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Methods: . In this research, a three-dimensional EFDC dynamic
environmental model has been utilized, for the assessment and
simulation of the thermal-regime and quality parameters of the
Mamloo-Dam Reservoir. The information required for the calibration
and validation of the model in the 12 months of the year of 2019, has
been taken from 6 stations.

Findings: The thermal stratification has prolonged, for several
months. Stability in stratification has obstructed the transfer of
oxygen to the lower layers and the dissolved oxygen (DO)
concentration in the hypolimnion, decreases intensely, in to less than
2 mg/L. In the entire seasons of the year, the highest concentration
of Chlorophyll is relative to photic zones (with highest concentration
35.6 pg/L in august). The phosphorous factor restricts the growth of
algae in the reservoir; and a high correlation between the
modifications in total phosphorous concentration and chlorophyll
was observed. The trend of modifications in total nitrogen illustrates
its control by external input loads. Furthermore, the results attained
in comparing the simulated and real values (R? and RMSE values),
display that the EFDC model has the capacity to simulate the
: hydrodynamic and qualitative parameters of the Mamloo-Dam
Reservoir. Moreover, provided appropriate statistical indicators
(RMSE=0.15, R2=0.72) in water level simulation.
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Three-Dimensional simulation of temperature and water quality parameters using EFDC Hydrodynamic...

Extended Abstract

Introduction

Iran’s dam reservoirs are confronted with a
potential threat as human activities have
been continuously influencing the physical
and chemical characteristics of water bodies.
Specific attention has been paid to the
pattern study on reservoirs revealing the
changes and heterogeneity of major water
quality variables like temperature, nitrogen
compounds, phosphorus, dissolved oxygen
(DO), and chlorophyll-a (Chla). It is
particularly the case for spatiotemporal
pattern recognition via hydro-
environmental  modeling  approaches.
Numerical models are commonly used in
hydro environmental simulations for water
quality pattern recognition. Numerical
models are comparatively accurate, efficient,
and stable. It is capable of visualizing spatial
information. Typically, a numerical model
solves a set of physically-based governing
equations describing the flow and
transportation of contaminants. To this end,
studies have been carried out concerning
reveal negative impacts on the aquatic
system caused by water quality
deterioration. In this paper, we investigated
water quality patterns via EFDC modeling of
Mamloo reservoir and reveal some
important impacts on water quality changes.

Materials and Methods

Mamloo reservoir (35235"11" Nand 512 46’
58" E) is located 45 km away from Tehran,
the capital of Iran. The reservoir is a
medium-sized reservoir and benefits from
several facilities including urban water
supply, irrigation, and electricity generation.
EFDC solves hydrostatic momentum and
continuity equations for turbulent flow in
the coordinate system containing major
functional components such as
hydrodynamics, salinity<temperature,
tracer, sediment transport, toxins, and water
quality columns with sediment diagnosis.
Hydrodynamic formulas for vertically
hydrostatic momentum and continuity of
EFDC model are solved in a coordinate
system that is curvilinear and orthogonal in
the horizontal and stretched or topography-
free surface in the vertical direction. Water

quality model the governing mass-balance
equation of EFDC model for water quality
state variables consists of physical transport,
advective and diffusive, and Kkinetic
processes.

The samples were collected by using a Niskin
water sampler in polyethylene containers
with a volume of 1- liter. Total nitrogen (TN-
N) mgL™, and total phosphorus (TP-P)
mgL~" were analyzed by the Digestion Acid
Persulphate method. Some parameters such
as temperature(2C), and dissolved oxygen
(mgL™') were measured by using standard
devices with high accuracy [DO heck
portable analyzer and heck digital
thermometer [accuracy *0.1%] CTD was
used to determined DO concentration
changes in deep layers. All of the mentioned
parameters were measured within 72 hr,,
following the standard method procedure.
Topological and bathymetric data were used
to generate a 3-D Cartesian mesh grid.
Horizontally, the domain contained 207 cells
in i-direction and 231 cells in j-direction
with a maximum of 10 evenly stratified
vertical layers. Total active cells counted up
to 8252. The initial and boundary condition
defined for the model and after
determination calibration coefficients, the
model was validated with the help of data
collected during one year in mamloo
reservoir.

Findings

Mamloo reservoir has experienced the
stratified condition for several months while
the water body was completely mix in
January and February with an increase of
temperature in surface, stratification began
to strengthen again in April and the
temperature gradient was the maximum in
August. The temperature is a significant
factor that affected the quality of the water
body and algae growth. Predicted
temperatures were in agreement with
observations and the depth where
thermocline occurred. DO is an intuitive
water quality indicator and the model was
able to produce an obvious variation. Wind,
current-induced reaeration, algal processes,
and temperature were major factors that
contributed to DO variation. As illustrated,
DO depletion in summer rose together with
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water temperature. Higher Chla
concentration appeared in the photic zone of
the Mamloo reservoir.The different
concentration of Chl a was observed in site
#S3, #S4 and #S5. Mamloo's level kept low
from January to March and November to
December. TP levels remained low in
summer due to fast consumption by algae.
Maximum TP levels occurred in #S3 station
due to inflow nutrients. phosphorus was a
limiting factor for algae growth in the
reservoir and there was a meaningful
conection between Chl a and TP
concentration changes in different seasons.
TN as a second variable, showed a
meaningful conection with the internal
inflow pattern in the mamloo catchment
area, therefore, it can be concluded that
nitrogen is controlled by external loading.

Discussion

The temperature is a significant factor that
affected the quality of the water body and
algae growth. The goodness of temperature
fitting was presented in Reservoir. Mamloo
reservoir kept thermally stratified for along-
time in the simulation and the vertical
profile agreed with the measurements.
Predicted temperatures were approximately
showed good agreement with observations
and the depth where thermocline occurred.
Forces like  wind-induced currents,
turbulent mixing, and atmospheric forces
may contribute to temperature variation.
Wind, current-induced reaeration, algal
processes, and temperature were major
factors that contributed to DO variation. It
inferred that the effect of DO reaeration in
the surface layer was stronger than the
bottom layer causing low DO concentration
in deep areas. Nutrients like TN, TP
concentrations were sampled in the surface
layer. TP levels remained low in summer due
to fast consumption by algae . The different
concentration of Chl a was observed in site
#S3, #S4 and #S5. Mamloo's level kept low
from January to March and November to
December. Maximum TP levels occurred in
#S3 station due to inflow nutrients. TN as a
second variable, showed a high conection
with the internal inflow pattern in the
mamloo catchment area.

Conclusion

Mamloo reservoir has experienced the
stratified condition for several months while
the water body was completely mix in
January and February with an increase of
temperature in surface, stratification began
to strengthen again in April and the
temperature gradient was the maximum in
August. DO is an intuitive water quality
indicator and the model was able to produce
an obvious variation.. As illustrated, DO
depletion in summer rose together with
water temperature. Higher Chla
concentration appeared in the photic zone of
the Mamloo reservoir. phosphorus was a
limiting factor for algae growth in the
reservoir and there was a meaningful
conection between change in Chl aand TP in
different seasons. In Mamloo reservoir
nitrogen is controlled by external loading.
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