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Studies on the Fishing Ground Formation of Sakhalin Surf Clam and
the Hydraulic Environments in Coastal Region

Yoshiharu Nakamura

Abstract

1. INTRODUCTION

The objectives of the present study are to examine the characteristics of hydraulic
environments and life cycle of Sakhalin Surf Clam Spisula sachalinersis on the Fukushima
Coast, and to determine predominant factors and mechanism controlling the annual
production and fishing ground formation of this species.

2. TEMPORAL VARIATION OF COASTAL CURRENT FIELD

The following characteristics are obtained for the current field in the coastal region
within 15 km from the shore through analyzing field measurement data. (1)Oscillatory
currents with periods of 3 to 4 days occur generally except in summer, the power of
which is greater than that of tidal currents. (2)The principal direction of the currents is
alongshore, i.e. parallel to contour lines: barotropic oscillatory currents propagate at a
speed of less than 10 km/hour looking at the shore on their right —hand side. (8)A high
correlation was found between current records obtained simultaneously at points separated
largely in the long—shore direction. The wave length of this oscillation is over 100km.
(4)This large scale oscillation is considered to be a continental shelf wave.

3. STRUCTURE AND FUNCTION OF COASTAL CURRENTS

A tendency of logarithmic decrease was observed in the cross—shore distribution of the
current velocity within 1 km from the shore. A two—dimensional float experiment also
indicated the importance of the bottom friction. It was suggested that diffusion was
suppressed and alongshore dispersion was enhanced owing to the shear effect of the
longshore current developed in a coastal boundary layer, i.e. the velocity decrease
region.

4. BOTTOM ENVIRONMENT IN COASTAL REGION

Since the outer margin of the coastal boundary layer corresponds to the region where
critical water depth for sediment initial movement exists, it is expected that the sediment
transport plays an important role to the distribution of the surf clam. Field observation
revealed the following facts. (1)Observations by a wave gauge and a conductivity sediment
meter at a point with 10 m water depth showed that sea bed was eroded by about 6 cm
by wave—induced resuspension of sediments when the significant wave height became
larger than 1 m, and that it recovered by deposition as the waves became small. Mixing
layers were also found to form in the surface layer of the bed owing to sediment
transport. (2)An analysis was made for data of topographic surveys on three different sites
along the Fukushima Coast. It revealed that the regions with active sediment transport
were confirmed up to 400m from the shore and to the water depth of 4 to 6m. Bottom
height variation reaches 90 cm in maximum. The variation gradually decreases offshore
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beyond this point. (3)There was a negative correlation between the bottom height
variation and silt contents.

5. FISHERY RESOURCES AND ECOLOGICAL CHARACTERISTICS OF
THE SURF CLAM

The following results were obtained on the fishery resources and ecological characteristics
through field observatios and laboratory experimemts. (1)Annual production of the surf
clam varies irregularly, and occurrences of dominant year class support its fishery.
(2)Reproduction relation between densities of spawning adult stock and juvenile shells is
uncertain. (3)Since the variation of normalized annual catch is similar among different
fishing grounds, it is supposed that the production is affected by a large—scale coastal
environment rather than the conditions of each fishing ground. (4)The mortality decreases
as the shell length becomes over 1 cm, and the amount of resource of this class can give
a good basis to estimate future additional catch. (5)Fishing grounds for the surf clam
extend in sandy beaches of 5 to 10 m water depth. A condition of a good fishing ground
is considerably gentle slope. (6)Silt content is suggested to be an important controlling
factor for mortality and growth of juvenile shells. (7)A hypothesis was proposed for
fishing ground formation, on the basis of differences in mortality according to water depth
and the above considerations of (5) and (6).

6. HYDRAULIC CONDITIONS FOR ABUNDANT PRODUCTION

Variations of coastal currents were analyzed for the period of planktonic larva on the
Isobe Coast. This analysis showed that the amount of juvenile shell production had a
close correlation with the residual component of the oscillatory currents. A transport
model for the planktonic larvae was constructed, then this model was applied to determine
the hydraulic condition necessary for an abundant production; the condition is that the
residual component is small, so that the planktonic larvae are not transported far out of a
fishing ground.

7. MECHANISM OF FISHING GROUND FORMATION

A resource evolution model was proposed on the basis of the above considerations,
which takes into account shell growth, cross —shore transport of juvenile shells by
waves, and natural mortality caused by bottom sediment conditions. Temporal variations
of juvenile shell distribution were simulated for actual fishing grounds by using observed
shell growth, bottom sediment conditions, and incident waves. This proved the condition
for good fishing grounds; i.e. the mortality decreased as the bottom slope became gentler
for the region of 5 to 10 m water depth.

8. SUMMARY AND APPLICATION FOR FISHERY ENGINEERING

This study analyzed the mechanism of mortality in the planktonic larva and juvenile
stages of the Sakhalin Surf Clam, which caused the variation and uncertainty of the
resource. It also suggested a hydraulic conditions for an abundant production and good
fishing ground.

A resource evolution model was presented to examine the fishing ground condition
numerically. Applying this model to beaches where no production takes place naturally,
appropriate conditions for release of artificial juveniles can be given to convert them to
new fishing grounds.
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Table 1 — 1 Mustrate of indicated symbol.

01

Season Month Symbol
Spring Mar., Apr.,May O
Summer Jun , Jul., Aug. O
Autumn Sep.,Oct.,Nov. A
Winter Dec., Jan., Feb. O
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Fig. 1 —10 Scatter diagrams of the current fluctuations at different
stations during 1978 observation, superimposed on a
bathymetric contour map.
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Fig. 1 —12 Progressive vector diagrams of the current fluctuations
at different stations during 1978 observation.
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1 —157R Lic, IBRIERBS D& OEBIRENE C R20& C RIODM TET LTV 54,
CHIZCR2MBIFLSEA D/ A ZLEER T 5 1DT, & 3#A (CR30, CR40,
CR50) Rl REWLHEESh D,

@EAE T NN TR R 10 B T B DAL ARBIER ¢

BITHFO SHARBWTHEE T 2 m2igds LT KEFRCEh FhHEABERRATEL
iR Fig. 1-16) ©Xb &, WAET 2 mLEH F1I0m CHEDETRA LR B, KB
BT RE M HER T ©—fk & LJEER (barotropic) 7t OBEETH L Z EWRERT,

Cross correlation functions
of longshore component v
and offshore component u
at different stations. (1978)
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Fig. 1 —14 Cross correlation functions
of longshore component v
at the separated stations
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Fig. 1 —15 Cross correlation coefficients Fig. 1 —16 Cross correlation coefficients
of longshore component v at of longshore component v at
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direction(off Namie). (1976) separations. (1976)
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FOELBHO S MR

BR XL REEBHO N b (Fig. 1—5(a),
(b)) iR 3 BRI RV 4 B AR OWMHEE
BOFELTWSZ &8 TEEBH DA <7 bVEET
YEAEND Fig. 1—-17. ZO L5 LkRREEEO
HBLZE U 2 TR E T REERTED
(EBF, 1983) . BERRCEACBE LI LBR TR
Vo

¥z, BEMECDHHBHELOMAT HHEE =2
Y v 7 RA MIEERL.5kn (KEELSm) OHRHRE S
heky, BET 2 mOF CRAERELE 2B L v
b, MG L A, 1983ED 4 AirH19844ED 3 AKE
o 1 yEM G S IEEE (Fig. 1-—18) ORkT
BRDOXHThHbBo

4 B LA 5 AR Ciifk 4 B RHEEN
0B &, FOHIEBRAND LR R HEN A
bhbe + LT, KEREBMEREh, KEDBBE
(Fig. 1—19) MNEEZEW 5 7 BLBOEBCAS &
MARE e D B R, 1B, BRI T 2 B R L
T BN THh, BEENMNSCIRBI0BCAS
by &4, BEMSAEE L, 10H 512 ol
ficid 3 Ha b 4 BORIEBBHRCE DR TV %,
ERPTTEBIARL L, T3 RRAMOEENR 1A
Ears 2 ATAETHbRTW 5, Z OBRENGES
hhbnd k5, KRR TOWEELHICIL3 2D L
A THEELT WD, 881123 H~4 BORAREE ML
BRE LEELTWA 214 70, HERE LTid%
DHBFIE L ADND, B2 1 2IRMEEOHBESHEIREY
THy, TBEHEAEFA LT VA 7T BIE LI
FCHET S, B304 TREHCALRD L5,
B ROWA PRI T 2 WM TH %o
BERECERMELE N RICHER S e Dk
19765 DIBITICOBRITH 5 (FFR, 1977) o 19765
LUEEEREOEE TR L nbh T ELERN O T —
ABED, FOWHT—2OMEM (Maximum Entropy
Method) & k5 A7 MV OMRELL, hOE
BEAHEEL, Bl ey b LEORFg.1-20T
b, AR LA L, 87, 9 AOEMAERT, MM
TEORIL3HEN L4 AERLTCWBZ bk,
e, EficBVWT3H~4 HORMEE»E 2. B
FEMERIF X R A EEIC>WTE, B E 2RI &
N,

Table 1 — 2 The estimated time lag

from the cross correlation
function for each pair of
the current components.

(1978)
St. Component Time lag(t)
K3 North-East 456
K10 North-East 390
H1 North-East 380
H5(up) North-East 250
H5(low) North-East 240 )
K3-H1 North 170
K10-H5(up) North 70
T : minute
105 5
3 BEGIN 1978, 10.27. 12.0
] — N-COMP : 1H-MEAN
i - E-COMP
o 4
2 ]
&)
E 10% <
Q 3 H-5(-10m)
= 3
% ] (Hisanohama 1978)
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Fig. 1 —17 Autospectra of the current fluc—

tuations. (1978)



-
“H
(81

__6]:__

1983

July~ Sep. <i~ 0
~04

-0.8

08
1984 ‘{fﬁ% i v Y
Jan. ~ Mar. _q - , R

1 R A EA K R T T 7
Jane Feb. Mare.

Fig. 1 —18 Time series of 1-hourly low passed current vectors at Tomioka monitoring station. (1983)



|

St. 354, 5(-2. 5m)

S |
[

-

>

vy

Water temp.
cuoh8HE

i ot
M w

AT

[T ST -

j

1("c)
4 5 6' 7 8 9 10 11 12 1 2 3 ‘
1983 1984

Fig. 1 —19 Temporal variations of water temperature and its gap
between daily maxi. water temp. and daily mini. water

temp.
8F A sooma 1978
T NAMIE 1976
1t 00KUMA 1975 ~ 1978
TOMIOKA 1977 ~ 1978
6 B HISANOHAMA 1978 A
/% BF @ KIKUTA-URA 1976 - 1978
£ 5t
< o) o
S 4t o fe) A ca QA
& .0 O f)
~ 3+ e O O O
°
2 s
‘ ry 2

J F M A M J J A S 0 ND

Fig. 1 —20 Dominant period for energy peaks of the current fluctuations
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BB WT, MhoRBMEHNEMZKRE, 3B~4 BORPEZF -TwWHZ L&, HEE
BHEANERLTWAERLZAL R L,

1976 DIRTHFHEBIH A 2 - U<, RBEBRRA LN 2 RAMEE 2 BB & & 2 ¢,
B DORERH LRI ORI o WTHE Lic (FRL 1977 5 ShE « ARE « A, 1979) o
R OB, A — A b T ) TR RFHE D CET T 5 RBHM 2 #H L7z Hamon
(1962) » bIAE 5t & TbR THE D, Robinson (1964) & & 5 EERAIPTIE~ LD 1970448
A& Oregon ML AKFED 7V — 7 Rdlrd LT, BN GRBEIES ARG b hi, £oRE
FIMCUE (Coastal Upwelling Experiments) #Jll¢» % (Cutchin and Smith, 1973 ; Kundu
et al.,1976 ; Kundu and Allen, 1976) ., RobinsonBIBiDOEERMIPISE & LTk, Reid (1958)
DFFK LT edge wave DI DT quasi—geostrophic wave & &40 7o B cHY LT
Whe

ER ks B OB, BIfiE& % b L 1icShoji (1961) &Isozaki (1968, 1969) A HZA
PR REE D BT 5 RAMEOFEL DV THR LTV 5,

B e B ARSI, R BEHRONTE I O W TOEBITE LWA, B iET 5 5 Lo
s B IWHEBN BT b h il fliz A le < BATIRI972F 0 CUE BN HEIRE ©l21976
FEORTHBENNETTH 5,

BEMRE DIGIBEE

BERRTES 5EME OERSE T oW, FEEREPOICERE L.

Bt o B EfTH & LCoftt (5EEBIRRUWES %) % Buchwald and Adams (1968)
FIRBEIBHC LT DB OB 2T BT R > TWw b, LirL, BROBE
B TR EERR P HEHERCER O T2 i WEEPREARCEL L TWA Z &3 F2 bhb,
BERBCRT 2REHAOHE I EREF B 2 5, EVHROERERRIT BRI NF
LTV e DIEREIMIC I D Bx v (Fig. 1-21) o 22Ty EEOBITHA (#3732
'N) oWERRE . BEEOSBBEREBET R LRI,

PAEFHE OIS, “rigid ld” H4E LC, WHRBIEESE > T 5 28, EAMIIE Caldwell
and Cutchin (1972) D45 -7: “numerical shooting method” *BE U TH %,
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Fig. 1 —21 Bathymetric profile extending offshore from Namie
coast.



a) HEEAHERX
Ear B s 2BER (Fig. 1-22) RBWT, 2V VonR5A—-%f w—ig & Liciy—
FedE ORI OEB HERR OEGEHERITRD ., K@) RO THEIh b

0 0

S - tv=—r g ®
0 0

a% + fu=—¢g ag 2)
dhu dhv oL

ax T oy T ot 0 ®

COHEXRTE, BRROKENR TR TV,
O#KERALL
o/ B 1
®F H
@f=—%
rre, fiaAVoRTA—2 (2Qsind) ( QHEROEEEAEE (7.29 107 sec)
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B) HrofE, g @ BHOIMEE
BEREAMIT, RO XD WHE L,
O (x=0) TRu=0
@ x0T u, v, (=0
OBEMR (0 <x=<L) &4¥E (x=L) LOERTu, v, (HEHRT S,
WIRA(B) DEBER & Mk TTALT Bo
x*=x /L, y*=y/L, h*=h/L, {*={/h, u*=u/Y gho
v¥=v/J gh,, t*=t/ f
r o, LIZBERROES & 0. h 3SR TOFIEKER & o Too EATTLE NI TER
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KB DOLIHEOERO A — FERABEL D ERDE O Do
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+D ) —f— — =0 (6)
o0t 90x Ox d0x? 0y’ 0x Oy

tZw, D=h7, ¢ B LTIt &y TR DWTHEIBEEET b,

¢(x, v, t) =¢(x)exp(i(Ky—ot)) )
Ty ko EWEO y FROEE. o @ BEBEOARBERTH L, R(EREG)LALT
¢ (X)W TEET S &, B 2O RBE#MS HTEREE 5,

P fPK
p(x) + — ¢(x) — (Ki= ————) ¢(x) =0 (8)
D Dw
BEOEET, BEEO vy HROBEBNIER L.
iﬁ:\ P=6D/6 XTHbHo
& (8) SWTHIR LEER &2 e e EHEC L O RD 5,
BT, BEAFTRAOHREEZTE LB,

6.=0 x=0 9
YEEEAVEHH (P =0) AR ToX (8) OBIKDOL I b,
¢o:B . e*lKI(X—L) x=L

T, BREERHEBTH D, Fhow x=L (B cER (¢.) SRR (4.) OB

BHROMBEINES T 5 &EIRO LD inD,
$.(L) =¢.(L) =B (10)
d¢s(x) /S dx ]X=L:_| kl + B

BEdilt (0=<x=<L) XKL LT, R(9). R(10) DER Gth %123 (8) DfE% Newton
Bie LRy, BERBECRG HEEME OSHEIR Rk &R0 DE) 2RDT,

k. RE)DOBEHETRVT, B (x=0) BLO, B (x=L) TOBEREHLH
JE L, BYHR (x HH) KE— FREFEo iz, R (8) BIHDFEH (K*—f PK/S
Dw) BATELTRbh, 5T, P<0LD, KELZoREFETETRIT LS,
%, Bl ofBEE (o /K) BAaEKY, & (7) WRLEEBL y oADK (BHA)
CEETL o il b, ‘
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Fig. 1 —22 Schematic diagram of the model and showing the
coordinate system.




b) HERIGR & IRIEEEE

FEOFETRD ISR AT 1 23R L, T2 VA VDT A — % { CIEH
LI RER o,/ 2F L, BREIIEEROBEEZEL TV,
SEEEIE EN ST E—F, H2E— Koo DIER i ->THE D RAESHER LoD 5
BREAVEROEE VVAAEE (GREE) Th0, Flt0H TCOBROEENHEELE
LTWh, CORRLEMENRVE (B) 2ECATEET S &0, RERFRCIAMHE
HELNEERE L% LWIEDHIEOBEITH L L\ ooy B O— BRI REERRER TV S,
19764 DIRTHEN ©lL, 7T6RRIBHIOMEEEMNE bR TE D, o /[ =0.2748 b b ¥4
E— NOSEER L OREAL D, BREEEE ZRD, AR L TRDI1978FE DM B ~A
/ BRI B b h i 1006 O BIIEE (0, f =0.200) OBFE BT B4R % Table 1 —
3R Lo —F, FRENOEN THRE X R TEEE) DMK R O L AR O ARBIRE %
Table 1 —4 R Lo

Hi SR B0 5 ABGREIT0.7~0.8L BV I EDRENT WS, MADEE IT1976 58 TIT 8
2E— NIy ¥y 1978EHHH TP &HE (C23, H5) ME2E—F, Britybibg
(C5, H1) B8 3 T— FORRICHY LTW5,

Table 1 —3 Characteristics of propagation of
continental shelf waves off Fukushima

coast.
Period Mode No. Wave length Phase speed
(hour) (km) (km/hour)
76 1st 1700 24
76 2nd 580 7
100 1st 2512 26
100 2nd 793 8
100 3rd 250

Table 1 — 4 Spatial correlations and propagation speed.

Year Month St. * Period Phase speed Correlation
(hour) (km/hour) coefficients
1976 Mar. CR20-CR100** 76 10.5 0.80
CR32-CR100 76 5.7 0.78
1978 Nov. (Ch-H1 *** 100 4,6 0.71
C23-H5 100 7.1 0.63
* Location of each stations are indicated in Fig.1-4(a)
* %k Separation distance between the stations : 27 km
%k %k 5k » : 80 km
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Fig. 1 —23 Dispersion curves for the
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% 0.2 ki 085 graphy see Fig. 1 —21).
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Fig. 1 —24 Schematic view of the propagated continentai shelf wave
from north to south along the Fukushima coast.
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FEEH, SEDRIERE S bV OS2 Fig. 1 —270RT, BOREEESRY bk, ¥
em sec~35cm, secfEDIEMN D D\ RO BRI H 1 246412, AN E TR > TWALZ
R, BBROBOEHTRERTHTER S ofith &, LR E2HE 5 hRsS 2o - Ty e
THER AR L TOBETFRALN S, Eio, BHEROFEMTIE, F L S EEENN S OBERD
By (B & COWCANHERC T bhb,

BB D LT & TFHANC B0 B TN ORI oW T E R RICR Ui,

SRR E
Pt BT, RSB OSERBRICREVWETRICHE - TW5% (topographic steering)
CEDHERIND, REFRCHY 5 KR LR ORI M %Fig. 1 —281iR Lo
ZD5hy, ~BIUOAT AV LOWEGHEERT 5. ATA Y LOWESATER B
KRE2LTEH, BEES00m X b B THIRIEEN R LTwb, AT A VOIRESMHE R EER
J& (logarithmic boundary layer) OFERKHCIEHIDH, Fig. 1 —29Th %,
v(x) /vx=k'lnx,/x,
20, vI(X) CIBEFROWREME (m, sec) \ v BESEE (friction velocity, m_ sec) |,
k:hn=vER (0.4), x : BEFEEEE (m) , xo: HEERE (roughress length, m) Tk %,
Fig. 1 =295 v Xo&RD 2 E v=0.034m “sec, x,=90mic7 v, HERIZZ OO
BHEECHEY L TCWD, Tl ZhbOERED OHPERB OIELRE Ky (Coefficient of eddy
viscosity) BR®D T EMNTE D, ‘
Ky=k * ve* X, = 0.4°0.034+10° = 1.36+10' m?sec
T xJIERBOBTH S,

BRI D FaR 3 A

IAEFIHTHE R S AR LA ALBrssagy) & THA (EEasR O %) <
WL B> Tnb, ERAICEALIEIRICR - 1o, ERALcthofih & 5205 T
MO AER L TR Y. 2O BElEI & - CEIEEOBICE DAL TWEWZ & hbh
5o

VA 7V ZEHEEI LT GRRRTC, BEEYRIOTBIZRNEL LT ST 2 kBT SEE
TARLICDDFig. 1 —30ThH b, chicdkb b, LA/ v XEHHEWE (Re=1) ki3, Fig.
1-30(a)icAbhs ko, WIEEDOBRICE VAL, BRBOHWEE (Separation) 3R
Bhith, MEIHE L, LA 2 AR DA —X—itinb . (c)RRbhB L5 s icE
EMOBEHIELEN IR (Standing eddy) 2Bbhiad, b, (d)DRB x5 LiBOFB
MRELRD, QRWEBITBE IR, VAL /W ZENRI0204 — X —1is b & BB
BRI S kE< e, BF (vortex street) BRI N, FORKEGBIITIRICELE - TX
& WEAT (meander) T2 L5 h, FEFE Z O TFHRIBCIRELNORS 2B b, IEEEHT
WA I T T Do

SEOKRB, S, HFRIERDIOTID LA /7 VAR, KR THEME v (m, sec)y I X
NI k w(m? /sec), BHERDBHA 7y — A L (m) %8> TREL 2 KDL 51 5o
R.=v L/K=0.2+1000,13.6=14.7

FELARF T O R BIRIROWES T %, LA /v ZECPBRE O SIEERER» B30 | Ok ESR
BROGEIR L RE5 & (c)~(e)DRBICEWEBbh b, L L, S hlEsfmici, B
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Fig. 1 —30 Transition of eddy from depend on Reynolds
number. Velocity is more large according to
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WIS REBCEH T HEEEHERNOBEM
ﬁgkﬂ7@ﬁﬁ%ﬁ#B:&ﬁ®ﬁ@§ﬁﬁﬁﬂ%@%%ﬁ@k%é%ﬁﬁL\%ﬁﬁ%ﬂ@
BERONEA T Y AR Lico SHEFER T, HBRAOTHEST (Fig. 1—27)% spline B4
B (K. 1975) %o Ty 100mEIEOHKT A AR ETVWEI D 0o £ LT, Tablel
5 LR RROSEY T A ETEMEC L VHE L, C0ob, BEAE (v
1) OBFEHOKAX S 2FHE L% i 1 —31R Lo Chit LB & BEFROBIHD
%ﬁm\%&%®%u%#6ﬁwwmﬁﬁ@ﬁ%<&ofméﬁﬁ?@ﬁﬁLmQW%ﬁ/m&ﬂ
e B SRR OBTRIRS FIOERE CI107°~10"m? /sec’BETH 5 Z L b2 %o
COEHIE LTRDLEMER (xH0)  BEAE (yHE) B0 5BIHE TS, BE
EHE, RUa VA ) ofFBEOKE &%, Fig. 1 =3RRI D 4 D OFEH 5T T,
Table 1 —5&3R LT

A by HERONFNAS v ARHER S NG, BWHIR, TRTOFBTERETH 5, HhK
%@ﬁﬁﬁ@k%MA&UCﬁﬁTHM®@Km&Tmﬁéhéo3U¢Uﬁm\$ﬁﬁm®&ﬁ
(x F) OABEETH b, —H WEEERT, BPEFEOES (yIA) PEETHS.
COY5I. B2 knE TOBMRR (W5mLER) wRWTE, BHEORENFECERTD Lo
BTy COEBI B AW oML LT, BIHEHZ R LcEMEsEL GREERy2 V4
VIR FESE=0) SHEEVHEL (2 ) A VEHENE=0) BT, HEREERT S L
WD Do
BRI B 3R (Coastal boundary layer) 3B OFTECER LK ig R e
CRTPHEBEE DR S n 2 RR) LEREEENEA S h 2 KEESFE (Bottom boundary
layer) O#:d 5 =RTWHGELHE LT D, WHYEY LTI corner b irhtws G5
M. 1974) o SEOEHITIE, BRIEOBRIBRC K0 2 HHOWFERI & - T\ WEERHR
@E%ﬁ%%%Lh%&&&oTb%ﬁ\E%%Kﬁ%b%kbﬂﬁﬂ—ﬁ(KnI®~n)%@
& U BERURO F — FHEERL, BB 5 2 EWER LT hidie bty
PEELERAER (575 VY 2 RER) b b TEEOZMMS B LI WERO A — FHEERTT
To o fept AE AT RE S NIRRT (h 1 I —RER) R2ECIEERHOKRE S&H
b, EBREHEROFEEEHD A — FITHHEORE a &2 DRABH o ROARHIC L D#EES
hb, .
avH/at'::b(a cw - H)

rOF— AHERCE a & o BEOHBTASTEYD, Hhox~s b vEE (Fig. 1-33) »
ba-c oDERRDSE, ZERE H107°m Ssec’ DHPACAL & EWbrbo £ LT KEHD
F— ZRIOMTH B L EET L EIEEFHEOA — 139107 m t sect il Bo BLEOFER,
S L EOEBESENRE LA ThS, BRESDHER CISERFRIIERTE AR,
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Fig. 1 —31 Distribution of convective term for longshore component.

24
A Region C Region
t
’;5‘ (Coasinl Area) (Separation)
t
& 1.0 -
£ AP U |
£
§ B Region D Region
8 \ .
& (Coastal Boundary Lary) (wake)
o=
[=]
S

Fig. 1 —32 Schematical view of 4th regions around the breakwater.
(A,B,C,D region)

Sinasasrnaas




| Table 1 —5 Order estimation of dynamics term in the A, B, C, D region.
1 Cunit @ nf/sec?)

Regions
‘ Terms Comp A B ¢ D
| Convective term
: 7] 8 - _ -
1 F;(Huz)-!-a—y(Huv) X 1074 107°~10"* | 1078 10-5
| a G - y n
| 74 (Huv)tg (Hv®) Yy | 107 10°~107* | 107 107°~107"
i
|
: 1‘ Diffusion term
i a Oy [7] du -6 -6 -6
: G (HKz7—)+7—(HKy= 10 1 -5
1 az(H Za:.;) ay( yay) X 0 10 10
i 2l a a a - _ R
L a—(HK:ca—v)+.5-(H'Ky-—v) Y 107 107°~107" | 107¢ 10-6~107°
:i z z ¥ oy
|
‘\ Coriolis term
% — 1 H, X {107 107° 107 1075
| fHy Y 107° 107° 107° 10-3
!
i Bottom Friction term
|
E =Ty urt vt u X 107° 107 107° 107°
I
] — T NP+ v Y 107 10°° 107 107°
Unsteady state term
3 el - - -
5, ) 5, (H ) X, Y| 107 10°° 107° 107°

K., Ky : diffusion coefficient ( 10°n'/sec ), f ! coriolis parameter ( 7.29X 10 % sec” ')
T3% 1 coefficient of bottom friction (26%x107%)
4 o
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Fig. 1 —33 Power spectrum density of each component velocity in
A,B,C,D region. (9-16 March 1979)
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Tablel — 6 {XTablel — 5 B OHEEE WAL A ba— ¥, VA JVAH, a A, =7
< VROFhEhOEERLEDDTH S, &b, ZORL S FCHESRAZFEROREA Y
—wry ZEARr =L, SEERBK OfE% Table 1 — 7 &R L,

chbDHEr &b &, FEBORMA 7y —1it, AFRE CHEETR—AL Eith, BEKE
DEBTCR—HUTE 50 RICZEMA Yy — 13 MO BEBRCIERB OB (10°~10°m)
HMT 5, FUEMA Y — %R (DE <l toWBMEKRE LT, BIBIRDEH A
iYL TWE b0 EEbhD, IEREEITAEE O LR A S R D5, NI i310°
~10'm* /secic e Y\ BIEICRD HARE COMMMAMIEL A UA* Sl s,

Table 1 — 6 Order estimation of dynamics term in the A, B,C,D resgion.

Regions
WIS A — 4 Comp, A B ¢ D
= pmo— | X 101 100 ~ 10! 10° 10°
BRE/FEEHE | Y 10 100 ~10 10? 10° ~ 10°
vA oo X 8] X ] 10° 10! ~102 | 10° 10
BWwE / HEE | Y 102 10° ~10* 10° 107 ~ 102
s = v - #| X 10° 100 ~ 10! 10! 10°
BEE/2)4VE | Y 10! 10° ~10! 10? 10° ~ 10!
= s = v #H| X | 107 10" 1072 107!
WEE/ avAVIE | Y 10 10" ~107! 107} 10”4~ 10°

2 b o —- ¥ ( Strouhal number ) : T-u/L T : Time scale

v4 /v x #(Reynolds number ) ! u-L/K L : Space scale

o 2 ¢ — ¥ (Rossby number ) . w/w<L  u : velocity

= 7 = v ¥ (Ekman number ) ! K/w-L? K :diffusion coefficient
w  rotation velocity of the earth ( 7.2 X 107° sec™')

Table 1 —7 Order estimation of physical parameter.

Regions Com A B C D
Time scale X | 105~10° | 10*~10% | 10;~10° | 10*~ 10°
7 ( sec) Y 10*~10° | 10*~10" | 10~10° | 10*~10°
Space scale X 103 102~ 10% | 102 ~10% | 10°~10°
L(m) Y 10t ~10% | 102 ~10°| 10'~10® | 10%2~10°%
Diffusion coefficient | X | 10° 109 1072~ 107!| 10"~ 10
K Cuafesec™! ) Y 107540 | 10 1073~ 107} 1071~ 10
Velocity * x {10t 0! 107! 107!
L_ﬁ (m-gec~1) Y 2x10t | 107! 3x107t 107!

* observed value
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Fig. 1 —34 Offshore distributions of Vsp, Usp(standard deviation
of current)'off Namie coast(1976) and Okuma coast
(1978).

/S P

o o-14}-

1} (]

~ [77]

= NG "

o 2

~ S-le

= - -

o o B v

: ;-s-gf\\\\\\

P S U

> ) - O ,4. ______ o

o > '0. “--e

< a "2 (1978)

- . L o P . 1 1 )
0 ] 10 15 = 0 5 10 15

Distance from shore (km) Distance from shore (km)

Fig. 1 —35 Offshore distributions of V , U(mean of current) off
Namie coast (1976) and Okuma coast (1978).




(;8%0
,I
I,’,
osf s}
cn@/’ N
192CR30 - = CR50
b o -
\ ] 1= /
o 06 \ i ,;F 6F /I
1 ) ’
> bag / 2 <
o s S
: QN[ =
=) 04F kl’ // + 4 /
i \ 194/ e’ ) 193 CRCR",?;" )
3 \ 197 2 CR ®euse e
\ 1 N 10 . S0 .
g i A, g
021 cRr20 @, 2r Ch\%q,/“”
01976 019176
1978 1978
0 i Iy A A i A i A A A 1 A
10 20 30 40 50 60 10 20 30 40 50 60
Depth (m) Depth (m)
Fig. 1 —36 Offshore distributions of a Fig. 1 —37 Offshore distributions of B8

value.

Number in figure indicated obs—
erved station No. See in Fig.
1 —4(b).

Table 1 — 8 a distribution on Okuma coast.

S

PERIOD st

o

193
193
123
193
123
193
123
193
123
193
123
123
193

1972 301314
1972 601~6-14
1972 601~6/14
1972 §01~8/14
1972 8/01~8/14
1973 2-01~2/14
1973 2/01~214
1974 904~9/19
9 | 1976 226~3-14
1976 2/26~3/14
1976 8/20~-9/22
1978 3/04~4/24
1978 304~4-24

192
192
122
192
122
192
122
192
122
192
122
122
192

N W N

194
194
124
194
124
194
124
194
124
194
124
124
194

0.57 0.59 0.66
0.58 0.66 0.54
0.74 0.62 0.61
0.64 0.54 0.60
0.51 0.59 0.60
0.74 0.70 0.64
0.73 0.72 0.63
0.78 0.60 0.63
0.71 0.58 0.51
0.80 0.72 0.57
0.72 0.56 0.44
0.76 0.58 0.58
0.72 0.67 0.59

MW TSN

C!:USD/VSD

a

0.69 0.62 0.58

St.

192,193, 194:Southside of power station

St. 122,123, 124:Northside of power station

See in Fig. 1-4 (b)
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U A e

value.

Number in figure indicated obs—
erved station No. See in Fig.
1—4(b).
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Fig. 1 —38 Schematic diagram of a distr—

ibution in coastal area.
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Table 1 — 9 Characteristic of current structure in the coastal area.

Region A Region B Remark
Range of regions 0 ,=0.2~1.5km & s> § a~15kn
1) Depth : b~15m Depth : 15~20m
Shear of velocity d Vso >0 d Vso . Vsp®<<Vsp®
(longshore comp.) d x A dx B Vo : 10~30cm/sec
Shear of velocity d Usop >0 d Usop =0 Usp®<Usp®
(offshore comp.) dx A dx B Usp: 5~20cm/sec
@ = Uso d aa <0 d as >0 & A 0.2~0.7
Vsp dx d x as : 0.2~1.0
Uspt Vip) 172 d =0: £1
:(—:D _:D) B.< By Bs >0 B mear.l O‘f’
(U? +V* 2 d x B >1: oscillation
Diffusion coeffic. d Ka/d x <90 K=K, Ka @ 0.1~10m2/sec
AO .. W e,
a0t
0354.5
Bo
Co
0 1km
@*:‘
Fig. 1 —39 Locations of current meter arrays around power station. (1979)
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BRBAC R 2 YRR o8 b h kBRI, BRI —# i< BREoB %
BEonfi L i3#iclc - T % (Fig. 1—43) » ERERCIIEEEROm fHI2Er LT kE
OBEEE TR X . —HEROIHABIEMNTRE k> TW 5%, ZOFEBOIEIS
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Fig. 1 —42 Time changed of dye diffusion on line source.

Diffusion Coefficiet (m?,/ sec)

0.1 0.2 03 04
| I I 1
1200 Tomioka
Diffusion Coefficiet
1000 % .
2 »
= /
® /
= 800—(\ —
a \\\’
e . & Phase speed ( ‘] ‘
& 600 -
L5
o
[=1
o
S
% 4001 ]
f=]
200t -
OL t 1 ! 1
0 4 8 12 16 20

Phase speed of plume center (em/sec)

Fig. 1 —43 Offshore distributions of diffusion coefficient
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Fig. 1 —44 The spreading surface temperatures in a discharged
cooling water from power station.
(by Infrared photograph Aug. 1983)
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Fig. 1 —45 The spreading surface temperatures and offshore distributions
of four-layers water temperatures.
(by survey vessel Oct. 1980)
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Table 2 —1 Appearance frequency of wave height and period off Okuma coast.

(Feb. 1965-Mar. 1985)

Wave hight(m) 0.00 0.50 1.00 1.50 2.00 2.50 3.00 4.00 5.00 Total
0.49 0.99 1.49 1.99 2.49 2.99 3.49 3.99 over

Period (sec)

0.0 235 1795 602 67 6 1 2706

0.34 2.59 0.87 0.10 0.01 0.00 3.90

6.5 370 3151 1391 351 58 16 3 5320

0.53 4.55 2.01 0.48 0.08 0.02 0.00 7.68

1.5 1143 5282 2753 731 218 60 31 2 10220

1.65 7.62 3.97 1.05 0.31 0.09 0.04 0.00 14.75

8.5 2729 71582 3751 1413 449 162 71 8 16165

3.94 10.94 5.41 2.04 0.65 0.23 0.10 0.01 23.32

9.5 3265 6950 3291 1398 630 224 169 27 8 15962

4,71 10.03 4.75 2.02 0.91 0.32 0.24 0.04 0.01 23.03

10.5 1945 32373 2024 995 533 223 186 44 15 9692
2.81 5.38 2.92 1.44 0.77 0.32 0.27 0.06 0.02 13.98

11.5 949 1754 1040 639 364 197 177 67 33 5220
1.37 2.53 1.50 0.92 0.53 0.28 0.26 0.10 0.05 7.53

12.5 350 846 517 376 236 104 101 42 18 2599
0.52 1.22 0.75 0.54 0.34 0.15 0.15 0.06 0.03 3.75

13.5 8 335 204 137 75 48 51 17 9 356
0.12 0.48 0.29 0.20 0.11 0.07 0.07 0.02 0.01 1.38

14.5 25 89 65 - 40 41 26 41 13 10 350
0.04 0.13 0.09 0.06 0.06 0.04 0.06 0.02 0.01 0.51

15.5 6 25 24 10 13 15 16 3 2 114
over 0.01 0.04 0.03 0.01 0.02 0.02 0.02 0.00 0.00 0.16
Total 11106 31536 15662 6137 2623 1076 846 223 95 60304

16.03 45.50 22.60 8.86 3.78 1.55 1.22 0.32 0.14 100.00

e

Upper : Number of appearance

Under : Rate of appearance (%)
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Schematic illustration of the Fukushima coastal line and
locations of analysis areas for depth change.

®lsobe coast, ®Shinmaiko coast, ®Nakoso coast
(Depth variations in long term)

Okuma coast (Depth variation in short time).
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Fig. 2 — 2 View of electrical conductivity sensor and its
recorder on the sea bottom.

Fig. 2 — 3 Schematic illustration of the core-sampling.
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Table 2 —2 Mean, standard deviation of depth variation.

Mean (m) S. D (m
Isobe Shinmaiko Nakoso  Isobe Shinmaiko Nakoso
; 100m  2.17  0.97 1. 48 0.88  0.55 0.61
§ 150n  3.43  2.29  2.73 0.84  0.52  0.90
r 200m  3.53  3.58 3. 94 0.69  0.80 0. 80
9250m  4.12  4.33 3. 84 0.73  0.91 0.44
300m  5.44  4.27 4,93 0.94 0.66 0.51
350m  6.58  4.44 6. 36 0.71  0.58 0.44
§ 400m  7.18  5.15  7.72 0.47  0.47  0.30
! 450m  7.55  6.15 8. 91 0.35 0.44  0.21
5 500m  7.74  7.08 9. 90 0.29  0.39 0.14
§ 550m  7.85  7.90  10.55 0.31  0.28 0.13

Table 2 —3(a) Correlation matrix of depth variations. (Isobe)

E 100m  150m 200m 250m 300m 350m 400m 450m 500m 550m

g 100m 1.0 0.28 0.28 0.08 0.05 0.10 0.22 0.30 0.34 0.18

. 150m 1.0 0.16 -0.31 -0.29 -0.18 0.03 0.15 0.19 0.19
200m 1.0 0.27 -0.08 -0.07 0.26 0.35 0.33 0.25
250m 1.0 0.79 0.66 0.58 0.51 0.52 0,47
300m 1.0 0.92 0.72 0.51 0.52 0.39
350m 1.0 0.80 0.64 0.62 0.46
400m 1.0 0.89 0.85 0.74
450m 1.0 0.95 0.85
500m 1.0 0.91
550m 1.0




Table 2 — 3 (b) Correlation matrix of depth variations. (Shinmaiko)

100m 150m 200m 250m 300m 350m 400m 450m 500m 550m
100m 1.0 0.18 -0.31 -0.14 0,10 0.29 0.21 0.12 0.00 -0.02
150m 1.0 0.10 -0.34 -0.20 0.09 0.14 0.06 0.09 0.186
200m 1.0 0.41 -0.14 -0.43 -0.37 -0.31 -0.08 0.04
250m 1.0 0.29 -0.53 -0.66 -0.33 -0.24 -0,18
300m 1.0 0.36 -0.23 -0.49 -0.60 -0.59
350m 1.0 0.64 0.01 -0,18 -0.26
400m 1.0 0.69 0.55 0,42
450m 1.0 0.94 0.84
500m 1.0 0.94
550m 1.0

Table 2 — 3 (c) Correlation matrix of depth variations. (Nakoso)

100m 150m 200m 250m 300m 350m 400m 450m 500m 550m
100m 1.0 0.52 0.41 0,10 -0.29 -0.22 -0.13 0.01 -0.14 0,02
150m 1.0 0.76 0.24 -0.35 -0.38 -0.34 -0.17 -0.23 -0.11
200m 1.0 0.49 -0.49 -0.50 -0.45 -0.15 -0.26 0.15
250m 1.0 0.25 -0.01 -0.13 -0.04 -0,10 0.00
300m 1.0 0.81 0.62 0.30 0.33 -0.02
350m 1.0 0.90 0.50 0.41 0.04
400m 1.0 0.74 0.60 0.17
450m 1.0 0.69 0.39
500m 1.0 0.64
550m 1.0
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Table 3 —1 Annual variations in catch of the surf clam landed to each Fisheries
Cooperative Associations (Fisheries Statistics in Fukushima Pref.)

F.C.A* Shinchi Haragama Isobe kashima Ukedo Tomikuma Hisanohama Nakoso Twaki Total Total
Year catch price
1965 6 209 7 222 34, 492
1966 159 14 311 14 498 62, 097
1967 150 141 398 27 17 733 38,640
1968 64 50 204 161 T4 2 555 72,437
1969 101 4 T4 27 206 44,613
1970 4 14 112 49 179 22,107
1971 7 7 319 10 345 53,435
1972 31 138 45 22 236 40, 765
1973 4 30 96 3 0 138 53,122
1974 1 33 187 93 314 155, 049
1975 1 40 165 84 1 291 166, 450
| 1976 14 45 162 73 3 297 216, 933
@ 1977 160 355 857 56 34 0 1, 262 772,957
? 1978 66 237 618 70 361 6 2 1, 360 960, 811
1979 20 234 542 68 131 32 40 1,087 898, 023
1980 9 146 448 85 97 4 61 850 795, 370
1981 62 347 50 0 3 0 0 462 526,214
1982 57 292 37 36 11 20 24 477 515, 765
1983 61 240 419 17 287 19 22 46 1,091 824, 2776
1984 37 151 270 70 78 22 32 39 697 639, 447
1985 192 239 335 87 107 9 43 10 1, 052 575, 814
1986 108 313 769 30 156 21 96 1 1, 494 698, 683
1987 16 164 520 53 356 31 155 1,295 745, 606
Mean 61.79 115.78 330.09 54.27 109.80 14. 36 49.55 22.83 3.00
S.D 64.17 111.86 191.53 34.87 124.95 11.25 45.60 17.17 3.61
C.v 1.04 0.97 0.58 0.64 1.14 0.78. 0.92 0.75 1.20
Unit catch:ton/year price:thousand yen

* F,C,A TFisheries Cooperatire Association
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Table 3 — 2 Characteristics of the surf clam fishind ground in Fukushima coast.

% | No.of fishery Area (ha) Bottom slope Normal direction | Several year;k * Production of * *
N 0. Location Depth zone mean of catch fishing ground
right S5m~10m O0~5m| 5~10m | O~10m | of coastal line t on year t o n/ha-year
1 26 Shinchi 110 1,/40 1,185 1,110 ENE 30.86 0.30
2 24 Haragama 83 1./588 1 /152 1,114 ENE 37.0 0.48
3 23 Haragama~Isobe 207 1 /44 1,188 1 /115 E 34.8 0.65
4 22 Isobe 315 1,/60 1,230 1 /150 E 362.8 1.69
(Closed area 100ha)
5 21 Minamiebi~Mano Rive 80 1,100 1./100 1.,7100 E
8 21 Kitaizumi 85 1,100 1,100 1./100 E Total 39.86 0.14
7 21 Sidoke 100 1,100 1.,7100 1,100 E (No.5~No.8)
8 21 Obama 30 1,100 1.7100 1,100 E
] 19 Murakami~Uraziri 212 1,80 1,150 17110 E 158.86 0.75
10 Specific area | North side of F1 75 1,60 1./100 1.7 80 B % ok ok ok
11 17 South side of Fl 40 1,60 1./ 90 1,/ 170 E
12 7 Kuma River 30 1,780 1./120 1,/100 E Total 2 0.8 sk 3k ok ok o>k
18 17 North side of F2 586 1,760 1./200 1,130 E (No.11~No.13)
14 15 North side of H(Kido) 50 1.780 1,/140 1,100 E
15 15 Asami River 54 1,80 1./7140 1./100 E Total 7 8.8
186 15 Oriki 48 1,780 1.,/140 1./100 B (No.14~No.18) %k %k ok %k sk
17 15 Suetsugu 99 1,80 | 1,7140 | 1,7100 E
18 15 Hisanohama 110 1,/40 1,100 1,/ 60 E
19 11,13 Shinmaiko 417 1,710 17170 1/170 ESE - -
20 9 Toyoma 99 1./90 1.,/120 1,/ 95 ESE - -
21 8 Nagasaki 107 1./65 1.,/100 1./ %0 S E - -
22 1 Nakoso 142 1,/60 1/ 40 1/ 50 S E 7.8 0.05

% %k %k Vanished area of fishery right .

% Beaches No.are shown in Fig. 3-14 .
%k %k %k Five years mean catch (ton/year)/ Fishing ground area (ha) .

F1  Pukushima Daiichi Nuclear Power Station
H Hirono Fire Power Station

k % Five year

mean catch (1884~1988) .

% % > % % Rotational fishery system .
F2 TFukushima Daini Nuclear Power Station
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Photo. 3 — 1 D-shaped larvae and Umbo stage of surf clam.
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Table 3 — 4 Characteristics of coastal current fluctuations in floating
larvae period.

Year Period V D Vep? Ky PY D9
(n/sec) (m/sec) (m?/sec) (hour) (m?/sec)
1980 1Apr.~30Apr. -0.075 0.226 31.0 — 30.8
1981 1May ~30May -0.059 0.234 18.7 126.2 54.9
1982 1Apr. ~30Apr. -0.079 0.226 12.8 —  T74.8
1983 1Apr. ~30Apr. -0.016 0.238 47.6 77.1 22.3
1984 1June~30June -0.031 0.159 16.0 —  33.4
1985 1Apr.~30Apr. -0.037 0.222 23.5 —  39.3
1986 1May ~31May -0.032 0.185 26.1 92.6 24.5
1987 1May ~31May -0.029 0.172 15.17 92.6 35.3
1988 JiMay ~31May -0.022 9.197 31.9 111.1 22.8

1) Mean (measured from north)

2) Standard deviation (longshore component)

3) Diffusion coefficient of on-offshore component

(36 hourly hight pass filtered)

4) Period for energy peaks of the low frequency
current fluctuation (longshore compnent)

5) Dispersion coefficient of longshore component
by Taylor’s equation (1953)

Table 3 —5 Decrease coefficient of the larvae traped in the fishing
ground,

Case Mean Velocity Dispersion Coeff. Decrease Coeff.

X1 (km/day) %2 (km?/day) Y (day™")
1 0 0 0.020
2 1.98 20.0 0. 043
3 1.98 2.0 0.075 1)
4 3.0 6.0 0.126
5 5.0 10.0 0. 209
6 6. 30 10.0 0.274
7 6. 30 3.0 0.446 2)

1):1988 , 2):1980

Multiple Regression Analysis Y=a.x:}ta:/ x2+Db
a,: 0.06036

a, . —0.02631

bas: 0.02676
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general movement (Horikawa and Watanabe, 1967).
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Fig. 3 —45 Sediment transport types (Shibayama, 1984).
(a) The principal sediment transport types.
(b) The difference between Subtype A and Subtype B
transport.
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Fig. 3 —47 Sand movement in the vicinity of a sand ripple (Scott, 1954).
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Table 83 —6 characteristics oh bivalves trans-
port experiments.
(after Watanabe, 1982)

Bed type Rippled bed Flat bed

Wave height (cm) 8§ 10 12,5 15 18

Wave period (sec) 1.5 2,0 2.5

Grain size (mm) 0.42

Specific gravity 2.78

Shell length (cm) 1.14 1,47

Sand ripple (cm) height:1.0~3.0 length:10,0~15.0
Water depth (cm) 30
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Table 3 —7 Comparison between computed and
observed decreasing rate of shell
density at each depth zones.

Coast \\ Depth (m) 5 8~10 12~15

Isobe  ObservedV 2.7-107% 4,5-10°® §.6-10-°
Computed ~ 1,0-10"% 5,5-10°° -~

Nakoso Observed® 2.5-107% 1.6-10°2 -
Computed  1,4:10°2 1,2:10"% 3,7-10°2

1) Fukushima Pref, Fisf. Exp.Stn. 29 Aug. — 15 Oct. 1988
2) " 30 Sep. — 28 Nov. 1988
Sampling was made at a station with a 0.1m? Smith—

McIntyre bottom sampler .
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