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Prediction of Formation of Sand Spit on a Coast
with an Abrupt Change in Coastline Orientation

Masumi SERIZAWA', Takaaki UpA®, Toshiro SAN-NAMI' and Aya YOKOSAWA'

Abstract

On a coast where the direction of the coastline abruptly changes, the formation
of a sand spit elongating on a flat shallow seabed and a cuspate foreland on a steep
bottom slope connecting to a deep seabed was investigated using an improved BG
model proposed by Serizawa et al. (2009). The calculated results were validated by
the experimental results obtained by Uda and Yamamoto (1992). Their results
showed that a slender sand spit extends along the boundary between the shallow
sea bottom and steeply offshore-sloping area in Case 1, whereas a cuspate foreland
is formed owing to the deposition of sand on the steep slope in Case 2. The
predicted and measured topographies of the sand spit and cuspate foreland were in
good agreement.
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Fig. 1. Experimental results of development of sand spit on a coast with abrupt
change in coastline orientation (Uda and Yamamoto, 1992).
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Table 1. Calculation conditions (numbers in parentheses: experimental conditions).

Wave conditions

Incident waves: Hi=4.6 m (4.6 cm), T=12.7s (1. 27s),
wave direction #:=20° relative to normal to initial
shoreline

Berm height

he =5 m (G cm)

Depth of closure

h. =2.5H (H: wave height)

Equilibrium slope

tan f. =1/5

Angle of repose slope

tan fe =1/2

Coefficient of longshore sand transport K =0. 045

Coefficients of sand transport Coefficient of Ozasa and Brampton (1980) term K=

1. 62K,
Coefficient of cross-shore sand transport K. =0.1 K.
Mesh size Ax=Ay=20 m

Time intervals At =0.001 hr (0.0001 hr)
80 hrs (8x10* steps) (8 hrs)

Shoreward and landward ends: q«=0,
boundaries: ¢y =0

Duration of calculation

Boundary conditions right and left

Energy balance equation (Mase, 2001)

- Term of wave dissipation due to wave breaking:
Dally et al. (1984) model

- Wave spectrum of incident waves: directional wave
spectrum density obtained by Goda (1985)

- Total number of frequency components Nr=1 and
number of directional subdivisions Ng =8

- Directional spreading parameter Smax=75

- Coefficient of wave breaking K=0.17 and " =0.3

- Minimum water depth ho=2 m (2 cm)

* Imaginary depth between minimum depth ho and
berm height hg

- Wave energy =0 where Z = hi

* Lower limit of h in terms of wave decay due to
breaking ®: 0.7 m (0.7 cm)

Numbers in parentheses show experimental values.
Space and time scales in the calculation are 100- and
10-fold those in the experiment, respectively.

Calculation of wave field

Remarks

4. XBTHE:2ETH5BETCORES SUNY 7-DORETFA

4.1. #fZZEAL

Figs. 2a-2f13, EBREL FEkOEM T 5 2 TRtHE L2k 2 69 4 EFE TORE O
EETFHOMEEZ/RT. 0.5KH (Fig. 2b) TR < & GHEIEED & G S /- 25%iE
FHE O FF I HER L E SH 2m OO/, WEHZ, @i P o b TIiE
JEA B E DAL B PIANEBEL TV AL R FR & EMAEZ ), “FIHME
DIFNZ NI PHERES B —T7, T OMTIZERBHBAIL A > 72, 1/ (Fig. 2¢) T,
Gty P OAMRIZIB - 2RO FREN R S, WEOERIIF3.5m &k o7z 2EH

NI | -El ectronic Library Service



The Japanese Geonor phol ogi cal Uni on

RS EET L TOWEOREETH 409

(Fig. 2d) TlE, WBIIELERBELE OB TN T—bil), BHOT V- idiEr Y
DEES N7z, 2B TOMBEL T, BEIIEEFHEOWER B> THE CEH
RIHITW 7225, 4 FEH (Fig. 2e) TRABEREEIZL 2I0FZEROMIED 720|255 FEE
OLEFENHSHRE L, KEOKRXWHITANEWITE L AR DD LEEREE WD S

MELZ BRI EERRI SRS o 72, S OBBETITHRAHIEL, BEIEERT ELTE
&éhtﬂU?—@ﬁﬁT%%#%m”’fﬁb%ﬁtf 8MEM (Fig. 2f) Tid, £BER

WEBINREEDOHIEOZEN LFHE TRECERL, YHHBEOREDKE - 72

X = 9mfHEE TN 7 —DWEIIEH - 72,

1 BEM R OFERKER (Fig. la) LEHEFHR (Fig. 2¢) 2 BT 5L, BELRTOME
WZhTD%ENISHD SO0, BEROFEOLEALD S EEFHE OFMERIZT - TH
RCHEPMHEUL SIEME CLW—RERT. T2 8RHHBEOFERER (Fig. 1c) LFE
FER (Fig. 2) 2B T 5 &, EHRFRBC L 2I0REMHIEOZEN EFEIIRA TN
T = OWEPILD LR, FABEREOMAET - Scm MMEICREBFEIER E NS —
7, B TIHIRBEORERPEGZ L, COHRELERLFEONINIEFTHS. 51
EBRLFED, NV T -ERBOT - OTRIIIAICBIT AN T RO EEZ R -
TW57:9, WWEOMBIERRE FATIHP T 20 E/RBRIZ, /N 7 — O AENTR I
INHEFRRLTWAZELQFEHENS., THNIZLNEEHONY T —D T 7 — VDT
ﬁ%ﬁ%%Nﬂfﬂ%“%ﬁi’%%@MAﬂ%W%%ﬁ%éEFT%T%%

Figs. 3a-3f &, EM TR AMOWEHE L HF L) RA-WMNEEEZEOBHMXTH 5. H T
%r%ot&@$ﬂﬁ (IE D AERRIER & HERRIL O BE R > & HAESHE DS ON S A5, BPHE K
H EEGPMP BRI 0. 5 B 21213, BRIZ&IR T E 0 2# 2 6 FIBE A & fA5E Y
AN, KEATOWMPEEENZENRTENE. T4 K25 8 FEMOMIZIEN
EOEFHNEWHPELAARFEFEIZELFAMITER EINZLELHALNLTH L. S HIZH
@ﬁ%ﬁ@i%%@@éf@%ﬁmiD%ﬂ@ﬁ%&ént

. BDZDOEAE

&@$ﬁ@fiﬁ§wﬂ%®“ EEBHITWRHBIIHRELEAPEZ L. ZOBDHE
EE OB E Fig. 4 2R 7. MIIXEEFHE O/MEAHT THEDS R Z 5 2o &iETFHE
oS 5cm$£f;ifT7b‘% LA LR EERICL2WEOREZEIIIETIZEHR

77z 1 BRI WEBTFHE FORSERT A Ly, SERHMFBIIZ N 7T —23%E
T hHI2DFDY &«@&@Wﬁi&<&b R EOESSATITIE LR D,
4.3 B9 U7X

AR L DR ENIERHNOERL 7 T v 7 A% Fig. 5 1R . FIRE T O MR
THAHX=8m LYV HEITHNNES T T v 7 AWH 505, 1 FEHERICIZDEOMRIZ
TREREW 7 T v 7 AR FFORF BB EmE~ 5. b ) IZhmA T TIZSFRE
DERE AGHE DT HDPNEL B HIER, FT 5 7 APEEL TW5H. SRR
TR E T LEER, Wi L TIRFRBIIS T 5N ECRY, &

NI | -El ectronic Library Service



The Japanese Geonor phol ogi cal Uni on

410 FRREE - £45H - ZURRR - % &

incident waves

(a) Ohr
0

Y (m)

Y (m)

Y (m)

10

30 20 -10
Z (m)

Fig. 2. Predicted results of development of sand spit on a coast with abrupt change in
coastline orientation (Case 1: flat shallow seabed).
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Fig. 3. Bird's-eye view pictures of topographic changes (Case 1: flat shallow seabed).



The Japanese Ceonor phol ogi cal Union

412 FRREE - 5] - RIS - #E &

incident waves

c) 8hrs

H (cm)

Fig. 4. Changes in wave height (Case 1: flat shallow seabed).
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Fig. 5. Sediment transport flux (Case 1: flat shallow seabed).
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Fig. 6. Changes in longitudinal profiles (Case 1: flat shallow seabed).
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Fig. 7. Predicted results of development of cuspate foreland on a coast with abrupt
change in coastline (Case 2: steep slope and deep seabed).
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Fig. 8. Bird's-eye view pictures of topographic changes (Case 2: steep slope and deep
seabed).
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Fig. 9. Changes in wave height (Case 2: steep slope and deep seabed).
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Fig. 10. Sediment transport flux (Case 2: steep slope and deep seabed).
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Fig. 11. Changes in longitudinal profiles (Case 2: steep slope and deep seabed).
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