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Studies on Wave, Current and Sediment Characteristics
at the Surf Zone of Mild Slope Beach

ABSTRACT

In the near shore zone coastal environment changes rapidly and
at the vicinity of surf zone coastal hydraulic phenomena is the most
complicate, also the most difficult to understand. In order to obtain
better understanding of current and litteral drift characteristics
near the surf zone, under the sponsor of the National Science Council
for the integrated research program "Coastal Space Utilities". Three
observation piles were installed at the coast of the mild slope sand
beach. In this research program wind velocities, waves, currents and
sand drift are measured at the observation piles and its neighourhood
synchronously and the cross relationships are analyzed further.

Wave induced water particle velocities are filtered by narrow
band width. The ratios between calculated and measured maximum water
particle velocities of independent wave components have large range
of scattering in shallower water depth and have a tendency to converge
into a narrow range in deeper water depth. Some basic behaviors of
water particle motion obtained in the field can be explained reason-
ably by simple wave theory. It is found that the relationships be-
tween velocity transfer function (U/H@) and dimensionless parameter
(@?2Z2/gD) have quite consistent tendency in comparing with Chiu and
Kou(1993) experimental results.
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According to the site investigation data, wave height, wave ener-
gy and the distribution of the suspended concentration at the surf
zone of the mild slope beach are analyzed and discussed. The results
show that wave loss about 58% of its energy at breaking; it is reason-
able in comparison with the general assumption that wave energy re-
duce 60% at breaking. When wave proceed to the middle of the surf
zone, the remains wave energy is about 7% only. Analysis of suspen-
sion load indicates that for the constant water depth the incident
wave induced suspended concentration above the sea bottom increases
with increasing of wave height at the surf zone. Under the action of
the same wave conditions, the average values of vertical suspended
concentration during ebb tide is greater than those values obtained
during flood tide. The maximum values of suspended concentration oc-
curs at 1/5 of water depth above sea bottom for both flood and ebb
tides. In qualitative point of view, the maximum value of the average
suspended concentration on sea bed locates at 0.3 to 0.7 relative po-
sition (X/Xu) for different water depth.
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EER - BTHEREKETRE&KIFHE, ARG HARET
Mk S EAYNE TR AT TR ERARETREERME; ¥
AT AR TR ARA THAARR R EGREMNE AL TR
HAAHRZAETFRELL-FHE - B2-114FHRTATHEAE
Fik b AA AR H AR IRZ B 1% - RIEE No. 1% No. 23+ S TRl sk o
HE Bk EF, AENA0.551. 5 M o ) ZENo. 3 F AR KKK
, EHETH AT EMA %, HHAE0. T581.252 H; 8%
RFEEHE, FEETARANA], A KREN, PR EER
KAERME -

(v9) k¥ T B B

EFEAEND. 2 & « TR B KR i) 2 (NO. 2% No. 3) &5 5 < 481 %]
BRI — kAL TAEREREG BRI ENERP.V.D.
) o B2-12%2-13 25| & # 2No. 2%&No. 3 7/23/00&.7/23/104& % &
B, A—EBRYABRMEBEAHRERETAOEREREG SR
cBF@MAINNEREATHARIFERIEEARE T ERAERE
BPG - ACHEEPBRETRUALETFHERRBRAEGRIAREGR
AR, RAHBEHR, —ERAREARNKETESHHIFAAGRE
cHRBBREE, FREkAETFEHIGRLMNEASHERL -

B IR, RAKRFEHT/23/00845.23", FH&ET/23/04% FHT. 29"
FiRET/23/10% 144, 08" - stk R —iml gk, (R{EENo. 2) T AE R K%
FEE PR R AR @ RE o T/23/10RERF R ARPT
BHHIGEAMGERELES - LEEH2-12XF2-13BREAKM L - F

_8_



WA R T E G BT, FARKH, 7/23/02,7/23/04%7/23/
06, E2-12_LJ %k (No. 2)3E & $hsiie B $ B 2-13 F B A 26 (No. 3)

CRKG BET/23/10KR KA ZE4. 08K 6, L FRAIEARTESHHR
G A MR, AREASMERE o  LRTREHIMERERSTS
Kb TES IR -

o RERRHE

Wikl RAkETFREDAEESMH), KRrAHE(w), AHEAxZED),
KEFRBLRE(Z), KERE(D)REImEEFZHE, L HETI
2953

U D Z ol

Ti= — , Wo=—— , Tg=—— , T4=— (2-2)
Hw H H

ERAK(99DEMES 7y, T3 R w4 BB THHFELER
w 272

TG — T (2_3)
gD




- ERARH(1993) M — A AIBR R, BT RARFIBOIF), &
D/H & Z/H % & RIFWMIE, @R w21%/gD AR AWK -

RBREREAHYHBRE I M &, sHEEkSEER,; AR ETH
CRLPERAEEBITEINEAAERKRETRE - 4T HERAERKE
FRBELRERRD BABKRL BE, KTARETFTREEAEHRTS
#D/H RZ/H @B BB 2-14 ZE2-15- BFEF, KETFRAM
AR sk RERD/H SAn R B AR RZ/M B mEaRI¥ K, D/H RZI/H &
HEEBERAAMZIMEY - BRE LA RFHER, FRERARIEKE
FHEBHBE, sENEAETRERKSE U/Ho siagAR D/H &
Z/H MiAEieE2-16 RE2-1T7 Kb FR A BRI B THERR D/ &
Z/H ML BB EA MY, JIBREMA0.2 8 0.7 H, 2#HEs
AL -

BRI EENo. 1, No.2 ZNo.3 #0832 B sk 247 Ak T ik B i &
¥ (U/Hw) REeR A2 (w?2Z2/gD) WAMmE2-18 - M2-18(a) &M%k
AN, 1, Ch. IkfFRERKIBBLRREHBICIAE - HH I
EEBERRan s ERA, RAMYERBRER - ¥ 027%/gD &
N, R EH R RREEEREE S - B2-18(b) & ()5l ANo. 24
L FTHAMEECh 2ACh. D AETFRERKIB A LR KL EHMGE - B
FOEH IR, KFETARNBELA, ARABAERKXZNO. IR
o Kk T it A A He R A B P AT A R AR K o =B B Ak T i R
FE AR KR MAR B 2-19, FH BT RG AR T kL%
BRI RSB RS, R AT EL XK WRENETERES

U w 272 @ 272
VIF = — = Exp[0. 402( )2 - 2.135¢(
. Hw gD gD

) +0.37] (2-5)

_10_



HEERAESTALBEIRR, E— ik RAYHRAE FRER T8
WRTHE, ERAHBIAHRLRGEAR A THRKETRESKTHHE
, FIRBRGKN T HRRTHEERBERARETEEFHELRSKET
THEAUs - B2-205 =Rl rHkFRkAB(Us/lso)RERRER
(ws222/gD) Z WA o SEFLF T ik A e o8 S5 15 A S fL, {2
MAB G hRARE B -

(n)s2Z2 Cv)szzz
= Exp[0. 423( )2 - 2.184(
Hsws gD gD

VIF =

)+ 0.446] - (2-6)

- 11 -



F=—E BEFARSREBZIEEREBDMIRBEN
— M

A aRSBMAE T ERERMAN ML) TSR
RHEFRNERRBBTRFABREFRGRAEIE - HFAMEF, £
LLFZFMAARERE - HRIFEZERFT - BAHEIHFARA K.
TRESIWIRGAETLE - A _FRBEIMNIBI6KEH EH, a3 EAH
MBEAEEREER, BERAGTAIAR 182X RAKER, BEE
A PR T 3K 444, 6/&)(‘((%%&%4%&, THRRT T T 7 RS
(DRAREFE REGEEIH -

RQIFRAKRER, LERREFHREZIHAGTH -

RGAE T B RF A —FDNW-5Mik SR, BRAAE R AR BRA LB &
B, RAEBERETHMAAFETRAHI -ARASRBALLEBRRME LR
SRPTAF NS M R AR, BB S E M AWM -

B2 & (sediment transport)#E: A, @ ¥ @i /EK T #(bed-
load) A% # %% ¥ (suspended-load) %3k »-[10] - [11], HE £ Em%
, REFEHNE, AWNBEIHE BIRABFTHELLERFA(12] -
[13] - #B&M G RANETAFERRREEE, wHEAREY, &
FHEEBEET BHERYEZ1%~20% F[14] - wARERFRA LR
g, Az aatt, RERANBTRI5]AKRKXE100%H[16] ~ [17],
AEr A EAk, TEENAARABFT TRER - HAFMIMH
PR, A% i — oA Aok % R R 2 i M (temporal ) A & 4 7% Ml (spatial
YZorth, ARERMEFHSERE - RREMENA Y, BFRIARS
W2 o B AR ARR A ARASAR £ Sy Fedth) i E L, BpH=rx(d+h), %
FrodyAl FE, T TREREH AR KX RELEE—F 5
#r ik Ak (breaking)#, RBEBPRZEGSIH -

-12 -



Ao EAHA —aMTB-16KH HEH, FPRELABERRGTANIR, &K
& —MUCH-40 A R AR —3FDNV-SMBR /) Ak HH, EFURETBLEBY
Wb, BHBEERGERRE, EHAGAEMNE - B3-1 - B3-2AH
-3 Al ABARRECEFTER, HEMN AR  ASERBAHLET
EEARRFHEN - Akt - ASHRBECEIRAE - R&ESEATHARAL
foda B TREPTIRAE E R RIFRIE - RN EF AR E T BRI HRTY
MESELOARZIFHOAR —RABARM LAJFZIHEFTRNAEZH L
FTRBABLBMEEIFH), MAXHAEFER, EERETEES>H
WAKEESGHWH - FERAEHBAR S X, DNN-SUR I Xk SHRMEEF
155483 dk— R, HFRTHWMEiE S48, &0.58R—%4; MTB-16K
WERE T SEREKRE - Sk, TREERIOFE— K, WHHMAS
30848, HHR—RH - B3-4(a)~(c) SFHTRHE, LAAKMLE
B A- PG LRI AR, ERAFEERZIRS; THABETY
FRAEE, BRAPHEFLENRIRE AW ELRSCBHNETEATH
FIRF A T RRGERA, BELERLFASGREN, ATKEAHHR
BREAFHE, ARG HREHFI2A2081285150-£ 312248118
152 b w X AN mARR AT EEH -

Z o RBA AR AT R

QLD P TP ]
B3-5- E3-6 - E3-TA R B 3-8 %% AR HDNW-5UR /1 X 3 & 44
R B LR P A\ (B 3R A A~TD 7R 31 R B B B X KR A ¥ 4R
HRBEZ TS Hiyg > FHAMT) /s8R RSUEH/LIR IS K4 R0

-13_



B o BREKkBHET, KEUEIHIN20~23022, HERZFT
Mok B H, g RIAA20~1202 4 B, FHEBT, /R 6~8%
ﬁﬁ °

B3-9R & K& RBAMATRMLIR B AT RALZ B IR
WA, TR R A TSRS RN RO, BP0 AN
HRED, RESEMAII~30; "x" REANHHREAN, REMIR
5.0~T.58# M, MEFREXZRRBH%EE, AIZA21R5 KR 12
A23R ¥ 128 A M, HUR A B o B AR BB M A S
B, XASRABEHNE TEHEATHAR, F-HETFE, EZHA
Y XX HBAER —BRAMEEAIFEIREZIAZR - AR EH, eE3-
10577 - B3-10FHEET, RBREFREEEMM, ¢FYBERRS
HHEHIIAIR~I8AR, EWAGLRILNE)F &, KBREEHAR
R MAME, MARRAHELRS, ERELSERLEANR, A
RS g S T 2 e S B K AR 3R LR B AR K,

==]
Il

0.0162 + 0.2316U - 0.00570% }
3.044 + 2.19195H - 0. 235643H2

—
I

A+ 0 &ks, T H8EM, U sRR

BEE-10EHBEFA12A238 04, BAéh g EANEG &5
ENE~NNE$¢ R #82, ¥ MEKH > EHEA L HRA~E@ T #H vk b
o, R ZEAEHRAA IR GRRES -

AERGHABRREBEREAIERT, BAEE; EA4NN - AKX
¥ RRBRGEBERAETEE, @kEAk®(surf zone) BrEt
BB EEAGEHMY B RE N (littoral drift)EHZ A AR
B o AR RBEABRARBEZAHZ AR RAT RN EFZAELS
H- #AukE d AEABEBHEE X, FAERTEEIERN, &3

_14-



EEAMEFER BRI RERE -
ERREMBRBFGEE, BAEMES, REhunki 189445
RBLEERTREZIERE S KREL B2

Bx=H/d=078 ...................... (3-2)
Tl KBBR8 A2 1985 Kk &
Bx =H/d=10.854654 .................. (3-3)

FRELEG S, LBNHERYAL T2~ 032 M, B—i T
3 0A0. 1843 4k -
RRBEBRAEN, EXHFRARAASHEERE, MEE%
&8, B
3 (EG)
aX )

0 ; EG=const ............... (3-4)

A¥ E, G AfRBEERARK

1
E=— pgh? .. ... ... (3-5)
G =nC

1 2kd ..., (3-6)
n=—1_[14———]

2 sinh(2kd) ]

RALAHE, FTHERRBMZ TR -

..15_



%%Eﬁq‘éﬁ &%EHO, viii N #ﬁ&'&%Co N Go:Co/Z, 7](/;”}%(1@(,}{
% a0, ik - Bk & AC G=C, AT

Co
H = Ho ....................... (3”7)
2nC

AR K (8-6) ~ (3-T) 7T 3 HAF A s ik %5 BN SR AR B Sy b
, MEFEESHE

o]

EiHEEESEFERME, S=tan a |, a ABEEKRFEHEMZ A,
Xbweg B EL A K FHEMEREMIZR, RIAEINE Xo, FHK
wHLES

db

BEkEEE

Ho?2T

Ho = Bxdb = (Bx2)!/5 -« ( )25 L, (3-11)

4

- 16 -



Dalrymple ¥A Bx=0.8 RA XK, &Ea4E N 12% o Hy B
(Ho?T)2/5 % Ete, #&THR FHH AR

Ho = K(2)1/5 (Ho2T)2/5 ... oo, (3-12)
K &arRE%#, # VeisharegTibml s, K=0.398F, Mo
HEELE S £1/20~1/60 &8 -

Bk, FoieAtkGHo, AT, Lo=gT2/27x, Rl

Eo Go =Eb Gb .. "vvvvven ... (3‘13)

Eo

8 Hp
Ep o gdo2Hp [—
3L 3d

b b

[
o)
2]
=
[}
N
P
o
I
[
o)
e
|
=
N

HEMERRER, TREKHE, A

Lb
Gb = Cb = — (3-15)

A K (3-14) ~ X(3-15)RAK(3-13)

1 Lo

1 8 Hp
Ho? = — ( — pgdo2Hp|— )
16 T T 3 3d

——— P§

_17_



Ho/db = Bx, #%#RXA

1 8
—— LoHo? = ded3 Byx!'d
16 3 /3
Bx =0.78 B
db 1. 28 Hp 1
= ’ =TT T T i e e (3"16)
Ho  3.3(Ho/Lo)'/®  Ho  3.3(Ho/Lo)!/®
A Munk AKX, 4w B «% &0. 854654 FF
dv 1.17 Ho 1
.. (31D

Ho 3.147(Ho/Lo)!/®  Ho 3.147(Ho/Lo)!'/3

Bp T L oH 2 g K 2R 35 #d /Mo R 2R ik i % 48 #Ho/Ho ©
ALEAERG, RiBhA%, BERARFETHEE TREXK
HEREME R, HKHBATHRHE, Iverson 195248 TR ERWE
3-11(a) ~ (b) - ZTHAKMAMABBLEREZLOEH, ¥AS
BRETHR, A&ERWEES-12(a) (b)), EXALEREHAETHARX

o

Hy 0.04
= [0.53 + 0.0368In(S)] 1n ( )+ 1.07 )
Ho Ho/Lo
(Ho / Lo <0.04 )
Hb Ho 0-4%6 1 ... (3-18)
- = 0.21614 ( 0.142 - g ) + 1

(Ho /Lo = 0.04 ) J

-18_



db Ho Lo
= (0.255 - 5.3 S) [In( )12 + (1.39S2 - 1.0423 S)
Ho 0.04
Ho/Lo
[ In( )1 + (1.516 - 5.3S) ............. (3-19)
0.04

AE=X, BRAABERE SS1/50 28, X ¥inkh R,
Ho/Lo*T#% &40 A%t & (initial steepness), WEETRAX Y AEH
HAAMY, KTLELRREA -

CHRERAOTHERANTRBEALR, BFRERAKX LT !

i db
=Cb {1 -exp [-1.5r — (1 +1584/3) 1} ...... (3-20)

(o} o

Co = 0.12~0.18, A& MAO0.17 -

WA, AATiedEBhR iR, AXhdy, HELE
B RA R, ABZRBLEOBEEZZA -

AR RF R ERAE A S 1/80, # MK (3-18) ~ K (3-
192 &K (3-10) - BREEARRELZIAMBRMEF I HERG
BN ARBIAT R R AEE B - A Rd - ARAEBE
B Xo, 2FlHe%3-1(a) » (b)~%3-8(a) ~ (b)¥ B =47 - B iR
B BT~ BAATFCI05CA9R AL 2 %] .2 MTB-16KH & & 3+ B A &,
REIBAFARTAFHEKERBITEESL S ng/l, £¥3-1(a)
~(3-8)(a) Z AHFHE MR, 3-1(b)~3-8(b)k HB ML -

GEALERNFERARTME, FATHHELR, REABR
HRAREEGARBE R R F G E3- 1308314, ETHA
£ B kA W 1% B A

-lg_



43-1(a) ®BARKHFANRE, Adk B, BdARGARAXFELIE A

[an BN R S s o I 7= B o SRS WEEAS W s B <0 B ¥ S = W N (i T @
SN L) U ompt O SO et Od O D O e e e 0D D e
e, CDOOT A = 0 O ON DD O W) D Ol O O o O
R T I N B T B b B o B o Ao B o b B A SR P I =PI T &)
[P IS o B N TR TR TR IR SN S e T e I NI QN Il I )
D0~ I~ D C3 O- 0 I - O D~ O~
wp L= W) O WD) WD N D~ U D) O S e 1)
T S
Y O LD M OO OO WM YOI M
L O Od e OO s (D Q) D O I~ €D o mM Y
[ N s = S I B Sl S S P B e B Vo B ot RN N i o)
— i e 4 O )

<O D02
[aFRERP IRV
) .

OV Y O D

QT OO

O T N Y D D

~ WO O U)oy
—

04.23

5.

4
724,22
263, 5"

15

e~ =

MY ) © O r= O O P~ W - O OB e 1) O)

[l S S R S NG IR e B T B o B o ) T g B o RS (B « S B N
L B B B B BRI s R an @ S » P RN 40 BN S G I e B )
Q]

£
w
ez
(@) s iR QN Vo I € IS ST SR B i« S e S S S o= DD

G N O
C~ &) N I~

T D 0 00 O U= LD
[ I et B cos B o R ) M

WUD e O e ) U0
DU ot O T DD

AP S e IRAR I ML S =T
v B~ 0O 00 0D G

000D O} O )
THOCT U ) 0D Cd
R R L U IR Y

D 0D O D 0D W

=X} t~ e b -t 4D D 0D (O G)
N u) O~ QO (RN NYS I DR F
kel W LD WD o R
L CEER R N I N I N e A N R A N
ANIEAN AN NS R

UDCd v D
[ ) @ w0 oW B W o) )
) ¢ [ R R AR T I S I {= o R SR SN YO RS
N L= O o O3 Od O D) e

. - . . - . - . o o—

el e OO0 O O O

]
[T RTo R
[l oIl Ty BD [ =S M =t A I
prelile pREup I e W N M €D 63
A TN N R N N e

et ON) OO A I N N e I S AR A B N B N

oy

£3-1(b) KA KHBMEFA, Ak Ky, HkARDARSRF ot F A

LENEE AN QN B AN B B N B N I Bt BE RN o B e B & ]
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£3-2(a) ®MBAFARNEE, Hkak Sy, AR XZ =k B KXo XK
199371221 1. 0 - 4: 0 FLOOD TIDE -- B

HO D DB /DB H HB €30 £49 H/HB
2.204 .293  2.664 . 148 .280  2.0783 1104.43 1i0£8.20 .13477
2.223 .568  2.683 L2127 .259 2.093 1772.83 1182.27 .1716¢6
2.241 L7485 2.703 L2715 . 35! 2.108 1213.22 1445.37 .17454
2.260 .928  2.723 L3241 .511 2,124 1103.67 1698.10 24041
2.280 1.078 ° 2.745 .393 L5700 20141 1056.47 857,83 26524
2.301 1.259 2.768 .455 L7190 2,159 1287077 ifGa.sT L 3E21
2,322 1.417  2.791 LK L7080 20177 1468.47 :414.50 . 22524
2.347 1.829 2.818 .542 L7857 2.198 1248.57 1207.87 . 34452
2,374 1.670 2.848 .85 L7983 2.221 1730.83 1513.87 .:Z35713
2.403 1.780 2.278 .618  1.000 2.245 13265.03 1287.10 .44537
2.43 1.861  2.319 L840 .956 2.269 1216.83 1196.63 .42111
2.450  1.809 2.239 852 L9127 2.2835 1223.42 1179.80 .3%300
2,459 1,842 2,940 852  1.087 2,293 1Z83.27 1294.47 (48529

Hoavg = 2.3303m Toavg = 6.8609sec

£3-2(b) RRBANABMNRE, Fuakbile, SakARdo sk B KXo st &
199371221 4. 0 - 7:30 EBB TIDE -- B

H0 5 DB D/DB H HB €30 (49 H/HB
2.453 1.948 2,940 .662  1.067  2.283 1283.27 12%4.47 .46520
2,459 1.343 2.949 .5661 L8880  2.233 1207.80 1277.7% .38371
2,458 1,921 2.931 .655 1,083 2.786 1252.10 1189.87 .475%8
2.435 1.8e7  2.914 £47 883 2,273 1301.07 1279.47 .43238
2,424  1.850 2.%02 838 1.408 2.263 1400.90 1260.33 .44534
2.416 1,771 2.8.:z 512 35 2.257 1377.77 1303.57 .42350
20211 1.583 2.&88 £82 866 2,253 1222.30 1156.42 .35770
Z2.413 1.588  2.892 847 778  2.C85 17283.87 1186.10 34495
2.417  1.45%7  2.897 SG3 .72 2.25%9 1189.37 1113.97 .32190
2.422  1.287  2.903 .443 .738 2.264 12063.13 1140.20 .3257¢C
2.429  1.160  2.912 . 399 .634 2.271 1380.20 1296.13 .27932
2.435 .883 2.919 . 340 .938 2,277 1387.80 1288.30 .223625
2.438 o940 2.824 .289 .502 2.280 1458.10 1412.20 .722035
2. 427 L5520 2.3 223 .447 2,281 2678.23 Z495.60 .185896
2,435 L4880 2,324 L171 L5816 2,280 1346.37 1r11.70 .22528

Hoaveg = 2.4321m Toavz = 5.7743zec
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%3-3(a) KRBCAKARBER, kB, BEARDRRFERF XU H £

1993/1221 13: 0 - 18:45 FLOOD TIZE -- C
Ho i DB D/BEB H HE £30 £45 H/HE
2.474 .247  2.969 083 L1770 2.315 2448.70 3475.77  .07831
2.476 +388 2879 .133 L3223 2.316 4777.80 2331.30 0 .13940
2.476 .562  2.968 189 L4113 2,315 2854.63 2895.57 .17850
2.474 .723  2.6865 244 .453  2.312 5B591.13 2381.77 .18576
2.472 .08 2.9¢ . 306 .832 2.310 7302.50 1272.83 .Z23018
2.470 1.086  2.558 .367 .650 2.307 49323.10 1337.83 .Z28173
2.468 1.224 2.95%4 .414 .652  2.304 4110.03 1203.57 .28298
2.466 1.388 2.951 L470 L702  2.302 1500.230 1334.50 .305¢1
2.464 1.525 2.948 .517 L774 2.299 6387.67 1343.53 33643
2.462 1.€69 2.945 .567 .852  2.297 1422.37 1249.70 .37088
2.459 1.7§ 2.842 .598 .975  2.285 1413.37 1331.87 .42507
2.456  1.873 2.938 .638 LG47  2.281 2727.37 2792.77 41317
2.450 1.925 2.92 .657 1.061 2.286 2576.00 1300.27 .46408
2.441 1.967 2.921 LE73 1,011 2,278 1585.B0 2174.57 44768
2.430 2.0C6 2.908 .6%0 .996  2.C€8 7655.37 - 1515.07 .43836
2.416 2.009  2.8S3 .634 ,927  2.257 2610.87 1381.33 .41066
Hoavg = 2.4556m Toavg = ©6.8073sec

43-3(b) K{CaaX#RMrR, Ada®Hl, FRARRAEALF XL H &

1983/1421 16:45 - 20:45 EBB TIDE -- ¢C

20 ] DB D/DB H EE €39 £49 H/HB
2,816 72.009  2.893 .594 L8277 2.:57 2610.87 1381.83 41065
2.402 1,984 2.878 L6899  1.004 2.245 1470.60 1415.83 44712
2.388 1.572 2.862 .689  1.025 - 2.232 1498.33 1562.77 .45914
2.374 1.930 2.847 .678 .951 2.220 1501.%0 1329.83 .472818
2.3653 1.88¢ 2.826 .56 L9932 2.212 13%0.43 1285.80 44846
2,258 1.774  2.830 .527 .833  2.207 1364.40 1275.77 .37741
2.35 1.87 2.823 .591 .881  2.206 1434.60 1328.47 .39918
Z.360 1.569 2.832 .554 .867 2.209 1638.50 1453.27 .39264
2.387 1.408 2.841 .49¢6 L7770 2,216 2727.40  2550.37 .35069
2.37 1.274 2.852 .447 .662  2.224 7436.03 2518.67 .29767
2.386  1.131 2.863 . 295 .651 - 2.223 5874.27 1820.27 .ItiT:
2.3986 .963 2.875 .335 .566  2.243 78323.97 1620.23 .25254
2.403 .808 2.885 .280 .506 2.250 5797.23 1668.50 .22502
2.408 .662 2.891 .229 .385 2.255 4120.93 1950.63 .17071
2.409 .487 2.8%4 . 168 .411  2.257 3295.20 1781.87 .18222
2,407 L3240 2.8m L1i5 L2382 2,457 7E 2024.687 125183
2.402 L2420 2.884 084 L1580 20754 2 2844 .50 08857

Hoavg = 2.2865n Toavg = B.7277se¢
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#3-4(2) KR|DEKHFMIA, Aok Ko, BakARdoRARARok PR A&
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1.083 L7069 1.385 .512 .36  1.C81 - 636.10 593.43 .34121
1.080 .878  1.382 .B636 431 1.078  786.23  919.53 .39989
1.062 1.0289 1.2363 . 755 802 1,063 585,62  586.07 .a7237
1.038 1.183 1.:36 .863 .558  1.042  729.23  707.80 54802
1.021 1.278  1.317 .971 669 1,827 724,50 543,73 .503%2
1,011 1.377 1.305% 1.085 L7000 1,018 2R2.87  873.80  .E5973
1.008 1.458 1.302 1.127 LEB8 0 10016 1465.87 1235.97  .B5783
1.021  1.547 1.317 1.175 L783 1.227  670.52  B70.67 .7327%
1.042 1.606 1.341 1.193 L7710 1.046  585.00  £18.03 .726ER
1.071 1.640 1.374 1.194 L7685 1,071 B814.07  230.20 71423
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1.441 1.568 1.794 .374 .707  1.393  557.70 519.13 .5058%
1.546 1.514 1.913 .792 659 1.492 1315.17 1249.50 34144
1.829  1.423%1  2.018 .709 .45  1.574 1376.73 1823.30 .40351
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1.233 L7127 2.38 . 208 L300 1.838 5%6.03 601.323 . 16kE5R
1.947 .583  2.370 . 246 BKH 1.849 958.03 1051.23 18938
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- 27 -.



H

—ﬁ— = 0.56 ( X/Xe)?- 7% = 0.56 (d/dp )0 74 ....... (3-21)

b

E

? = 0.424 ( X/Xb)2-52 = 0.424 ( d/dp )2-52 ..... (3-22)
b

BRERX(B-2D), FRZBERAGKRL Bxh0.78, RIFATHE
—PFHARRALRBA R R GERX S

H=0.466 Hp0-26-4°-74 ... ... ....... (3-23)

HEHXG-22), EATRAES BB IRALTFETH, RER
FWATHBET, FRHBRAENE, E X/Xo Ea18, Hiksk E -
0.424Ev, EH LA F & 58%, JLBE A ¥R B AL BT LRV
6O%MEIR S 423, & MRATEAR T F R, BF X/Xo=1/2, Rtk
E=0.069Es, REL AL TH RFE, HHTh-

(DA EFRBTHREG W
L ZARREFHBRRAFEAIH

®3-15(a)~(h)A#I A & F i 240K, AR — BRI, A
HLEAMFIHEE, BRRAEFHLARBASHEETRDYS, 23E—
RARRE, AHAHRREHFHREMETH, FHAENAF AR
RBE, EXKRRTEEREBRAEIH; #AERZKER KILE
HAR Y/DiE, MERLTRAAEKRER-FHREE FHLELA
AEx(mg/1); LRAEZPFE, THARARSZERNE, BFH
UL"H, ARABEKIScIABE N TH, HR"X"HARaH#
EA TenRBAT AR, waAaTH, 58tk paisst
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X ERBETIRI2A21813:00855]20:458F A X12A22802:158F
P08 :40F MM TR B X BFH B EE LK K E3-15(c) »
(Dfw, wHE B3-10F#HEF, BEHHMETHERREK,
HEFIA~18AR - Ak, FP-L&A, LEHLERKREST,
RRESERLR, A8 FHREMERR, AALH, ¥
MR RGBSR, RAZMIIREEFARET RAEESRE
FREBRAEAEKR, HERik  RAYABRRRAERK KX - F3-16
Baaf#a— 4y KHFCHABIHRESBEIHRRCLKLE -

E3-17(a)~(h) Rl A E 4 K #, BFR 2 RBHGEAER
BHBEEANIGEY, ERARNFMPEATRAZES RN -

B3-188 A X RAFBRANALRARBHME, ARKETHR
AR FERELARRCEAIH - BF TR L&A GR
KAt €, % v ég (envelope), ¥ EH I HERBT, AHBFH T4
BEEAH, AVERTEAHEAREFAATR, HEKXMEE
FREALELR R ARN/DESL? 2R; XEMAE, B—EKRA
s, BREHIRXE, FTHREHEHSLX -

CARRAKR, BBERREFR BEZM AT H

LHRBAEBARRAARR, HERRRABTHREILL G
, MW EERANAFRRRBAFEAH > AFRE, B0 E
3-19(a)~M) ¥ i+, LBRAHZAEKE, THEHLHRAKK, ML
FEEAISChA R Ten@BA MR EH BAMEALFARRAKR
BERRH, HARRARBHEEIAMEBREFTR, £KE
, MEBRFRAAMEREFRARTEGEHEHIHAAR, AATRE
F Ao K Rdo ik B AR B KA Xo A e An 85 B R B kAL, F—23
mRERRBHEERFH FHREESIH, WEI-20MF, HiHK
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% AKH IR AREER, BEEEMM, SEAN KRS
BRI ARE AN BI-21(2)~ (DR H B AN BT R
B, EAEBRNERKBEEE, BETFHRERERES I
N RBET, FE RN R AR SR B T T3 R O
TRIAS R A RRBRGBEAW, THEAS, RAAEE
A0.3~0.7TX/Xe) A H 4 ER; B — AS R RS, g, 2
I AL A A B A o MBS S5 B B 0. 6~ 0. T(X/Xo) M5 BARR B
, RIBA EAEBFHMRESEMEP0 3~0.4(X/Xo) 5, HWHRLE
SE AR B o
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C R R R ARG E R R L, KT ik K 3 &Kk AR R
BRI E G - AT ERERAF0. 50,50, 050, MIAAd Bk A al
IR AR ARV 3 At L, BB T TRk R 46 F R e de 38 3 ok R AT R
5, WIRSBEM ARG ARR - 9 K0. 05H, 0. 005H, MAEIR £ ifiik L
HEMBAHE—FHE -

N 2! ‘P!Piﬁi‘zﬁﬁ'l&i&?kﬁ%ﬁﬁﬁﬁ*@ﬁi%iﬁﬂﬂﬁfri%K
AR %; 7 1 B S 4R 18 B i — 18 R0 Ak F 3B B B AR L B A
Wi B -

SRR AETRETMNIGH AR E I F SR, kel kR
W RN AR ER N A AR EAAELER - A& i
IR AT bk R ST M O R 3 PR AR A T A oA O —
B, BMARRENMEEIHEEL R Mo

CH AR ARRAAAERAE FRERKEAR(U/Hw) RigiEs
#D/H ZZ/H ABMMERE, JBEFHHRIL - 2RLHAL2E (w272
/eD) K RIFZAAMM o L usg r ALK A

U w272 w272
VIF = — = Exp[0. 402( )2 - 2.135(
Hw gD gD

) +0.37] - (4-1)

Gt THERAL YR THRAAETFRESR(Us/Msws)RER
R (ws272/gD) M 2 b wh g F A2 X B

s (z)szzz (z)szz2
=Exp[ 0. 423( )2 - 2.184(
Hs@s gD gD

VIF=

) + 0.446] - (4-2)
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£ RBARFEARET, ¢ FBbBHRALIFETHR RREE

S=1/80) #Hk, FAMHRAUMAR KT A LHFHIHRADH KR
FAHTRFIXTRZ, P

H/Hp = 0.560(X/X5)? 74 = 0.560(d/dp)? 74 -~ (4-3)
% H = 0.466Hp° 26 - d° 74 (4&#& B*=Hp/db=0.78)
E/Ep = 0.424(X/X)2-52 = 0.424(d/dp)?-%2 -~ (4-4)

Hkagk ks N SAEKE d AT A FHEFZERAXT
k47 -

o~ BRk R, MR H T A BB RS M A R RGBT R

M, THhE®ES, BAEBEEAI~0 TX/Xe)teHEER; R—A
SRR, TROEBE, RXMEFAEFREARFMRERFME 0.6
~0.T(X/Xo) e, BB, RIBAEZAEFTYHAERFM, #0.3
~0.4(X/Xo) R, ML K3 MR -

CEGET T AR E A, TRARET, JLR R B AR

HHRR, BEARKEETHLLRRKABEARY/DIESLO.25;
ARFE, F—RRAME, BREAWIRXAL, TG RRERN
&K e
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