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Characteristics of flushed dam sedimentswith dark sludge
from Dashidaira Dam, Toyama, Japan

Kazue Tazaki', Yukie Kunimin€’, Toshikazu Morikawa’, Chaerun Siti Khodjah?,
Ryuji Asada’, Koshiro Miyata’, Rie Wakimoto®, Yorimasa | keda’, Kazuhiro Sato?,
Hiromi Segawa’, Nanae K oji’, Akiko Fujisawa' and Shingo Moriichi*

Abstract: Dashidaira Dam and Unazuki Dam at Kurobe River, Toyama, Japan are regularly
flushed sediments since 1991. The flushing of sediments has been impacted on ecosystem of
under stream and Toyama Bay. Parameter of river water, such as pH, Eh, EC and DO at four
places, were measured. Clay mineralogical components of dam sediments conducted in the two
reservoirs have made it possible to evaluate the characteristics of sedimentation. Biological data
are also essential because they allow comparisons to be made with conditions upper and lower
of the dam sediments. At 15:30 on July 14 th, 2002, dark sludge with low oxygen was flushed
from Dashidaira Dam, which was collected from Ononuma Park. The dark sludge contains
expandable clay minerals with strictly anaerobic bacteria, indicating pH 6.8, Eh —210 mV, EC
143,.S/cm and DO 0.9 mg. Physical, mineralogical and biological properties of flushed dam
sedimentd dark sludge from Dashidaira Dam differ from the upper clean stream cause strong
negative in downstream of Kurobe River. It had better leave river alone.

Key words: dam sediments, dark sludge, flushing, river water, strictly anaerobic bacteria
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Fig. 1 Locality map of sampling points during flushing
dam sediments from Dashidaira and Unazuki Dam in July
14", 2002.

SHEKERE 21T 7% - 72 (Fig. 1).
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Fig. 2 Field view at Ononuma Park showing yellowish brown muddy water at 11:30 on J&y20@2 (A). At 15:30 on July 1%, 2002, dark sludge with sulfurous stench flushed out
from Dashidaira DamB).
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Fig. 3 Schematic cross section of Dashidaira Dam and Unazuki (BymbolsD~®
are the same sampling points as those in Fig. The structural cross section of
Dashidaira Dam showing flow system of flushing suspension and dark sludge.
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ECELU'DO) (D, @BLVDEIM1OY > 7)) ¥ 7imzRd). A BEIIE _FE (Q©), HEimpicks
LARADEACERD SN dr o7z, B L FY AET (@), i LFY 41281 5 BRI FHIGR, EndMET Ligo,
FF217:301213 48 mV I TIRKF L7z, C; IR (@), F4H ¥ 4 1281F 2 BRI T HIAER O 17:006H %> 5 Eh D
DB X EC O RO b7z,

a; ML FY L4128 5 BRI T RIAGKEZ] (20024F 7 H 14 H 15:20.

b; FHH Y 212 B1F 5 BRI T HIIGKRZ] (20024F 7 H 14 H 17:34.

Fig. 4 Characterisics of Kurobe River water showing pH, Eh, EC and DO during flushing dam sediments on July 14 th, 2002
(Symbols®), @ and@ are the same as those in Fig. A ; At Kurobe River 2 nd power plantD). B ; At just downstream of
Dashidaira Dan{(2)), the Eh decreased to 48 mV at 17:30. C ; At Yamabiko Bridg®, after 17:00, the Eh was decreased
whereas the EC was increased.

a ; Free flow of river water started at Dashidaira Dam reservoir at 15:20 on Jyl20@2.

b ; Free flow of river water started at Unazuki Dam reservoir at 17:34 on JGih2002.
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Table1 Characteristics of yellowish brown sediments and dark sludge collected from Ononuma Park.

characteristics of water chemical composition
sampling time pH Eh EC DO WT| N C S
(mV) (uS/cm) (mg/l) (°C) | (Wit%) (wit%) (wt%)
yellowish brown sediments| 2002 /7714 11:30({7.0 30 197 16 231|013 411 0.05
dark sludge 15:30(6.8 -210 143 09 19002 164 0.07
FEAY L L) TROILERE (@) 125 T pH HIBEHENS JUEEEK
(3% 7.3, DO 134y 12 mg/l (Faf1# 114%) & 13T — KERAERER

EOMEERLE. LaL, HLFEFLAET(@)EH
KEIZ ER IS 0I%9 240 MV TdH - 7275, HILFE S 412
BWTHRIKE TIRRE L 7 - 72 20024E 7 H 14 H 15:
30 LLFE, fEAMET L), FHH Y LBV THK
UL NIREE & 72 572 20024E 7 H 14 H 17:34DE £
X 120mVECTIKTF L7, ZNLELF 160mV e,
WG L & bWz R L7z, 72, ECHH
PRt TIREERIIG D SR 4 12 ER L, 19:131213 684S
/em &b EWEE R L7z (Fig. 4 0.

BHEc Ly, MLFEF2ET @) BIUNE
15 (@) 12BWT, BRI FIREREZIC EnDKT
MWD HNT=HS, T, HLFEFLBIUOFEEA
5 L DOMEREW AN ANTA L7722 L ICHEET 5 &%
ZbN5b.

—7, B TONREMNEME, EBRZICFRLIFD,
F—HRICHENE LEE T 5 2 L 2ilA,
FORRE Fig. 5IR L7, 2B, Hih & KRR %
%728, DO IZDWTIIALAI=R (DOsar) T/R L7z, B
NS —ZE AL (D) I2B W CTERILL 7230BHZ D
WTHEREZIT > 724 %, pH, Eh, ECB L O
DOsat DWW HUIZDWT  HHAIERE R & K& 7k
WIERD N0 o72(Fig.5A). L22L, BL¥S
LET (@) OFEHZ D WT, DOsar 23E I %E Tl
110% L IZIF—F L2l E /R L7z L, FEH
ERAT R o TokER, BRI M IREEB 46 10 7 O FURH
(15:00, 16:008 £ 08 17:00 1%, HHHHEIEME 1 K
WEE 7R L7z, 4512, 20024E 7 H 14 H 16:00 12 FREX
L723CR IR IRV 2 7R L, Bl Tl DOsar 2%
106% T&H - 72H DH 72% (2 L 72 (Fig. 5B). —
Ji, FHEAYLETONEZER @) I8V THRRLL
AEHZDOWT, FEME TR o 24 %, EnEH
160 mV & 1FIT—EDEZ /R L, HHHEME L ) K
VWHEZRL72. 72, pH, EC B &£ U DOsar (Z3H bl
ERFEFRRICIZIT—E L% R L7 (Fig.50).
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IR (D) 12 BV CTERILL 72 B HEREY O IRk B
LR EH KO KERER R % Table LIRS, ¥
R O RIBR K O pH 1X 7.0, EnA30mV, EC
M 197,S/cmB L D02’ 1.6mgl THh - 72. %
7z, B KIE pH 28 6.8, EhA—210 mV, EC 2% 143
©S/cmB LU DO A°0.9 mgl TH - 7z, Wik B
WO, pHIZEEBINEE ZHEI(Q©), HLFES AET
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Z DIEIADZE L\,

2%, k&K, MEEFENTEENMER

20024F 7 A 14 H 11:308 £ U8 15:3012, B OB
FERT (D) ICBW TR L - & BB L O Ea
EKDOBEWED, £, KE, MHESAEREOER
TSR % Table LZ/RT . EBBHEBIOLER, Ik
#, MEEeAE$ 013w, 4.11w%, 0.05wt% T
HY, BOEKPOBEWEDOREER, KK, WEE
Al 0.02wt%, 1.64wt%, 0.07wWi% TH o7, \»
FTHORES, 200146 H 19 H2H 22 HIZ2 T T
AT N7 HEEHES RO T REE IS B W THRILL 721K
DO % /R L 7= IR R O MG E DEE 3R, ek, it
HEAE (HIFIEA, 200D & id 5 &, 1 ZIZHEE
DEZRLTWA, SN ARWIIH LFES 4
WP HERE T, BRAEREE T CAE L, EBEIEE
WH L OCRMEKD Eh, DODIEK T 25|&kI L7
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XRD A ffER

20024 7 H 14 H 11:308 X 17 15:3012, RDOWHEL
BERT () ICBW TR L - S B aifm s L 0 EA
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Fig. 612/Rr 9. XRD #TIZ L 1), B EHEREY (A)
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Eh(mV) Kurobe River 2nd power plant (D)
EC(yt S/em) (re-measurement after one day) pH  DOsar(%)
300 8.0 —160
pH in the field o—— — 5
20— e ®---- """ e °
pH re- measurement 70 [~ 140
w00 fb—— g et =
Eh in the field o meoc oo -
Eh re-measurement . .- " A 160120
150 DOsar re-measurement A - - - - - - - = - A A
T ——a
DO inthe field s
1 5.0 (~100
100
50 EC re-measurement 1 40 [~ 80
| SRR | SRR @ *
EC in the field ;a ;b
0 L 1 I 1 1 1 1 1 1 1 1 1 1 1 1 Il 1 30 - 60
9:30 12:00 15:00 18:00 ’
2002/07/14
Eh(mV) Just downstream of Dashidaira Dam (@)
EC(u S/cm) (re-measurement after one day) pH  DOsar(%)
300 8.0 160
pH re-measurement
250 * —
1 7.0 140
200 Eh re-measurement 120
N e 160
A L E DOsar in the field B -
150 B— s < W“‘
Eh in the field \\,,/“/ owew
) S 1 50 [~100
100 A —
.. A---h
DOsar re-measurement A L
. . .-
R N N RN 1 40 80
50 EC in the field . A\*é—-—o—-—-——-—4
e ‘A‘ -
EC re-measurement a b
NIRRT SN 2N P I
9:30 12:00 15:00 18:00
2002/07/14
Eh(mV) Yamabiko Bridge (@)
C
EC(u S/cm) (re-measurement after one day) pH  DOsar(%)
300 8.0 —160
pH in the field
—_ /\
250 ~L
o ... P \:’ .o |70 140
Eh in the field pH re-measurement
200
160 120
DOsar in the field N
i Y K B =
150 PR o T R T
Eh re-measurement - Tl
DOsar re-measurement ™"~ - .. a1 50 100
100 -
EC.r.e—measurement 140 g0
50 === 4
EC in the field
o L v 30 60
9:30 12:00
2002/07/14

25 2002F 7 H 14 HIATDNH LY A B L OFREA & L1281 2 M #EHFS R PRI L 72 B K DK E
(pH, Eh, EC, DO) D3l E 2 545 1 HH O ek 5 (O, @ia LOOBRHLIOY ¥ 7)) v FHEERT). A B
HNgE—sEmAT (D). B ML FFAET (@), HLFY LB 2 BRI TFHRETZOBEHNIOWT, DOsar 758
HEMEICHARET LTB Y, 512 20024 7 A 14 H 16:00 1R L 7238 EHZ BW T L. C; IIEZEHE (@), Eh1Z3]
WHEML D b 1&“@’6 IT—E L T\5. pH, EC3 X U DOsar 3B e & FIARICIZIE—% LiliZ /R L7z,
a; ﬁ L P8 21250 5 BRI T RG] (20024F 7 H 14 H 15:20.

THRAY LIZBT A BRI T B (20024E 7 H 14 H 17:34).
Flg. 5 Re-measurement date of Kurobe River wdig, Eh, EC and Dérr) after one day in the fieldSymbols®, @ and®
are the same as those in Fig. A ; At Kurobe River 2 nd power plant showing constant val(gs) . B ; At just downstream of
Dashidaira Dam{(2)) showing DQar decreased as much a%4-26% to compare with the field measurement. C ; At Yamabiko
Bridge (@), Eh in the field was different from re-measured Eh whereas the other factors were constant.
Symbols “a” and “b” are the same as those in Fig. 4.
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- Yellowish brown sediments (2002/07/14, 11 :30)

[0 Smectite
Intensity - w3 < ® Chlorite, Vermiculite
°§§ S < ~ A Mica clay minerals
= T 2 A B Hornblende
E.G. " ' /A Kaolin mirerals
o
<
= <
=
(7]
N.T.
Dark sludge (2002/07/14, 15:30)
< <
< g
o I P
E.G. © - o
n 3
A
N.T. f«f_ g <
i -
= °:§ = °§
[+ [Te)
2 4 6 8 10 12 14 16 18 20
CuKa 26 ()

M6 20024 7 A 14 H 11:3012 2 OEAFE I BT L 7- &80 HEREY (A) B X OFH 15:3012
PRI 7= BBk (B) OREERE (<2,m) O X MEPRIIHT (XRD) /38 — . N.T.; #ELE, EG.;

IF L7 a—) VAL,

Fig. 6 X-ray powder diffractio{ XRD) patterns o& 2 .. m fraction of yellowish brown sedimen({8) and dark
sludge(B) collected from Ononuma Park on July "42002. N.T.: non treatment, E.G.: ethylene glycol

treatment.
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(Fig. 7D).
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< B HE SRR

7 200247 H 14 H 15301 OEAEICB W TR L2 L5 4 & ) HEE S - BBk dh o &g o
T BAMSRBIE RS R, BEWE IR O NZRA (A), ERWR AR EoEwRA (B) B X U4 ER (C). DAPI

et i DERE R O HFOLMMBI G E (D).

Fig. 7 Optical micrographs of dark sludge collected from Ononuma Park at 15:30 on July 14 th, 2002 showing pieces of

plants(A), roots(B) and organicéC) . DAPI (4',6-diamidino-2-phenilindolestained epifluorescence microgréjih showing
abundance of cocci and bacillus typed bacteria in the dark sludge.

BEECH2mmETCEE L. 2oau=—%E
THEBH LRI, R—DORI A 2~6umTH
D, ZNODEEELEWVWD DT 60umDELSKRETE
B L7z, Mg ow i, Bty st 10
10 cells/ml, 72, RAEKH 21T 10-10 cells/ml
ERAEEKFOF ML ek E R L 7.

B (ZIRFEIR DM A 5 72 B s OV C R 5 A5 3
KoM ao=—%2E L, o5k bHhg
Bid A v, Badkd oMl 20 cellsml T
Holzh, HGEHERBRYHIZIEREO LN r o7z,

CIIEKHE 2 5 72 B HB RO AN % I 2
0= =% L7z, flEiconwTid, Stk
Y213 400 cellsml, F 72, HAAEKF1E 10 cells

/ml &, EEEHEREY O DK 405562 & HSHH
Y /N o

D&, BE»H%AHMML v XTI OMFKEIRD 2
O=—%EHRL, WTNOFEEHZOWT Al kiE
200 cellgml T - 7-.

E 3R V@M TG 2 a0 = — 2 2k
L, o5 park s E_MEO K E 2293~11um &
K&, iy T oMz $iE 100 cellgml T
Ho7eh, BAEKPIZIEFEDO N5 7.

Thbh, WTFNOWEDLS b 4 FHORFMERGE
MRS, EOKES 2 A G ONEN TR
WerlEan = -2l T 2 # L 72ERTH -
7. Lo L, BEIN-amEREME TR



| Characteristics of colonies on blood agar plate Cell Yellowish brown sediments Dark sludge
solate code . : .
form margin elevation color form  size (um)| cell number (cells/ml) cell number (cells/ml)
. . . bacillus 2-6 5 6 5 7

A circular entire flat white make chain 10°-10 10°-10

B circular lobate flat white spirilla 2-6 - 20

C circular entire flat white coccus 1-2 400 10

D rhizoid filamentous convex white bacillus 2-6 200 200

E circular entire flat grey bacillus 3-11 100 -

- ; No growth

8 20024F 7 H 14 H 11:301C B DEAREIC B W TR L - B aitfi B X O H 15:30

IR A

(CERILL 72 Ak 5 i S 72 AR PE SERT

Fig. 8 The isolated strictly anaerobic bacteria from yellowish brown sedinm@nt80, sampling timeand dark sludgél15:30, sampling timecollected from Ononuma Park on July*14

2002, showing five kinds of strictly anaerobic bacteria.
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Fig. 1 Locality map of sampling pointé1~7) and the date.
020522; 22' May 2002 (before flushing
020609; 9 June 2002 before flushing
020714; 14 July 2002(during flushing
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Table1 Occurrence of diatom at Kurobe River and Toyama Bay.
Sample number 1 2 3 4 5 6 7
Abundance R R R R R R Cc
Habitat Nonmarin Diatoms
benthic Achnathes spp. + +
benthic Cocconeis placentula var. euglypta + + +
benthic Cymbella sinuata +
benthic  Cymbella spp. + c + c + @)
_benthic Diafoma -+ hiemalis c ¢ € L c sl
benthic Eunotia spp. + +
planktonic Fragifaria spp. +
benthic Frustulia spp. +
benthic Gomphonema spp. + +
planktonic Meloroisra octagona +
benthic Navicula spp. (small) + +
benthic Navicula sp. (v. small, cf. contenta) +
benthic Navicula spp. + +
benthic Navicula spp. (small) +
_benthic _ Nitzschia spp. (small) o o L
benthic Pinnularia spp. (large) +
planktonic Synedra ulna-vaucheri complex c c Cc + + * c
benthic Tabellaria spp. + + +
Marine Diatoms
benthic Amphora spp. +
benthic Biddulphia decipiens +
planktonic Chaetoceros spp. (spores) +
benthic Cocconeis scutellum +
planktonic Coscinodiscus _ spp. - + +
benthic Diploneis Spp. +
benthic Grammatophora spp. +
benthic Hyalodiscus spp. +
planktonic Laudria sp. + +
benthic Navicula sp. (lyrate, small) +
benthic Navicula sp. (lyrate, robust) +
planktonic Odontelfa cf.sinensis +
planktonic Odontella aurita +
planktonic Skelefonema  costatum + +
planktonic Thalassionema bacillis + +
planktonic Thalassionema nitzschiocides + +
planktonic Thalassiosira + +

Spp.

Sample 1; upperstream of Kurobe River,

Sample 2; inside Dashidaira Dam,

Sample 3; just under Dashidaira Dam,

Sample 4; yellowish suspension in front of Ononuma Park,
Sample 5; dark sludge in front of Ononuma Park,

Sample 8; near estuary of Kurobe River,

Sample 7; faraway from estuary of Kurobe River.

C; common, R; rare, +; present.
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Current fluctuationsin L ake Nakaumi measured with the current drogue

Shimpel Moriwaki*, Shinya Ohkita® and Tomoyasu Fujii®

Abstract: We report the current fluctuations in Lake Nakaumi, an enclosed brackish water
body with a two-layered structure in western Japan. The study is based on the data derived
from velocity measurements made by a method employing a current drogue placed in water
and following it on aship. In spite of afew exceptions that occurred under certain geographical
or hydraulic conditions, the following inferences were made from the study: (1) remarkable
changes in the surface current occurred with fluctuations in the sea wind, (2) surface water
flowed in the direction of wind at a speed of c. 2% of the sea wind velocity, (3) the bottom
currents moved clockwise under the influence of the tidal changes, and (4) the velocities of the

bottom currents ranged between 3.9 and 5.3 cm/s.

Key words: Nakaumi, current, wind, water level, current drogue

i U &

HRE KM 2 S HEA T A H AR O ik &
KBNS WMAT BMNRAKE L T, FEICD
72 o CHRE 72 B FE RS % T3 5 SR 00 70 g v i o
AR, CORBIIREIC X > THIESN DL Z &
72\ (FER 2> 1999) . & D 7= BRI 1 i T
JBIZHEA L 72K IS A O3 & B ERRIEE IS
L) 2HICERENT S (B 2 (X7 - KAt 2003).
BT L 2K OB LIS EE B LT K
bREGZEROOEDTH Y, SHOBREBE &
RAICHERE L T WL 7212 FOFEEEZMBI L T
SWEDH 5.

COBEMBFEKRIEOZEHZHO 22T 5 72D121FH
WO TN D FERE — K2R OB — % fRIH$ 5 2
EDRBEELRBEODEDOTH D, MNOEE IR
T LHININL DOPDFHEND LD, TOHOUED

DEFMZ BT 2 VbWD T 7T 2T 2 BEH
X, TR # 8RBT A5 ICI3MEHET
B FETHD (AR - FHk1991). Lo Lah
5, MEICBWTT 7T v Y 2 WHllENER S 7z
DIIEBITH Y (BT A 1997, 1Rk IZ2> 1997), 15
SN LM R DIcE T, Znk) %
TR, S, EEHLIIPEICB W CGERBGERGRAL %
Fhi L7225, Sz ofERe b5,

REA = EEH

X RO PO ABEE A M LIZ/R L
7z,

A O FAAS T H O 7205 5 3 LSRR AR CHEE R %
BT S5V ahEThs, FFEMET, B
FRIR- KR K EE BRI B O AR (8548 b ) 12
Yo TERMEHRAL, TNZBEHFTALZEIZLS

U BIRIE YK K EERYS  Shimane Prefectural Inland Fisheries Experimental Station, Hirata, 691-0076, Japan
HTE | BAREKERERY;  Shimane Prefectural Fisheries Experimental Station, Hamada, 697-0051, Japan
2 BMRIE KK EERERY;  Shimane Prefectural Inland Fisheries Experimental Station, Hirata, 691-0076, Japan

* HAIZ =VT# MikuniyaCorporation, Hiroshima, 734-0015, Japan



20 TR - KAbE - R R
1 1mBEICBT BIERBEIROBEEL.
Table 1. Data on the current drogue tracking at 1 m depth in Lake Nakaumi.
Series No. Date Launching Recovery Duration  Direction Mean speed N-Comp. E-Comp.
(N) (E) (N) (E) (h) (") (cm/s) (cm/s) (cm/s)
1 7-8 Nov.2000 35°27.690° 133°10.498° 35°27.669° 133°08.670 23.1 288 6.2 1.9 -5.9
2 24 Apr.2001  35°28.579° 133°12.406° 35°29.513° 133°12.629° 6.7 12 11.7 11.4 2.4
3 25Apr.2001  35°28.318" 133°12.680° 35°27.695  133°11.601 4.1 237 14.4 -7.9 -12.0
4 26 Apr.2001  35°27.936° 133°11.784° 35°27.767° 133°10.747 7.8 260 8.9 -1.6 -8.8
5 27 Apr.2001  35°28.031° 133°12.024° 35°27.738" 133°12.103 4.7 167 3.6 -3.5 0.8
6 18Jul.2001  35°27.778" 133°11.212° 35°28.068" 133°10.243 8.0 289 5.9 1.9 -5.5
7 19Jul. 2001  35°27.776° 133°11.712° 35°27.392" 133°11.917 5.0 155 4.7 -4.3 2.0
8 31Jul.2001  35°29.648" 133°12.343° 35°30.485  133°12.448 55 6 9.1 9.1 1.0
9 17 Sept.2001  35°27.256° 133°08.783° 35°28.375 133°09.744° 6.9 37 11.3 9.0 6.8
10 18 Sept.2001  35°27.819° 133°10.380° 35°28.105  133°10.433 4.0 9 3.7 37 0.6
F 2. 5MIBIZBIT B ETRMGEBR OB,
Table 2. Data on the current drogue tracking at 5 m depth in Lake Nakaumi.
Series No. Date Launching Recovery Duration  Direction Mean speed N-Comp. E-Comp.
(N) (E) (N) (E) (h) (T°) (cm/s) (cm/s) (cm/s)
1 22 Nov.2000 35°28.795 133°12.545 35°28.592" 133°12.649° 5.0 156 4.9 -4.4 2.0
2 24-25 Apr.2001 35°28.560° 133°12.392" 35°28.457° 133°12.652' 23.0 114 46 -1.9 4.2
3 26-27 Apr.2001 35°27.913° 133°11.807° 35°27.815° 133°11.963 23.8 126 3.9 -2.3 3.2
4 18-19Jul. 2001 35°27.735° 133°11.161° 35°27.683° 133°12.563 23.9 92 4.4 -0.2 4.4
5 31Jul-1Aug.’01 35°29.672" 133°12.377° 35°30.181° 133°12.135 22.6 343 5.3 5.1 -1.6
6  17-18Sept.2001 35°27.760° 133°10.847° 35°28.174° 133°10.773° 227 351 46 46 -0.7
Light sy,
Wi Float(12B % 2)
T \/
Im(surface)
5m(bottom)
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Fig. 1. Location of the study area.
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Fig. 2. Schematic diagram of the current drogue used for
Lagragian current measurement in Lake Nakaumi.
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Table 3. Surface wind conditions during the current
drogue tracking in Lake Nakaumi.

Date Direction Mean speed N-Comp. E-Comp.

(T° ) (m/s) (m/s) (m/s)
7-8 Nov.2000 98 24 -04 24
24 Apr. 2001 352 1.8 1.7 -0.2
25 Apr. 2001 237 8.3 -4.6 -6.9
26 Apr. 2001 255 30 -0.8 -29
27 Apr. 2001 26 12 1.1 05
18 Jul. 2001 253 25 -0.7 -24
19 Jul. 2001 66 1.2 05 1.1
31 Jul. 2001 32 24 2.0 1.3
17 Sept.2001 236 2.9 -1.6 -2.4
18 Sept.2001 61 1.1 0.6 1.0
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Table4. Bottom wind conditions during the current
drogue tracking in Lake Nakaumi.

Date Direction Mean speed N-Comp. E-Comp.

(T° ) (m/s) (m/s) (m/s)
22 Nov.2000 280 15 14 -1.3
24-25 Apr. 2001 265 15 -0.1 -1.5
26-27 Apr. 2001 291 1.0 04 -0.9
18-19 Jul. 2001 51 0.6 04 0.5
31Jul.—1Aug. '01 314 0.8 06 -0.6
17-18 Sept.2001 278 0.6 0.1 -0.6
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Relation between hydrographic feature of

the oxygen-deficient water mass and oceanographic structurein Lake Nakaumi,

San’in District, west Japan

Shimpel Moriwaki*? and Shinya Ohkita'

Abstract: This paper attempts to describe the oceanographic structure of Lake Nakaumi, a
semi-closed brackish water body connected to the Japan Sea, focusing on hydrographic feature
of oxygen-deficient water mass. The study is based on monthly hydrographic observations
made from April 2000 through to March 2001. The water mass characteristics were
investigated by the station graph analysis. Three different types of water masses, namely, upper
layer water, bottom layer water and riverine water appeared through the year. An oxygen-
deficient water mass occurred from May to December. Its maximum volume was estimated to
be c.40% of the entire volume of the Lake Nakaumi. The volume of the oxygen-deficient water
mass increased from June to November corresponding to the occurrence of the bottom layer
water mass, indicating that the bottom layer water induced from the Japan Sea rapidly turned
into the oxygen deficient water mass during the high-temperature season. The decrease in
volume of oxygen-deficient water mass in September was probably caused by the exchange of
water mass due to the occurrence of aflush flood.

Key words: Lake Nakaumi, oceanographic feature, oxygen-deficient water mass
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£ 1. FEIRIKSLERAE.
Table 1. Seasonal water mass characteristics.

Water mass characteristic Upper layer water

Bottom layer water

Oxygen deficient water Riverine water

Temperature (‘C)

Spring (Apr.—June) 13-23.5 12.5-21.5 12.5-20 —
Summer (July-Sept.) 24.5-30 23.5-24.5 22.5-29 25-26.5
Autumn (Oct.-Dec.) 10-22.5 13-16.5 15-24.5 16-17.5
Winter (Jan.-Mar.) 5.5-7.5 7-11 5.5-6.5 5-7.5
Salinity (psu)
Spring (Apr.—June) 13.5-28 24.5-33.5 28-32 —
Summer (July-Sept.) 17-28 29-31 24-33 7-15
Autumn (Oct.-Dec.) 12-25 25-30 20-32 8-13
Winter (Jan.—Mar.) 14-25 18-31.5 27-28 9-14
Dissolved Oxygen (mg/L)
Spring (Apr.—June) 3.5-10.5 3-7.7 <3 —
Summer (July-Sept.) 3-85 3.5-4.5 <3 6-9.5
Autumn (Oct.—-Dec.) 3-12 3-5.5 <3 8.5-13
Winter (Jan.—Mar.) 9-13 3-9.5 <3 9.5-13
Density
Spring (Apr.—June) 13-19 18-25 19-23 —
Summer (July-Sept.) 9-17 19-21 15-22 2-85
Autumn (Oct.-Dec.) 7-19 19-22 13.5-22.5 4-9
Winter (Jan.—Mar.) 11.5-20 14.5-24 21-22 7-12
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Intrusion of high salinity water massinto Ohashi River, San’in District of Japan

Shimpei Moriwaki', Tomoyasu Fujii? and Katsuya Fukui®

Abstract: Appearance of a high—salinity water mass that frequently intrudes into the Ohashi-
River from the Lake Nakaumi and causes oxygen-—deficient water mass in Lake Shinji in
San’in District, western Japan, has been studied with special reference to the variations in water
levels as well as wind patterns in Lake Nakaumi. Although no seasonal fluctuations in the high
—salinity water mass indedSI) were found, correlations seemed to exist between the monthly
HSI and the water level differences as well as discharge of the Hii River. In a shorter time—
scale, it was probable that the level of HSI increased when water level differences were large.
The average velocity of the high—salinity water mass was estimated to be @s44 ange HSI
occurred more frequently during westerly winds than easterly ones, suggesting thereby that
some of the HSI were associated with the rise of wind—induced halocline. Extensive HSI was
likely to occur when the difference of water level was large and westerly winds prevailed.

Key words: high salinity water mass, Ohashi River, water level, wind
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Fig. 1. Location of survey points in the Ohashi River.

Continuous data was obtained through the "Water Quality

Obsevation SysteniSt.1.2 at 4 m depth in the central
parts of Lake ShinjiP 1) and Lake NakaumiP 2). The
flux of Hii River was observed at its mouth.
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Fig. 2. An example of data on salinityower) at St.1.2 and
water leveluppep in the central parts of L.ShinjP 1) and
L.Nakaumi(P 2).

SEHMETH S, D9 B 19984E 4 H 2> 5 20004
SHETOH AmMEICIBIT B EMHEH L.
KB AT L0545 N5 EOBLE] %
K2Rz, BonTF—% 2 mhb EHESHEITE
WM ER - TREEY 22 L, SHESKIEA-
BELTWAILEERLTWS, B IE DR
%8 L COFIEGHEIE 2~7 psuTdH 5 (JHEIT
7, 1989 DT, 10 psull LD IZSE N E T4
WENLZ EIEwEEZ 51, 10 psull E oK
SR %8 U THED SISEIIICA - 720 D & A
LT IENTEL., IR ZORETIE [EESK
Wl EXRZ L5, SiEsKRIEOMEBEZ E
EWICHRET 470, BEH I AT 20KEH4m
BIZBWT, BRI BL L 7 R i (ke i)
L ZoMESEE OB MELR RO (M3), @i
SAKBERIER (LLFHSI & X .R8) 2R (3 1).
BRI BIE S HSI==Sh- At (K1)
72721, Sh: 10 psWl EO¥EME, At HATKER] (10
i), £7-HSI % BEICRES (N 2) L CEEs kit
DM 2 L8 & i L7z,

HMOBEMER= SHS (X 2)

727701, d:H 1, 2, 3, THAFK))

B 2 (23 SEE & o (K1 PL P2)IC
BUFBKMEE S MR L7225, SRk Ed
HHERTCIE U L IR R AL A58 o 2 1 & LRl
LN DOWHELIHRE N A S NS, AR 2 DKM (K
2:'D") BL U ZFOEH» 6 GBI GKHEEIRTE TO
Bef (B 2:T) L ZFHI L 72, & S ICEE 7K



KGN BT 2 EEEn KD M 35 37

Salinity
(psu)
A

10psu r -
AL
/& (10min) t
change of salinity

3. BIEIEE (HSI) OEH L FEOE ).

HSI=XSh- At

Fig. 3. Scheme of the calculation of the High Salinity

water mass IndexHSI).

BUCR T T R DB % a3 5 720 B BGIE D &
6IER & & 12 24 M BT Tl o 72 JE IR & BET L
7o, hiEELOEORE E L CIZERM %8 LT
BT IR < JRATE B L T b (FERE2>, 1999 O
T, PRI (M1 P2 2B 5 LEHEZ & D
DWRFRK % 6 B[] & L I FEHEI L2 0% flwv
72 72770, JREIZOWTIER W T W L R [JE
mlELTHmMEZ[FIA] & L7

S B DKL, Hh g SR O KT & i 1R
B L OCEFRNIIEBIC BT 2 EHEIC DWW T
EERE (B - E L A8EA) MEWIEBFAIUE L T
WA ERE 7.

=] %

1. KABINZ B % @GR O 540 & i BhdErE:
1) WLERA D S5 N 72H05 - FE M

9H 9OHDE 1 H ~3 | HOFA (X 4) 1E 4D
IRBLASSE I O Z I & DART 3 5 B 1A e d
5. IS AIEARE LSRE RIS b HEAKBIEE C &
D, EEBIRICETE S AT DL L5 LT
WAL FEALD SEE A S H L] D) B SRR L,
i Q=05 L /il e ol D QR AV P i
PNy (A

9HDH 40 H ~5[01H (X 5) DFAL 1 il D KAL
WREIOZN LY @RI IC5EhE L7z, 5 3 [0
HOFA (X 4— (F)) TTE O 2 < 54
LTS aAidsE@il fm~# L L Twvo 7z,
AT HED S REMANOR S E L T 7z,

10 HD% 6 [0l H ~7 [0l H O FALH: (K 6) DKALIR
W, ORI T § 5 5B O ZF LTI
RT3 42 &3 L, Kpsses L7255 1~2HH
DKWL (K 4— (F), () L3RR 5. SR
A U7ZIREER MER L T A, AR L 2R

Mol Su Period
e September 9, 1999

20.70
g B
00 LA
So.s04 ==

Z0.40 |

=0.30 T ™

00:00 03:00 06:00 09:00 12:00 15:00 18:00 21:00 00:00

Salinity(PSU)
o

No.2 Survey Period

September 9, 1999
2070 ki

$0.60 L|Nakaumi, /]T\
e B M N . .
£0.40

=030 ;
00:00 O3:00 06 : 00 09: 00 12:00 15:00 18:00 21:00 00 00

Saﬁnmpnsu)

LShink

No.3 Survey Period
i September 9, 1999
£ O-EG [ [ Nakaun
LAn { L.Shinj
oo et SR VR4 50
= 0.40
=030
00:00 03:00 O0G:00 09:00 12:00 15:00 18:00 21:00 00:00
Sallnhy{P%U)
1
E2 i
E 3
£ il
& |
6
7 L} T T T T T T T T 1
a 1 2 3 4 H ? H 9
Survey Point
Current Velocitylcm/sec)
. ': N —— : S SN SSie——=
2 4
é 3. B
i = |
&
i T T T T T T T T 1
0 1 2 3 M 5 ] 7 E 9
Survey Point

4. KEBINZ BT 53655 (R, i (FE) OSRE
MEWTTE & AR 2By (1) —%8 119 ~3 [al—.

Fig. 4. Vertical sections of salinitymiddle) and current
velocity (lower) along the Ohashi River, and water level
fluctuation (uppep —No.1~3—.

THY, FEEOMRHE X
INE W,
8o H ~9ul H D FA: (4 7) (& il DR AS 57272

Tul
ZH

AR % a8 CCHx gL



38 TR - I

Mo.4 Survey Period
—| E per 9, 1999
=0.70
EEU o6 Uniakaumi]

. | L.Shinji
050 Pl [ L shir
20.40
]
=0.30

00:00 03:00 06:00 09:00 12:00 15:00 18:00 21:00 00:00
Salinity{PSU)
L
E
2

i

Current Veloctty{cm/sec)

3

4 e
3 2 3= g PR
b =15 |

= s g
it |
I
8§ 3= ‘
T T T T T T T T T 1
L] | 1 4 3 7 £} 9
Survey Paint
Survey Perlod
- Mois fe—=|  September 9, 1999
g070 TNakad
i B S—
2 050" =il N | \\‘.ﬂ dig
2 0.40
= 0.30

0D:00 D3OG 06:00 08:00 12:00 15:00 18:00 21:00 00:00

Salinity(PSU)
o

o 1 2 3 4 5 13 7 8
Survey Point

B 5. KAENNZBT 550 (TE), ik (TE) DFE
TEWTTH & KA ZEE) (1B%) —56 4 [0]~5 [nl—.

Fig. 5. Vertical sections of salinitymiddle) and current
velocity (lower) along the Ohashi River, and water level
fluctuation (uppep —No.4~5—.

O B CHE U 725 T, 4101 H ~5 [0 H #9481 (4
5—(F), (%)) &KMEEIFR LR THo72.
OEEINE, el ~7h HOHRE(M6— (L), (F))
THZE ) IER L T B E S kB E LT
Wo ez, EESKITRETOIZE A ETRT
O, RARIIESHEANEL TV A,

DL & 9512y & S5E M O KRR ) EE s
KD - 2B E RN DOERERDO S 222 7% -
7z,

2) i R OHEE

[ B30 | 2 JEE R 30 12 R L 7 B RCRC AR L BT o0 e
BINEL R, & VL KAG SRR E DK E B Y AT L OFL
FREAZHED EEIE KO R FHEE L7,

S EOPRAED ) B TEIES KD E L T g
ZHUERA & AEhEREN ORERE 2L TE D

e - It

Survey Period
0.80 s September 10, 1999
: |
P e . U ~—— (5
: = ——

o i 2 R & 7 £ 9
urvey Poi
Current Velocity(cm,/ sec) i
0 B o] e e Iy SN Y
- 10
E; %ﬁ \\NFEP
3 . - |
gawjﬁtsz:} = ANGESS
5 i =0
1 T T T T T T 1
0 1 2 3 4 5 6 7 8 ]
Survey Point
Mo.7 Survey Period
~0.80 I-*—:' September 10, 1999
B L_Na|<aum|'
£0.70 —
20.60 T P LSt
£0550 : I =] '
+=0.40
=0.30 T
00:00 03:00 O6:00 09:00 12:00 15:00 18:00 21:00 O0:00
Salinity{PSLY)
0 .
'g; — —_— — 5;1'
4 e
3 ==
7 I T T T T T T T T 1
0 I 2 3 4 3 & 7 8 9
5 Point
Current Velocity(cm,/sec) Hrvey Fom
o e ’ .
e, V{:_,_ﬂ’
1
= u:df gy
3 -1 - L] 3
4 AN =
& : = —— |
1 T T T T T T T T 1
L] 1 2 a 4 5 & 7 g 9
Survay Paint

B 6. KABINCBIT B35 (), Ml (TE) OfHE
e & kAL Z8E) (BB) —% 6 [l ~7 [ol—.

Fig. 6. Vertical sections of salinitymiddle) and current
velocity (lower) along the Ohashi River, and water level
fluctuation (uppep —No0.6~7—.

RHZENTELDIZOHDOHEIEHA (KM4—(T))
5 5 H (X5— (T)) DA TH 5. diF RIGH
V(X 1: St.8 F THIB L TW2m a0 kA e 4 125
FLTREMAVCE TET 2HEFTAL N,
Z OB OB ERE A A &, St.6TIX 10F540
SHSIESEIZ ER LIZ LS, —J5 St1.20 FEE
Tld 15K 10532 B3 EIE LA % BlgG L 7=,

IS O EDEEIHERAE O R L L
L TWwWa, $4bb, 5o AL EZOH
L0 LW S T oMy BB L S E IS IKD
W R 2SEHICE 5. SRIOFHETIIZDOL ) &
HF1HY 15 [ZED H 7z (X 8).

NN ORI R O HEEZ FHI L CEE kO
LV ERHEEL-LZ A,

V=0.44 m's (0.31~0.56 nv's)



KB BT 2 EEEa KB DM 3% 39

S - 21872 () P 95% X TH 5.
= 0,70 s —

gﬂ.ﬁﬂ"- mme——— | —ﬂ‘& e .

%myff =S=_—r 2 SIEHKEEOHIRR

gns{?ﬂ:m 03:00 06 :00 0%:00 12:00 15:00 1E:EID. 21:00 00: 00 1) iﬁﬁ%i}j

Sallnity(PSL) KEEEAL Y A7 A TREER (B0 1:S1.1.20 4 mifE) 12

B D EES KB BIRROFEH N ES 2 A 5720 3
MO AR OHBIEEZA (9) 27zl Ah, &
L AEONTAER ST —ED Il L - TN
LEN Y — L IFBRO SN,

INFE TREINIEAT 2 SIS KOTEE 752
I T AT E A LR, AlEE L CEY
B2 TRe L 72 1), JEFE %28 L TOERR L

L 1 2 3 4 t ] & 7 8

Survey Point

AR L o7z, ZORER, KGN DOFREWA Y
gosor—— RS0 TS5BS KO BRI X 5

L s s Lshi | THELLRLD LW R E 57z,
§odo1—— — A2 (1991 (X S5E I~ O EIHE 45K 0 it A Z
e e i YL CHASO AN Getb 2366 L7z, & 2 Tritis
T = SEBOEIHEE B LITT L E SN BTN
£ ﬁ}f LT, - SHEEOKN, €0 GREl—h
T, ), IR GERI) 2L ) B, ZhEho)
O e T Y Y TIMEE O Z R L. ZOfE (F1DI12L5

ol

£ 500,000

min))

Survey Point

B 7. KAGINZBT 5550 (TE), i (TE) DFE |
HEWTTE & A ZE®) (1) —56 8 [0l ~9 [l—.

Fig. 7. Vertical sections of salinitymiddle) and current

velocity (lower) along the Ohashi River, and water level :
fluctuation (uppep —No0.8~9—. |

400000 ---

ity Index(HSipsu:

2 300000

igh Sall

= 200,000

Hi

100,000

[

Apr.  May  Jun.  Jul Aug  Sep. Oct  Nov. Dec. Jan.  Feb.  Mar
Month

9. KAEIIBIT B ARSI OFHZAL.
Fig. 9. Seasonal changes of HSI during the year.

m
A
53— e
2 5c N G @f YWN@ o) 03 e
:’>/\20§ ".I \ ol \J\\’ v:::}"*\ , 1".“ -_:XV_ [ - M—\«—,
i e s AT AN W i ¥ s
RNE i ~‘\= L R LI o500 AV AR VAW L Y
5E J_ _\‘ A 4 \" I kN \)' \!" 3 ‘KI_ N L'l
0 NOHIND) \(6) v (10) (12 (15)
99.9.8 99.9.9 99.9.10 99.9.11 99.9.12 99.9.13 99.9.14 99.9.15

St.8 0 === St.6 —immem st.1.2

8. BB ORI, 125 15 OFHRIIRIEDAKHDOEAZ/RL T 5.
Fig. 8. Temporal variations in the bottom salinity at St.8,St.6 and St.1.2. Lines joining the two series indicate the high
salinity water mass intrusion events.



40 PR - IR - ARt

F 1 iR E L BN ORRZ, KA, WEE) & OMBIEREL T OB 1% A EKETHE

BRI 5.

Table1l. Correlation coefficients between High Salinity Index and other environmental fastater level,
difference of water level, river dischargdJnderlineds are significant af4 level or more.

H.S.I. W.L.in Shinjiko ~ W.L.in Nakaumi ~ W.L.Differnce  Mon. Discharge
High Salinity Index 1.00
W.Level in Shinjiko -0.02 1.00
W.Level in Nakaumi 0.23 0.97 1.00
W.Level Differnce -0.75 0.27 0.03 1.00
Monthly Discharge -0.80 0.19 -0.09 0.85 1.00

F 2. BIRKO LB & kR & o BIR.
Table 2. Relation between level of the high salinity appearance and the hours of duration.

hours of duration/scale Level 1 (%) Level I % Level IT %) Level IV (%) Level V (%) Total (%)
~6 189 31.3 1 0.2 0 00 0 00 0 0.0 190 30.6
6~12 110 18.2 46 76 0 0.0 0 0.0 0 0.0 156 252
12~18 2 03 137 227 28 46 0 0.0 0 0.0 167 26.9
18~24 0 00 13 22 23 3.8 3 05 0 0.0 39 6.3
24~30 0 00 0 0.0 9 1.5 6 1.0 0 0.0 15 24
30~ 0 0.0 0 0.0 8 1.3 14 23 31 5.1 53 85
Total(%) 301 49.8 197 32.6 68 11.3 23 3.8 31 5.1 620 100.0

Level I:0~10,000psu-min. Level II:10,000~20,000psu*min. Level I1:20,000~30,000psu-min. LevellV:30,000~40,000psu-min. LevelV:40,000psu*min. ~
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salinity rises up to 10 psu or more.
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Fig. 12. Frequency distribution of the ratio of occurrence
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HSI. Apparently, the distribution during 18-24 hour
period is different from that of the other three time
periods.
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Water quality of Lake Kamo, Sado Island, northeast Japan, —19972001-

Katsuaki Kanzo', Niigata Prefectural Ryotsu High School Science Club,
lwao Kobayashf and Masaaki Tateishf

Abstract: We have examined the water quality of the Lake Kamo over a 4-year period from

August 1997 to August 2001 at 17 observation sites that were set up at 250-m intervals along a
N-S line in the lake. Measurements on water temperature, salinity, density, transparency,
dissolved oxygen and pH were made at all the observation sites for every depth interval of 50
cm. Thus the data were obtained from a total of 180 measurement points during the entire study
period, except on certain stormy days. The data were analyzed and the results are summarized.

Key words: Kamo Lake, lagoon, monitoring, natural environment, water quality
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Estimation of surface chlorophyll-a concentration
using multi-date Landsat/TM datain Lake Shinji and L ake Nakaumi

Yuji Sakuno', Takeshi Yoshida', Masatomo Y amamoto', Tsuneo Matsunaga’,
Daisuke Nakayama’, Katsumi Takayasu®, Toshiaki K ozu*and Toyoshi Shimomai*

Abstract: An algorithm for the estimation of surface chlorophyllehl-a) was developed and
validated using the multi-date Landsat TM data as well as the conjurictisieu data in Lake
Shinji and Lake Nakaumi. This highly significant predictive algorithm for surface chl-a is
obtained using the TM bands 1, 2, 3, 4, 5 and 7 after dark pixel subtraction as a simple

atmospheric correction.

Key words: LandsatTM, chlorophyll-a, multi regression analysis
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Fig. 1. Sampling points ofn situ data in Lake Shinji and Lake Nakaumi.
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Tablel. Ranges ofin situ chlorophyll-a and number of
observation points.

No. Date Chl.al xg/1) Point
1 9 May 1990 26.5-78.3 7
2 1 July 1995 3.0-6.0 7
3 16 May 1996 2.6-8.5 6
4 12 May 1997 2.6-14.4 5
5 3 Mar.1998 5.2-11.7 12
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Fig. 2. Correlation between TM Band 1 and LN chlorophyll-a.
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Table 2. Correlation coefficient betweem situ chlorophyll-a
and DN of TM bands.

Band| Band2 Band3 Band4 Band5 Band7
Chl.a -0.49 -0.15 -0.28 -0.34 0.06 0.11
LN Chl.a -0.50 -0.16 -0.31 -0.41 -0.06 0.02
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Fig. 3. Correlation between the estimated chlorophyll-a from

TM data using multi-regression model and thesitu LN
chlorophyll-a.
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Fig. 4. Correlation between the validated chlorophyll-a from

TM data and thén situ chlorophyll-a using Equation 3.
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Fig. 6. Horizontal distribution of surface chlorophyll-a concentration in Lake Shinji and Lake Nakaumi derived from
Landsat-3TM data using a multi regression algorithf@. 9 May 1990(b) 1 July 1995(c) 16 May 1996(d) 12 May

1997,(e) 3 March 1998.
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Fig. 7. Horizontal distribution of surface water temperature in Lake Shinji and Lake Napalm derived from Land@isat-5
data. Blue, low temperature; red, high temperati@e May 1990(b) 1 July 1995(c) 16 May 1996(d) 12 May 1997(e)

3 March 1998.
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Estimation of water temperature and turbidity
in Lake Shinji and Lake Nakaumi using ASTER data, 2000-2002

Yuji Sakuno', Masatomo Yamamoto', Takeshi Y oshida’, Tsuneo M atsunaga’
Daisuke Nakayama®, Katsumi Takayasu®, Toshiaki K ozu* and Toyoshi Shimomai*

Abstract: ASTER surface water temperature, which is based on the famous “Split Window
method”, and turbidity algorithms, was validated usingsitu surface water temperature and

in situ turbidity in Lake Shinji and Lake Nakaumi. The study revealed that the ASTER
temperature estimated from 5 ASTERR (Thermal Infrared bands data has a good
corretation within situ surface water temperature from tower data in the lakes. And the DN of
ASTER Band 3, after dark pixel subtraction, has a significant correlation withirthetu

turbidity.

Key words: ASTER, MCSST, turbidity
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Table 1. Summary of simultaneous water quality survey with satellite observation.

Date Satellite Path-Row Time of satellite Quality of  In-situ water
/Airborne or airborne observation satellite image  quality data
2002/5/2  Terra/Landsat7 111-35 11:00/10:30 /0 Appendix 1
2002/8/22  Terra/Landsat7 111-35 11:00/10:30 YAV Appendix 2
2002/9/12  Airborne/Pi-SAR - 13:20 - Appendix 3
2002/9/14  Terra/Landsat7 112-35 11:05/10:35 JAVES Appendix 4
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1. 2 - RFIC BT D 2000~ 2002 4F 4 L [F

Sakai Channel

A T A D FEAR KT

Fig. 1. Standard stations of simultaneous water quality survey with satellite observation in Lake Shinji and

Lake Nakaumi, 2000-2002.

1. ASTER 7B & IRIBKEBED L

K2IZENZFNOFLEW - FEIZBIT 5 MCSST
EHYIKIRE B L7 R 2 Rd. Sk, mE
DL 0~2.6C, ZDOFHIF 1.4C, BlERFHAEL 1.1
CTHAHI LD DAL., THERMED N ECTHRIEDS
TN HEEORER (ASTERKIR & FEHl KR 7%
T O HEHER 72 1E F 2 1.4C, 0.9C) (Fk 13
A, 2002 LIZIZFERRETH Y, ZULEHEREVZ
L. F72B3ITIEFEM - I BIT A MCSST &
B KIROMRERT. T TICZOEELRHGEEL T
WA ILBEIZBIT A ASTERKIR & I K i D 7
(Sakuma et al., 200235358 - Hifg & IE~/NS WD
X, SRIEFMOKEE (BET— 5 EREKERE
FoTVaEd, #7 =743 1~2mDKETE
EKERZET > TWh) ZOMErHLEEZ NS
A%, EEMZRE R F 7Z2HB L Tn v,

INLDOERIY, ASTERT—Z b RKD 5N
72 MCSSTIE, #+ 7t v MRETNIN 1.1C DR
TREM - PEORBKELZHEETE LI LD
"oz,

£ 2. ASTERT — % 2 b ifEsE S L7z KiR (MCSST)
EBIGFRBEKIRE O LK.

Table 2. Comparison between MCSST from ASTER and
in situ water temperature.

MCSST |In-situ W.T.| Differ.
Date Station T (T) (T
200005712 ] s | 191 | 183 08
2000/08/07 NU 28.0 29.5 -1.5
YB 29.5 29.8 -0.3
2001/08/03 SJ 29.5 29.5 0.0
2002/05/02 SJ 15.2 17.2 -2.0
NU 14.6 16.4 -1.8
YB 14.8 17.6 -2.8
2002/08/22 NU 23.6 26.0 2.4
YB 23.0 24.6 -1.6
2002/09/14 SJ 25.5 25.9 -04
NU 24.1 25.8 -1.7
YB 24.1 26.7 -2.6

Mean -1.4
SD 1.1

3. ASTERL NV 1b7—4% EHET— 7 O
R & RMS iRz,

Table 3. Correlation coefficient and RMS error between
ASTER data(Level 1 b and turbidity.

Level 1B (DN) Level 1B (DN-D.P.)
Bandl | Band2 | Band3 | Band1 | Band2 | Band3

r 0.88 | 0.87 | 076 | 0.68 | 0.22 | 0.75

RMSE| 2.62 | 2.80 | 3.60 ]| 4.08 | 545 | 3.67

N=9
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2. 20024 |CHUS & N7-52EW - il ASTERE {2

(a) 200245 H 2 H, (b) 20024E 8 H 22 H, (c) 2002
£9H14H.

Fig. 2. ASTER images of Lake Shinji and Lake Nakaumi,

2002.(a) 2 May 2002,(b) 22 August 2002(c) 14 September
2002.
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Fig. 3. Correlation between ASTER MCSTT and situ
surface water temperature in Lake Shinji and Lake
Nakaumi. Data used from tower data of ML(TLand,
Infrastructure and Transportation Ministrat the centers of
Lake Shinji, Lake Nakaumi, and Yonago Bay.
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MG, KRFEPISBICB I A E T BE Y 7 — 7 — 5 &,

Fig. 4. Correlation between DN of ASTER Band(&) and Band 3(b) after dark pixel removal and turbidity in Lake Shinji
and Lake Nakaumi. Data used from tower data of MI(ITand, Infrastructure and Transportation Ministist the centers of

Lake Shinji, Lake Nakaumi, and Yonago Bay.
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(a) 12 May 2000 (b) 7 Aug. 2000

.\I(‘§5T (‘JC ) p MCSST (°C)

B

(c) 3 Aug. 2001 (d) 2 May 2002
MCSST (°C) | . MCSST (°C )

(e) 22 Aug. 2002 (f) 14 Sep. 2002

MCSST (C) . i MCSST (C)

5. ASTER 7 — ¥ 20 b5 L 7=l - il 0 2R Fg Ko .
(a) 20004FE5 A 12 H, (b) 200048 A 7 H, (c) 20014-8 A 3 H, (d) 200245 H 2 H, (e) 20024 8 A 22
H, (f) 20024:9 7 14 H.
Fig. 5. Horizontal distribution of surface water temperature in Lake Shinji and Lake Nakaumi derived from ASTER data.
(a) 12 May 2000(b) 7 Aug. 2000{c) 3 Aug. 2001(d) 2 May 2002(e) 22 Aug. 2002(f) 14 Sep. 2002.

it 3 7. BABRBRBIICHE QRIS 2.
ABFFE CHM L 72 ASTERT — ¥ © — & 1% Bl B 2 @

[ASTER 7 — & FI B & L [FAF7E] 12 & 0 feflt
ENZLDTH A, FBGOKE - BET—F1Z 1) McMillin and Crosby(1984) Theory and validation of
2@ M EW N FEH i b eft L Twn/z72n the multiple window sea surface temperature
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(a) 12 May 2000 (b) 7 Aug. 2000

Turbidity (NTU)

19.0

Not available data

(c) 3 Aug. 2001 (d) 2 May 2002
Turbidity Q"I'U) . ) Turbidity (N'I'L')

1.0 ] 19.0

(e) 22 Aug. 2002 (f) 14 Sep. 2002
_Turhidity (NTU) ) V'I'ul‘bi(lily (NTU)

19.0

6. ASTER 7T — % 2> b5 L 7553l - g 0 2R Ig B FE 3 A .

(a) 20004E5 A 12 H, (b) 20004-8 A 7 H, (c) 20014-8 A 3 H, (d) 200245 H 2 H, (e) 20024 8 A 22
H, (f) 200249 H 14H.

Fig. 6. Horizontal distribution of surface turbidity in Lake Shinji and Lake Nakaumi derived from ASTER data.

(a) 12 May 2000(b) 7 Aug. 2000{c) 3 Aug. 2001(d) 2 May 2002(e) 22 Aug. 2002(f) 14 Sep. 2002.

technique, JGR, Vol.89, No.C 3, pp.2655-3661. (2002 WHE DT AT KT — % & H w7z
2) KAk FEHE (1996) ASTER TIR O R #1515 O it ASTERKIZ T VIV X 4 OKGEE, HA £ — b

TR 2 FIH L 7KIRIREEHEE — H AR L O &R K Y Yy AR 33 A R X OUZE, pp.191

WRET— % x g2 o Fiarb, B4R -192.

VE— by Ty raEE, 16 (5) [ 2-13. 4)Ritchie, J.C., Cooper, C.M., Yongoing, X1987)

MK E HE, FEAMEMH, MaEd T, SL)NH B Using Landsat multi-spectral scanner data to estimate
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suspended sediments in Moon Lake, Mississippi, K. (2002 Preliminary study of the monitoring for

Remote sensing of environment, 23: 65-81. turbid coastal waters using a new satellite sensor,
SIWEE#F], kERE, NIME—, SLwe, Bt “ASTER”, The 12 th Internatioal Offshore and Polar
Fofd, AT (2001 £ SPOTHRY 7 — % Engineering Conferen¢éSOPE-2002, Kita-Kyushu,
Ik BREEREO—KEERE=Y ) 7, H Japan, CD-ROMVol.Il ), pp.341-347.
K1) E— MYy v rEaRE 21 141-149, 8) IIAIERE, HHEE, TEF#HFE, HkiEHE (2002
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ZHWEAIRO 7 0 a7 4 VR O W RS PR 33 [l AT Ak TE X SCHE, pp.181-182.
—SEM - HPEIC BT A 20014FE O HG R A R, 9) B K %% (2000 {AKIE DR — Hrife - SRE % 5] &
LAGUNA (yR/KIf%E), 9:55-61. LT (BRwim, [RAKSoR] #iisv—7

7)Sakuno, Y., Matsunaga, T., Kozu, T., and Takayasu, %), 727-5&5, pp.19-37.

g 1. Sl - PigEIC BT 2 H A (Terra/Landsat-7 [RIEHZKE IR (2002/5/2).
Appendix 1. Results of simultaneous water quality measurement with satéTigera’Landsat-7 observation, 2 May 2002.

No. Station No.  Latitude Longitude  Weather Time W.Depth{m) Chl.a(t g/l) Trans{(m) Turb{NTU) W.Temp.(°C) Sal{psu) pH DO(g/I)
1 NUO1-1 35° 30'29.3” 133° 12'332” Clear 8:36 135 7.3 1.6 26 16.3 23 8.55 78
2 NU2 35° 29'3007 133° 12'174” Clear 9:00 6.9 13.4 1.1 8 16.5 21 8.70 8.9
3 NUO1-2  35° 27'46.2” 133° 11'325" Clear 9:25 6.5 10.7 1.1 9 16.5 20 8.7 9.0
4 YN-AP 35° 29'11.2” 133° 13'00.7" Clear 10:07 7.3 13.8 1.0 8 16.5 23 8.55 8.4

152 2. &M - PRI B I 2 HTAE (Terra/Landsat-7 [AIEAZKE I E 45 H (2002/8/22).
Appendix 2. Results of simultaneous water quality measurement with satdlétea’Landsat-7 observation, 22 Aug. 2002.

No. Station No. Latitude Longitude  Weather Time W.Depth(m) Chla(yg/l) Trans.(m) Turb(NTU) W.Temp.(’C) Sal(psu) pH DO(g/})
1 SJ01-3  35° 26'48.67 132° 57456" Clear 840 55 19.7 1.2 26 26.6 7 798 8.6
2 SJ01-2  35° 27'03.2" 132° 59'51.0” Clear 9:26 49 18.7 1.1 8 26.6 7 7.85 8.6
3 SJo1-1 35° 27'30.6” 133° 03'09.5” Clear 9:53 1.7 120 1.7+ 9 259 8 7.64 8.4
4 NUO1-3  35° 27'04.2” 133° 08'374" Cloud 10:27 42 10.6 2.1 8 26.1 23 834 83
5 NUO1-2  35° 27'45.3" 133° 11'31.77 Clear 10:48 6.8 9.1 1.7 6 26 23 8.44 84
6 NUO01-1 35° 30029.3” 133° 1233.2” Clear 11:17 14.7 7.1 1.8 5 25.5 24 8.35 8.4

fh#2 3. il - P B A AUZERE (PI-SAR) [RIHIZKEIERE 5 (2002/9/12).
Appendix 3. Results of simultaneous water quality measurement with air€Taftra/ Landsat-7 observation, 12 Sep. 2002.

No. Station No. Latitude Longitude Weather Time  SS(mg/l)  Chla(tg/l) Trans(m) Turb(NTU) W.Temp.(°’C) Sal(psu) pH DO(mg/)}
1 St 35° 2700”7 132° 5516” Clear 12:57 58 12.6 1.3 7 28.2 8 78 9.0
2 S2 35° 26'04” 132° 5517° Clear 13:18 42 3.6 1.1 10 28.2 7 8.0 95
3 S3 35° 2509”7 132° 5515 Clear 13:32 5.0 13.9 1.1 240 294 8 83 10.0
4 S4 35° 26'09” 132° 5330” Clear 13:53 76 13.7 1.1 18 284 8 79 93
5 NU1 35° 2829”7 133° 0852° Clear 13:30 16 11.0 ND 3 276 22 78 59
6 NU2 35° 2746”7 133° 09'38” Clear 14:00 54 10.3 ND 1 217 22 79 8.6
7 NU3 35° 27317 133° 1029” Clear 14:30 7.0 9.9 ND 1 27.7 22 7.9 8.1
8 NU4 35° 2748” 133° 11'33"  Clear 14:45 5.2 6.8 ND 1 215 22 7.8 9.0

3 4. 5B - I B T 2 E A (Terra/Landsat-7 [RIEHZKE RS SR (2002/9/14)
Appendix 4. Results of simultaneous water quality measurement with satdlérea’Landsat-7observation, 14 Sep. 2002.

Station No.

Latitude Longitude  Weather Time SS(mg/I) Chla(y g/) Trans.(m) Turb(NTU) W.Temp.(’C) Sal.(psu) pH DO(mg/)

SJo1-3
SJ01-2
SJ01-1
OHO1-1
NU3
NU2
NU1

35° 27'00” 132° 5736" Cloud 8:02 8 8.3 2 1 259 8 172 71
35° 26'65” 132° 5950 Clear 8:27 10.6 14.0 1.6 12 259 8 15 12
35° 2748” 133° 0304” Cloud 845 9.8 2.2 3 8 259 8 73 64
35° 27227 133° 0602" Clear 9:28 11.6 2.1 2.3 7 25.7 8 73 18
35° 27'14” 133° 0829” Cloud 10:49 19.6 118 2 9 26.6 24 87 17
35° 27'58”" 133° 1124” Clear 11:00 226 6.6 25 12 258 23 88 88
35° 3043” 133° 1220”7 Clear 11:i1 29 8.8 2.7 9 25.6 24 89 89




LAGUNA (J5/KI88f72) 10, 73~86 H (200343 H)
LAGUNA 10, p.73—86 (2003

SO FEEMEREHSARAOL —4ICL 5
AKIRER ¢ FIERRRATAE R

AR AT - ISR - TR
TEEP A w]? - IR - B e B

High-resolution airborne SAR observation of
a coastal lagoon environment: preliminary results

Toshiaki Kozu*, Nobuyuki Ikeuchi*, Keisuke | chikawa', Toyoshi Shimomai*,
Yuji Sakuno’, Daisuke Nakayama® and K atsumi Takayasu®

Abstract: High-resolution airborne SAR observations were conducted over Lakes Shinji and
Nakaumi area in 2001 and 2002 using the CRASDA's “pi-SAR” that has the capability for

a simultaneous dualfrequenéy-band and X-bandand multi-polarization observation.
Coupled with the pi-SAR survey, extensiiesitu field measurement were also made in order

to detailed analyses of pi-SAR images and back-scattering coeffidietils The preliminary
analyse revealed that the SAR images L- and X-bands have somewhat different signatures
suggesting that the X-band backscatter rapidly responds to fine structure of atmospheric
turbulence as well as “average” wind field. Flow-like dark signatures are also found, suggesting
the capabilities of SAR in detecting the surface slick and water flow patterns. Incidence angle,
frequency and polarization dependences ‘odbtained from the pi-SAR are also studied. The
results indicate the potential of the SAR for high-resolution wind field mapping as well as the
necessity of more detailed studies of wind-water surface interactions and surface wave spectra
in coastal lagoon areas where water bodies are small and surrounded by land.

Key words: airborne sensor, Synthetic Aperture Rad8AR), coastal lagoon, normalized
radar cross-section
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7 1. pi-SAR O EEFEIG (CRL, 2002 a.
Table 1. Major engineering parameters of pi-SARRL, 2002 a.

HHA X /3 K SAR L /3> K SAR
JEI % 9.55 GHz 1.27 GHz
L v U a1y fiRRE 1.5m/3m 3 m/5 m /10 m/20 m (Variable)
T U~ AT A4y R 1.5 m (4-look Processing) 3 m (4-look Processing)
MR L ULl NRCS -40dB LLF -40dB LI T
SN 10dB LIk 10dB UL L
Polarimetry 1\ FH % & HH/HV/VV/VH 5deg.LAF | HH/HV/VV/VH 5deg. LT
NG 10-75 deg. 20-60 deg.
NRCS JIEREE 0.5dB LIF 0.5dB LAF
7T ARX 105 cm (L) x 19 cm (W) 155 cm (L) x 65 cm (W)
ToTFEAT Slotted Waveguide Array Microstrip Patch Array
=2 xEES 8.3 kW 3.5kW
EENILRE 10 microsec. 10 microsec.

XN RAL VT UTF

; XY F4IT7UTF
LAY E7o7F

=

X 1. pi-SAR DOHME (21 pi-SAR & #5iR L 72t Zetk, HiE7 v 7 FEOILKREH).

Fig. 1. Picture of Gulf stream |l airplane carrying the pi-SARft) and pi-SAR antennéright) .

TV E— bRy Y ORI S N TE
7o, TOREE, O HEE D EGHE A HEE O W] FEME DS
RIE E T 5 (Ichikawa et al., 2002 Ti)11, 2003).
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lX, Matsunaga et al1999 | & % it ZERHE R % )k &
SREHEBI A By, &THEEEE v Hwiz
bOTH o7z, BN, R cidax b
HCEBHARHMEZREIEH 525, #HEL VIR T
W - EZeR O RRE 7 L YERE O BLAI AT BE 7k 72
B, VE—= My Iy ZHMAEO L THEELER
AR LIS, FERERTIE, #RE & g
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Fig. 2. Outline of pi-SAR flight coursdarrow) and imaged areas used in the present analysis.
Note that the Nakaumi SN flight was conducted only in Experimefitidv. 10, 2001.
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Table 2. Outline of pi-SAR and simultaneotis situ observations.
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Fig. 3. Location ofin situ observation points and outline of wind vectors observed.
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(a) SHI5812 (Experiment 1,

Nov. 10, 2001) Flight course 4————

(b) SHI6208W (Experiment 2, Sept. 12, 2002)

4. WUfF S N7z pi-SARMEGE. (a0 928k 1, (b)FEER 2, JLIZSGEMVEES. (BLEHEEL X NRCSOXELIZ LG, #E
FEME IR, ).

Fig. 4. Examples of pi-SAR images, Western part of Lake Shinji obtained in Experiméat dnd Experiment Zb) . (Note:
Image brightness is proportional to the logarithm of NRCS, but the absolute brightness is ajbitrary.
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Fig. 5. Example of incidence angle dependence of
NRCS.(Western part of Lake Shinji, the results from
Experiments 1 and 2 are compared
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Fig. 6. Frequency dependence of NRCS values at 45-
degree incidence: Comparison between observations and
sea spectrum model results.
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SCENE_START_TIME
SCENE_END_TIME
LATE_NEAR_LAT
LATE_NEAR_LONG
LATE_FAR_LAT
LATE_FAR_LONG
EARLY_NEAR_LAT
EARLY_NEAR_LONG
EARLY_FAR_LAT
EARLY_FAR_LONG
GROUND_RG_NEAR
GROUND_RG_CENTER
GROUND_RG_FAR
INC_ANGLE_NEAR
INC_ANGLE_CENTER
INC_ANGLE_FAR
SCENE_SIZE_AZ
SCENE_SIZE_GR
IMAGE_SIZE_AZ
IMAGE_SIZE_GR

2001/11/10/05:07:00
2001/11/10/05:07:38
+035:29:59.635
+133:10:58.221
+035:29:21.244
+133:07:04.816
+035:26:48.756
+133:11:45.184
+035:26:10.365
+133:07:51.779
1.4235430 e-04
1.7234805 e-04
2.0234180 e-04
4.9485766 €-01
5.4785561 e-01
5.8986684 €-01
6.0000000 e-03
6.0000000 e-03
4800

4800

SCENE_START_TIME
SCENE_END_TIME

LATE_NEAR_LAT

LATE_NEAR_LONG

LATE_FAR_LAT
LATE_FAR_LONG

EARLY_NEAR_LAT
EARLY_NEAR_LONG

EARLY_FAR_LAT
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GROUND_RG_NEAR
GROUND_RG_CENTER
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INC_ANGLE_NEAR
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SCENE_SIZE_GR
IMAGE_SIZE_AZ
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SCENE_SIZE_AZ
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IMAGE_SIZE_AZ
IMAGE_SIZE_GR
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GROUND_RG_NEAR
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INC_ANGLE_NEAR
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+035:26:46.525
+133:11:43.048
+035:29:58.091
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+035:26:11.909
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1.6916173 e-04
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SCENE_END_TIME
LATE_NEAR_LAT
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+035:26:37.033
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IMAGE_SIZE_AZ = 4800 IMAGE_SIZE_AZ 4800
IMAGE_SIZE_GR = 4800 IMAGE_SIZE_GR 4800
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SCENE_START_TIME = 2002/09/12/03:47:30 SCENE_START_TIME 2002/09/12/03:47:51

2002/09/12/03:48:20
+035:25:36.808
+133:00:08.236
+035:28:48.288
+132:59:25.427
+035:25:01.712
+132:56:14.573
+035:28:13.192
+132:55:31.764
1.2138929 e-04
1.5138304 e-04
1.8137679 e-04

LATE_NEAR_LAT
LATE_NEAR_LONG
LATE_FAR_LAT
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EARLY_NEAR_LAT
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GROUND_RG_NEAR
GROUND_RG_CENTER
GROUND_RG_FAR
INC_ANGLE_NEAR
INC_ANGLE_CENTER
INC_ANGLE_FAR
SCENE_SIZE_AZ
SCENE_SIZE_GR
IMAGE_SIZE_AZ
IMAGE_SIZE_GR

+035:26:37.457
+133:15:08.843
+035:29:48.733
+133:14:24.679
+035:26:01.267
+133:11:15.321
+035:29:12.543
+133:10:31.157
9.8165677 €03
1.2815943 e-04
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4800

LATE_NEAR_LAT
LATE_NEAR_LONG
LATE_FAR_LAT
LATE_FAR_LONG
EARLY_NEAR_LAT
EARLY_NEAR_LONG
EARLY_FAR_LAT
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GROUND_RG_NEAR
GROUND_RG_CENTER
GROUND_RG_FAR
INC_ANGLE_NEAR
INC_ANGLE_CENTER
INC_ANGLE_FAR
SCENE_SIZE_AZ
SCENE_SIZE_GR
IMAGE_SIZE_AZ
IMAGE_SIZE_GR

INC_ANGLE_NEAR = 4.1749490 &-01 INC_ANGLE_NEAR 4.3678780 €-01
INC_ANGLE_CENTER = 4.8457990 &-01 INC_ANGLE_CENTER 4.9978816 &-01
INC_ANGLE_FAR = 5.3768134 €-01 INC_ANGLE_FAR 5.4974685 €01
SCENE_SIZE_AZ = 6.0000000 &-03 SCENE_SIZE_AZ 6.0000000 &-03
SCENE_SIZE_GR = 6.0000000 €03 SCENE_SIZE_GR 6.0000000 &-03
IMAGE_SIZE_AZ = 4800 IMAGE_SIZE_AZ 4800
IMAGE_SIZE_GR = 4800 IMAGE_SIZE_GR 4800

20024£ 9 A 12 H  Shinjiko_Nakaumi(F1iffl) 3 & UF Shinjiko_ NS
SNA 6207 E SHI 6208 W
SCENE_START_TIME = 2002/09/12/03:49:26 SCENE_START_TIME 2002/09/12/04:08:06
SCENE_END_TIME = 2002/09/12/03:49:55 SCENE_END_TIME 2002/09/12/04:08:36

+035:24:06.933
+132:53:04.069
+035:24:41.445
+132:56:58.099
+035:27:18.555
+132:52:21.901
+035:27:53.067
+132:56:15.931
8.6626552 &-03
1.1662030 &-04
1.4661405 &-04
3.4266311 e-01
4.2526567 &-01
4.9066698 &-01
6.0000000 e-03
6.0000000 &-03
4800

4800
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(D) Z&ITB L OCEEGEE LY 7 —7— % (UEME, SEICoW I (2002 28).
20014£ 11 H 10 H
(a) P2 (b) HEZEE
i3 i} hour:min 13:00 14:00 15:00 13:00 14:00 15:00
G deg. 30 30 40 40 — —
J& P m/s 6.7 7.2 6.2 6.2 — —
AR C 19 17 18 15 12 14
= J+ hPa 1019 1019 1019 1020 — —
(c) H gL (d)  FEilmi
i=3 il hour:min 14:00 15:00 14:00 15:00
JE A deg. 45 67.5 45 45
Ji m/s 7.6 6.9 7.5 7.5
20024£ 9 A 12 H
(a) ERZEWH (b) HHEZEE
1= &) hour:min 13:00 14:00 15:00 13:00 14:00 15:00
O deg. 60 60 50 ENE N N
. m/s 5.7 6.2 6.2 3.1 4.6 5.1
A T 28 28 28 28 28 27
& T hPa 1012 1012 1012 1012.2 1012.0 1012.2
(c) HifEil-L d)  SEEG
Fig il hour:min 12:00 13:00 14:00 12:00 13:00 14:00
G deg. — 225 67.5 67.5 — —
B m/s 3.5 2.7 5.6 1.9 2.5 6.4
(2) fvfn - W7 — % (20014F 11 A 10 HIZ2W Tl (2002 %#21).
200249 A 12 H
(@) SiEM
o s1 s2 s3 s4
WEEER [hour:min) 13:00 13:20 13:36 13:56
fieomE  [degl 25 10 30 225
Bn (a2 ¥a—¥5aiE)  [degl 5 12.5 325 325
EEoam  [16 FH] NNE NNE N NNW
B A [m/s] 2.6 3 3.3 4.9
N . (inside)
V= N=|
A i [C] (outside 29 29 28
. (inside)
N=|
W %] (outside 53 46 73
& _JE  [hPd 1015.1 1015.6 1014.5
R  [deg:min:se¢ 132.55.16 | 132.55.17| 132.55.15  132.53.30
Jt # [deg:min:set 35:26:60 35:26:04 35:25:09 35:26:09
WE2S5 05 S [m] 1.9
(b) it
BOE nil n?2 n3 na
HIERR [hour:min) 12:50 13:09 13:27 13:48
fcomE  [degl -20 70 60 80
B (2 v ¥ a—%gaE) [16 5167] ENE NE N NNE
Eoim  [16 J767] NE ESE ENE E
JA # [m/s] 3.1 2.7 4.9 4.9
. o (inside) 38 42 34 34
= N=|
A i [T (outside 29 30 29 28
, (inside) 51 43 57 59
M=}
L% (outside 57 53 58 61
. F [hPd 1014.9 1014.2 1014.5 1014.2
B K [deg:min:se¢ 133:08:53 | 133:09:37| 133:10:29  133:11:33
b # [deg:min:se¢ 35:27:29 35:27:46 35:27:31 35:27:44
WHE»S50EmE [m] 1.7
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(c) TEU Ak (d) Hok (e) FREEE DR (f)  SkfE
) JRIA] JR JRIA] Ja 53] JRIA] JR JRIA] J
13:15 NNE 3.6 NNW 1.9 13:15 NNW 14 NE 2.1
13:17 NNE 5.2 NNW 2.0 13:17 N 1.0 NE 3.0
13:19 NNE 5.1 - 0 13:19 NNE 3.1 NE 3.0
13:21 NNE 5.6 NNW 15 13:21 NNE 3.8 NE 3.2
13:23 NE 5 N 25 13:23 NW 3.1 NE 2.8
13:25 NE 4.3 NNW 25 13:25 NE 2.6 ENE 34
13:27 NNE 6 N 15 13:27 N 3.9 ENE 25
13:29 NNE 5.7 N 1.9 13:29 NNE 35 NE 2.8
13:31 NE 5.6 N 1.9 13:31 NNE 3.0 NNE 0.8
13:33 NE 4.9 N 25 13:33 NW 1.3 NNE 0.2
13:35 NE 45 N 15 13:35 NW 1.1 NE 2.0
13:37 NE 45 N 1.0 13:37 NNW 1.9 NE 2.6
13:39 NNE 5.1 N 25 13:39 WNW 2.0 NE 0.9
13:41 NNE 6.4 NW 25 13:41 N 2.3 NE 0.5
13:43 NNE 5.4 N 33 13:43 N 2.9 NE 2.3
13:45 NE 5.1 NW 2.0 13:45 NW 2.7 NE 3.1
13:47 NNE 5.2 NW 1.8 13:47 N 31 ENE 2.3
13:49 NE 5.8 - 0 13:49 NNW 2.0 ENE 1.6
13:51 NE 5.4 NW 3.2 13:51 NW 3.1 NNE 2.8
(BE 3m) (B& 35m
(@ KB (h) L% (i) TFTEX
R JIA] JRL JIA] JRL 1237 JEIA) JR R
13:15 SE 45 E 34 13:15 NE 3.6
13:17 E 3.8 ENE 3.4 13:17 ENE 5.2
13:19 ENE 4.1 ENE 3.1 13:19 ENE 5.1
13:21 ENE 4.1 ENE 4.2 13:21 NE 5.6
13:23 NE 3.4 E 34 13:23 ENE 5.0
13:25 ESE 45 ENE 41 13:25 NE 43
13:27 E 41 ENE 5 13:27 ENE 6.0
13:29 E 5.2 ENE 4.6 13:29 ENE 5.7
13:31 ESE 4.8 E 45 13:31 ENE 5.6
13:33 ESE 5.5 ENE 4.8 13:33 ENE 4.9
13:35 ENE 4.6 E 5.3 13:35 ENE 45
13:37 E 4.8 ENE 55 13:37 E 45
13:39 E 5.3 E 4.9 13:39 ENE 5.1
13:41 E 5 ENE 5.2 13:41 ENE 6.4
13:43 ENE 4.2 ENE 4.8 13:43 E 5.4
13:45 NE 4.9 ENE 5.1 13:45 ENE 5.1
13:47 NE 4.3 E 5 13:47 ENE 5.2
13:49 ENE 4.6 ENE 5.2 13:49 ENE 5.8
13:51 NE 5.3 ENE 5.6 13:51 ENE 5.4
(BX 2m) (mE 2m) (BX 3m)
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Simulation experimentsfor renovation of hypolimnetic anoxic condition
in Lake Nakaumi

Morihiro Aizaki*

Abstract: The effects of renovation measures for improving the hypolimnetic anoxic condition
in Lake Nakaumi were simulated using the two existing models. The first simulation
experiment was carried out with the following premisesal200-m cut in the Moriyama and
Omisaki dikes to the bottom, Zonstruction of a tide dike in the place of Nakaura tide gate and

3) filling up of the deep holes created by dredging in the eastern side of the lake to the bottom
level. The simulation data were used in 1992. The second simulation experiment was
conducted by changing only the second of the above three premises, i.e., instead of
construction of a tide dike, the existing Nakaura tide gate was used, while the remaining two
premises were kept similar as in the first case. The simulation data were used in 1998. The third
simulation was conducted with another change in the second premise, i.e., the Nakaura tide
gate was opened for navigation. All the simulation results showed effective improvements in
the hypolimnetic condition in the western part of the lake where the anoxic condition
disappeared throughout the year. However, the anoxic condition still persisted in the eastern

part of the lake in these simulation studies.

Key words: Lake Nakaumi, hypolimnetic anoxic condition, simulation analysis, effect of cut

the dikes
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Table 1. Simulation results in the exchange of water amount in the case of
middle tide at the Sakai channel, Nakaura tide gate, Moriyama dike and

Omisaki dike by Kankyo Inisiatibu.
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Fig. 2. Simulation results of vertical distribution of salinity in Lake Nakaumi in August in 1992 by the Kankyo
Inisiatitibu. Upper; after the measure of renovation, lower; Current state.
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in 1992 by the committee of Agriculture Ministry.

O TR ARE TIX CIIERRREDSKIFICSET 5
A, BHRKTETIEHF VL L ViR E R -
7z,

TEETI T — AERE K5 IRT . BHBERD
HEBEr — A5 5 REBIRE T LA LB L,
B S RICH B3 5 KkOZEE) DS, HICHIRE
B RESER Z BBl L T ZEDL SRV L 2R L
TWh., BETr — A5 TIREFREN 1mg/l LT D
AT EAERLCRY, KD 2mg/l D EojEpE
FTYUEENTNE, ZOF —ATHESSMmIZH
REFPLTWBEZARS, kAT AN
ML TITHORLTVEDDEEZSNEDS, FITFH
BRI ZE L TWb &2 A SimnTEK L SR

FHIRFSFRA

Lo, HiEEE I ETTRAMMEE S NS T]
REMEAREN TV D,

Do, BRENHEREL, BKEDEBERT
I 2m LY I a2l —Ya vEFLVEH
VY, RABRRRRL T EOMNERE R R LY
HIZBWTH, PHKEZEL T A2 & RKMERME
ATH I, SRHBIRRSBEN S Z LA
Lol ZORRIE, KETLXOTEIZSH
7o) BAREAYR L2, [IREFZFHILTH L& T
b HEOKEIZEALD ] L) R E TS 2
IR ->TBY, BREBZIINT TOHRNEEIIE
L, WEBREEHAEICH /2o THME 21T)RETDH
%9,

FEOBMBRKEAED - DFEKE >
Salb—Y32, ZTD2

EFIVTORETERS

[T ZERT ) Tl O BREEIT 2 M5 HIY
T, TiEOERREKEFEHEZHIBLAKEY I 2
L—2a v &4To 7z (GREW - ey oam i 2e i,
2002. ZZTCHwWwWAYIalL—Ya yEFIVITH
W REMOERRETIVE LTHICEE SN
EF)TH 5 (Nakata et al. 2000 xJ i isk % AT
1Z1% 250 m~500 mD -, $RIE 112 1% 1.5 miE @
TERIZXKEY, BRy 7 ZAIZOWTEHEEZIT- T
W5, B L CIdsEICESETAY Y YR
LHEOR N N F AR EO A DOKENG 25
HBEHAAATOYDLHICH D, $723754E % 1998
L LTBY, 19980 AT, [ &th &%
b LI 24T > TV b,

ZZTIE, BIREIHoTWLEFILVERL 572
ETVEHV, B EE gl LT, &R
DFRIFEPBENL P E D DOV THEE T o 72,
32— a OBRMEOK

FFWOI, KR - ESICOWT, BRAKFOR
- i AREAREFIH LR I 2 —2a v
OFJMELBEE L7z, HREZM6I1RT. BllfE s
FHMEICHEAQ 11 OB R &, MEEFRED 0.95
PlEEEWw, RICKEY I 2 —Ya VRN T
2R

BAMELZRE, FEHIME L FHMET 1:1 OB
HoNTBLT, 7007 1)L aRilfRress RigE
TR D R, BEABREICEL CE L10M
BadH Y, MERKEDL 0768 T FETTOMETH
L., Lo TZIDYIal—3 3 »TlE, REC



EBRRFKANE O OO RKE I 2ab—Ya v

%E@”{IZWD k#ﬁl:l}\ﬂ K?EJ%I‘F"TD '?’iﬁiliﬁfl} FP}'ﬁl?kF‘i 3%7{&@:
07
2
4
6
8
10 4
12 E [ 1 2 3 Alon
(m) ~
| SUE .
KFHER hiEKP HKE 0 1 2 3 4 5 6 7 8
. | | i [mg/L]
24
4 E ’;I/-‘-’T’h\‘\ :\ 3 ¥ .
s3] po
q  FoassH
B4 mglL
10
‘,Z E 0 1 2 3 Skm
(m) ~
*?ﬁlﬁﬂb ﬂ(?ﬁﬂ-?ﬁ%lfﬁ ﬁllllii%ﬂ?i
0 "
E
2 7
4
6
g3 DO
S FH4EH
1 B ImgL
10
12 E 0 1 2 3 4o
(m) ~
WHFEH % (DO, WEH )
%@JIIWD kﬁl}lklﬂ ﬂ:ﬁ)l'liﬁﬂﬂ *iﬁi}a‘ﬂi'b ‘T’iﬁ!?kF'i ﬂki‘é
0
.
=
6
s 3 DO
1 FEm4E’A
1 B mgL
10 4
12 E 0 1 2 3 Al
(m) ~
= FRAF Sk 0 1L 2 3 4 5 6 1 8
, ﬂ‘?\?s% I ‘ & [mg/L]
2
4
6
8 DO
FEBAESA £
BT Img/L
10
2 o 1 2 3 4
(m)

fedrE 27 (DO WEA L)
B4 4. Wiz B30T 2BUR (T E) Lxd stk (LB OB FRRFIREO TSIt m o fmX. B8R4 =27 F7

LBy Ialb—3ar,

93

Fig. 4. Simulation results of vertical distribution of dissolved oxygen in Lake Nakaumi in August in 1992 by the
Kankyo Inisiatibu. Upper; after the measure of renovation, B; Current state.
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Validation of water quality data measur ed using automatic monitoring sensor
in Lake Shinji and L ake Nakaumi

Takashi Nonaka', Tsuneo Matsunaga®, Akira Hoyano', Daisuke Nakayama® and K oji Seto

3

Abstract: Data on water quality of Lake Shinji and Lake Nakaumi were obtained at one hour
intervals using an automatic water quality monitoring device provided by the Ministry of Land,
Infrastructure and Transport, Government of Japan. Out of the various parameters measured,
the data on water temperature, salinity and chlorophyll-a were validated by comparing with the
field data obtained througi situ measurements during 1999-2001. The difference between
the automatically measured sensor data and the field data was estimated by comparing these
data without considering the vertical variations. The results show that the difference between
the two datasets of water temperature is®0M4C in Lake Shinji and -0.20.2C in Lake
Nakaumi, that of salinity is 0.2 0.1 psu in Lake Shinji and 0:80.3 psu in Lake Nakaumi and

that of chlorophyll-a is 0.3-2.1 mg’'m’ in Lake Nakaumi(excluding the middle layer value

Key words: validation, automatic water quality measurement data, Lake Shinji, Lake Nakaumi
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F 1. Bzl BB BUKEBYT A b ONE & RE KR,
Table 1. Locations and depths where data on water quality were obtained using automatic monitoring sensor.

Site Position Depth
Lake Shinji N35° 26° 50" ,E132° 57 457 0.5m, 1.0m, 3.0m, 4.96m, 5.26m (at 0.2m water level)
Lake Nakaumi N35° 27’ 487, E133° 11" 38” 0.5m, 1.0m, 3.5m, 5.5m, 6.0m (movable)
Yonago Bay N35° 25° 447 E133° 18’ 107 0.5m, 1.0m, 2.1m, 3.2m, 3.7m (movable)
Matsue Ohashi N35° 27 457, E133° 03’ 21" 1.0m (at 0.3m water level)

E 22 mE I JEiE, 20004E6 H1HE D A > & —
ty PR ES AT, VT VYA LAT—F
LT, LIEMBEDOKET—7DREADIHED TS
(i, 2001).

ELXRXBET — 2 & XD

1. RDEHMERBICH T 2ERMA

G HETZEE) 1, OBl 1988
£ X0, PG TIE 19934 X ) 1EE B X kY
T =5 ORS R iH0 72 (D, HhilE, ol &g L <
ST A). Mo ML, WBREOF R,
MNTHEOE, WINOMERFE IO ELKRLT— ¥
f{HIETHho/. WEHBIL, KR, BRIZE
&, ph, AR, ®IE, CODREMOA), 71
07 4)ailRgEThb.

KAFZE THEEIZAT D W AS, T oMz b Kk TFiER
L ARIGICBWT OB ZIT>Twh, Ihs D
U A B R T

WA, B A Mo TREZLZEREDS
g F TO 5K (L ABIEFREOAD 1KE) T
H5H LT, o0 5KEXKED»SIEICHKE, I
&, kg, ThE, KELw)). R1ICEBHTA b
ORENIE & AREE RS, PilEE KR TETIE, KA
2 & o TG % i3 2 BE Rk Z 17,
ENREEKEPSDBEETEE b L) IHEL
TW5., — T, B EMTTRAE T E KT
EE S NTWE 2o (FRPOBIEKREZ, REHO
IKAZ2S 0.2 m FAVLKAGE DIKALAS 0.3 mD & & DK
MOHDEETH L), Wk EIRE T 2 KA
12X o TKIED S DEEIZEAT 5.

2. BXBET — 2Dk

2 12l & SREH R FE I RAE b IR 72
[l 2588 77— & DAk (B 52 4 v 5 A fi
R ETHEFFE) 237, il & 8l <, JE
HHIZ & o TSR ORERPEOENZLDY, R

ASTER Tmage, May 2, 2002

B 1. SRIEW - AR BT B KE O B BB R
Fig. 1. Automatic water quality measurement points in
Lake Shinji and Lake Nakaumi.
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Table 2. Specifications of the automatic water quality
measurement data.

Parameter Site Range Accuracy
Water N -5~50C
+02T
Temperature N, Y, M -10~40TC
S 0~14pH
pH +0.2pH
N, Y, M 2~12pH
S.M +1%FS
DO 0~20mg/l
NY +0.4mg/l
0~100mg/t +5%FS,
S, M 0~200mg/l
100~200mg/l £ 10%FS
Turbidity
0~100mg/l +2%FS,
N, Y 0~200mg/1
100~200mg/l *5%FS,
Electric S 0~30mS/cm +2%FS
Conductivity N Y 0~60mS/cm +39%FS (Naclat 25C)
Chrolide M 0.10~25.00g/1 +0.1g/
0~0.5 -
COD S +2%FS
0~1.0 - 0~-2.0
Chlorophyll 0~50ug/l +10%FS,
N, Y 0~200ug/t
-a 50~200pugN *+5%

S:Lake Shinji, N:Lake Nakaumi, Y:Yonago Bay, M:Matsue Ohashi.
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3 3. ACL 1151-DK D fL:#k.
Table 3. Specifications of ACL 1151-DK.

Parameter Range Accuracy
Depth 0~30m +0.06m
Water Temperature 5~40C +0.05C
Electric Conductivity 0~60mS +0.05mS
Photon 0~2000 +0.5%
Chlorophyll 0.1~200ug/1

Fa BEECER L7 — 5 L HERZ.

Table 4. Date and time of field data obtained for the
validation of the automatic water quality measurement
data.

Time
Date
L. Shinji L. Nakaumi

Jul. 15, 1999 7:59 13:53
Aug. 13,1999 9:58 16:30
Sep. 13, 1999 8:14 11:40
Oct. 7, 1999 12:02
Dec. 12, 1999 8:55

Jan. 10, 2000 12:45
Feb. 13, 2000 8:57 12:28
Mar. 14, 2000 8:43 12:25
Jun. 8, 2000 8:34 12:53
Mar. 14, 2001 8:46 10:52
Apr. 9, 2001 8:29 10:53
Jul. 15, 2001 8:27 11:46
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Fig. 2. Vertical profiles of water temperature, salinity, and
chlorophyll-a in Lake Shinji and Lake Nakaumi.
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Table 5. Difference between the automatic water
quality measurement data and field data.

Lake Shinji
W. Temp. Salinity ~ Chlorophyli-a
(©) (psu) (mg/m*)
All Layer  0.0+0.5 0.0x1.9
Top 0.0+0.6 0.2x0.1
Upper 0.0x£0.6 0.2+0.1
Middle 0.1+0.5 0.3£03 8
Lower -0.1%0.6 0.0£2.6
Bottom -01+05  -04+37
Lake Nakaumi
W. Temp. Salinity  Chlorophyll-a
(T) (psu) (mg/m*)
AllLayer -02+03 0.2+0.8 03£2.1*
Top -0.2£0.1 0.3+0.7 -1.0£3.2
Upper -0.2+0.3 0.1£0.3 0.7£22
Middle -0.2+0.5 0.8x1.1 6.0+6.0
Lower -0.1£02  -04+0.6 0.7x1.1
Bottom -02+03 0.3x0.7 0.7£0.5

*without middle layer.
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# 6. BMAL%4T - 72 H DR G5AE.

Table 6. Meteorological conditions at 12:00 on the
validation day in MatsuéSolar radiation data are from
Yonago .

Air ‘Wind Solar
Wind
Date Temperature Speed Radiation
Direction

(C) (m/s) (MJ/m’/hr)
Jul. 15, 1999 25.5 w 5.9 1.35
Aug. 13, 1999 285 WNW 2.8 326
Sep. 13, 1999 30.5 w 1.9 2.60
Oct. 7, 1999 241 w 4.8 242
Dec. 12, 1999 11.0 w 7.1 1.09
Jan. 10, 2000 99 NwW 7.7 0.74
Feb. 13, 2000 9.0 WSWwW 1.5 1.06
Mar. 14, 2000 10.8 WNW 5.8 145
Jun. 8, 2000 27.9 w 2.8 1.85
Mar. 14, 2001 179 SW 57 293
Apr. 9, 2001 20.5 ENE 3.1 1.20
Jul. 15, 2001 31.8 S 2.5 2.83
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Fig. 4. Frequency of the difference between automatic
measurement data and field data in Lake Shinji and Lake
Nakaumi.
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Field experiment on post—-mortem dissolution of calcareous foraminifera in
brackish to bay environment

Hiroyuki Takata *

Abstract: An experiment was conducted on the post-mortem dissolution of calcareous
foraminifera in situ at a fixed statidwater depth 2.4 min Lake Saroma, northern Japan on the
specimens of Ammonia beccarii forma 1, which is a typical taxon of the brackish water and bay
environment. The study revealed that the species undergone significant dissolution within one
month’s time, indicating thereby that the foraminiferal calcareous material may be rapidly

dissolved in brackish and bay setting.

Key word: Ammonia beccarii forma 1,in situ experiment, Lake Saroma
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X 1. Ammonia beccarii (Linne) forma 1 AR T-BAMM R B H.
Fig. 1. Scanning electron micrographsArmonia beccarii (Linne) forma 1.
1. Specimen observed in-site dissolution experimenta) , umbilical view; (b), close-up of umbilicus.
2. Specimen observed in-site dissolution experiment after one mori&)., umbilical view;(b), close-up of umbilicus.
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Foraminiferal assemblagesin Aso-kai Lagoon, central Japan

Hiroyuki Takata', Shun-suke Murakami’, Koji Seto’,
Saburo Sakai®, Satoshi Tanaka® and Katsumi Takayasu*

Abstract: Benthic foraminifera are investigated in Aso-kai Lagoon, central Japan, to
understand the habitat of the anoxic environment. The condition of the deep bottom is anoxic
almost throughout the year. Five taxa are commonly found in this lagoon, of Whighlinella

fragilis dominates the inner to central area and the deeper parts of the lagoon. The occurrence
of the other common taxa, such &ochammina cf. japonica, Ammonia cf. A. beccarii forma

1, Rosalina spp. andElphidium sp.A, is restricted to the adjacent part of the sand bar, called
“Amano-hashidate”.V. fragilis has a very high tolerance to almost year-round anoxic
condition. The results suggest that the seasonal changes in the dissolved oxygen levels of the
bottom waters mainly control the distribution of benthic foraminifera in this lagoon.

Key words: Aso-kai,Virgulinella fragilis, seasonal change of dissolved oxygen
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Table 1. Faunal list of benthic foraminifera in Aso-kai Lagoon.

Oct., 2001 June, 2002 Jui. 2002
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 6 17 18 19 20( 8 14 156 16 17 19 20 22 23| 19 21

Agglutinated Foraminifera
Eggerelioides advena 1 2
Textularia sp.
Tiphotrocha kellettae
Trochammina cf. japonica 37 56 2 1 6 64 92 27 1 9 1 1 1 2 21 7 2 1 2 8 S5 2 2
Trochammina inflata ? 1

Trochammina pacifica 1

Trochammina sp.A 1 4 1
Agg. Foram. gen. et sp. indet. 1

Cale. Porcelaneous Foraminifera
Cyclogure planorbis 1
Massilina? sp. 1 1 1 2 1
Miliolinella sp.
Quinqueloculina sp.A
Quinqueloculina sp.B
Quinqueloculina sp.C 3 4 1 8
Quinqueloculina sp.D 2 4
Quinquelocutina sp.E 1

Quinqueloculina sp.F 1

Quinqueloculina sp.G 1
Quinqueloculina sp.H 1
Quinqueloculina sp.| 4
Triloculing sp. 1
Cale. Porc. Foram. gen. et sp. indet. 3 t 2 1 3 5 3 2 3 4 5§ 3 1 2 3 4 1 3 1
Calc. Hyaline Foraminifera
Allanhacockia 7 sp. 1

Ammonia beccarii forma 1 1 1
Ammonia f. A. beccarii forma 1 21 28 1 2 2 3
Ammonia ct. A. beccarii forma 2 1 1
Ammonia japonica 1 1
Ammenia sp.A 1

Ammonia ? sp. indet. i 3

Bolivina striata 1

Bolivina tokiokai ? 1

Bolivina sp.A 1 1 1 1
Bolivina sp.B 2
Brizalina semiruda 1 3
Buliminella elegantissim 1 1
Cassidulina sp.
Cibicides lobatulus 1 4
Cibicides cf. lobatulus 11

Cibicides subdepressus 2 2 1 1
Cibicides sp. indet. 1

Cibicidoides sp.
Cymbalopolletta sp.A 1 1 4 6
Elphidium advenum ? 2
Elphidium crispum 1 1
Elphidium jenseni
Elphidium kushiroense 3 1
Elphidium cf. subarcticum
Elphidium subincertum 1
Elphidium sp.A 1
Elphidium sp.B 1
Elphidium sp.C 1

Elphidium sp.D 1
Elphidium sp.E 1
Gavelinopsis ? sp. 1
Glabratella sp.A 2 1 1 2 3 1 1 4 1
Glabrateila sp.B 3 1
Hanzawaia nipponica 1 1
Haynesina sp. 3 1
Hyalinea ? sp. 3
Nonionella stella 1
Nonionelia 7 sp. 1
Paracassidulina ? sp. 1
Pararotalia? sp. 1
Planoglabrateila suboercularis 1
Rosalina bradyi a

Rosalina sp.A 3 10 16 30 23 11 10 23 23 6 1 1 3 1
Rosalina sp.B 4 3
Rosalina sp.C 6

Hosalina sp. indet, 1 1 1 2 ] 1
Trifarina sp. 1
Valvulineria hamanakoensis 5 8 1 1 4 1 1 1
Virgulinelia fragilis 31 30 10 7 18 46 185 86 74 5 85 99126 52 211 41 83 269 102 176 173|271 173
Calc. Hyaline Foram. gen. etsp.indet] 1 5 4 3 3 7 3 2 S 2
Total 87 203 49 18 51 117 53 168 80 53 138204 93 77 6 6 68 99 131 57| 74 217 0 44 85 274 119 191 175|285 181
Sample weight (g} 04 7.7 55 49 93 07 8 08 1.3 29 42 51 61 48 88 18 72 43 61 48/ 04 68 1.5 7.3 42 66 42 49 43{80 22
Foraminiferal number {/g) 199 26 89 37 55178 06195 63 18 33 40 15 16 07 03 94 23 22 12(165 32 0 6 20 42 28 39 41| 36 &
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Fig. 3. Scanning electron micrographs of benthic foraminifera in Aso-kai Lagoon.
1 a—c.Trochammina cf. japonica Ishiwada
2 a—c, 3 a—cVirgulinellafragilis Grindell and Collen
4 a—c.Ammonia cf. A. beccarii forma 1
5 a—-c.Rosalina sp.A
6 a,b.Elphidium sp.A
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Fig. 4. Geographic distribution of abundanceTobchammina cf. japonica (a), Virgulinella fragilis (b), Ammonia cf.
A. beccarii forma 1(e), Rosalina spp.(f) and Elphidium sp.A (g), and vertical distribution of abundance of T. cf.
japonica (c) andV. fragilis (d) in Aso-kai Lagoon.
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Grindell, D.S. and Collen, J.01976 Virgulinella from brackish Lake Nakaumi, San-in District,
fragilisn. sp(Foraminiferidafrom Wellington Harbour, southwestern Honshu, Japan. I@entenary of
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