mTFAEE
R/ —+

Notes

mIkAREEZHKBEE LIZIE/KEARLER TS LD
BT BT 5FBIEKED M EEH

SR L AieE AR BT

Distribution and behavior of residual saltwater in the reservoir of a coastal subsurface dam:

A field study of the Ryukyu Limestone aquifer, southern Okinawa Island

Shuhei YOSHIMOTO!, Takeo TSUCHIHARA!, Katsushi SHIRAHATA! and Satoshi ISHIDA!

Abstract: The Komesu subsurface dam was constructed
along the Pacific shoreline south of Itoman City, Oki-
nawa, Japan, to provide a reservoir for groundwater in the
Ryukyu Limestone aquifer and to prevent saltwater intru-
sion from the sea. At present, residual saltwater remains
in the reservoir and has not yet spread out during the past
10 years since the completion of the cut-off wall. Con-
tinuous monitoring of the groundwater level and electrical
conductivity measurements showed that the electrical con-
ductivity of the stored groundwater along the cut-off wall
increased drastically during the rainfall events. This find-
ing suggests that upward movement of the residual salt-
water was associated with the groundwater flow over the
cut-off wall, as previous studies have noted.

Key Words : groundwater, coastal area, carbonate aquifer,
agricultural water use, pacific islands
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MR & A0, ISR FEARMED ILKEEZ R L CTED
R OmAKERICH I AKREITFE L CRIRT 2R TH
L. ZAVETIE, ENITEERRBIB O T 4 LSRR
I, FOHIEOEIRERPRIER EDIZDICFIHINTE
7= (Bl z1E, &M, 2009; Ishidaet al., 2011). *7-, &
IETH, NFRE R4 T Ui EOREEINC ST HHL T
A A OPEFR (Jamali et al., 2014; Chezgi et al., 2015)
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AWK EZE (2001 4F5E T3 Bl 21, BF 5, 2003)
ZREEIY L LT, HRUZSEERT 7o KA & AR I
LB BEERKOBRENR SN, BHETIE, BMTFF A
OERIC L - T, FAKHBEE DL EETT R ME O mOE
M~OEHBRBRELTHE (FlzE, FEES, 2010; (R
SR, 2007). — T, FERTREINSIKUEEENCL D
Bk BRORIROZEA L, HT # A3 5 K A3
Magk DB OHERE, F I IIEEE EIC X HKFIHOZEAL
0, T H AOKERESCKE B KT T A REEN
EZbhb.

MRS B B X T IE, 2005 A58 T O EE B KR #
EIL-oT2EOM T LANRHREINTZ. Z0H2H0D 1
FTH D KEMT Z 2%, KT OW RO E
ENTHEABABIEROM T L LA THDH. HAKIZAMIE
TUHL R & A0%, IEKEBED BRI CHITKEZITE T2 & &
HIZ, TN LOWRKOBAZ SHEE L o Tn 5.
KIEHF &2 L DRTREIC I, FESE T W THKDNERAE
LTV (MBRA TR, 2006, 4515, 2006). £kt
B2 B AREIROFI A 2K 5 72 121%, kO T & L0
KEREEKLETHUTEZ ERnRKDENS. BEEOH
ETIE, MR & AT O KGR R & B RRE O
FFRZELE TR 2 5EE T O TR 2 SN
(Yoshimoto et al., 2013) 23, FEEKILOZFEFH IOV T
IZEBESN TV o T,

i Z ATEH R OREEABOWERIC OV T, il
a2 l—va rRENTORMERICEL > THTZ L
BHEOET ETITHRFT SN, BRI EFE S OH T K
DS IEKBEIZBIE U CHEKBEZ R L BiF 5 L e ST
% ()11 5, 2004; Luyan et al., 2009). Z L5 DO
i E 2 E, SRR OFREIEKIT T & A K RO 1
MICE > THhA D> LT b tEEEND. L
L, 1T & LKA OAR TR IT IR R £l U THEK
PMMEATHHREMLE D EZE X DN 2 D, BFREIRICIERR
HHOHFRHE SN TS (HERAHER, 2006).
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TIHRENTWR o7z, F 2 TARIFFE TIL, HTFH A
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2. AEMXR DOBE

AR, MREA R R O SR THICALE T 5 (Fig.
D). BUALEHOBERBE GiEkaRE) WAL A6
U, Href =hefifartt oS ies BE@n o 25 SR ERE %
TEEGIZH > T 5. BRERAIRE & EUBREOMITITH
JKEWETHDMEWEHBEET D, BHREHO Lk
REORE X Fig. 2 IZFHMEHE L LTRENTVD. B
FLBRE L eI 3E AR E 2 x 1077 ms™! i it
BAMETH D2, BFBREFIC X ERAE KO R\
JREWENEL TS (R—V > 7&K 2 FE
2.8 x 107> ms™!; MR AFER, 2006). HRERKGIK S
TBEAEEE 1073 ~ 109 ms™!, RIBEKI % T, M
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© Komesu
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T

Fig. 1 FHAHX ONLE.
Location of the study site.

10800

FHET HWBIC L o TR SN EREHEOMER %
ZAFIME LTHTREREL TS (MRESER,
2006). Hu N LRI A (NI R 2> > TR
WIE KRB BAFEET 2 Z &ML TN D,

KIEH T # L%, 1k/kEE (Fig. 2 @ Cut-off wall) (2
Ko THEARENETDH L & bIZ, BRKOBEANZL G
DOHAKBEANRILRIH T A TH D, AR AREIT 1.81
x 100 m3 ¢, [LKBEDIREIL 2,345 m, 751505 5
DENWEZATE9.4m THY, 2002 HFIZIEKEEDHKED
Bl M5ET L (hfREFER, 20006). FhHEAHES
(1971 4£; 4ERE /KB 1,442 mm) OEARNITHES —11.6 m
THDH (MMERAEERF, 2006). T & LAEFIEICITK
W R2MENFET D Z DN ML TERY, TORMRKIC
Bz HiEEEBITIE 2 EFT DK (Fig. 2 @ Springs) 2317
L, EROGMONSGE > TWD. HTF & A IEKEE
EIHETDH I LI Lo TREZ@iR 7 5 FKOFLA
SHBrEND Z LG, BARDKBEEHERT 572008 K
DIEKBERIZERT STV D (B A TH R, 2006).
1EKBEDB ML, BEREDOTF v 7 R—VU 72X -
THEAFE L x 108 ms ' IFTH D Z L BHER S
TS (REEB R, 2000).

HORSRIE, [oKBERS DBV B % D 2004 RS T+
MR LA RO IEKBER W THER SN TND (MR
AHEBR, 2006; Fig. 2). EXUZEEA 500 mS m—! LL
LR DREL, WG SR (2000) 12 LA, Fig.
2 OEFMOFEEE KM TIFESERN —40m, AT
BEFES 30~ -20m Tho7l-. ZNDDOEEHEK
B, BAKOBIICE s TBRESND EHESN TN
23, KALDMETR L72BED 1L KBESLFAE 7> & DMK DIZA
2T, BRIER 7 RBRE SN TWE (R EEE
J&, 2006).
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The locations of observation points in the study area. The information on the distribution of residual saltwater in 2004
is from the Okinawa General Bureau (2004). The contour shows the elevation of upper surface of Shimajiri Group.
Here, the x- and y-axes are the coordinate axes in the Japanese Geodetic Datum (JGD) 2000/Japan Plane Rectangular

CS XV coordinate reference system (CRS).
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3. ARAE

BRI L CO D KB i 2 TR 5 72012,
20124 12 A 12 ~ 14 H, 20134 12 A 17~ 19 B,
2014 412 A 2 ~4 H® 3 [a], FHERHIIHEI Z 72813
A=V 75 (LUF, Bl TESIAEEF (In-Situ
#48 Aqua TROLL 200) % iU\ CHATE J 1 0 H A At
O3AiE —FICBI L. 72, PR CEBILICER T B i
AR AERE L, BFLIRE BN TT, A— R
M—T L R o TS, KRIOFAEICE T HERE
DN E SR & T KA OB EE, 2012 41T
i 33, 40, 2013 4413 31, 50, 2014 4% 26, 48
Th ol BIHLORWRCHR AT EoflK» s, 3 EO
FRAED S B 1 EIEIE 2 B LB LT s
H5.

Fio, WAROFEBZR L7201, 2 Him OB
fL (Fig. 2 @ ul2g & u39g) [ HECAKNALEN (i I HLE 4
# S&DL mini), HFKNL - BERAZEEEF (i g
# S&DL mini EC A —# —) B X UH BRI E G
(Onset #:% HOBO U24) # Fig. 3 OIEEIZFHE L, 2013
F12 H 17 B5 2014 4 12 A 2 HE TOR], HTK
fr & BERAREE OB L% 1 R (72721 u39g »HE R
AKALFEHE 10 el ) (el L7z

4. R
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— B A S L7 2012 4R 12 A & 2013 4R 12 A,
2014 4F 12 A oMl FARALD 530 % Fig. 4 1R T. Wih
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Fig. 3 HFKNMEHS L OV ARLESIRE LT OB MR
Outline of the installation of pressure meters and electrical
conductivity (EC) meters in observation boreholes ul2g
and u39g, along the cut-off wall.
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F12 AICiE 2 m K OHR bIFET 5.

— B R B AL CE R O E Sy A1 & HE
L7=fRof & LT, BELEHE3E LB ul2g &
u39g TO/NAi % Fig. 5 TR, EREAWBTEET S
R OBRFLTIE, &2, HIOEETERREENA
I EH L, AP OHEA~NEERTS. 20 LF0R%
SICHBEENDD OO, ul2g TOREDENA
(Fig. 5@ (a-1), (b-1), (c-1)) <°u39g TP 2012 £ D
#iE AR (Fig. 5 @ (a-2)) O & 5 2l i S A f) <
b5, 12771, 2013 £ L2014 40 u39g (Fig. 5 @
(b-2), (c-2)) ®XEHIT, HBAIEET200mS m™! &
TEBERBEEN EF L, T THORRICERBEEN
EHRUTHEKICERT D L) RESfibALND. —
W, BRREKATETE LW HLE O BIRFL TIE, EE
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The groundwater table in the reservoir area in (a) December
2012, (b) December 2013, and (c) December 2014. The x- and
y-axes are the coordinate axes in the JGD2000/Japan Plane Rect-
angular CS XV CRS.
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Vertical distributions of electrical conductivity in observation
boreholes ul2g (top row) and u39g (bottom row) in, from left
to right, December 2012, 2013, and 2014.
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Planar distributions of electrical conductivity by depth: (a-1) at E.L. = —10 m in December 2012; (a-2) at ELL. =
—30 m in December 2012; (b-1) at E.L. = —10 m in December 2013; (b-2) at E.L. = —30 m in December 2013;
(c-1) at E.IL. = —10 m in December 2014; and (c-2) at E.L. = —30 m in December 2014. The x- and y-axes are
the coordinate axes in the JGD2000/Japan Plane Rectangular CS XV CRS.
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Cross-sectional distributions of electrical conductivity along the cut-off wall (A—A’; see Fig. 1)
in (a) December 2012, (b) December 2013, and (c) December 2014. The depths at which EC =
500 mS m~! was observed in 2004 are also shown.
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Cumulative rainfall at Naha, Okinawa, during the 30 days be-
fore the start of each survey.
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[l 72 2V E DB AR ZICERCLEENMET T2 2 &0
HD. Fiz, ud9g Tk, KA N2 b ERRR L —HN
WWERIDEEMET T8RN A0605.

5. FF

1E/KEEDKGEHE) Y 725 10 kL 72 Bl 0 7R B 1K
BOSARIUIZ DN T, rf#‘&)@J DB D 2004 R &
g5 &, 500 mS m! OBERIE S m REENE 25
WCBE) L, 1L/KEESHAERD & DIRFEIT K DK OIL



131 % (2015)

42 THE OB
~ 0
& 50 [
©
£ 100 [
3
=150 [
3
£ 200
250 | (a) Naha
r
1000 - @
<100 3
& 3
E 10 g
S
2 — ECat-282mas.l. 3
1T+ ---- ECat—-41.1mas.l. 12 3
—— Groundwater level (b) u12g 5
0.1 ‘ 0
10
@
| lg &
" gy TN £
= L la ®
(-%100 6 1>>
E 1t M . 5§
2 — ECat-31.6 ma.s.l. ) 'g
tr — Groundwater level (¢) u39g | LQD
0.1 . 0

2013/12/1 2014/2/1 2014/4/1 2014/6/1 2014/8/1 2014/10/1 2014/12/1

Fig. 9 B&/KiE7e b N B REEHCBIH S 7ol TR & R
BEEOZEL: (a) [EYTIRBBLRIETICRIT S BEKE,

(b) ul2g TOH TN & BALEE, () uddg TOHIFA
fr & BRUREE.
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trical conductivity from 1 December 2013 to 1 December 2014:
(a) Daily rainfall at Naha, and groundwater level and electric
conductivity at (b) ul2g and (c) u39g.

KRiFHOLNBRNENZ D,

KEMT Z LR TIE, THETOMEICL- T,
TR 2 @8 3 2 O F KRB NFAE L, BEREEED
AR E DI B2 RIE L TWD Z EAVRSNT
W5 (53R 5, 2002; Yoshimoto et al.,, 2011). —F &L
LA A YRR A+ CHE R KL 3 BRI i v o 72 2 &
(Fig. 4) <0, IRFICITL > ul2g CHOKIEHC X 0 Sili e T
KALDIRER A BT Z & (Fig. 9) » 6, o
FHE TG BN S < R FAKTREI A4 LT
LEBZBND. £, BKRRICIEKERNCTERBY
BN ERT 2845 (Fig. 9) X, #1115 (2004) <° Luyun
etal. (2009) 2/RT XL 9IZ, EEH B OHUF KA IEKEE
WCEIFE L CHEABEZML LT eBxons. Eis
MO IEKBERNMTH D ul2g ITB W T LY E LWERE
HEOEEN AN Z & (Fig. 9) 1%, ZRMOMRE
THEE SN DG ENZ < TEL 2 F KRB DO 1FTE &
BENTHD. Fio, ERATITERBGE B HEXIC
&y (Figs. 6, 7). iU, ZEMTE BRI S 4E
RN HERTH T KO ENRRE N EBBEK LTS
AREMEN B D, u39g TIRREKZICERCEENME T
HZENHD. HUF KM IEKEE FIIZ 72 22 VR 2
DBBNHHLND T &0 D, BRLENITHE S KO
L EFRRAEET, HIROLNEZ > TV D AREEN H

5. F7z, u39g TIE, BEAKA N b EIXMBMRIC—RFY
ICBRBEENMETT2BENRHLNDLD, ZOLEHD
ERIIAHATHSL. ZnbizoVnWTiE, 5% L0 EE%E
WL & s st & b s.

2013 4E 12 H & 2014 4 12 A o—F B ICI1E, A5
I HFAAZAME T L (Fig. 4), 500 mS m~! £ ek
EEDLARVDES —10m 12 EDOBEETE 200mS m™!
BEOCERKGEENA LIS (Figs. 5,6,7). A0
BRI AR A 2 3 kA H v (Fig. 2), &
T TORUKPH TR RCERARE B RT3 &
ExbD. Flo, AERAITE, RENFEET D LEMA
C AT LR D O F A DOBFEIC R 23 N0, HE T
KRALDEIELESBEE DR T A ENL TV D ATEEEN &
4. 20X D I AKEBER VO 200 mS mT! R E O ELUS
HEX, R TBUKCEKEEOZEBII LS L0 m0ER
R 2 FFORRE KO SHIC Lo Th b Ehiz & A
bR, SARHENREN TREL/NI NI LDk
B AKIOWNITIIF ETE LBz o5,

6. BHYIZ

WEARIZR AR LRI T 2 AT D KEH T & L OIrg ik
ZFR R T DB D 434 & BN DWW, Bl To—F
B & BROEHC X BN K-> TR L7, T4
LANEHA SN T BRI T TORBEARIOS5AHIZD
WY, IEKEERROEI D B D2 O HEFERICHTZ D
BALE TOMTOHEAKGH OIRITHA BRI oT. F
72, BEAKERIZIEAKBE W CERUREE N EH 3 5 B8N
rxbnizZ &b, BEEo3Ck (F1)115, 2004; Luyan
etal., 2009) TH#§ S T2 BT OFE KO L
LTI ST D Z RS,

LI, HUR & AITHEHR 9 D R A D3O il g% O B
DOHEBIC X ZAKRFEOEME L Hig, [BELBHIZLE D B
W PR B RE SN D Z LD, KAK TR O 7R K
BoZEEN A 5O M T & LKERO THIE T VAT
L ENROOLND. AFETIE, BURFFOIEREE KD
L TR RBENEZDN, =TI, HkFHO
R TR bEE 272 £ T, IR T K
DAL & PR K DB D BIR &2 B 5 M9 B BN
b5, Fiz, BEKAKAEN DR D REE RwKETOR
FAFRE DRML B R L, BRI 5REKDIRA
DEITEHSDIZLTET ITHAIATZ LT, &V
WO R FRINAREIC 2D b O EBbhd. glakix, i
N LRI 31T 2 FR R IRK B o> 26 @h A B L 7z V.

it

ARWFFED — 8L, BHRKEARFLT B Y =7 M
[ RE 73 BF (2 36 1 2 BRI BR AL 6 3R 0D 72 9 i Fn K
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