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Abstract: The Wang River is one of the major tributaries of the Chao Phraya River (CPR) system in
Thailand as the key riverine sediment source supplying the Chao Phraya Delta that has experienced
severe shoreline retreat in the past six decades. Historical and observed river flow and sediment
data measured during 1929–2019 were used to assess the variation in total sediment load along the
Wang River and evaluate the effects of three major dam constructions on sediment supplied from
the Wang River to the CPR. Results indicated that sediment loads increased toward downstream.
Variation in long-term total sediment load (TSL) along the river suggested that construction of the
Kiew Lom Dam in 1972 did not cause a reduction in sediment yield in the Wang River Basin because
it impounded less than 20% of the average annual runoff, while the Mae Chang and Kiew Koh Ma
Dams caused downstream sediment reduction. These three dams are located in the upper and middle
river basins, and their effects on sediment load in the Wang River are ameliorated by additional
sediment supplied from the lower basin. Results confirmed that construction of these three major
dams in the Wang River did not greatly impact sediment supply from the Wang River to the CPR
system. The dam site and sediment load variation along the river are the primary factors controlling
the impact of the dam construction.

Keywords: riverine sediment processes; sediment load; bedload; suspended sediment load; hu-
man activity

1. Introduction

During the past several decades, changes in riverine sediment flux have been re-
ported due to human activities such as deforestation, damming, water diversion, and sand
mining [1–5]. Modification of riverine transport patterns directly affects sediment load
carried to coastal oceans. Dams are one of the common structures widely used in water
management systems worldwide. Dam construction disturbs river flow regimes, resulting
in a change in sediment transport processes [6–32]. Different degrees in sediment reduction
due to damming were observed in many major rivers around the world. For example,
construction of the Three Gorges Dam in the Yangtze River [11–18], the High Aswan Dam
in the Nile River [19–21], the Hoa Binh Dam in the Red River [22–25], and many dams
in the Mekong River such as the Manwan Dam [26–32] has caused sediment reduction
of 60%, 98%, 61–70%, and 40–96%, respectively. Dams impound sediment behind the
structure and alter river flow and sediment loads downstream; differences in geological
setting and hydrological conditions, including dam location, may cause different impacts
on sediment load in a river. Regarding the adverse effects of damming on sediment supply
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to coastal environments, it has been questioned whether a dam is still a proper tool for
serving sustainable water management. Therefore, understanding changes in sediment
transport regimes responding to damming is crucial to develop sustainable water and
coastal management [33–43].

The Chao Phraya River Basin (Figure 1), the largest in Thailand, has delivered fluvial
sediments into the Gulf of Thailand forming the Chao Phraya Delta at a progradation rate of
1.5 km2/y during the past 2000 years [33]. However, the Chao Phraya Delta has undergone
severe shoreline retreat, with an average recession rate of over 7 m/y during the last six
decades [41]. Many studies have suggested that construction of major dams in the CPR
tributaries (the Bhumibol and Sirikit Dams in the Ping and Nan Rivers, respectively) has
caused a 75–85% reduction in sediment yield to the Chao Phraya Delta and is responsible
for delta shoreline recession [44–47]. Recently, Namsai et al. [5] reported that construction
of the Bhumibol Dam caused only about a 5% reduction in sediment supplied from the Ping
tributary to the CPR. The Wang River is one of four major CPR tributaries that supplies
water and sediment to the Chao Phraya Delta. Construction of three large dams as the
Kiew Lom Dam in 1972, Mae Chang Dam in 1979, and Kiew Koh Ma Dam in 2008 on the
Wang River deviated sediment loads to the CPR by some degree.
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Figure 1. Map of the Chao Phraya River Basin, Thailand: (a) Wang River Basin and location of dams in the Chao Phraya
River system; (b) locations of hydrological stations operated by the Royal Irrigation Department (RID) and observation sites
in this study.

Rivers are complicated nonlinear dynamic systems [48] and changes in geological and
hydrological features along each river basin influence sediment characteristics. River sedi-
ment data are vital for water resources management and environmental impact evaluation.
In Thailand, sediment data collected in most rivers are insufficient for water resources plan-
ning and assessment of the anthropologic impact, especially the effects of dam construction
on fluvial sediment loads. Moreover, sediment characteristics along the Wang River have
not been studied and documented. Therefore, the objectives of this study were to (1) exam-
ine sediment characteristics of the Wang River based on river observations, (2) evaluate the
temporal variation of sediment loads along the Wang River, and (3) systematically assess
the impacts of three major dams (Kiew Lom, Mae Chang, and Kiew Koh Ma) on sediment
supply from the Wang River to the CPR system.
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2. Materials and Methods
2.1. Study Area

The Wang River Basin is one of the four river basins forming the Chao Phraya River
system (Figure 1) with a drainage area of approximately 10,800 km2. The Wang River
originates in the northmost mountain range of Thailand, Phi Pan Nam Range, and drains
southward before traversing lowland areas in the middle north, merging with the Ping
River 30 km downstream of Bhumibol Dam [49]. The Ping River then merges with the
Nan River forming the Chao Phraya River at Nakhon Sawan [34,50,51]. The gradient of
the river varies from 1:600 to 1:4000, as shown in Figure 2, with a mainstream length of
approximately 460 km [51].
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Figure 2. Longitudinal profile of the Wang River showing locations of RID hydrological stations (red triangles) and
observation sites (grey diamonds). The zero mark on the x-axis represents the Wang River outlet.

The Wang River can be divided into upper, middle, and lower basins. The upper
basin is dominated by mountainous features [49]. The mainstream channel of this portion
is 20–60 m wide and 1.5–3 m deep, while the river slope ranges between 1:600 and 1:830.
The middle basin is characterized by highland areas with a river gradient of 1:1790. The
river width varies between 60 and 150 m with the depth between 5 and 10 m. The lower
basin comprises a lowland area with a slope of about 1:4000. Similar to the middle basin,
the width and depth of the river range between 60 and 150 m and 5 and 10 m, respectively.

The Wang River Basin is located in a tropical monsoon region. The northeast monsoon
influences the climate from November to mid-March causing the dry season, while the wet
season is dominated by the southwest monsoon from mid-May to September [49]. Average
annual rainfall is 1100 mm, and almost 90% occurs during the wet season [49]. Average
annual runoff is 1800 million cubic meters per year (MCM/y), as 16% of the Ping River
annual runoff [49–51]. More than 94 small dams and reservoirs have been constructed
in the Wang River Basin for irrigation, hydropower generation, flood mitigation, and
fisheries [49]. The three large dams with storage of more than 100 × 106 m3 as the Kiew
Lom (1972), Mae Chang (1979), and Kiew Koh Ma (2008) were constructed in the upper
and middle basins (Figure 1b).
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2.2. Variability and Trend Analysis on River Discharges and Sediment Loads

To study the variability of river flow and sediment load along the Wang River, his-
torical daily river discharge (Qw) and daily suspended sediment (Qs) data between 1929
and 2019 were obtained from the Royal Irrigation Department (RID). Daily streamflow
and sediment data were collected at eight hydrological stations (W.25, W.16A, W.1C, W.3A,
W.23, W.4A, P.17, and C.2 in Figure 1b). Stations W.25 and W.16A are in the upper Wang
River Basin, while Station W.1C is in the middle basin. Stations W.3A, W.23, and W.4A are
in the lower basin. In this study, data recorded at Stations P.17 (200 km downstream from
the Wang–Ping confluence) and C.2 (5 km downstream from the confluence of the Chao
Phraya River) were used to assess the effects of the three major dams on sediment supplied
from the Wang to the CPR. Details of river discharge and suspended sediment data at each
station are summarized in Table 1. Since bedload data are not available, the total sediment
load in the Wang River system was analyzed using the sediment rating curves and bed to
suspended sediment ratios from the river survey data described in Namsai et al. [5].

Table 1. Summary of available data and statistics of streamflow and suspended sediment at RID hydrological stations on
the Wang River, Ping River, and Chao Phraya River (CPR) (significance accepted at p-value < 0.05).

Station 1 Dist. Drainage
Data Period Max. Ave. Min. 4 p-Value 5 Trend

(River) (km) (km2)

W.25 388 762
2 Qw

(m3/s)
2009–2019 186 5 ~0 0.879 Decreasing

(Wang) 3 Qs (t/d) 2009–2019 14,325 81 ~0 0.879 Decreasing

W.16A 335 1392 Qw
(m3/s) 1971–2019 510 8 ~0 0.425 Decreasing

(Wang) Qs (t/d) 1986–2019 47,554 140 ~0 0.0036 Decreasing

W.1C 241 3478 Qw
(m3/s) 1929–2019 820 22 ~0 <0.0001 Decreasing

(Wang) Qs (t/d) 1994–2019 24,245 213 ~0 0.012 Decreasing

W.3A 124 8985 Qw
(m3/s) 1967–2019 2814 42 ~0 0.247 Decreasing

(Wang) Qs (t/d) 1997–2019 87,782 554 ~0 0.540 Decreasing

W.23 71 9930 Qw
(m3/s) 2001–2019 1342 42 ~0 0.093 Decreasing

(Wang) Qs (t/d) 2001–2019 83,457 726 ~0 0.068 Decreasing

W.4A 30 10,493 Qw
(m3/s) 1972–2019 1074 40 ~0 0.581 Decreasing

(Wang) Qs (t/d) 1989–2000 37,150 582 ~0 0.101 Decreasing

P.17 –200 45,297 Qw
(m3/s) 1954–2019 2351 252 ~0 0.507 Decreasing

(Ping) Qs (t/d) 2001–2019 32,902 1753 9 0.127 Decreasing

C.2 –242 109,973 Qw
(m3/s) 1956–2019 5450 711 15 0.316 Decreasing

(CPY) Qs (t/d) 1965–2019 493,805 13,705 236 0.001 Decreasing
1 Distance from the Wang River outlet: + sign is distance from the outlet toward upstream; – sign is distance from the outlet toward
downstream; 2 Qw is river discharge (m3/s); 3 Qs is suspended sediment load (t/d); 4 p-value; 5 trend refer to the Mann–Kendall test;
statistically significant trend is marked as bold text.

Long-term trends of streamflow and sediment data along the Wang River were studied
using a non-parametric statistical method, the Mann–Kendall (MK) test [52,53], that has
been broadly used to identify significance of trends in hydro-meteorological time series
with skewness and missing data [4,5,40,54–58]. For a given the time series of X(x1, x2, . . . ,
xn), the MK statistic, S, is defined as Equation (1).

S =
n−1

∑
i=1

n

∑
j=i+1

sgn
(
Xj − Xi

)
(1)
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where the Xj are the sequential data values, n is the length of the dataset, and sgn(θ) can be
obtained from Equation (2).

sgn(θ) =


1, i f θ > 0
0, i f θ = 0
−1, i f θ < 0

(2)

The statistic S is approximately normally distributed when n ≥ 8, with the mean and
the variance as follows:

E[S] = 0 (3)

V(S) =
n(n− 1)(2n + 5)−∑n

i=1 tii(i− 1)(2i + 5)
18

(4)

where ti is the number of ties of extent i.
The standardized test statistic (Z) of the MK test and the corresponding p-value (p) for

the one-tailed test are, respectively, given by:

Z =


S−1√
V(S)

, i f S > 0

0, i f S = 0
S+1√
V(S)

, i f S < 0

(5)

p = 0.5−Φ(|Z|) (6)

(Φ|Z|) = 1√
2π

∫ |Z|
0

e
−t2

2 dt (7)

Positive and negative Z values indicate an upward and downward trend, respectively.
At the significance level of 0.05, if p≤ 0.05, the existing trend is considered to be statistically
significant [58]. A plot between cumulative the river discharge and cumulative the sediment
load (double mass curve, DMC) is extensively used to detect the significant influence of
human activities on the hydrological regime [14,16,40,59]. Therefore, DMC plots of river
discharge and TSL data covering pre- and post-dam construction were used to evaluate
the impacts of the Kiew Lom Dam, Mae Chang Dam, and Kiew Koh Ma Dam on sediment
loads in the Wang and Chao Phraya Rivers.

2.3. River Discharge and Sediment Observation

Bedload (BL) data are mostly unavailable in Thailand, and suspended sediment load
(SSL) data recorded at hydrological stations were insufficient to analyze dynamic sediment
processes and evaluate the impact of damming in the Wang River Basin. Therefore, hydro-
graphic surveys were carried out twice in 2019 (during wet and dry seasons) at 18 sites
along the Wang River (XW.1–XW.18 in Figure 2). The XW.1–XW.4 and XW.5–XW.13 were
located in the upper and middle reaches. The remaining five sites (XW.14–XW.18) were
operated along the lower reach of the Wang River. Observation parameters consisted
of streamflow (Q), river flow area (A), suspended sediment concentration (C), bedload
transport rates (Qb), and bed material. An acoustic Doppler current profiling system
(ADCP), Sontek River Surveyor M9 (M9), was used to measure streamflow and river flow
area with an accuracy of ±0.25 cm/s for river velocity measurement and 1% for water
depth measurement. Resolution of the flow velocity and water depth measurement was
0.001 m/s and 0.001 m, respectively.

To evaluate suspended sediment discharge along the river, a depth-integrating
suspended-sediment sampler, US D-49, was used to assemble water samples at each
observation site. In contrast, a US DH-48 was used to obtain samples only when the
river section was shallow enough for the investigator to wade across. For suspended
sediment sampling, the river was split into 5–11 sections with equal-width increments.
Depth-integrated samples in vertical were collected at the center of each increment by
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lowering the device to reach the river bed then immediately raising to the surface to collect
water sample at about 90% of the sampler volume [60]. Water samples were sent to the
soil laboratory to analyze sediment concentration described in Namsai et al. [5]. The SSL
(Qs) at each river section was estimated from the product between the suspended sediment
concentration and the corresponding discharge (Qw).

To measure bedload (Qb) along the Wang River, a standard Helley–Smith (U.S. BL-84)
sampler, which is pressure different sampler [61], was used. The sediment samples were
taken at the locations corresponding to the suspended sediment sampling with a sampling
period of between 1 and 3 min. The samples were sent to a soil laboratory to dried at
105 ◦C and weighed in a soil laboratory. To determine sediment grain size distribution, each
dried sample was sieved and weighed using a standard test method of soil particle-size
analysis (ASTM D422). Bedload transport rate (Qb) was then estimated, as described in
Namsai et al. [5,62–64]. In this study, bed materials were collected at the left, middle, and
right locations of a river cross-section. At each sampling location, about 1–2 kg of surface
bed material with a sampling depth of about 20 cm was taken using a Van Veen grab. Each
sample was kept in a plastic bag and sealed. All samples were then delivered to a soil
laboratory for analyzing grain size distribution using the same procedures as the bedload
sample analysis.

3. Results
3.1. River Flow and Sediment Characteristics along the Wang River

Table 2 shows river flow and sediment data measured during both dry and wet
seasons at 18 locations (XW.1–XW.18 in Figure 2) along the Wang River, while Figure 3
illustrates variations of streamflow, bedload, and suspended sediment load, including bed
material at each observation site. Based on the observed data, river flow and sediment
characteristics of the Wang River can be summarized for the upper reach (XW.1–XW.6), the
middle reach (XW.7–XW.13), and the lower reach (XW.14–XW.18) as follows.

Water 2021, 13, 2146 7 of 20 
 

 

XW.4 334.6 12.6 0.13 1.6 0.92 0 0.92 0 0 2.50 

XW.5 319.6 13.5 0.22 2.9 0.98 3.56 4.54 3.63 0.78 2.50 

XW.6 308.4 24.0 0.38 9.2 16.14 3.64 19.78 0.23 0.18 1.46 

XW.7 284.0 20.0 0.27 5.4 1.76 7.34 9.10 4.17 0.81 3.70 

XW.8 277.5 45.6 0.14 6.4 3.71 0 3.71 0 0 1.35 

XW.9 247.6 8.1 0.82 6.6 17.04 2.65 19.69 0.16 0.14 1.41 

XW.10 240.3 32.8 0.35 11.4 48.76 3.43 52.19 0.07 0.07 1.52 

XW.11 217.0 229.1 0.12 26.5 37.79 0.04 37.83 0.001 0.001 0.68 

XW.12 197.8 75.7 0.37 27.8 17.29 0.85 18.14 0.05 0.05 0.61 

XW.13 165.2 132.7 0.22 29.3 37.22 0.26 37.48 0.01 0.01 1.40 

XW.14 123.7 72.8 0.39 28.2 49.45 0.88 50.33 0.02 0.01 1.98 

XW.15 71.1 44.7 0.41 18.4 12.4 9.65 22.05 0.78 0.45 0.54 

XW.16 53.8 50.7 0.53 26.9 92.73 34.97 127.7 0.38 0.27 0.69 

XW.17 34.7 43.6 0.59 25.8 107.66 32.28 139.94 0.30 0.23 1.07 

XW.18 3.1 67.3 0.32 21.2 67.23 6.82 74.05 0.10 0.09 0.84 
1 A is flow area; 2 V is flow velocity; 3 Qw is river discharge; 4 Qs is suspended sediment load; 5 Qb is bedload; 6 Qt is total 

sediment load. d50 is median grain size of the bed materials. 

 

Figure 3. Observations along the Wang River during 2019: (a) river discharge; (b) median size bed material (d50); (c) sus-

pended sediment load and bedload. 

In the dry season of 2019, streamflow in the upper Wang River Basin was 0.1–0.7 m3/s 

and 1.8–4.1 m3/s upstream and downstream of the Kiew Koh Ma Dam, respectively. In the 

Figure 3. Observations along the Wang River during 2019: (a) river discharge; (b) median size bed
material (d50); (c) suspended sediment load and bedload.



Water 2021, 13, 2146 7 of 20

Table 2. Observed streamflow and sediment data along the Wang River 2019.

Site Dist.
(km)

1 A
(m2)

2 V
(m/s)

3 Qw
(m3/s)

4 Qs
(t/d)

5 Qb
(t/d)

6 Qt
(t/d)

Qb/Qs Qb/Qt
d50

(mm)

Dry season
XW.1 387.6 2.8 0.05 0.1 0.11 0 0.11 0 0 1.78
XW.2 383.4 13.9 0.01 0.1 0.08 0 0.08 0 0 0.73
XW.3 361.9 7.0 0.10 0.7 0.4 0 0.40 0 0 1.33
XW.4 334.6 13.4 0.16 2.1 1.7 0.40 2.10 0.24 0.19 2.47
XW.5 319.6 7.9 0.23 1.8 4.59 1.61 6.20 0.35 0.26 2.11
XW.6 308.4 30.7 0.13 4.1 5.7 0 5.70 0 0 1.20
XW.7 284.0 38.6 0.04 1.7 0.63 0 0.63 0 0 2.24
XW.8 277.5 3.3 0.79 2.3 0.88 0.56 1.44 0.64 0.39 0.85
XW.9 247.6 10.5 0.35 3.7 11.01 1.15 12.16 0.10 0.10 0.53
XW.10 240.3 57.5 0.07 3.9 6.44 0 6.44 0 0 1.12
XW.11 217.0 232.6 0.02 5.1 24.74 0 24.74 0 0 1.50
XW.12 197.8 33.6 0.18 6.2 3.22 0 3.22 0 0 1.19
XW.13 165.2 80.5 0.07 5.5 1.24 0 1.24 0 0 0.92
XW.14 123.7 49.3 0.10 5.1 3.53 0 3.53 0 0 2.07
XW.15 71.1 28.0 0.25 6.9 2.62 0.26 2.88 0.10 0.09 0.69
XW.16 53.8 21.4 0.31 6.7 2.32 0.11 2.43 0.05 0.05 0.60
XW.17 34.7 15.4 0.38 5.8 1.7 0.07 1.77 0.04 0.04 1.63
XW.18 3.1 45.7 0.14 6.5 6.86 0 6.86 0 0 1.03

Wet season
XW.1 387.6 3.4 0.22 0.8 0.48 0.39 0.87 0.81 0.45 1.77
XW.2 383.4 11.5 0.10 1.1 0.94 0 0.94 0 0 2.40
XW.3 361.9 11.3 0.20 2.2 2.95 0.64 3.59 0.22 0.18 1.24
XW.4 334.6 12.6 0.13 1.6 0.92 0 0.92 0 0 2.50
XW.5 319.6 13.5 0.22 2.9 0.98 3.56 4.54 3.63 0.78 2.50
XW.6 308.4 24.0 0.38 9.2 16.14 3.64 19.78 0.23 0.18 1.46
XW.7 284.0 20.0 0.27 5.4 1.76 7.34 9.10 4.17 0.81 3.70
XW.8 277.5 45.6 0.14 6.4 3.71 0 3.71 0 0 1.35
XW.9 247.6 8.1 0.82 6.6 17.04 2.65 19.69 0.16 0.14 1.41
XW.10 240.3 32.8 0.35 11.4 48.76 3.43 52.19 0.07 0.07 1.52
XW.11 217.0 229.1 0.12 26.5 37.79 0.04 37.83 0.001 0.001 0.68
XW.12 197.8 75.7 0.37 27.8 17.29 0.85 18.14 0.05 0.05 0.61
XW.13 165.2 132.7 0.22 29.3 37.22 0.26 37.48 0.01 0.01 1.40
XW.14 123.7 72.8 0.39 28.2 49.45 0.88 50.33 0.02 0.01 1.98
XW.15 71.1 44.7 0.41 18.4 12.4 9.65 22.05 0.78 0.45 0.54
XW.16 53.8 50.7 0.53 26.9 92.73 34.97 127.7 0.38 0.27 0.69
XW.17 34.7 43.6 0.59 25.8 107.66 32.28 139.94 0.30 0.23 1.07
XW.18 3.1 67.3 0.32 21.2 67.23 6.82 74.05 0.10 0.09 0.84

1 A is flow area; 2 V is flow velocity; 3 Qw is river discharge; 4 Qs is suspended sediment load; 5 Qb is bedload;
6 Qt is total sediment load. d50 is median grain size of the bed materials.

In the dry season of 2019, streamflow in the upper Wang River Basin was 0.1–0.7 m3/s
and 1.8–4.1 m3/s upstream and downstream of the Kiew Koh Ma Dam, respectively. In the
middle basin, river flow ranged from 1.7 m3/s at the upper part to 6.2 m3/s in the lower
part of the basin, while river flow in the lower basin increased to 5–7 m3/s (Figure 3a). In
the upper reach, the river channel upstream from the Kiew Koh Ma Dam was characterized
by coarse to very coarse sand with d50 of 0.73–1.78 mm, while the bed material downstream
from the dam was composed of very coarse sand to pebbles. The middle and lower reaches
were mainly composed of coarse sand to very coarse sand with d50 ranging between 0.5
and 2 mm (Figure 3b). In the upper basin, SSL values observed upstream and downstream
from the Kiew Koh Ma Dam were 0.1–0.4 t/d and 1.7–5.7 t/d, respectively (Table 2). The
middle basin yielded SSL of 0.63–0.88 t/d upstream from the Kiew Lom Dam and 6–25 t/d
downstream of the dam. At the mid-point of the middle basin, the SSL increased to 25 t/d
before reducing to lower than 3.5 t/d at the sub-basin outlet (Figure 3c). The SSL along the
lower reach was lower than 3.5 t/d except near the outlet of the basin, when SSL increased
to 7 t/d. Bedload transport in the Wang River was very low (less than 0.3 t/d) during the
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dry season. In the upper and middle reaches, bed loads of 0.4–1.6 t/d and 0.5–1.2 t/d were
recorded downstream of the Kiew Koh Ma and Kiew Lom Dams, respectively. Proportions
between BL and SSL in the upper, middle, and lower basins were 0–0.35, 0–0.60, and
0–0.1, respectively.

During the wet season of 2019, river flow in the upper basin tended to increase toward
downstream with a flow rate of 0.4–9.2 m3/s. In the middle reach, river flow also increased
from 5.5 m3/s downstream of the Kiew Lom Dam to about 30 m3/s at the basin outlet
(XW.13) (Figure 3a). However, river discharge in the lower basin fluctuated in a narrow
range of 18–28 m3/s. Bed material along the river during the wet season was generally
similar in type to the dry season. The SSL in the upper basin ranged between 0.5 and
16.14 t/d, while SSL in the middle reach increased from 1.76 t/d downstream from the
Kiew Lom Dam to 37 t/d at the end of the middle basin (Figure 3c). The SSL fluctuated
between 12 t/d and 108 t/d along the lower basin. Opposite to the dry season, BL was
observed along the Wang River in the wet season. In the upper reach, the BL ranged
0–0.64 t/d upstream from the Kiew Koh Ma Dam and 0–3.6 t/d downstream from the dam.
Along the middle reach, the BL fluctuated between 0 and 7.3 t/d, and maximum BL was
found downstream from the Kiew Lom Dam. The BL in the lower basin varied from 0.9 to
35 t/d but decreased to less than 7 t/d at the outlet of the basin. During the wet season,
the BL to SSL ratio in the upper and middle basins varied between 0 and 3.6 and 0 and 4.2,
respectively. The ratio reduced to 0–0.78 in the lower basin.

3.2. Historical River Flow and Sediment Loads
3.2.1. Historical River Flow along the Wang River

Time series of annual river discharge observed at Stations W.25, W.16A, W.1C, W.3A,
W.23, and W.4A from 1929 to 2019 are illustrated in Figure 4. Based on daily river discharge
data analysis, basic statistical parameters representing river flow characteristics along the
Wang River are summarized in Table 1. Average streamflow along the Wang River varied
from 5 m3/s (in the upper river basin) to about 43 m3/s (in the lower river basin), and river
flow tended to increase toward downstream. Average discharge measured 30 km upstream
from the river basin outlet (W.4A) as flow from the Wang River accounted for 15% of the
flow in the Ping River at P.17 on average.

River discharge measurement at W.25 and W.16A indicated that river flow in the
upper river basin increased toward downstream with average discharge of 5 and 8 m3/s
at W.25 and W.16A, respectively. Based on 50 years of data recorded at W.16A, high river
discharges occurred several times (Figure 4) because of tropical storms. Maximum daily
river discharge of 510 m3/s occurred at the outlet of this sub-river basin in September
2005 due to typhoon “Damrey” that produced widespread severe flooding in Northern
Thailand. However, no statistical trend was observed in river discharge in the upper basin
in the past five decades (p-value > 0.05).

Streamflow in the middle river basin measured at W.1C varied between 0 and 820 m3/s
with average discharge of about 22 m3/s. Similar to the upper river basin, maximum daily
discharge of 820 m3/s was caused by typhoon “Damrey.” Almost a century of data recorded
at W.1C indicated that river flow in this sub-basin statistically decreased (p-value < 0.0001).
In the lower river basin, records of river flow along the lower reach (W.3A, W.23, and
W.4A) showed that average discharge in the lower basin was double that of the middle
basin. River discharge ranged between 0 and 2800 m3/s. Based on average and maximum
discharge, river flow in the lower basin likely decreased toward downstream (Table 1) as
the river cross-section was smaller in the downstream direction. Maximum discharge along
the lower reach occurred during major tropical storms; however, increasing or decreasing
trends were not found in river runoff of the lower basin.
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Results in Table 1 showed that average discharge at P.17 located in the Ping River (200 km
downstream from the confluence of the Wang and Ping Rivers) varied by 0–2350 m3/s, while
discharge at C.2 located 5 km after the Ping River merged with the Nan River forming
the CPR ranged between 15 and 5450 m3/s. With average discharges at P.17 of 252 m3/s
and at C.2 of 711 m3/s, the Ping River runoff supplied about 35% of the CPR flow with no
statistical trend in river flow volume during the past five decades.

3.2.2. Historical Suspended Sediment Loads along the Wang River

Time series of annual SSL at each hydrological station observed from 1965 to 2019
are presented in Figure 5, and results from the basic statistical analysis of daily SSL data
are summarized in Table 1. Analysis of daily sediment data indicated that suspended
sediment load increased toward downstream. In the upper reach, the SSL varied between
0 and 47,554 t/d with an average SSL of 80 and 140 t/d at W.25 and W.16A, respectively.
Maximum SSL of 47,554 t/d occurred near the sub-basin outlet (W.16A) during the Thailand
Great Flood of 2011. MK analysis on sediment data at W.16A from 1986 to 2019 indicated
that the SSL of the upper basin had a statistically decreasing trend (p-value = 0.0036;
Table 1). Between 1986 and 2007, the upper basin yielded annual SSL of 16,000–220,000 t/y
with an average of 100,000 t/y. However, annual SSL plummeted to 1000–28,000 t/y after
the Kiew Koh Ma Dam became operational in 2008.

In the middle Wang River Basin, average SSL observed at W.1C ranged from 0 to
24,245 t/d between 1994 and 2019, while average SSL of the sub-basin was 213 t/d. Results
from the trend analysis showed a significantly decreasing trend in SSL in the middle basin
(p-value = 0.012; Table 1). Annual sediment data available at W.1C in the middle basin
yielded 36,000–152,000 t/y of suspended sediment load before construction of the Kiew
Koh Ma Dam (Figure 5b). Annual SSL reduced to 7000–89,000 t/y after dam construction,
except in 2010 and 2011, when SSL levels were greater than 152,000 t/y due to severe floods.
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Analysis of sediment data measured at W.3A, W.23, and W.4A showed that daily SSL
along the lower Wang River Basin varied between 0 and 87,782 t/d, with an average of
2.6–3.4 times greater than that in the middle basin. Highest daily SSL was found at W.3A
(124 km from the river outlet) during the Great Flood of 2011; however, the flood caused
maximum annual SSL recorded at each hydrological station. Results from the MK analysis
indicated no increasing or decreasing trends in SSL in the lower basin. Table 1 shows that
average SSL at the outlet of the Wang River (582 t/d at W.4A) accounted for about 33% of
the average SSL of the Ping River (1753 t/d) and about 4% of the CPY (13,705 t/d).

3.2.3. Relationship between River Flow and Suspended Sediment Load

The relationship between daily SSL (Qs) and daily streamflow (Qw) observed at each
hydrological station was plotted, as shown in Figure S1. The plots indicated that daily
SSL measured at most hydrological stations along the Wang River had a strong correlation
with daily streamflow (coefficient of determination R2 at greater than 0.82). However, the
SSL measured at W.16A and C.2 had poor correlation with the daily discharge after 2008
and 1972, respectively (see Figure S1b,h). Relationships between daily streamflow and SSL
analyzed by the linear regression method are presented as Equations (8)–(16):

Station W.25 Qs = 2.881Q1.559
w R2 = 0.89 (8)

Station W.16A (before 2008) Qs = 3.701Q1.489
w R2 = 0.92 (9)

Station W.16A (after 2008) Qs = 0.699Q1.384
w R2 = 0.57 (10)

Station W.1C Qs = 0.991Q1.565
w R2 = 0.82 (11)

Station W.3A Qs = 0.419Q1.663
w R2 = 0.85 (12)

Station W.23 Qs = 0.847Q1.574
w R2 = 0.90 (13)

Station W.4A Qs = 1.663Q1.444
w R2 = 0.90 (14)

Station C.2 (from 1965 to 1971) Qs = 0.026Q2.099
w R2 = 0.89 (15)
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Station C.2 (from 1972 to 2019) Qs = 1.221Q1.316
w R2 = 0.63 (16)

where Qs represents daily SSL (t/d), and Qw represents daily streamflow (m3/s).

3.2.4. Variability of Sediment Loads along the Wang River

The summation of SSL and BL represents the total sediment load (TSL) transported
along the river. TSL at each hydrological station was estimated to evaluate the variability of
sediment load along the Wang River, including the effects of damming on sediment loads
supplied to the CPY River system. Measured SSL data were discontinuous and only avail-
able for a few recent decades in some locations. Therefore, Equations (8)–(16) were used to
estimate missing SSL data at each hydrological station (pre- and post-construction of the
three major dams). The BL at each station along the Wang River was approximated using
the BL/SSL ratios observed at the corresponding sites (XW.1 for W.25, XW.10 for W.16A,
XW.14 for W.1C, XW.15 for W.23, and XW.17 for W.4A), while BL values at P.17 and C.2
were calculated using the BL/SSL ratio studied by Namsai et al. [5] and Bidorn et al. [35],
respectively. Time series and a statistical summary of estimated annual TSL along the Wang
River Basin between 1929 and 2019 are presented in Figure S2 and Table 3, respectively.
Based on river flow and sediment load averaged over the same time periods (1972–2007,
2001–2019, and 2009–2019), variations in average river flow and total sediment load along
the Wang River were plotted, as shown in Figure 6a,b, respectively. Results indicated
that streamflow along the Wang River at each time period generally increased toward
downstream but slightly fluctuated along the lower reach. Average TSL tended to increase
downstream and ranged 0.001–0.036 × 106 t/y along the upper and middle reaches. The
TSL increased in the lower reach (0.01–2.14× 106 t/y), while maximum TSL value occurred
at the mid-point of the basin with an average of 0.45 × 106 t/y (Table 3). Results from the
trend analysis revealed that TSL at the Wang River outlet (W.4A) showed no increasing
or decreasing trend, although a statistically significant decreasing trend was found at the
upper, middle, and lower reaches.

Table 3. Summary of estimated total sediment load (Qt) at RID hydrological stations on the Wang River and Station C.2 on
the Chao Phraya River (significance accepted at p-value < 0.05).

Station
1 Dist.
(km)

Drainage
(km2) Period

Qt (×106 t/y)
2 p-Value 3 Trend

Max. Ave. Min.

W.25 +388 762 2009–2019 0.11 0.04 0.001 0.879 Increasing
W.16A +335 1392 1971–2019 0.29 0.07 0.001 0.002 Decreasing
W.1C +241 3478 1929–2019 0.36 0.10 0.003 <0.0001 Decreasing
W.3A +124 8985 1967–2019 1.03 0.20 0.01 0.337 Decreasing
W.23 +71 9930 2001–2019 2.14 0.45 0.01 0.023 Decreasing
W.4A +30 10,493 1972–2019 1.44 0.26 0.01 0.927 Increasing
P.17 –200 45,297 1954–2019 2.66 0.82 0.18 0.128 Decreasing
C.2 –242 109,973 1956–2019 21.81 4.83 0.60 0.003 Decreasing
1 Distance from the Wang River outlet: + sign is the distance from the outlet toward upstream, – sign is the distance from the outlet toward
downstream; 2 p-value; 3 trend refers to the Mann–Kendall test and significant trend is marked as bold.

3.3. Effect of Large Dam Constructions on Sediment Loads in the Wang River

To evaluate the effects of dam construction on sediment load in the Wang River and
sediment supply from the Wang River to the Chao Phraya River, double mass curves
(DMC) of cumulative annual river runoff and cumulative total sediment load at six stations
were plotted, as shown in Figure 7. This study focused on assessing the influences of
construction of the Kiew Lom, Mae Chang, and Kiew Koh Ma Dams in 1972, 1979, and
2008, respectively. The DMC of Station W.16A (Figure 7a) located in the upper basin
downstream from the Kiew Koh Ma Dam revealed a decline in slope in 2008 when the
Kiew Koh Ma Dam became operational. Figure 7b shows the DMC of W.1C located in the
middle reach downstream of the Kiew Lom Dam. After the Kiew Lom Dam construction in



Water 2021, 13, 2146 12 of 20

1972, an increase in the DMC slope occurred in 1973 due to the tropical depression “Louise.”
However, a change in the DMC slope due to construction of the Kiew Koh Ma Dam in 2008
was not observed. In the lower basin, a decrease in slope of the DMC at W.3A (Figure 7c)
indicated the effect of the construction of the Mae Chang Dam in 1979. However, the Mae
Chang Dam only slightly affected the DMC slope of W.4A (Figure 7d) located at the end of
the Wang River. Figure 7e shows that the construction of the three major dams in the Wang
River caused an insignificant change in the slope of the DMC at P.17. Similarly, the slope of
the DMC at C.2 (Figure 7f) showed no obvious change after the construction of the dams in
1972, 1979, and 2008.
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4. Discussion
4.1. Sediment Characteristics

The Wang River Basin is a dendritic drainage basin. River gradient in the upper and
middle Wang River reaches is characterized as mountainous (1:600–1:1800), while the lower
basin is considered as a floodplain (1:4000) [49]. Based on the observed sediment data,
the upper reaches of the Wang River (1:600–1:830) are characterized by coarse sand to
pebbles, with pebble beds found mainly near the dams. The middle and lower reaches,
where the river gradient is milder than 1:1700, are composed of coarse to very coarse
sand. Results from historical sediment data analysis revealed that SSL along the river
was strongly correlated with river runoff. The SSL in the upper basin was lower than in
the lower basin due to a smaller river cross-section. Sediment loads generally tended to
increase further downstream (Table 1) because of the larger drainage area, but observed
data in this study (Table 2) indicated that SSL decreased downstream of the Kiew Koh Ma
Dam (XW.4) and Kiew Lom Dam (XW.7 and XW.8). Sediment loads increased drastically in
the lower basin with extra sediment supplied from the Mae Chang and Mae Tam Rivers
that are major tributaries of the Wang River (Figure 6b). In the lower basin, river discharge
was relatively persistent but both historical and observed sediment data indicated that SSL
increased in the middle of the lower reach due to sediment supplied from several streams.
The SSL near the outlet of the Wang River noticeably declined because of reduction in the
cross-section of the river.

The Wang River is one of four major tributaries (Ping, Wang, Yom, and Nan) forming
the Chao Phraya River but sediment processes in this system have never been systematically
studied and documented. Generally, about 10–20% of the total sediment load is transported
as bedload in non-mountainous rivers, with 20–30% for mountainous rivers [64]. In Thai-
land, the RID conventionally estimated BL as 30% of SSL or 23% of TSL in water resources
planning and design [65]. The Wang River Basin is characterized by both mountainous
areas and floodplains. Results from this study revealed that BL in the upper and middle
reaches with mountainous features accounted for 0–80% of the TSL (Table 2), while 0–45%
of the TSL in the lower basin (non-mountainous river) was transported as BL. BL was
higher than SSL at XW.5 (78%) and XW.7 (80%), downstream of the Kiew Koh Ma and Kiew
Lom Dams, respectively. In the lower reach, sediment transport as BL at more than 40% of
TSL was found at XW.15 (W.23), where sediment was supplied from several streams.

Results from this study revealed that sediment characteristics of the Wang River
differed from general rivers. The Wang has a small river basin situated between the Ping
and Yom River Basins (Figure 1a). Sediment characteristics were also different from these
two rivers. The mountainous Ping River Basin is 3.2 times larger than the Wang River Basin
but BL transport in the upper reaches accounted for less than 4% of the TSL [5], while BL in
the middle and lower reaches with a river gradient of about 1:2700 varied between 30 and
98% of the TSL [5]. BL values higher than 80% of the TSL were found downstream from
the Bhumibol Dam and were influenced by dam operation [5]. Similarly, BL at 78–80% of
the TSL was found downstream of the Kiew Koh Ma and Kiew Lom Dams. The Yom River
at 2.2 times greater than the Wang River drainage area, comprises non- and mountainous
river reaches. Unlike the lower reach of the Wang River, Namsai et al. [40] reported that
sediment transport in the Yom lower reach, with a gradient less than 1:9000, was mostly
suspended load and BL was less than 5% of the TSL. Our results revealed that sediment
characteristics of each river were unique and area specific. Systematic and continuous
observations are required to obtain reliable sediment data for effective and sustainable
planning and design of water resources projects.

4.2. Sediment Dynamics

To evaluate the effect of sediment variation in the Wang River on the Chao Phraya
River, long-term TSL data were used covering pre- and post-construction of the major dams.
Figure 8 illustrates the variation of TSL at W.16A, W.1C, W.4A, P.17, and C.2 between 1929
and 2019. Data at W.16A during the past five decades revealed that TSL in the upper basin
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after operation of the Kiew Lom Dam varied from 0.001 to 0.29 × 106 t/y with an average
of 0.07 × 106 t/y. Results from the MK analysis in Table 3 indicated a statistically declining
trend (p-value = 0.002) in TSL in the upper basin. Meanwhile, 90-year TSL data at W.1C
covering pre- and post-construction of the Kiew Lom and Kiew Koh Ma Dams revealed
that the middle basin yielded 0.003–0.36 × 106 t/y with an average of 0.10 × 106 t/y. The
MK analysis of TSL in the middle basin also showed a decreasing trend. Based on the
sediment data analysis, average TSL at W.1C in the middle basin from 1929 to 1971 (before
Kiew Lom Dam construction in the upper basin) averaged 0.12 × 106 t/y. This reduced to
0.08 × 106 t/y between 1972 and 2007 (after Kiew Lom Dam operation and before Kiew
Koh Ma Dam construction) and decreased to 0.07 × 106 t/y between 2008 and 2019 after
the construction of the Kiew Koh Ma Dam upstream from the Kiew Lom Dam.
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However, average TSL at W.3A in the lower basin between 1967 and 2019 was
0.2 × 106 t/y with a range of 0.01–1.03 × 106 t/y. Unlike the upper and middle basins, TSL
at W.3A showed no increasing or decreasing trend. Similarly, no statistical trend was ob-
served in the 1972 to 2019 sediment data near the outlet of the lower basin at W.4A. The TSL
at W.4A varied between 0.01× 106 and 1.44× 106 t/y with an average of 0.26 × 106 t/y. In
1979, construction of the Mae Chang Dam in the Mae Chang tributary in the middle basin
was completed. Based on the sediment load analysis, average TSL at W.3A between 1967
and 1978 (11 years before Mae Chang Dam construction) was 0.3 × 106 t/y, and at W.4A,
the TSL was 0.33 × 106 t/y. Between 1979 and 2007 (28 years after dam construction), TSL
values at W.3A and W.4A reduced to 0.15 × 106 t/y and 0.21 × 106 t/y, respectively. After
the Kiew Koh Ma Dam became operational in 2008, the average TSL at W.3A increased to
0.21 × 106 t/y, and at W.4A, TSL increased to 0.32 × 106 t/y. The increase in TSL found
at W.4A indicated that the effects of damming were outweighed by other factors such as
extreme climate (the Great Flood of 2011 shown in Figure 8), additional sediment supplied
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from the tributaries, and human activities in the lower basin that were reflected in the
steeper slope of the DMC (Figure 7c,d).

Comparison between the TSL at W.4A and P.17 indicated that the Wang River con-
tributed sediment load to the Ping River at about 30% on average, and this increased to
36% over the past 25 years. Results also showed that the Wang River supplied 50–87%
of the TSL in the lower reach of the Ping River during high-water years. This result
supported a study by Namsai et al. [5] who found that sediment load in the Ping River
noticeably increased downstream after the confluence of the Ping and Wang Rivers. Com-
paring bed material size between the Wang and Ping Rivers, 150 km of the Ping River
downstream from the confluence had a similar size of 0.81–0.85 mm to bed material at
the Wang River outlet (0.84 mm). However, comparison of the TSL between the Wang
River and CPR revealed that the TSL of the Wang River accounted for only 1–30% of the
TSL in the CPR, at 10% on average. The Wang River had the second highest sediment
yield per basin area (24 t/y/km2) compared to the Ping River (23.8 t/y/km2) [5], Yom
River (14.5 t/y/km2) [40], and Nan River (43.6 t/y/km2) [42], and smaller contribution of
sediment may cause reduced effects on the CPR sediment regime. Therefore, variation in
sediment load in the Wang River due to climate change and/or human activities was likely
not a major factor dominating sediment variation in the CPR.

4.3. Effect of Major Dam Construction on Sediment Supplied to the Chao Phraya River

Impacts of large dam construction on significant reduction in riverine sediment
supply from many rivers to the ocean have been intensively reported during the past
decades [7,47,66–71]. In Thailand, many studies suggested a 75–85% sediment reduction in
the CPR system due to the Bhumibol Dam in the Ping River and the Sirikit Dam in the Nan
River, resulting in severe coastal erosion in the upper Gulf of Thailand. However, a system-
atic sediment study by Namsai et al. [5] suggested that the Bhumibol Dam with a maximum
storage of 13,462 × 106 m3 caused only a 5% sediment reduction to the CPR system. Even
though construction of the Bhumibol Dam slightly reduced sediment load in the CPR
system, the large dams on the Wang River, which has an obvious difference on sediment
characteristics from the Ping River, may disturb sediment regime in a different degree.

The Kiew Lom Dam as one of the older dams in Thailand was constructed in the
upper reach 290 km from the Wang River outlet. The dam was completed in the same
year as the Sirikit Dam on the Nan River as key components of the Great Chao Phraya
Project [42]. The DMC of TSL at W.1C (Figure 7b) showed no obvious change in slope after
1972, except for a shift due to a flood in 1973. River runoff upstream of the dam (W.16A)
ranged 60–740 × 106 m3/y with an average of 265× 106 m3/y and reservoir storage of only
112 × 106 m3. Thus, less than 20% of the inflow can be impounded every year. Therefore,
about 80% of the suspended sediment was still transported downstream from the dam
almost every year, resulting in an insignificant change in the sediment load downstream.

In 1979, the Mae Chang Dam was commissioned on the Mae Chang River to supply
water to the Mae Moh Power Plant, the largest lignite power plant in Thailand. The Mae
Chang Dam is situated 90 km upstream from the Mae Chang River outlet that merges with
the middle reach of the Wang River 210 km upstream from the Wang River outlet. The dam
has a reservoir capacity of 108.5 × 106 m3 and caused an abrupt decrease in slope of the
DMC at W.1C (Figure 7b). However, the effect of dam construction reduced downstream
as seen in the DMC at W.4A (Figure 7d). The impact of the dam on sediment load in the
lower basin was likely outweighed by other factors such as sediment supplied from ten
major tributaries in the lower Wang River basin and the expansion of the agricultural area
since 1994 [49].

Because the Kiew Lom Dam could only store about 19% of the river runoff, the Kiew
Koh Ma Dam was constructed and completed in 2008 to enhance the water resource capacity
in the Wang River Basin. The dam was built 345 km upstream of the Wang River outlet with
a reservoir capacity of 172 × 106 m3 [72]. Construction of the Kiew Koh Ma Dam had an
obvious effect on the slope of the DMC at W.16A (Figure 7a). However, changes in slope of
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the DMC at W.1C, W.3A, and W.4A, including P.17 and C.2 were not seen. The dam directly
affected sediment load in the upper reach. The river runoff upstream of the dam (W.25)
varied between 15 × 106 and 300 × 106 m3/y with an average of 160 × 106 m3/y, and the
dam captured more than 50% of the annual river runoff, causing rapid sediment reduction
downstream. However, because the Kiew Koh Ma Dam is located in the uppermost reaches
of the river basin, sediment supplied from the downstream river basin compensated for
the impact of the dam. Sediment load in the Wang River accounted for about 10% of the
CPR, while the effect of construction of the Kiew Koh Ma Dam on the CPR system was
diminished by sediment supplied from other major rivers such as the Nan River [5].

Based on the drainage areas, these three dams accounted for 28% of the total drainage
area of the Wang River Basin. The reservoirs of the three dams captured about 20% of the
average annual runoff of the Wang River [49], and sediment load noticeably increased in
the lower basin. Since the Wang River only contributes about 10% of sediment load to the
CPR, construction of the dams in the Wang River Basin did not result in a considerable
change in sediment loads to the CPR Basin. Similar to the Ping River Basin, the sediment
in the lower basin increased remarkedly downstream of the Bhumibol Dam. Although the
drainage area of the dam accounted for 77% of the total drainage area of the Ping River
Basin, it caused only 5% of sediment reduction in the CPR [5]. In contrast, the sediment
load in the Yom River reduced dramatically at the basin outlet, although there is no large
reservoir in the Yom River basin. This study reveals that damming may not be the primary
human activity causing the sediment load reduction in a river basin. The impact of a dam
likely depends on dam location and basin characteristics, especially variation of sediment
load along a river. If a dam site is located in a basin with low sediment load upstream and
high sediment load downstream, the effect of dam construction on sediment load would be
less than that with a high sediment load upstream and a low sediment load downstream.

As environmental impacts due to damming have been widely mentioned during
the recent years, construction of large reservoirs as a large-scale water resource became
controversial in water management. Because of a rapid increase in water demand for
national development, water shortage is now one of the critical issues in many coun-
tries worldwide due to insufficient water supply. A dam can still be an effective tool
to provide water security with a proper site selection to meet the recent United Na-
tions Sustainable Development Goals in a region where water resources are limited
(http://sustainabledevelopment.un.org/focussdgs.html) (accessed on 18 July 2021).

5. Conclusions

Sediment characteristics and variation in sediment loads in the Wang River Basin, one
of the four major river basins of the Chao Phraya River system were examined. Systematic
river flow and sediment data measured in 2019 were combined with historical data recorded
from 1929 to 2019 to evaluate the construction impact of three major dams with reservoir
capacity > 100 × 106 m3 on sediment supplied to the Chao Phraya River system. Results
revealed that the upper and middle reaches behaved as a mountainous river system
characterized by very coarse sand to pebbles (0.5 < d50 < 3.7 mm). Sediment along the
upper and middle reaches was mainly transported in suspension (BL < 20% of the total
sediment load) except near the dams (BL > 75% of the total sediment load). The lower reach
comprised a floodplain of coarse to very coarse sand (0.5 < d50 <2.5 mm), and sediment was
primarily transported as suspended solid (BL < 40% of the total load). Based on historical
river flow and sediment data during the past 90 years, daily suspended sediment load
along the Wang River had a strong correlation with daily river discharge (R2 > 0.80).

Results from long-term total sediment load analysis suggested that average total
sediment load in the upper basin increased from 40,000 t/y upstream of the Kiew Koh
Ma Dam to 70,000 t/y downstream of the dam, with a slight increase to 100,000 t/y in the
middle basin. The sediment load noticeably rose to more than 200,000 t/y in the lower
basin. The maximum sediment load of 450,000 t/y occurred in the middle portion of the
lower basin mainly due to more sediment being supplied from the Mae Tam and Mae

http://sustainabledevelopment.un.org/focussdgs.html
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Chang tributaries. Based on the analysis results, sediment load supplied from the Wang
River accounted for 30% and 10% of the sediment load in the Ping River and CPR. The
major large dams, such as the Kiew Lom, Mae Chang, and Kiew Koh Ma Dams, were
constructed on the upper and middle basins. The effect of dam impoundment on sediment
load supplied to the CPR system was counteracted by additional sediment yielded from
the lower basin. The results also indicated that the effects of dam on sediment reduction
depended on the location of the dam and the variation of sediment in the river basin.

Supplementary Materials: The following are available online at https://www.mdpi.com/article/
10.3390/w13162146/s1: Figure S1: Sediment rating curves at eight RID hydrological stations: (a)
W.25; (b) W.16A; (c) W.1C; (d) W.3A; (e) W.23; (f) W.4A; (g) P.17; (h) C.2.; Figure S2: Time series of
total sediment load at RID hydrological stations: (a) P.17 and C.2; (b) W.25, W.16A, W.1C, W.3A, W.23
and W.4A.
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