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ABSTRACT

This paper describes the effects of weir construction on water quality in the Yeongsan (YS)
River. In general, weirs affect aquatic environments of rivers and streams by interrupting
natural water flow. To identify changes in water quality before and after weir construction,
analysis of variance and autocorrelation tests were conducted on data from four monitoring
stations. Seasonal variations in suspended solids (SS), biochemical oxygen demand (BOD5),
chemical oxygen demand (COD), total nitrogen (TN), total phosphorus (TP), and pH were
analyzed using data from six years of monitoring. No significant changes in mean BOD5 or
COD followed the construction of weirs. However, mean TN and TP were changed signifi-
cantly during and after construction. Moreover, SS and pH changed significantly during
construction, and TN and TP concentrations were slightly improved after weir construction.
However, continuous monitoring and analysis of water quality changes in each weir are
required to prevent environmental disasters such as algal blooms.
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1. Introduction

Artificial structures, such as dams and weirs, in
rivers generally affect both water quality and flow in
aquatic systems [1,2]. Nonetheless, weirs and dams
have several positive economic effects, providing
social services, navigation, power generation, irriga-
tion, flood control, and water resource management
[1,3,4]. However, research has revealed that artificial
structures, including dams and weirs, can negatively
influence water quality in rivers or reservoirs, leading

to the accumulation of trace metals, nutrients, and
organics, and establishment of obstacles to transport
organic and inorganic materials [1,5–7]. Presently,
dams and weirs with two faces are being constructed
globally.

In Korea, 16 weirs were constructed from 2009 to
2011 to provide water security, flood control, and eco-
system vitality in the four rivers Han, Nakdong,
Geum, and Yeongsan (YS). As of 2013, all weirs are
operating, and water quality and flow are continu-
ously monitored upstream and downstream of each
weir. Of particular interest are two weirs in the
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midstream of the YS River. According to the WCD,
the criteria for small dams is a height lesser than 15m
and a storage capacity lesser than 3 × 106 m3 [8]. The
two midstream weirs of the YS River are classified as
small dams in terms of height.

In addition to these two small YS river dams, four
other artificial dams were constructed in 1979 and
1981 to provide agricultural water to paddy fields,
including three upstream dams and a dyke dam
downstream of the YS River, which impaired the
water quality by blocking natural water flow into the
YS River [9,10]. Hence, the YS River has water

flow obstacles in its upper, mid, and downstream
watersheds.

Under these environmental conditions, the assess-
ment of water quality changes after the construction
of weirs and small dams is a requirement of future
water quality management. The impact of small dams
on water quality is generally not quantified on a regio-
nal scale [11]. Thus, the objectives of this study were
to identify seasonal periodicity of water quality
changes upstream and midstream of the two weirs
and to investigate water quality changes during and
after weir construction.

Table 1
Description of SC and JS weirs in the YS River

SC weir JS weir

Longitude 35˚ 03´ 56.17´´ 34˚ 58´ 19.11´´
Latitude 125˚ 45´ 57.91´´ 125˚ 37´ 31.22´´
Height (m) 7.5 3.5
Length (m) 512 184
Watershed area (m2) 1,977 2,359
Total storage capacity (106 m3) 90 260
Designed flood discharge (CMS) 4,200 6,710
Distance from Dyke dam (km) 69.5 49.1

Fig. 1. Simplified map indicating the locations of monitoring stations (black circles), wastewater treatment plants (black
star), one dyke dam (gray rectangle) downstream of the YS River, four agricultural dams (open trapezoids) upstream in
the YS River, and the two weirs (gray trapezoids) SC weir and JS weir in the midstream of the YS River.
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2. Materials and methods

2.1. Site description

The Seung-Chon (SC) and Juk-San (JS) weirs are
among the 16 largest weirs in the four major Korean
rivers Han, Nakdong, Geum, and Yeongsan, and are
located in the midstream of the YS River. Both were
constructed from 2009 to 2011 as part of the Four-
River Restoration Project of the Korean Ministry of
Land, Transport, and Maritime Affairs. The SC weir is
located on the boundary between Gwangju and Naju
and has a height of 7.5 m, a length of 512m, and a
watershed area of 1,977 km2. The JS weir is located on
the boundary between Naju and Hampyung and has
a height of 3.5 m, a length of 184m, and a watershed
area of 2,359 km2 (Table 1). Eight domestic, industrial,
and agricultural wastewater treatment plants are
located upstream of both dams. The monitoring sta-
tions A and B are located 1.1 km upstream of the SC
weir and 4.6 km downstream of the SC weir. The
monitoring stations C and D are located 0.8 km
upstream of the JS weir and 4.3 km downstream of the

JS Weir (See Fig. 1). The distance between SC and JS
weirs is approximately 20 km.

2.2. Data collection

The Korean Ministry of Environment (ME) moni-
tors mainstream water of the YS River at 12 stations.
Among these, four monitoring stations around SC and
JS weirs were selected to compare water quality
parameters, including pH, suspended solids (SS), bio-
chemical oxygen demand (BOD5), chemical oxygen
demand (COD), total nitrogen (TN), and total phos-
phorus (TP). All data used in this study were collected
from the National Institute of Environmental Research
(NIER) database (http://water.nier.go.kr). All monthly
data were measured using standard methods [12].

2.3. Statistical analyses

To identify changes in water quality at both weirs,
multiple comparisons were performed using analysis
of variance (ANOVA) and post hoc tests [13,14].

Fig. 2. Seasonal variations of BOD5, COD, TN, TP, SS, and pH in SC and JS weirs. Vertical axes indicate the concentration
of each parameter and the horizontal axes indicate sampling times from 2007 to 2012. Open circles and triangles indicate
data from monitoring stations upstream of each weir, and black circles and triangles indicate data from monitoring
stations downstream of each weir. Graphs (A), (C), and (E) pertain to the SC weir. Graphs (B), (D), and (E) pertain to the
JS weir.
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Scheffe’s test was selected as the most conservative
statistical method for post hoc tests.

Autocorrelation tests were conducted to identify
periodicity of the six water quality parameters during
the study period. The maximum number of lags was
1/4 of the total number [15]. All statistical analyses
were performed with SPSS 17.0 software.

3. Results and discussion

3.1. Water quality variations in the four monitoring
stations

Variations of the six water quality parameters
BOD5, COD, TN, TP, TSS, and pH were investigated
in both weirs to identify changes in water quality. As
shown in Fig. 2, both weirs were constructed from
2009 to 2011. Seasonal variations in BOD5, COD, TN,
and TP were detected. In the YS River, these changes
in water quality reflected decreased the water flow [9].
Autocorrelation analyses showed 12-month periodicity

of BOD5, COD, TN, and TP throughout the study
period, and indicated seasonal variations at the four
monitoring stations. In contrast, no periodicity was
shown for pH and SS during the six-year study
(Fig. 3). These analyses indicate no effects of weir con-
struction on BOD5, COD, TN, or TP. Given that
changes in pH and SS were not seasonal (1), we deter-
mined whether these water qualities were affected by
the construction of weirs (2) using ANOVA.

3.2. Differences in water quality before and after weir
construction

Weir construction in a river can potentially cause
water quality changes by obstructing water circula-
tion. To identify water quality changes around both
weirs, ANOVA was applied to data from the four
monitoring sites. Table 2(A) and (B) shows p-values
from ANOVA and post hoc tests of six water quality
parameters from the four monitoring stations.

Fig. 3. Relationship between autocorrelation factor ACF and lag number for the six parameters.
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3.2.1. Site #A, upstream of the SC weir

Whereas BOD5, COD, and SS were not changed
significantly by weir construction (p > 0.05), significant
differences in (p < 0.05) between mean TN, TP, and
pH were identified before and after weir construc-
tion. Furthermore, post hoc tests revealed significant
differences between mean concentrations of TN and
TP before, after, and during the construction, and pH
was significantly, but transiently, changed during
construction.

3.2.2. Site #B, downstream of the SC weir

COD, TN, and SS in site #B differed significantly
from those in site #A. Moreover, localized means of
COD and SS were significantly affected by weir con-
struction. However, TN did not change significantly
with weir construction, as supported in post hoc tests
of TN means. Significant differences in TP were identi-
fied between samples taken before and after weir
construction (p < 0.05) but not during construction
(p > 0.05). SS concentrations were only affected during
construction. Thus, of these variables in site #B, only
TP concentrations differed between samples taken
before and after weir construction.

3.2.3. Site #C, upstream of the JS weir

No significant differences in BOD5, COD, TN, and
pH were identified between samples taken before,

after, and during construction of the JS weir (p > 0.05).
However, ANOVA indicated significant differences in
TP and SS between locations and samples taken
before, after, and during construction of the JS weir.
These were corroborated by post hoc tests that indi-
cated significant differences between samples taken
before and after construction, but not between samples
taken during and after construction. Hence, only SS
concentrations were affected during construction of
the weir, but did not differ between samples taken
before and after construction (p > 0.05).

3.2.4. Site #D, downstream of the JS weir

No significant differences in BOD5 and COD were
identified between sampling times (p > 0.05). However,
ANOVA and post hoc tests indicate significant changes
in TN and TP during construction and thereafter. Sig-
nificant between time point differences in SS and pH
were identified using ANOVA, though post hoc tests
only indicated significant differences between samples
taken before construction and during construction.

4. Conclusions

(1) Artificial weirs in rivers or streams can positively
or negatively affect water quality. In Korea, a
total of 16 weirs have been constructed and oper-
ated in the four major rivers Han, Nakdong,
Geum, and YS as a part of the Four-River Resto-
ration Project. This study was conducted at SC
and JS weirs in the YS River. Whereas BOD5 and
COD concentrations varied seasonally, they were
not affected by weir construction. Although TN
and TP concentrations did not change signifi-
cantly, an insignificant tendency to reflect eutro-
phication of the rivers or lakes before, after, and
during construction is apparent. In contrast, sea-
sonal variations of TN and TP concentrations
were observed over 12-month intervals, and were
slightly improved after weir construction.
Whereas no seasonal variations in SS and pH
were identified, and significant changes during
construction were demonstrated. However, these
were transient, indicating that the weirs did not
affect water quality adversely.

(2) Although no significant differences in concentra-
tions of the six environmental parameters were
identified between samples taken before and after
construction, long-term monitoring is required to
accurately assess the impact of these weirs on
aquatic environments of rivers and lakes.

Table 2
Results of ANOVA and post hoc tests of changes in six
water quality parameters at four monitoring stations.

BOD5 COD TN TP SS pH

(A) ANOVA test results (p-values)
Site #A 0.245 0.132 0.002 0.000 0.158 0.002
Site #B 0.789 0.037 0.886 0.012 0.000 0.018
Site #C 0.476 0.188 0.324 0.001 0.000 0.544
Site #D 0.662 0.460 0.001 0.000 0.000 0.000

(B) Post hoc test results (p-values)
Site #A 1–2 0.443 0.498 0.005 0.000 0.832 0.014
Site #A 1–3 0.301 0.138 0.026 0.000 0.389 0.881
Site #A 2–3 0.813 0.489 0.963 0.291 0.158 0.018
Site #B 1–2 0.949 0.101 0.927 0.088 0.000 0.018
Site #B 1–3 0.923 0.078 0.995 0.020 0.728 0.419
Site #B 2–3 0.794 0.772 0.919 0.450 0.001 0.668
Site #C 1–2 0.595 0.496 0.420 0.018 0.001 0.679
Site #C 1–3 0.573 0.205 0.464 0.002 0.997 0.613
Site #C 2–3 0.952 0.627 0.963 0.249 0.016 0.939
Site #D 1–2 0.669 0.706 0.004 0.000 0.000 0.000
Site #D 1–3 0.868 0.485 0.009 0.000 0.133 0.370
Site #D 2–3 0.989 0.825 0.827 0.062 0.406 0.221
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