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Problem Statement

A Water HyacinthEicchornia Crassipgmses
various sociakconomic and environmental
problems in Lake Nokoue.

A Some of the major problems are:
U Navigation problems

U Providing habitat for hosts of various diseases
such as malaria.

U Interference with fish breeding sites
U Pose potential risk for anoxia
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Site Characteristics

Lake Nokoue is a shallow estuarine system that is located at the southern
part of Benin just north of the city of Cotonou

The Lake is connected to the Atlantic ocean to the south by a narrow channe
that is about 350m wide and abowtI®m deep.

Physical Characteristics of the Lake:

Average Depth

MaximumDepth

Two rivers have their outfall at Lake Nokoue:
Oueme River has @atchment area of 46,990 sg.km and is 510km long.
The So river has a catchment area of 1000 sq.km and runs for 70km.

During the dry season, Lake Nokoue receives most of its freshwater input
from the So River. In the rainy season, however , the flow rate in the Oueme
River is very high(800 m3/s) flooding the marshes north of the lake.



Objectives of the Thesis

A Developing a 3D hydrodynamic model using the
Environmental Fluid Dynamics Code(EFDC) framework to
simulate the hydrodynamics, temperature and salinity in
the lake.

A Developing a corresponding Water Quality Model in Water
Quality Analysis Simulation Program(WASP7.2) to simulate
nutrient fate and transport in the lake.

A Analysis of the suitability of nutrient concentrations,
salinity and temperature results from the two models for
water hyacinth growth.

A Running different waste load reduction scenarios to
analyze the effect on the suitability of different nutrient
levels for water hyacinth growth.




Model Interactions
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EFDC Model

A Environmental Fluid Dynamic Code(EFDC) was
developed at Virginia Institute of Marine Science.

A Maintained by Tetra Tech Inc. and supported by the EF

A Can simulate hydrodynamics of surface waters with
lateral and vertical variations

A Capable of simulating drying and wetting.
A It has internal vegetation resistance calculation schem

A Solves mass transport equations ( tracer study, salinity
and heat balance(temperature).

A It has been widely used in many hydrodynamic studies
and peer reviewed publications.




Lake Nokoue EFDC Input Files

U Geometry and Grid Information
A Bathymetry and grid cell sizes: dxdy.inp
A Grid cell orientation and vegetation class: Ixly.inp.
A Cell type identifier: cell.inp
A Boundary grid cells identifier: celllt.inp

U Flow Data Input files

A Time series file for all time varying freshwater flow:
gser.inp

A Constant flows : efdc.inp
U Boundary concentrations:

A Salinity boundary concentration time series: sser.inp
A Boundary temperature time series: tser.inp




Lake Nokoue Grid
Il

Lake Grid Cells

ANumber of vertical layers = 2

A Total of Horizontal Grid Cells
o Total = 72
o Lake = 37
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Lake Nokoue Grid

Marsh Cells

ANumber of vertical layers = 2

ATotal of Horizontal Grid Cells
o Total = 72

o Lake = 37
o Marsh =7

O Cities



Lake Nokoue Grid

Open Water Cells
ANumber of vertical layers = 2

ATotal of Horizontal Grid Cells
o Total = 72
o Lake = 37
oMarsh=7
o Open water cells = 28




Flow Time History

Oueme River Flow So River Flow History(1985
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Il EFDC Results
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EFDC Results

A The model simulates the seasonal pattern in
salinity and flushing during wet season well.

A Model predicted salinity values fall in the

observed value range in most observation
stations.

A Water surface elevation does not show tidal
pattern in many observation locations and thus
AEAT 60 OEI x CIT A ACOAA

A The lake is well mixed in the vertical mainly
because of wind stress.

A There is a slight stratification in the deeper parts
at times of low wind speed.



WASP Introduction

A The Water Quality Analysis Program(WASP)
IS a dynamic threelimensional surface
water quality model.

A It was first developed by Dominic Di Toro in
1983 (Connolly and Winfield, 1984; Ambrose,
R.B. et al., 1988).

A It is currently supported by the EPA.

A The version used for the Lake Nokoue study i
the enhanced WASP7.2 model that was
released in 2002.



WASP Applicability

A WASP can be used to simulate water quality in 1,
2 or three dimensions.

A WASP7.2 has compartmentalized modules for
different pollution types.

1.Eutrophication
2.0rganic Chemical
3.Mercury

A WASP has been applied in many surface water
guality studies and is cited in several peer
reviewed journal papers.




Application to Lake Nokoue

A The EUTRO module is used to simulate nutrient
Kinetics and transport.

A The hydrodynamic data, temperature and
salinity Is supplied to WASP using an external
linkage file that is written by EFDC.

A Waste Loading, boundary concentrations and
other kinetic parameter are supplied to the
program on the preprocessor.

A NPS source data is supplied from an external
text file linked to the program.



WASP7.2 Eutrophication Process Diagram
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WASP Model Setup

A Input Dataset

V Hydrodynamic data, temperature and salinity
added through hydrolink file from EFDC.

V There are three classes of waste loads

Chart: Sources of Waste Loads

TP Sources
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Nitrification Rate Constant, 1/day

Temperature Coefficient
Half saturation for nitrification oxygen
limit, mg/L

Nitrate
Denitrification Rate Constant, 1/day

Temperature Coefficient
Half Saturation constant for denitrification
oxygen limit, mg/L

Organic Nitrogen
Dissolved organic nitrogen mineralization
rate const, 1/day

Mineralization temperature coefficient
Fraction of phytoplankton  death recycled to
organic N

Organic Phosphorus
Mineralization Rate Constant For Dissolved
Organic Phosphorus

Temperature Coefficient

P*,Bowie(1985)

P*, Bowie(1985)
P*

C*(0.15)

P*

P, Potomac Estuary; PRatuxentEstuary; C, Chesapeake Bay Estuary




WASP Sample Results

”""Hl NO3(mg/l) at SiGanvie NO3(mg/l) at SBLake Center

OPO4(mg/l) at SdGanvie




Suitability Index Model for Water
Hyacinth
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A The suitability index calculation is done in a GIS
environment using arcMap

A Three environmental variables are involved in the
suitability model :

U Nutrients(Nitrogen, Phosphorus)
U Salinity
U Temperature

A Three suitability Indices are calculated based on each
parameter on a continuous O to 1 scale(1 = Optimum
and O = not suitable)



Salinty  Z Water Hyacinth

Relationships

A Based on the study by Casabianca and Laugier(1995) , there is
an almost linear drop in Water Hyacinth growth rate as salinity
Increases from 2 g/l to 6 g/l.

A No growth occurs at salinity > 6 g/L and any present water
hyacinth deteriorate beyond recovery within few hours

A Based on the above study and others, a linear relationship
between salinity and the salinity based suitability index is
assumed:

SL= (12 S/7)
Where
Sl suitability index based on Salinity

S: salinity(g/l) and salinity for water hyacinth death is 7(g/l).




Water Hyacinth Production(g m2day?)
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Temperature Effects on Water
Hyacinth

A Most studies suggest a linear relationship between temperature and water
hyacinth growth rate in the temperature range where growth is possible.
Kumar et al. (1985) and Imaoka and Teranishi(1988)

A The suitability index based on temperature {3k taken to be same as the

multiplicative temperature factor for growth rate(0 to 1) for this study. Based
on Wilson et al.(2004) :

SL=
T 0 for T <Tmin

— (T-Tmin)/(Topt-4 | ET Q Al O 41 EI
(T-Topt)/(TmaxTopt) for T > Topt

Where

Tmin: Minimum temperature for W.H growth, °€
Topt: Optimum temperature for W.H growth, 3C
Tmax: Maximum temperature for W.H growth, 4Q
T. ambient water temperature.
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Suitability Index Based on
Nutrients(SI )

A Sl like S} is also taken to be the same as the nutrient
limitation multiplicative factor for growth rate and is given by :

Sk,= min( P/(Kp + P), N/(Kn + N))

Where
P = Concentration of PO4(mg/l)
Kp = half saturation for Phosphorus limitation
N = Dissolved inorganic nitrogen concentration(mg/l)
Kn = halfz saturation constant for nitrogen limitation
P/kp+P) = Phosphorus limit for water hyacinth growth
N/(Kn+N) = Nitrogen limit for water hyacinth growth




Integrated Suitability Index(SI)

S x Sl




