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I. Introduction

Sand is an important aggregate resource
whose smooth supply is paramount in various
construction industries for houses, roads, harbors
and such. Because of its importance as an aggre-
gate resource, and because sand extractions on
land have not been able to satisfy the demand
for construction aggregates, interest in the sand
resources of the ocean has been steadily increas-
ing. And as a way to efficiently satisfy the
demand for construction aggregates, sea sand
extractions are being carried out. However,
although these practices stabilize the supply of
and demand for aggregate resources, they cause
various problems related to the marine environ-
ment. As a response to this many have carried
out studies in the past regarding the impacts that
sea sand extractions can have on the marine
environment and ecosystem, namely “A Study
on the Estimation of Natural Abundance of Sea
Sand and the Environmental Impact of Sea Sand
Extraction in Gyeonggi Bay” (Incheon Branch of
Korean Aggregates Association, 2002), “A Study
on the Current State and Management of
Demand and Supply for Sea Sand” (Korea
Maritime Institute, 2003), “A Study on the
Economic/Environmental Integrated Assessment
Model for Sea Sand Extraction(Il)” (Korea
Maritime Institute, 2004), and “A Study on an
Eco-friendly Management of Sea Sand
Extraction(I, II)” (Ministry of Maritime Affairs
and Fisheries, 2005-2006), as well as others.
However, at the present moment there still
doesn’t exist a comprehensive and systematic
study regarding the impacts of sea sand extrac-
tion on the marine environment and ecosystem.
The primary impacts of sand extractions at sea

on the marine environment and ecosystem

include changes in the sedimentary and physical
environments at the extraction areas, as well as
the destruction of habitats of benthic organisms.
Secondary impacts are changes in the water qual-
ity and the submarine environment, increase in
noise in the extraction areas, and a deterioration
of environment caused by the increase in pollu-
tants coming from the extraction vessels, which
leads to the deterioration of habitat conditions of
organisms living nearby (A Study on the Current
State and Management of Demand and Supply
for Sea Sand” (Korea Maritime Institute, 2003)).
Also, the pumping activity during sea sand
extraction causes the transfer of some marine
sediments onto the ship, whose pore water
releases nutrient matters, heavy metal substances
and organic matters; the release of suspended
matters that have been transferred together with
the marine sediments pose as a problem as well
(A Study on the Economic/Environmental
Integrated Assessment Model for Sea Sand
Extraction(I) (Korea Maritime Institute, 2004)).
Therefore there is a need to analyze the degree of
suspended sediments generated during sea sand
extraction in the ocean, and to come up with a
reduction plan based on the analysis.

In the case of sea sand extraction vessels used
in the past (with overflow elimination systems),
the suspended sediments discharged together
with the unfiltered seawater that overflows from
the barge notably increase the turbidity of the
surrounding seawater. And since these suspend-
ed solids are directly influenced by the move-
ment of the seawater they are moved about and
diffused, which directly and indirectly affects the
marine environment and ecosystem of the extrac-
tion areas and other areas nearby. Thus one of

the reduction measures regarding the impacts on
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the overall marine environment caused by the
suspended solids overflowing unfiltered from a
dredging vessel during sea sand extraction is to
install a seawater-overflowing reduction device
on the extraction vessel.

This study aims to provide the basic data relat-
ed to minimizing the impacts on the marine envi-
ronment and ecosystem by installing a seawater-
overflowing device on an extraction vessel during
sea sand extraction and, through an observation
of the suspended solids, figuring out the move-
ment characteristics of the suspended solids and

the efficiency of reducing their concentration.

II. Method

1. Seawater-Overflow Reduction Device

One method of preventing the diffusion of sus-
pended solids and the seawater overflow during

sea sand extraction is to install a seawater-over-

flow reduction device on the sea sand extraction
vessel. In order to prevent the overflowing, this
device, while controlling the pumping speed,
sends the water collected in the hold through a
filter net, from which the purified water is sent
out through a discharge outlet (that functions like
a three-layered extendable antenna) installed at
the lower part of the hold (Figure 1). This way
the water is discharged into the sea approximate-
ly 15m below the surface. Because the device
sends the water directly into the bottom of sea, it
initially reduces the diffusion of turbid water.
Table 1 shows the scale and the extracting vol-
ume of two ships that are compared in the
study, one of which has the seawater-overflow

reduction device while the other does not.

2. On-site observation and the extraction of
sample

In order to assess the efficiency of the seawa-

ter-overflow reduction device that was installed

Water collector

Sand storge space

—

Filtering net

v

Movement of overflow

Discharge outlet shaped like a
three-layered extendable antenna

Fig 1. A diagram of the seawater-overflow reduction system

Table 1. Comparison of the vessels with and without the overflow reduction device

Vessel with the device Vessel without the device

High-pressure compression suction|High-pressure compression suction

Method of Extraction . . . : . .
extraction method using a sand pump line | extraction method using a sand pump line

Size of the Vessel 1,138 ton /81 ton
- - 16m(B) X 5.75m(H) X 65.6m(L) 18m(B) X 3.3m(H) X 62.4m(L)
Sea Sand Extraction Capacity 1,242m3 1,472m3
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Fig. 2. Suspended solids observation station

on the sea sand extraction vessel, 4 lines in the
direction of the tidal current and 5 lines in the
opposite direction of the current were designated
around the vessel during extraction (Figure 2).
The on-site observation was carried out on the
ships with and without the seawater-overflow
device during a rising tide, and consisted of ana-
lyzing the suspended solids found in three differ-
ent layers within the water (surface, middle layer,
bottom layer) and comparing their SS concentra-
tions.

The on-site investigation was carried out from
August 27th to 28th, 2007, during a rising tide; it
involved extracting the samples from different
lines designated around the sea sand extracting
vessel (4 lines in the direction of the tide, 5 lines
in the opposite direction to the tide to figure out
the background concentration). On August 27th,
the suspended solids were observed during sea
sand extraction carried out by the vessel installed
with the overflow reduction device, and on

August 28th the same observation was carried

out for the vessel without the device. A Niskin
Sampler was used to extract the necessary sam-
ples, and these samples were transported in an
ice box to the laboratory where they were ana-

lyzed.

3. Analysis of the SS concentration

The analysis of the SS concentration was car-
ried out on the samples according to the Marine
Environment Process Test Method, using glass
fiber filter papers: a certain amount of the sample
was filtered through a pre-treated GF/F filter
using a vacuum pump, after which it was left to
dry for 1 hour at 110°C. The weight of the dried
sample was measured and converted into SS con-

centrations.

4. Method of calculating the SS concentration
reduction efficiency of the seawater-
overflow reduction device

The reduction efficiency of the seawater-over-
flow reduction device in decreasing the SS con-

centration was calculated by observing the sus-
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pended solids of the vessels with and without
the device.

The effect of sea sand extraction carried out
the day before was not taken into account when
calculating the SS concentration reduction effi-
ciency of the seawater- overflow reduction
device, since the sinking speed of the grains from
the extracted sea sand (average diameter:
0.25mm) in the water was 0.03546m/s (according
to Van Rijn’s formula), which meant that the
time it took the grains to sink complete was very
short. Also, the current speeds for each water
layers in the investigation area during rising tide
in summer were 58.5cm/s for the surface,
60.4cm/s for the middle layer, and 67.0cm/s for
the bottom layer, displaying similar distribution
(Marine Environment Assessment and Post
Impact Assessment Regarding Aggregates
Extractions in the Sea Area Under the Jurisdiction
of Tae-An County, Choongnam Aggregates
Association, 2008). Meanwhile, the water temper-
atures in the investigation area during rising tide
in summer were approximately 20.9°C at the sur-
face and 20.4°C at the lower layer (Sea Area
Utilization Impact Assessment Regarding
Aggregates Extractions in the Sea Area Under the

Jurisdiction of Tae-An County, Choongnam

Aggregates Association, 2009), and because it was
assumed that there was no vertical mixing
caused by the water temperature, the vertical
mixing of suspended solids and the current
speeds for each layer of water were not taken
into account in the calculation of the reduction
efficiency. The formula for calculating the SS

reduction efficiency is as follows:

= @xmo

A =SS concentration with the use of seawater-

Reduction Efficiency (%)

overflow reduction device
B =SS concentration without the use of seawa-

ter-overflow reduction device

II1. Results and Discussion

1. Suspended solids detected during
extraction for the vessel with the seawater-
overflow reduction device

On August 27th, 2007, during the sea sand
extraction carried out by the vessel installed with
the seawater-overflow reduction device, the SS
concentration was measured for 4 lines in the
direction of the tidal current as well as 5 lines in
the opposite direction to the current, the latter
measurement carried out to check the back-

ground concentration.

Table 2. SS concentration measured in the opposite direction to the tide for the vessel installed with seawater-overflow reduction device

- Bl B2 B3 B4 B5
SS(mg/L) SS(mg/L) SS(mg/L) SS(mg/L) SS(mg/L)

Distance S M B S} M B S M B S M B S M B
50m 4.7 5.0 5.7 4.0 4.0 4.7 4.7 5.0 5.5 5.3 5.7 7.7 5.7 6.0 63
100m 40 | 43 | 50 | 33 | 37 | 40 | 43 | 47 | 57 | 43 | 47 | 57 | 47 | 50 | 50
200m 4.3 4.0 4.7 4.3 4.0 4.7 5.0 53 5.7 5.0 5.7 5.7 5.0 5.0 53
500m 30 | 33 | 33 | 37 | 37 | 50 | 40 | 50 | 50 | 47 | 53 | 57 | 57 | 43 | 47
1km 30 | 30 | 33 | 40 | 43 | 50 | 47 | 47 | 53 | 63 | 47 | 53 | 43 | 47 | 47
Min 30 | 30 | 33 | 33 | 37 | 40 | 40 | 47 | 50 | 43 | 47 | 53 | 43 | 43 | 47
Max 4.7 5.0 5.7 4.3 4.3 5.0 5.0 53 5.7 63 5.7 7.7 5.7 6.0 63
Mean 38 | 39 | 44 | 39 | 39 | 47 | 45 | 49 | 54 | 51 | 52 | 60 | 51 | 50 | 52
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Table 3. SS concentration measured in the direction of the tide for the vessel installed with seawater-overflow reduction device

i F1 F2 F3 F4
SS(mg/L) SS(mg/L) SS(mg/L) SS(mg/L)
Distance S M B S M B S M B S M B
50m 143 | 130 | 161 13.6 | 131 153 | 14.1 140 | 148 | 137 | 131 14.3
100m 127 | 129 | 131 11.5 105 13.1 122 | 121 133 | 121 119 | 133
200m 102 | 104 | 115 10.1 9.2 112 | 105 9.9 103 | 104 | 100 | 115
500m 6.3 6.1 7.9 6.7 6.1 9.0 7.2 6.2 83 9.7 7.4 9.1
1km 6.0 4.7 49 4.7 5.7 8.2 6.6 43 49 5.8 4.3 53
2km 40 8.0 6.3 33 6.0 6.0 5.2 35 48 4.0 40 40
3km 6.0 3.0 4.3 53 6.0 7.3 33 35 4.2 35 6.3 6.0
4km 5.7 33 3.0 53 33 4.0 3.5 35 45 33 4.0 6.0
5km 35 3.0 4.7 7.0 5.7 3.9 3.2 4.2 4.0 4.3 4.0 5.7
Min 3.5 3.0 3.0 33 33 3.9 3.2 35 4.0 33 40 40
Max 143 | 130 | 161 13.6 | 131 15.3 14.1 140 | 148 | 137 | 131 14.3
Mean 7.6 7.2 8.0 7.5 7.3 8.7 7.3 6.8 7.7 7.4 7.2 8.4
B1 Tl B : =
w) w %
. . B5
3
£
g

Distance

Distance

Fig. 3. SS concentration measured in the opposite direction to the tide for the vessel installed with seawater-overflow reduction device

When the SS concentration was measured in
the opposite direction to the tide (to measure the
background concentration) during the sea sand
extraction of the vessel installed with the device,
the average was 4.5mg/L for the surface,
4.6mg/L for the middle layer, and 5.1mg/L for
the bottom layer. The SS concentration detected
in the direction of the tidal current for the vessel

installed with the device during the extraction

was on average 7.5mg/L for the surface (show-
ing a 3.0mg/L increase), 7.1mg/L for the middle
layer (showing a 2.5mg/L increase), and
8.2mg/L for the bottom layer (showing a
3.1mg/L increase). Also, the concentration level
decreased as the distance from the SS source
increased, and from 1km away the concentrations
became similar to the concentration detected in

the surrounding area.
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Fig. 4. SS concentration measured in the direction of the tide for the vessel installed with seawater-overflow reduction device

2. Suspended solids detected during extraction
for the vessel without the seawater-overflow
reduction device

When the SS concentration was measured in
the opposite direction to the tide (to measure the
background concentration) during the sea sand
extraction of the vessel without the seawater-
overflow reduction device, the average was
47mg/L for the surface, 5.0mg/L for the middle
layer, and 5.3mg/L for the bottom layer. The SS

concentration detected in the direction of the tidal
current for the vessel without the device during
the extraction was on average 17.9mg/L for the
surface (showing a 13.2mg/L increase), 19.1mg/L
for the middle layer (showing a 14.1mg/L
increase), and 21.3mg/L for the bottom layer
(showing a 16.0mg/L increase). Also, the concen-
tration level decreased as the distance from the

SS source increased, and from 1km away the

Table 4. SS concentration measured in the direction of the tide for the vessel without the seawater-overflow reduction device

e F1 F2 F3 F4
SS(mg/L) SS(mg/L) SS(mg/L) SS(mg/L)

Distance S M B S M B S M B S M B
50m 33.0 34.3 34.7 31.1 34.3 33.7 32.3 333 343 313 32.7 34.3
100m 30.3 29.7 323 26.3 31.3 34.3 27.7 30.7 313 28.0 31.0 33.0
200m 26.1 243 | 313 263 | 250 29.3 283 263 29.0 287 | 293 33.3
500m 20.7 253 26.7 243 233 273 23.0 250 | 273 257 | 277 29.3
1km 9.7 15.3 19.3 14.3 16.0 20.3 15.3 17.7 | 213 18.7 16.0 22.0
2km 83 83 93 10.7 133 10.0 14.0 153 163 113 13.0 15.0
3km 5.7 10.0 9.3 9.7 12.7 14.3 18.0 113 12.0 12.3 10.3 13.0
4km 6.7 63 8.7 6.3 7.7 113 8.0 9.0 11.7 7.0 9.3 15.7
Skm 53 57 6.3 7.0 10.0 8.0 7.3 9.0 10.0 6.7 7.7 11.3
Min 53 57 6.3 63 7.7 8.0 7.3 9.0 10.0 6.7 7.7 11.3
Max 33.0 34.3 34.7 31.1 34.3 34.3 32.3 333 34.3 313 32.7 34.3
Mean 16.2 17.7 19.8 17.3 19.3 20.9 19.3 19.7 | 215 189 19.7 23.0
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Table 5. SS concentration measured in the opposite direction to the tide for the vessel without the seawater-overflow reduction device

e Bl B2 B3 B4 B5
SS(mg/L) SS(mg/L) SS(mg/L) SS(mg/L) SS(mg/L)
Distance S M B S M B S M B S} M B S M B
50m 50 | 53 | 57 | 50 | 53 | 57 | 43 | 50 | 60 | 40 | 43 | 53 | 57 | 57 | 60
100m 4.3 5.0 5.3 53 5.0 5.3 4.7 5.3 50 | 43 5.0 53 5.3 57 | 6.0
200m 43 | 53 | 47 | 40 | 43 | 50 | 47 | 50 | 53 | 50 | 53 | 60 | 53 | 57 | 47
500m 5.3 53 4.3 40 | 47 5.3 4.3 4.3 53 63 5.7 5.0 4.7 4.7 53
1km 3.0 4.3 47 3.7 4.0 4.7 4.7 47 53 5.0 5.0 5.7 4.3 5.0 53
Min 30 | 43 4.3 37 | 40 47 | 43 4.3 50 | 4.0 4.3 5.0 43 47 | 47
Max 53 53 5.7 53 53 57 | 47 53 6.0 63 5.7 6.0 5.7 57 | 6.0
Mean 4.4 5.1 49 | 44 | 47 5.2 4.5 4.9 54 | 49 5.1 5.5 5.1 5.3 5.5
* BI * B2 " B3
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Fig. 5. SS concentration measured in the opposite direction to the tide for the vessel without the seawater-overflow reduction device
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Fig. 6. SS concentration measured in the direction of the tide for the vessel without the seawater-overflow reduction device
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concentration became similar to the concentration 3. Characteristics of the SS movements in the

detected in the surrounding area. target sea area

The SS concentration measured in the direction

1 5 o [T T

1) Surface - device not used 2) Surface - device used

- F L F1

| —
Okm  O.5km  Tkm

L7

B B

3) Middle layer - device not used 4) Middle layer - device used

o Fl o Fl

| .
Okm  O.5km  Tkm

5) Bottom layer - device not used 6) Bottom layer - device used
Fig. 7. Horizontal SS concentration during the use/non-use of the seawater-overflow reduction device
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Fig. 8. Vertical SS concentration during the use/non-use of the seawater-overflow reduction device

of the tide based on the use/non-use of the sea-
water-overflow reduction device increased on
average by 10.5mg/L on the surface, 12.0mg/L
in the middle layer, and 13.1mg/L in the bottom
layer. The increase was the most noticeable in the
bottom layer compared to the surface or the mid-
dle layer, and this can be explained by the fact
that the bottom layer is influenced more by tide

than by wind drift currents.

Regarding the horizontal SS concentration dis-
tribution produced during sea sand extraction,
the concentration tended to decrease as the dis-
tance from the source of suspended solids
increased. This can be explained by the fact that
the grain-size composition of the target sea area

was coarse-grained, which causes the suspended
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solids to sink rather than to diffuse. Also, for the
vertical SS concentration distribution produced
during the extraction, the concentration was the
highest for the bottom layer, and the diffusion
was the greatest at the bottom layer as well. The
line F3 showed a relatively high diffusion con-
centration of suspended solids at the target sea

area during sea sand extraction.

4. SS reduction efficiency according to the
use/non-use of the seawater-overflow
reduction device

In order to find out the reduction efficiency of
the seawater-overflow reduction device regarding
SS concentration, the average SS concentrations of
each layer were compared for each of the 4 lines
in the direction of the current during the extrac-
tion of the vessels with and without the device.
The reduction efficiency rates for each lines are:
for F1, 52.9% for the surface, 59.6% for the mid-
dle layer, and 59.6% for the bottom layer; for F2,
56.7% for the surface, 62.2% for the middle layer,
and 58.6% for the bottom layer; for F3, 62.2% for
the surface, 65.5% for the middle layer, and
64.3% for the bottom layer; for F4, 60.6% for the
surface, 63.2% for the middle layer, and 63.7% for

Table 6. SS reduction efficiency for the use/non-use of seawater-
overflowing reduction device

Line Device used | Device not used | Eficiency of the device (%)
S 7.6 16.2 529
F1 | M 7.2 17.7 59.6
B 8.0 19.8 59.6
S 75 17.3 56.7
F2 | M 7.3 19.3 62.2
B 8.7 20.9 58.0
S 7.3 19.3 62.2
F3 | M 6.8 19.7 655
B 77 215 64.3
S 7.4 189 60.6
F4 | M 7.2 19.7 63.2
B 8.4 23.0 637

Table 7. SS reduction efficiency for each water levels

Line Reduction efficiency | Reduction efficiency | Reduction efficiency
for the surface (%) | for the middle layer (%) | for the bottom layer (%)
F1 529 59.6 59.8
F2 56.7 62.2 58.6
F3 62.2 055 64.3
F4 60.6 63.2 63.7
Mean 58.1 62.6 61.5

the bottom layer. Overall the reduction efficiency
of the device ranged between 52.9~65.5% (aver-
age = 60.8%).

When comparing the SS concentration reduc-
tion efficiency according to each layers, the great-
est reduction efficiency was seen in the middle
layer, the efficiency rates being on average 58.1%
for the surface, 62.6% for the middle layer and
61.5% for the bottom layer.

IV. Conclusion

The SS concentrations for two vessels (one of
which was installed with the seawater-overflow
reduction device) were observed and compared
to determine the efficiency of the seawater-over-
flow reduction device installed on vessels that are
used to extract sea sand.

The observation of suspended solids revealed
that when the two vessels were being used for
sea sand extraction, the SS concentrations
decreased as the distance from the source of the
suspended solids increased, and from 1km away
the concentration became similar to that of the
surrounding area.

As for the reduction efficiency of the overflow
reduction device, the comparison and analysis of
the SS concentrations detected during the use
and non-use of the device showed a 52.9~65.5%
reduction in concentration (60.8% on average).

Also, the efficiency of the device was at its high-
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est in the middle layer of the water, showing on
average a 62.6% reduction.

Although it would be a rash decision to assess
the reduction efficiency of the seawater-overflow
reduction device in reducing suspended solids
based solely on observing the suspended solids,
from the results it can be concluded that the
device’s reduction efficiency is relatively good.
Also, it can be concluded that the seawater-over-
flow reduction device is an effective method for
reducing the suspended solids during sea sand
extraction. In the near future the efficiency of the
seawater-overflow reduction device installed on
sea sand extraction vessels is expected to be
drawn by taking into account the overall relation-
ship between various factors such as the filtering
efficiency of the overflow reduction device’s fil-
tering net. Regular and detailed research should
be carried out regarding sea areas designated for

sea sand extraction.
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