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Cover Photograph

Large-scale hydraulic model of the Seto Inland Sea, Kure City

A large-scale hydraulic model of the Seto Inland Sea was constructed in Kure City, Hiroshima Prefecture, in
1973 to recreate the environment of the Seto Inland Sea, which has become severely polluted as a result of rapid
economic growth. This was one of the world’s largest hydraulic models (~200 x 100 m in size), with a horizontal
scale of 1:2000, and it was deconstructed in 2010. A real-world tidal difference of 2 m was represented as 1.26 cm
in the model, and 1 year of real-world time by 55 h. The photograph was taken from ‘Osaka’ looking towards
‘Kyushu’, with ‘Honshu’ on the right and ‘Shikoku’ on the left. The model was used to calculate the rate of water
exchange and to develop techniques to facilitate water exchange by modifying the topography.

(Photograph by YAMASAKI Munehiro, Caption by TAKAHASHI Satoru)
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TAKAHASHI Satoru (2024) Seasonal Variation of Transportation of Manila (Asari) Clam Larvae in
Hiroshima Bay. Bulletin of the Geological Survey of Japan, vol. 75 (3), p. 83-91, 11 figs and 2 tables.

Abstract: Hiroshima Bay in Japan is an enclosed bay with high biological productivity. In recent years,
the population of Manila (Asari) clams in the bay has decreased rapidly, and the clams are now limited to
the northern part of the bay. Various efforts to restore the clam population have had little success. In this
study, I examined the dynamics of Manila clams in the planktonic larval stage by comparing field data
with the results of a numerical model that tracks the larvae. Manila clam larvae are produced in spring and
autumn each year. The model results show that the larvae produced in spring at the head of the bay (i.e.,
the northern part of the bay) are transported to the southern part of the bay, whereas the larvae produced
in autumn remain in the northern part of the bay. These results are in good agreement with field data (e.g.,
the results of molecular analysis). In recent years, field observations have indicated small numbers of
Manila clam larvae in the bay during spring. The small number of larvae transported southward during
spring might explain why the clam habitat is limited to the northern part of the bay.

Keywords: Manila (Asari) clam, decrease in landing amount of clam, transportation of larvae, habitat

connectivity, numerical model experiment.
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Fig.1  Time series of landings of Manila clam.
The vertical axis shows Manila clam landings, and the horizontal.
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Fig.2 Depth distribution of model domain. The
numeral shows depth in meter.
Area enclosed with the ellipse is main production
area of Manila clam.

Two black circles are release points of the larva
particle.
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Vertical distribution of temperature and salinity in Jun. (broken line) and Nov. (solid line) at
Hiroshima prefecture Senkaiteisen data stn.18. 10-year monthly average from 2003 to 2012.
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Tablel 10-year average river discharge (m® sec™)

Oota Riv. Kurose Riv Oze Riv. Nishiki Riv.
Jun. 87.57 7.01 17.02 45.94
Nov. 46.47 3.72 7.62 20.58

H2&k 10ROk, yR 5T (msec”)

Table2 x and y components of 10-year average wind (m sec™)

X direction Y direction
Jun. 0.249 -0.778
Nov. -0.600 -2.915
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Residual flow at 5 m depth is calculated from the values of the 3rd and 4th levels.

Distribution of residual current at 2 m depth and at 5 m depth in June.
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Particle Trace Experiment (Casel)

Particle Trace Experiment (Case2)

F6[Xl Casel (F£lL) - Case2 (FF L) - Case3 (L) D6 HIZHTF 5 7 V) FHbeshA: O k.

Fig. 6 Tracks of Manila clam larva of Casel, Case2 and Case3 in June.
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Fig. 7 Distribution of residual current at 2 m depth and at 5 m depth in November.
Residual flow at 5 m depth is calculated from the values of the 3rd and 4th levels.
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Fig. 8 Tracks of Manila clam larva of Casel and of Case3 in November.
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Fig. 9 Close relative relation of Manila clam in Hiroshima Bay.
The thickness of the arrow indicates the strength of the
relationship between sampling points. (after Hamaguchi,
2013)
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Distribution of Asari larva
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Distribution of Manila clam larva in November 2012.
The size of the circle represents the number of larvae.
(after Hamaguchi, 2013)

Observation Point : Coast of Ono
2012

May. Jun. Oct. Nov.(beginning) Nov.(middle)
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HEI(2013) & 0.

Density of Manila clam larva at coast of Onoseto in
2012. (after Hamaguchi, 2013)
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OHTAKI Toshiki (2024) Simple estimation of an S-wave velocity profile by adding one three-component
geophone to a P-wave reflection survey line — Example of an exploration in Konosu City, Saitama
Prefecture, Japan —. Bulletin of the Geological Survey of Japan, vol. 75 (3), p. 93-101, 8 figs.

Abstract: In 2011 we proposed a new method to determine the S-wave velocity structure by combining
P-wave reflection profiling with P-SV reflection waves observed with a three-component geophone.
In that study, we applied this method to waveforms observed at a single geophone in a P-SV reflection
survey line and obtained the S-wave velocity structure to a depth of 2 km below the surface. The result
was in good agreement with those obtained both by the survey and vertical seismic profiling conducted
near the geophone. In 2006, we conducted an experiment to obtain the S-wave velocity structure by
using a three-component geophone combined with a P-wave reflection survey with vertical geophones
in Konosu City, Saitama Prefecture. In the present paper, we provide the results of the experiment and
the S-wave velocity profile obtained using the records of the three-component geophone. The P-wave
reflection survey employed 192 vertical receivers, and the survey line was ~10 km long. Of the five
locations where three-component receivers were installed along the survey line, only one provided
sufficient data for analysis. Several P-SV reflected wave groups are observed in the receiver gather
acquired by the three-component geophone, and the S-wave velocity structure below the receiver is

obtained from the ground surface to a depth of 500 m.

Keywords: Reflection seismology, Shear-wave velocity, P-to-SV converted wave, Station gather, Three-
component geophone, Konosu City in Saitama Prefecture
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Location map of the stations for the 2006 P-wave reflection survey in Konosu City, Saitama Prefecture
(Yokokura et al., 2007). The black broken line indicates the receiver line where up-down component
geophones were installed. The P-wave reflection survey was divided into five parts from northeast to
southwest. During each of the parts, a 3-component geophone was installed in order from Site A to E
(triangle). The waveforms of the up-down component geophones and the three-component geophone
were recorded together on a recording system near the 3-component geophone. In this paper, we
analyzed the observations of the shots at the line a—a (magenta dashed line) recorded at Site A. Below
is a regional map showing the survey line (red line) and Site A (purple triangle) with the drilled well
GS-SB-1 (Yamaguchi et al., 2009) (blue diamond) and the microtremor survey site SB1 (Center for
Environmental Science in Saitama (CESS), 2007) (blue inverted triangle) mentioned in the text. The
thin lines in the figure are the prefectural borders.
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Fig. 2 Schematic illustration of the installation of a 3-component geophone. In a two-dimensional P-wave reflection survey,

Traveltime

Traveltime

N

many up-down component geophones are installed on the surface in a line. The 3-component geophone is placed near one
of these up-down component geophones. P-wave seismic vibrators move along the line and its extensions.
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Radial-component receiver
gathers for the 3-component
geophones installed at sites A,
C, B, D, and E. See Figure 1 for
the site and shot locations. The
horizontal axis is the distance,
and the vertical axis is the time
from the onset of the vibration.
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Fig. 4 Station gathers of a) the radial component and b) the up-down component of the 3-component geophone installed
at Site A. Shots are taken from (left) the southwest to (right) the northeast direction. See Figure 1 for site and shot
locations. In a), the identified P-SV reflected waves (red line) and their theoretical traveltime curves (light blue
line) are shown on the gather. In b), the theoretical traveltime curves are shown on the gather. The layer number
where the wave was reflected and the average Vr/Vs are shown on the right. The horizontal axis is the distance from
the site A, and the vertical axis is the time from the onset of the vibration.
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Fig. 5 Schematic illustration of raypaths of P-SV (red) and P-P (blue) reflected waves in a laterally homogeneous two-layer model. Solid
lines are P waves, and dashed lines are SV waves. A three-component geophone (rectangle) is on the far left, and up-down component

geophones (triangle) and sources (star) are along the entire survey line. The velocities within the layers are shown on the right.
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Fig. 6 Velocity profile of P-wave at site A used in the analysis.
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Fig. 7 S-wave velocity profile (Vs) obtained in this analysis at
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Fig. 8 Error evaluation of Vs. a) Superposition of Vs obtained when there is an error of =5 % in both the Vp and layer thickness of one of
the layers from Layer 1 to Layer 4 so as not to change vertical traveltime (thin black line). b) Vs (thin black line) of each layer when
a wave after one wavelength of the initial motion is misidentified as the initial wave. The thick lines are the Vs profile obtained in
this analysis and the Vp profile of Yokokura ef al. (2007) shown in Figure 6. Dashed lines indicate Ve/Vs profiles.

WEBMETIE RV, SEFENT U 2B T30 2 RS
ABIELIZHRL L TSR IC AT L, BEER I
MEDF RL =2 PRTF5HE L2z, ZTDLK5 2Rk
WREOTEENS Z L ko7 AFHBRIZK B %
TOBAICE, BEREZIREDOAX 7y PEKEL LD
ZENHEBETHD., TIHTHZLITKOERETORE
MNHBRIZ R B2 5 72, ZOYEOBEBRETIET -2 0
A E L OZ DR $ X OFE A 6P EHE LA U
La—F T Tr IR LW EEZ D, 3RS

RIS L2y a - e NS ZE EREZZA 5.

AL U722V T — & &2 W 723054, P GHEEEA & T
U CRIFME— @i 3k Z ka2 RET 5 2 &A1 H]
BEED, BRAA7Ey FTOF—2EHUSTEZ &R
WHETH 5.

B AMROEIEIZH 720, MEFE K O E S &
W72 F) 1233 RHBLI D e i - Fhiids & OV F — &
O ARETHMERIZ 4 D, B FE R OB A
ZEERFY) 2 S 13BLNEET - MRS T TV, KITRL 7
ECHETHUF OB RIE DRt 2 520 72, RIS, 4

HACERD TG, EFTIZ DOV TEMERIZD > Tz 72 7z,

F 72, LIHIEE G (X4 e B S SRAT 2838, 20194E- & D
PR BRI R, GhE AR QU T AT ERr)
ISIE 3 OB W 72720/, EFiH O
PR VEBRIR TP SR IR R L KA S I3/ I A V M %

Wiz, ISR LTI IEHT 5. ERE I
“Computer Programs in Seismology” (Herrmann, 2002) @
generalized ray theorylZ & 5 70 2 7 4, [X{EHKIZIZGMT
(the Generic Mapping Tools ; Wessel and Smith, 1998),
1O FE] & U T £ R e o Fefisi 111X 25000 5 &R 5 %
K OEBHXE R (BUEEEE T L) 2 Wz, ZZ2ICiE
LT 5.

X

Castagna, J. P., Batzle, M. L. and Eastwood, R.L. (1985)
Relationships between compressional-wave and shear-
wave velocities in elastic silicate rocks, Geophysics, 50,
571-581.

Herrmann, R. B. (2002) Computer Programs in Seismology,
Manual for Version 3.30, <http://www.eas.slu.edu/
People/RBHerrmann/ComputerPrograms.html>, last
updated: December 16, 2004 (Accessed: 2023-08-10).

FHN Ak - KB — - FidRFER - VB = - &I G -
SPEREL - AR - S5 A B - ST
FIEAE] - LK SRR (1992) It as B LI = %
{7 2 VSPA A, PR A SA 2 5 86 [l A1y Al 2 G
SCHE, 241-245

MNP - BB - L CHEE - AR 55(2004) PSZ
B2 M U 72 IRAHE O FERE R, WP A, 57
285-296.

— 100 —



B BIEBRTT T O S POREROE R S HEE (KT

ISP - BEABEND - KSR (2008) PSZ R % FH W
7o SUGRIE DHERE, IR OYIEGEA W H R W
HIRAEZ, 219-226.

J1TgE v (2000) BE SEF-2F (110 i3t i) o> s T R d oy, o
1 BIHERE B3 MRS M A BCR M 2 T RIS, B
Behirr, 41-50.

JIIHE 18- FAE (S — - Graves, R. W.- Somerville, P. G. (1998)
[y DHRNCEH L Rl A Z ROt E o
= WROC I EN 5 i Ay — S VL 8 M R D BR D 5 Sy
DRK —. MR 286, 50, 431-449.

KTEEME - NP ELE - MR R (2011) PRI
A 72 308 55 M & 1 C D S HE B O i 2 e 78 1.
WEESS 24, 63, 107-121.

KGR - B - B B (2022) B R IRVLRGHT T
D S ER A —— B RS O TR S AREE DR
H—. WEFSIAMEERS, 73, 19-28.

B EIRBRBFPEEER 2 v 4 —  (2007) 8 R IR0 A
BHE (R =1 v 7 HIRIXE,  PRIESTIOE S S 7 —
2 4), 716p.

Pickett. G. R. (1963) Acoustic character logs and their
applications in formation evaluation. Journal of
Petroleum Technology, 15, 659—667.

Sheriff, R. E. and Geldart, L. P. (1995) Exploration seismology
2nd ed., Cambridge University Press, New York, 592p.

Wessel, P. and Smith, W. H. F. (1998) New, improved
version of the Generic Mapping Tools released. Eos,
Transactions, American Geophysical Union, 79, 579.

IIEVIERK - KPS - WA OB - AARSEVeHt - b AR -
Wi %5(2009) BE ST B rb g b T IR ST C 4
il &7z 350m K —"1 ¥ 227 (GS-SB-1) DghH &
HERETE. HEGGRAATEH, 60, 147-197.

Yamanaka, H., Seo, K. and Samano, T. (1989) Effects of
sedimentary layers on surface-wave propagation. Bulletin
of the Seismological Society of America, 79, 631—644.

B - MEFEE - (LRI - AKAFEE (2003) STGH
JERGE DA Tk, W SEFEIRD 728 O HREEE) T
W~ 25— 7B 2070 P 144 RE%E
RS, 141-148.

BEREM - Y EE - (hOREE - SO REE - b -
RVEE - PR A - (AR (2007) FEE — 5 R
HRUZ 35 1T 2 SO R AT — ) 1] [ e JE1 32 00 3tb 1
B HAHER P2 PRI, P2-047.

( 52 f}:2024%-2H29H 5 5 P : 202447 H25H )

— 101 —






747

748

749

750

751

752

753

754

755

756

757

wEHERE S ¥ -—MREHE

P EH ) 2 2 Bl 00 72 8 O MBS EEE - 2 O 1 EEERER T - 2 -

Fha Y 2 2 3Hi O 720 OHVEIERE — 2 0 2« SO X 7 —

v

PEREBKLOKOMET — 2 I KOWAA RV M

R 7R e SR 2R EE 2 W L2y 7 by =7

ABENNOE T T 7 5 54D GIS 7 — 4
Wtk o B M2 B e o SR

FuIgk - sk - AR - FEVE KL O KHERS & RSN K oD HiBRVE B
FHAESKE Y 2 2 FHli D 72 OB HRE - 2D 3: NDVI, xR T KU
g7 — %

2002 E20 5 2023 4F- 8 HICF61F B I i 1= oD g MY

51550 1 BRI (BRI 25 md 2080y vy oz 2, =
I = ERMNNT Y 7V w2 2 ROEFRECE P Hoh Y0
2 v U-Pb A

JUNRER I O FK - SRR DAL: - [RIRLIARHLK

JTPHH KA - BRI 2 —

L R I ORAE - SR Sk
LGIREES

I[P2E VS

N A - ARA R - R it -
TEEKR

KA KA - iy % - I ERA

e st

EH ZEM - ERG - WY A

B R I KA - AARE R -

K AR N R - KR K -

B AR - oK {ETR

B RIEOHESL - R At

Tr ek - AR T - AR
B fh5e

N

AR 8 G B - RER W -
[ AR e SR R A L S
ACH At - 11 G- R B -
R AR - (g 55 - Pl 1R -
S T - ) BT - ety HESE -
HoRt AEE - ORHIE GE T - BF A
H - e SR - SRR f— - Kk
M- AR HART



B FERE ¥ v & — DR

5 71530 1 B X ik
Shili

20 5450 1 WEXIE IR (5 2 IIEIERR)
R X No. 94  RUPHEELEEME X
KL No.22  HEEMRE U =&KIlEX

WEEY — AL Z HVEIX S-7 WPEY — & L 2B G [ BB A

KRG 53 A1 X No. 4 Bil#k 77 L 7 Bl dR 3 KR HERA o3 AR [X]
KBRS No. 14 BUEFE (SR80

HOK (77— — %) No.36  FHfF — e St = /3 X

T IERFIX] E-9 ZeJE L BRI EEA] ~ I - M ~
Rgk LX) Sr. 41 MRS — 2L 2B (8 2 1)
Z Ot R R T Y 7RI G (B8 3 i)

rhEB b O HIER{ 27X

—_ 11 —



WE ARG WM ERR S

R E &K e

HMERE " ok % A

ES = B T
Ui ik
[
S S
X B Lo
k&% v W
W KB
A ¥ OH T
ot ik il
LU )

H5 R

ENZRFFER SN PESERHE A WF 2T

MR ARG 2—

MBS e o — AR
https://www.gsj.jp/inquiries.html

Bulletin of the Geological Survey of Japan Editorial Board

Chief Editor: SUZUKI Atsushi

Deputy Chief Editor: MIYAGI Isoji

Editors: TOGO Yoko
MARUYAMA Tadashi
FUIJII Takashi
MOCHIMARU Hanako
SAITO Takeshi
OHTANI Ryu
NAGAMORI Hideaki
NAYA Tomonori
AMANO Atsuko
ITO Tuyoshi
MORIJIRI Rie

Secretariat Office

National Institute of Advanced Industrial Science and Technology
Geological Survey of Japan
Geoinformation Service Center Publication Office

https://www.gsj.jp/en/

RGBS 8758 3%
aHI6HFEIH4H  F1T

E ek PE R A WFZE T
WEREBERAE Y 2—

T305-8567
FIKILOUX T H-1-1 e ZEfr 7hE

Bulletin of the Geological Survey of Japan
Vol. 75 No. 3 Issue September 4, 2024

Geological Survey of Japan, AIST

AIST Tsukuba Central 7, 1-1-1, Higashi,
Tsukuba, Ibaraki 305-8567 Japan

©2024 Geological Survey of Japan, AIST

https://www.gsj.jp/



Online ISSN : 2186-490X
AIST16-G68699-75-3 Print ISSN : 1346-4272

BULLETIN
OF THE

GEOLOGICAL SURVEY OF JAPAN

Vol. 75 No.3 2024

CONTENTS

Seasonal Variation of Transportation of Manila (Asari) Clam Larvae in Hiroshima Bay
TAKAHASHI SQUOIL --++cvcteeesiassasscnesvasassasscnssnsvasassssscnssnsssessssonssnsssessessnssnssnsssessesonssnssssssesssssssansasooseasassasass 83
Simple estimation of an S-wave velocity profile by adding one three-component geophone to a P-wave
reflection survey line — Example of an exploration in Konosu City, Saitama Prefecture, Japan —
OHTAKT TOSHIKI «+++vcveveveereereemmeteruentententeeteeteeutestetestessesuesueeutestestetessessesuesueeueeseessessessessesaesuesuesseessensennens 93

B2 LU 1 B
Bull. Geol. Surv. Japan
Vol. 75, No. 3, 2024

Geological Survey of Japan, AIST




	表紙
	目次
	広島湾におけるアサリ浮遊幼生輸送の季節変動（髙橋　暁）
	波反射法測線に加えた3 成分地震計1 個でのS 波速度の簡易推定——埼玉県鴻巣市での探査例——（大滝壽樹）
	附表
	奥付

