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Abstract:

This study aimed to model the distribution pattern of water masses by considering the upstream
discharge and the tidal elevation downstream. The method of this study carried out field
observations as inputs required in numerical simulations. The field observations covered
upstream discharge of Mahakam River and two-position of tidal levels, a river mouth of
Mahakam River, and the river mouth of Karang Mumus. Upstream discharge is obtained about
83.74 m*/s by measuring the current velocity and cross-section of the river on July 25,2018. The
tidal measurements have conducted for 15 days from July 14 to 28,2018 (1-15 Dzulga'dah 1439)
in two-position of observations, namely Muara Pegah and the lower reaches of the Karang
Mumus River. The former position has a tidal range of 19242 cm, and the latter is 114.32 cm.
There were 12 positions along the Mahakam River to measure salinity covered the results in the
range of 28 to 0.05 PSU (practical salinity unit). Along the Karang Mumus River, 22 positions
to measure salinity covered in 0.14 to 0.03 PSU. The currents and salinities in the Mahakam
River have been distributed as maps by numerical simulations using mike21 software.
Comparison between observed maps and numerical simulations give a good agreement by
validation error of 6.14 % in Mahakam River mouth (Muara Pegah), and lower reaches of the
Karang Mumus River of 3.41% and 6.6%. The seawater turned brackish, detected 14 km from
the open sea at a high tide during the spring tide. Horizontal spatial distribution of salinity for
SE-1 ranges 28 to 18 PSU as far as 5.2 km, SE-2 12 to 18 PSU as far as 7 km, SE-3 10 to 12
PSU as far as 9 km, and SE-4 4 to 10 PSU as far as 14 km from the open sea. Further far from
the open sea, SE-5 was nearly freshwater. Well-mixed in the SE-3 area was caught 6.5 t0 9.8 km
from the open sea during spring and neap tides. High salinity causes the suspended load to
flocculate until it falls into bedload. So, it is known the appearance of bars from the spatial
distribution of horizontal salinity. On the other hand, the salinity intrusion persisted at the
confluence of the Mahakam River and the Karang Mumus tributary, which is 60 km from the
open sea. The minimum value was in the range of 0.065 to 0.240 PSU, but the minimum salinity
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value is essential in research for early warning of future floods because freshwater affects
salinity.

Keywords: Tidal levels, Currents, Salinities, and Numerical Modelling.

I INTRODUCTION

In general, each river flow has different characteristics and forms from one another, not to mention
the confluence of the Mahakam River and Karang Mumus Tributary. Several published studies on
the Karang Muggs River are available, such as flow characteristics [8], preliminary mixing [10],
deposition [9], analytical approach of long waves dynamics in an estuary [12]. Several previous
studies use hydrodynamic modeling concerning rives and estuaries dynamics. Among them, the
topics are relating to velocity distribution modeling [1], tidal effects [3], salinity and temperature
[4][5], and sediment texture and topography feature control on the coastal morphodynamic state.

The current pattern of one of the generators is the tidal wave. Tidal dynamics gives three main
gEp'sequences [6]: increasing mixing, partially suppressed the bu(mlcy effect, the river-ocean
interface moves in vertical and horizontal directions, and two-way sediment transport is present.
When the tide enters the river, it behaves like a wave that goes upstream, distorts, and eventually
disappears due to the friction of the bottom and the river's flow. The tides from the sea enter the
Mahakam River as far as 140 km [7]. At the same time, the area of Samarinda City is 60 km from
the sea. Tidal water from the sea carries water mass, one of which is salinity. How far the salt
wedge can have and where the perfect mixing occurs will be a good reason for developing research.
This study aimed to model the distribution pattern of water mass with a 2D numerical model in
the Mahakam River and Karang Mumus Tributary confluence based on the hydrodynamic effect
of adischarge from upstream and tides from downstream.

II. MATERIALS AND METHODOLOGY
2.1. Research locations

Figure 1.A showed the research location at the confluence of the Mahakam River and the Karang
Mumus Gbutary with its depth contours. Geographically, the confluence of the Mahakam River
and the Karang Mumus tributary is located at 0°19§8.93" South Latitude - 0°26'54.72" South
Latitude and 117°12'06.24" East Longitude - 117°15'41.27" East Longitude. Administratively, the
Karang Mumus river is in the area of Samarinda City and Kutai Kartanegara Regency. The
confluence of the Mahakam River and the Karang Mumus tributary had a contour depth of -5 m
to -48 m, while the depth from upstream to downstream of the Karang Mumus River ranged from
-1 m to -5 m. Figure 1.B showed the location of the Mahakam River to Muara Pegah along 60 km.
Muara Pegah in the Mahakam Delta has a contour depth of between -1 m to -5 m.
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Fig 1. A. Location of the confluence of the Mahakam River and the Karang Mumus River;
B. Mahakam River to Muara Pegah from the Mahakam Delta with depth contours.
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Fig 2. A.CTD point from Muara Pegah to Mahakam River; B. CTD point from Mahakam
River to upstream of Karang Mumus River
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The results of field measurements using CTD can be seen in Figure 3.A, which shows the Salinity
Intrusion of Muara Pegah to the Mahakam River from point MH12 with a salinity of 28 PSU
pushing into MH7 with a salinity of 5 PSU as far as 20 km, then holding fresh water at point MH6
to point MH1 which ranges from 0.05 - 2.5 PSU. The salinity value continued to decline until it
reached the confluence of the Mahakam River and the Karang Mumus tributary M1 - M9 see
picture 3.B. There was still salinity intrusion in the upstream part of M3, the middle part of the
lower Mahakam River (M6) and the outflow location of the Karang Mumus River (M7 and M9)
ranging from 0.1 to 0.03 PSU. Then moved to the Karang Mumus River in Figure 3.C. The salinity
intrusion is cocked in the middle from upstream to downstream, ranging from 0.115 to 0.14 PSU
vertically.

MH2

It

= Distance (km)

Fig 3. A. The salinity of Muara Pegah to the Mahakam River (MH12 - MH7) from 28 PSU to 5
PSU as far as 20 km, then (MH6 - MH 1) was fresh water in the range of 0.05 - 2.5 PSU; B. Salinity
at the confluence of the Mahakam River and the Karang Mumus River with intrusion in the
upstream part of the M3, the lower Mahakam River (M6), and the outflow section of the Karang
Mumus River (M7 and M9) ranged from 0.1 to 0.03 PSU; C. The salinity of the Karang Mumus
River was in the middle from upstream to downstream, ranging from 0.115 to 0.14 PSU vertically.

The tidal measurements have conducted for 15 days from July 14 to 28, 2018 (1-15 Dzulga'dah
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1439) in two-position of observations. The first is at Muara Pegah, and the second is at the lower
reaches of the river of Karang Mumus shown in Figure-4. The former position has a tidal range of
19242 cm, and the latter is 114.32 cm. Upstream discharge is obtained about 83.74 m3/s by
measuring the current velocity and cross-section of the river on July 25, 2018 at Muara Kaman
District where is no longer affected by sea tides. Measurement of the discharge of the Karang
Mumus River since on 14 - 28 July 2018 with average river discharge of 1.8 m3/sec measured in
front of the flow exit of the Benangga Weir.

The current velocity of Muara Pegah was measured on July 25,2018 with two points, namely: P1
at 9:00 = 0.48 m/s, P1 at 10:00 =0.51 m/s, P1 at 11:00 =049 m/s P2 at 15:00 = 0.09 m/s, P2 at
16:00 = 0.02 m/s and P2 at 17:00 = 0.14 m/s. Meanwhile, the velocity of the confluence of the
Mahakam River and the Karang Mumus tributary was measured on July 25 2018 with three points
ranging from 0.02 to 0.07 m/s.

23. Tidal Potential
In general, the tides are divided into four types [11]:

Ag, + Ao, oriisss(1)
AMZ + ASZ

where K, 0,, M, and S, the main tidal compqgpgnts are diurnal (indeks 1) and semi-diurnal (indeks
2). Formzhal numbers are classified as 0 < F < 0.25 — semidiurnal; 025 < F < 1.5 — Mixed,
predominantly semi-diurnal tide; 1.5 < F < 3.0 — Mixed, predominantly diurnal tide; F > 3.0—
Mixed, predominantly diurnal tide.

24. Hydrodynamic Model

The 2D flexible mesh numerical model is a numerical solution model based on a flexible mesh
with ease of completion and advantages in configuring shorelines and bathymetry. This numerical
allculation can be applied to the study of oceanographic, coastal, and estuary environments.
Numerical solution of the two-dimensional incompressible Reynolds averaged Navier-Stokes
equations using Boussinesq assumptions and hydrostatic pressure. The model consists of equations
of continuity, momentum, temperature, salinity and density, and turbulent closure scheme.
Numerical method using finite volume. The following equation is for the 2D solution [2]. The
continuity equation is given:

dh . dht . ohv _ SN ¢
at  ax  dy

The two horizontal equations of momentum for the x and y-component are:
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where the settlement indicates the value of the average depth, and U and V are the depth-averaged
velocities, given by:

_ (" _ M creeereerererereerenn(5)
hu = udz, hv = vdz
-d —-d

where t is the time; x and y are the Cartesian cﬂrdinates; 1 is the surface elevation; d is the still
water depth; h = n + d is the total water depthgg is the gravitational acceleration; p is the density
of water; p, is the reference density of water; s sy Syx dan sy is components of the radiation
stress tensor; S is the magnitude of the clis'::hargentsx,'[s_.,r and Tpy, Tpy are the x and y components
of the surface wind and bottom stresses; U, , V¢ is the velocity by which the water is discharged
into the ambient water. Thlateral stresses Tj; include viscous friction, turbulent friction and
differential advection. The eddy viscosity formulation based on of the depth average velocity
gradients.

T.. = 2A du T.=A (aﬁ - a‘_f) T. = 2A v SRRRRR——((¢)|
e ¥ \oy  oax/’ Wt gy

where Tyy, Tyy dan Ty, adalah viscous friction, A adalah the horizontal eddy viscosity.

The transport equation for salt and temperature is obtained by the following two-dimensional
transport equation.

OhT ohaT ohEX R SRR )
ot T ax Ty T MrthbAhls

ahs ohas oHek en(8)
— = hF, +hs,S

8t+8x+8y
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where T and § is the depth average temperature and salinity; H is a source term due to heat
exchalm with the atmosphere; Fr and F; are the horizontal diffusion Temperature and Salinity
terms. T, and s are source temperature and salinity

2.5. Model Calibration

The model calibration was chosen as the error statistic using RMSE [14]. RMSE is calculated
based on the equation:

.9

le:l=1(At - Ft)z

n

RMSE =

where A, is actual data value; F, is forecast value; n is number of data

2.6. Boundary Condition

The current and salinity modeling design included tidal time series data, bathymetric mesh data,
and salinity data. The boundary conditions made, namely: BC 1 using land, BC 2 using tidal
observation data, BC 3 using the Mahakam River current velocity value as an observation, and BC
4 using the current velocity value of the Karang Mumus river as anbservation. modeling was
carried out on four conditions, namely high tide during spring tide, low tide during spring tide,
high tide during the neap tide, low tide during neap tide

III. RESULTS AND DISCUSSION
3.1. Boundary Condition

2': ] Downstream of the Karang Mumus River I
2
E 1,5 ‘
L=l 1
E 0.5 i
0 ¢ 1
28 4 g
L]
A 3
A
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Depth (m)
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Fig 4. A.Tidal Chart at downstream of the Karang Mumus River with a tidal range of 114.32

[5192]




ISSN: 0011-9342 | Year 2021

DESign Engineering Issue: 6 | Pages: 5186-5202

cm; B. Tidal Chart at Muara Pegah in the Mahakam Delta with a tidal range of 192.42 cm for 15
days used the LeastSquare method

Figure 4.A showed that the Tidal Graph in the lower reaches of the Karang Mumus River with a
tidal range of 114.32 cm, and Figure 4.B shows the Tidal Graph at Muara Pegah in the Mahakam
Delta with atidal range of 192.42 cm during 15 days using the LeastSquare method. The difference
in tidal range was 78.1 cm at the two observation points. The tidal range at Muara Pegah was
higher than the tidal range at the lower reaches of the Karang Mumus River. Tidal Validation for
the lower reaches of the Karang Mumus and Muara Pegah rivers obtained standard deviations =
0.132 and 0.057, and results show that the Formzhal numbers show mixed, predominantly semi-
diurnal tides.

32. Flow Pattern
1. Flow pattern in Muara Pegah

When the high tide of the spring tide showed an inflow from the sea to the mouth of the estuary
area with current speeds ranging from 0.05 — 0.15 m/s from the southeast, the south direction went
from 0.15 — 0.55 m/s while the west Power ranges from 0.15 —0.75 m/s. The Southwest Direction
had a more dominant speed when entering the estuary. The rate increased when there was a
narrowing of the river body and decreased when the river widened. The current pattern at low tide
during the spring tide in Mm'a Pegah. The outflow from the upstream with speed ranging from
0.025 —0.075 m/s then the current velocity in the estuary ranged from 0.05 — 0.35 m/s spreading
towards the Southeast, South and dominantly towards the Southwest. Variations in current speed
were caused, namely: differences in morphology and slope of the bottom.

The current pattern at high tide during the neap tide, the current speed was evenly distributed along
with the upstream to downstream of Muara Pegah around 0.04 — 0.16 m/s, but when the water
entered the bifurcation, the current rate changed to move fast with a range of 0.28 — 0,56 m/s.
Meanwhile, the current pattern of the water receded during the neap tide. The current accelerated
two times. First, When the water came out of the bifurcation into a river, the increase in current
velocity was about 0.25 — 0.52 m/s. Second, when it met a shallow area before reaching the
estuary's mouth with current speeds ranging from 0.05 — 0.12 m/s. The flow pattern of these two
conditions was still in the same direction, namely Southwest, South, and Southeast.
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Fig 5. Field current measurement points with depth contours along with graphs of
simulation of current velocity for 15 days at points 1 and 2 in Muara Pegah

Current speed made real-time for 15 days. The rate of moving during that period by determining
the point adjusted to the field measurements. Figure 5 showed the same point as the field
measurements to validate the average current velocity direction. The upstream speed was faster
than the downstream, as seen from Figure 5.

2. Flow Patterns at the confluence of the Mahakam River and Karang Mumus Tributary

The current speed downstream of the Mahakam River ranged from 0.1 to 0.2 m/s in high tide
when the spring tide at the confluence éhe Mahakam River and the Karang Mumus River. The
current increase in the narrowing cross-section of the river before heading towards the confluence
of the Mahakam River and the Karang Mumus Tributary and when the tide entered the Karang
Mumus River at speeds ranging from 0.12 —QH m/s. This is because the cross-section of the
Karang Mumus River is smaller than the cross-section of the kam River. At the upper reaches
of the Mahakam River, there was a decrease in current speed ranging from 0.02 to 0.16 m/s. The
outflow from the upstream of the Mahakam River ranged from 0.1 to 0.165 m/s when the water
receded at the spring tide at the confluence of the Mahakam River and the Karang Mumus
Tributary. Then it slowed down until it met the outtflow of the Karang Mumus River. The vortex
occurred in the eastern area near the mouth of the confluence of the Mahakam River and the
Karang Mumus Tributary. The downstream speed of the Mahakam River ranged from 0.015 —
0.09 mmAt the same time, the current velocity in the lower reaches of the Karang Mumus River
ranges from 0.06 to 0.15 m/s.

The current velocity in high ti@vhen neap tide at the confluence of the Mahakam River and the
Karang Mumus Tributary was in the range of 0.015 - 0.03 ms Like a giant whirlpool, due to the
meeting of the currents of the tide from the downstream of the Mahakam River and the water
flowing from the upstream to the downstream of the Mahakam River at the confluence of the
rivers. On the other hand, the current speed at low tide during the neap tide at the Confluence of
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the Rivers seemed small, ranging from 0.015 — 0.18 m/s.
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Fig 6. Field current measurement points with depth contours and simulation graphs of current
velocity for 15 days at CC_1, CC_2, and CC_3 at the confluence of the Mahakam River and the
Karang Mumus tributary.

Figure 6 shows 3 points Simulation current speed adjusted for field data retrieval. The current
speed CC_1 was in the southwest direction of the confluence of the river, CC_2 was in the middle
of the confluence river, and CC_3 was on the outflow of the Karang Mumus River. Results show
that the speed on CC_3 is greater than the others seen on the simulation graph of the current for
15 days.

3.3. Salinity Pattern Modeling in Muara Pegah and The Confluence of The Mahakam
River and Karang Mumus Tributary

The southeast direction became the dominant current on the spring tide in the Pegah estuary,
Blusing the salinity to be trapped in the western tip of the estuary's mouth. This was seen in the
high tide and low tide conditions of the spring tide at the mouth of Muara Pegah. When the high
tide at springtide as shown in Figure 7.A, the spatial distribution of SE1 coming from the sea was
about 28-18 PSU moving upstream as far as 5.2 km from the southeast, SE2 between 12-18 PSU
went upstream to 7 km, SE3 ranged from 10-12 PSU through 9 km upstream, SE4 with a range of
4-10 PSU moved 14 km upstream. SES5 is freshwater from river discharge. The seawater to
brackish water was 14 km into the Mahakam River with a 28-5 PSU salinity. The well-mixed
occurred at SE3 in the 7 — 9 km area of the open sea. Figure 7.B shows the low tide of the spring
tide. SE1 spatial distribution was up to 4.8 km from the open sea, SE2 was up to 7 km, SE3 was
9.8 km, SE4 was 13.8 km away. SES as freshwater to SE4. The seawater to brackish water was
located as far as 13.8 km with a salinity of about 28-5 PSU. The well-mixed occurred at SE3 in

the region 7 — 9.8 km from the open sea.
When neap tide, the current was very dominant from the south to the north at high tide or vice

versa at low tide, as shown in Figures 7.C and 7.D. This causes salinity to get stuck in both
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5
directions during the neap tide. The spatial distribution ofgigh tide and low tide during the neap
tide, such as SE1, SE2, SE3, SE 4, we're only at the mouth of the estuary. Furthermore, SES was
around 9.8 - 10 km from the open sea. On the other hand, the well-mixed occurred in SE3 in the
range of 6.5 — 7 km from the open ocean.

The seawater salinity in the range of 28-5 PSU had stopped in the estuary area. Still, the tidal
currents continued to move until the confluence of the Mahakam River and Karang Mumus
Tributary. The salinity values that flowed in each part of the confluence of the Mahakam River
and Karang Mumus Tributary did not vary enough because the salinity in the Mahakam River and
Karang Mumus river had salinity values <2 PSU, which means that the salinity conditions in the
area were freshwater. Figure 8. A shows the salinity of high tide at spring tide conditions in the
Mahakam River and Karang Mumus Tributary confluence, ranging from 0.128 PSU to 0.24 PSU.

Meanwhile, Figure 8.B showed low tide at neap tide in the confluence of the Mahakam River and
Karang Mumus Tributary of 0.138 PSU —0.222 PSU. The spatial distribution of salinity when the
low tide on the springtide from SC1, SC2, SC3, SC4,and SC5 move in following the tidal currents.
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Fig 7.A. Spatial distribution of horizontal salinity with current velocity and direction at high tide
during spring tide with SE1 (28 — 18 PSU) intrusion 5.2 km, SE2 (12 — 18 PSU) 7 km, SE3 (10 —
12 PSU) 9km, SE4 (4 — 10 PSU) 14 km from the open sea; B. The SE1 intrusion was 4.8 km, SE2
7 km, SE3 9.8 km, SE4 13.8 km from the high seas at low w during the spring tide; C. The SE1
intrusion was 5 km, SE2 6.8 km, SE3 7.2 km, SE4 10 km from the open sea at high tide at neap
tide; D. the SE1 intrusion was 4.5 km, SE2 6 km, SE3 7 km, SE4 9.8 km from the high seas and
SES as freshwater at low tide during the neap tide in Muara Pegah
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Fig 8.A. Spatial distribution of horizontal salinity along with the speed and direction of currents at
high tide during spring tide. The salinity intrusion of SC1 (0.232 - 0.24 PSU) was 2 km, SC2 (0.224
- 0232 PSU) 3 km, SC3 (0.216 - 0.224 PSU) 4.5 km, SC4 (0.2 - 0.208 PSU) 9 km from the
downstream of the Mahakam River and SC5 (0.216 — 0.240) was deposited in the south; B. The
SC1 intrusion was 3.2 km, SC2 5 km, SC3 5 - 12 km around the confluence of the river, SE4 was
located in the outflow of the Karang Mumus River, and SC5 was deposited in the north in the
water receding when the spring tide; C. The NC1 intrusion (0.12 - 0.125 PSU) was 3 km, NC2
(0.125-0.130 PSU) 4.5 km from the downstream, NC3 (0.130 -0.135 PSU) was 6 km,NC4 (0.125
-0.130 PSU) 9 km from the lower Mahakam River and NC5 (0.115 —0.120) was 14 km spreading
in the north at high tide when the neap tide; D. The NC1 intrusion was 2 km, NC2 4 km, NC3 2 -
6 km, NC4 seen 7 km from downstream I\ﬁhakam River and downstream of Karang Mumus River
and NC5 was 14 km spreads in the north at low tide when the neap tide.

The high tide pattern also brought SC3 into the Karang Mumus river. Meanwhile, when the water
receded on a neap tide, SC1, SC2, SC3, SC4, and SC5 headed downstream of the Mahakam River.
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SCS5 shifts from high tide to low tide due to the circular flow of the curved shape of the river. SC5,
which was initially in the west at high tide, moved to the east. SC4 was only left downstream of
the Karang Mumus River when the water receded due to a blockage from the Mahakam River's
discharge which blocked the discharge from downstream Karang Mumus River.

The salinity of high tide at neap tide conditions in the confluence of the Mahakam River and
Karang Mumus Tributary was 0,065 - 0,135 PSU as can be seen in Figure 8.C. While in Figure
8.D Salinity of the low tide at Neaptide in the confluence of the Mahakam River, and Karang
Mumus Tributary was 0.08 - 0.136 PSU. The current velocity at neap tide seemed small.
Therefore, the spatial distribution of salinity, such as NC1, NC2, NC3, NC4, and NCS5, only
irled in the confluence of the Mahakam River and Karang Mumus Tributary. Overalwoth
during Spring tide and Neap tide, the salinity value was small but still experienced changes due to
the increase or decrease in fresh water at the meeting. The spatial distribution was also influenced
by currents and the depth of the contours of these two rivers. This can be used as an early warning
for flooding because the influence of freshwater will affect the value of salinity.

34. Validasi Arus
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Fig 9. A. RMSE of current speed i Muara Pegah in the Mahakam Delta; B. RMSE of current

speed U in the confluence of the Mahakam River and Karang Mumus Tributary

Based on the simulation graph of the current velocity in Muara Pegah and the confluence of the
Mahakam River and Karang Mumus Tributary compared to field data on July 25, 2018. The
results obtained RMSE of 6.14% and 3.41%, as shown in Figure 8. A and Figure 8.B.
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Fig 10. A. Validation of salinity data on modeling and measurement in Muara Pegah; B.
Validation of salinity data on modeling and measurement in the confluence of the Mahakam
River and Karang Mumus Tributary

Figure 9. A showed the validation of salinity data on modeling and measurement in Muara Pegah
using 12 data. RMS Error results, salinity in Muara Pegah was 7.3%. While Figure 9.B showed
the validation of salinity data on the Mahakam River and Karang Mumus Tributary confluence
using 9 data. The results showed that the RMS Error salinity was 6.6%.

IV. CONCLUSION

During the spring tide, Results at Muara Pegah showed a horizontal spatial distribution of salinity
for SE1, SE2, SE3, and SE4 as far as 5.2 km, 7 km, 9 km, 14 km from the open sea. SES was
freshwater. Well mixed in, the SE3 area captured 6.5 — 9.8 km from the open ocean during spring
and neap tides. Meanwhile, salinity intrusion still occurred at the confluence of the Mahakam River
and the Karang Mumus tributary, which is 60 km from the open sea. Spatial distribut of
horizontal salinity at spring tide. SC1, SC2, SC3, and SC4 salinity intrusions were seen 2 km, 3
km, 4.5 km, and 9 km downstream of the Mahakam River, and SC5 is between the confluence of
the river and the upper Mahakam River and settles in the south during high tide and settles in the
north at low tide.

In contrast, salinity intrusion on NC1, NC2, NC3, and NC4 basins were seen 3 km, 4.5 km, 6 km,
and 9 km from the downstream of the Mahakam River and NCS5 as far as 14 km spreading in the
northern part. The current speed at neap tide seemed small so that the spatial distribution of salinity
seemed to only swirl in the confluence area of the Mahakam River and the Karang Mumus
tributary. Hydrodynamic modeling applied to the calculation of salinity will affect the velocity of
the components that occur. In shallow water, the momentum function will work for the salinity
equation. Changes in the force and salinity value are directly proportional to the effect of changes
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in water level.
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