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Analysis of Beach Changes and Sediment Transport Due to Construction of a
Detached Breakwater and a Submerged Breakwater at Yeomjeon Beach
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Abstract : To investigate sediment-transport mechanisms associated with the construction of a detached
breakwater and a submerged breakwater at Yeomjeon Beach on the central coast of Gangwon Province, Korea,
beach changes were periodically monitored from February 2021 to December 2022, encompassing the
construction and completion of the structures. Surface sediment sampling and shoreline surveys were conducted,
and the results were analyzed with wave data from a buoy at nearby Gyeongpodae Beach. The study area is
influenced by high northeasterly (NE) waves and seasonally reversing NW-SE residual currents, both generally
strongest in winter. The shoreline advanced by up to 94.0 m in the lee of the structures but retreated by up to 49.4
m elsewhere. Surface sediments were sandy at most stations, and Grain Size Trend Analysis (GSTA) showed that
transport directions varied among zones during construction but became spatially reorganized in response to the
structural configuration after completion. Although changes in water depth and mean grain size at some stations
appeared to be affected by anthropogenic disturbances, sediments generally became coarser in erosional zones and
finer in depositional zones. Shoreline-change magnitude (RMS) was primarily associated with high winter waves
and relatively long-period waves, and the cross-shore component of wave energy flux had a stronger influence on
shoreline change than the longshore component. After completion, the mean shoreline advanced, but continued
erosion along unprotected sections resulted in a sediment imbalance across the beach. These findings suggest that
spatial variations in sediment transport and redistribution should be considered in the planning and design of
coastal structures.
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Fig. 1. Location and coastal structures of the study area.
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Table 1. Construction history of coastal structures by survey period
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Month Construction during interval breakwater (m) breakwater (m) Construction phase
Feb. 2021 BW 730 (Dec. 2020) 730 -
Apr. 2021 BW+140 870 -
Jun. 2021 BW+245(May 105, Jun. 140), 1,115 140 BWS};B(rgilgﬁtregr;dand
SB+140(May 20, Jun. 120) ’

breakwater)
Aug. 2021 BWQSOSE‘;L}E‘)?J’U‘E‘)“% 140), 1,395 250 construction
Oct. 2021 BW+105(Sep., completed) 1,500 250
Dec. 2021 - 1,500 250
Feb. 2022 - 1,500 250 BW completed
Apr. 2022 - 1,500 250
Jun. 2022 SB+130(May 100, Jun. 30) 1,500 380
Aug. 2022 SB+150(Jul. 40, Aug. 110) 1,500 530 SB construction
Oct. 2022 SB+70(Sep. 40, Oct. 30, completed) 1,500 600
Dec. 2022 - 1,500 600 Post-completion
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Table 2. Monthly statistics of wave parameters at the study site (Dec. 2020~Dec. 2022)

Month H; (m) T3 (s) Orean Month Hy;3 (m) T5 () Orean
Dec. 2020 0.9 6.2 NNE Jan. 2022 14 7.6 NNE
Jan. 2021 1.0 6.7 NE Feb. 2022 1.1 6.8 NNE
Feb. 2021 0.8 6.4 NE Mar. 2022 0.9 5.9 NE
Mar. 2021 1.0 6.2 ENE Apr. 2022 0.7 49 ENE
Apr. 2021 0.8 5.5 ENE May. 2022 0.5 45 NE
May. 2021 0.7 5.7 NE Jun. 2022 0.7 53 ENE
Jun. 2021 0.5 4.8 NE Jul. 2022 0.6 54 NE
Jul. 2021 0.4 4.6 ENE Aug. 2022 0.5 5.1 ENE
Aug. 2021 0.8 6.0 NE Sep. 2022 0.8 5.6 ENE
Sep. 2021 0.8 6.0 ENE Oct. 2022 1.0 6.0 NE
Oct. 2021 1.0 6.3 NE Nov. 2022 0.8 6.0 NE
Nov. 2021 0.8 6.2 NE Dec. 2022 0.9 6.2 N
Dec. 2021 1.1 7.2 NE

Table 3. Monthly statistics of current parameters at the study site (Dec. 2020~Dec. 2022)
Max. Avg. N Residual  Residual Max. Avg. L. Residual ~ Residual
Direction R Direction R
Month speed  speed (deg) speed direction Month speed  speed (deg) speed direction
(cm/s)  (cm/s) & (cm/s) (deg.) (cm/s)  (cm/s) & (cm/s) (deg.)

Dec. 2020  76.8 13.3 346.0 8.8 319.3 Jan. 2022 57.1 14.0 325.0 9.3 3263

Jan. 2021 58.8 11.2 340.0 7.3 323.3 Feb. 2022 89.7 22.6 323.0 16.3 3274

Feb. 2021 46.2 11.6 94.0 34 3243 Mar. 2022 53.3 13.9 344.0 4.1 339.7

Mar. 2021 49.1 10.5 310.0 0.8 294.5 Apr. 2022 69.7 20.7 327.0 17.6 3319

Apr. 2021 50.0 7.5 67.0 0.3 67.2 May. 2022 59.0 13.6 326.0 2.7 344.0

May. 2021 493 11.1 137.0 1.3 12.0 Jun. 2022 394 12.2 119.0 3.0 136.7

Jun. 2021 46.0 13.5 337.0 3.2 147.1 Jul. 2022 66.2 14.2 149.0 5.1 154.2

Jul. 2021 57.8 13.7 143.0 0.5 166.7 Aug. 2022 56.4 13.5 157.0 3.4 148.6

Aug. 2021  58.0 18.9 157.0 124 150.1 Sep. 2022 49.7 15.5 143.0 3.2 325.6

Sep. 2021 37.8 10.3 336.0 3.9 157.7 Oct. 2022 48.9 14.2 335.0 1.3 339.5

Oct. 2021 46.7 11.7 321.0 3.6 310.1 Nov. 2022 458 10.6 326.0 22 3232

Nov. 2021 51.3 122 323.0 1.7 331.6 Dec. 2022 579 14.7 305.0 10.6 322.0

Dec. 2021 66.6 144 345.0 7.2 3243
& NE Al¥e] 23%%2 7P MBI ENE 16%, NNE  729] W&k gk SA|-FA1o HA3HCF 320~340°), kAl
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S} FA1el 9k AR AT E = AF AR saliske] A o] mupto] e Hw WEFo R A3 vlsset, ol &
545 Bk olg @ AdA A4S w7 a9l 555 HhEl Aok o] AdA o & Agky]= 2= F7lo] FAE
o7 e o] ol ek A zhEake] 71 Al siareke 9 Atk olE gk A filraEo] AdE e o W
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Fig. 2. Observed wave and current at Gyeongpodae Buoy.
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Fig. 3. Beach analysis and sediment sampling points in the study area.
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Table 4. Monthly maximum, minimum and average of shoreline change relative to the Feb. 2021 shoreline

Year 2021 2022
Month Apr Jun Aug Oct Dec Feb Apr Jun Aug Oct Dec
Max. 4.7 7.0 3.6 39.2 499 82.1 86.2 78.4 75.3 84.5 94.0
Min. -15.2 -152 -37.8 —41.1 —45.3 -34.7 -35.2 —44.4 —45.7 -39.3 494
Avg. -5.0 —6.5 -7.2 -1.7 -8.0 -3.6 -0.2 -0.9 -1.8 0.3 2.5
l Advance W Retreat
Area 1 Area 2 Area 3
I sl | Dec. 2022 - Feb. 2021
il | Oct. 2022 - Feb. 2021
sl | Aug. 2022 - Feb. 2021
— Bl | Jun. 2022 - Feb. 2021
el | Aprr. 2022 - Feb. 2021
il | Feb. 2022 - Feb. 2021
wcsitli | Dec. 2021 - Feb. 2021
sl | Oct. 2021 - Feb. 2021
Aug. 2021 - Feb. 2021
_ Jun. 2021 - Feb. 2021
2 E 1000
=8 00 Apr. 2021 - Feb. 2021
_§ S -100.0L — ——— — — ‘
i) 0 100 200 300 400 500 600 700 800 900 1000 1100 1200 1300 1400

Longshore distance (m)

Fig. 4. Shoreline changes relative to February 2021 along Yeomjeon beach.
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Result

Value

Ocean forcing

NE waves directly attack the northeast-facing beach;

residual currents reverse seasonally between NW
and SE

Waves >3 m: 1.0%; monthly mean significant wave
height 0.4~1.4 m, NE waves most frequent (23%);
residual currents reverse seasonally between NW
and SE

Shoreline change

Rapid shoreline advance landward of the detached
breakwater, formation of a salient behind the
submerged breakwater, and continuous erosion in
the central section

Maximum advance 94.0 m, maximum retreat 49.4
m, whole-period mean retreat 2.9 m, maximum
whole-section mean retreat 8.0 m

Surface sediment

Sand dominant across the entire area; fining
progressed during structure construction

Slightly gravelly sand decreased by 32% and silty
sand increased more than sixfold from 2021 to
2022

Grain-size trend
analysis (GSTA)

Onshore-directed transport trend dominant in the
offshore zone; transport trends were spatially
reorganized according to the structure layout and
construction stage

Accretion landward of the breakwater in 2021
(coinciding with the onset of shoreline advance)
and onshore-directed migration in front of the
submerged breakwater after its completion in
October 2022

Mean grain-size
change and
bathymetric change

Fining (deposition) occurred in the sheltered zone
and landward of the submerged breakwater, while
coarsening (erosion) occurred in the central section.

At P-12 near the Gunseoncheon groyne, shoreline
advance coincided with coarsening, possibly
reflecting relatively coarse sediment supply and/or
construction-related disturbance.

Correlation between
shoreline change
and marine forcing

Cross-shore wave forcing showed a stronger
relationship with shoreline change than the
longshore component; seasonal cycle of autumn-
winter erosion and spring-summer recovery

Correlation coefficient (r): significant wave height

0.68, significant wave period 0.69, wave direction

0.63; cross-shore energy flux 0.76 and longshore
0.53
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Table 6. Mean grain size gradient at each station

Section Area Count

Point

Coarser area 2

P-1(0.019), P-2(0.002)

Finer area 26

P-3(-0.016), P-4(~0.013), P-5(~0.007), P-7(~0.022)
P-8(~0.003), P-9(~0.005), P-10(-0.005), P-11(~0.002)
P-16(-0.003), P-17(0.000), P-18(0.000), P-19(~0.001),
P-20(~0.002), P-23(~0.006), P-24(~0.009), P-25(-0.010),
P-31(~0.004), P-32(~0.001), P-33(0.000), P-34(~0.009),
P-38(~0.007), P-65(~0.003), P-66(~0.053), P-67(0.013),
P-68(~0.016), P-69(~0.001)

Coarser area 16

P-6(0.004), P-21(0.005), P-22(0.000), P-35(0.011)

P-37(0.005), P-39(0.020), P-40(0.007), P-46(0.001)
P-48(0.010), P-49(0.013), P-50(0.012), P-51(0.006)
P-52(0.004), P-53(0.013), P-54(0.028), P-55(0.007)

Finer area 10

P-28(-0.014), P-29(~0.001), P-42(~0.004), P-43(~0.013)
P-44(~0.034), P-56(~0.002), P-57(~0.003), P-58(~0.020)
P-59(~0.019), P-60(~0.014)

Coarser area 7

P-12(0.053), P-13(0.015), P-26(0.006), P-27(0.011), P-30(0.000),
P-70(0.016), P-71(0.004)

Finer area 6

P-14(~0.009), P-15(~0.008), P-72(~0.027), P-73(~0.016),
P-74(~0.040), P-75(~0.406)

0.06

Grain size gradient

I Finer
I Coarser

Fig. 6. Distribution of grain size gradient d,,.,, (mm) at each station for 2 years (Feb. 2021 to Dec. 2022).
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