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RESUME: Ze hut de ce wavail est d appiiguer un modele hvdrodvnamique a 3 dimensions ELCOM
(Estuary and Lake Computer Model). combinait avee un modéle de qualité d'ean CAEDYM (Conceptual
aguatic environment dynamic) ¢ un  Barrage de Sau. Celtte Stude est une tentative d'avoir une idée ¢
propos des conséquences de la dynamique de la couche de surface de subsiance nuiritive de phosphore
causé par la dvnamique de la riviere sur la population de phvtoplancton d l'schelle temporelle. La
simulation a lieu dans des conditions stratifiées et on s'est chargé pendant 3 jours commengant le 26 de
Juillei de 2005, L'étude pewi contribuer pour l'enquéie fuiure ei les conséquences écologiques de qualité
d'ean duns des Barrages algériens

ABSTRACT: The aim of this work is to apply 3D hyvdrodynamic model ELCOM (Estuary and Lake
Computer Model), combined with water quality model CAEDYM (Concepiual aquatic environment
dvnamic) model to Sau reservoir. This study is an attempt 1o get an idea about the consequences of
surface layer phosphorous nuirient dynamic caused by water inflow dvnamic on the phytoplankion
community populaiion in daify time scale. Simulation takes place in siraiified conditions and has been
undertaken for 5 davs starting the 26 of Julv of 2005. This. study mayv contribute for future investigation
and environmental consequences of water quality in Algerian Reservoirs.

MOTS-CLEFS : Hvdraodvname. water quality.

1. Introduction

It is very common for water flowing into current along the inclined bottom of the
reservoirs to he either more dense or less dense reservoir. The water will flow along the
than the receiving water. These density bottom as a density current downward 1o the
differences can resuit  from  temperature level of neutral buoyancy or to the bottom of
variations or difterent suspended or dissoived the basin. Neutral buoyancy occurs when the
solids concentrations. densities of the flowing current and the

ambient fluid at the depth of the flowing
current are equal. At that time the density
current will separate from the bottom and
insert itself into the body of the ambient water.
The review article by Alavian et al. (1992)
provides a good description of the processes.

When water of higher density flows into an
ambient water body of lower density a
plunging inflow is produced. As the denser
ater flows into the ambient body of water, it
pushes the lighter, ambient fluid ahead
(Akiyama and Stefan, 1984). The buoyancy

force generated by pushing the lighter water Entrainment and mixing of the ambient water
back into the reservoir retards the momentum into the dense, inflowing water stream occurs
of the inflowing water. Eventually the both in the region of the plunge and after the
momentum of the inflowing water is reduced flow has assumed the form of a density
to the point that its excess gravitational current. Processes of entrainment into density
attraction becomes dominant and the denser currents are well suited to laboratory studies
water then plunges beneath the surface of the and have been studied extensively for
ambient water and finally flows as a density comparatively simple cases, (e.g. Ellison and
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Turner, 1959; Singh and Shah, 1971; Savage
and Brimberg, 1975; Jain, 1981; and Akiyama
and Stefan, 1984). Entrainment and mixing
within the plunge zone has received less

attention, although it is estimated that up to -

80% of the total entrainment can occur in the
plunge, (Ford and Johnson, 1983).

Sau reservoir is river valley reservoir (Fig.1)
receiving water from Ter river inflow.

. Sau Ter Inflow dynamic has been investigated
by a team leaded by Armengol et al. (1999) of
the university of Barcelona to see how river
Ter behaves when enters Sau reservoir. So this
team has studied the long term longitudinal
processes associated with the river circulation
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Fig. 1- Situation of the measuring stations
along the Sau Reservoir. The reservoir has
heen divided into riverine, transition and

lacusirine zones.

2. Material and Methods

The data used here was obtained during a field
campaign carried out during the summer
period started from 26™ July to the 3" August,
2005 (207-215 Julian days). Meteorological
data that was supplied from a nearby automatic
station in the river Ter and from the station
placed in the lacustrine part of the reservoir
(Fig.1). Temperature and nutrients in the river
were obtained from an automatic station
located approximately S5 km upriver.
Temperature, inflow outflow, anphosphorous,
in the Sau reservoir. In winter, the dissolved

160

temperature is lower than that of the reservoir
resulting in an underflow.
continues until

This deep flow
February, when the river
temperature rises faster than the surface water
of the reservoir, resulting in an overflow. From
February to April-May. the surface flow
start of the spring
phytoplankton bloom due to the introduction
of nutrients into the phoiic zone. The transition
between spring and summer is characterized
by an interflow that sinks progressively until
mid November when it reaches the bottom as
an underflow.

corresponds  to  the

oxygen are displayed in Fig. 3. (Javier Vidal
Hurtado PhD thesis) '

3. Numerical Modelling -

Numerical model used here is 3D
hydrodynamic model ELCOM which was
developed in the Water Rescarch Centre of the
University of Western Australia.(see
description in state of the art) ELCOM is used
for predicting the spatial and temporal
distributions of temperature, density and
salinity

Ecological model CAEDYM is a water quality
model that can simulate the dissolved oxygen,
nutrients and chlorophyll, in the reservoirs,
when is combined with the hvdrodynamic 3D
ELCOM. In Sau reservoir ELCOM-CAEDYM
was configured to simulate only one
phytoplankton group which is cyanobacteria
(Fig. 2), together with, phosphorus and
oxygen dynamics. The main equations used in
CAEDYM for disselved oxygen, phosphorous
and chiorophyi! arc shown in Table 1.

The simulated period is 05 days starting from
the day 206.5 of the year 2005, Our goal is to
understand how the spatial and temporal
evolution of phytoplankton and nutrients due
to the river dynamic. It is well known that
certain algal blooms, may be harmful
especially in  reservoirs that could be
transported in water and might be used for
supplying drinking water to inhabitants. As the
initial concentrations, for the dissolved
oxygen, dissolved inorganic phosphorous,
chlorophyll were unknown, we only try to
know how chlorophyll will respond to a highly
dynamic system. Also, we will evaluate the
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ecological response of the model to the inflow (0.25m celis) in the first few meters and
dvnamics. The main parameters used in the increasingly lower resolution (up to 1m cells)
modcl are summarized in Table 2 in the deeper layers
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Biogeochemistry - CAEDYM

Fig. 2- Hydrodynamic model ELCOM

4. Simulati d |
combined with water quality CAEDYM model R T

The inflow dynamics is governed by the
Dissoived casger

density difference between the river and the
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reservoir, while temperature is usually the
main factor controlling density. The river
temperature is highly dependent on the air
temperature, quickly responding to short term
variations in the latter (Fig. 3A). During the
survey, the river inflow was around 2to 3 m’ s

' (Fig. 3B) and the outflow, which was
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intermittent, was normally higher than the

: inflow so the water level was decreasing
PR S P TON R throughout the survey. Phosphorous, is usually
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the limiting factor of the algal growth in Sau
Table 1. Main equations used in CAEDYM (Armengol et al. 1999) was increasing and
The hydrodynamic model ELCOM was run
using a uniform horizontal 20 x 20m grid. with
a previousiy straightened bathymetry (Hodges
and Imberger, 2001). Different cell sizes were Fig 3D.
used in the vertical plane with high resolution

- decreasing throughout the survey period and is
showed in Fig 3C. The average dissolved
oxygen concentration is Smg/l is displayed in
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Iig.3- Evolution of (A) river temperature
and air temperature from Julian day 190
(2005) till 220 (2005). (B): nflow and
outflow, (D): concentration of  total
phosphorus in the river and (E): dissolved
oxygen concentration in the river

5. Description of Dynamics

Survey period has been taken in stratification
period, thus fast days of July 2005 were quite
warm days, as can be seen in Fig 3A. The
“dynamics of the river inflow into the reservoir.
were mainly influenced by the temperature
variation. Fig. 3A shows that the respense time
of the river temperature 106 changes in air
temperature is very short and  occurs  at
different time scales. from daily to longer
periods. Also, as the response of the river
temperature is faster than the ambient reservoir
water, the river insertion into the reservoir
alternated between overfiow and interflow,
depending essentially on the inflow rate,
ambient  water stratification” and  inflow
temperature. As the day went on, , the river
became  warmer.  eventually  reaching
temperatures similar to those of the surface
water of the rescrvoir, it separales [roin (he
bottom and flows up and over the surtace of
the ambient water thus generating an overtlow
(Fig. 4A) in the afternoon and ecarly in the
night. However, during the night, the river
became colder than the water surface and
cventually, late in the night and morning
inflowing waters that have a higher density
than the ambient water, the inflowing water
plunges under the surface to form undertlow,
the plunge flow region is momentum

Z]
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dominated. After the plunge occurs the density
current becomes buovancy dominated if the
inflow momentum is large enough to displace
the ambient water horizontally over the entire
depth of the lake. Al the “plunge point.” the
baroclinic  force  resulting  from  the
inflow/ambient density difference balances the
inflow momentum. so the mflow plunges
beneath the ambient water. In the “plunge
region”

close to the plunge point, both the flow
momentum and baroclinic torces attect the
flow dynamics. In the “underflow region™ the
flow is entirely baroclinic and is therefore
independent of inflow momentum. Eliison and
Turner (1959) showed that after plunging the
underflow  quickly reaches a normal  state
where the bulk Richardson number is constant.
The “plunge depth” is therefore the depth
where the inflow moves from momentum-
dominated to buoyancy-dominated and marks
the transition of an inflow to an underflow
Fieg.dB

Whether lifting oft from the bottom, or

~ plunging from the surface, a certain volume of

ambient water entrained in the transition zone

between, a momentum dominated flow and a

buoyancy-dominated flow. Dntrainment  of

ambient water into the inflow during  this

transition will be designated “initial or inflow
mixing” to differentiate it from the entrainment

in the subsequent buoyancy dominated region

of the overflow or underflow density current.
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Fig. 4- Definition of (A) overflow and (B)
underflow regimes
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whien the interflow occurred, the teiiperature
of the river was lower than the ambient surtace
teimperature and the mtlow plunged at about
1000m from station sl (Fig. 5). Then, the
inflow behaved as an undertlow unril. ar
approximately 6m depth and 4000 m length,
until  rcach  the  insertion  point  Lhe
Chloraphyll-a values (Fig.61)) are
characterized by three main peaks.  The tirst
one s clearly located in the plunge 7one where
the river converges with the ambient water and
the accumudation of matier froin the ambient
water, including phytoplankton, is expected.
Part of this Chlorophyll entrains  into  the
inflow and is dragged to the bottom. as can be
seen i Fig. 60, The second peak, wiith values
of more than 40 mg/m3.is located at around
6000-7000m distance coinciding with the head
of the overfiow events and the third peak
situated at station 14 at the beginning of
lacustrine zone. Latter on we will see how

dvinamic intlow  variability can gencrate
physical and biological consequences,
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Fig. 5. Longitudinal contours of salinity
following the thalweg during day 211 of Sau
inflow tracer

6. Physical consequences

Rivers inay introduce nutrients. suspended
sediments, and contaminants infto reservoir. A
dense river inflow that penctrates to the
hypolimnion of a lake will have different
ccological  consequences.  One  of  the
consequences is the entrainment which leads to
an increase of hypolimnetic temperatures in
reservoirs, since the cooler inflow water
entrains the warmer ambient water and leads to
baroclinic forces affecting the flow structure.
Similarly, the fate of a dissolved or suspended
contaminant being carried with the original
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intlow, or contained in the surface layer of the
reservoir, is  dependent on  entrainment.
tntrainment might be great enough to dilute
the contaminant and render it harmless, or it
could be so dittie as w insert and confine the
contaminant within a narrow laver in the
reservoit  The contaminant can be  quickly
iransported through the reservoir if the level of
insertion is at the same tevel as an outflow: or
it can remain trapped by stratification for an
extended period it insertion s at a level not
initluciced oy the vutflows.

I hus, understanding of how the intlow mixes
with and merges into the reservoir is crucial in
understanding how nufrients or any possible
contaminants will be distributed or diluted
thmnghnm the reservoir. In recent vears, a
gieat deal of cffort has gone into determiniing
the intfiow entrainment coefficients (Dallimore
2001, Hebbert et al. 1979, Ellison & Turner
1939, Atkinson 1988).

Iin the case of the Sau reservoir, intlow is
highiy variable depends on the precipitation
and catchments arca characteristics for this
case big. 3B inflow  was
approximately constant and might be originate
from snow melting from prenen mountains

as  shown in

7. Biological consequences

From a water quality point of view, intlow
dynantic is necessary for predicting the spatial
and temporal distributions  of temperature.
dissoived oxygen. nutrients. pollutants, and
sedimentation that rivers provide to a reservoir.
Thus. it is important to know how the river
nuteients will be distribited along the reservoir
and the effect of such nutrients over the
phytoplankton  popuiations. Armengol et al.
(1999) and Comerma (2003) described the
Jongitudinal  differences  in the  nutrient
distribution in the reservoir. As the input of
nutrients from the river Ter is high. it is
important to know how they will be distributed
throughout the reservoir, in order o be able o
predict the phytoplankton evolution.  The
oscillating dynamics of the inflow mean that
new nutrients are injected everyday into the
reservoir surface. When the injected water. rich
in nutrients encounters the eutrophic reservoir
water rich in phytoplankton, conditions for
phytoplankton growth are excellent. lhe
explanation of the progression or evolution of
the river and the head of the injected overtlows
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is illusirated in (Fig. 5) where the inflow tracer

enters  to  the reservoir. A bloom of

phyvtopiankton focated around station s9 (3 km)
at the head of the injected overtlowing water
can be appreciated in Fig. 6. on day 211 ai
station 9 simulated Temperature was (300°)
(Fig. 6A). concentrations of dissolved oxygen
was (6 mg/l) ( Fig. 6B) and dissolved
phosphorus was (0.5 mg/L) (Fig. 6C). theses
concentrations  were  favourable to  the
formation of the algal bloom. Alzal bioows in
somes with high nutrient concentration were
found and these  were  related to  the
hvdrodynamics of the river intflow. Therefore.
our understanding of the coupling between the
inflow physics and the hiological processes
was clearly enhanced.

In Fig 3A the dissolved oxygen of water river
on the day 211 is about (Smg/l) this low
concentration might be due to the fact that the
river water is very poluted upstream station 9
In Fig. 6B the dissolved oxyvgen concentration
is similar as the river (6 mg/l) on the same
simulated day 211at station 9 where the inflow
concentration of dissolved nutrient was high
cnough for the algal growth.
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Fig. 6- Longitudinai contour of (A )
Temperature.(B) Dissolved Oxygen. (C)
Phosphorous and ()Chlorophy I follow ing the
thalweg during day 21|

I'he concentration ot the broom on the day 21|
(Fig. 6D)) is about (50 mg/m’ ) is the maximum
concenfration at station 14 corres sponding to
the high simulated temperature (I'ig 6A) . high
dissolved oxvgen (Fi ig. 6B), and increase in
phosphorus concentration (Fig. 6C).:

Stmulations started on day 206.5. (Fig. 7)
show a successive three- dd\ (208. 209. and
210) evolution of dissolved oxygen, total
phosphorus, and chlorophyll. It can be scen
how the model is abie to reproduce the
overflow and intertlow fluctuation and how
mflowing water. rich in phosphorous, and poor
in dissolved oxygen is injected at the surface
and at the insertion depth. Therefore On day
208 (Fig 7A. 7B, and 7C)) the head of the
surface overflow and the head of the interflow
(at a depth of approximately 4m) are clearly
seen. As the inflow evolves, from day 206.5 to
day 210) the overtlow head had travelled a
distance of about 4 ki while the interflow
head slowly advanced towards the dam (Fig 7).
Also. algal blooms arc generated where the
head of the overflow is located, it is important
to point out that the bloom was formed where
the water from the river rich in nutrients



cncountered the water from the reservoir rich
in phytoplankton). Therefore, the model is able
to predict the bloom ohserved in the field
survey (Fig. 6 and big, 7y

TR ]

— ~~ Y

Fig. 7. Dvolution of Dissolved Oxy gen,
Phospharons Vi Chloraphvil obtained with
ELCOM-CAEDYM. starting {roin
hamogencous conditions at day 2063,

Widh ELCOM-CAEDYM  model  we  can
simulate how the phytoplankton response to
tic intlow dynamic. S0 this miodel could be
considered 200 the
prediction of bloom events as well as intrusion
of possible  contaminants. The  model
provide us with information about inflowing
water distribntion fhronghont the water coinmn
of the reservoir such information might be
useful w hielp in such management purposes.

as 4 tseful ool 1o

also

8. Conclustons

FLOOM-CAEDY M is good tool to simulate
31 hivdrodynainic and waier quality as it has
heen demonstrated in this study where river
dynainic changes from overflow o interflow
only due to river inflow temperature. Because,
chver teperature s siroigly correlated  with
shorr tferm variations in the weather conditions
and in the daily warming-cooling cyeie. Such
temperature variations caise changes in the
river density which generates a highly dynamic
inflow. This intlow dynamic enhances vertical
mixing in the water column and in the in the
river-reseryoir interaction zone.

Also it has been noted that in the overflow
situation, incoming nutrients depends on the
inflow dynamic that was responsible of the
apparition of algal blooms Fig. 7B,

Unfortunately, in this survey period water
quality profiles as concentrations of dissolved
oxygen, phosphorus and chlorophyll were not
available in order to compare simulated results

N° 8. Janvier 2010 COST

with field ones. This study for monitoring
hydrodynamic and water quality in Sau
Reservoir in Catalonia, Spain, that might be
uscd as  reference  study  for  turther
investigation in Algerian reservoirs.
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