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Abstract: Gia, Re, and Da Do Rivers are the main surface water resources providing fresh
water to the habitants of Hai Phong City. They are at risk of water polluimtodhe release

of multiple waste streams along the rivers. The main objective of this study is to establish
water quality models for Gia, Re, and Da Do Rivers using the MIKE 11 Ecolab model. The
studied pollutants include BQDNHs", NOs', DO, etc. Polition trends can be predicted
using pollutant load generation in the water quality model. The simulation results give
relatively high correlation coefficients (0.8.88) and the relative error of #8% ensures the
guality of the model. Concurrently, thesearch team calculated the water quality index
(WQI) in the 2020 dry season for eleven locations on three rivers Gia, Re and Da Do based
on the following parameters: T, pH, COBQDs, NHs*, NOs', DO, As, Pb, ColiformE.

coli, etc. WQI results, with the combination of field observation and simulations, show that
the water quality of Gia River igery goodof Re river isanaverage; while the water quality

of Da Do River decreases gradually from upstream at a good level to deavnsat an
average level. These WQI results provide a Higlel assessment of the river water quality,
which will assist the management of surrounding wastewater treatment systems to maintain
the supply of water purpose of these three rivers to Hai Phitypg C
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1. Introduction

Water is a finite resource which plays an important role in lifejhich water quality is
always the most urgent matter of concern. Hai Phong is a city located in the coastal estuary
region, downstream of the Red hai Binh River system of Vietham. The digywater quality
is affected simultaneously by the impact of pollutagivities in the localities located in the
upper reaches of the rivers as well as within the ¢itylfi addition, because it is located in
the estuary and coastal areas, the water source is always atsaknaiterintrusion from
theseaand this énds to become more and more serious due to the influence of sea level rise.
The city's fresh water supply is being taken mainly from the three main freshwater rivers of
Hai Phong, namely the Re River, Gia River, and Da Do River. The water of Gia, H#za and
Do Rivers is monitored and sampled by the Environmental Monitoring Center quarterly, with
the analytical parameterg][ According to the monitoring results until September 2020, most
of the rivers show signs of pollution by nutrients and organic sutesssuch as N, P, B@D
and Coliform.

Pollution loads exceeding national standard degrade water quality and negatively impact
local economies and human health. With this issue, a good assessment and implementation
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of the water quality controls will conbute greatly to the protection of water resources,
ensuring the harmony between economic development and environmental protection. In
water quality assessment, mathematical models play a central role. These models provide
both spatial and temporal highlution water quality information as well as assess the
ranges of water quality under different scenarios of secamomic development and
environmental protection. Mathematical models were built to simulate water quality
parameters and the dispersiorpoflutants in water bodies. There are a variety of models on
the market that can be used to model the hydrodynamic process on river systems, allowing
the simulation of water quality progression, and the evaluation of the control measures
effectiveness, fanstance, SWAT, Tuflow, HEC RAS, HSPF, WASP, QUALZ2E, QUAL2K,
RWQM, MIKE, and QUASAR. Various controls help decisiamakers identify the most
effective water quality controB].

In a review by 3], the Ministry of Environment of South Korea prepared tjplan for
water environment management in 2006, which detailed six water quality forecasting models
and recommended a series of numerical models including Widely used Qual2E and EFDC
model. Meanwhile, MIKE model and Tuflow model have been widely appiigaredict
surface water quality in Australia. MIKE models have also been adapted in Denmark to
addressseveralproblems in these areas such as ecology, environmental chemistry, water
resources, hydraulic engineering and hydrodynamics. In China, the3Dalfignamic water
guality model has been used to simulate water quality in Hong Kong since the 1970s and has
now become the standard model of the Hong Kong Environment Agéh§plecifically,

[5] used the QUAL2K model to simulate and forecast river wguality under different flow
scenarios, serving to develop water quality management measures for each scenario in the
Kaoping River basin Taiwan6] used the MIKE 11 and EcoLab models to evaluate the
effectiveness of water quality management measurdégibhdo Hewan basin, China. In the
latest study in 2022, the water quality of the Sinu River, Colombia was evaluated by author
Torresi Bejarano of water quality through different seasons using Environmental Fluid
Dynamics Code (EFDC) software based on the construction of a hydrodynamics and water
guality model 1 8] used the QUAL2E model to assess the risk of water quality pollution
when untreated water is discharged directly into the water source in the Balatuin River
(Philippines). §] used MIKE 11 and EcoLab models to evaluate the effectiveness of water
guality management measures in the Lao Hewan basin, Chifjauded MIKE model to
simulate the level of nitrates using MIKE 11 and to establish relationship between nitrogen
and phosphorus.

Meanwhile in Vietham, there have been several studies using mathematical models for
water quality estimation. In Ca Mau peninsula studyltiy, a @upled 1D and 2D hydraulic
and water quality model is applied for the east and west coastal estuaries; a 2D model is used
to assess and test water quality in twelve coastal estuatiels’] used MIKE 11 Ecolab and
Artificial Intelligence model to simulateater quality of NhuieDay River in Ha Noi city.

[13] used MIKE 11 Ecolab to model assessment and forecast of water quality in canals, rivers
and streams in Binh Duong provinceld] used application of a onhdimensional
hydrodynamic model HEXRAS to simuate hydraulic properties (flow and water level) and
water quality in the Xang Channel, the Soc Trang city.

Theapplication of mathematical modeling tools in water resource management has been
applied more and more widely in Vietham and other countries. i§fgonsidered the most
effective means because it allows decision makers to know the consequences of each
pollution control measure in advance. The MIKE 11 Ecolab mathematical model is becoming
a powerful tool for water quality management due to itstanting advantages including
fast calculation, flexibility in changing scenarios or both large and small river basins.
Considering these different studies, the MIKE 11 Ecolab model was selected by the research
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team to simulate spatial and temporal progogssf water quality in Gia, Re, and Da Do
Rivers for further management decisions of Hai Phong city drinking water supply.

2. Research methods and data collection

2.1.Description of the study area

Gia River is the main canal route of Thuy Nguyen irrigation system, adghgth of
16.5 km, starting from Phi Liet sluice (Lai Xuan commune, Thuy Nguyen district) and ending
at Minh Duc dam (Minh Duc town, Thuy Nguyen distrigi)gure 1) The replenisimg water
source for Gia River comes from Da Bac River through Phi Liet sluice (Lai Xuan commune),
Kinh Thay River through An Son sluice (An Son commune); and several other drains. The
main functions of Gia River are irrigation for agricultural productiany water supply for
drinking water treatment; prevention of floods and droughts; waste sources recipients; and
ecosystem protectiorn]

Figure 1. Map of Gia, Re and Da Do River systems in Hai Phong city



