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Abstract: Researchesn combinion of hydrological and hydrodynamic models are very
important when performing risk assessment and disaster management, including saline
intrusion, which is especially important for watersheds, with limited measurement data. The
objective of this study is linkoy two typesof hydrological and hydrodynamic models to
simulatethe scope of salinityntrusionin the Ve estuary, Quang Ngai provingerstly,
SWAT/NAM is appliedto calculate flow rateand then MIKE 21/3 model is appliéor
hydraulicandsaltintrusion simulation. The calibration and validatiare also done tshow

that theacceptableeliability of simulation Simulationresult showed thaalinityintrusion
depends on watelischarge, water level, tidal regime according toairgwet seasonsthe
longest distance afaline intrusiorfrom the rivermouths 5.47 km, occurring in the dry
season.

Keywords: Rainfalli Runnoff, SWATNAM; MIKE 21/3 Salinity Intrusion Ve River.

1. Introduction

The development and use of hyigical models has attracted increasing attention in
the past twalecadesl], and the combination of hydagical and hydrodynamic models has
demonstrated is an important tool for the integrated assessment of hydrological processes in
basins where measurements gery expensivg’]. Such a combination helps to solve many
problems in the area including saline intrusion in the estuary. The hydrological model helps
to calculate the discharge of rivérene of the important factors to simulate the flGiv/],
thereby assessing tlseopeof salinity intrusionas well as the problems of floodingank
erosioni which are very typical for many regions bordering the 5e@][

With a coastline stretching over 3260 km, along with many $ecmnomic activities,
the coastal zone of Vietham is a special important onesaltater intrusion has always
been the subject of nationstludies |1 27]. In particular,saltwaterintrusion in the Mekong
Delta is selected in many national researches, projects and progrars| [. However,
research on saltwater intrusion in the central coastal region is still quite modest in terms of
guantity and resultsS[ 16, 1§. Although there have been studies done, however, when
applied to the local scale it is necessary to concrétezdependence abke scope of salinity
intrusionon thesuch factors agpstream discharge, the downstream water level, and the tidal
regime. Accuratesalinity intrusion forecasting plays a huge role in proactive idggioery
and land use planning roastal economic zones, especially in the current climate change
situation [/]. Saltwater intrusion predictiowould be difficult to do without calculating the
water flow entering the river, leading to the need for the application of suitable hydrological
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models. This shows that the linkage of hydrologitahydrodynamic models play an
important role in calculating and predicting salingusion[25].

The study selects a typical river in Quang Ngai province as a reseasehstudy
following published articles [271 29]. The hydrologicalcoupled modes SWAT/NAM
combined with the MIKE21 HD to determine the set of hydrological and hydraulic
parameters for the Ve river basin was perforfied. [2€] has initially applied a set of
hydrological parameters to calculate discharge for the hydraulic model and used it to simulate
salineintrusionfrom the sea to the river2§] helps to answer the question of how gainity
intrusion mechanism depenty on waterdischarge, water levekeasonsiave not been
shown In the mentionedarticles the scopeof salinity intrusion depending onwater
dischargewater levelseasonal regimes have not been shown. In this study, the combination
of SWAT/NAM coupled hydrdogical modek and MIKE 21/3 HD, AD hydrodynamic
models was clarified with the result of determining sitepeof salinity intrusion for Ve
river. In addition, a number of arguments have been made to argue the dependence of salinity
intrusionon the &ctors of discharge, tidal regime, and flow Byp2modek. The results of
this study complement previous studigsi[30].

2. Methods and materials

2.1.The study area
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Figure 1.Focus area of the study Ve River basin.
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Ve River is one of the largest river systems in Quang Ngai province, covering an area of
1,263 kn?, accounting for 24.51% of the natural areahig province[27]. The study (],
although it mentioned saline intrusion in the Tra KiNe river basin system, used a 1D
hydrodynamic model combined to assess the intrusion salinity in the downstream of Tra
Khudi Ve river system. However, the scope of this study focuses on the Tra Khuc River, not
mentioning the Ve River. But, research specificadr the Ve River part, in the last 2 years,
has been the subject of some studies 19, in which the combinationf hydrological and
hydrodynamic models has been systematically done.
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Figure 2. (A), (B) The 3 cros$sectional positiond1C0, MC3, MC4 measuredvater leveland
salinity; (C) The grid domain D1 includes 4 vertices 1, 2, 3, 4 including marine station Tam Quan,
Binh Dinh; The grid domain R with 5 peaks A, B, C, D, E was selected to simulate HD and saline
intrusion AD, the four measuremestaitions are shown: meteorology (Quang Ngai, Ba To), discharge
(An Chi), water level (Song Ve)

2.2. Hydrological models

To build hydrodynamic scenarios, hydrological models are often used, which involve
the use of mathematical madlilleg techniques ofainfalli runnoff processes in the basirs |
31]. Analysis of the advantages and disadvantages of these models was carried out in a series
of studies §, 32 33]. For sulb basin division, SWAT is usethput data for the SWAT model
includes ASTER digital elation model data (ASTGTM) with spatial resolution of rBQ
river Ve shapefile (line) and a raster mask layer within Quang Ngai province with 48N UTM
coordinate system. Select a flow direction division areg88B ha with 72830 cells (default
value fromSWAT model). An Chi station is added to ArcSWAT using the tool to create an
outlet at An Chi station locatiofFigures 1i 2). Thus, using NAM, the discharge data
extracted at the outlet of An Chi station will be compared with the actual measured data. In
this study, rainfall, temperature, wind, and solar radiation data at Quang Ngai station were
used to generate evaporation data. Together with the resultg basubdivision, this dataset
is included in NAM to calibrate the set of hydrological paramédtarghe basin. The set of
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measured discharge at An Chi is used for the calibration, verification steps. The linking
between SWAT and NAM is shown in Figure 3. The results of calibration of the hydrological
parameter set for the study basin reflected @wtbrk [27]. To perform the calibration, first,

from the initial set of parameters, NAM performs automatic calibration by the gradual trial
method to increase the accuracy to a stable level with the allowed error based on the statistical
indicators B4].

2.3. MIKE 21/3

The MIKE software packagea product of the Danish Hydraulic Institit®HI Water
& Environment, with modules such as MIKE 11, MIKE 21, MIKE3 HD, AD, ST, MT, SW
is used to simulate tlené dimensiongltwoi dimensional, thréedlimensional hydrodynamic
processes, the transport and diffusion of dissolved and suspended substances, sediments;
propagation of ocean waves, calculation of alluvial sediments in estuaries and coastal areas.
Research on the application of MIKE to simulatdineintrusion has been carried out in
many studiesq, 10, 17, 2122]. 2D governing equations and numerical solution of MIKE
21 models (HD and AD) are presented in detaiBin [37.

24. Data

24.1. Bathymetry

The MIKE 21 HD running data in thigudy was divided into 2 groups. The first related
to the coastal area was collected, processed and transferred into the riodedg fhe
second group related to the mainland and estuary includes: real data measuredi 19 cross
sections measured, inheritdcbm the previous project. The section of the Ve River
considered in this study is limited from the upper reaches of the river to the mouth of the Lo
mouth and is 21.47 km long (Figure 1).

24.2. Tital factors

Song Ve is influenced by the East Sea wistemni diurnal tidal regime with 4 main tidal
components: MZ 20h S2=10h O1 = 30, K1= 30h, areusedto analyze the tidal wave
harmonic function to create tidal boundary for the mddél 39. This set of parameters
plays an important role in the MIKEL/3 HD and AD modules

2.4.3. Hydrometeologicaldata

The MIKE 21/3 FM runs for coastal waters requiring hourly data including wind speed
and direction. In this study, th&eather Researdnd ForecastingWRF) model was used
for hourly extractiorj29]. [27, 29 show that in July 2018, the average dailychargas the
lowest and December 2018 has thighestaverage daily dischargBesides, in this study,
the measured meteorological data at Ba To and Quang Ngai stations, discharge measurement
data atAn Chi, and water level measurement at Song Ve stations are used. These datasets are
used to calibrate NAM hydrological models and hydraulic models. The steps to agay th
datasetare shown in Figure 3.
2.3.4.Actual measuring data for water andirsdy levels

Within the framework of the thesis, field measurements were carried out with the
following equipment: Acoustic Doppler Current Profil&DCP); NA2 Leica hydrometer,
LEICA (TC805), echo sounder HONDEX P8 salinity meter; terrain mia; handdeGPS
unit; compass. Hydrological factors were recorded from 0:@ataber 7fo 23h orOctober
8, 2018 and measured crossction and elevation conduction frgdctober9i 10, 2018.
Simultaneously with measuring the water level, the salinity factor vemssampled and
measured in a 2our mode from 0:00 on October 7 to 11 p.m. on October 8, 2018 at all 3
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cros§ sections: section 0, cross section 3 and sectia®]4 Measurement of water flow by
ADCP is performed at 3 crdssections according to 24/24 mettom 0:00 on October 7 to
23.00 on October 8, 2018This set ofmeasuredsalinity data is used to calibrate the AD
model.

2.5. Procedural steps

In the study ?7], the hydrological hydrodynamic package SWAT/NAM/MIKE was
used to build a set of hydrological and hydraulic parameters for flow calculations.

Figure 3. Linking hydrological and hydraulic models to simulate saline intrusion.

The contents and implementation sequence are shown in Figure 3, as follows: first,
SWAT is used to divide the basin, determine the outlet as well as create the evaporation,
precipitation dataset for NAM. The set of actual discharge measurements at AnuSédi
for calibration and validation, the result of the step is the set of calibrated hydrological
parameters. The second stperforming calibration and testing of the hydraulic module for
the Ve River, using the discharge boundary created by NAM. Medslata of water level
at the Ve station is used (Figure 3). The salinity data measured at MCO, MC3, MQ4 cross



