bilan à l'échelle du bassin, mais des mesures sur
petits bassins versants et sur parcelles ont mis en évidence une évolution du comportement
hydrodynamique des sols; de plus, la récurrence des sécheresses (comme durant les années 40 et 50, ou
durant les années 90) fait craindre l'apparition de phénomènes irréversibles dans la dégradation de
l'espace et les conditions d'approvisionnement naturel en eau de surface et en eaux profondes.
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Influencia de variables macroclimaticas asociadas al ENSO
en la hidroclimatologia dei municipio de Santiago de Cali (Colombia)

J.M. VIVAS, H.M. ESCUDERO, Y. CARYAJAL

Santiago de Cali (Colombia), es la segunda ciudad en importancia deI Pais; ésta presenta una red hidrica
de 7 rios y por su estratégica ubicaci6n, reviste gran importancia para la comunidad como fuente de
abastecimiento, recreaci6n, ornamentaci6n, paisaje, ademas de pertenecer a la estrella fluvial mas
importante dei Alto Cauca y al Parque Natural - Nacional Los Farallones de Cali. tercero en importancia
en los Andes Americanos por su alta biodiversidad. La relaci6n entre la hidroclimatologia colombiana y
la oscilaci6n ENSO es clara e indiscutible. La tendencia es un clima mas seco cuando el Pacifico esta en
Ulla fase caIida (Nino) y la oscilaci6n dei sur es negativa. De otro lado la fase fria va acompanada de
mayores lluvias (Nina).

Las grandes consecuencias que ha tenido el fen6meno ENSO (El Nino - Oscilaci6n dei Sur) en todo el
Pais, especialmente en esta ciudad por su cercania al Océano Pacifico, han despertado el interés de
establecer la relaci6n entre variables macroclimaticas asociadas al fen6meno y la hidroclimatologia de
esta zona. Asi como de disenar modelos matemâticos de pron6stico para las variables
hidroclimatol6gicas. Este estudio se ha venido realizando satisfactoriamente empleando "la siguiente
metodologia:

Se recopil6 la informaci6n y se le efectu6 una suavizaci6n mediante un promedio movil de tres meses,
preservando al maximo la senal original, también se realiz6 un anaIisis descriptivo, calculando los
principales estadisticos de cada serie, como son la media, desviaci6n estandar, valor maximo, minimo y
el coeficiente de variaci6n. Seguidamente, cada variable hidroclimatol6gica se correlacion6 con cada
variable macroclimatica, desfasandola desde -12 hasta +12 meses (variable macroclimatica desfasada t
meses frente a la variable hidroclimatoI6gica); y dependiendo deI tipo de variable hidroclimatol6gica y
de su interpretaci6n fisica se realiz6 una autocorrelaci6n, para hallar su asociaci6n con sus registros
antecedentes. Finalmente, se estimaron los coeficientes de correlaci6n.

Para la calibraci6n de los modelos matematïcos de pron6stico; se escogieron las variables
macroclimaticas (explicativas) de los resultados obtenidos en la estimaci6n de los coeficientes de
correlaci6n mas altos; posteriormente se emplearon la elaboracion de modelos de Regresi6n Lineal
Multiple, incluyendo la variable hidroclimatol6gica a estudiar como variable dependiente y las variables
explicativas seleccionadas como variables independientes, consideradas como predictoras. Luego. se
evaluaron las estadisticas de la regresi6n y el anaIisis de varianza, estimando los coeficientes de
regresi6n, el coeficiente de determinaci6n R2 ajustado, el error tipico, la probabilidad de error, el
estadistico F y el estadistico t; también se emplearon métodos de bondad de ajuste como la prueba ji
cuadrado y el anaIisis de las correlaciones 6 de la independencia de las variables explicativas entre si,
deterrninando si las variables realmente inf1uian en los pronosticos y si los modelos eran confiables.
Para juzgar la validez de los modelos se utilizo la comparacion grâfica entre los pron6sticos y las
ocurrencias hist6ricas, usando para esto un periodo no utilizado para estimar el modelo.

Cabe anotar que los resultados obtenidos hasta ahora son satisfactorios, aportando adelantos en los
estudios hidroclimatol6gicos. aportando una nueva herramienta para una mejor planeaci6n deI recurso
hidrico en la region, y para la mitigaci6n y prevencion de desastres, que generalmente ocurren durante
las fases extremas deI ENSO.
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Longer-term variability of sediment transport to the oceans

D.E. WALLING, D. FANG

Recent interest in Global Change has focused attention on both the impact of climate change and human
activity on the global system and the natural variability of this system Any attempt to decipher change
must clearly take account of such natural variability. The increasing availability of information on the
suspended sediment loads of the world's ri'Vers now provides an effective basis for estimating the global
flux of sediment from the land to the oceans and it is timely consider the evidence for recent changes in
this flux and its natural variability. Although there are few long-term records of suspended sediment
transport by the world's major rivers, the expansion of sediment monitoring activity since the 1960s now
provides a substantial number of records spanning several decades and it possible to use this infonnation
to begin to assess the evidence for change and to establish natural patterns of variability. Reservoir
construction on many major nvers has caused a marked reduction in their suspended sediment loads and
similar reductions can be linked to reduced transport capacity caused by overabstraction for water
supply. The Yellow River in China affords a classic example of such reductions in sediment transport,
such that the mean annual flux of 1.6 x109 tonnes frequently cited in the literature and which is based
on records from the middle part of the 20th century is no longer representative of the contemporary load.
In other cases. however, there is evidence of increased sediment loads as result of both land use change
and climate change. For many rivers of Asia. intensification of land use has undoubtedly caused
substantial increases in sediment yield. In some cases. however. rivers. such as the Yangtze River in
China. show little evidence of changing suspended sediment loads despite major increases in population
and associated expansion of land clearance and agricultural activity. Although most river basins will
inevitably have been impacted to sorne degree by human activity and other components of global change,
it is also possible to build up an improved picture of the 'natural' variability of annual sediment fluxes to
provide a contex1 against which other trends may be assessed. ThiS variability is closely linked to inter
annual variability in precipitation and runoff but also reflects a number of other controls. This paper \vill
present the results of an ongoing assessment of trends and variability of the global transfer of sediment
from the land to the oceans.
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Hydro-écorégions et facteurs de contrôle physiques et chimiques
des hydrosystèmes dans le bassin amazonien bolivien

J.G. WASSON, B. BARRÈRE, J.L. GUYOT, F. GOURDIN, D. BINET

La partie bolivienne du bassin amazonien. qUI recouvre environ 700.000 km2. présente des paysages
extrêmement contrastés. Or l'influence de l'hétérogénéité géographique sur la diversité naturelle des
hydrosystèmes est encore peu documentée. surtout en milieu tropical L'un des objectifs du programme
BIOCAB (BIOdiversldad Acuatica en la Cuenca Amazonica Bolinana). mené cn commun par l'IRD et
l'Université de La Paz. est de mettre en évidence les facteurs physiques et chimiques qui expliquent à
l'échelle régionale la distribution actuelle de la biodiversité aquallque dans ce bassin.

L'approche scientifique se base sur les concepts de contrôle hiérarchique des hydrosystèmes. qui
reconnaissent dans la structure géophysique et climatique du bassin les déterminants primaires du
fonctIOnnement écologique des cours d'eau. Le relief. la nature des roches. le régime des températures et
des précipitations. et la couverture végétale qui en résulte déterminent à l'échelle locale les
caractéristiques morpho-dynamiques et hydro-chimiques des cours d'eau. auxquelles répondent les
peuplements aquatiques.

Sur la base de ces concepts ont été définies des Hydro-écorégions (HER) cl partir de diverses cartes et
images satellitaires existantes (géologie. géomorphologie. modèle numérique de terrain. températures.
péclpitations. cartes de végétation et zones forestières. Images ERS. NOAA et Radarsat). Ces données
ont été intégrées dans un SIG (sous ArcVie\v'R:). Les HER constituent donc une méthode de
régionalisation a priori des hydrosystèmes. assortie de l'hypothèse que les cours d'eau présenteront à la
fOIS des caractéristiques physiques et biologiques et un patron d'évolution longitudinal différent dans
chaque région. Cette hypothèse demande évidemment à être validée sur des données acquises de manière
IIldépendante.

Dans cc travail. nous présentons la carte des HER du bassin amazonien boliVien. Pour la plupart des
régions. des données caractérisant la géomorphologie des vallées et des cours d'eau ont été recueillies sur
des cartes topographiques au l/50.000eme. Par ailleurs un échantillonnage physico-chimique extensif
avait été réalisé au cours d'un programme antérieur (PHICAB). Ces données sont confrontées au cadre
des HER. et la validité de cette approche pour régionaliser les caractéristIques physiques et chimiques
des hydrosystèmes est discutée.

Ail dcla de son aspect descriptif. l'approche par hydro-écorégions présente un intérêt certain pour
comprendre l'organisation des hydrosystèmes à l'échelle d'un grand bassin. Les HER constituent un
cadre pertinent pour interpréter la distribution régionale des peuplements aquatiques. et des résultats
significatifs ont déjà été obtenus sur la partie andine du bassin. En mettant en évidence les facteurs qui
contrôlent au plus au niveau le fonctionnement écologique des hydrosystèmes. cette démarche autorise
une \'ISlOn globale des potentIalités et des sensibilités des milieux. particulièrement utile pour la
définition de politiques rcglOnales de gestion.
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Water resources and its management in Tarim river basin, China

WEI WENSHOU, HU XUNLONG

Tarim River basin is the largest continental river basin in China and its catchment area is 1.02xl06
km2. Tarim River is 2 437 km long, is mainly consisted of 9 tributary systems, and its annual runoff
volume varies in a range of 1.0x 109 - 5.0x 109 m3 . The topography in the watershed and its
surrounding regions is that. Kunlun Mountain. the Parnirs and the Tianshan Mountains are located on
its southern, western and northern sides respectively, and Tarim Basin and the well-known Taklamakan
Desert are in the middle part. The tributaries rising in the surrounding mountainous regions concentrate
towards the central area of Tarim Basin, thus the main stream of Tarim River forms.

Tarim River is fed by melting water of the glaciers and snow cover in the upper reaches of its tributaries
and groundwater mainly, and a small amount of surface runoff formed by rainfali subsidiarily. Us runoff
distributes in a great disparity from different seasons, during a period from June to August. it takes about
60% of the total annual runoffvolume, and only 15% during a period from March to May. The areas of
runoff formation of both surface water and groundwater are extremely less, thus a character of
continental river forms along the main stream of Tarim River, that is the streamflow varies greatly
between flood season and low-water season. Meanwhile, since recent 50 years, the streamflow of the
main stream of Tarim River is reduced and the intra-annual distribution of runoff is more concentrated
due to the rapid growth of population, enlargement of the reclaimed area, and continuous increase of
water consumption in the upper reaches.

Management of the water resources in Tarim River basin plays an important role in enlargement and
economic development of the oases or development of desertification in the basin. It not only affects tlle
ecological and environmental protection and development, but also determines growth of plant and
habitation or migration of wild animaIs in the marginal zones of the deserts. The remains of Loulan
Ancient City is a historicai lesson of changes of the water resources in Tarim River basin. Therefore,
scientifical management, rational planning and distribution of water resources are the ensurings of
regional sustainable development for arid and semi-arid areas. Only by strengthening the environmental
protection can a virtuous circle of ecosystem in the oases be achieved.
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Discharge, recharge and evapotranspiration
of groundwater determined by baseflow separation

H. WITTENBERG

By analysis of observed time series of streamflow, the main components of the underlying groundwater
balance of a basin, namely. discharge, evapotranspiration loss, storage and recharge, can be identified
and quantified. This holistic estimation method is demonstrated for the Collie River basin in Western
Australia. The relationship between groundwater discharge and reservoir storage of unconfined aquifers
was found to be nonlinear based on analysis of numerous streamf10w recession curves. However,
depletion of groundwater by evapotranspiration losses. through the water uptake of tree roots in forested
catchments, was found to bias the recession curves and the estimated reservoir parameters. Due to the
seasonality of both rainfall and potential evaporation. analysis of the recession curves. stratified
according to time of the year, allowed the quantification of evapotranspiration loss as a function of
calendar month and stored groundwater depth. Time series of recharge to the groundwater aquifer were
computed from baseflow separated from observed total streamflows, using the nonlinear reservoir
algorithm and the found evapotranspiration relationships, by inverse nonlinear reservoir routing.
Comparison of the computed recharge hydrographs with measured daily rainfalls revealed a typical
travel time distribution of percolating water. Unit responses of groundwater recharge were found for
these data by least squares fitting. The shapes of the estimated unit response functions showed no
significant seasonal variation.
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Hydrodynamique fluviale de l'Oued Medjerdah
à l'aval du barrage Sidi Salem. Evolution récente

Y. ZAHAR. J. ALBERGEL

La Medjerdah (23 700 km2) est le principal cours d'eau de la Tunisie, et constitue, totalement ou
partiellement, le château d'eau pour plus de la moitié de la population Tunisienne (5.5 millions
d'habitants). De lui dépend la sécurité alimentaire du pays, notamment par la mobilisation et la
régularisation maximale de ses ressources en eau (8 barrages aménagés. d'une capacité totale de 1
milliard de m3), et par le développement de l'irrigation tout au long de ses berges (90 000 hectares).

Depuis ces aménagements, et plus précisément à la suite de la mise en eau du plus grand barrage en
1981 (Sidi Salem: 555 millions de m3), on assiste à un rétrécissement rapide de la section d'écoulement
du lit en aval. Les perturbations occasionnées par ce barrage sur les conditions hydrodynamiques du
cours d'eau sont pour le moins inquiétantes, notamment une diminution très sensible de la débitance
(70% de chute de débitance par endroits). Les dépôts solides dans le lit qui ont lieu aux moments des
lâchés turbides de dévasement de la retenue du barrage. sont la cause principale de ces bouleversements
pour le cours d'eau. Il est par conséquent manifeste que ces rétrécissements peuvent engendrer à tenne
des perturbations graves aux comportements hydrologiques de la Medjerdah, notamment une diminution
irréversible des caractéristiques d'écoulements, suite à l'engraissement du lit, qui se traduirait
notamment par une incapacité à évacuer les débits de crues (naturelles ou artificielles) sans risques de
débordements. Ces risques de débordement menacent les villes et les populations rurales riveraines au
lit. ainsi que les infrastructures importantes qui le bordent ou l'enjambent (périmètres irrigués, ponts,
etc.).

Après avoir analysé la problématique passée et récente de l'évolution du lit, l'étude propose un nouveau
mode de gestion des barrages, notamment en ce qui concerne les dévasements.

201



Manaus '99 - Hydrological and Geochemical Processes in Large Seale River Basins

Application of ecohydrological approach for restoration
and sustainable management of river basin

M. ZALEWSKI

The one of the fundamental tenets of the concept sustainable development is the maintenance of
homeostatic equilibrium of ecosystem. It is because over exploitation or biotic structure degradation.
alters the ecosystem processes to the point in which ecosystem ability to produce desired resources is
seriously diminished. The degradation of the river ecosystems has been of two dimensional character.
first pollution, which can be eliminated to serious extent by technologies. second much more complex 
degradation of evolutionary established water and nutrients cycling. The last one might be improved by
the application of ecohydrological approach. The progressing understanding the biogeochemical and
biological processes in the catchment scale create background for control and regulation of nutrients and
water dynamics toward enhancement of resistance Irobustness and resilience of river ecosystem to
human impact and in consequence improvement ofwater quality and biodiversity of the system.
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