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ABSTRACT: Wave field changes resulting from artificial coastal structures constructed in coastal zones have emerged as a major cause of beach
erosion, among other factors. The rates of erosion along the eastern coast of Korea have varied mainly owing to the construction of various ports
and coastal structures; however, impact assessments of these structures on beach erosion have not been appropriately conducted. Thus, in this
study, a methodology to assess the impact of erosion owing to the construction of artificial structures has been proposed, for which a parabolic bay
shape equation is used in determining the shoreline angle deformation caused by the structures. Assuming that the conditions of sediment or
waves have similar values in most coastal areas, a primary variable impacting coastal sediment transport is the deformation of an equilibrium
shoreline relative to the existing beach. Therefore, the angle rotation deforming the equilibrium of a shoreline can be the criterion for evaluating
beach erosion incurred through the construction of artificial structures. The evaluation criteria are classified into three levels: safety, caution, and
danger. If the angle rotation of the equilibrium shoreline is 0.1° or less, the beach distance was considered to be safe in the present study;
however, if this angle is 0.35° or higher, the beach distance is considered to be in a state of danger. Furthermore, in this study, the distance
affected by beach erosion is calculated in areas of the eastern coast where artificial structures, mainly including ports and power plants, were
constructed; thereafter, an impact assessment of the beach erosion around these areas was conducted. Using a proposed methodology, Gungchon

Port was evaluated with caution, whereas Donghae Port, Sokcho Port, and Samcheok LNG were evaluated as being in a state of danger.

1. Introduction

Since 2000, coastal erosion has been worsening and spreading
owing to disturbances of sand movement by coastal and port
structures; the reduction of sediment budget by dams, weirs, and
levees; and abnormal swells and storm waves. Along the eastern coast
of Korea in particular, the narrowing of beach width is increasing.
Furthermore, beaches are being damaged owing to the changing
coastal environment and repeated beach erosion, which are emerging
as serious problems in local communities. Consequently, since 2000,
the government has been supporting measures against erosion through
“coastal management plans” based on the Coast Management Act.
However, an overdesign focusing on artificial structures is causing
frequent failures owing to a lack of understanding of the phenomenon,
poor reliability of predictions, and a misapplication of overseas cases.
Along the eastern coast of Korea, many sand streams have developed
and erosion caused by the construction of artificial structures is severe;

in addition, beach erosion on the eastern coast has reached a serious
level owing to an underestimation or poor reliability of the existing
shoreline and topographic change models predicting erosion.

Among the various causes of beach erosions along the eastern coast
of Korea, the main cause is the change in shoreline owing to the
construction of artificial structures such as breakwater and groyn.
Typical examples include port structures such as Sokcho Port in
Sokcho-si, Gangwon-do and Gungchon Port in Samcheok-si,
Gangwon-do; coastal structures on Yeongnang Beach in Sokcho-si,
Gangwon-do and Bongpyeong Beach in Uljin-gu, Gyeongsangbuk-do;
and the thermal power plant of Samcheok LNG in Samcheok-si,
Gangwon-do. Kang et al. (2010) investigated the shoreline erosion on
Yeongnang Beach that occurs from artificial structures when applying
a headland construction method. Despite a large number of such types
of erosion, few studies have been conducted on evaluation methods for
determining how much impact coastal artificial structures have on

beach erosion.

Received 18 November 2020, revised 26 November 2020, accepted 27 November 2020
Corresponding author Jung Lyul Lee: +82-31-290-7519, jllee@skku.edu

(© 2020, The Korean Society of Ocean Engineers

This is an open access article distributed under the terms of the creative commons attribution non-commercial license (http://creativecommons.org/licenses/by-nc/4.0) which permits

unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.


https://orcid.org/0000-0002-7684-2453
https://orcid.org/0000-0002-3862-8405
https://orcid.org/0000-0003-0138-976X
https://orcid.org/0000-0001-9410-9725

Impact Assessment of Beach Erosion from Construction of Artificial Coastal Structures Using Parabolic Bay 437

To evaluate the erosion occurring from the construction of artificial
structures, it is necessary to predict the equilibrium of the shoreline
owing to the transport of longshore sediment. Among the many
equilibrium shoreline equations that have been proposed (Yasso, 1965;
Hsu et al., 1987; Moreno and Kraus 1999), the parabolic bay shape
equation of Hsu and Evans (1989) has been proven to be applicable in
many coastal areas around the world. Furthermore, the Coastal
Engineering Manual (USACE, 2002) adopted a parabolic bay shape
equation (Hsu and Evans, 1989) as a means to preserve and manage
the coasts of the U.S. In addition, Lim et al. (2019) demonstrated the
validity of the parabolic bay shape equation using the wave data of the
East Sea in South Korea.

In this study, the rotation angle of an existing equilibrium shoreline
is calculated using the parabolic bay shape equation of Hsu and Evans
(1989), and a method for evaluating the beach erosion impact
proportional to this rotation angle from initial shoreline is proposed. In
addition, the criteria for evaluating the beach erosion impact owing to
the construction of artificial structures are established by comparing
the annual average erosion width calculated using the longshore
sediment formula of the Coastal Engineering Research Center (CERC;
USACE, 1984) with the rotation angle of an equilibrium shoreline.
Finally, the distance affected by beach erosion was calculated along
the eastern coast of Korea where artificial structures including port

structures and power plants are built.

2. Impact Assessment of Beach Erosion according
to Rotation Angle of Equilibrium Shoreline

2.1 Parabolic Bay Shape Equation
The parabolic bay shape equation (PBSE) of Hsu and Evans (1989),
which is a model that predicts the static equilibrium shoreline, is given

as follows (Fig. 1):
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where R is the radial distance from the focus resulting from artificial
structures to the equilibrium shoreline, Yis the distance from the wave
crest baseline of the shore baseline that passes through the control
point, 3 is the angle formed by the line that passes through the control
point and focuses at the wave crest baseline, and 6 is the angle formed
by the wave crest baseline with the radial distance R. Furthermore, C/
(i=1, 2, 3) is the fitting coefficient of the parabolic bay shape equation
provided by Hsu and Evans (1989).

For a long sandy beach, the control point is far from the focus, and
thus a simple approximate solution such as in Eq. (3) can be obtained
(Lim et al., 2019). Because § is close to zero in this case, sing
converges to 3. Furthermore, in the case of the equilibrium shoreline
coefficient, ¢; and G, converge at zero, and (] converges at l.
Therefore, the parabolic bay shape in Eq. (1) can be expressed as a
simple relational expression R(9) as follows:
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The approximate solution of the parabolic bay shape equation can be
used to estimate the equilibrium shoreline simply by the distance ¥ of
the artificial structure and the angle 6 formed by the radial distance of

the equilibrium shoreline with the wave crest baseline.

2.2 Erosion Impact Assessment According to the Rotation
Angle of Equilibrium Shoreline

According to the longshore sediment formula of CERC (USACE,
1984), the rotation angle «, of the wave crest baseline with the
shoreline is the main cause impacting the amount of longshore
sediment. In other words, it can be estimated that the amount of
longshore sediment increases in proportion to the rotation angle from
the straight shoreline. However, it was assumed that variables such as
the grain size of the sand and the wave height do not have a significant
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Fig. 1 Definition sketch of equilibrium shoreline gradients
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wave crest

Wave crest Base line

Fig. 2 Definition sketch of parabolic bay shape equation

effect because their values are similar in most coastal areas. Existing
shorelines are changed to equilibrium shorelines owing to the artificial
structures in harbors or ports, and the shoreline is rotated as a result. At
this time, the rotational angle ¢, can be calculated using the ratio of

coastal to transverse shoreline changes as follows:
%
—=tan 4
ox % @

where o is the rotation angle of the equilibrium shoreline from the
original shoreline, = is the equilibrium shoreline length from the
existing shoreline toward the coast, and y is the shoreline length in the
transverse direction from the existing shoreline. From the approximate
solution of the equilibrium shoreline of Hsu and Evans (1989), the
shore rotation angle is derived from Eq. (4) as follows (Fig. 2):
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Using Eq. (5), the rotation angle of the equilibrium shoreline owing
to the construction of artificial structures can be calculated simply
using the angle 6 formed by the radial distance of the equilibrium
shoreline with the wave crest baseline.

Therefore, from Eq. (5), the erosion impact distance Z according to
the distance Y of the artificial structures can be derived as follows:

1—6 Xtang,
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where 0 is a variable that changes according to the distance ¥ of the

structure and erosion impact distance Z, and can be expressed as
follows:

0:tan71(%/) @)

The erosion impact distance L according to the distance of the

v

structure that satisfies the above two equations can be determined. The
risk level from the erosion is proportional to the rotation angle of the
equilibrium shoreline o, from the existing shoreline. In other words,
the erosion impact can be evaluated based on the amount of longshore
and Z

danger

sediments. In addition, Z, can be calculated as follows

safe

according to the distance Y of the artificial structure:
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where L. is the critical distance at which the impact is considered
insignificant if the target beach is farther than Z,

safe

distance Y of the artificial structure. If Z,,,/Z<1, the beach is at a

according to

is the critical distance at which the

anger

safe level. By contrast, Z,
impact is considered serious if the target beach is closer than Z,

anger

according to the distance Y of the artificial structure. If Z,,, ../L>1,

anger

the beach is at a dangerous level. Furthermore, if the distance of the
and Z,

anger safe>

target beach is between Z, the beach is at a level of

caution.

3. Coastal Erosion Impact Analysis Using
Longshore Sediment Formula

3.1 Longshore Sediment Formula

The construction of artificial structures causes a diffraction of
waves, and the diffracted waves flow at an oblique angle between the
incident wave and the coast and cause the transport of the longshore
sediments. Komar and Inman (1970) conducted a field experiment on
the coastal energy flux 7, and longshore sediment amount (), and

proposed the following equation:
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where 7 is the magnitude of the wave power, p, is the sediment
density, p is the seawater density, p is the sediment porosity, which
has a value of 0.3-0.4, and o is an angle between the shoreline and
breaking wave crest line. Furthermore, A" is the longshore sediment
coefficient and can have wide ranging values of between 0.04 and 1.1
depending on the amount of sediment, but 0.77, the value suggested by
Komar and Inman (1970), is mainly used. The coastal energy flux
component P, is defined as follows:

P, = EC cosqsing, (11)

where £'is the wave energy and  is the group velocity. The CERC
(USACE, 1984) formula based on Eq. (10) to express the wave energy

and group velocity is as follows:
Q= CH*sin2q, (12)

where H, is the breaking wave height, and C' = [K/g/x]/[16(s—1)
(1—p)], which is a related coefficient such as the unit weight of the
sediment and porosity, which are not related to the wave conditions.
Furthermore, &= 0.77 and g = 9.81m/s*,ands =2.57 and p = 0.35, are
applied for general maritime cases. Thus, the coefficient has a value of
approximately 0.167 for most sands. Furthermore, the rotation angle o
of an equilibrium shoreline from the shore baseline can be calculated

using Eq. (5).

3.2 Calculation of Erosion Width Per Unit Time According to
the Rotation Angle of Equilibrium Shoreline

In this section, the erosion width per unit time according to the
rotation angle of an equilibrium shoreline is calculated using the
longshore sediment formula. In addition, the appropriate rotation angle
for the beach erosion impact assessment equation derived from the bay
shape equation of Hsu and Evans (1989) is calculated. The beach
erosion occurring from longshore sediment is caused by the difference
in amount of sediment transport, as shown in Fig. 3, and the erosion

width per unit time is expressed as follows:

0
oaw__ 1 04 (13)
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where h, is the berm height, £, is the sand movement limit depth, and

W is the erosion width. Furthermore, the erosion width per unit time
can be calculated by applying the longshore sediment formula of
CREC (USACE, 1984) in Eq. (12) to Eq. (13).

Fig. 4 shows graphically the annual erosion width 87/t and the
rotation angle of equilibrium shoreline «, according to distance ¥ of
an artificial structure and the shore length Z. If the annual erosion
width is less than 0.1 m, the beach is considered safe from erosion; if
the annual erosion width is 2.5 m or larger, the beach is considered at a

dangerous level. As shown in Fig. 4, if the rotation angle «,,,, of an
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Fig. 3 Definition sketch of beach erosion owing to longshore
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Fig. 4 Comparison of beach erosion according to CERC formula

and shore rotation angle

equilibrium shoreline at a safe level is smaller than 0.1°, it is estimated
that there is almost no impact from the artificial structures. By

contrast, if the rotation angle o, of an equilibrium shoreline at a

danger
danger level is larger than 0.35°, there is a high risk of erosion owing
to artificial structures. For the coefficient C of the longshore sediment
amount, 0.167 was applied as mentioned above, and the breaking wave
height was assumed as 1 m. The erosion impact of artificial structures
can be assessed more easily using the rotation angle o, of an
equilibrium shoreline. However, according to Fig. 4, the erosion width
is slightly underestimated when the distance Y is small and
overestimated when it is large.

4. Assessment of Impact of Beach Erosion by
Artificial Structures in Eastern Coast of Korea

The impact of beach erosion increases if the coastal and port
structures are constructed too far from the coast. In this study, the
erosion impact from artificial structures on the eastern coast of Korea
is assessed using Egs. (6) and (7). The impacts of the construction of
port structures along the eastern coast including Donghae Port,
Sokcho Port, and Gungchon Port, as well as the Samcheok LNG
thermal power plant, on beach erosion are assessed. Fig. 5 shows the
distances and shore lengths of the port structures and thermal power
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Fig. 5 Construction information of coastal structures in East Sea of Korea (Google Earth Image)

Table 1 Evaluation of beach erosion from coastal structures in East Sea of Korea

Y D D, D, Diage Diager
Structure Beach (k) (kam) (l;{)e (ﬁ;ﬁ)ﬂ Tf dT" Impact
Donghae port Samcheok Beach 2.20 4.00 18.82 8.03 4.7055 2.01 danger
Sokcho port Sokcho Beach 0.77 2.20 6.59 2.81 2.9944 1.28 danger
Gungchon port Chogok Beach 0.38 245 3.25 1.39 1.3270 0.57 caution
Samcheok LNG Gopo Beach 1.41 2.82 12.06 5.15 42777 1.83 danger

plant and impact levels in each coastal area.

The distances of beaches at safe levels in terms of beach erosion
from the artificial structures built in Donghae Port, Sokcho Port,
Gungchon Port, and Samcheok LNG are 18.82, 6.59, 3.25, and 12.06
km, respectively, according to distance Y. Furthermore, the distances
of beaches at a level of danger from erosion are 8.03, 2.81, 1.39, and
5.15 km, respectively (Table 1). Therefore, the Chogok Beach located
of Gungchon Port in the southern part is assessed as a level of caution,
whereas the Donghae Port, Sokcho Port, and Samcheok LNG are
assessed as at levels of danger.

5. Discussion

The assessment method for erosion impact from artificial structures

using the rotation angle of the equilibrium shoreline proposed above
has the disadvantage in that Eqs. (6) and (7) need to be repeatedly
calculated. Therefore, an approximate solution for the equation of the
erosion impact from artificial structures is proposed in this section.
The distance Y of artificial structures and the shore length Z receiving
the erosion impact derived from Egs. (6) and (7) have the following
proportional relationship:

L=pY (14)

where § is the erosion impact coefficient and has a different value
depending on the rotation angle of an equilibrium shoreline. For the
values of «

safe

impact coefficients 3 have values of 8.5554 and 3.6514, respectively

and oy, ., calculated using Eq. (14), the erosion
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Table 2 Variables according to beach erosion impact

Impact oW/ ot o, 3
Safe 0.1 m/yr 0.1° 8.5554
Danger 2.5 m/yr 0.35° 3.6514

(Table 2). When the result of Eq. (6) is compared with the
approximate solution of Eq. (14), they have almost identical trends in
a straight line.

6. Conclusions

Among the 96 coastal areas on the eastern coast of South Korea, 75
are at a danger level of erosion (Gangwon Province, 2017). It is
therefore necessary to establish a method of assessing the impact of
artificial structures built on the coast on beach erosion. In this study, an
assessment method for the impact of artificial structures is proposed
based on the rotation angle of an equilibrium shoreline obtained from
the parabolic bay shape equation of Hsu and Evans (1989). It can be
considered that beach erosion from artificial structures is at a more
dangerous level in proportion to the rotation angle of an equilibrium
shoreline from the shore baseline. For a quantitative assessment, the
results were compared with the annual average erosion width
calculated using the longshore sediment formula of CERC (USACE,
1984). The qualitative assessment criteria were established as being at
a safe level if the rotation angle of the equilibrium shoreline is less
than 0.1° and at a level of danger if it is 0.35° or greater.

Using the method proposed in this study, the impacts on beach
erosion owing to the construction of large artificial structures in
Donghae Port, Sokcho Port, Gungchon Port, and the Samcheok LNG
Plant were evaluated. The values of D, .../D, which is the
assessment criterion of the danger level, were 2.01, 1.28, 0.57, and
1.83 in these four coastal areas, respectively. In other words,
Gungchon Port was evaluated as at a level of caution, whereas the
others were evaluated as at a dangerous level. However, caution
should be practiced because these results are slightly different from the

values calculated using the longshore sediment formula
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