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Abstract: The Gochang open-coast intertidal flat is located in the southwestern coast of Korea (the eastern part of the
Yellow Sea), characterized by macro-tidal range, an open-coast type, and sand substrates. This study has investigated
seasonal variation in sedimentary facies of surface sediments in the Gochang intertidal flat. In the four seasons of
February, May, August, and November, 2014, surface sediments of 252 sites in total were sampled and analyzed along
three survey lines. The surface sediments of the Gochang intertidal flat in 2014 consisted mainly of fine-grained sand
sediments showing a trend in grain size to be coarser in winter and finer in summer. Based on seasonal wave and tidal
level data recorded near the study area, it was interpreted that the seasonal effects of wave were stronger than those of
tide as a factor controlling surface sedimentation. High waves in winter resulted in the coarsening trend of grain size in
surface sediments, whereas, during summer time, the sediments became finer by relatively low waves. Spatial sedimentary
facies of the Gochang intertidal flat in 2014 represented that seasonal deviation of the upper tidal zone was larger than
that of the lower tidal zone, hence sediments getting coarser in grain size and poorly sorted in the upper tidal zone. From
upper to lower tidal zone, the grain size became finer and sediments were better-sorted, showing smaller seasonal
deviations.
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Fig. 1. Location map of study area in the Gochang coast. Note the location of the Yeonggwang Tide Station, the Simwon and
Sangha AWS, and the Yeonggwang CWB. (DH: Donghori Headland; GH: Gwangseungri Headland; YF: Yongduri Fish Farm;
@® AWS: Automatic Weather System; @ CWS: Coastal Wave Buoy; © Yeonggwang Tide Station).

y Sample sites and
transect line

//IIO@ -\- )

z G
S )
<. y |
8 /&

[ o

| &

Jo

p. Gochanggun
% i
/ éfi
/" Y Sanghamyeon
_Z _f"
o 4
_m
P~ <
& .
o 0 500m
(3]
126'2700'E 126 2900'E

Fig. 2. Map of the study area. Three transect lines includ-
ing ticks (30m interval) represent monitoring set-up for ele-
vation changes and sampling of surface sediments.
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Table 1. Tidal constants and four largeness tide values in the Gusipo fishing port of the Gochanggun (Korea Hydrographic and
Oceanographic Administration, 2013)

harmonic constants nonharmonic constants

. mean high water interval (k) 02h 1l m
tidal constituents ~ semirange (H) tidal lag (k) tidal lag (g) - -
mean high water interval (g) 02 h 28 m
M2 200.2 63.4 714 spring rise 612.2 cm
S2 774 104.6 121.7 neap rise 4574 cm
K1 319 261.7 270.6 mean sea level 334.6 cm
0O1 25.1 236.6 235.7 approximate highest high water 669.2 cm

Table 2. Tide level and deviation of the Yeonggwang tide station near the Gochang coast from December in 2013 to Novem-
ber in 2014 (Korea Hydrographic and Oceanographic Administration, 2013-2014). For location of the station, see Fig. 1

high tide (m) low tide (m) tide
year season month ante post ante post diviation
meridiem  meridiem average meridiem  meridiem average (m)
2013 Dec. 532 5.81 0.87 1.34
winter Jan. 541 5.78 5.58 0.82 1.34 1.12 4.46
Feb. 5.52 5.62 0.93 1.42
Mar. 5.75 5.61 0.92 1.21
spring Apr. 5.85 5.53 5.70 1.17 1.16 1.17 4.53
May 6.01 545 1.39 1.15
2014 Jun. 6.04 549 1.56 1.18
summer Jul. 5.99 5.58 5.84 1.56 1.11 1.35 4.49
Aug. 6.03 5.89 1.54 1.15
Sept. 5.86 5.99 1.46 1.20
fall Oct. 5.66 6.08 5.71 1.37 1.36 1.30 441
Nov. 540 529 1.08 1.33
i, 20149 29 (A%), 59, 8E(F), 1E(7F) 2M o}
o F 252K AlES AFsI 24 S| fAE
Fo A S %A 2=% Pulse Total Station GPT-7503 =M1} miEe| £
(Topeon)e] 3 7j2) 4ol <Jsll Agagon, 21 z49) AEE 542 sielsb] slslel 3 =9)

279 $1X= Gamin GPS VE ©]&-3} 71531t #5542 ARE ol &aIthFig. 1; Table 2; KHOA,
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slo] QA= RPE e B 0~180% YoM 7 HAAzE 247F 570, 1.17mE %Y A= 453 mo)
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Table 3. Weather data from automatic weather station near the Gochang coast from December in 2013 to November in 2014:
(a) Simwon station and (b) Sangha station; For location of the stations, see Fig. 1. Note that the maximum wind direction is
changed from northerly in the winter to southerly in the summer with a decrease in wind speed (Korea Meteorological Adminis-
tration, 2013-2014b)

(a) Simwon station

year 2013 2014
season winter spring summer fall
month Dec. Jan. Feb. Mar. Apr. May Jun. Jul. Aug.  Sept. Oct. Nov.

average temperature (°C) 2.8 1.1 2.8 72 11.9 17.1 219 24.7 23.7 20.7 15.5 9.6
29 24 25 29 22 2.6 2.1 2.0 1.9 1.6 2.0 22

average wind speed (m/s)

av. 2.6 av. 2.5 av. 2.0 av. 1.9
, od g 68 1117 IS5 ILL M8 161 4 14 133 112 148
maximum wind speed (m/s) max. 16.8 max. 15.5 max. 16.1 max. 14.8

and direction
NW NW NwW NW  WNW S ESE  SSW NE S NNW  NW

(b) Sangha station

year 2013 2014
season winter spring summer fall
month Dec. Jan. Feb. Mar. Apr. May Jun. Jul. Aug.  Sept. Oct. Nov.

average temperature (°C) 2.6 0.8 2.3 6.9 11.8 17 21.7 243 23.5 20.6 14.9 9.3
24 2.1 2.0 2.5 1.9 24 1.9 1.9 1.8 1.5 1.7 2.0

average wind speed (m/s)

av. 2.2 av. 2.3 av. 1.9 av. 1.7
. ) 154 133 12.8 134 12.5 12.3 16.8 13.2 114 9.1 10.3 143
maximum wind speed (m/s) max. 15.4 max. 13.4 max. 16.8 max. 14.3

and direction WNW NW NNW NW NNW S SSE SW  E  SSE NNW NW

Table 4. Wave data from the Yeonggwang wave buoy near the Gochang coast from December in 2013 to November in 2014
(Korea Meteorological Administration, 2013-2014a); For location of the buoy, see Fig. 1. Mean wave height indicates average
wave height of 1024 wave groups measured during 20 minutes before every hour. Significant wave height means average wave
height of the most highest one third among the 1024 wave groups

year 2013 2014
season winter spring summer fall
month Dec. Jan. Feb. Mar. Apr. May Jun. Jul. Aug.  Sept. Oct. Nov.
mean significant wave 1.3 1.0 0.8 0.8 04 0.5 0.3 04 0.4 0.5 0.7 0.9
height (m) av. 1.0 av. 0.6 av. 0.4 av. 0.7
0.8 0.6 0.5 0.5 0.3 0.3 0.2 0.3 0.3 0.3 0.4 0.6
mean wave height (m)
av. 0.6 av. 0.4 av. 0.3 av. 0.4
maximum significant wave -8 4.9 38 52 38 22 1.5 2.6 1.6 1.9 2.5 5.1
height (m) max. 5.8 max. 5.2 max. 2.6 max. 5.1
maximum wave height 7.7 7.3 4.8 6.6 4.8 29 24 3.6 2.5 2.7 34 5.7
(m) max. 7.7 max. 6.6 max. 3.6 max. 5.7
5.5 53 45 49 42 4.1 3.7 44 37 4.0 4.6 49
mean wave period (S)
av. 5.1 av. 4.4 av. 3.9 av. 4.5

9.2 112 11.5 13.6 9.6 9.7 9.7 9.2 9.5 10.3 9.6 10.3

maximum wave period (s)
max. 11.5 max. 13.6 max. 9.7 max. 10.3
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Fig. 3. Elevation feature of the transect lines (for location, see Fig. 2; Kang et al., 2015). (a) Donghori, (b) Gwangseungri, and
(c) Myeongsasipri. MHWL: mean high water level; MSL: mean sea level; MLWL: mean low water level.

o $AIT. Bel Ad Aele] HaFEE 2 & 9ol W, WEFoR Uehtor 1ge %
23m/sM_E1 HAWEELS 155, 134 m/s= L}E}kkt}. AMFo g Wslslsith
o] FS 39l BAFoIA 5Yol| FFow FI AT Qo] gF <ot wF Fo] AEE olf

] tﬂﬁ}ﬂ 015} 5] HATES A sl st mige] AdE EAS UePlrhFigs. 1, S5
A ZFzE 20, 1.9m/s=2 L}E}kkt} HUFE2 16.1, Table 4; KMA, 2013-2014a). A&¢] Haf<oluty
168 m/sZ YERgoH, JFo] At At (mean significant wave height)} Havjie z4z}
Aeke] 7hS HEZEL 1.9, 1.7 m/s2 YERLOH, 1.0, 0.6mel™, FHIH-29}3 (maximum significant
HUFES 148, 143 m/sE YERTE 7F29 ¥ wave height)et Hv9ae 72} 58, 77 molth &



TH NS F2H B EMEC| 20144 AE Het 95

(@) (®)

N N

T winter
L Spring— ¥4

} 0 w :I- — + 0
(12 ' 12
4 T4
6 summer leg
8 Y lg

TR R—— N

S0 2 4 6 8 10

Fig. 4. Wind speed classes according to wind directions from the automatic weather stations near the Gochang coast from
December in 2013 to November in 2014: (a) Simwon station and (b) Sangha station.
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Fig. 5. Wave data from the Yeonggwang wave buoy near the Gochang coast from December in 2013 to November in 2014
(Korea Meteorological Administration, 2013-2014a); For location of the buoy, see Fig. 1.
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Table 5. Composition of surface sediments in the Gochang intertidal flat: winter (Feb.), spring (May), summer (Aug.), and fall
(Nov.) in 2014. (a) Donghori, (b) Gwangseungri, and (c) Myeongsasipri

Sand (%)
Gravel (%) Mud (%)
very coarse coarse medium fine very fine
- average 0.0 04 41 19.0 653 10.9 03
winter range 00~0.0 0043 00314 72566 189796 L1211  0.0-47
_ average 0.0 0.1 1.8 153 67.4 13.9 15
spring range 00~00  00~L1  00~143 49598  284-823 19243  0.0~11.5
a
® average 0.0 02 22 133 67.4 162 0.7
summer range 0000 0036 00352 59459 229788 19260  0.0-24
al average 0.0 02 53 124 67.6 144 0.1
a range 00-00 0021 00465 54456 29.1-758 18223  0.0-06
int average 0.0 0.5 5.6 15.6 64.2 14.1 0.0
winier range 00~00  00~83  0.0~585  64~41.1  7.0~760 07228  0.0~0.1
, average 0.0 0.6 2.7 114 679 17.2 02
) spring range 0000  00~123  00~513 26355 52791 14273  0.0~19
®) average 0.0 02 3.1 118 673 17.5 0.1
summer range 00~00 0038  00~555 57326 73772 08258  0.00~0.7
all average 0.0 02 34 12.8 663 17.2 0.0
& range 00~00  00~08 00297  63-523 143764 29255  0.0~02
. average 0.0 0.1 28 17.2 69.2 10.7 0.0
wnier range 0000  00~14 00221 57599  260-804 16215  0.0-0.
. average 0.0 0.0 0.5 15.9 70.6 11.8 1.2
Spring range 00~00  0.0~0.1 00~70  46~588  323-828 18225  0.0-252
C
© average 0.0 0.0 0.7 14.8 70.4 12.7 1.4
summer range 0000  00~0.0  00~106  6.1~603 27.1~798  2.1~22.1  0.0~29.9
all average 0.0 02 14 124 733 12.8 0.0
& range 0000 0030  00~179  44-406 50.6-81.0  2.1~255  0.0~02
ol Hyt HEE 77t 99.8, 02%0]H 52 = I 2 235 H4E A

#, M=o Ht vlE&2 Z}7F 999, 0.1%= HE7b
A9l VA ottt HARIE M wo] B, |
o] Ha v]E-E 77t 988, 1.2%0]H, o529 =g,
o] Hf HlEe 77 98,6, 1.4%2 B3 959
AR METL Frtehs A4S B

N 2] 23R HHES U2 A" AL
2 H452 TAYKTable 5). B39 5 2
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= B HAE2 AgAL AL SAIEA SoE
TAEROH, AL ZHAPE SVl SAIHARE
e 7248k 23S Btk WA 2 ®
= HYES AL, B, A5 A"AL SHAL A
HAF so2 FAECH, 7RI ALl ZHAPE
S7hke 43S Bl

S YePitHTable 6). B89 ¢
133~2.79 ¢ol3L, Hit Y=E 245
A 0.76~278 ¢ MHAE Ha YEe 248 goln, A}
AElelA 1.65~332 ¢ HZ Bt YEe 248 9=
et 2% 270e] 7F Aol §dee] W
Aole 2 °Ur A Qee 2 A7t (k. 55
2], wa wwa XlCM ﬁlmﬂ Bt Yee
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ol 0.37~1.31 gol,
1’44 BFE 038080 ¢
2 0. 8¢°]ﬂ% AR ElelA 036~
BFol 04592 Ao BAL
o] M AGelA 5ot Bwg B

d=E 7+ 24 AFER Sl -0.28~0.439]
W2 W = 00400tk FsElolA -035-045
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Table 6. Statistical parameters of surface sediment textures in the Gochang intertidal flat: winter (Feb.), spring (May), summer

(Aug.), and fall (Nov.) in 2014. (a) Donghori, (b) Gwangseungri, and (c) Myeongsasipri

winter spring summer fall
average 2.34 248 2.51 2.46
mean (¢) range 1.38-2.67 1.77~2.79 133-2.73 1.33~2.69
i average 0.49 0.50 0.47 0.51
sorting (¢) range 0.40~0.86 037~131 0.39-0.86 037~0.87
a
@ " average -0.05 0.03 -0.02 -0.11
SKewness range -0.12~0.16 -0.12~0.30 -0.09~0.10 -0.28-0.43
Jurtosi average 1.06 1.09 1.09 1.21
0S1S range 0.77~138 1.00~1.51 0.83~1.23 0.70~139
average 238 2.50 2.51 2.52
mean (¢)
range 0.86~2.70 0.76-2.78 093-2.72 136-2.72
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Fig. 6. Ternary diagram of four representative samples showing sand, silt, and clay ratio of surface sediments in the Gochang
intertidal flat, respectively.
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Fig. 7. Seasonal variations of the mode in the surface sediments of the Gochang intertidal flat. The modes mostly show uni-
modal distribution of one energy origin.
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Fig. 8. Variations of textural parameters of mean grain size from the upper to lower intertidal zone in the Gochang coast: (a)
Donghori, (b) Gwangseungri, and (c) Myeongsasipri. Two vertical dot lines indicate the MHWL and MSL in Fig. 1, respec-
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Fig. 9. Variations of textural parameters of sorting from the upper to lower intertidal zone in the Gochang coast: (a) Donghori,
(b) Gwangseungri, and (c) Myeongsasipri. Two vertical dot lines indicate the MHWL and MSL in Fig. 1, respectively.
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Fig. 10. Variations of textural parameters of skewness from the upper to lower intertidal zone in the Gochang coast: (a) Dong-
hori, (b) Gwangseungri, and (c) Myeongsasipri. Two vertical dot lines indicate the MHWL and MSL in Fig. 1, respectively.
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Fig. 11. Variations of textural parameters of kurtosis from the upper to lower intertidal zone in the Gochang coast: (a) Dong-
hori, (b) Gwangseungri, and (c) Myeongsasipri. Two vertical dot lines indicate the MHWL and MSL in Fig. 1, respectively.
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Fig. 12. Spatial distribution patterns of the grain size in the Gochang intertidal flat during four seasons of 2014. Coarse Sand B:
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Fine Sand A: 3.0~3.5 ¢. (a)winter (Feb.), (b) spring (May), (c) summer (Aug.), and (d) fall (Nov.).
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