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Represa, embalse / Pantano (Espafia) / Reservoir, dam, impoundment
RESERVORIOS

Cuerpos de agua construidos o modificados por la actividad humana para
propositos especificos, con el objetivo de proveer un recurso seguroy
controlable.

Principales usos:

e Suministro para la actividad industrial (enfriamiento, etc.)

e Generacion hidroeléctrica

* Riego, cria de ganado

* Regulacion de cursos de agua y control de inundaciones é UY?
[ ]

* Suministro de agua para potabilizacién o $ '
1D-

* Recreacion, actividades nauticas y otros usos recreacionales
e Disposicion de residuos

* Pesquerias comerciales y recreacionales

* Navegacion

CURE
Centro Universitario

de la Regidn Este

http://www.who.int/water sanitation health/resourcesquality/wgachapter8.pdf
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Lineas de Transmision

Centrales Hidroeléctricas
Capacidad Instalada y Lineas de Transmisién

Fuentes: Achkar (2000) y UTE
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25 per cent of all waters flowing to the oceans have previously been

impounded in reservoirs (UNEP, 1991).
‘ > ‘ > L N
®

http://www.youtube.com/watch?v=0OR5IFcSsaxY#t=12 C URE
http://www.youtube.com/watch?v=RPm9LUZDCgg g;:,;;.[;.u.;.;ﬁ::.




River Channel Fragmentation and Flow Regulation
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Ameérica Latina
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Figura 16.1. Area cubierta por los embalses(m) y numero de represas (=) construidas en Brasil
(adaptado de Agostinho et al., 2007a).
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Figure 1 — Distribution of the main hydroelectric power plants in Brazil.
Notice the concentration in the South and Southeast regions
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_Belo Monte dam scheme

ATLANTIC

. Amazon
rainforest
Dams
FA-fIFIf ® In operation
OCEAN @ Under
construction
500 km O Planned

http://www.economist.com/news/americas/21577073-having-spent-heavily-make-worlds-third-biggest-hydroelectric-project-greener-brazil



Hoover Dam (USA) CURE
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Represa, embalse / Pantano (Espafia) / Reservoir, dam, impoundment
RESERVORIOS

Figure 8.3 Examples of the principal reservoir configurations: A. shallow, ‘U’
shaped; B. deep, 'V’ shaped; C. deep, reqular; D. shallow, regular

Impoundments Embanked reservoirs
(Terraplen)




Caracterisicas

Figure 8.2 The intermediate position of reservoirs between rivers and natural lakes
is determined by their water residence time and degree of riverine influence
(Based on Kimmel and Groeger, 1984)

w—md  Rivers Lakes [~
-+ Reservoirs ; >
i ndme e impoundm
- Small impou nis — Larg pou ents .
Off-river basins
- >

increasing hydraulic residence time
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Table 1.1 Characteristics of reservoirs and glacial lakes®

) eristi
Factor Reservoir Glacial lake
Shoreline Astatic Stable
Water level Large, irregular Natural
fluctuations

Flushing rate High Low

Thermal stratification Irregular . Natural regime,
fimicti

[onic composition Variable Relatively
predictable

Sedimentation rate High Low

Turbidity High Low

Water release level Variable Surface

Organic accumulation Rapid Slow

Principal source of Allochthonous, Autochthonous

nutrients then autochthonous
Growth selection Rapid (r) Homeostatic (K)
Immigration-extinction Rapid Slow

*Modified from Ryder 1978.

CURE
Centro Universitario
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Dinamica / zonacion

Locustrine Transition Riverine

River inflow

———13

Figure 1.10 Three distinct zones resulting from gradients in reservoirs.
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Zonacion *
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RIVERINE ZONE

TRANSITIONAL ZONE

LACUSTRINE ZONE

* HARROW, CHANNELIZED BASIN
* RELATIVELY HIGH FLOW

= HIGH SUSP, SOLIDS, TURBID, LOW
LIGHT AVAIL., Zp < Zm

* NUTRIENT SUFFLY BY ADVECTION,
REL. HIGH NUTRIENTS

* LIGHT-LIMITED PPR

o CELL LOSSES PRIMARILY BY
SEDIMENTATION

* OAGANIC MATTER SUPPLY PRI-
ALLOCHTHONOUS, P < R

* MORE “EUTROPHIC™

* BRODADER, DEEPER BASIN
* REDUCED FLOW

* REDUCED SUSP, SOLIDS, LESS
TURBID, LIGHT AVAIL. INCREASED

* ADVECTIVE NUTRIENT SUPPLY
REDUCED

® PPR/m? REL. HIGH

® CELL LOSSES BY SEDIMENTATION
AND GRAZING

* INTERMEDIATE

* INTEAMEDIATE

* BROAD, DEEP, LAKE-LIKE BASIN
® LITTLE FLOW

* REL. CLEAR, LIGHT MORE AVAIL.
AT DEPTH, Zp > Im

* NUTRIENT SUPFLY BY INTERNAL
RECYCLING, REL. LOW NUTRIENIS

* NUTRIENT-LIMITED PPR

# CELL LOSSES PRIMARILY BY
GRAZING

= DNGANIC MATTER SUPPLY PRIMARILY
AUTOCHTHONOUS, P > R

* MORE “OLIGOTROPHIC™

CURE
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Oxygen demand

Riverire  Tianaition Lacustrine

and nAMOW  pooarine  Transiion Lacustine

Riverine  Transition Lacusirine

Figure 8.10 Relationship of morphometry, retention time and longitudinal variation in water quality process rates to oxygen

demand along the length of a reservoir (see also Figure 8.4) (After Cole and Hannan, 1990) Reproduced by permission of
John Wiley & Sons, Inc.
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(Thornton et al 1996)
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Figura 5-14: Desarrollo de la entrada de las plumas de los rios Grande y Chico

en el embalse
Riogrande II - Caso de simulacion con el embalse en condicion de nivel medio e

hidrografas sincronizadas.



Thermocline

Anoxic layer

(Thornton et al 1996) gp}yfi

de la Regidn Este



Figure 8.11 An example of modifications in the depth distribution of dissolved
oxygen by currents caused by mid-depth water withdrawal (Based on Ebel and
Koski, 1968)

Dissolved oxygen (mg I'1)

(Thornton et al 1996) CURE
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Apunte: Inestabilidad de Kelvin-Helmholtz




Apunte: Circulacidon de Langmuir

> Surface currents - Vertizal cureris

CURE
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éCuales seran los productores primarios predominantes?

CURE

Centro Universitario
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. 0ole
Lago Rincon del Bonete (2013) so.ee
Noticia http://historico.elpais.com.uy/13/03/27/pciuda 705413.asp oo
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Figure 8.18 Depths distributions of chlorophyll a and dissolved oxygen
concentrations in relation to the water withdrawal points in the highly eutrophic
King George VI reservoir, UK, during the summer months, prior to the application
of any management regime (compare with the managed reservoir in Figure 8.12)

(After Steel, 1972)
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Depth (m)

Depth (m)

Figure 8.12 Uniformity in annual temperature and dissolved oxygen depth
distributions in Queen Elizabeth Il reservoir, UK achieved by jet-mixing in the
water column. Compare with an unmanaged situation in a similar reservoir in

Figure 8.18.
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FIG. 40.- Embalse san roque (carlos paz, cérdoba, argentina).
Arriba: estado ambiental, intensas floraciones.
http://www.funeat.org.ar/art%c3%adculoscarlosprosperi.html.

Abajo: instalacion de sistema de difusores

(http://www.diaadia.com.ar/cordoba/san-roque-menos-verde-difusores).

Centro Universitario
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2

Low Wind exposure, slope, High
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Figure 5 Hypothetical tendency of colonization of aquatic macrophvtes in reservoirs. The degree of
colonization is directly related with points density (after Thomaz and Bini, 1998b).

(Tundisi & Straskraba 1999) CURE
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Figure 8.17 Annual variation in the nitrate-nitrogen concentrations in the River
Stour, UK compared with the concentrations in the waters of the Abberton
reservoir which is supplied by the river. De-nitrification in the reservoir helps to
reduce the nitrate-nitrogen concentrations to below guideline levels for drinking
water. (After Slack, 1977)
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Represa, embalse / Pantano (Espafia) / Reservoir, dam, impoundment

RESERVORIOS

Efectos “colaterales”:

Alteracion del régimen hidroldgico natural:

1.

o Uk wnN

© 00 N

Inundaciones en regiones de aguas arriba

Inundan y crean nuevos habitats

Aumentan el volumen de agua evaporada

Merma de los caudales circulantes aguas abajo

Modificacidon de las condiciones geomorfolégicas del cauce (sedimentacién)
Alteracion de las zonas bajas que perturba el ciclo natural de peces y otros
organismos acuaticos (alteracion de corredores ecolégicos naturales)
Alteracion de los habitats y los paisajes fluviales: fragmentacion del habitat
Desaparecen tierras cultivables, dificulta la navegacion fluvial

Modifican la calidad del agua

10 Emiten gases de efecto invernadero
11. Desplazamiento de comunidades enteras
12. Cambios forzados en las actividades de subsistencia *’

CURE
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Presas y funcionamiento de ecosistemas loticos

River Continuum

Concept
P Flood Pulse

Concept

Fish zones concept




Ej.

Discontinuidad seriada

P/R ratio ?

De acuerdo a la hipodtesis del continuo las comunidades se organizan
espacialmente de acuerdo a la variacion de las propiedades fisicas y
quimicas del sistema, en consecuencias las diferentes comunidades
tambiéen presentan un continuo en algunos de sus atributos o
propiedades; la construccidon de una represa crea una discontinuidad.

i4

- UD=."EHI“
12 — -~ = .
10 Matural

stream

PARAMETER A

Hetrogeneidad ambiental?

STREAM OQORDER

Figure 3. Theoretical framework for conceptualizing the influence of impoundment on

ecolomcal parameters ina rver system. Discontinuity distance (DD) is the downstream ...
(positive) or upstream (negative) shiflt of a parameter a given distance (X) due to stream

regulation. Pl is a measure of the difference in the parameter intensity atinibuted to —~ -
stream regulation (-JL-J Rt

Centro Universitario
de la Regidn Este ( N M )



Ej.

Discontinuidad seriada

P/R ratio

Estas condiciones alteradas por la construccion de una presa son
reestablecidas aguas abajo, estas generalmente se identifican y se
cuantifican en términos de la distancia en que existe una recuperacion
de las caracteristicas estudiadas.

_._g 14
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STREAM OQORDER

Figure 3. Theoretical framework for conceptualizing the influence of impoundment on

ecolomcal parameters ina rver system. Discontinuity distance (DD is the downstream ® e
(positive) or upstream (negative) shiflt of a parameter a given distance (X) due to stream ¢

regulation. Pl is a measure of the difference in the parameter intensity atinibuted to —~ «
SIrEnm regunarion (-JL-J Rh

Centro Universitario
de la Regidn Este ( N M )



Discontinuidad seriada

A) Free-flowing river

A - 2 —+ Plant-dispersal

veciors
- 10 km
rapids F—— Riverbed profile

_-_‘_‘—l—n_
S 1 Flora

40 m

B) Impounded river

» > > * Hlant-dispersal

! veclors
E H 1'::' l"'.ﬂ'l- I . .
2 dam v | Riverbed profile cascaded reservoirs

e I 1 Flora
1 2 3 4

Figure 1-2. Hypothesized relationships between plant-dispersal vectors, nverbed profile,
and composition of the rparian flora in free-flowing versus impounded nvers. (A) The flora in
the free-flowing river is hypothesized to descnbe a gradual change downstream, whereas (B)
in the regulated river, each impoundment is projected to develop an individual flora {denoted
1—4). (From Jansson et al, 2000a, copyright @ Ecological Society of America; reprinted by
permission.) *’
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INTEGRATED MODEL:

RAVERS AS DYNAMIC ECOSYSTEMS

(n:'..‘-»:mnnrw.:’tI*.llllt',,ur } ;: Ecotones )

succession boundary
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GRANDES REPRESAS Y COMUNIDAD DE PECES

San Francisco (13'8%1"‘“*1

Amazonas (44.7%)

Uruguay (13.8%) —»

Parana/Paraguay (27 7%) —7

Figura 16.4. Porcentaje de especies migradoras por cuenca (adaptado de Agostinho et al., 2007a)

http://www.faunagua.org/biblioteca/3Cap16.pdf CURE

Centro Universitario
de la Regidn Este



FORMACION DEL
EMBALSE

¥
Cambios en la Cambios en la

Cambios en los
patrones hidrolégicos *| calidad del agua morfometria

Aumento de _ |
transparencia ITEROS eIlla
> Reduccién de : ,| composicionde =]
| : habitats (pozos,
- Vﬁ;ﬁ:ﬂge B rapidos, areas
inundables)
; ] Estratificacion |«
Desplazamiento df areas — #rmica
de reproduccion
Arimerito de Aumentodela e
Pérdida de dreas mortalidad de i
o ilcnnio huevos y larvas de
especies
migratorias Cambios en la
[ A productividad

Alteracion de las
areas litorales
A

Modificacion  |e—

L 5|  Fluctuaciones de nivel ¥ enla
Perdidas de > composicion de
reclutamiento especies

Y
Cambios en las

pesquerias
Figura 16.2. Potenciales impactos generados sobre las comunidades de peces aguas arriba de una
represa, a partir de cambios en factores ambientales réfevanies que ocurTen por 1a constuccion de un L N
embalse (Elaboracion propia) ®
( .
¢ CURE

Centro Universitario

http://www.faunagua.org/biblioteca/3Cap16.pdf




REFPRESA

b

k.

Cambios en los
patrones de crecidas
y estigjes

Cambios en los patrones
de sedimantacion

Aumento de la

Cambios en la
calidad del agua

mortalidad por
predacion

Obstaculizacion
» (e migraciones
descendentes

Alteracion y
modificacion de la

calidad de habitats

Aumento de la
fransparencia

Disminucion de | |

temperatura

Fragmentacion de

Obstaculizacion
= de migraciones
ascendentes

Aumento de mortalidad
por pesca debido a la
acumulacién de peces

Mortalidad por pasaje
*| de peces por turbinas
y vertederos

Figura 16.3. Potenciales impactos generados sobre las comunidades de peces aguas abajo de una represa,

a partir de cambios en factores ambientales relevantes que ocurren par la construccion de un embalse

las poblaciones y
deriva génetica

Cambios en la
compaosicion de
especies

Cambios en la
pesqueria

(Elaboracién propia)

Disminucion
de oxigeno
disuelto

A

Aumento de

nitrdgeno  |<—
disuelto

Mortalidad por
sobresaturacion
gaseosa

http://www.faunagua.org/biblioteca/3Cap16.pdf
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Cuadro 16.3. Comparacion de diferentes sistemas de traspaso utilizados en rios sudamericanos
(adaptado de Oldani ef al, 2007).

Sistema

Ventajas

Desventajas

Ejemplos

Ranuras verticales
(“vertical slots™)

Permite operar con
diferentes niveles de
agua.

Ofrece dificultades de paso
para especies de gran
porte.

Carece de areas de
descanso para los peces.

Represa de lagarpava
(rio Grande, Brasi)

Escaleras
(escalones-tangues)
(“pool and weir”)

Apropiadas para represas
de baja altura y gran
flexibilidad de disefios.

Alta selectividad de
especies.

Sensible a los cambios de
caudal.

Poca efectividad para
especies de fondo.

Represa de Lajeado
(rio Tocantins, Brasil)
Represa de Salta Morais
(rio Tijuco, cuenca alta
del rio Parana, Brasil)

Ascensores

El costo es independiente
de la altura de la represa.

Requiere poco espacio
para su instalacién.

Poco sensible a las
variaciones de nivel del
embalse.

Costo elevado de
construccién, operacion y
manutencion.

Genera estrés en los
peces y mortandad por
aglomeracion.

El nimero de peces
transfendos depende del
volumen del ascensory
del tiempo del ciclo.

Represa Engenheiro,
Represa Sergio Maotta
(rio Parana, Brasil)

Represa de Funil
(rio Grande, Brasil)

Yacyreta (rio Parana,
Argentina-Paraguay)

Represa Santa Clara
(rio Mucuri).

Esclusas (“fish
locks™)

Diseiio flexible que
puede ser adaptado a
distintos tipos de
represas hidroeléctricas.

Baja capacidad de
transferencia.

El nimero de peces
transferido depende del
namero de ciclas diarios.

Durante la fase del llenado,
el flujo de atraccién se
reduce o se elimina.

Represa de Salto Grande
(rio Uruguay, Argentina-
Uruguay)

Sistemas de by-pass
(rios artificiales)

Alta capacidad de
transferencia.

Permiten simular las
condiciones naturales
del rio.

Amplio espectro de
velocidades de agua

Requieren de un amplio
espacio para su
instalacion cuandao la
altura de la represa es
considerable debido a su
baja pendiente.

Susceptible a variaciones

Canal de Piracema,
Represa ltaipu, rio
Parana (Paraguay-
Brasil)

Utilizables para migraciones  del nivel de agua en el o0
descendentes. resernvorio. ®
Proparcionan habitats para Riesgo de introduccion de
especies residentes. especies no-deseadas. C‘ ]J RI:
Centro Universitario

de la Regidn Este
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Ecological Modelling 252 (2013) 266-272

Contents lists available at SciVerse ScienceDirect

Ecological Modelling

journal homepage: www.elsevier.com/locate/ecolmodel

Adapting the operation of two cascaded reservoirs for ecological flow
requirement of a de-watered river channel due to diversion-type
hydropower stations

Qiuwen Chen#P* Duan Chen®¢, Ruonan Li?, Jinfeng Ma?, Koen Blanckaert?

3 RCEES Chinese Academy of Sciences, Shuangginglu 18, Haidian District, Beijing 100085, China
b Three Gorges University, Daxue Road, Yichang 443002, China
¢ Changjiang River Scientific Research Institute, [iuwanfang, Hankou District, Wuhan 430010, China
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Undamming Rivers: A Review of the Ecological

Impacts of Dam Removal
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Dasms e prervawsive feanares of the wisrld"y rver sysiesm.
There are more than 75000 disss shove 5 81wl bs e
Uinited Siaves and 40,000 daing cver 50 f il worldwide
{Mabomal Research Couseil 1992, Dvneslus and Milsson
1904, McCully 1997). Smaller dass (ke below 5 R all)
in che United Siaies Bkely mumber in the thousapds
IAmeerican Rivers and MNPS 19046), carly BT of the
wolEl disckarge of large rivens in the nesthern chicd of
the world is smpacied by siver regulstion |Dyneiis ol
Milmnn [004). This large sumber of dams worldwide
cam b stiribused vo the variety of services they provide:
imexprnsive and efficient power genaration, elfective
fioeed comirnl, navigation, wascr supply, Irrigackon, and
recrEmnomal DpporDanities

Newertheless, the presence of dams s problematic
Ear many aguanc ecospocms. [ams impact seosystems
im 2 mumbser of wope aliering the narural epcle of Row,
transinimisg the beobogcal and phesical characierissics
ol siver chanmely ansd Aoodplains, ssd fragmenting che
comtinigy of rvers (Pems 1984, Chisolm 1904, Yeages
19494, Ligon and ochers 1995, Ward and Sjanford 1995,
Sanford and others 199, Polf and others 1997 Lal-
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Bho-sanm scolegcal Mmpacts of dam meeral inchde & i
iz seciment load (hal My Gk lfocation and abva-
S My winonpe iotn g Fazials. Howser, smaenl roconckes
D ramcely Rev SO0 HAD ! the increased st
ot v by el shoukd £ & short-Serm affec. Pra-
rarraranl Lk FOF COMTET e sl My D elfecTes
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ARTO0QN MONA g and dem narmewsl shuckss s Bmited, o
continusd eaEminalion o e sosssbls scologhoal Impacts b
importani lor quanibang e mestaros and el of
Bk Slorakee . Dam remosel. afhough comfnovenssl, i
& IMpOrant e lor e ieshoration

eral exchanges of sediment, nuoiens, and Oifaniama
herween aquatic and ierrestrial areas may be limited by
fewer avesbank Momds in a dammed river (Jumk and
cahers 1989, Maiman and cthers 199%). Coastal areas
may ke viluabde hablial and shifi bistic compositon
shen they are deprived of sediment becauss of
dammed rivers upswreasn ([N 1968). The phpical
ahstrucnon of Both dins and ressrvoirs Empede and
delays the sigration of o arganisms { Drin kwater
and Frank 1%, Stapps and ochers 1985, Ssandord and
cahiers L4961 The wirbines of & hydnopiwer cperstion
Barm fish sl wibver baota as they alcznpt to pass [Dad
swell 1996, The change from a rver 0 3 resersoir
eonsyHem oltem shifin species compositien. [Tnmarural
timisg of flow releses for power producSon and the
alegied lemperatures of those releases cam comlound
emergener or growih cues (Peit 19684),

Recogninon of these inpacts has led 10 a search for
salutices. For exsamgple, in the Unived Suaes, the Fed-
eral Energy Regulatory Commission {FERC) reficess
ing process for hpdropower aperations |s cridcally e
amaning the envircamental impa s of dass (Amerin
Rivers amd NPS 1996), FERC lsases 50 w0 Shyear i
ceres w0 dama awned by noafederal emiies suck as
wtility companies, municipalives, and independent
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http://www.youtube.com/watch?v=4LxMHmw3Z-U
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