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Abstract

The economic, social and environmental conditioingasious European river basins and estuarine
systems have changed dramatically in the last édmscad a consequence of anthropogenic effects,
and they will go on changing in the years to come tb increasing human pressure. Particularly in
Portugal, various river-estuary systems have ummergseveral human interventions, notably
engineering works to restore considerable stretohelannels and river banks.

Whenever the characteristics and natural evolutibma river are altered as a result of human
intervention there is an environmental impact. tlneo words, it is understood that differences can
be observed between any present situation thaeisesult of the evolution of an environment after
human intervention, and the natural situation Watld have existed if this type of intervention had
not taken place, taking into account our previouswedge of the situation.

A thorough understanding of the morphodynamic pses and new strategies are needed to
develop a multifunctional use structure, which miadte into account the many-faceted aims of
sustainable development.

This paper provides a brief description of the reatand distribution of the direct and indirect type
of impacts on the river morphology arising out eifilhing and operating large dams, as well as
some specific points that should be taken into idemation. It also reflects on the way in which the
problem of extracting inert material from water gamments has been dealt with in Portugal,
leading to serious accidents. A brief technicaltabation is offered, which although qualitative
provides a basic record and explanation of the emunsnces of significant interventions in water
environments that have not been properly assesdealve not taken other mitigating circumstances
into consideration.

Keywords: fluvial system; morphodynamic processes; envirental impacts; computational
model; numerical simulations
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1. Introduction

Erosion in rivers is not a serious problem so fama human action is present. But this natural
hazard becomes a disaster when riparian buffera@renaintained, and human actions are felt in
the bed and on river banks. Anthropogenic actiwiaiéong the river stretch disturb the equilibrium
of the river dynamics and accelerate the rate okleosion. Anthropogenic activities like gravel
mining, sand extraction, construction of dams amddes, artificial cut offs, bank revetment,
deforestation and land use alterations change tbgphulogy and natural dynamics of rivers
(Kondolf, 1997). Human activities are stronger wispect to changing river dynamics than natural
events as floods, droughts and landslides (Yamigal, 2011).

Few rivers in Portugal retain their natural stated some of the more altered are becoming badly
damaged Due to an inappropriate management and insufficisupervisory, practices and
interventions have been permitted in natural systérat contributed to their weakening.

The need for multiple and rational use of watdyased on the recognition that it is a limited naitur
resource. However, its productivity is affectediwynan actions, whether in a positive way through
well-planned and managed use or in a negative wagnwinrestricted use of the soil and other
environmental resources leads to a reduction irstipply and quality of the water. Consequently, it
is important to recognise and treat water resouasagatural assets that must be preserved. Equally,
when decisions are made about the use of thesaroesp they must be based on consistent and
reliable information.

With reference to the World Water Vision CommissReport (World Water Vision, 2000), four
key points can be identified that must be taken tunsideration in relation to integrated water
resources management. The first relates ltolistic approach on the basis of which participatory
decisions will be taken that will be technicallydascientifically well-informed. The second refers
to changes in attitudes towards development and tipéicagion of technologypaying attention to
demands to reduce waste and to be more aware @ntvieonment and the social aspects of the
decision-making processes. The third states ¢tahomic, social, environmental and political
aspectsmust be taken into account in any institutional #échnological innovations or changes
relating to water management. The fourth pointldstaes that promoting changes on the scale
required for a new approach to water resources geanent requires @ntinual supply of financial
resourcesappropriately mobilised, including private sedtorestments and community resources.
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It is essential to cultivate a pro-nature attitusdhich means avoiding activities that threaten
nature’s tendency to establish dynamically stabdafigurations. Sustainability can only be
achieved as a result of a development process lmsedrelationship between people and nature,
combining actions designed to encourage econom@mism with an improvement in people’s
quality of life. This should concern future geneyas and natural environment conservation.

Among the many construction works and interventioasied out in the water domain, for various
purposes, the construction of dams is most likely dne that most affects the fluvial processes.
Dams are built for many purposes: water storage@able water supply, livestock water supply,
irrigation, fire-fighting, flood control, recreatio navigation, hydroelectric power, or simply to
contain mine tailings. Dams may be multifunctiors&ving two or more of these purposes.

In Portugal, like in other countries, the constiarctof dams and the consequent creation of
reservoirs not only affect the water domain bubalspresent a potential risk that cannot be
overlooked. When the hydrological system of a riiemltered by the construction of a dam,
changes are generally caused downstream dependinigow the dam is operated. The way
discharges are controlled and regulated and th&osahvariability of the heavy discharges, are
important aspects to consider. Also of great imgruré are the changes in the characteristics of
water and solid effluents generated in the damthatifeed the downstream segment of the river.
The environmental impact may also extend to thevall plain, affecting the ground water system,
since there will be modifications to the piezonetevel because of the reduction in the water
discharge, which in turn implies that there will b#erations to the rate at which the water
infiltrates the soil.

The operation of these structures requires properdination between the various entities with
responsibilities in its management, in particutathe case of construction works regarding river
regulation, the strong implications of incorrectmagement measures that could result for the entire
valley downstream. Consequently, great care istaltige river management processes.

Statistical studies show that the critical life ipdrof a dam occurs either during construction ror o
the first complete filling of the reservoir, extemg up to 5-7 years after its completion. However,
should be noted that this conclusion is limited shese it refers mainly to the first occurrences
(constructive disabilities); several hazardous &venay occur with equal probability during the
lifetime of a dam.

In this regard, it should be noted an occurreneg tihok place in the winter 2001, near Coimbra,
Portugal. In the period 26 - 30 January 2001 alylé@adequate management and operation of the
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Aguieira dam occurred, which could have led to togwing or failure of a dam 30 years after its
construction.

Figure 1, taken on January 30, 2001, clearly shitnsviolence of the flood on 29 January, which
resulted in high losses and in serious consequehtdke period from 26 to 30 January of that
year, 14 breaks occurred in the Lower Mondego dikesthe Main Canal, especially in the left
margin, and in the peripheral channel (Montemoredhd) - and a fast and violent flooding of the
fields, as documented in Figure 2.

Figure 1 — Aerial view showing the floodplain comigly flooded and, in the foreground, the
village of Ereira already converted into an islg@durtesy of Cunha, 2002).
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Figure 2 - Panorama of the dike break on the righithe Main Channel (Lower Mondego), near
Santo Varao (Courtesy of Cunha, 2002).

The reasons for the floods that occurred in thedroMiondego River, in the period 26 - 30 January
2001 are clearly expressed in the Final Report gregp by the Working Group set up by the
Portuguese Association of Engineers (Central Region

This Report clearly shows that the floods occuntad to an unexpected hydrological behavior of
the river Ceira grobably resulting from an excessive deforestatidrthe slopes produced by
dramatic succession of fires and/or a nonexistantnadequate policy of forest planning and
agricultural land managemehtand even as a result & less correct management of the Aguieira
dani. Another reason isthe lack of regular and effective maintenance @f tlower Mondego
control systerh

Regardless of the events recorded in those dagpphrating data relating to the design phase of
the dam and at the time of the accident were:

Design conditions
- Maximum filling level: 125.0 n¥> Stored volume: 425.0 hin
- Minimum level of exploitation: 112.51 => Stored volume: 277 .onT.

- Available volume for floods: 150.0 hm.
5
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When the accident occurred

- Minimum level of exploitation: 116.0 m> Total stored volume: 327.0 Hm
- Available volume for floods: 100.0 hni (that is, an ability to fit more 50 htwas lost).

The Final Report cited above suggests the follownmmgediate actions to be implemented:
- review the operation protocol in force at thatdifor the Aguieira and Fronhas dams, this
last one upstream;
- reassess the operating conditions of the Agulgicamhas system; and
- installing a management system in real time.

These recommendations were implemented, amongsotharticularly in the Lower Mondego.
Consequently, despite of the storms that occumetthe last 12 years with equal or even greater
severity, no such flooding occurred downstream gdiAira.

In March 2001 an even bigger accident occurredartiugal. The collapse of the Hintze Ribeiro
Bridge killed 59 people traveling in a bus and ¢hecars that were crossing the Douro River (Sousa
and Bastos, 2013).

The collapse of this bridge occurred on the nightMarch 4, 2001, during a flood wave
propagation on the Douro River. This was tffeflod wave in a series of floods that began on
December 6, 2000, all with peaks exceeding 808®,nas is shown in the record of Figure 3
(Rochaet al., 2008).

This Figure shows instantaneous flows released tt@rCarrapatelo (dark blue) and Torrdo (navy
blue) dams and instantaneous flow discharged hgdCrestuma-Lever (red) dam, all resulting from
observations made in one hour intervals.



© 00 N O O~ W NP

10
11

12

Figure 3 — Released flows from the Carrapatelo Bmd&o dams, and discharged flow into the
Crestuma-Lever reservoir, between 11/01/2000 ar@i7/03001 (Rochaet al, 2008).

This bridge was located, since the late nineteestitury, at a curve in the river Douro, near the
mouth of the Tamega River. The bridge section é¢atied in the reservoir of the Crestuma-Lever
dam, downstream of the Douro River. Upstream ohitidge section are located the Torrdo dam on
Tamega River, and the Carrapatelo dam on DouroriRigure 4).

Figure 4 - Photo of Hintze Ribeiro Bridge, date@19

7
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It has been found that the combined effects ofampdd, uncontrolled, continuous and increasing
dredging of sand in the last 25 years before thledent (period of 1975-2000), and the scour
produced by five floods between December 2000 aadcM2001 were the primary causes of this
accident, involving the pillar P4 (Figure 4, witkesignations P1 to P6 for the pillars of the bridge
starting from the right bank).

In the Hintze Ribeiro Bridge photo, shown in Figdtéboth the geometry and the shape of the cross
section of the river bed are clearly visible. Tteand P3 pillars were the most affected by therrive
flow. The protections of these pillars existed 881 as well as the sandbar at the intrados of the
Douro river curve. Figure 4 also shows that thepr was founded in the sandbar, and with a
sand level similar to that of the P5 pillar. Witletincrease of sand extractions, since the 70és, th
sandbar has been decreasing, due to direct ertmatiaving nearly disappeared in 1982, as stated
in a survey carried out that year.

The lowering of the bottom topography in the ordéfour meters, on average, recorded between
2000 and 2001 in the Hintze Ribeiro Bridge sectmas primarily the result of the five major
floods observed in the period from December 200P&och 2001 (Figure 3). As the sand was not
sufficient in order to supply the needs createdthwy five flood waves, the large holes created
upstream by sand extraction, over more than twadks; were not able to be silted up, thus
restoring the conditions prior to sand extractions.

A picture taken just a few days after the bridgkapse show that the P4 pillar fell upriver, agains
the natural effect of the flow, whose strength aesulting impulse would point in the opposite
direction. Such behavior can only be explained tuafra-excavation, which was the dominant
process at the base of the pillar P4, putting titodservice.

More recently, another bridge situated at approsetgal 0 km downstream of the Raiva dam, in the
Mondego River, and about 20 km upstream of CoimBoatugal, collapsed. The scour around one
pillar of the bridge, in this case due to lack ahg that is retained in the Aguieira and Raiva dams
led to the lowering of the river bottom about 6mrelation to the initial level.

Aiming to help prevent occurrences such as thabrdsd in Portugal with the Hintze Ribeiro
Bridge collapse, we present a brief framework &f idge, the causes which led to its collapse,
some reflections on the processes involved andjeallb, the lessons learned.

2. Background
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In general, all anthropogenic actions that chargge river morphology will have regional-scale
impacts. Even interventions limited to small arems,levee construction, linearization of a river
stretch, sand extractions and gravel mining, tfeces can be felt until long distances downstream
and upstream of the affected areas. Other intanres)tto an even broader regional-scale, should be
considered, such as flow and sediment regulationldvsge dams and changes caused by
groundwater extraction.

Over thousands of years an almost natural balaasesstablished in Portugal which is not a region
particularly affected by adverse natural conditiobis balance, which in the past was only
disturbed by its own dynamics resulting in out afamce of different forces, sedimentary processes
and the alluvial bed form, has only very recenity deological terms) been disturbed by actions
that are human in origin and are understood asetflecause, either directly or indirectly, affegtin
or damaging the natural balance. It is, in facpamant to note that the so-called coastal pragacti
work on Portuguese shores has not always beerspomse to natural needs; on the contrary, much
of the present-day need for coastal protectionahiaen precisely as a consequence of some of this
work, which has had consequences and effects &vatiot infrequently been extremely damaging.
Naturally many other river projects will be added these, with very disturbing and equally
damaging effects, from an environmental point @wi The permanent lack of sediment flowing
into the Portuguese coastline is clear proof d.thi

With rare exceptions, today, the Portuguese rigeesfar from their natural state. And for the few
rivers still unregulated and far from becomingfail, it is hardly realistic to imagine that itilv

be possible to contain or even redress imbalaresedting from the construction of large hydraulic
projects in these rivers, examples of which are [dtige dams and their reservoirs. Naturally,
studies on the environmental impact should beedmwiut in all circumstances, including analysis
of the risks associated with the existence of thiasland reservoirs during the construction phase
and throughout the various phases of the commesgjalbitation and eventual abandoning of the
works.

Other equally disturbing effects on the naturaltesys are the irreversible negative medium and
long term consequences resulting from the unregdlaixtraction of inert material from water

courses that are not properly supervised and/dwased (both in terms of the extraction site and
the amounts extracted). These activities can amalldhbe drastically reduced and heavily
controlled by regular and systematic analysis & évolutionary developments in the alluvial

depths and over significant extended areas, botmsiwmeam and upstream of the affected areas.
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Above all it is important to prevent the constant aapid general debasement of environmental
features and conditions and to restore the balahttes fluvial system with the missing sediment in
the appropriate places, that is, in the areas wheéeedency towards erosion has been observed. In
fact, once the "battle” between man and naturdestain an attempt to "dominate" the natural
systems, a vicious circle that is difficult to staps set in motion. We may study the relevant cases
but these no longer represent simple imbalancdsnitare itself can correct and overcome with
certain obvious local negative repercussions.

3. Responses of the fluvial system to changes in moigtiynamic processes

Worldwide in recent decades, the natural waterwlagge been drastically altered by human
intervention. In general, changes in riverbeddtfreations of stretches, dredging and sand mining,
bridge pillars, breakwaters, groins and dams, amothgrs, proved inadequate or improperly
installed. These actions have led to profound altans in local features over considerable strestche
of rivers. Depending on their level of stability the pre-existing balance between the predominant
variables, at any point in the watercourse, théoboimorphology is adjusted according to the river
flow and the amount of available sediments. Theegdrtrend of equilibrium is only modified by
local conditions or human interventions. Consedyerany form of human intervention in the
fluvial system should respect the natural tendeoty river to seek out overall conditions of
stability.

Starting from the basic principles of fluvial mogatlynamics and taking into account the most
relevant variables in this process, we can estalisa simplified but essentially correct form, the
following proportional relationship (Lane, 1955; thnes do Carmo, 2001; Antunes do Carmo,
2005):

Q D,uQi 1)

in which Q, represents the total solid dischard®; represents the characteristic diameter of the
solid material in transit (in genera), €D,,, this being the mean diameter, since 50% of the
material is finer);Q is the water discharge amdepresents the average slope of the thalweg.

Expression (1) represents the tendency of fouabées to establish a natural equilibrium. Thus, for
a system in equilibrium, any change in any of theables involves an imbalance in the system.
Over time, a new equilibrium will tend to settlevdo with contributions of one (or more) of the
remaining variables. Therefore, based on the egmes(l), we can predict qualitatively the

10
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responses of a fluvial system to natural alteration changes imposed in the morphodynamic
processes.

Expansions of Lane's relation (1) to account fanges in cross-sectional, planform and bedform
geometry have been suggested recently (Dust and,\®2@h2; Huanget al, 1014). We recognize
that these changes are typically associated withptex channel adjustments, but for the analyzes
considered in this work is sufficient to use thassical relation (1).

To better understand this type of analysis, letura to some examples of concrete situations,
namely:

i) Response of the alluvial bed to the constructioa ddm

i) Response of the alluvial bed to sediment dischexdection

ili) Response of the alluvial bed to rectification aiver stretch

iv) Response of the alluvial bed to extractions oftineterial, creating holes

v) Fluvial system response to a decrease in the tniface level of the main watercourse

vi) Fluvial system response to an increase in the teace level of the main watercourse

3.1 Response of the alluvial bed to the constructicof a dam

As a result of a reduction in the rate of flow,idainaterial will be deposited in the reservoir.
Consequently, the water discharged downstreametiim will contain far less sediment than a
similar amount entering the reservoir or, in othvrds, the solid discharge will be reduced from
Q, to Q, . Given that the water discharge and the diamdtéineomaterial on the bottom remain
constant, a new balance will only be establishedudjh a reduction of the average slope of the
river bed,i , downstream of the dam, in the proportiaps- D, 1 Q" i- . As shown in Figure 5, the
initial profile downstream of the CA dam will teral erode until hypothetically it achieves the C'A
profile, which, in turn, will revert to the CA piigd if more solid material is available, which may
occur after the completion of the filling of thesezvoir with sediments.

11
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Figure 5 - Response of the riverbed to the constnuof a dam (Antunes do Carmo, 2005).

Upstream of the dam, the average profile of thew#dend to parallel the original profilénside
the reservoir, sediments will be deposited and ribfle played by wind, waves, currents and
gravitational processes will have a significaneeffon the contours of the sides of the reservoir.

In the downstream sector of the dam, significafeat$ will be felt on the channel processes. In
fact, erosion of the river bed and channel bankisingrease, as a result of the increased energy of
the current, caused by a reduction in the solid ib&ad previously transported, most of which is
retained in the reservoir. The eroded materialuissequently deposited downstream in another
stretch of the river, much further away. The loadibal profile of the main river and its tributagie

is thus gradually reshaped and deepened, produwmg alluvial beds. Changes in the fluvial
system may eventually reach the river mouth arecathe nearby coastline.

As a result of the riverbed lowering downstreanthaf dam may occur: (1) regressive erosions in
the tributaries; (2) damage in bridges, as welhasipport walls along the banks, due to excavation
beneath their foundations, and (3) water captatiiotise river out of service.

Of course, other effects occur. According to Bra200), the effects downstream of the dam may
be classified into three types:
- changes of the®lorder which occur in the sedimentary load, where théewdischarge and
the water quality are directly linked to the releddow of the dam;
- changes of the" order which are alterations of the channel form, suttism composition,
macrophytes population, etc.;
- changes of the"3order which are alterations to the fish and invertebppulations.

Associated with changes in the gradients, watarhdigges and sediment transport, there are also
changes in the alluvial bed material (both theigag size and the resulting bed form), in the
outline configurations of the channel and in th&rthution of depressions and elevations along the
channel, as well as responses of tributaries debdnges in the main channel.

12
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3.2 Response of the alluvial bed to sediment disaige reduction

Consider a tributary that, under natural conditjafischarges into the bed of the main watercourse
a solid flow Q.. Due to human intervention, this solid dischargesignificantly reduced and

becomesQ, . As values of the water discharge in the main watese and the mean diameter of
the solid material remain unaltered, the averagmeslof the bed of the main watercourse
downstream of the confluence must therefore beifgigntly reduced, changing from to i-, in
accordance with expression (1). Upstream of thisflaence, the bed will develop a parallel
configuration to the original bed, although theafislope will be less steep. This situation is diea
illustrated in Figure 6, in which A representsaed point.

Figure 6 - Behaviour of the alluvial bed in the elvef solid discharge reduction (Antunes do
Carmo, 2005).

Therefore, the observed behaviour is similar totwtaurs downstream of a dam (previous case).

3.3 Response of the alluvial bed to rectification of aver stretch

The elimination of meanders is often accomplishbdough deviations, or by rectification
(linearization) of the natural river bed. Since fimal length of the linearized stretch is lowearh

the original, this procedure usually translateanancrease of the average slope of the bottom and
hence an increased ability to sediment transpadniclwmay lead to significant changes in the
natural equilibrium conditions.

Indeed, the mismatch of the final riverbed slopthtpre-existing conditions of sediment transport
leads to depositions downstream of the linearizextch, with a consequent increase of the bottom
levels, as well as flood levels, and to erosionstngam of this stretch, which may be highly

undesirable. Figure 7 clearly illustrates this aiton.

13
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Figure 7 - Behavior of the alluvial bed due to tfezdtion (linearization) of a river stretch.

The analysis of this occurrence should also bentakdight of the expression (1). There is, in this
case, an increase in the mean slope of the betiiei@yriginal slope increases té*. Keeping the
water flow rate and the bed material diameter naneiase of the sediment transport downstream of
the linearized stretch will occur, fro@, to Q,". Large part of the transported sediment is rethine
in the stretch that follows, since its slope remmaimchanged and, therefore, there is no sufficient
transport capacity to drain all excess sedimentiag there.

3.4 Response of the alluvial bed to extractions of inematerial, creating holes

This situation creates a reduction in the soli¢dbsge downstream of the affected area, which will
be reduced fromQ, to Q, . Consequently, keeping the same flow conditio@s,and sediment

transport characteristic®_, prior to the opening of the hole, a new balandkonly be established
through a reduction in the average slope of therrived, which will change from to i-
downstream of the hole. Thus, it will behave ideaity to the situation described in the previous
point. To show this behaviour, we have used a nica@emodel, based on the Sant-Venant
equations, or “shallow water equations”, whichriety described below.

3.4.1 Mathematical formulation

The Saint-Venant equations can be deduced frorgriatien of the fundamental equations of Fluid
Mechanics applied to a three-dimensional flow, assg incompressibility of the fluid and
hydrostatic pressure. In the conservative formse¢hequations are written:

H WLV,

=0
1t Ix Ty

14
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where H =h(x,y,t), U =u(x,y,t)h(x,y,t), \Y; =v(x,y,t) h(x,y,t), F =u2h+%gh2, G=uvh and

S=v2h+%gh2, being {,v) the mean flow velocity componenth, the water depth, ang the

acceleration due to gravity. The terfasand E, are written:

x 1 9 U 9 U

E(xyt)=-gH 2+ V- =t +-0 el= + 1 gl- 3

(xy.t) oH o Tt e Ty T 3)
X 1 7 WV T W

E(xyt)=-gH - fU-=t, +— e 4 1 oIV 4

() gﬂy r¥oixo fix ﬂyeﬂy @)

where x represents bed levelg is the turbulent diffusion coefficient and is the Coriolis

coefficient associated with the Coriolis force, Barth equal t2wsin(j ), whereW is the angular
rotation rate of the Earthp(12 radians/hour) angl is the latitude. Bottom shear stressegr , are

computed by the Gauckler-Manning-Strickler formuidjch are written:

_gre(uz +v2 )Py
- gy (5)

ty _ gre(u? +v2)u Ly
ro h73 r

where n represents Manning’s roughness coefficient. Inmgerof the equivalent sand-grain
diameterk_, n is given byn=k¥¢/21.1.

The two-dimensional continuity equation of the dophase (6), to be solved together with
equations (2), is written (neglecting the contribot of local variations of the sediment
concentration) (Antunes do Carmo and Seabra-Saz@02, Chianget al, 2011):

.1 e ra), e+,
Tt T Ty

1° 1°
- < o/ 0| + s|qs|>xﬁ'< o/ 0| + S|qs|>yv=(qs.>

(6)

where ( ) represents average quantitids, is the sediment porosityg, and g,[ m*s?/ml.]
represent bed load and suspended load, respectipety unit width of the watercoursey,

15
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[misi/ml./ml.] represents input or output sediment transport, peit width of the main
watercourse and per unit width of a tributary.

The solid flows transported by entrainment (7) ansuspension (8) are written (Antunes do Carmo
and Seabra-Santos, 2002; Antunes do Catnad, 2002):

T LA L R e Vi 7)

«Q

vv (8)

C €, _ C €,
e T Rl

where s is the sediment densitys$ 2.65), f is the internal angle of friction of the sediment,
represents the sediment fall velocity, and e, are efficiencies, with values in the intervals
0.05£ ¢, £0.25 and 0.01£ e, £0.03, andc, is a current friction coefficient given kg, =,/0.5f, , with

-2
the bed-roughness coefficiefit=0.06 Ioglolk—21 , k »25d,,.

r

3.4.2 Numerical solution

The system formed by equations (2) is solved nuralyi using an explicit finite difference method
based on the MacCormack time-splitting scheme (Maecf@ck, 1971; Garcia and Kahawita, 1986;
Antunes do Carmeet al, 1993). The application of MacCormack method to tBaint-Venant
equations (2proceeds in two steps:paedictor stepwhich is followed by &orrector step For this

purpose, equations are slipt into two systems afatgns throughout the Ox and Oy directions,
corresponding to the operatarg and L, defined as follows:

Operator L,

ALLI L

qt X

ﬂ_U+E=_gHB_th+fV+1 eﬂ_U (9)
it X ™% r ™ X

v, je_1 v

m Ix Tx 9x

Operator L,

m+ﬂ=0

it Ty
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W, I6_1 U

= (10)
T v v T

ﬂ+E:-gHE_tﬁ_ fU+1 eﬂ

m Ty Ty r Ty Ty

Following Antunes do Carmet al (1993), the solution at timén +1)Dt for the computational point
(1, ]), is obtained through the following symmetric apation:

n+1=LX - L

2 7 -

y

L

X

Dt Dt )
- Q (11)

b, o
2 2

where Q represents a generic variablés a generic time, and each operatar, and L, uses an

alternately sequence dfackward and forward finite differeneg@proximations for spatial derivative,
at each time step, according to the following dization (Antunes do Carnetd al., 1993):

First operator, : Predictor — backward differences
Corrector — forward differences

First operaton_ : Predictor — backward differences
Corrector — forward differences

Second operator, : Predictor — forward differences
Corrector — backward differences

Second operator, : Predictor — forward differences
Corrector — backward differences

3.4.3 Numerical results

The numerical simulation shown in Figure 8 is basada situation in which there is a uniform
system, so it deals with a typical configuratioraafatural balance modified by human intervention.
To establish the initial conditions, the extractmfrinert material from the river bed was simulated
over an area of 100 m length (950 m to 1050 m ef#presented stretch) and 1.50 m deep.

The daily evolution of the river was analysed fgoexiod of 20 days, and the two extreme points
(borders) of the channel were considered fixed. init&al configuration and the numerical results
obtained after 3 hours (orange) and after 20 dgneef) of simulation are shown in Figures 8 a)
and b), the latter displayingzaomof a stretch 650 m long, between 750 m and 1400h@.results

show that 20 days after the occurrence, the laoig flesulting from sand extraction was completely
filled and the general evolution of the riverbedytth before and after the extraction zone,

corresponds to widespread erosion.
17
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8 Figure 8 - Behaviour of the alluvial bed in an evefinert material extraction, creating a hole.
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3.5 Fluvial system response to a decrease in thedrsurface level of the main watercourse

Let's consider a management measure that hasféioe eff lowering the free surface level of a main
watercourse. This can happen as a result of chang&e roughness of the bed and river banks,
changes in the riverbed slope, changes on a tikedch, or even a lowering of the initial riverbed.
Consequently, general erosion may occur in therrivenks, and in the beds of tributaries
downstream and upstream of the affected area. Thatien is clearly illustrated in Figure 9
(Antunes do Carmo, 2005).

Figure 9 - Erosions on a tributary caused by lomgethe free surface level of the main watercourse
(adapted from Simons and Senttirk, 1976; AntuneéSatmo, 2005).

3.6 Fluvial system response to an increase in theeé surface level of the main watercourse

This case corresponds to a management measufieathat widespread sediment deposition effect,
transport capacity reduction of the tributariesthweventual formation of small dams, creating
conditions for floods, breakings and formation ¢fer secondary channels. Figure 10 illustrates
this situation (Antunes do Carmo, 2005).

Figure 10 - Deposition of sediments in a tributeayised by increasing the free surface level of the
main watercourse (adapted from Simons and Sert@i6; Antunes do Carmo 2005).
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4. Conclusions

The building and operating of a large dam and éservoir has important direct and indirect
environmental impacts which demand serious analygism the morphological point of view,
many impacts are produced by a dam on the fluygtesn; most notably:

» changes in geomorphological processes as a mfsthianges in river dynamics;

* contributions to increased sedimentary deficsta aesult of sediments retention in the reservoir;

» changes in the hydrological surface and grounemragimes.

Although the probability of a dam breaking is vestight, even in global terms (in the order of
410+ to 77 10*), the human and material damage associated with @ accident is so serious
that increased concern is justified, not only aaplart of those responsible, but also in the tecni
and scientific community worldwide. These conceans now the order of the day and are fully
justified, particularly given the fact that:
* the construction rate for large new dams has irgdaconstant in recent years at about 350 per
year,
* problems are now likely to arise with the largend built in the latter half of the 1940s and with
dams from the 1950s in the near future;
* the discharge capacity of a dam (spillway) maynseaifficient due to recent effects induced by
climate change, deforestation, forest fires, ame st
* it is recognised that the risk of a dam break taednumber of associated accidents will increase
as dams reach the end of their working life (adterund 60 years).

It should be concluded that all interventions pernfed in the fluvial system, including
regularization of rivers, rectification of stretsh@and correction of riverbeds, must always be
preceded by environmental impact studies covemngel stretches of the river, both upstream and
downstream of the area directly affected.

From the hydrological point of view, we highliglhet fact that none of the five floods that occurred
in three months exceeded half of the local PMF ftbed that can be expected from the most
severe combination of meteorological and hydrolalggonditions possible for the region in a given
period, typically a hundred years). This means seatrity and stability of hydraulic constructions
installed in alluvial riverbeds should be evaluatigking into account possible sequences of floods
with short intervals of occurrence, even with irsigies well below the PMF.

In relation to extraction of inert material in rivenvironments, if authorized, it is suggested that
both the licences and licence renewals should balgranted for short periods of time (never more
than a year) and only if certain requirements hiagen fulfilled, including:i) submission of a
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sufficiently detailed topo-hydrographic survey imting the upstream and downstream areas of the
project and not just the affected areacheck the present riverbed levels and if theaexéd sand
corresponds to the authorized amount, arjdprovide an estimation of the maximum amount of
sand to be extracted during the new license.
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