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ABSTRACT

A sediment transport study was carried out ot the Urias Lagoon Enfrance in Mazatlin, Sinaloa,
México. Tudal velocities and elevations were measured every two hours over two tidal cycles at
the Lagoon Enrance. Simultancously suspended sediment was sampled at the same location
from two levels of the water column. Phase differences (2-3 h) were found between maximum
tidal velocities and maximum suspended sediment concentration. The axial distribution of sedi-
mieni concentration near the water surface (1 m) i the lageon was also investigated. Increasing
sediment concentrtion values were found from the entrance (3.2 mg 1) to the head (19,9 ma ' of
the coastal lagoon. In addition, the field- work included measurements of waves, bed-forms and
bed grain size parameters, Bed load and suspended sediment transport rates were computed at
the lagoon entrance for eritical tidal velocities by using a program developed by Van Rijn ( 1990),
The largest suspended sediment transport (0,261 kg <" m') and the largest bed load transpont
rate (009 kg 5 m') were found for ehb tide at cycle 2. The results also included instantancous
wvertical profiles of sediment concentration, cument velocities and sediment wansport at the
selected paint. Most of the vertical profiles indicate a sediment concentration increase with
depth through the water column, The suspended sediment Mux increases from the upper water
lavers to the last 0.30 m laver near the bed where the increase is faster.

RESUMEM

He investigd el ransporte de sedimentos a ravés de la Entrada o la Laguna Costera de Urias en
Mamthin, Sinaboa, México. Como parie de la investigacion se midieron durante dos ciclos de marea
elevaciones del nivel del mar as{ como velocidades de las cormientes en la entrada 2 1a laguna v se
realizaron muestreos de la columna de agua a dos niveles de profundidad para determinar concen-
waciones de sedimento en suspensign. Se enconiraron diferencias de fase de 2-3 h entre las
velocidades maximas de las corrientes v las concentraciones miximas de sedimento en suspen-
sicm. Asi mismo, s¢ investigd la distribucion axial de las concentraciones de sedimento cerca de [a
superficie (1 m) del agua encontrando un incremento en las concentracionss desde la entrada (3.2
mig 1" hasta In cabecern {199 mg 1) de la laguna costera, En adicion, el mabajo de campo, incluya
mediciones del tamafio del sedimento y formas de fondo asi como de olas, Con los dates obteni-
s s¢ evaluaron lasas de mnsporte de sedimentos en suspension v como carga de fondo para
velocidades criticas de cormientes a través del modelo de ranspore desamrollado por Yan Rin
(1990). Las tasas mayores de transporte en suspension (0,261 kg.s'm") ¥ fransports como carga
dia fiomdo {0.009 kp.s " m') se presentaron durante el ciclo de mareas 2 bajo condiciones de reflujo.
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Los resultados incluyen también perfiles verticales de concentraciones de sedimentos, veloci-
dades de cormientes v transporie de sedimentos, La mayoria de los perfiles indican un incremen-
o en las concentmaciongs de sedimento con ¢l aumento de In profundidad a través de la columna
ibe agua, El flujo de sedimento en suspension se incrementa desde las capas superiones de agua
hasta la capa de 0.30 m de espesor cerca del fondo, donde ¢l incremento es mas marcado,

INTRODUCTION

Sediment beds are widely viewed as a potential simk/or
source of pollutants to aquatic environmenis, and in shal-
low coastal waters where the cycling of heavy metals and
organic pollutants is ofien dominated by re-suspension,
sedimentation and horveonial transport of sediments, these
contaminants have a strong tendency to concentrale in
suspended material, and large pools can accumulate in
coastal bottoms. This 1s evidently the case in the Urias
Coastal Lagoon, Mazatlin, Sinaloa, México,

In spite of the importance that the Urias Coastal La-
goon has as ashipping and fishenes harbor, very few stud-
ies of hydraulics and sediment transport have been carmied
out in the study area, Villalba { 1986) pointed out that tidal
intrusion has a profound influence upon the lagoon water
cirgulation, Similarty, Montafo-Leyv and Phes-Osumi ( 1990)
gave a brief deseription of the tidal prism and explained
the importance of the bathymetric configuration of the la-
goon incontrolling the circulation pattern. As an important

L %

step to understand the sediment processes at the Lagoon
Entrance, the present investigation was undertaken to de-
termine an order of magnitude of both suspended and bed
load transport rates for eritical tdal velocities at the La-
goon Entrance. Field measurements of current, wave and
sediment parameters were carmied out and the informa-
tion collected was used as input data to the computer pro-
gram developed by Van By (1990) to evaluate hydraulic
parameicrs, sediment transport rates and vertical sediment
concentration profiles. The predicted suspended sediment
concentrations were compared with values obtained
through direct measurements of suspended sediment at
two levels of the water column. In addition, the axial distri-
bution of suspended sediment concentrations at the coastal
lagoon was mvestigated. The results of this investigation
ar¢ impaortant for a better planning of dredgmg operations.
Thas study also contributes to the understanding of the prob-
lem of the sediment exchange processes between this par-
ticular coastal body of water and the ocean. The above
information should help 1o make better decisions for regu-

Fig. 1. Study area, showng the LUrins Lagoon Entrance (site n}, the Infiernillo ridal channel (b and the Jabalies Creek (2)
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lations concerming the management and preservation of
the system,

STUDY AREA

The study area is a coastal body of water located on
the western coast of México (Fig. 1). This body of water
which includes the Harbor of Mazatlin, has been classi-
fied by Lankford (1977) as a coastal lagoon with an inter=
nal platform barrier. The lagoon is udally dominated
(Montafio-Ley and Paez-Osuna 1990). It is characterized
by @ mixed tide with an average range of aboul 1.0 m.,
Because of limited fresh water discharges through Jabalies
ereek (Fig. 1b) dunng the riny seasons, the salinity 15 usu-
ally high during the year in the range of 25.76 - 38.4 /..
Water depth varies between | and 3 meters except in the
navigation channel where itis up to 12 m. Prevailing winds
are associated with weather systems from the N.W,
(Montasio-Ley 1985), Occasionally, tropical storms migrate
along the Pacific Coast of México from the S.W. striking
Mazatlan city.

Confined by two breakwaters the Urias Lagoon En-
tramce 15 the access to Mazatlin Harbor through a naviga-
tion channel with depths up to 11 m. The channel is peri-
odically dredged to maintain the required depth. Some ar-
eas of the inner system also have to be dredged to permit
the safe maneuver of ships. Dredging has to be camied
out approximately every two years. Such operations indi-
cate that zocumulation of sediment on the lagoon is taking
place. The probable source of sediment 15 via litoral drft
along the nearby sandy beaches (Montafio-Ley 1985),

MATERIALS AND METHODS

Phy=ical {tdal currents and elevations) and sedimen-
lary parimeters were measured at the entrance (site aj of
the Urias Lagoon (Fig. 1), One Braystoke BFM 0012
current meter was used 10 measure velocities every wo
hours, The meter was used in such a way that the velocity
measurements were carried oul every meter in the whole
waler column i approximately half an hour, so this short
time interval allowed the determination of mean depth ve-
locities. Water level was recorded by a tidal gauge placed
close to the harbor entrance. Charts were digitized to ob-
tain water levels and henee changes in the cross sectional
area al two hour imervals. The measurements of tidal ve-
locities and elevations were carried out during two tidal
cycles. Additionally, water samples were collected every
two hours for each tidal evele, from two levels, surface
and 5 m deph at the Lagoon Entrance to evaluate sus-
pended sediment concentrations.

Wisual abservations of waves were carmied oul. Sig-
nificant wave beight and peniods were calculated accord.-

ing the defimtion given by the U.S. Army Corps of Engi-
neers (1973). Wave direction was estimated by using a
magnetic compass.

In a previous survey, cight stations were occupied along
the main channel of the lagoon in order 1o sample surface
water and measure suspended sediment concentrations
by gravimetric methods (Banse et al. 1963), The implied
error in this method, as a variation coefTicient, range be-
tween 8 and 10 %. Lacking detailed data from which to
caleulate the degree of tidal mixing, a gross estimation of
the tidal prism and flushing index was carried out accord-
g to the procedure given by Bowden (1967). For estima-
tion of the total volume of the body of water data gathered
with a portable fathometer was entered on the chart ed-
ited by the Secretaria de Marina { 1988),

Divers sampled, also at the Lagoon entrance, the bol-
tom sediments and measured bedform which consisted of
ripples. Avernge ripple height at each stage of the tide
was obtained. Grain size distributions were obtained by
sieve analysis (Folk 1974), Suspended sediment fall ve-
locities were measured by the hydrometer method apply-
ing the Stokes equation, The averaged ripple height (A
was used to estimate the current and wave related rough-
ness and a reference level a= A2 given by Van Rijn (19907,
Salinity was measured by using a salinometer (Beckman
Instr. Inc), and temperature was recorded in sifw, These
parameters were used to calculate the Mnd density and
the kinematics viseosity (Riley and Skiow 1975). The
collected information was used as input data to the com-
puter program designed by Van Rijn (1990), to evaluate
suspended and bed load transport rates and suspended
sediment concentration profiles for critical trdal velocies.

This program computed the current related bed load
transport rate { ¢, ) according to the equation (Van Rijn,
1991y

TI.!
Ghe 025Uy 55 )

Where ( L, }1s a current related grain bed-shear ve-
locity and ( 4, ) is 2 median particle diameter of bed ma-
tenal.

The time averaged suspended load transport { g, )
was computed by numerical intepration over the depth of
the product of velocity and concentration, as follows:

Gic =]:Uf-'¢= (2)

Where (h) is the water depth, (&) is a reference level
(equal 1o the half ripple height), () 15 the suspended sedi-
ment concentration and { L7 is the cument velocity, baoth at
clevation (z) above the bed,
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The suspended sediment concentration distribution akong
the vertical axis {z) was computed by numernical mtegra-
tion of the time averaged convection-di fTusion equation.

de (1-C) w,
T (3)

e

Where (w: ) is the sediment fall velocity in fresh water,
(£ oe ) 15 the sediment mixing coefTicient in combined
currents and waves, This is assumed to be given by the
sum of the squarcs of the current and the wave related
sediment mixing values, the wave related coetficient de-
pendds on the near bed orbital velocity (L7, ) which is a
fumetion of significant wave height (£}, peak wave period
(o), water depth (4), and wave length (L), as follows:
H =
U r—— | -~
" . o 2rh
il (4)
Trﬂuﬁ ;

Applying as a reference concentration

; dy T

Where (1) is a dimensionless bed shear stress param-
eter due to currents and waves and ( £, ) 15 a dimension-
less particle parameter, both parameters are defined by
Van Bin {1987

Lacking detailed data from which to caleulate the de-
gree of tidal mixing, gross estimations of the tidal prism
and flushing index were carried out sceording to the pro-
cedure given by Bowden (1967). For the estimation of the
total volume of the body of water data gathered with a
portable fathometer were entered on the chart edited by
the Secretaria de Marina (1988).

RESULTS

Suspended sediment lnstograms and tidal velocity curves
from the cross section arca between the Mazatlin harbor
breakwaters (lagoon entrance) are shown in Fig. 2. The
surface sediment concentrations for tidal cyele 1 (Fig. 2A)
ranged from 2.6 o 6.8 mg ' and for tidal evele 2 (Fig.
2B) between 5.2 and 27 mg . At the second depth level
(5 m depth) the suspended scdiment concentration raneed

Fig. 2. Time series of tidal current velogitics (*) and suspended
sedimenl concentrabions () messured |0 the Urias Lagooa
Enlrance. A} For tudal cycle 1 at 1.0 m depth, B) For tidal
eyele 2at 1.0 mdepth, Cp For tidal cyche | at 5.0 mdepth, D}
For tidal eyele 2 at 5.0 m depth
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from3.210 11.1 mg I for tidal evele 1 (Fig. 2C) and from
3.5 to 23.5 for ndal eyele 2 (Fig. 2D). The maximum sus-
pended sediment concentration for tidal eycle | roughly
follows both the peak of the ebb and flood tidal current.
The tidal velocities arc high enough to entrain sediment off
the bed, and peaks of concentration oceur after the times
of maximum velocities. Tidal record 1 indicates a mixed
tide within a range of 1.4 m and tidal record 2 shows a
maximum range of about 0.9 m (Fig. 3).
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Fig. 3. Water level elevations at the Urias Lagoon Entrance for exien-
ded tidal eyele 1 {A) and tidal cyele 2 (B) ; elevation reference
ismean bide level

The axial distribution of suspended sediment concen-
trations near the water surface in the Urias Lagoon Sys-
tem revealed an increasing sediment concentration from
the entrance (3.2 mg 1) to the head ( 19.9 mg 1! } of the
coastal lagoon (Fig. 4). A remarkably high concentra-
tion value (10.7 mg 1) was found near the tidal channel
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Fig. 4. Axal distribution of suspended sediment concentration fram
the Urias Logoon Entrance (0 km) 1o the hesd {14 km)

known as the Infiemillo.

The sediment transport model was run for critical val-
ucs of tidal velocities and other physical and sedimentary
parameters measured under laboratory conditions or i the
freld for tidal cycles 1 and 2 at the Urias Lagoon Entrance;
these parameters are presented in table 1.

The model output parameters, including the suspended
and bed load transport rates, are presented in table 2. The
mstantaneous sediment concentrations, current velocities,
and sediment transpont profiles, evaluated through the coms-
puter program for the two sets of environmental param-
eiers at the Urias Lagoon Entrance, are shown in Fig, 5.

Bed load transport rates and suspended sediment trans-

TABLEL PHYSICAL AND SEDIMENTARY PARAMETERS
MEASURED EITHER 1N THE FIELD QR LABORA-
TORY USED AS INPUT TO THE MATHEMATICAL
MODEL FOR TIDAL CYCLES | AND 2

Parameter Units Cyvele 1 Cyele 2
Water depth m LI 10,043
Critical current velocity m's 06 0,74
Significant wave height m .50 0.50
Peak wave pervod % 30 10
Angle current and waves Degrees 0 180
Median particle size of bed jm 175 175

00 %4t partiche size pm 150 50
Fall velocity suspended sediment  mvs 0.0l L
Cuirrent related roughness m 0.0 0.05
Wave related roughness m (0.0 0,0
Mixed layer thickness nesrbed = m 0.0 (]
Reference level m LITITR 00135
Kincmatics viscosity coefficient  m H.TEE-07 91 TEAD7
Fluid densaty kgim" 1023 1022
Sediment density kgim' 2650 2650

1.00 1.0

Ratio sediment and fMuss mixing
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TABLEIL PHYSICAL PARAMETERS, SUSPENDED AND BED
LOAD TRANSPORT RATES ORTAINED FROM
THE MODEL (OUTPUT) FOR TIDAL CYCLES |

AND 2

Parnmeter Units Cyele 1 Cyele 2
Puarticle perameter - 4.7 4.63
Wave lemgth m 4.0 1h, s
Feak orbiial velocity ny's LLETIN] 0ol
Feak orbisal excursion at bed m s (1,05
Current related bed shear stress Nim? 1.33 1.54
Wave related bed shear sress Mim? (TR 0.0]]
Wawve related friction coefficient - (L300 00, 2y
Current related friction coefTicient - 2 0,024
Chiery coefficient M2 3625 56,25
Apparen! roughness m a1 NG
Wave-current coefTicient - 1400 (N1}
Critical bed shear stress Nim? 143 0, 145
Current related efficiency factor - 0351 01,381
Wave nelated elficiency facior - 125 el
Bed shear siress parameter - 254 103
Suspended load transpon kg'sm {1k {1, 262
Bied load iranapon Kg/sm (10055 .03

port for eritical velocities of idal cycles 1 and 2 were ob-
tained using the Equations | and 2, included in the model
of Van Rijn (1990), respectively. A suspended sediment
transport rate of 0.262 kg s m” took place at a entical
velocity of 0.70 m s on the ebb tide for tidal cvele 2anda
bed load transport rate of 0.009 kg s' m' was found for
the same critical velocity.

DISCUSSION

Sediment transport processes in the Urfas Lagoon are
modulated by the astronomical ocean tides, geometry of
the lagoon and sediment supply. The energy available to
transport the sediment is provided by tidal pumping which
generate measured current veloeities up of 70 cm ' at
the lagoon entrance. The main source of sediment for
lagoon is the littoral drift which according to Montafio
[ 1986), 15 of reversing type reaching 6600 cm’ s, Sedi-
ment 15 cycled from one part of the lagoon 1o another
with amounts added from diverse sources 1o balance the
amount removed from the system by the ebb tide or dredg-
ing operations which are carried out eventually to keep
the required depth for ships mancuvers in the harbor.

The maximum surface suspended sediment concen-
trations at the Urias Lagoon Entrance for tidal eycles 1
and 2 (Fig. 2) were found at the end of the ebb tide as
the more turbid water is advected scaward from upstream.
Uncles et al. (1994) found at the upper reaches of Tamar
Estuary, UK. that near bed suspended sediment con-
centrations, as in this study, were low at high water and
increased as the ebb progressed and salinity stratifica-
tion eroded. In this stedy maximum concentrations near

the surface lag behind maximum current velocities by 2-
4 hours. In the tidal cyele 1 the sediment concentrations
increase with depth. In contrast, in the tidal cvele 2 the
sediment concentrations decrease with depth. A possible
cxplanation to the behavior of these sediment concentra-
tion disiributions is as follow: beside the re-suspension
sediment process by current velocities, the exchange
between ocean water and lagoon water plays an impor-
tant role on the sediment distribution. Hypothetically in
the tidal cycle 1, the marine water with slightly lower
sediment concentration than the lagoon water, could be
mobilized close to the bottom, while the more turbid la-
goon water could be mobilized near the surface, produc-
ing the contrasting suspended sediment distibution found
in fidal eveles | and 2,

In The Urias Coastal Lagoon “lower low water™ fol-
lows “higher high water”, This condition usually produce
maximum velocities during ebb tide (Fig. 2). Differen-
tally higher ebb velocitics should have the effect of flush-
ing suspended sediment from the coastal lagoon. Accord-
ing to Lankford (1977}, this is considered to be one of the
major mechanisms which imhibils or slows the sedimen-
tary infilling process typical of most coastal lagoons; if
the tide curve is reversed and “higher high water™, as in
the case of the northern Gulfof California and to a lesser
degree in the Gulf of México, the maximum expected
velocities oceur during flood tide, Net sediment transpeort
will be from the turbulent surf zone into the lagoon.

The axial distribution of suspended sediment concen-
trations found near the water surface n the Urias La-
goon system show an increase from the enfrance 1o the
head of the coastal lagoon (Fig, 4). This distribution is
explained as a result of the different wave and transport
conditions between the entrance and the head of the sys-
tem. The entrance is exposed to littoral sand transport.
Tidal currents and waves remove fine material leaving
only the heavier sediment. The inner part of the Urias
Lagoon is exposed to only very small waves and weak
currents (Montaflo-Ley and Paez-Osuna 1990), How-
ever both near bed and suspended load transport, in the
inrer part of the lagoon, depend strongly on the flow field,
because freshwater inflows from run off and wastewa-
ter discharges (800 m’ h') are negligible (Pidez-Osuna
ef al. 1990). Because of this, gravitational effects are
very hmited. When river sediment influx is absent, sedi-
mentation in a coastal lagoon depends pnimarily on re-
working of material within the lagoon, influx of sediment
through the tidal mlet from the ocean, runofT from mar-
ginal arcas and biological sources (marsh grass, shell
material, ete.). Therefore, without a river influx local
bottom shear stresses will control much of the sediment
transport either as near bed or suspended load (Aubrey
1986). This is the case of the Urias Lagoon System, fine
sediment is eroded frem marginal areas by ran. The
ercded material is transported and drained into the la-
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Fig. 5. Sediment concentrations, current velocities and sediment transpon vertical profiles, predicted (*) and measured (<) in tidal eycles 1 (D, E,
Foond tidal cyele 2 (A, B, ) for critical velocities of 0.65 and 070 m & ! respectively

goon. Therefore the bottom of the lagoon consists mainly
of fine sediment (Osuna-Lopez er al, 1986). When strong
winds blow, a great deal of sediment is set mto suspen-
sion by the intense mixing effect of the wind in shallow
water. High bottom shear velocities entrain sediment off
the bed causing high suspended sediment concentrations,
Postma (1961) found i the Eastern Scheldt Estuary, a
suspended sediment distribution sirmlar to the pattern pre-
sented in this investigation, This was explained as a re-
sult of a settling and scour lag process and a superim-
posed effect, the ime velocity asyimmetry of tidal cur-
rent, which account for net landward transport. Fichez
et al. (1992) found that the location of the turbidity maxi-
mum in the Great Cuse Estuary, England, was related to
the [resh water inputs moving downstream when the river
flow was high. Usually, sediment concentration decreases
as in this study i the downstream direction. Ward and
Twilley {1986) found that suspended sediment concen-
trations in the Choptank River, an estuarnine tributary of
the Chesapeake Bay, varied from 3.3 to 98.6 mg 17, A
narmal increase of concentrabions in the landward diree-
tion was abserved. Maximum concentration oecumed in
the upper estuary, whereas, lowest concentrations were

found, as in this study, near the mouth.

Predicted suspended sediment profiles (Figs, 5A and
5Dy} present a sharp increase in concentration near the
bottom of the lagoon entrance. Results of direct mea-
surements of suspended sediment concentrations at two
levels in the water column (5 and 9 m above the bottom)
are of the same order of magnitude (11-30 %) as the
predicted values. All the concentration profiles present
only little changes from the upper level of the water col-
umn to & level close to the botiom where the concentra-
lions increase sharply because of the energy dissipation
processes penerated at the sediment-water interface
(MeDowell and O "Connor 1977), Sediment concenir-
tions measured in other coastal lagoons allow us to com-
pare results. Postma (1965), found in Guerrero Negro
Coastal Lagoon, México, that the vertical distribution of
sediment concentration in the upper part of the water
column i approximately a lineal distribution, In this study
the suspended sediment concentration values for the two
sampled depth levels fluctuated between 2.6 and 27 mg
I". This values remain within the concentrations range
reporied by Postma, Sternberg of af. (1985) studied time
series of suspended sediment and velocities vertical ve-
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TABLE HL SUMMARY OF THE PHYSICAL CHARACTERISTICS OF SELECTED LAGOONS OF THE GULF OF CALIFORMNIA

Volwme {m" x 10¢) Aean

Lagoon Arca Flushing Relerence
(m' x 10 Tidal Total depih imdlex

{m)
Bahia Concepeidn 282 21 4551 15.4 05 {al
Ensenada de La Par 0 45 [45 19 3] {ul
Laguna de la Crug 23 n 58 1.4 38 (a}
Hahia de Guaynias 28 M 93 23 i [a}
Hahiade Yavans i 13% 154 1.1 .54 {a}
Hahia Ohuim 149 194 159 1.0 .55 {n}
Hahia Santa Maria 4092 285 1761 LX) 16 {a}
Alata-Ensenada Pabellin 3 350 1180 35 01,34 {bilc)
Esters de Lirias 1z 18 36 n

0,50 id)

{a) Gilmartin &nd Bevelante ( 1978), (b) Perazs-Viecarm (1973}, () Paee-Osuna ef af. (1993), (d) this study

locity profiles in the one meter water column above the
bottom in a tdal channel in San Francizco Bay (U.S.AL)
and concluded that mass (Tux was almost uniform between
Zm W em and 2= 1.0 m and that below 2 = 0.20 m the
mass flux mereased sharply reflecting as predicted in the
present investigation, a sharp increase of suspended sedi-
ment concentration near the boftorm. Also, Wan Ryn (1987)
obtained sediment concentrations on vertical profiles simi-
lar to those of this work, in the Eastern Scheldt in the Neth-
erlands. Rodrigeee-Espinoza (1982) found suspended sedi-
ment concentrations of 19 and 30 mg 7' for current veloc-
ties of 0.70 and 0.50 m 5 in La Machona and El Carmen
Lagoon in Tabasco, México, Concentrations obtained by
the same author are of the same order of magnitude as
the concentrations obtained in this investigation at the sur-
face level for current velocities of 0.7 ms'.

The vertical velocity protiles presented in Fip. SB and
5E at the Unas Lapoon Entrance, show a gradual de-
crease of the current velocity from the water surface o a
0.30 m level over the bottom: from this level o the bed,
logarithmic velocity profiles were predicted. Similarly,
Mehta eral. (1975) found a well defined logarithmic char-
acter at velocity profiles measured at John Pass and Blind
Pasz, Florida, U.S.AL

Vertical profiles of sediment transport of the Urias en-
trance showed greater vatues in the lower part of the water
column than in the upper part (Fig. 5C and 5F). Above 2=
1.00 m the magnmitude of sediment transport was relatively
umiformexhabatmg enly minor vanations with distance above
the bed. Below # = 1.00 m the magnitude of sediment
transport increased shamply towards the seabed, reflecting
the hugh suspended concentration gradients predicted m all
concentration profiles near the bottom,

The computer mode] developed by Van Ran (1990) was
used o evaluate sediment transport paramelers as a first
step to understand the sediment processes at the Urlas
Coastal Lagoon entrance. The obtained resulis of this in-
viestigation such as sediment transport rtes (suspended
and bed load transport), sediment concentration, velocities

and transport vertical profiles and the axial diswrbution of
suspended sediment concentrations are imporiant for a
better planning of dredging operations, Another interest-
ing feature of this research was the measurements of tidal
wvelocities and elevations at the inlet and a gross estimation
of tidal prism and flushing index. These results also con-
tribute to the understanding of the exchange processes
between this particular coastal body of water and the ocean.
The above information will help to make better decisions
for regulations concerning the preservation of water qual-
ity of the system.

The total valume value of 36 x10¢ m’ obtamed in this
study is small compared with values given by Gilmantin
and Revelante { 1978) for cigth coastal lagoons adjacent to
the study area in the Gulf of Colifomia (Tabde 101). Cn
this basis the Urias Lapoon may be considered as an small
and shallow coastal body of watler, As a consequence of
the shallow dipths in a tidal regimen whers the mean tidal
range is approximately 1 m, the flushing index of 0,50 is
high compared with the larger coastal lagoons of the re-
gion such as Bahia Concepeidn, Bahia de Santa Maria
and Altata-Ensenada del Pabellon where the flushing in-
dex were of 0,05, 016 and 0,36, respectively,

CONCLUSIONS

Sediment trmnsport processes in the Urias Coastal La-
goon are modulated by astronomical ocean tide, grometry
of the lagoon and sediment supply. The energy available w
transport the sediment 15 provided by tidal pumping which
generates surface current velocities up to the 70 cm s* at
the lagoon entrance,

In this coastal body of water “lower low water”™ fiol-
lows * higher high water™ (Fig. 3). This condition usu-
ally prodluces maximum velocities during ebb tide, Inf-
ferentially higher ebb velocities should have the effect of
Mushing suspended sediment. The maximum surface sus-
pended sediment concentrations of 7 and 27 mg | ' mea-
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sured at the lagoon entrance for tidal eyclel and 2, re-
spectively, were found at the end of the ebb tide as the
more turbid water was advected seaward from upstream.

The axial suspended sediment concentration along the

Irias Coastal Lagoon shows a maximum concentration
of 199 mg 1" at the head of the lagoon. The suspended
sediment concentration decreases toward the lagoon en-
trance where the concentration was 3.2 mg . This distri-
bution may be explained as a result of runofT from mar-
ginal arcas and the different tidal currents and wave con-
ditions between the entrance and the head of the lagoon,
where shallowness favors the merease of turbidity.

The predicted sediment concentration and velocities pro-
files show a logarithmic character close o the bottom.
The sediment transpot profile exhibited the same tendency
as well (Fig. 5),

Based on this tidal prism (1 8x10° m"), the Urias lagoon
may be considered as an small and shallow coastal body
of water. The flushing index of 0,50 is high compared with
the larger coastal lagoons of the region such as Bahia
Concepeidn, Bahia Santa Maria, and Allata- Ensenada del
Pabellén, where the flushing indexes are of 0,005, 0,16, and
11,36, respectively.

The dispersion and distribution of contaminants in the
Urias Coastal Lagoon depend on water circulation and
sediment transport rates and paths rather than other physi-
cal agents. Since sediments act like a trap, evidently the
sites with high suspended sediment concentrations may
be considered vulnerable to the contamination: specifi-
cally the head of the lagoon where the sediment is diffi-
cult to be removed by the tidal currents. The main chan-
nel, where the tidal currents exceed 0.7 m s and the
sediment transport rates reach 0.26 ke 5'm, behaves
as a natural conduct for water and sediment. The forces
mvolved m water and sediment eirculation within the chan-
nel would be the best driving mechanism to flush con-
taminants attached 1o the suspended matter.
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