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Fig.2 SEEHTEIE SN L ART
Influent mud observed at outcrop
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Relationship between porosity and permeability for carbonate rocks
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Relationship between unsaturated permeability and matric potential for the Upper Chalk
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Fig8 Fkiita - BIFH O TN BT 2R L Ca™, CITEDZAL Gt - 4, 2000)
Discharge of and concentrations of Ca”* and Cl~ in a subterranean river in Akiyoshi-do Cave

TERAIK S5 AT 3 5 21, FSE L2 VA M
NI AN D, 7z, HRAREREE O ERI Rk
HIBES O 70 &M % £ 9 7L 5% <
T2, LL, »BEREDILNY) THIZHE, EAIK
EHOMTRAEOZ A 7%, BES A TTIERL, <
M) v AT7O—b—EEEFETHRES A TI2LS
bDEEZBND, FADL (2007) 1F, MAREFEHO
TR DR Sy — 2121, BRI BG L CABIZZE
HTrb0 (5471 EESHICEHTLLD (¥4

72) DI EERL, ¥ A TUIBINH SR I $EFL
TAGHTHIEPLHLDEBRLIEHT, 5147
QAL OPFAELT Y M) v 7 A7 00— 2L BEHT
HoHE L7 (Fig9o F/z, FHASL (2007) 1%, W%
WONFRIRIZIX S L CENENE Y V7 ETIVTERL, %
oM NVYy —HITEETLETVICL o Tl g A
TOMTARMNZEE 2 FHE L7z, AES (1999) B X U
FH5 (2003) 1k, GBI ERKEIZBIT 2 H
TKIEEN R, Y —HIRE LBITETVIC L 5T



116

FA LA B 452077 (2008)

12 T e
T ] 45
g
8 Bedeeeens — 9830 (472 | 1 £
E ——99-47 (A 7'1) =
= 2
2 L S B R 15 ﬁ
R i 20 £
&
e 425 ®
0 30
w11 01/2/1

Fig9 MH#BARGEHIZ B 2 1 FAKMAB OS] (FA4 5, 2007)
Two types of fluctuations of groundwater levels in the southern part of Okinawa Island

FHLTWD, 25 OFR> S b IERA K KE 12
BULHWTKEEWRES A TORNTHLI L ERL
TWwa,

b L, RERNES M & B K DR HERE W YR { -
TWAL SR, REEESIRESY 4 FI2F THEL &
WE#Ez 515 (Stringfield and LeGrand, 1966), 1 1)
ADF a—rkEiL, EEL W BTELNL TN, E
HETLEREMR L BERO B e 2 ), —
f1215~30m, A TEO MU EDE S THA LT w5
(Carey and Lloyd, 1985), = D7z, FTAEDF 3 — 7 1213,
EEE S L AENBEIFSEELTY, WOIE%EL %
WwWellbhd, itoT, MTKRRENTIGES 1 7 F 721
REZATTHA9,

D L H12, Fa—7 EHMERAKE T AR OKE
FHREDSRL 5 Bl EL CETEE R0 S HiEk
AIRENZ B BAFFREIZ DOV CHIZE L 72613 T
HbHo —H, Ta—rmKEIZELTIE, AERZEC
DWTHRIZE L OIS R ENTWD, FIZ, 4 F) A
OFa—rkElx, oy Nrepls 354X ABEHE
DEERHEKETH L b, REREEIZOWTEE
12 DED R ENTWAS, TDz, Fa—rH#iK
Je& DB 2 LU 2 R IR 5 O A BIAIIR E OWF9E & V & TR
BlL, 73— 27 HKEOWTENER & BECA KA 1B 5
LA ORES Z VIE TR 5,

V  REGEE DN EEMZERFEOBE

1 RENIFILE PL—H & LAEFREIMZERR

REEYE S ORI BT 5 b L —H ORFEHE L,
TKBIZENEHDS 2, EAXAMVHE GRLHE L) Th
BEMGET B L, RN TERAET 5223 TE % (Wellings
and Bell, 1980),

v=_(Al) /@ (2)
22T, VIZ F L= omEREEE (nsT), Al

#BEEE (ms™), O 1MEER (m'm™®) Th s,
Smith et al. (1970) (X, /1 ¥V A - N=27 ¥ =MD

BT, Fa—rmAKBORBEHIZBITS MY F L
DA " Tz RO R —1) 7L TIE, 4mE
T~9MOES TR M) F 7 ZEBEOY— 7 BHEEL
2o INHDOY =213, 1963EDREKF D I 1) F 7 LjE
EOY—27 (RAMYFILAEEINS) EEZOND,
BEEORI L TPIH28%10 ms ' O YA b VBN X -
TEEL TS EEREN, — T, ZORBMTIE,
HWTFIZRELZEALNSL MY F 7 2O EDI5%H12
MU EDRSIEL Tz, TDZ &EH 5, Smith et al.
(1970) X, WAKD ) B15%BIEF 3 — 7 WD BZHEEE L
TRHETU-LLTEELTVDL EE LT,

Foster and Crease (1974) &, a3 —ZiKEDO< b
oy 7 ARGy DB KD IER I (610 m sTHRL
T) OT, REHH AiZET 2 T RO X 13 F IR
THELTWD E#E 2 72, Foster (1975) 13, M H
WHITAKOB) X3 RECIHET DA, IRESA 5 ik
Wonsd M) F 740 FMEOBEN:, REEBET 5
K& RIBAK OB OILEIZ X - TRIBISENS L E 2 77,
DA S = A Lid0akes (1977) 12 & o THHEMIIRE
N, 4AF) 2D% L OKRLHEFE L > THFEI N
(Young etal., 1976 ; Downing etal., 1978),

L2L, ZOHOMAET, MHIZBIT 25 3 — 7
TR g DA FFIT O I BRIK ASIEH 125 W I O R R <
WA G2 AL 2IR Y, REARTIZBT A b
) F 7 A OWE N A EER I RE & 7z (Foster and
Smith-Carington, 1980) . Z DO#E 5%, FEFHIC BT 5 F 3 —
7 KB ORI ICBIT S M) T AokEE, K
BRI L > THRbN M) F o2& EHE LTI BEN
D) F 7 AR D60~T0% L A7 2> 72, Foster and
Smith-Carington (1980) %, Z OFEEE% FiI$ 572012,
)T 2R & REOR G OBRE E T VL, Z
DOFERDP AT EORK20% AR5 % WML TREL T
Wt EEZ T,

Fig.10i, 1 ¥V ABHETOREEMIZBITSL M) F
DB OIEZL 2R LT\ b, 19704EH 519774 F T
Oz, M) FULEEOY -7 OMEIZ35~40mT
HIZBE L TWb o F 7z, FERBICHIE S 7219774 D ¥ —
71%, 19704FE D ¥ — 7 2S19774E £ TITIE L 723 & D



HARR - R - AE TR SRR RER

V— 27 LIERTI0 ~ 15 % /M &V, E512, 197740
V— 27 OfMEL, HERD D FE SN BEIRE D60 %
BELPET LTV 2D X9 WEIGEOAR

TR B 2 A RAREIC R A8 L ¥ o — 117

JEIE, KIATHRBRND L)1, AKPHIOBHEMEIZL S
HFRBDFEAEI & o T+ L —H W RIS ORI
MLTLE)ZHEEZILNS,

kU T AR (TU)

0 200

400 600

EE (m)

20

[ 197049 A

FA RA | — 1 (197747 H £ TR L= 854
— 197747H
%4 B - 1977T%7H

Fig.10 A F1) AFHEHOT 3 — Z74iKEIZBIT 5 M) F 7 2 O8RE 54 (Foster and Smith-Carington, 1980)
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Flow trajectories in unsaturated percolation test in the northern part of the Negev Desert
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Properies of unsaturated percolation in the cases taken up for this report
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Model structure of IMPACT for the Chalk aquifer in U.K.
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Review on Heterogeneity of Unsaturated Percolation
in Carbonate Aquifer

YOSHIMOTO Shuhei, TSUCHIHARA Takeo, ISHIDA Satoshi and IMAIZUMI Masayuki

Summary

We reviewed on unsaturated percolation in a carbonate aquifer through preceding studies. Epikarst zone, where
weathered soil is connected with carbonate rock, plays a role of a buffer which mitigates movements of water and sol-
ute. Some earlier studies revealed the phenomena that a leached nitrate was stalled in the epikarst zone. Cumulated mud
in pores and caves of carbonate aquifer may also have the buffer effect. In unsaturated aquifers in the Chalk, fissure
flows occur when the matrix potential becomes over —5 kPa. Most of earlier literatures show that the matrix flow plays
a significant role in the unsaturated percolation. Some numerical models to simulate percolation in the Chalk aquifers
have already been proposed. In order to apply these models into the Ryukyu Limestone aquifer, it is necessary to reveal
the difference in hydrological characteristics in unsaturated percolation between the Chalk and the Ryukyu Limestone.

Keywords : Carbonate aquifer, Unsaturated percolation, Ryukyu Limestone, Chalk, Nitrate
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