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1. Introduction

Lake Pontchartrain is a brackish estuary located in southeastern Louisiana, United States. It
is the second-largest saltwater lake in U.S. The lake covers an area of 1630 square km with a
mean depth of 4.0 meters. It is an oval-shaped quasi-enclosed water body with the main
east-west axis spanning 66 km, while the shorter north–south axis is about 40 km. It is con‐
nected to the Gulf of Mexico via Rigolets strait, to Lake Borgne via Chef Menteur Pass, and
to Lake Maurepas via Pass Manchac. These lakes form one of the largest estuaries in the
Gulf Coast region. It receives fresh water from a few rivers located on the north and north‐
west of the lake. The estuary drains the Pontchartrain Basin, an area of over 12,000 km2 situ‐
ated on the eastern side of the Mississippi River delta plain.

Lake Pontchartrain has served the surrounding communities for more than two centuries.
The coastal zone of the Lake and its basin has offered opportunities for fishing, swimming,
boating, crabbing and other recreational activities. The Lake Basin is Louisiana's premier ur‐
ban estuary and nearly one-third of the state population live within this area. Over the past
decades, rapid growth and development within the basin have resulted in significant envi‐
ronmental degradation and loss of critical habitat in and around the Lake. Human activities
associated with pollutant discharge and surface drainage have greatly affected the lake wa‐
ter quality (Penland et al., 2002).

In order to protect the city of New Orleans from the Mississippi River flooding, the Bonnet
Carré Spillway (BCS) was constructed from 1929 to 1936 to divert flood water from the river
into Lake Pontchartrain and then into the Gulf of Mexico. However, a BCS opening event
may cause many environmental problems in the lake. To evaluate the environmental im‐
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pacts of the flood water on lake ecosystems, it is important to understand the hydrodynam‐
ics as well as sediment transport in the lake.

Lake Pontchartrain is a large shallow lake and the water column is well mixed. In general,
the water movements within the lake are affected by wind and tide. During the BCS open‐
ing for flood release, the flow discharge over the spillway produces significant effects on the
lake hydrodynamics.

Numerical models generally are cost-effective tools for predicting the flow circulation and
pollutant transport in a lake environment. In recent years, numerical models have been ap‐
plied to simulate the flow and pollutant distribution in Lake Pontchartrain. Hamilton et al.
(1982) developed a 2D-vertical integrated model to simulate the flow circulation in Lake
Pontchartrain. The model is an explicit numerical difference scheme based on leap-frog inte‐
gration algorithm, and a coarse uniform mesh with a spacing of 1 km was selected for nu‐
merical simulation. Signell (1997) applied the coastal and ocean model (ECOM), developed
by Hydroqual to simulate the tide and wind driven circulation processes in the lake. It was
found that water levels in Mississippi Sound influence the circulation patterns in the eastern
part of the lake, while the wind force dominates the flow pattern of the western part.
McCorquodale et al. (2005) applied a 3D coastal ocean model, ECOMSED, to simulate the
flow fields and mass transport in Lake Pontchartrain. Dortch et al. (2008) applied the CH3D-
WES hydrodynamic model, developed by the US Army Corps of Engineers, to simulate the
lake flow field and post-Hurricane Katrina water quality due to the large amount of conta‐
minated floodwater being pumped into the Lake. McCorquodale et al. (2009) developed a
1D model for simulating the long term tidal flow, salinity and nutrient distributions in the
Lake. Most of those researches focus on hydrodynamics and pollutant transport in the Lake.

In this study, the flow fields and sediment transport in Lake Pontchartrain during a flood
release from BCS was simulated using the computational model CCHE2D developed at the
National Center for Computational Hydroscience and Engineering (NCCHE), the University
of Mississippi (Jia and Wang 1999, Jia et al. 2002). This model can be used to simulate free
surface flows and sediment transport, and the capabilities were later extended to simulate
the water quality, pollutant transport and contaminated sediment (Chao et al. 2006, Zhu et
al. 2008). CCHE2D is an integrated numerical package for 2D-depth averaged simulation
and analysis of flows, non-uniform sediment transport, morphologic processes, water quali‐
ty and pollutant transport. There are several turbulence closure schemes available within
the model for different purposes, including the parabolic eddy viscosity, mixing length, k–ε
and nonlinear k–ε models. A friendly Graphic User Interface (GUI) is available to help users
to setup parameters, run the simulation and visualize the computational results. In addition
to general data format, CCHE2D has capabilities to produce the simulation results in ArcGIS
and Google Earth data formats (Hossain et al., 2011). Those capabilities greatly improve the
model’s applications.

The simulated flow and sediment distribution during the BCS opening were compared with
satellite imagery and field measured data provided by the United States Geological Survey
(USGS) and the United States Army Corp of Engineers (USACE). Good agreements were ob‐
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tained from the numerical model. This model provides a useful tool for lake water quality
management.

2. Bonnet Carré Spillway (BCS) opening for flood release

In response to the high flood stage of the Mississippi River and to protect the city of New
Orleans, the Bonnet Carré Spillway (BCS) was built to divert Mississippi River flood waters
to the Gulf of Mexico via Lake Pontchartrain (Fig. 1).

Lake Pontchartrain 

Bonnet Carré Spillway 

Mississippi River 

North 

New Orleans 

8 km 

Figure 1. The location of Bonnet Carré Spillway (BCS)

The construction of the spillway was completed in 1931. It is located in St. Charles Parish,
Louisiana - about 19 km west of New Orleans. The spillway consists of two basic compo‐
nents: a 2.4 km long control structure along the east bank of the Mississippi River and a 9.7
km floodway that transfers the diverted flood waters to the lake. The design capacity of the
spillway is 7080 m3/s and will be opened when the Mississippi river levels in New Orleans
approached the flood stage of 5.2 m. It was first operated in 1937 and nine times thereafter
(1945, 1950, 1973, 1975, 1979, 1983, 1997, 2008 and 2011). The maximum flow discharges and
days of opening for each event are listed in Table 1 (USACE 2011; GEC 1998).

During the BCS opening, a large amount of fresh water and sediment discharged from the
Mississippi River into Lake Pontchartrain and then into the Gulf of Mexico. The flow dis‐
charge over the spillway produces significant effects on the lake hydrodynamics. It also
changes the distributions of salinity, nutrients and suspended sediment (SS) in the lake dra‐
matically. During a flood releasing event, the fresh water dominated the whole lake and the
lake salinity reduced significantly. A lot of sediment deposited into the lake or was trans‐
ported into the Gulf of Mexico. The contaminated sediment from Mississippi River could
bring a lot of pollutants, such as nutrients, Al, Cu, Cr, Hg, Pb, Zn, etc., to the lake, and
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caused a lot of environmental problems. The algal bloom occurred in a large area of the lake
after a flood release event. The blooms produced high levels of heptatoxins and caused de‐
creases of dissolved oxygen in the lake (Dortch et al., 1998; Penland et al., 2002).

Year Date opened Date Closed Days opened
Max. discharge

m3/s

1937 Jan28 Mar 16 48 5975

1945 Mar 23 May 18 57 9005

1950 Feb 10 Mar 19 38 6315

1973 Apr 8 Jun 21 75 5522

1975 Apr 14 Apr 26 13 3115

1979 Apr 17 May 31 45 5409

1983 May 20 Jun 23 35 7589

1997 Mar 17 Apr 18 31 6881

2008 Apr 11 May 8 28 4531

2011 May 9 June 20 42 8892

Table 1. Information of Bonnet Carré Spillway opening for flood release

Due to a large amount of sediment discharged /deposited into the lake, the bed form of the
lake changed. The BCS opening event produced significant changes in flow pattern, salinity
and water temperature, which greatly affected the lake fish habitat, and caused negative im‐
pacts to oyster beds and fishery nursery grounds in the lake. In response to the dynamic
changes in the salinity, temperature, water surface elevation, and bed form of the lake, it
was observed that some species, particularly brown shrimp, shifted and moved. It may take
a long time for the fisheries resources to recover from the flood release event.

To  understand  the  impact  of  the  BCS  flood  release  event  on  the  ecosystem  of  Lake
Pontchartrain,  the flow circulation and sediment transport are most important key tasks
to be studied.

3. Model descriptions

To simulate the flow field and sediment transport in Lake Pontchartrain, a two-dimensional
depth-averaged model, CCHE2D, was applied. CCHE2D is a 2D hydrodynamic and sedi‐
ment transport model that can be used to simulate unsteady turbulent flows with irregular
boundaries and free surfaces (Jia and Wang 1999, Jia et al. 2002). It is a finite element model
utilizing a special method based on the collocation approach called the “efficient element
method”. This model is based on the 2D Reynolds-averaged Navier-Stokes equations. By
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applying the Boussinesq approximation, the turbulent stress can be simulated by the turbu‐
lent viscosity and time-averaged velocity. There are several turbulence closure schemes
available within CCHE2D, including the parabolic eddy viscosity, mixing length, k–ε and
nonlinear k–ε models. In this model, an upwinding scheme is adopted to eliminate oscilla‐
tions due to advection, and a convective interpolation function is used for this purpose due
to its simplicity for the implicit time marching scheme which was adopted in this model to
solve the unsteady equations. The numerical scheme of this approach is the second order.
The velocity correction method is applied to solve the pressure and enforce mass conserva‐
tion. Provisional velocities are solved first without the pressure term, and the final solution
of the velocity is obtained by correcting the provisional velocities with the pressure solution.
The system of the algebraic equations is solved using the Strongly Implicit Procedure (SIP)
method (Stone 1968).

3.1. Governing equations

The free surface elevation of the flow is calculated by the continuity equation:

0h uh vh
t x y

¶ ¶ ¶
+ + =

¶ ¶ ¶
(1)

The momentum equations for the depth-integrated two-dimensional model in the Cartesian
coordinate system are:

1 xyxx sx bx
Cor
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t x y x h x y h
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r

¶æ ö¶ -¶ ¶ ¶ ¶
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r
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ç ÷¶ ¶ ¶ ¶ ¶ ¶è ø
(3)

where u and v are the depth-integrated velocity components in x and y directions, respec‐
tively; t is the time; g is the gravitational acceleration; η is the water surface elevation; ρ is
the density of water; h is the local water depth; fCor is the Coriolis parameter; τxx, τxy, τyx and
τyy are depth integrated Reynolds stresses; and τsx and τsy are surface share stresses in x and
y directions, respectively; and τbx and τby are shear stresses on the interface of flow and bed
in x and y directions, respectively.

The turbulence Reynolds stresses in equations (2) and (3) are approximated according to the
Bousinesq’s assumption that they are related to the main rate of the strains of the depth-
averaged flow field and an eddy viscosity coefficient νt which is computed using the Sma‐
gorinsky scheme (Smagorinsky 1993):
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The parameter α ranges from 0.01 to 0.5. In this study, it was taken as 0.1.

In CCHE2D model, three approaches are adopted to simulate non-uniform sediment trans‐
port. One is the bed load transport, which is to simulate the bed load only without consider‐
ing the diffusion of suspended load. The second approach is the suspended load transport,
which simulates suspended load and treats bed -material load as suspended load. The third
approach is to simulate bed load and suspended load separately (Jia and Wang 1999, Jia et
al. 2002, Wu 2008).

In this study, CCHE2D was used to simulate sediment transport in Lake Pontchartrain dur‐
ing the BCS opening for flood release. In this period, sediment transport in the lake is pri‐
marily dominated by suspended sediment. So the second sediment transport approach,
suspended load, was used for this study, and the non-uniform suspended sediment (SS)
transport equation can be written as:

k k k k k
cx cy ck

c c c c c
u v D D S

t x y x x y y
¶ ¶ ¶ ¶ ¶æ ö æ ö¶ ¶

+ + = + +ç ÷ ç ÷¶ ¶ ¶ ¶ ¶ ¶ ¶è ø è ø
(5)

Where ck is the depth-averaged concentration of the kth size class of SS; Dcx and Dcy are the
mixing coefficients of SS in x and y directions, respectively; Sck is the source term and can be
calculated by:

*( )t sk
ck k t kS c c

h
a w

= - - (6)

Where ct*k is the equilibrium sediment concentration of the kth size class of suspended load;
ωsk is the settling velocity of the kth size class; αt is the adaptation coefficient of suspended
load, and it can be estimated using the formula proposed by Wu (2008).

Settling velocity is calculated using Zhang's formula (Zhang and Xie 1993):

13.95 1.09 1 13.95s
sk k

k k
w gd

d d
gn g
g

æ ö æ ö
= + - -ç ÷ ç ÷ç ÷ è øè ø

(7)

where ν is the kinematic viscosity; dk is the diameter of the kth size class of sediment; γs and
γ are the densities of water and sediment; g is the gravity acceleration.
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The equilibrium sediment concentration ct*k can be calculated based on sediment transport
capacities of fractional suspended load and bed load. Based on field and laboratory data,
Wu et al (2000) proposed a formula to calculate the fractional suspended load transport ca‐
pacity φsk :

1.74

0.0000262 1sk
ck sk

Utj
t w

é ùæ ö
= -ê úç ÷ç ÷ê úè øë û

(8)

where U is the depth-averaged velocity; τ is the shear stress; τck is the critical shear stress
and can be calculated by
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ck s k

ek

p
d

p
t g g

æ ö
= - ç ÷ç ÷

è ø
(9)

in which phk and pek are the hiding and exposure probabilities for the k-th size class of sedi‐
ment, they can be defined as:
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where N is the total number of particle size classes in the non-uniform sediment mixture; pbj

is the probability of particles dj staying in front of particles dk. A relationship between phk and
pek is known as:

1hk ekp p+ = (12)

In Eq. (8) φsk can also be expressed by:
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in which pbk is the bed material gradation; and qs*k is the equilibrium transport rate of the k-
th size class of suspended load per unit width. Based on Eqs. (8) and (13), the following
equation can be obtained to calculate qs*k :

1.74
3 3

* 1 0.0000262 1 1s s
s k sk bk k bk k

ck sk

Uq p gd p gd
g gtj
g t w g

é ùæ öæ ö æ ö
= - = - -ê úç ÷ç ÷ ç ÷ç ÷ê úè ø è øè øë û

(14)

Wu et al. (2000) also proposed a formula to calculate the fractional bed load transport ca‐
pacity φbk:

2.21.5'
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(15)

where n is the Manning's roughness coefficient; n' is the Manning's coefficient correspond‐
ing to the grain roughness, n ' =d50

1/6 / 20; the transport capacity φbk can also be expressed as:
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in which qb*k is the equilibrium transport rate of the k-th size class of bed load per unit
width. Based on Eqs. (15) and (16), the following equation can be obtained to calculate qb*k:
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Based on Eqs.(14) and (17), the equilibrium sediment concentration ct*k in Eq. (6) can be cal‐
culated by:
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(18)

The wind shear stresses (τsx and τsy) at the free surface are expressed by
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2 2
sx a d wind wind windC U U Vt r= + (19)

2 2
sy a d wind wind windC V U Vt r= + (20)

where ρa is the air density; Uwind and Vwind are the wind velocity components at 10 m eleva‐
tion in x and y directions, respectively. Although the drag coefficient Cd may vary with wind
speed (Koutitas and O’Connor 1980; Jin et al. 2000), for simplicity, many researchers as‐
sumed the drag coefficient was a constant on the order of 10-3 (Huang and Spaulding 1995;
Rueda and Schladow 2003; Chao et al 2004; Kocyigit and Kocyigit 2004). In this study, Cd

was taken as 1.5×10−3.

In this study, the decoupled approach was used to simulate sediment transport. At one time
step, the flow fields, including water elevation, velocity components, and eddy viscosity pa‐
rameters were first obtained using the hydrodynamic model, and then the suspended sedi‐
ment concentration was solved numerically using Eq. (5).

4. Model verification

4.1. Tide-induced flow

A comparison of model simulation to an analytical solution was performed for a tidally
forced flow in a square basin with constant water depth and no bottom friction. It was as‐
sumed that right side of the basin is an open boundary, and the other three sides are the
closed solid wall. The tidal flow was simulated by driving the free surface elevation at the
open boundary of the basin. A standing cosine wave with the maximum amplitude of Am at
the open boundary was introduced. This case has been used by other researchers to verify
their models (Huang and Spaulding 1995; Zhang and Gin 2000). The analytical solution for
surface elevation (ξ) and velocity (U) were given by Ippen (1966):

cos( )mA tx w= (21)

( , ) sin( )mA x
U x t t

H
w

w= (22)

in  which Am  is  the  tide amplitude;  ω  is  the  angular  frequency,  ω =2π / T ;  T  is  the  tidal
period; t is the time; x is the distance from the left closed basin boundary; U is the veloc‐
ity in x direction; and H is the base water depth. In the numerical simulation, the follow‐
ing values were adopted: basin length is 12km, width is 12km, H=10m, T=12h, Am=0.5m.
Figs.2  and 3  show the  comparison of  the  analytical  solution and the  numerical  simula‐
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tion results  for  water  surface  elevation and velocity.  The numerical  results  are  in  good
agreement with analytical solutions.

Figure 2. Comparison of analytical solution and numerical simulation for water surface elevation

Figure 3. Comparison of analytical solution and numerical simulation for depth-averaged velocity
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4.2. Verification of mass transport

To verify the transport simulation model, the numerical results were tested against an ana‐
lytical solution for predicting salinity intrusion in a one-dimensional river flow with con‐
stant depth. It was assumed that the downstream end of the river is connected with the
ocean with salt water. At the end of the river reach (x=0), there is a point source with a con‐
stant salinity, S0, from the ocean, and the salt water may intrude into the river due to disper‐
sion (Fig.4). Under the steady-state condition, the salinity in the river can be expressed as:

2

2x
S SU D
x x
¶ ¶

=
¶ ¶

(23)

where U is the velocity (no tidal effect); S is the salinity in river; Dx is the dispersion coeffi‐
cient; and x is the displacement from downstream seaward boundary (point O). An analyti‐
cal solution given by Thomann and Mueller (1988) is:

0( ) exp( )
x

UxS x S
D

= (24)

in which S0  is the salinity at downstream seaward boundary. In this test case, it was as‐
sumed  that  the  water  depth  =  10  m,  U=0.03m/s,  Dx=30  m2/s,  and  S0  =  30  ppt.  Fig.  5
shows the salinity concentration distributions obtained by the numerical model and ana‐
lytical solution. The maximum error between the numerical result and analytical solution
is less than 2%.

 
 
 
 
 
 
 
 
 
 



U=0.03 m/s 

U=0.03 m/s 

S0 =30ppt 

11400 m 

O x 

River    Ocean 

Figure 4. Test river for model verification
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Figure 5. Salinity distribution along the river

5. Model application to lake pontchartrain

5.1. Study area

Fig.  6  shows  the  bathymetry  and  locations  of  field  measurement  stations  of  the  study
site — Lake Pontchartrain. The circulation in Lake Pontchartrain is an extremely compli‐
cated system. It  is  affected by tide,  wind, fresh water input,  etc.  The lake has a diurnal
tide with a mean range of 11 cm. Higher salinity waters from the Gulf of Mexico can en‐
ter  the lake through three narrow tidal  passes:  the Rigolets,  Chef  Menteur,  and a man-
made  Inner  Harbor  Navigation  Canal  (IHNC).  Freshwater  can  discharge  into  the  lake
through the  Tchefuncte  and Tangipahoa Rivers,  the  adjacent  Lake  Maurepas,  and from
other  watersheds  surrounding  the  lake.  The  Bonnet  Carré  Spillway  (BCS)  is  located  at
the southwest of the lake.

Based on the bathymetric data, the computational domain was descritized into an irregular
structured mesh with 224×141 nodes using the NCCHE Mesh Generator (Zhang and Jia,
2009).

5.2. Boundary conditions

As shown in Fig.6, there are two inlet boundaries located at the northwest of the lake, and
three tidal boundaries located at the south and east of the lake. The flow discharges at Tche‐
functe and Tangipahoa Rivers obtained from USGS were set as two inlet boundary condi‐
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tions. The hourly water surface elevation data at the Rigolets Pass obtained from USGS was
set as a tidal boundary. Due to the lack of measured surface elevation data at Chef Menteur
Pass, the Rigolets data was used (McCorquodale et al., 2005). After the BCS was opened for
flood release, the flow discharge at BCS was set as inlet boundary conditions.

 
 

Lake 
Pontchartrain 

Mandeville 

IHNC

Rigolets 

Chef Menteur 

Tchefuncte

Tangipahoa 

South Lake Westend 
Norco Gage 

BCS spillway 

N 

10 km 

Figure 6. The bathymetry and field measurement stations in Lake Pontchartrain

The other tidal pass, IHNC, is a man-made canal which connects the Lake Pontchartrain and
Mississippi River with a lock structure. It is also connected with both the Gulf Intracoastal
Waterway and the Mississippi River Gulf Outlet (MRGO). The measured daily water sur‐
face elevation data is the only available data at IHNC. In general, the daily water surface
elevation data can not represent the variations of tidal boundary. It would cause problems if
the measured daily data was directly set as tidal boundary conditions at IHNC. To resolve
this problem, the relationship between measured daily water surface elevations at Rigolets
and IHNC tidal passes were established and adopted to convert the hourly data at Rigolest
to the hourly data at IHNC. Since both IHNC and Rigolets tidal passes are connected with
the Gulf of Mexico, the tide effects at these two places are assumed to be similar. By compar‐
ing the measured daily water surface elevations at Rigolets and IHNC, no obvious phase
differences were observed (McCorquodale et al., 2005). Fig.7 shows the comparison of meas‐
ured daily water surface elevations at Rigolets and IHNC tidal passes.

The measured results show that the surface elevations at the two locations have a close line‐
ar relation with the correlation coefficient r2 being 0.92:

1.0484 0.0055i rh h= - (25)
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Where ηi and ηr are the daily surface elevations at IHNC and Regolets, respectively. It was
assumed that the hourly water surface elevations at IHNC and Regolets have the similar re‐
lationships, and Eq. (25) was adopted to calculate the hourly water surface elevations at
IHNC from the measured hourly surface elevation at Rigolets. The calculated hourly data
was plotted together with the measured daily data at IHNC (Fig.8), a similarity distribution
was observed. So the calculated hourly surface elevation was used as tidal boundary condi‐
tion at IHNC.
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Figure 7. Comparison of measured daily water surface elevations at Regolets and IHNC

5.3. Model calibration

After obtaining the inlet boundaries, outlet boundaries, and wind speeds and directions,
the  developed model  was  applied  to  simulate  the  flow circulation  and sediment  trans‐
port in Lake Pontchartrain.  Some field measured data sets were used for model calibra‐
tion and validation.

A period from March 1 to 31, 1998, was selected for model calibration. For calibration runs,
several parameters, such as drag coefficient Cd, Manning’s roughness coefficient, and the pa‐
rameter α in Smagorinsky scheme (Eq.4), were adjusted to obtain a reasonable reproduction
of the field data. In this study, Cd = 0.0015, Manning’s roughness coefficient = 0.025, and α =
0.1. Simulated water surface elevations and depth-averaged velocities were compared with
the field measured data. Fig. 9 shows the simulated and measured water surface elevations
at the Mandeville. Fig. 10 and Fig.11 show the simulated and measured depth-averaged ve‐
locities in x and y directions at the South Lake Site, respectively.
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Day (March 1-31, 1998)
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Figure 8. The calculated hourly water surface elevation at IHNC using Eq. (25)
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Figure 9. Simulated and measured water surface elevations at the Mandeville Station

A set of statistics error analysis, including root mean square error (RMSE), relative RMSE
(RMSE/range of observed data) and correlation coefficient (r2), were used to assess the per‐
formance of the model for the calibration case (Table 2). The RMSE between simulated and
observed water surface elevations at Mandeville Station was 0.037m and the relative RMSE
of water surface elevations at this station was 3.4%. The r2 of simulated and observed water
surface elevations at this station was 0.98. The measured velocity data set at South Lake sta‐
tion was used for model comparison. It can be observed that the RMSE of u-velocity and v-
velocity were 0.044 m/s and 0.019 m/s. The relative RMSE for u-velocity and v-velocity were
15% and 12%; and r2 of simulated and observed u-velocity and v-velocity were 0.52 and 0.41,
respectively. In general, the flow fields produced by the numerical model are in agreement
with field measurements.
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Figure 10. Simulated and measured depth-averaged velocities in west-east direction at the South Lake Site
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Figure 11. Simulated and measured depth-averaged velocities in south-north direction at the South Lake Site

Station Variable RMSE Observed range Relative RMSE r2

Mandeville Water level 0.037 m 1.11 m 3.40% 0.98

South Lake u-velocity 0.044 m/s 0.29 m/s 15% 0.52

South Lake v-velocity 0.019 m/s 0.16 m/s 12% 0.41

Table 2. Statistics error analysis of the model calibration case

5.4. Modeling the suspended sediment during the BCS opening for 1997 flood release

After the Bonnet Carré Spillway (BCS) was built to divert Mississippi River flood waters
to the Gulf of Mexico via Lake Pontchartrain, there were 10 times opening events occur‐
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red from 1937 to 2011. In this study, the 1997 flood release event was selected for model
simulation.

In 1997, the BCS was opened for flood release from 3/17 to 4/18. The maximum flow dis‐
charge was about 6881 m3/s, and over 31 days of flood release. The average discharge was
about 4358 m3/s. Fig. 12 shows the flow hydrograph at the spillway (Department of Natural
Resources, 1997; McCorquodale et al. 2007). The total volume of sediment-laden water enter‐
ing Lake Pontchartrain was approximately 1.18×1010 m3, or twice the volume of the lake
(Turner et al., 1999). The total amount of sediment entering the lake was about 9.1 million
tons, more than 10 times as much as the normal yearly sediment loads of the lake. The sus‐
pended sediment (SS) concentration at the spillway gate was about 240 mg/l (Manheim and
Hayes, 2002).
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Figure 12. The flow hydrograph at the Bonnet Carré Spillway during the 1997 event

The calibrated CCHE2D model was applied to simulate the lake flow fields and sediment
transport during the BCS opening in 1997. In this period, the flow discharge was very
strong, and the “suspended load approach” was adopted for simulating sediment transport
in the lake. The observed flow discharge was set as inlet boundary condition at BCS. The
water surface elevations at Rigolets and Chef Menteur were set as tidal boundaries. The
wind speeds and directions at the New Orleans International Airport were used for model
simulation. The observed SS concentration was set as inlet sediment boundary condition at
BCS. In general, the sediment in Lake Pontchartrain is cohesive sediment. However, during
the BCS opening, sediment concentration in Lake Pontchartrain is dominated by the sedi‐
ment coming from the Mississippi River. It was assumed that the effect of sediment cohe‐
sion on suspended sediment transport is not significant. Due to the lack of measured
sediment data, the classes of non-uniform sediment size at BCS were estimated based on the
observed sediment data in the lower Mississippi River (Thorne et al. 2008). Four size classes,
including 0.005mm, 0.01mm, 0.02mm and 0.04mm were assumed to represent the non-uni‐
form sizes of suspended sediment discharged into the lake from BCS. The fall velocity of
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each size class of sediment was calculated using the Eq. (7) proposed by Zhang and Xie
(1993). During this period, the flow discharge over the spillway dominated the lake hydro‐
dynamics and suspended sediment transport. The bottom shear stress due to water flow as
well as wind driven flow were obtained using the hydrodynamic model. The critical shear
stress was calculated using Eq. (9) proposed by Wu (2008). The equilibrium sediment con‐
centration ct*k was calculated using Eq. (18).

Fig. 13 shows the computed flow circulations in Lake Pontchartrain during the BCS open‐
ing. Due to the flood release, the entire lake water were moved eastward through Rigolets
and Chef Menteur into the Gulf of Mexico, which was completely different from the flow
patterns induced by tide and wind. Fig. 14 shows the comparisons of SS concentration ob‐
tained from the numerical simulation and remote sensing imageries (AVHRR data) provid‐
ed by NOAA. The simulated SS concentrations are generally in good agreement with
satellite imageries. The transport processes of SS in the lake were reproduced by the numeri‐
cal model. The simulated results and satellite imageries revealed that a large amount of sedi‐
ment discharged into the lake, moved eastward along the south shore and gradually
expanded northward, eventually affecting the entire Lake after one month of diversion.

 

Figure 13. Flow circulations in Lake Pontchartrain during BCS opening in 1997
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Figure 14. Comparisons of simulated depth-averaged SS concentration and remote sensing imageries (4/7/1997)

6. Discussion

In  general,  wind  and  tide  are  the  major  driving  mechanisms  of  circulation  in  Lake
Pontchartrain.  When the tidal  level  changes,  most of  the water that enters or leaves the
lake must come through the three narrow tidal  passes at  the east  and south end of the
lake.  Since  the  tidal  passes  are  very  narrow,  the  tidal  force  may  affect  the  flow  fields
near the tidal passes. When the wind blows over the lake, it may affect flow circulations
of the whole lake. Fig. 15 shows the general flow pattern of the lake induced by tide and
wind. It  was completely different from the one when the BCS was opened for flood re‐
lease  and  caused  the  entire  lake  water  to  be  moved  eastward  into  the  Gulf  of  Mexico
(Fig.  13).  Due  to  the  effects  of  tide  and  wind,  the  stronger  currents  occur  along  the
shoreline where the water depth is shallow and near the narrow tidal passes, and weak‐
er currents are in the center of the lake.  These results are similar to results obtained by
other researchers (Signell and List 1997, McCorquodale et al., 2005).

Under the normal condition, sediment in Lake Pontchartrain is dominated by cohesive sedi‐
ments except for a small number of areas near the river mouths and tidal passes (Flocks et
al. 2009). In response to wind and tidal induced flow shown in Fig. 15, sediment may trans‐
port/resuspend near shoreline and tidal passes, and deposit in the lake center.

During the BCS opening for flood release in 1997, large amount of sediment discharged
from the Mississippi River into Lake Pontchartrain. Sediment transport in Lake Pontchar‐
train is dominated by the suspended sediment from the Mississippi River, and the effect of
sediment cohesion can be ignored. In this period, the flow fields were majorly determined
by the flow discharge at the BCS. They were also affected by the wind and tide induced
flows. The simulated results and satellite imageries indicated that the suspended sediment
moved eastward along the south shore first, gradually expanded northward, and was dis‐
tributed throughout almost the entire lake about three weeks after the BCS opening. It was
reported due to the flood release, a significant amount of nutrients were discharged into
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Lake Pontchartrain, which may result in a massive algal bloom in the lake. However, the
sediment and nutrients were simultaneously discharged into the lake, and the algae growth
rate was restricted as a result of extremely high suspended sediment concentration in the
lake (Chao et al 2007). So there was no algal bloom observed in the lake during the BCS
opening. After the BCS was closed, the sediment derived from the Mississippi River gradu‐
ally dispersed in the water column and deposited to the lake bed. In response to the low SS
concentration, high nutrients, temperature and light intension, the algal bloom occurred in a
large area of the lake, and the peak of the algal bloom observed in mid-June, about two
months after the spillway closure (Dortch et al., 1998). In general, after the BCS was closed,
it took about two to three months for the SS concentration in the lake recovered to the sea‐
sonal average level.

0.5m/s

Figure 15. General flow circulations in Lake Pontchartrain due to tide and wind

7. Conclusions

A numerical model was applied to simulate the flow circulations and suspended sediment
transport in Lake Pontchartrain in Louisiana, under tide, wind and flood release. It is one of
the most significant real life problems we can find with reasonable field measurements ob‐
tained from USGS and USACE. Additional satellite imageries were obtained from NOAA
for model validation. The results of these comparisons are in good agreement within the ac‐
curacy limitations of both the approximate numerical model solutions and the field meas‐
urements under the difficult conditions.

In the BCS flood release event, a vast amount of fresh water, sediment and nutrients were
discharged into Lake Pontchartrain. The dispersion and transport processes of the suspend‐
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ed sediment in the lake were simulated successfully using the numerical model. The simu‐
lated SS concentrations are generally in good agreement with satellite imageries provided
by NOAA. The differences of flow circulation and sediment transport in the lake under nor‐
mal condition and BCS opening event were discussed. The simulated results and satellite
imageries show that after the BCS opening, a large amount of sediment discharged into the
lake, moved eastward and gradually expanded northward, eventually affecting the entire
lake. After the BCS closure, the sediment derived from the Mississippi River gradually de‐
posited to the lake bed and it took two to three months for the SS concentration in the lake
recovered to the seasonal average level.

This research effort has positively demonstrated that the numerical model is capable of pre‐
dicting free surface flow and sediment transport in Lake Pontchartrain under extreme natu‐
ral conditions. It is a useful tool for providing information on hydrodynamics and sediment
transport in such a big lake where the field measurements may not be sufficient. All the in‐
formation obtained from the numerical model is very important for lake restoration and wa‐
ter quality management.
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