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Field Observation of Local Sand Movements in the Surf Zone
using Fluorescent Sand Tracer

Kazuo NADAOKA*
Norio TANAKA**
Kazumasa KATOH***

Synopsis

In this paper, the results of field observations using fluorescent sand tracer are presented which
are conducted to make clear characteristics of local sand movements in -the surf zone and to cal-
culate its transport rate.

Fluorescent sand tracer of about 10 kilograms were injected at the center of a circle having
the diameter of 20 meters. At sixteen fixed points along the circle, core samples of more or less 20
centrimeters long of bed materials were taken by 15 minutes of time intervals during 2 to 5 hours
after the injection of tracer. At the same time, wave and current data are obtained by electro-
magnetic current meter near the injection point. Each core samples were divided into several
layers of 2 centimeters thick. Concentration of tracer in each layer was detected under ultra-
violet light.

The main results of these observations are as follows.
1) Considering sand particle movement as random process, the concept * drift velocity D" is in-
troduced, which is reffered as mean shift velocity of a sand particle on the direction of wave
propagation under wave motion. It is found out that D is correlated with the skewness of velocity
fluctuation of wave motion.
2) The mean drift velocity Vs of a sand particle on the direction of mean current is 1 to 2% of
the mean current velocity V. This value is presumed to be reasonable from the relation 17350,17;,
which can be derived assuming proportionality between the mean disturbance depth of sand and
the breaking wave height, where Vs, V; and Cy are mean value of V; in the surf zone, mean long-
shore current velocity and bottom friction factor, respectively. »
3) The mixing depth of sand is nearly 8% of local wave height. It becomes, however, larger at
the location where sand ripples exist.
4) Considerable mixing of sand particles takes place in the sea bed with the characteristic time
scale of less than several minutes.
5) Two methods are presented to calculate the local sand transport rate using data obtained from
proposed investigation procedure. They are the application of so-called ‘‘the time integration”
and ‘‘ the spatial integration methods’. It is demonstrated by the presented field observation data
that the latter method is more advantageous. The values calculated from these methods and
Bijker’s formula (1971) show good agreement.

%

Member of Littoral Drift Laboratory, Hydraulic Engineering Division.
** Head of Littoral Drift Laboratory, Hydraulic Engineering Division.
***  Senior Research Engineer, Hydraulic Engineering Division.
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FEE A S, BREFNOBEICE, BFidFRO
E—RERKEL, LB EDEDBHETIE, £O
Ao E—REIREL L300, EHEELVEEE
x5

Lal, SEOFEERLLB T LISV, H
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FLTWS30MH5, ZhixsE 1 BEHORAETK
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B-19 it X% X, ST skewness O KITH S L T
D/Hy1s DEBEIL T BRFR I pd 2 b, &7,
#1EEOKBICHART, 2 EE DEEBMEFANICEL
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ElOEERER & i+ 5 70dic, UM iR T
bk L - FED IR & Kraus - Farinato - 3&,

NIPOBERR, & OO Cibh R ERE
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Z 2T, tan B; WEAE, Cr; BEER, un; BHEA
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DR 5,
Q=T ap2-HpCy-s
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57 ap
= 200 C Py (24)

F oo
S ey

1 .
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T b,
= (24) 1%, CERC 4i5
Qi=KPy; (23)
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HiE, Xtk K 13,
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THHrH, TheR (24) ORBLEZHELVEET,
KABH/LN D,
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5:% (3 20) % shoreline X bipfllici 584 (3
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#2935 T, swash zone DPLicix, VREUSHEIEL T
b, BEILRORKM L FR, EHEFmOE—FRE2LD
RELE>TVBT ENBG B,

4. EEPBOMERSEELCOVLT

4.1 REEEL) v TLOFEDOEE—E 2 EA
DREBRNHO—
BE-21 1, %2 EEoFHEBRS LR EWIRECHE

No.11 No.12 No.13
.05 10 15.20.25

0510 15 20.25

SHEETRLEDIOTHD, ZIT, HOMEEZDOHE
i3, RESHRHOMSEMN 1ICD X S5 ELELLAZL
RBRABIREEZRAVWTWS, ¥/, BFDn vy 2TLL
o Bl £OEOEHY v I EERL, NATH
ATH5EET 2.4 (3) T 80% cutoff IEXLLTE
BLAXOHMEOHEBIEXOFEEEZ T L TV 5, i
B, STV TR ZOEBEIZEERELRLLT
HAREED D,

TOE»E, &, No. 11 OFEA v MTEWE
E, ThbbRIGESEE (H-17 288) REABE»
K&, iz No. 14 [GREWIEENEL K-> TWBH T E
M5,

—%, B@-22 k=7 - v TAShSESRRET —
Zh b, FOFE d LEWE dims DHRESHTHE2E
ALV FHIRRLTWS, &L, B0 &, 28
d, T dms CHETHHDTH B, chab, No. 6
2 7% X0 No. 12 & 13 ORHEREIZL T, £Oi
flEBEITIR, BEDSVIREEOEHIFED L Lk
LB TWVWBHBZ ERG 5,

B-23 1k, JBAEDFEET-ABEIT, F£43-ITX

(1.SEP. 1980 AJIGAURA)

No.14 Mean
.05 10 15 2025 .05 10.15 20 25

051015 20 25,

.05.10 .15 20.25

o] 0
2t \ 397 2 .
4t st A
61 6 '
8 8t
10 () 10 (25) ;
12 ko 2 =8
05.10 .15.20 25
0 . 0
2 \,(> 2
4 -//‘~334 4t
6 6t
8 (n 8
. |
10 10
12 2
Mean Value — B17) 88 (UNIT: em)

E-21 StoiREoRES AR (F2EE)
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BXB T AV REF N W 3 ERTN B E O Bl

(1. SEP.1980 AJIGAURA)

3

d
0! 2 3 4501 234501 23¢50 1 23450 1 23 4501 23 4
N ! \ . .
]/ j ':
{ \ { 3 :
8] ! } 4 i
10 \ 7 ,." '/' AN I."
12 1 ] 1 1 1 1 1 1 " i ] 1 1 a1
0 05 1.0 0 05 10 0 05 10 (o] 0 05 10
{No.2) (No3) (No.4) (No.6)
0 1 1 2 3 4.5 011 2 1 2 3 646 5 0 1 5 0 1. 2
2 g ;
4 i
(cm) :
6 .
i
8 -
10
lz 1 1 1 ra— 1 2t 1 1
o] 05 0 05 05 0 05 10 o} 05
(No.8) (No.9) (No10) (NoJ1 (Noa2)
0 1 2 3 45 0 1 23 4 501 234501 2 3 &
, i : | : LEGEND
A { N y
41 . \ RN _
(cm) { Y i % d
61 H ! Y N N R -drms
H ! / !
8r ¢ H ;/ H
[} I} [ '
10 i 5 H H
H \ [ H
12 . . A MR R . A .
(0] 05 1.0 [o] 05 10 0 [/ ) 10 o] 05 10
(No.3) (No.14) (Noi$S) (No.16)
B-22 WEOTHME d LLEE drms OHBESHE
( 17:00 2. SERP 1980 AJIGAURA )
@ < REGION N
WITH RIPPLES \
NO1 .4
00t ;?'L s 01 101 ts -""LLLLLI ’
(em)2 {em)2
i : :
8 gl 8 J (14)
10 10 %o
12 12
0‘1!%5 0|2345 (‘3)°
. emiy
te ’E (‘ H ‘S 2o ,
13
3 3 .,<‘.'27777"77-7777'"7‘7”“ 1”77777777
1 h! 10) °
NO3 Noscrisr « 10 . ae (g
o3 NOS5-TROUGH /s
) - {47
(em)2 .
: ( © WAVE GAUGELLL- .-
2
12
SCALE
S 12m
(® ; SAMPLING POINT)
B-23 Vv S OFEEE
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HREAMK-BPNS-mE—-&

> THEREINRY v TLOFHETHHEMAEZTL TV,
FEixER, Vv 74D crest & trough ORIED =
T ey vITAE, Vo Tois\ flat bed DESFTOD =
T F I LEBLNAHET - 2 OBESMITL
Thd, ThaBdE, Vo 7LOFETHHRFLLER
WIS DORESHOELNF DBV E - E D 5h 5.
Thbb, Vv TLORETIHEITIT, HESLEN
CAEL, MEOHSIED IREWS, Uy AR
BATIE, RERLEIPNELED, Lrb—fFick-
TWb, 2D 25, [-22 TRULHESHORMA
LHPRIOARE BV, Uy TLOFEOHRITHICL
Tk eBahbd, 4%k, 982 AHEREINLY v
L, i 30~100 cm BREE, i 5~15cm BRETH
St ThhbREHEELIFEREE OLREIZ, Inman®
DE LY v TN OEFAROFHHIRETH 5015
LWHEALHE LT, IERYAKBETH D, £, T
DIRRTY » TABFELEB B L1X, 2 2EUTIC
K% X 5ic Manohar®™ @V v 7LD F4: - HIRIBRR
25 LHERTE S,

Up max {= 9.23 (%ﬁil‘ﬂﬁ)

0.4 2
<p7d—1> go4v02d®? (=20.90 (HIIESR)

(Z g, upmex; EMEBAKNTRE, pao; EEDL
E, v; BRERK, d KEORETHEAL ft.) Zh
&, 9A1HTO urmax=84.4cm/s DI, LU palp
=2.65, v=0.0lcm?s ZXAL, d OfEL L T [-22
LYWL TO0.7mm OfEEF ANS &, ERXOHEIT 18.8
oTY v 7LDOFARR L HERFOMICRD Y » 7
ABHEELEB L LB 15.(% d=0.22mm k Th
E, EROMEIF23.7 &7 o THMIRAZMIZ TLES,)

zok>hTEhb, B-22 TRLA No. 12, 13 f+f
SEOHESMOKREBV, Vo TAOHFEDOREY
RL7dDOTHY, & BB REGREDRE
WHBOELZZ DY » TLOFEOHFEICEEL D
DTHBHT ENEBFEINT,

Kraus et al.'® 13, IREBESHHE AT & Bk
AMHETY — /(A RTCER2MEL, TOFRELE L
T, ZhoDHETREZDH» L EUWERANEV D &
ELTWhH, LaL, BREBEAIHE CRERNERS
KDL LHOB—BNT, TOBFTIILREOHOX
SIY v TANBEETLAREENELX 5, LdsT,
BEMIEATIREGBESEMT 2 A 7 =X AL LTI,
By EAoEmE VS 23T, ¥y T

OEEC I HREBEOHEAL WS 22 b EETHLE
$dH5,

4.2 BABE&LEELEOMER

RABEDHFDLOIE, HBTHBETNICXD
EMREoEE (6. 1) T, EXBOTHBEKEL L
DICHEHELELLBRETHD, TOBERTHIFFCERE
RETH .

ZORESBECHELTE, zhETWwL2r0iflE
FIAshE XhTWwb, King?® 13, EEDWL 2h0H
BROFEHER» DL, RABESRS I LTHEAED 4% 12
Bribzruwmli. LHL, £0D#% Otvos? %
Williams?® X, Zh X D272 DEV 20~40% £ WS {E
BHRELTVWS, R, T EI0BIETE,
75~150 cm BEOWHEESE ThT2» lam BEL WV

7$8% b dH 5 (Gaughan®), Z @ X 5 BB Tl

EH & kB0, Madsen® 13, MEBAOMIMNTRDIZX
LB L VS B A DEBRICRITL, BEST
DREBEBHKAED 11% BEDHITRSZ L &2F
LTW3,

B1-24 v, B1-21 ¢k, F1REOFAETOEN.
WIREDHES LR LD TH 5, T/ -7 13,
B —ADREBEDEZELDTRLILLDTH B,
FRICIREE Hyps BREINTVER, ZhiZFEZED
ORIE (Huys)2 DE» LRI Z AV THE LK
BTHB.

RK-TwLXsE, IRERE b1k Hys © 8% RiEDIE
Lo T3, EoHmEHIE, TXTHE«EEDOH

®-T BABORSEERIVERLOL

B H b (ecm) | Hys (em)|b/Hiss (%)
A 2.48 32.3 7.68
2/29
B 4.71 — —
A 2.42 32.9 7.36
3/ 1
B 4.44 — —_
A 2.57 36.0 7.14
3/ 2
B 2.80 — —
53 5.35 60.3 8.87
9/ 1 D 5.81 60.3 9.64
% B 4.89 60.3 8.11

(b: RERBE)
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(29.Feb.)

BBV ERETNT ST 3 BRSSO 8]

(1980. AJIGAURA )
(2

(1. Mar.)

Mar.)

(£0)
2.42

(43)

[257) (unit;em)

GREEN

|

(104) 81

(38)

simple av.

---- weighted av

B-24 EABRECHESME (F1EA)

ORANGE

l

RED

l

BTHALTHY, SEIO XS CHEmMT
BREELREERBEOREE VS BEH,» D
EHINALORITLAERVDOT, K
AHBETERVE, F — & — iz,
King 3 X 8 Madsen DfHIEL Ko T
Bz X,

EXWOREREESHBELCOVT

LI TR, BADORERGAR IOV
THE2EHOAEZER» SEKMICRETL
TH%. ZOHRERAGZHELPETHZ L
X, BADOREBEFPREINEAH=
AARHD LBV THLEETH 5,

B-25 ¥, ERORIDOETGIEX DR
ZEERL T3S, Zhubb, o
W ht, EORBVICEBRITIZIERLC X S5
BRE—VTEBHLTWBEZ EBH0 5,

5.

ELAPSED TIME

o 0.95 020 0?5 0:?0 lpS ‘:.20 l:.35 I?L')O 205 220 235 2:150 3:?5 3?0 3':‘!5 3';50 4:?5 41‘20 L?S 42.50 5295

o—o GREEN
&—a RED

o——0 ORANGEH|

B/ABDOEGIEE ORFHIZATH (3 2ER)
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B ANk E ok B — I

FRZOXSERE, Ve TABBEELEVERLN
5 No. 13 DFEAV I OFMBEDIE-ED LTTWDS,
Fh, BE-26 13, S0 v -y —HEORESHE
OHBEZRL TS, REL, TOHESOHEEOHEITK
RTHESIhAZDIDTH B,

6
Y Culn
L =1
PiI="r% 17z (6 172
EE I
=1 =1

zzig, ta=loguwcu THb, =¥L cu=0 0L ZiX
Cu=0 & Lo ¥/, cu 12 i FHOBORNWOE
| BEOREZERLTVWS, ZIT, BEELLTHE
FESTLDOEEAVTWE DX, BEDRERER ey
DEBV S ELNBDRES DTS B,

B-26 17 X niE, SREIRE S FTEOFBI b HERE <,
iz No. 13 OF A v FTidhk ) ByEEsEshT
WHZ LBy B,

ZO XS A, HESET—Effbhicyy 7Y
v/ ORR (R-27) 25 Sz 5. B-27T T, &

(29)

BFEOTHREIEEARINR TV 25, £ O LS
& TERBRFOMEETRL, &4 OEOEIREDRE
& (mg), ARIDH v 3 TL L > RBEPBERES (cm)
EARLTV2, ZheRTh, (C-03), (4) XV (D)-
(3) PHFHRERLLTORT, FERLBARESITHY
> TWVWBZ LI 5, :
ThEDZ LD, EXDORERSERICE, KA
Bk 1Ao7 0 LABRRELL T, ZEo%%
BDOBRBN~DEEBRICIE, 7750 O mixing 2T
POBE TR TW3hDLEL NS, T, E-25
I khig, BEROBESIE, HA%SHTT TR 2~
dem DEZRTZENT D, 2D EHh b, Lo
mixing O 7 v & A% BEEST S BRI R — ik, S
DNTH S LHEEIh S,
ZOXSRRERAERZHETSLDELT, BED
M3 XD i & 5 HERRRERIZ >V THRRTWS
Madsen?® DQIHAS, —2DHNLFRLDITLELE
2bhB, Lal, THhiZ2oWTiE, 4%, BEORMH
EWEFMTIES 20, BEVEMIORKEZEBET

Injection of Red Tracer Orange Tracer
10 — . - (1.SEP.1980 AJIGAURA)
L “.‘ /" RN /L. " -
8 ALY A N e A
%, 7 B o f
S A Y-S
.6 . / : b ’,' \\ //
i3] '/ N V“g N
4~
2
. 0 1 1 | 1 1 1 1 1 1 1 1 1 1 1
101 2_\ 3 4 5h
el =
L S 2 S
8 ™ P
L \/— e
Lij
.6
. - &——e (Green~ Red )
. &-=--0 (Red ~ Orange) |
L &—-—4 (Orange~Green)
.2
0 PR R - R S T T S SRS TR SR !
1 2 3 4 sh

Elapsed Time after Injection of Green Tracer
B-26 BABOMERESFHL O 3 CHEEOHE (F2EE)
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BEXDEHVCEREFNC ST 5 RANDBEOHE]

(1.SEP.1980 AJIGAURA)

N
' 25m : \‘/\
(G) e . [
Offshore
(F) o . [ . . ﬁ
(E) . L » o

138[(52) 2632((8:8) 28-0/(3-8) 5.4]|(17)

Injection
34.6[(54) 205[(79) 54](28) 4-2{(16) point

(D) 3 [ . [}
22.0|(95) 322{(30) 5.7](3:3) 1564](3-2)
60-8((10-3)878(33) 83-3;(35)

(C) . . [
22.3|(77)  6:3|(38) 33.4[(89)

256[(71) 54](46) 4.5/(1.8) 93[(38)
mg |cm
(B) . + &

Onshore

(A) o . >
(1 (2) (3) (4) (5)

E-27 HBFEETCOV VT YV IER

BEVORIEBBETHS S,

6. BFMEVROIEFRLLTOREBAE
D FREME D #ET

BAPEO Vv —F -2 BAVIDOEEELAETS
FHiklx, 1960 F£fRicEEO HRS ©Xx e L Tillzst
S EARXNAHDTHEHII, DOV —F—%
AVaEX by, RKO=Z2H8H 5,

1. EBEFHWRE (steady dilution method)
2. #RIFi% L (time integration method)
3. 2efgfi5r 7k (spatial integration method)

BEEDROFIER NS OFERICATIHARI,
TV 2o fFbhTw5, EEMcflidTse,
EEFHAEE, Russell) 12Xk > CREOBREIZEABE
h, BRIESEL, Kadib® itk 5 T= 7 FOdtRo
EpRElECHAIh TN, 7=, ZMHIFER,
Komar & Inman®™ {ZX 5T, #Y 7+ V=THBETOD
FHLEECAvYbh T3,

Zhoid, TRUBREGHDROEIEXBMELALD
THB LD, wTFhizlTb ZZTHEE LTV 3R

HEBRORIEICRETOTIORTEELM V. TIT
T TR, Fiklt, ZKRITAHER D 2D > B TORR
MEDROBIESFEE LTHEATES X ST, £0FE
D—REEBETH L 2R, RAMZER LD
W, RIS ELEMRSETH 5,

(1) RERSECIEDREEROFHU

T, BADLABOBRADOEZIILFLTHD
EVSEHF—URE 1)—»5, REAMPKRIELT 50
E(r,w,z,t) _ an(r,0,2,8)
Qr,w,2,t)  Qu(r,w,2,t)
T, or, o, 2, t); BIEBO BRWHIZKT 5 BE,
(7, 0,2,t); BXBO flux, Q0r,0,21); EBE,
Qn; ThZh G, @ OBBEFEOMRS. nE T T,
MEEE (7, 0,2) ZAVTW5,

wiZ, 7=ROMBELTOBXDOAREFHGE» S,

o(r,w,z,)=

(30)

wor2z(y
M=§ S S” R-gn(R, 0, 2, t)dzdwdt
0 JO J—(h+d)

(227
=S S S” R-c(R, , 2,1)-@u(R, @, 2, dzdwdt
0 Jo J—(a+d)

(31)
DRILDe (22, M; 8XEBIEAR, 7; FiHkHiL,
ki JKEE, b BRERBRE).
22T Q@ BEEM—ET—(RE 2), X5z @
DRFHZEIRG 2 ¢ OEBIE EMBETHE HET S
x (B 3), LRI KDX 5128 T 5,

cof
0

o N
M=S” Qc—(z)s S (R, @, 2, DR cos o-dwdtdz
—(R+d) 0

7 - o 2r
+§" Q,(z)g S (R, @, 2, )R sin wdwdtd:z
—(h+d) 0 Jo

. (32)
22T, Q, @11, QOEHERSE & 9 HFENCHRBL
bDTH 5,

Wiz, LR ___ OWEHB XS T—ETHEE
BETHE—{HE 9,

oo 22 ~
M=S S (R, @, 2, )R cos wdwdt-§:
. J0 Jo

oo 2z -
+ S ‘ (R, w,2,t)Rsinwdwdt-Q,  (33)
0.0

vv‘r
CCie,

o=’ oz, a=\' da: 39
—{h+d) —(h+d)

wE, R (33) I2HWT, LORAFE_F\ENEr LR
BX5ik £ 0 HEBAKLTBL, BREKRLES.
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@Rmk - HP RS -mE—E

Q=0i=— M (35)

oo 27
\ s (R, w, z,t)R cos wd wdt

-0 )

ERicxy, ERE Q13, BAMKZARZ M LAR
LOREE(LIOHETCEDL LS D, 22T, TOD
BEERXOBHBRICHE IV OBDEETOWTET
i Ck<. FTFFE—DEET, EELTLACHER
Vo BZOEED, AEHMALMHDOKE I ETNTHD
NELNEEBEE TRV, B, E=LEMOEE
Khb. ETE=ZDOETER, BEMITE, SXEHK
FHEMDOIEEHIRC X » THA» ST 5 Z 283w
VI T ERFEELTVS, Lo THEZDORENE
WSOz, FEiRd 5 VIR X % drift 3%
HEEHELTVT, FhCX3BoBHHRS O
IRFEFMOTEEENRICHRTEBL TV S L v SR
DEE Ih 5, BEOEER, BAWHFAECETE
T, THOLBERES TR ZEEHREL T
b, Thbb, HALTOHEH (& iERAOEF X
E) 2, BXADPHEOMAEE TR T 5T H%kb
hTVWBUERD D, ZODITIE, WOBRERSIE
BBRHRCERTHFEMLTWDZE BB ETDH
Do

ENT DL, 22T, BWOKFEIREEIRS, Bish
BRI CHaphE L, MICBERESRIETSREWY
LV o R EREL T3,

@ ZM#sE (CBET ) OIEH

ZDET LTI, BREDOREGEESR b, tv—%—
DEMHMHOBLOBENRESY Vo & T5 & %, BAE
YDoEME Q@ BWARTS25Nh5,

Q=>bV, (36)
XD Vo 13, A4 ORRBOBENRE OZEMFTY
Bz fhis 57523, SOGERHEKTSE Ve (X (14)
BEBLATWEDT, ChTRET 2 %%E%25, L
T o T, & (36) FRREhD
Q=>bV, (37)

CDOBEMBERDZDOE, —DORRIREGEIIHLTH
10m BEOCMTERET, +5%oEfikiEcET 5
W3 ETHB, L L, 5. THhRAXSIT, ©wE
RNTOEXBDOHRERESREIELVERTITLOATVSD
T, ZORRX2PWTRHE VBRI RILSTH D, &
—21%, Vs % V. TEERACRKRORELOMETD
5o ZOBEWE, T LT, B OFIEHL step length
LHBEDOFE R LOBEEELLD, ZOM1 XY

THNSFTNECOMBERBEE TR LD LE 2 bR
%o L2 L, Z @ step length i 83 2153 ERMIZE
LTREFELEZVDT, ZhEAbA - TE
AQAN

@ HEHR

ZZ T, ERiihi &N oIREARMICIZIE
—ERRINT, 5l E SRIOBEDALERTOIALE 2
BIEOFHERKRE?S, 02200 EFECESVCE
NETNOEMREIEL Thik,

x
TR w,2,0) Reos wdwat
00

( X10°mh)
0 05 10 15 20 25
(cm) N
2{ 4
z A
N .
6-

o—oGREEN
&----ARED
o--—00RANGE

R-28 HRESECRTS (BE 4) OF = v 7
x-8 EMEREOGEE

B MRt o iR — R Fa
#* 0.43 0.43 1.32 1.33
7 1.46 1.44 1.27 1.25
#wig 1.84 1.81 0.68 0.67

(BfZ; me/h/m)

E-28 13, BRIFISECRITS (HE 4) 2F = v 7
LTARDBDTH B, ZEDOEEMIFIEZIT 5cem Fiik
(E-21) TH52, cOMBATHMOEEZRS L, K
BWRITOWTIT A — RS DL o TV D X S it &
255, FROBEO—FKiEIZIE£ Aohix v, £2 T,
L TCOEMEDFEICIE, EEOFIBEIFEILIZD
HOTEHEXRAV. TOERE, ZBEFLITX 55
HEERY K-8 L X2 THRT,
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BB W BHEE NI 351 B RITRIB BB O B

BRI X S, B2EHOH A TIE, BERRH
FHNEEBITLEAEELL TV sV, LEK-T, &
BROME LT, BERREDCMEIILS T LHHHE
hb, coErD £-8 OEREE AL, ZBET
LOEROEBHHMCRKELAER I TWH T L
Mo bo HEELTOIDORTH & LRIBEDOA -4 —
DIEIZN 5 TV 5,

LZTHEEDORD, FROEBRAREZAVTEDRE
REHHELTCHSB, ZZTHEALLOIR Biker X5
HERT, Zhik, Van de Graaff et al.3® =k »C,
(B EROFSE CERC ROEMEBL—FHT 5L
WHEKRT) TOFESHENERINATVWELDTH %.
REEFD Lok, CERC R 5 HIFi#DOEE K5 X
5ThHbo UTEHEHKREZTT. ~KL, RRTRE
THHEE ks OEZLEL T 5D, T T ks=1lcm,
5cm, 10cm @ 3 7 — AR OWCTHEX T - 70

=0.277 (ks= lcm)
Q {=0.850 (ks= 5cm) (38)
=1.066 (ks=10 cm)

(Bfz: m®/h/m)

ThHDEE 2 ELEDDE, RS DEXHET S
s, BEA—F-HCFRBEDEL L > TWB T 8BS
%o

PEDZ 2Hh5, T2 TRLAZOOEBRIERL,
HERWBERERE2 525 VSIS T ol TOT
DDOFED S bTIE, ZREFLOEH, STHEHESLE
MEELTWBZ L, STEREBHRCHE 1S ORER
¥, BEOFHEERD Y, BhTW3 XD
iZBbh 5,

7. & |

& TR, 2BILb 2 RBHBlOFBERICESVC,
B NORBMMDBEIOXIE, XURMMLBEE
BEORBBRIOZERICOVWTERK, 205 bFjEDHE

TELTRE, X LTBOBERBERIh O IRE
LOBRTIRET S LILEREBV TR LA, T
CHRBEOEAANTEXZENL TGEX 5,

(1) S&AkBoBIIAMELBIEE

1) BRFOEMEERABLLTEL AT, KD

DHEEZES K EOEFTHM~DO—ROBRFD
FHSBINEE D 50 %0AL, fE7 - 4%
BElL, COBEER ThBEIIESHEED
@ skewness L EEITEET 5 Z RS-

o
i) FiobE~oRRWoFIHBEHEE Vs 13,
EiE V O 1~2% BETh-7me —F, BE
BESHE~BICHATILVWIEGERE T
VE, Ve WniBiinE Vi LEEBEE Cr #ALT,
Vs=CrVi 5 5BAtRRIFSZ LA BUT 5, Z DM
BREAVTED 1~29% LW HHEMNA - LT
RURDIDTHB EEFLI,
@ BEABORARBE
BABDOFEHRERBEIX, TOSDOEEDIEIE 8% §l
BOEEIE o7c0 7oL, REBERY v 7L OHEZ
LEHIECEEL, Vo TABEETIHAINREREE
KT 5o
() BEXRVOREREABE
ZROSEXBE BT OTLLTRALAL LTS,
BARLZ T LAPRRITEACEbI T, REABE
DEFZELD 2 — v RBEIRES AR L, 2D
LB - TR SRk, 20T 25, BBARTOHR
HESR, R VOB TELTVWRZEXHLIL LN 5
7oo %72, TOE EOHBAERAEFEST DRRMA T —
MiE, BSGLLTTHBZ ENBEBRINI,
@) FFMEBDEOCHEE
AFBEC X HHET - 2 RN EDRLEE
T5FEERLE, BRI, BRERSEEZCRALE
PDEBEFARIGRLIEFECOWTRET LA,
®EOH BRI — DALt L TRELRERES
h, FBANEBROEEFELLTIIERTVELOD
LEZONS, 7z, HEZER% Bijker 0Z@pRAR
X5 EEI RELLE A, BERBEOHETH -
e

FEERICRRAE 1 BEOPETIE, FoEHSER
FRRAERELN, BSEIEREBME XUHRER
SEBIEEBNOL 4 » 6L IR ER .
LrLEBOELERTHIRETH S, tAFE2EBEOH
#13, WHRUKS (REH, BIIETHEALER) 0aF
BHBO—ERRE LTfT-oAdDTHEMB, TOFETL
LHEOHER»LIE T IR IS WTHRLRERNZ
197, ds, BUEEOENE - LS5 UTITRXBD O
WS, THITRINSEFOER - BLERFIIOWT
2, EPMESEBEERE, FREREES XCFE
FREEOENIKD L ZHBREr o7,

(1981 4E 3 A 31 BZ4)
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b))

2)

3)

4)

6)

7)

8)

9

10)

11)

12)

13)

14)

15)

16)

MK -BEpRIB-WE—IE

2 £ X &

Pelnard-Considére, R.: Essai de Théorie de
PEvolution des Formes de Rivages en Plages de
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