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LARGE SCALE COASTAL BEHAVIOR OF NIIGATA COAST
AND ITS BEACH EROSION CONTROL

By Yoshito TsucHIYA, Takao YAMASHITA and Tatsumnao 1zumi

Synopsis

Most of Japan's erosive beaches locate in the river mouth delta in which beach pro-
tection has to be considered from the points of view such as: (i) beach change is in the
processes of river mouth delta deformation, and (ii) finding the solution of stable beach
under river mouth processes. The spatial scale of river mouth is from ten to hundred
kilometers and strongly depends on the river’s capacity of sediment supply. Based on
these view-points, erosion control problem of Niigata coast is dealt in this paper.

After construction of the Okozu diversion channel from the Shinano-gawa river in
1922 to control river flooding, the river delta reduction of Shinano-gawa river started.
Severe subsidence due to oil and natural liquid gas mining accelerated beach erosion as
well. Various river developments have been conducted and a lot of countermeasures
against coastal erosion, such as revetment detached breakwaters and groins, have con-
tinuously been constructed since around 1935.

First longshore sediment transport rate is investigated by finding the representa-
tive wave condition for long-term beach changes. Secondly the erosion control measures
are proposed by considering longshore sediment budget and beach stabilization. By con-
sidering total balance of longshore sediment transport, dynamically stable pocket
beaches are calulated using the equation of equilibrium bay. Numerical simulation of
beach response to abnormal storm wave conditions was also performed to test the sta-
bility of three types of nourished beaches. It was confirmed that no significant
out-going sediment from the pocket beach was observed in the results of numerical
simulation of three dimensional beach changes.
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Fig. 1 Location of Niigata west coast and its jurisdictions.
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{b) Aerial distribution

Fig. 2 Ground subsidence in Niigata (after
Niigata Prefecture).
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Fig. 3 Shoreline retreat in Niigata west coast in relation to construction works in
Shinano river basin (after Ministry of Construction).
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Fig. 4 Shoreline changes in Niigata west coast in 1931, 1947 and 1970 since
1911.
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Fig. 6 Wave refraction Niigata coast and the bottom topography in 1956.
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Fig. 7 Longshore distributions of median size, sorting coefficient and relative
content of magnetic sediment in Niigata west coast surveyed in 1961 and
1962 (after Mino, Machida, Aramaki and Yamauchi®).
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Fig. 8 Longshore distribution of median size of beach sediment on Niigata west
coast surveyed in 1980 by Ministry of Construction.
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Table .1 Wave characteristics in Niigata west coast.
(a) Occurrence frequency of wave height and period in relation to wave direction.

Hys Dﬁg A | WSW | W | wNw | Nw | NNW | N | NNE | ETC |TOTAL
0.00 | 2034 8 67 3 7 19 % 2 0 5208
1.00 | 55.7| 0.2 181 01| o6 13| 07| 01 | 00 60.5
1.01 | 170 2 82 0 202 | 289 62 0 0 809
2.00 47 01 2.2 | 0.0 55| 79| 170 00 | 00 22.2
3.01 0 0 23 1 113 | 161 16 0 0 314
3.00 0.0 0.0 0.6 | 0.0 31| 44| 04| 00 | 0.0 8.6
3.01 0 0 1 0 47 61 2 0 0 111
4.00 0.0| 0.0 0.0 | 0.0 13 171 01 00 | 00 3.0
4.01 0 0 0 0 13 13 0 0 0 7
5.00 0.0| 0.0 0.0 | 0.0 02! 04| 00] 00 | 0.0 0.6
5.01 0 0 0 0 0 0 0 0 0 0
6.00 0.0 0.0 0.0 | 0.0 00| 00| 00| 00 | 0.0 0.0
6.01 0 0 0 0 0 0 0 0 0 0
0.0 0.0 0.0 | 0.0 00| 00| 00] 00 | 0.0 0.0
o | 17 0 9 0 1 4 0 0 0 188
DATA | 48| 0.0 0.2 | 0.0 00| 01| 00] 00 | 0.0 5.1
378 | 12 182 4 39 | 577 | 104 0 0 3652
TOTAL
65.1| 0.3 50! 01 | 108 158] 28| 01 | 0.0 | 100.0
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Table 1. Wave characteristics in Niigata west coast.
(b) Co-ocecurrence frequency of wave height and period.

Hi/ss DigA WSwW W WNW NW NNW N NNE ETC |TOTAL
0.00 | 943 1 15 3 15 8 | 262 10 0 1347
1.00 | 43.0| 0.2 0.7 | 06 | 07 3.9 120] 05 | 0.0 61.5
1.01 | 289 2 5 0.3 | 15 76 40 0 0 430
2.00 | 13.2] 0.1 02 | 01| 07 3.5 | 1.8] 00 | 0.0 19.6
2.00 |90 0 3 3 9 3 14 1 0 163
3.00 41| 0.0 0.1 | 01| 04 20| 06| 00| 00 7.4
3.00 | 25 0 0 0 5 24 4 0 0 59
4.00 1.1] 0.0 0.0 | 0.0 | 0.2 1.1 02| 00| 00 2.7
201 | 11 1 0 0 0 2 0 0 0 1
5.00 0.5| 0.0 0.0 | 0.0 | 0.0 0.1 00| 00 | 0.0 0.6
5.01 1 0 0 0 0 1 0 0 0 2
6.00 0.0 0.0 0.0 | 00 | 0.0 0.0 | 0.0/ 00 ] 0.0 0.1
6.01 1 0 0 0 1 0 0 0 0 2
0.0| 0.0 0.0 | 0.0 | 0.0 0.0 | 00| 00 | 00 0.1
111 0 7 19 8 15 4 0 0 175
NO
DATA ' 511 0.0 03 | 0.9 | 04 21| 02| 00 | 0.0 8.0
1471 7 31 4 53 776 | 324 11 0 |21
TOTAL
67.11 0.3 14 | 01| 2.4 | 126 148 05 | 00 | 100.0
B B
H =j; hdx, Q =j; q,,d.r, Qszqu .................................................................. (3)

7z, FRYRHR B (SRR B L L S ARE L 72,
W, FHIEDRL D 2 MOTEMNER DS 0H/0t HEON, BABLU 7O v Z7EAENS ¢ DHEE
ahal, RQ PRI L, BEEDE Q) NEMSAIRO SN,

Q_f<aa_ItI+Q$)dy+c .............................................................................. (4)

T I, TESERC ITBERERORS Yy =0 TQ =0 L $THBREENLC=0 725,

b) REHE, O 70y VORARDT ¥ B LT A @SSRS KBROE ) 12
BT ARERREL, FHEESIOCERAICLY Table 3D L) IZEBEIN TS, EHOEWELE A, B
BLUCOEBX % Fig. 12108 %, Tho60H L, iBFEMREOHEIZE, 28T 7/ \—+ 50
51 4, 5548 L U59 EDFEMET — 5 % 10m BT SIZPIEL THW .,

T/, BEBIUTOy J ORAZIFERIELARFEINCL D, B 24 £ 5 FRTE L TORE
FRVA, BBIUCOEZEKIDOWT Table 4 DEHIZHD T EDONbDERANDE, ChhSBA
BLU7O 7 DRAEDIEELELE Fig. 13 II7R T, FBTUEEOBEBXIS CILRBEMEIFERERIC L Dk
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Table 2. Correlation of wave characteristics between Niigata harbor and Hajikizaki point

NO ~ N ~ ~ ~ ~ ~
His | pata 3]3~5]5~7]7~9]|9~11/11~13/13~15/15 TOTAL
0.00 | 968 5 454 647 | 127 6 0 0 1 2208
1.00 | 25| 01 | 127 | 1770 350 o021 00 | 00 | 00 60.5
1.01 0 1 45 69 | 277 17 0 0 0 809
2.00 0.0 0.0 1.2 128] 76| 05 0.0 | 0.0 | 0.0 22.2
3.01 0 0 0 % | 179 39 0 0 0 314
3.00 0.0 0.0 0.0 26| 49| 111 00 | 00 | 0.0 8.6
3.01 0 0 0 1 70 39 1 0 0 111
4.00 0.0 | 0.0 0.0 0.0 1.9] 11 00 | 00 | 0.0 3.0
4.01 0 0 0 0 6 13 3 0 0 22
5.00 0.0 0.0 0.0 0.0] 0.2 04| 01 | 00 | 0.0 0.6
5.01 0 0 0 0 0 0 0 0 0 0
6.00 0.0 0.0 0.0 0.0 00| 00| 00 | 00 | 0.0 0.0
6.01 0 0 0 0 0 0 0 0 0 0
0.0 0.0 0.0 0.0/ 00| 00| 00 | 00 | 0.0 0.0
188 0 0 0 0 0 0 0 0 18
NO
DATA | 51| 0.0 0.0 0.0/ 0.0] 001 00 | 00 | 0.0 5.1
1156 6 99 | 1213 | 659 | 114 ) 0 0 3652
TOTAL|
3.7 0.2 | 137 ] 33.2] 130! 36 | 01 | 00 | 0.0 | 100.0

FRRDBBARNE R AERICL B &, MO 25070 v 2 38R LT\ AHZ LATEHSIZL Y3
FENTWD, ThEDERARD 6EAMZL T2 LIRELT, WA 23 E25 63 43 CORDTL
e *HET D E, A, BBLOCIIHLT, #RENA1 X103, 4.65 X 107, 5 & U°8.68 ¥
1073 (m®/m¥/yr) £ 72 B,

o IBFEGEOIRESH EITHEL

Fig. 4 [0BETHEOELE FNREEHL
TROTNFEBROBRTAM LAY =TT -~
22720, NEERE mYyr) dFEMEFE -7 R
&L, Bz =0 2FBHEOTEL AL &

LT, IHEDPEMIZHS.5km T COEEIZ
DWTRD7z, ZOXEH, —ERiEEEx
KRBORKE (#900m) A& b2 22T
DFEMHECIIER L CH B, &b, WK v
H LOEEWE R OFED S 13T
TR L7 TRODEREIY, kO &
bhb,

Fig. 11 Coordinate system for the one-line theory.
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Table 3. List of depth soundings

E A ES; E it £ M A
51 A 3 FEEAEEN | bW ERSTFEE R
51 B.C 9 TERESEEeT T ERAEmMERRSH
55 A 7 B AEE H AR W & % X &t
55 B.C 3 TEEEEEN | RV B HRTEEH
59 A 8 s ARSI HigllEa 4Ly > +E)
59 B.C 3 g EEE Y=NarH gy M
63 B.C 8 FriETAEE | HEMERERA S

Fig. 12 Sounding areas performed by Niigata Prefecture and Ministry of Trans-
port in Niigata west coast.

1) FAISIEL Y S5 £ TORRFEBRIIEME (B) L4-THY, z =2000m H7 0 ITEHA%
bR, BBMSSFEL Y S9ENLDOTRAEBmME (F) Tz =2500m £ THEFIBML, FhLATIHIIT
—%E4,000m*/yr L5 TNWBE T A,

2) TOFERELT, BE47-50 FEIZMTTB BL U CHEBICSREIEA SN 7T v 7 25WF1 51 £
65 EDRITILT L, A» LOMEETEZRL TS L, BRISIEDOMEIL 3 BIZERIND, #
M9 HCTHL-OFEEDNALTVBEI EEZ LIS,

3) SOITFHICERARMETTNETH DY BB Lzd ) RERSEZ Shb -0, WHIS1ENS 55
FIZBITHIBFEDEDHERHERLIRIL, BNSSELS9EDLDEHANT, ZOPEBAELEY
4,000m*/yr &£ T 5,

—77, G FELREL LRI 64, 2248 L 45 EDTTHRELD DD o TWBDT, ik L7z
FREDE 2ERE L TOIFEEDOHBIROFBIANLY, WHRREHB & OB RS0 EE Y OB
BRRPERER L GOEET (NP5 ORBELIEHIE SN THAEA, TRIZEROKETE LT 2) o8
FHIBEFREONESAIEECTED, COMBICBITABENDT Ty 7 DR ARIZVLZNDTQ, it
ZREY, EWOBBERKE L % 10m & LCEHET %, Fig. 4 (TR L-BIG 44 E 5 8L L-0EH 6
£, 2FEB LB FIIBITHITHRENDS, HBEWEILROK & RELIZ R ERE L TR S =i
EREDIRFE LS % Fig. 15 (TR, IR D, REESOENSE BADKR) ML L HICTH#
LTWwaZ Edbh b, 72, BIfI22E128 0\ TIE#50,000m%/yr (he =6m &RET 5 &, 30,000
m’/yr) OREEBETH 1L HEEND, ThbL, FALFL Y OR/INEBIETIE, EMEOE{LhH
THINPIEE o 70 L IR BF LWITHREGERRTDS, Fig. TIORLE 510, B B{bn#T k-
TR A E WA T H0T, LE2VICGHRERRIZEL LTI 2 LIl ThEA, 22T
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Table 4. Volume of concrete blocks and rubble stones placed in Niigata coast in the period of

1949-1989.
A B C
Concrete block rubble stone Concrete block Concrete block rubble stone
FE| B2 AR | EE | MR | EE| ZR0 [AEE) [FE] 5R0) | #HEM) | FE | HH )
34 14664 5865.6 | 37 788.0 | 30 252 100.8 | 24 184 73.6 | 38 1230.0
36 11912 4764.8 | 60 | 16072.0 | 32 | 14092 5636.8 | 28 241 9.4 | 39 1119.1
37 5 2.0 | 61 | 18611.2 | 35 7690 3076.0 | 29 180 72.0 | 49 5561.7
38 21020 8408.0 | 62 | 24550.4 | 36 | 32084 12833.6 | 30 2291 916.4 | 50 5906.0
39 7094 2837.6 | 63 5600.0 | 38 6744 2697.6 | 31 17 6.8 | bl 499.1
40 8918 3567.2 39 | 17232 6892.8 | 32 | 13400 5360.0 | 55 | 13640.0
41 8004 3201.6 47 | 123580.8 | 49432.3 | 33 1595 638.0 | 56 | 12915.0
42 11305 4522.0 48 1138839.4 | 55535.8 | 35 | 54594 21837.6 | 58 | 12030.0
43 13632 5452.8 53 | 45593.1| 18237.2 | 36 2472 988.8 | 60 8297.0
44 15006 6002.4 57 | 1968 787.2 | 37 | 33648 13459.2
45 525 210.0 58 | 5058 2023.2 | 38 | 83918 33567.2
46 8577 3430.8 59 8244 3297.6-1 39 | 36793 14717.2
47 18706 7482 .4 40 | 26987 10794.8
48 21903 8761.2 41 | 73888.7 | 29555.5
49 3462 1384.8 47 3744.6 | 1497.8
50 9600 3840.0 49 | 53590.8 | 21436.3
51 9090 3636.0 50 | 60763.5 | 24305.2
52 28278 | 11311.2 51 4756.5 | 1902.4
53 11658 4663.2 52 830 332.0
54 25740 | 10296.0 53 160 64.0
55 1218 487.2 54 | 12549.6 | 5019.8
56 19776 7910.4 55 | 29020 11608.0
57 34374 | 13749.6 56 | 27200 10880.0
58 31650 | 12660.0 57 | 11028 4411.2
59 26598 | 10639.2 58 | 33066 13226.4
60 22976 9190.4 60 | 17526 7010.4
61 8340 3336.0 61 2592 1036.8
62 46715 | 18686.0
63 9444 3777.6
H1 10074 4029.6

BONIFERIIZOEEL IFHAL TS,
(3) THRZELDORIBTR
a) 194 EFMIEBEMITHEEOFH : fik LB EROEE LR & 45 UT#EAY
B i, REEHOHRFIDD LRV 2, SHESROBR,ALOBE TR, TR, 151%
FIAZE ) BRI TRELE TR 2355 0REEBRHEEL, b LINEHEROEEFALIIZHHS
Nigdrol LRET 5 &, B COREDOTTHRERIE L T ah 2 Filld %,
X, HBOBRTIEEEAL 54V EFVORERERICHET LI LT HEMTEL L, (ERPLIEH
ENTWBEBYTHLY, BYLREERFF — 7 13— RIEED L\, 22T, HEERIIBITAUFRER
OBEHEEIL 5, AREROMEEFEL LTROFEPRREI N T 5,
1) IREREPERERRBOIANT -7 5 2 ZIIHBITHZ E00, EFFHIINF—TF 97 X
PEILCEINFET ARBETOIHEN—RIBVLNTWE, ZOHE, #@%, ZAVEF-T75972
ZDEFHIE EHEDOHE S H SIMEIZOWTERL TWADT, RFHERE LTIESLEA A2 ) /3w
bNELRD, BEOEEELEXRTARREIEZL LV DELZ-TLE ),
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Fig. 13 Historical change of total volume of rubble stone and concrete
blocks used for countermeasures for beach erosion in Niigata

west coast.
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(a) In the period of 1984-1980.
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Fig. 14 Longshore distribution of depth changes and the total rate of longshore

sediment transport estimated from change in bottom topography.
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Fig. 15 Longshore distribution of total rate of longshore sediment transport esti-

mated from change in bottom topography in Niigata west coast.
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SUREHIZIREL T, 174 Y EFNMILBITHENLOBELZERL T, FREIHUFT—HKELLILDTE
5559 LZ0IEHIOREEY, TbbIENEBXURRBOERRESE (F/IEEHOERR) 28
WY Z EATTEIUE, HREBREOREBRRE 2V ) 2k, BB L OWAE & 2OWROETHORE
RERETDHIEHTE S,

S5, AR L7:& 912, BEROEENESEESH UL, BEEWEOBEFNSHIEETE, %
BRZEA L7721 74 VBT AR LEE SNAIBEEDROBES NS BT 52 & T, KERROA
BSviWdb62LbTE B, TOL)RHERHTIVOLERMBES L) IR, EHOITHEL
DBHEEFEL LTWD L ZAHIZOFEANRIRIY S 5D C, KEEHLARO TP ELMESIZT -
TITbNHREBEREFTHORE LBOTEETHHEVR D, 2T, ZOHFELIEEEREA
LTHEI,

Y, ChETOREDLEZONAEG2ENTLE, XDLHTHA,

1) ERTHRBEROMMEE LTit, RERERE LTHEE M BLUE 8sec & L, 20U X%
NNW-NW &35,

2) {THZALT =5 & LT, MRETORENEE TV ING M ELEEL L6 EB LU 24
DHIDHPMBETEL, EHI,

3) INEEDEDREHESMEE LTI}, Fig. 15 1R L-BESEHTE 2,

INODREEMHDD £I12, REOITHRELx BECELHRBAM 2RO L ITHEEL TV, T, S
BLUTHHZEZEL, NNWHHNW OMICH D EHEESNLEME 2 11.0°, 16.5°BLU2.50D 3
TR, ERSICOWTTIREALRBET 2, HEOBRAEINTHT, IMEDWAR Ho/L B X
BN E a0 ZFAVT, KA THRIKOWM & 25HET 5,
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Fig. 16 Prediction of shoreline changes and longshore sediment transport rate
estimated by one-line theory.
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Fig. 17 Beach erosion control around river mouth delta (When sediment
input from the river changes as Qz — Qr (< Q&), wave breaking
angle changes to ap < az.)
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Fig. 18 Beach stabilization by artificial headlands A, B to control the beach ero-
sion due to large scale coastal structure.
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Fig. 20 Coastal topography off Niigata coast and the computation domain of wave
propagation.
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Fig. 22 Definition of variables to describe the stable pocket beach.
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Fig. 25 Constructioﬁ plan of headlands in Kinechohama.
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Fig. 27 Contour map of the beach after nourishment (shadow indicates nourished
area).
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Fig. 28 Computational domain for 3-D beach change prediction.
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{a) Incident wave angle of 8

(b) Incident wave angle of 0°
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(¢) Incident wave angle of —&

Fig. 29 Computed wave profiles.
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{a) Incident wave angle of &

(b) Incident wave angle of 0°

(c) Incident wave angle of —8°

Fig. 30 Computed wave height distribution.



+B - T - R HBEEOXFBIELATRE & EREARCET 50E 631

(a) Incident wave angle of 8°

(b) Incident wave angle of 0°

(¢) Incident wave angle of —8&

Fig. 31 Compuled nearshore currents
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(a) After 16hrs attacking by incident waves of which angle is 8

(b) After Shrs attacking by incident waves of which angle is 0°

(c) After Shrs attacking by incident waves of which angle is —&"

Fig. 32 A sequence of computed beach topography changes by attacking of stor-
my waves.
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(a) Erosion-accretion diagram

(b) Contour of topography

Fig. 33 A sequence of computed beach topography changes by 16hrs attacking of
stormy waves of which angle is 8
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(a) Erosion-accretion diagram

(b) Contour of topography

Fig. 3¢ A sequence of computed beach topography changes by Shrs attacking of
stormy waves of which angle is 0°
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(a) Erosion-accretion diagram

{b) Contour of topography

Fig. 35 A sequence of computed beach topography changes by dhrs attacking of
stormy waves of which angle is —8°
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