B=rael - ST esl e

- Z/ISSN 1976-8192(Print), ISSN 2288-2227(Online)

Journal of Korean Society of Coastal and Ocean Engineers 33(6), pp. 246~256, Dec. 2021
https://doi.org/10.9765/KSCOE.2021.33.6.246

Bl 24 A 9 A e

37}

The Analysis of Coastal Erosion and Erosion Impact Assessment in the East Coast
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Abstract : Various development projects occurring on the coast cause an imbalance of surface sediments, causing
coastal disasters or irreversible coastal erosion. Coastal erosion caused by the influence of various port structures
built through coastal development can be directly identified by evaluating changes in the sediment budget, long-
shore sediment, and cross-shore sediment. In other words, it will be possible to evaluate the causality between
coastal development and coastal erosion by classifying regions due to single cause and regions due to multiple
causes according to the changes in the sediment classified into the three types mentioned above. In this study, the
cause of long-term and continuous erosion was analyzed based on the analysis results of the coastal development
history and the Coastal Erosion Monitoring targeting the coast of Gangwon-do and Gyeongsangbuk-do on the east
coast. In addition, in order to evaluate the degree of erosion caused by the construction of artificial coastal struc-
tures, the concept of erosion impact assessment was established, three methods were proposed for the impact
assessment. The erosion impact of Hajeo port was assessed using the results of satellite image analysis presented
in the Coastal Erosion Monitoring Report, it was assessed that the development of Hajeo port had an impact of
93.4% on erosion, and that of the coastal road construction had an impact of 6.6%.

Keywords : coastal erosion, coastal development, sediment budget, longshore sediment, cross-shore sediment,
erosion impact assessment
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Table 1. Status of coastal erosion in Gangwon-do
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Fig. 1. Annual change of erosion grade in Gangwon-do

Number of beaches by erosion grade

Number of beaches where erosion

Year Total is severe or concerned
A (Good) B (Normal) C (Concern) D (Severe) Number Percentile (%)
2013 1 23 61 17 78 76.5
2014 - 26 54 22 76 74.5
2015 - 41 49 12 61 59.8
2016 - 2 39 61 102 100 98.0
2017 - 10 48 44 92 90.2
2018 - 22 53 27 80 78.4
2019 - 34 52 16 68 66.7
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Table 2. Development type in Gwangwon-do coast
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Beach erosion status

Development type

Construction of breakwater Natural cause,

Location Eroded beaches .
Beaches or seawall, etc. dune erosion, etc.
Number Percentile (%) Number Percentile (%) Number Percentile (%)
Total 102 81 79.4 48 59.3 33 40.7
Goseong 26 21 80.8 16 76.2 5 23.8
Sokcho 6 6 100.0 5 83.3 1 16.7
Yangyang 22 18 81.8 9 50.0 9 50.0
Gangneung 25 13 52.0 9 69.2 4 30.8
Donghae 8 8 100.0 2 25.0 6 75.0
Samcheok 15 15 100.0 7 46.7 8 533
Table 3. Status of coastal development and construction of artificial coastal structures in Gwangwon-do coast
CSB CLS CCS
Location Watershed Port & Harbor Detached or Headland Groin, Coastal road, Seawall
development structures Submerged Breakwater Dike Parking lot
Total 41 62 23 7 16 52 64
Goseong 11 15 4 1 1 12 12
Sokcho 2 4 4 4 2 3 3
Yangyang 10 13 3 - 5 5 13
Gangneung 10 14 7 1 6 21 19
Donghae 2 4 1 - 1 3 8
Samcheok 6 9 4 1 1 8 9
CSB change of sediment budget, CLS change of longshore sediment budget, CCS change of cross-shore sediment budget
Table 4. Analysis of erosion cause in Gwangwon-do coast
. Single cause Compound causes
Location etc.
CSB CLS CCS CSB+CLS CSB+CCS CSL+CCS CSB+CLS+CCS
G d 6 8 12 9 6 31 20 10
angwon-do 5.9% 7.8% 11.8% 8.8% 5.9% 30.4% 19.6%
(total: 102) (59%)  (78%)  (11.8%) (8.8%) (5.9%) (30.4%) (19.6%) 9.8%)

26 (25.5%)

66 (64.7%)

CSB change of sediment budget, CLS change of longshore sediment budget, CCS change of cross-shore sediment budget
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Table 5. Analysis of erosion cause by coastal development in Gwangwon-do coast

Number (percentile) of eroded beaches due to development

Number of eroded

Construction of port

Location ) Construction of Hinterland beaches due to CSB,
structures & hinterland port structures development etc., excluding development
development

Gangwon-do 31 (50.0%) 17 (16.7%) 24 (23.5%) 10 (9.8%)

(total: 102) 68 (66.7%)
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Fig. 2. Analysis of erosion cause in Gwangwon-do coast.
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Fig. 3. Annual change of erosion grade in Gyeongsangbuk-do.
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Table 6. Status of coastal erosion in Gyeongsangbuk-do
Number of beaches by erosion grade Numb'e r of beaches where erosion
Year Total is severe or concerned
A (Good) B (Normal) C (Concern) D (Severe) Number Percentile (%)

2014 1 16 21 3 24 58.5
2015 - 8 27 6 33 80.5
2016 - 9 28 4 41 32 78.0
2017 - 11 30 - 30 73.2
2018 - 13 28 - 28 68.3
2019 - 10 28 3 31 75.6

Table 7. Development type in Gyeongsangbuk-do

Beach erosion status

Development type

Construction of breakwater

Natural cause,

Location Eroded beaches .
Beaches or seawall, etc. dune erosion, etc.
Number Percentile (%) Number Percentile (%) Number Percentile (%)
Total 41 21 51.2 20 95.2 1 4.8
Uljin 11 3 273 2 66.7 1 333
Yeongdeok 9 6 66.7 6 100.0 - -
Pohang 8 5 62.5 5 100.0 - -
Gyeongju 9 6 66.7 6 100.0 - -
Ulleung 4 1 25.0 1 100.0 - -
Table 8. Status of coastal development and structure in Gyeongsangbuk-do coast
CSB CLS CCS
Location Watershed Port & Harbor Detached or Headland Groin, Coastal road, Seawall
development structures Submerged Breakwater Dike Parking lot
Total 17 37 13 2 10 36 41
Uljin 3 8 3 0 3 9 11
Yeongdeok 4 8 3 2 1 8 9
Pohang 4 8 1 0 2 7 8
Gyeongju 5 9 3 0 2 8 9
Ulleung 1 4 3 0 2 4 4
CSB change of sediment budget, CLS change of longshore sediment budget, CCS change of cross-shore sediment budget
Table 9. Analysis of erosion cause in Gyeongsangbuk-do coast
. Single cause Compound causes
Location
CSB CLS CCS CSB+CLS CSL+CCS CSB+CLS+CCS
- - 2 - 17
Gye??g;flmi‘;;‘k'do O O (4.9%) O (51.2%) (41.5%) 5
otal: -
2 (4.9%) 39 (95.1%)
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Table 10. Analysis of erosion cause by coastal development in Gyeongsangbuk-do coast

Number (percentile) of eroded beaches due to development

Number of eroded

Construction of port

Location & hinterland Construction of Hinterland beaches due to CSB, etc.,
structures & hinterlan port structures development excluding development
development
- 38 (92.7% - (-
Gyeongsaflgbuk do ( 0 ) 3 (7.3%) -0)
(total: 41) 38 (92.7%)

CSB+CCS

(1,2.4%)
Singlls cause @l
@, 4.9%) > CSB+CLSHCS

(17,41.5%)

(a) by cause

(38,92.7%)

D‘e‘v,e‘lepment
podsiictures]
@8, 2.7%)

(b) by coastal development

Fig. 4. Analysis of erosion cause in Gyeongsangbuk-do coast.
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Table 11. Analysis of beach area change around Port

Change rate of beach area

Long-term change rate presented in

Port before and after coastal coastal erosion monitoring report (2020)
maintenance project (%) Cross-sectional beach area (%) Beach width (%)
Dagjin lack of observed data 13.7 -20.5
Geojin lack of observed data 2.0 -1.5
Gonghyeonjin -12.4 12.3 -10.6
Ayajin -1.6 -10.8 -28.1
Sokcho -14.0 -0.8 1.3
Daepo No beach
Susan -10.9 - -20.4
Namae -7.6 -16.8 -6.8
Jumunjin 9.2 229 19.2
Sacheonjin -1.0 -12.5 -27.5
Gangwon-do Gangneung -7.4 -3.2 4.7
Geumjin -7.8 -0.7
Okgye ~1o4 12.3 29
Mukho -11.8 7.5 272
Donghae No beach
Samcheok No beach
Deoksan No beach
Gungchon Beach nourishment implementation -27.8 —-143
Jangho -11.8 52 —264
Imwon —4.5 -34.5 -81.2
Hosan No beach
Jukbyeon 8.1 0 0
Osan -3.6 -10.9 224
Gusan -3.1 8 10
Hupo Decrease in beach area 4.8 16.5
Daejin No beach
Chuksan No beach
Ganggu lack of observed data
Gyeongsangbuk-do  Gugye No beach
Pohang Yeongildae Beach: —33.8% decreas§ in beach area
/ Songdo, Dogu Beach: increase in beach area
Daebo No beach
Guryongpo No beach
Yangpo Sedimentation equilibrium is maintained in the long term
Gampo Decrease in beach area =32 -8.8
Eupcheon Decrease in beach area 2.1 6.6
s o] Zrad 20w HHh EF T 4L 4, T (2 FIAL QI01 B ZIA QIFEE T 7|
of sl - 33.8% 71 simimiF o] hagh v, 9l
o FEof Bt sl A o] Ttk 1 9] ¢k 4.1 A ek I
o] A A YR svivAo] dxpEE Wk A FEERE AR A AR S EEo]
Ao, Ar1Hor FPYHE FAskL e diRlow 3 Btraltad Ws), = ainie A wiste] JFE = AEE A
e o) FHow Friek ghow o 4 Sk, whebA] A



sl

Table 12. Assessment method of erosion impact
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Assessment methods

Characteristics

Base on analysis coastline
survey results

(Base on Coastal Erosion
Monitoring Report)

o

Although detailed analysis is possible, assessment is not possible due to insufficient long-
term historical data (available only after 2015)

o

o

Base on analysis of aerial
photo/ortho-image

o

Easily review shoreline changes through image analysis

It is difficult to acquire images for each stage of construction of coastal structures, and
the homogeneity and representativeness of data is low

Coordinate matching is difficult due to the difference in resolution between past images

o

Base on numerical model
analysis (2/3 dimensional

o

o

Analysis by construction stage and external force condition is possible
The model setup process is complex and the analysis process takes a lot of time
Various external force conditions cannot be considered due to insufficient of data and

model) limitations of the model — Low reliability of model results
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Table 13. Imformation on aerial photograph and ortho image
Origin of coordinates (GRS80, TM-EAST)
Year File identifier Resolution Remarks
X Y

1971 197108000200030004 1270 dpi 233021.0 421926.0 .

1995 199500000300220064 1200 dpi 236158.0 419980.0 acrial

2005 200505000200220079 1200 dpi 237165.0 422469.0 photograph

2019 201911000436910047 51 cm 235774.5 4226113 ortho image
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Table 14. Basis present condition at Hajeo-ri

1= 1 O l
QA A= lom, LR sl b Bl
i Aoz gotxy gk Fd dite® AdE of
53 m 7F sile] AE gl o, AREEAL o] Fol uket 5
At dRlZo] Sage] whet S3F Wialake] oJgkow 1
B - S7F 2 29k UisA] wileA] FJ87t -2 = @

bo = Hrter)

2 Fig. 59} Table 15 <
A4 @AM sfiehd 9 sjwl
19951 Ato] Fobe & W sk gu] A
2.2% 7HAsiglon, it
o FAE o0 A 2002 kA
AR 2005 7] A SlRIFA 0] 27.4% FhA

A =Rl

Ao

Lty W

Hajeo-ri, Ganggu-myeon,
Location Yeongdeok-gun, Gyeongsangbuk-do
(Hajeo port~Hajeo Beach)

Beach shape Bow-shaped
Beach length 0.94 km
Beach width 6~42 m
Representative
Status  particle size of Sand
beach sediment
Adjacent river Soha Stream

Erosion grade Grade D (severe)

Erosion type Beach erosion

Ly

Development history

- 2002: Construction of breakwater and groyne
- 2011: Extension of breakwater and groyne

N

S— [

Rateof (hangein Area(1995-1971)(%)

Rateof Changein Area(2019-2005)(%)

Zone | A B C | Total

Zone

A

B

C

Total

Area | 7.7 |-106 | -22 | -22

Area

87

-16.2

-138

-39

Fig. 5. Changes in the coastline of Hajeo Port by construction stages.
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Table 15. Changes in beach area and average beach width for each construction stages of Hajeo Port
(Encroachme:ngtg:aused by the 2005 2019
1971 construction of coast-road & ( N c‘g’s;e;uggn) (Present)
river maintenance project) groyn
Zone (m) Change Change in Change Change in Change Change in
in arca average in arca average in arca average
Area V;fldth beach width beach width beach width
() m)
Area  Amount Rate  Width Amount Area  Amount Rate  Width Amount Area  Amount Rate  Width Amount
2. 2. 2. 2. 2. 2.
(m’) m) () [  (m) (') m) ) ) () (m) m) () (m) (m)
204.5 6,141.9  30.0 6,617.3 4754 77 324 23 83080 1,690.7 255 406 83 9,028.8 7208 87 441 35
314.0 7,1553 228 63972  -7581 -106 204 24 39229 24742 -38.7 125 <719 32881 -6349 -162 10.5 2.0
4490 11,9428 266 11,6809 2619 -22 260 -0.6 56947 -59862 -512 12.7 -133 4909.1 -7856 -13.8 109 -1.7
Total 967.5 252400 26.1 246954 5446 22 255 -0.6 17,9256 -6,769.8 -274 185 -7.0 172259 -699.7 -39 17.8 -0.7

Table 16. Erosion impact assessment cause by construction of Hajeo Port

Changes in total sediment budget
(1971~2019)

Encroachment caused by the
construction of coast-road
(1971~1995)

After the construction of the
breakwater and groyne in Hajeo port
(2005~2019)

Beach area Beach width Beach area Beach width Beach area Beach width
amount of g )54 7 2 85m -544.6 m* -05m -7,706.1 m’ 8.0m
change
Impact rate - 6.6% 93.4%
main cause . Change due to cross-shore Change due to longshore sediment
of erosion offshore spill . . .
. sediment transport and offshore spill transport and offshore spill
(erosion type)
4 80
Coastal road Breakwat | Breakwat
Watershed dev. (2002)er | Extension (28'11) = ABW. £
@ Area =
~3 60 B
= 25,240.0 2
z °®
= <
~ 2 4 17,133.0 17,2259 40 _§
g —0 1)
)
1 20 §
H B BB B -
0 - T T T T T 0
1971 1995 2005 2009 2011 2015 2019
Year
Fig. 6. Changes in beach area and beach width in Hajeo Port.
QI3) Fit N R oF 7.0m FHF 2O vheideh 3 B ANFE 85wk FAW AR PAHU o] F &
% f‘fo 74 o] dA 0193 71F)yHA AA sl A AR AMR Q3 FFLE 6.6%S] 0.5m SWIE FE 7} vk
3.9% 7aato] Bt aliWlEo] 0.7 m FHA4E FoE FhE skl om, shAEE 1140] - 93.4%R1 8.0 m QM £
I 3lom, = FRYHE FAskL Qs ZloR Akt EHE et Zlo% FrHESIth T A WA 2
o A, A LR ATl AL Al AN AR Qlae] B50% ARKEAL o3} g 23]
A} OB FA) F7KE W] BT (TS A4 BP0l SR 20 B, o) Q1% S 711 3
o= ANEAe] AT uet ;oA A BA HE LY 0B Fh F AFTN FAL Q8 ASH PARA 2
3 f1gAe] Sl Ao w FrhE o] el et
PPN AT AN ARAL ARE G BEAA]  ohew mokd A FRAQ VTN §5F F719) B
A el wE f%kEé 3 7}8to] Table 16, Fig. 61 AR FARFA ] 247} ol el vkt Bl Az 2
AXERATE. AR kAl 9l WA, A SR AdR WA Dt JJa oS 915k tiRmbde] Jedk Row 9
QU FARA] MBI 20199 7)5 A SIEA-2 8250.7 m, e
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