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Structural chart of neutron moisture meter
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Structural chart of automatic winch of neutron moisture meter
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Result of calibration experiment of neutron moisture meter

and Eeles, 1967),

Em = +dS-'r(1/N + 1/Ns) 12 (2-3)
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Geological section around observation well

46 5 (2007)

Table 2-1 AR BRIIE #5 5

Result of test measurement

HE S5k OF#b @HEES LT
HERE [ s) 10 50 10 20 30 40
HEF1% 30 30 30 30 30 30

SEEAT e M| 258.50 [1296.50 | 260.10 | 516.30 | 776.53 (1036.20

TR 72 549 14383 4.88 7.19 9.05 9.32

TR | 0.0213 | 0.0114 ] 0.0188 1 0.0139 ] 0.0117 | 0.0090

TETT QOHEES LT @AZ =Ry I A
HERF I (s) 50 60 10 30 60
HE R 30 30 30 30 30

S M| 1294.63 |11555.21 [1453.50 (4349.97 18690.70

BRI 7 11.68 | 1230| 12.01] 19.95| 29.61

FRHERE(R 2 | 0.0090 [ 0.0079 1 0.0083 | 0.0046 | 0.0034

508, @QTHEF0R, @TIOH, 308, 0 &L,
FNFN 30 WMOHPEZITV, PEMDIESDE 2N
7z

Table 2-1 IZHIEFREREZRT . @ TIIEE Sm 2HL &
LTI (EF&5SH) ~608 (LT&308) DK
M DMNEE 2 TN ENORIE RIS 7z, ZNEND
BIEIZ BV DA AR 2B > SIS %
WONTEFTBERICH DA, OEQDIHAHEHER
(FRiEfR A SEE D > M) %t d 2 SHIERRH 10
BIZBNTIZONK 12% /hE <, HIEFR 50 #Ti2®
W 21% /NS <125 THBD, QDOHIENOD FHEKD
BRAEINVNE W,
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o QHEPEX LI |
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Fig.2-9 JERBRICH T 2 > bR EADSEELE(R 2= DB R
Relation between average counts and relative standard deviation in

measurement test
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Daily precipitation during measurement term
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Result of measurement with hand and measurement with automatic winch
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Relation between 23¥U and 2**Th concentration and elastic wave velocity
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Do WK 4km (13— IS BN N, WRICiE
MWRSEB DL > TV, FIRIINERENCE, ERINC
WATS % R E 2> TWWD, FEHIZERIICED
ITWEREHTH O, TEFBIIES 100 ~ 120m OB T
5 TBEN S FERNCNT Tid R Z s hisikflimz7a L,
HANZ IS 10m FEORE D B R & 72 o THFRE B
IZHEENT N5,

Fig.3-2-1 AWK EL O M EFHK 2 RT, T
Hit & AR O B RIS R YR E L, R
WTIREREEN4EICK S INTWS UhMES, 1991),
R K AN T AZEIRBR 2 1T 5 2 fidd & O RS TEES (B2
R 100m) IZHLE L TH O, & EAL B O 0 i
Bichiz2s,

BRI B A HEEFIE LS, EEOO—LA
8@ (EBIE#2m), EAEIEC OWEL S RbEREE (B
B 10m), IV EnSRAABERER>THED, BR
HENARERKE ABENERER> TS (Fig
3-2-3), Table 3-2-1 IZFRBRHIIT 350 T/ AU it % Ji 1] IR
WA o 2 PERB R E R T BEHE A E ik R
L, BEEEG/ALI I fSHZ0 3 HEEL, +
ki T SRIESHNE 1 HiEH 720 1 SollEE Lz,
KL HT TlE, FRARKIERDS ¢ S0mm FEEE T, B4 52
~83% (FE72%) 25D, Mt I broEER
5% AR, MR 20 ~ 63 TH oz, TR TDH
FEVSEHE T 2.66g/cm®, H/KIEIT 8.7% TdH o /2.
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iR

ainRE
WLk

[RITE
BEYILL

SN AN
Fig.3-2-1 3 A Hh J& 370 2 S 1

Geological map of study area

- BHER—ULY

0 500m
| EE——

- 80

Fig.3-2-2  F7ith E 0 B SRR S R X

Basement contour map

Table 3-2-1  7» AZE s I O - B R B R

Result of soil test at recharge pond

o e

PR RSN ZEY ERTEE IR IS[EN VS
= EXo

TRIEE| B | B | OF R
m | g/em’|g/em’| glem’ % | % | BE| > |ovb

3.00 1.67 | 1.49 | 2.66 ]0.78 [43.9(12.2|51.8 |44.1[ 4.1 [19.6

3300 1.83 [ 1.72 | 2.68 ]0.56135.7 (6.6 |80.4(17.8 | 1.8 163.0

3500213 [ 1.98 | 2.65 ]0.34]25.1 (7.3 |83.0]15.0 (2.0 |34.0

S 1.88 | 1.73 | 2.66 10.56|34.9]8.7 |71.7]25.6| 2.6 |38.9
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b) KIEH#E

Fig.3-2-2 IZHAEM D OMFER ) S1ER LTz, B
THHHWPEO LSRN ZRT, R EpgEo
THERICALE LT B0, /KEHERIC & B 0 B &
5o THBO, M F/AKAIE EL9Im (GL.-10m) FEETH 5,
BN DR - > JERICE D &, B ELIC BN
THMIWEITHEF L TS (Fig.3-2-4),

AL s IRE S 2R —) > T Tliro 7z
BIGBE ARG © SR 72 BY F it g O A B /K (R U
43m T 3.1x10°m/s, EE 6.1m T 2.7x10°m/s, EE 7.0m
T 9.4x10°m/s TH > 7=,

b REAE

WTRAKNTDAERBRIZFE L 7 ¢ —J)L KT 2000 40
B 1 mEEREIC b L —g —#H B E, 2001 FOH 2 [\
BRHKREE T R BENE 217> /. NI AE
13, MABBHRNICRES N ZR—ILY v TI2EoT
KR Z5 1 [AEAER TiE 0.5m 12, 58 2 M55k TiX 0.3m
RN D LD I ABESEEEZ T =

a) FHERMEEX

HRAKA T/ AEBRIIEEME L TRHHINTY
LM E/D BT THRE I N, Fig3-2-312h—1 >
77 —% % AR U 72 N L Ausin Bt o it 2% W i 154
%, Fig.3-2-4 [ZWEMRZRT, M AEMIZNE 2.0m,
S 3.0m GF 1 EEBENT 23m) OB THD, +
HOEEZIEE S 2.7mm QRS 1 F—TF L — b &2{f
AL T ZMEKRL TWD, £z, EH P 20em 13k
£ 20mm OEWMF|TERL T\ 5,

Table 3-2-2 {24 [mlfif fl U 7z #i R /K BIEIFL D 36T % 7%
. AKOMEICIEBe MALZEFHL, T R EENE -
b L —t— R ERE AR B6 LTI > 72, £
FI AR S OREEEL B6 LT 65cm, B6 LT
48em TH O, BHHFALFELOEEIZHR Im TH D, R4
FREEELEZ—LE (VPE) PHLWLNTHD,
Table 3-2-2 IZ;RL7=A 7 Y — > KEDSMIEILTH 5.
MWLM EZ 7Y — CXKEOEEFIE T 1 X > —)L Tk
IN, INXD EEOFLEE & LRFLE ORIBRICIZEIL &)V
MAEEIN TN DS,

M AEEKIZIEE DR KD K Z @A L=, Z DRk
ZERIIOKEZSKL TIHFEL TWa, Brkiins, B
BICRRE I N2 /KEE TIIHUKETHEL, KNS
AT E TIEMAKEZR L THhAK LU 72,

Table 3-2-2  #i F/KEIHIFLEETT

Specifics of observation wells

LES | M s | EEIEE |0 B RV —r
(EL.m) (m) (mm) | X[# (GL.m)

Bo 102.03 12.0 75 10.0 ~ 13.0
B6 1T 102.03 13.0 50 10.0 ~ 12.0

’
A man
0Om —
X 3
4.0 X10"°m/s A %
2m - .
4m
6m -
8m -
10m —
12m -
Fig.3-2-3 7 Aashitaai i <
Section of experimental field
O HiUFARBLAIL
(Bl £ EERS)
N st
B-5 329
O 29m

90,22

A

Fig.3-2-4 7 AUk Vi X

Arrangement map around recharge pond

b) AINAESER
F1EDOANTMAERBRIZO A 26 HN S 5 HREfTH
N7z, 1 HOM AR RII N YA 8 KEf], 2 HH
M6 R, 3 HEUMAEA 10 RITH D, ZnENHEE
L CTfTd/z. Table 3-2-3 12/ AEidBa i h O Hn
BEOLLERT. HPOhAERIEIDAZEYHD 26.6mY/
day THo7=M, HEZDICE > THRAIZIKETFL, 5H
HIZiX 14.8m¥day £ T F L7z, B AZEEIX 109m?
ThHholz. MAFTERAS HEID S M AR THET
D HBEARE, ARG 2 HAiAY 10mn/day, #if
H 7% 10mm/day, 7» A% 2 H B2 20mm/day TZ 41
DA DOHIZ O TH -7z, BRI O FKA0E G.L.
-10.6 ~ -11.0m TH > 7=,
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Table 3-2-3 i F/K N LA BRICHBIT 2 AhAERE

Daily recharge amount

EAR HAKE m| AR h | AA R R m?
2000/9/26 0.5 8 26.6
2000/9/27 0.5 6 215
2000/9/28 0.5 10 26.3
2000/9/29 0.5 10 19.6
2000/9/30 0.5 10 14.8
INEE 108.8
2001/10/19 0.3 10 11.7
2001/10/20 0 10 8.4
2001/10/21 0.3 10 55
2001/10/22 0 10 40
2001/10/23 03 10 42
JNEH 33.8

n
il
0y
=8
mn

1,

H

H2EOANTAAZERBRILZ 10 A 19 B2 S 5 HETD
7o 1 HOMAEKRIZ 10 TH D, 2hETNF
9 HE~/F1% 7 Bk Tl L C 10 BEffrb iz, B
ERIIMAEYIAN 11.7Tm¥day TH-> 7255, 5 HEIC
42m’/day £ TIKF Uiz, $ad AR &I 34m’ ThH - 7z,
AEERER 5 Bl S M ABRB THE TOHBKE
N A ERBALG 2 HAGY 18mm/day T, ZFN LIS D

120 THotz, BRI oM F/AKAIE G.L. -11.0 ~

-11.5m TH > /=,

<
k
mn
A
8
%
i
1]
H
51

c) bL—Y—HE

b L= — 13K JE N T B I D D TR W EOE R
HHO—F I WTZHWE (G- /IFi, 1999),

v—ﬁ~@ﬁﬁiumvm%@10ybwtbto
NWERIRERIC N —Y — 2B %0 LB I E R
L, —E&80K (.6m?) ZiaKLI=EaKEEESH,
L —— KN RICEETDHDERES -, FDEIAK
B L/, PL—H—DREZHET S0, MhAik
FEE D B6 FLICHB W THI R /KTASE BEZadth T /KT
30cm f2 ) Dk EN—F—T 100ml FFELL 7z, /K
falZ, #HI3BRBEGATE R S BEda 1 ReRHIFEIBE, 2 H
13 4 KeRdREbE, 3 F HEARISEKEIE Z R 2 128 C .
MO e s T (B BT 8 RF-5300PC) TfT >

Tzo J3HT FERMEIZHT 1ppb TH %,

d) HESKEDORE
B TIZY VA F 2 —T L L THhAERKER

(FHEE 0.65m) DM F/RBHIAL (B6 ML) ZFML, %
2ETHRNHHES LTS ZMM L7z, AEIER

%
G.
5
7

GL.-1lm £FTHA L72%, HEEE LITRICEST
L. -3m £THI&E LIF7an s digmicit-> 7z, #lEHIX
2 EIpAERBIIH & U, BB 1 KERRTO/N Y 7
Z7 > FHIE S EORIEMPBEIL 1R & U,

e) WTKEFMMEDS BV RERE

R BEDOHEIEI B fLITBWTITo /=, BAKIZE

2 [E7» AR AT H D 7n ASEBR RN 5 814 1 R T

fr

W, AR 2 HEUE 1 H 2[BE Uiz, HIEIR

%46 5 (2007)

352 BT MV AliHEERA Lz, BKICH
7o o TIEIBIH TANEKH DX —F — % W THE R K
FHE (B R /KT~ 30cm F2 ) DM R/KZ KL 7z,
c EEER

a) hL—H—HEBRIER

Fig.3-2-5 I A oo—4 3 > WTBED#

KA B RO ABEBZRT, HNKAIE AR
2.5 WFf#ICH 0.15m ER U 2% ER &2k, »AZER
6 8.5 RFEE I3 AEBBHIARF K UK 0.3m EF/ L7z,

hL—H—REENAERIE BRA) #35KFMET

ZEIE 0 FRRELL ) Tdd o 7273, 3.5 R T 2.7ppb,
4.5 [;[# T 11.0ppb DEZ IR L /2. TOHABMIZ EHL,
9.5 BT B M WMl 179ppb 2R L7z, FOBIEEIT &
BOUTIE TR U728, #% A% 13.5 K5 (70ppb) THESRM A
ETITHR Cze M AZERBR 2 H B DARIE U 72723 S 5%
FEHYIZIE 10ppb A E TR T L7z, T O AZEDF
I NS IR R EFH L 7=

A—4S2WT EPprpe —
I | = BAEE M AERIR |
200
180 | _# f_ ‘ ‘
160 | A ARG A (GLm)
140 160 ,}"f{L Va S Ty
120 At -1075| |
:ﬁg \ 80 0 iA[ L\ -1085
40 11095 |
80 L 0 N -11.05
60 — R 0 5 10 M |
V\ | #EomTkfEn—F3RE
40 =
20 .—‘\ »
0 T A
0 20 40 60 80 100 120 140 160
2B (h)
Fig.3-2-5 nAZERBRP O~ L —3 —REZEL

Fluctuation of tracer concentration during artificial recharge test

b) EESKENEZR

Fig.3-2-6 |255 2 [0 A 28 il B B AR A 1T 3310 5 A R fn
WORBEEKELZRT, KEEGKERIIFEE lom BAL T
Jow hL, ENETNHZEED LT Sem 57 DI
2o me NI AERT O DEEES KRIZLU T O &
BOTHD, HEIMITBITDHHEEKRITH 20% TH
Do WE3~6m CTIISHEEDOHEBMEREDRLEZNS
GREMNIEIITHEIN T L, % 6m Tl 12% & 725,
wﬁﬁw%mfm2~3 DO ZEREVDBRLENS S
FEMITNWTH B, WEI I SOERBIPEL TNDBIE
gwmﬁgm,%ﬁK%ML,%EMmf%m%@
MR ZI S, HEE 9.8m /5 10.3m 2/, TIEAMIC
P> UK 14 % O/l 2 BL S . %huwTMFﬁé%
FTIONTAMIEMUM I /KE GEE 11.3m) 12
%@@ﬂifﬁ%ﬁ%ﬂibfu@m@fE%mﬁm
FEfRZ R < 2 &I TER VD, "R ETHWE DR
BNE UITIUE, G ORFE G 7k R 2 fRIREE D (R
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FEKRTRT I EICL > TRNEZRDDZENTE
%, FIFIFE Srid, L ORMBRAE VV ITHd 2T
DKDOEE VW Ot (£ HESER) L TRAXDO L
SNTERbIN B,
Sr=VW / VV (3-2-1)
(3-2-1) XTVVDRWEEREFhT—E &KEL, VVITHE
RAKHE LR THIE X N7z B FTRAE D IRFE S /K2R 32.7%,
VW (ZEHHH S D IRFEE KR 2 RUA L TR 7= g o fi
FEE St &, IR G KRB D i 2B 3-2-6 IT/R 9. FHE 9.5
~103m IZEAET % )V MERBE I DWW TIE VV 23
BEERE<ERDZEZEZSNDZDOTRRL TR,
& DH AR (FFEE 11.3m) B ETEKAERE &I
L TW SR 104 ~ 11.3m NEREH, Znlli%
MEEFTHDEEALND,

Fig.3-2-7 125 2 [/ Age il B H 12 B % JIE 5 R
#1179, Fig.3-2-7a) 13/ AZEFHIARE & 0 AR TR DR
FEEKED i /RT . MOMENIERE, BT AEEK
R ThD, Fig.3-2-7b)1% 1 FEf#dH 7= D OIRFES KR AL
BERY, XOMENIRE, I AEHGE ORE
K Tdh %, RFIEEKRIZHEE 10cm fEOFEHEE D,
1 R OBLAME & DAEZELD, 0.4%% A THEL &R

a) AR RER AT

Dikraens — oroLm

HERSGEKERR

-,

BRE (m)

I e

45 { §> — AR
7.5 ) }

i
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RIS KE, SAF1E(%)

Fig.3-2-6 7 ASRHBHT ORFE KR - faflEZ A

Distribution of volumetric water content and degree of saturation before

recharge test

EFRUTZ. HPRWETERRINTNDESD, 1K
M7= 0 OREEKEOHEMEN L NVEE, FVEHSN
1 BFf B 72 0 DIRFES K RO ADENL WEETDH D,
¥ 7z Fig.3-2-7¢) 1713 A s iR O H Rk 28 b 2R T,
] DA, BRI AR B IATE DRERHI T dH 5.

b) 1B 72 0 DEFEE KR L&

s

2

e

— Bk

Ean

0 €2> 104
AR \ 114

5 101520253035 0

RREE AR R(%) ©) MU K(LZE(E

RS K
B3
(o)

AR > DB h)

HFZKAE(GL.m)

-11.05
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-11.25

o

—
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Fig.3-2-7 A& KELE(LBARRIFZ(L

Fluctuation of volumetric water content during recharge test
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c) SEVEREMNEER

F2RALONAEABTONAEKD T R BEILIF
10 (0.00~0.18Bg/l) THolz. T ANLHhAERR
ERIOH FAKFD T R RET 105Bg1 &, MAFEKD
JEE SIS MRS Tz,

Fig.3-2-8 TN AERBEMN S 3 HEH X TOM RAKF D
Z R REORHE & NERGREDNAEKDT R
REZLOHEEEZRT., B NEGHEEDONAZKDS
R BEZLOHEFEMIC DOV TIB TN, »AER
B oI ROBERDAERIE~ 6 FE#% E TIZ 9.5 ~
11.5Bq/l D HiPH THERS U 7= 7% 7 KERT£1Z 7.0Bg/l IZIK
U7z. MAZEER 2 HH ORI R AKF DT K>
BEZET LR LD, 2 HHO» AEK TRICIEE T
B LTz, TORIZHRAIIETL, 3 AEHO) AR
B TERTIE 2.5Bg/l ITEL /-,

Fig3-2-9 IZHE 2 RA TOAERBROH DT R 2 EE
A &R AR DR fRE R T,

MR AKALKE, A EBH IR~ SRR £ TIX GLL.
SU3m A OMETH - 7208, 6 Hifigic R 2B L,
SEFMIZICIZIGL. -1L.ImIZEL, TORIZESCMNIT L
U7,

d £ =
a) FL—H—DEFHIZTDNT

SR E(Bg)
16
14 AR ‘ ‘
. SEE] | _o i Rokmoks R I
}X |- BTREBEONARKOTK REFILGEEM
10 1*¢ X [REUZRH]
8
S

6 kj\./ \\
4 F \ I
5 P '\.__—____...
i
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DNAZETRERBA A NS DB R
Fig3-2-8 M F/KPDT RAREENAEKD T R IREZEL

Fluctuation of radon concentration in groundwater test
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Fig.3-2-9 7 AR H O FKH DS R 2 REZEL

Fluctuation of radon concentration in groundwater and groundwater table

%46 5 (2007)

Fig.3-2-5 IR EB0D, M —Y—"HEgicmtizhn
TEDENAERIG3S RMEBTH D, E—VIRBEITEL
o DI M ARG 9.5 I CTH D, UKL THETR
IKALIE A AEERR GG 2.5 eI B R 2B L T, b
L —H—M35HRgIcH T ARkdThomEINTHDD
T, ZORETHABKDSH TRKEETIEL TVWS &
WA %, —HThL—HY—REOE—7IIRIICHTE
NTHhs 6IFHENTERHIE Nz ZNLD, L —H—
KA 2 < MR /AKICAHINE N7z D h ARG 9.5 B
M#%THO, TNLAET (D AZEREG 2.5 ~ 9.5 KR 1T
HORKEICEEL 2 N L —P—/KIiE, BRSNS
KO EWEE TH FKIICRET 2R BERNTEZ &
WA 5%,

AR (1996) 13, BARMEDORRS 2 [@HED 1 T LT,
B 2B CE D XD ITIH IR 2BV, kS
HTORBRBET o7z, TRICHK 25D A
RERTIE, BREMEORE, Bi/KARE2Y 11IT/2D, fafiE
BERFEEL . AL AEMBETIE, HAERIE 2m D
Ew Fh TORMTONTNDDT, BERMHZIEI/KARE 1
DOPMEHTHomEEZEZBND, BIFNIREEDKRE S K
# 32.7% & KBRIKNHE T HMEBROE G ERisL, g
B KRR 2 EE 2.3m ~ 7.0m £ T#% 0.1m/h, B 7.0m
~ 11.0m GABRBRGARFOHI T /KAL) % 0.34m/h &9 % &
BB ICHE T BFL 22h 127525, /6o T, MAERIRE
35~9S5IFHTRELZ N —H =13, BREEEHEX
Ni2NDs, BB KEEN SHEE SN D HEEL D KEWN
MEEZFFDHEMIRICE S THTNRBLEZDDEEZ SN
%, bl —H—DMHAH FARMO LRI D 1 REREEN
TWBHHEBIIROLDIZEZLOND, FL—P—2F A
FFEBHRNBE RO LIMICEL 2 EE, BEENS OHE
IKABRE O MR AKRALAY BT 20, 20 & ERAICHT
KEIZAMENZKIFZBEFOHICE Ty FTEN TV
KTHoTze ZOKRDPEKSNEE, FL—H—2FD
MATEIRDHE KNI =72, iR /KALAS B
LS8 L —d =i nianrok. ZNET,
X MU ZOBRERRZERT T 5/KIZDONWT, BT
MEE LR (REMEER) OLRIGET S &K
—HFEBENEED E NS ZERERH I TV (A -
A0, 1983, O— 1, 1963) 7%, 4lE @ik ks 5,
o 1 75 R YA B A B K O LWRICHEEL TH,
BERGEOEIEENFIEL, BEKEOKOBEI
0, #NKEZBBRTHENNET DI EE2RLTN
%, ZOHRIT, R TRITKDICH FAKFDOT K2
BEENS BDHRIN TN,

b) BESKEDEILICDNT

55 2 [AN A BRI BT D MR D IRFE G /K 2R DRI 48
{EI3 Fig.3-2-7 12RT EB U TH D, AZERIE 1 R
OBIHITIZVEEE 3.8m IZP VW TR D EEE/KLN LR L
ERRIT27% M TH2. AZERGE 2 FERIZOEIHIT
B EBEREEKREN LA UZFEEIZ4Tm I EL,
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FRIL2.1% /h Thb, MAERE 3 FRREZOBIEITIX
BREE 6m AR TIRAR E U TIRFEB /KRN LR L T s A
FOEFRRIINE LD, EE 6~ 8m OEE THRIES
IKED EFANIEES, 1%h DL ED ERBZRLZHEE
1350~53m & 64m ThH 2, BB 4 ~ 5 RREZIC
732% EE 9m DUED R Z /KED LAMNEEE IR > T
<BEHIT, FNX0 EHTORBEEKROEIIT/NE
73%, mOHEEEKRN EF U 2T LRI 4
IR TULHEE 9.8m, 7 ARG 5 IR TIZEEE 9.7m
ThHD, KEESKENZOEHTHEHZEIZ EHL TNWH0D
WXZOEERID FICH<SHIEL TWLHE IV D
BLEZOND, ZOLDREIEIISEILVE 1 [EhA
ERBRICTONZBEREEIC LD Ty > F
PAML =¥ =1tk o Th, HEPIOEK T — 00
M &I KL L TWLSERFAR SN TWS (F
B 5 2000, H1E 2003, Kuroda et. al. 2002), 7> AZERATA
6 BERIZICIZVEEE 9.5 ~ 10m THRIES /KED LA ME:<
(EBIRFEE KREN LF U HRET 9.6m) DITHL,
FE Om LU ORFE S K RIZIZIFEL Lin<in %, HiFK
I Z DR M S ER &GRS (0.08m/h), HIF/KIIAD
BEAKOMNIMEE2EEZS5NDD, T RBER
ZFHUFEELL TV, AR 7 REREIR ORES
KROBACIZZ D 1 BRI S IZIERBETH D0, D&
EHUR AR LR Z2FT (0.08m/Mbh), T R BEEHILT
(295Bg/l -+ h) L CW5, MTFKAD EFET B RE
DO I 1 KR ORFRZEDN D 2%, Z3UTEH | B A
ERBICBWTH TR AMO R E RN ——BED LR
DB 1 R ORZENH > 2 2T & LU Ty
%, TOZERF ML —Y—HBROETRNZLDIT, #
S SRR AR B E K O BiIcEEL T, BE
IKEDIEIEENHIEL, BEKEDOKOBENHED,
HFKEZ2BET 2NN ECEZIEERLTNWDEH
AbNbd, BEHOKDOT R EED, k1 &
BHREIZH O T=/KTHDHDT, T RVBENTNIFER
fELTWRRWEEBFHTE S, £/, MR 6
MBIcENETHLT D EREL TW/EERE 10.5m DIED
RFEE KRBT L7z 2 813, BEKOPEKIC
Ko TWBHEENED D 5.

M AEERGR 8 ~ 9 IR ORI TIZ &I E o TR
GIRBOEHINE < T2D, T L THRAKMD B
AEIZ/NE<2D (00lmh), T RVEEOE{LH/NS
{78%, TOIZ &N ERE 8 RiERLIE, AThA
HRICKDBBHRNERIRBICEL - BEMEBEDZD D
BiEg, BERENEEEICHES TIFEFE LA
7z) TEERLTNS,

Fig.3-2-7 T AU BAGA | RFR % & 2 % 2 bk g
5 &, RIEEKREN R BEML TV 2 HEEIE ) A G
1 K168 CHRE 3.8m, 20 AR 2 RERIHE CTHRE 4.7m
Thbd. KREEKEDRSHEML TWSHEEIT 1 FFET
09m TRLTHD, TORTHEIZ0IMh THD, Z

FUTK U THE 9.8m THRIEE /KERNBEE IC LA Z21h0
5 DIIMATERGA 4 KR TH D, HREEKEI RS
L CTWBHEEE 2 KT 5.Im FELTRD, 20k
THEEIR 2.6mh THD, ZOMEIETNAERIBE 1 ~2
K OB TEHEOR 3 Th 2, £, DAERMKE L
~ 2 FFRIC BV TIZGEE 4 ~ Sm TR S /K ZEA 2.0%/h
UEDBEMERT DI LT, #E6~9m TIXHEAT
H 1.0%h OEMLNARL TR, ZHsidndnd
HEICXDBKBEOEVICERT S EEZ 5N, &
I X 2B KRENTEE 43m T 3.1x10°m/s (0.11m/h),
P 6.1m T 2.7x105m/s (0.10m/h), ¥ & 7.0m T 9.4x
10°m/s (0.34m/h) EHEE 7.0m TZENLLEDORKI 3 FE K
Lo TWD, HE om LIE TIRE KRN ZNLIE
KORENZENSRBHEENDELSRD, Z DD
GKRDEB/NEL BB EELZEND, H (1961)
TR — MR D 2 B8 DHEKEE TIRIZEITBNT, TED
LI T ARES o & IR AKER 53 I AFE T 2 H 9 AT
HTDHTEEEBRITE > THLNILTNS, [FEERICHE
A (1989) 13 BESSHIRI L, TREAVTR L O - EEE A
HBEEDORBINEBICHBWT, fMkifEicfafnEs (&
KA BRI, ZOBEKEOE ElniEN Tz
EEITKOFEANDOBEFNETSHEL, FEICKEZO
BB NEAND 256, ORO/NIRBRENEHMNS DR
IR I Z E2RL TS, BB EL DA
B DG 3 ~ 9m D HE DiF KL ISR — MR D 2
BREISGEW EE NS, EEHTOEREE/KEDZHTI
TN &R, FE om DIEOAERH TIIA LN AR
Ko TH PN R DR SN DD, EHEaif DR
TR EMRTHIEMTED, ZOERfY
M O MR CE 2D DT, iikAE
BLOTWHRTH S EHEESI NS0, ENAKHRT
BB DH, W HLEAIIBR D /N E W (R B ICB S 5
72) TEBT & 2 OME, AT R SITRE TE/RN,
c) SRVEBEDERENMABKDEEICDNT
Fig.3-2-8 X 0 T R 2 RE I AL 7 RERIE D &
34 BRI F THIRQ 6 ~ 8B/l DIEZHERB L Tnd, 20D
ZEFE R ER R R ETH DI EERLT
W5, lHEBOMNAENK T L, 2 HEOMAEDN
IS N2 ETOM T B REIEK 2Bg/l EFHLTW5
N, MAEBBEOMEETERLENDIE, MhABEEE
IEL TW BB NAEBKDEZENGEN TS Z EERL
TWwb, ¥22 HHONAEKR THENS T R 2RI
FHITTREL, 3HHDM AR THRICIX 2.5Bg/ £ T
TLTW3, ZOAEMEINAEIH~2 HEESIZHSH
ICHRE> T, fiiil L7zl b g3 —E TH
5DT, ZOT R VBEEOKTIXHEBRE DBOVEED
B (ZZTRY M7 ZREER) DEAET DI E
ZRLTWD,

NS M IS s S Nz ER K D O kT
Mmoo I RoffEEZT, 20T RUBEIIRLAICERS
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T3, —J7, WFKEMMEDT R EEOFRBEIIR L
WK FL T2, ZNXKDHFKEED T R 2D,
IMAEEIKDINAEEZED T R BE & —E U, M
FK DI W R KE N DEERR E B2 D ZENT
TD, ZOREEMERD DD, HABKDONLEE
DT RBEREERET S,

T RIS TH 2, [H PN OGS EREREDS,
BAZIRF RPN A 2k 2 9 15k dN/dt 1,

dN/dt= -AN
A BATER

TERIND, £ T, SELZTEEORMITIZRDO
NI ASRVASR

1/2:e-kT1/2

FRUVIBEMTHSZ T UL (PRa) EHARTHE
g (BEAERNARE W) OT, W OHEHRELLIC
WEROFE#E DR ONLD (RS, 1989),

XBNB/}\.ANA :7\.13/ O\B‘;\A> (l-exp' Ou-2n) ‘)

MBI (SPTL) DEATFER
A D HREGHE (TR 2) DBEAER
Na: 8 (520 L) OETE
Np : 1ERE (T R2) DT
MNa - B (520 L) DiEHEE
AsNg @ IREHE (5 R 2) ORUHEE

t o At R

X7z, > M OHE, KRS TIRIET S &,

AsNp=AaNA

ERY, WEOMITKEE EEARKIET S GEHS
1997) ZDOEEDT B RENKI FERETH S,

IMAERIZHER UZRIIIKD S R BEZ 0Bg/l &L,
FEHIC BT DH T ARD T R 2R E % 0 AUz
ERERTOREMTH S 105Bq/l &5 &, MhAFEEtH
PREBELZNAEKRKDT RVBEECITAKLTEALN
5 (EHS, 1997).

C=10.5 (1-exp™*)
A8=0.693/T 128
Tios : KRR (T R2) OFEH (3.82 H)

(3-2-2)

(3-2-2) HIFTT REE 0 DK, MAFEITL> THE
OTRFHENS T RO EZT, T RVBENRA
I ER U TS EEEE (10.5Bg/)) 1I0EDL 2 &%2R

%46 5 (2007)

LTW5, Fig3-2-8I2iE, (3-22) RiCk BN ABKD
T RBEEME GHEM) BRINTVnDS, hAFEKD
T RBEX, TREFEOHBEMNS DT R E2IERL
EMBSIRZIZER L, MAERGE 49 K CIHEME &
HLL8B, WoT, BEHEINEZT ROBEALE,
PN o HEE SN T R IREHBENLET DM A
FEBHNG 49 FRRIRD, D AEKIHT/KIIZET %%
WSk Th 5 EHEEI NS, BEEHE DI,

D =8m (R EZFIHH DE X) /49h
=0.16m/h

720, TR SRIEIZ X - TRD 5N RS KR
REDOLEWERE 0.9 ~ 2.6m/h LT A —4 —
BENSW, 7 R EERCOINMRITIRN & E— 27k
MOEWEEZEET D E, NATKDO—IZEBRERD
HOWHEE TR KM ETREREL TW a2, KEmEen
KD 1A —F—E<EVWHETH KX TELTVWD
EEZOND,

Hamada and Komae (1994) 1%, /KH#iH T, #i KK
HfHED T R RED, RNENHBEDENSHDL,
2 HCH B/l DIREE TR T I 5814 %, BREMFIIHIT
57 RBEEK, ER, TRTOI ROOENSEE
L, EXNRICEK ORI T R A F/KE I #
LHSNTRENMETTSHEEAZ. LL, SEOH
ERERIE, Y PU 7 ZHELD 10 f5EW BRI L 0 4
CTWaZEMNS, I RVEERTOEERFEREIE, =
B E U TR N 2MERED S KoKk E, HURKE T
IMCHEEICH>Tzm T R RBEOHT/RKEDIEEGTH S
LEZOND, £z, AR 8 ~ 9 RfEIC2IRIC
Ho TERBEEKEOBIEN NS 72D, NLhAEIZEL
DRFBRDEFIREIE L ZDVE, HEIEOHE )
FKRTTHREIN, AT EEFEKREBICELZZEERL
TWbHEEZEZEN5,

BRI, MATBKDIRERENS, HEROIREEN E
DORERZEL TWENEHET D, 52 [HhAERRIC
BWTT R EEDNSHEE S N7z ABEKD SR
MIX 49 R TH D, — 7, HEIREEA SN DHNE
B AEBELER TR TEBIS N TS D, SFEESER
ME 7 B THE R KIENICET D VWHEN &, K DEWE
n(XhUZ W) ODEMRETH S, Fig32-8 K0T
R >R RRAE I E T D DI AR IS 57 FifE#% T
HOD, ZORETY MU 7 ZFOFOAHE R KN F] 5
LiztEZD, RAENHEORETEZ8m &L, TNEND
BIBEEERD D &,

LR DIRTBIEE © V,=8/7=1.1m/h
< MU ZROEEEE ¢ V=8/57=0.14m/h
S E I ¢ V,=8/49=0.16m/h
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ThHd, HERNFIREREICEO D EZp £T5
&,

Vo= pxVpt (l'p) Vi
p=0.023

E720, ABRORKIIZERO 23%EEEHEIND,
BRRE (1988) OfFFEIc LU, B O —AICBIT5
BRI 2RO 2 ~ 9% RELMELTHD, =
DIEIZLURMETHDEE A5, BIES (1992) 1%, #E
Brn S BrERE OB G 23D 30 1.8% 123 E7n 0l KR
BRS—ARTFIET H721F T, KEBRELOREMES - T
KNAZETOEZANELLS B LEZEEZH/EL TS
D, 23%BETHNAUVEKOBERBICREREES
FELTWB EEZ NS,

AWFE TR EBFEOGFEEZOEIGHEE SN, AN
FEOEIMED R I Nz, L L ZORFEIE N —
H—oHE TR BEN S BENICHE L 72D T, =
R OB OB ORI EEEZEZASNILEZHDT
13780, Y7 ORTHEOHEDAREEMEIL, TED
SEMMEEEIZ, W X MAER I KBTS EN D BN
(Beven and Germann, 1982), ¥ > 7IL A7 —ILDOH D
THY, INSNHFKNAEEND RERRAT—)VIT
WETLEBRKEREL TVWDINERBTH S, 5%
WHZr —IVTD, ZRITORIREE DMK 551
%,

3 FEoREBRAEHMINUMICHITSHEK N RILE)
RYE

2RI KRDOFEALL, b > FIVITH S 72T
M7 g & Z DRI K > TR E %, Krynine and Judd
(1957) 1F k> RIVITHAT DHTFKITRD 3 DDOHEIS
ENT—20HBELTND,

OHEFAKITK EIRE S D3 D HUEEE B D 72 2 Fli

SEHT %,
@bikEZE> T, KEPERLZRNERS TRAT
5,

B R RINDORIINETHOES S,
QOHHT, WE LAY AELUTHEELTVWT, b
SRV THEICKDWIER L ELO BRripiie & SITHRAT
5, @, @DBHRIIONTIE, BHEZRNDH FKNL
BEHTHDHELTND, F—ZANUTOHFRT )T I
HoENZ N RV OBITIE, b FIVNOHTIKOEH
HIXEDHEFICBNTHMErDBREBEHEL THO,
BAHROZERUSNTBHENHMT LI EEFHTH-
2o FTz2, BEORWBLIRO AR MIFLNTHB O,
MR /KE RITH DR S ZXMED 40 ~ 70% T k> )b
WZSERITEN TV (Bwert, 1985), I sida@mo
KRB R2E 25 BT, BZREHSNITT 5 EEN
Z ML TW5, Hurr and Richards (1966) 1%, ‘Kpa

EBMERIT DOV TIHEZITY, HTKRDIRALL, B
IMAD TWHIERE, AWM OMAEOHEREDOME, ain
BRAKICENE TN TVENEND 3DDORTFIT
KELTWDBZERLED, N RIVEEOBHOESR N

5, INS3DORTFORNEHEET D Z EIFATEET

H0, NRIEETHOH R KRFEERI DOZE(L Tl % K

HELTNWD, FRCHITXOMTHAR N > RV EBITL

G, FORNVAENSHET T 2KKER—-D 7D

METALE - ETEE (E TR Z2RET 201203,

KABE L8> TWBSHEEZ THEIL 72T UTTR 5 R0,

FRRLUZEBD bRV LIRS 5 N 5 HUE [EH D &

NS TETHPRERIGENE <, IR —1U > 7217

NWZDHIKEN ST EEZREL TW2ONIKRTH

2,

PR B >RV OEHMIZHIT RO DT RO WIS
FRKEDBH TH 5, DT HEIE—HRAIC (T
BICH —2E Tld7e <, HDEAZEREO— Wb
DOTHO, 2AEMITK L THTH, FOFRITEKD
BHEES ZENASNTND (H,1989), #F- (1989)
BHEAFTOITXROEHOBEHENSRDEL DRI EEHS5
ML TW5,

OFT XD EIZIE ENOHE SIS MRS 3 ~ 8cm
DES DR ENTFEET S,

@FT N MR DNERD 5 DHL T A DBHIZERD 51
BV, TROMEMSE em A OEFRL O+ 0%
HFORERAR L8, BEXUTROENS 2 ~
6m LT THER/KOBHMNEREI NS,

BT RDMDE KT 47% ~ 53% THD, TROME
FOMBI RS NIRC > ki L O &K B6 ~ 47%)
IZEE#R U T % S W IRBEBIC B B,

PLEOBENSTXDEEEIEIAEKETHS Z &0

N5, > T, HWIRXDDREMFTTNDZEAD T

AN < FRRAE 11X, BAMmE SIS S TNE R

PLIZ AT D H R K DKIEDS, il D' AWz 2/

LTEABHEICHENELTEHS EZEZADZRETHD

GRS, 1989)

2O Z EFT RO AR O MR AT 2 #IE T &I,
ZOMEITE > THIKRR =Y > T ORIRERET 5 &N
TEDEEDIE, MTBROBLEHETSHIEITLDH)
RYEEETODIENTEDLZEEZREBL TS, LL,
TROMTESZFF> TH O BEATEIZE AWK & 132
DIENALBICEH < 2 &N S, ZRIREE I BRKE
FERMHRT S LA TIERY, —HTITXOMEICH
BUKIEZE G A 2/KBENFEETIUE, YsZEiT D& KR
AL ERNRTELDDT, HHESINDIITXROHEZE
A=V T 7> THRAILERE L, EEMITEKE
Z JI5E S AUSIBRKE 2 HIE 9 2 O & [R5 O RIE RN A
T E s,

AFATIEZOL D BERENS, BERBFICE>T
i TSN X0 S >Nz BNWT, BTk
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FHE W b 2 RIVEIA SO EKEHEIE B KO I
DT R - RUFT LD ERISARIRE ORIEE 21T
W, IR OPEK - > )V ERD O MR KR EI AL 2 fE
T &I, AVERETFIEOHEK > 3L i TR FH
ENOHEAEIZDONTERL /=,

a HEMXROEE

a) Hhfz - #hE

AT AR K PE A TE EE R 9 R 0 SR AR A K N
ThU, FEEREFHT S B HEK Skm O SHIEE R
W OBl HSERERE) ITE L Th b8 -
BrEMTXD Oy 7 ThHD (Fig3-3-1), AR
I3 & 200m ~ 500m DFEERIMTH 5,

M ELIIHE =R, BMRNEHEREL TH
D, FOREEZ5,000m Ll EICKR, ZNSDOEFIEF
frkvEEE (LHPEHi), KRR - 8588 @i,
TR - RiEE - NEE (FETERTHE) TSI Tn
% (FAf1982), &EOEMIEICHEROISE, BH
BENSIR, —HRICERS, BIKAES, HBIEEIX
BEPET D, FAEMKITIE, HEREERERFOFIH
&, HEREICHYST S, BEZIKELEZEABN DA
LT3, ZN5OHEIIMEHEEIZX 2E L Wigdh -
Wi ER 220, B ELERICE DR L Til
TROZFRESELHERERS>TWD ((hEF S 1992),
AHKIZ BT D ERIBERNET 2,948mm, FEEHEIL2 ~
3m, RJEEOHTF/KAIE GL-3 ~0m TH S ek
J& 2001),

AR TIERBRET RO MENEE - BT AT

S1Z 5w EESAS
%%BDM7VM

_() - ~—
KR &M -
Ui

P~
P

’/'V

©
§

Fig.3-3-1 FAHIALE X

P
AN

Location map of study area

55 46 /5 (2007)

Table 3-3-1 7 H X &3 D HVE g 2

Stratigraphic classification of study area

HE IREAR g 44 P |
Y| ST I8 - Y - bR
foo | T B - 1 - bR
AN ) VIV N, WA

IR VN, Wi, B, zIE
B | RERTIE | Rk | B | v b, B (s
A DA

PE | Mes (BEIKCE, v boa, B
kA

TH |, b b
SR IR R 25
FIREASLR Jeis (—Hprbae
e HJE)
K~ R adlikies (Jes
R IEVRE, MORLERIEEEIX
i, BAH T AEHRZ LA
BB A TRA)

O | E A

NDTOy Z7ZEROFADIDICFHEL TWS, ZOHl
TROMBNICIE, K- ZKkTov 7 EfifEgInd
WX Toy I nEER 5N 5 (Fig3-3-2). XK T
OHLERS TVWBHITRD T 0w 7 OBEITNE 1km,
£& 2km, FAEJE 140m LA T, GPS T &> THER
3~4m FEEOHETOBHNHEINTHS (H5,
2003). HEAK b RIVE, KREEHIT XD HIBNT, 5
BRI T2 IR EIN TN S,

b) #HEk k> xIL
UHHTNOHIZBNTIE, BRI XD OFERKE
755 TWAEEH T K OHERRZ 17 5 7z b KHEHIH T &
LTHIKR N > IDE L EINTWS G4, 1992, 55,
200372 8), HEARKRFIZ T E N> RILME3 5K
FIVETIABLINTED, W H 2006 4 1 A HITE,
ARYEH R ORIk E R —D > 7O LId5E 7 L Th 5,
Fig.3-3-2 IZHEORENRTH 225 ~ >RV KD 3
& b 2RIV DNLE %R T, Table 3-3-2 12 S E DAL T

0 f

? 500m

Fig.3-3-2 fJI7K b > )UAEK

Location map of drain tunnels
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KI|ER— VT (AELS )

300m; HETRYE

Bk b R)L (HEETED

miEt
[Pol: £os
No.12AB33 B re-mERE

BRI (EEINYEZER)

200m

B

S500m:

100m —

Fig.3-3-3 2 547K b > )L HVEL ¥ i [

Geological section of drain tunnel

Table 3-3-2 2 FHE/K I~ > 3 )1 it LI

Construction term of the second drain tunnel

THANE B h& w®T
[N VNN 1995.9.4 1997.10.30
K E L 1998.3.31 1998.12.25

b5 2HBPK N RN ORETIMZRT, N RILOAR
RPEENT 1995 42 9 A58 2 #4FRI Tl LS N7z, /K
WER=D 2T TII b > RIVAREOIEHIE, 1998 4F 3
AMS89 » AMITHE L SN /z, Fig3-3-31c25 >
FIVITHR - 7= M Wi B4, Fig.3-3-4 12 b > %)L fifi T
HEERT, KBETROMEL, A—U > VHkE 25
N RIVEERIOBRNOHEE I Nz, TROMIE2 5 -
CHRINEFIERUESZO2RDEIDITHHL TS, HE
KAR—=VU TR RIVNNS, 45F LMEDOAET
L (3 S RIVIKTD S 45 BN & O A Tt
T) SNTW3,
b AEAE
Pk b >3OV HREIR D S BN R PETF R EHT R -
TIRO AT OHILOEKLZRET S &3, #HF
TR D R R & A9 5 H I THU R /K o O U RAZ AR
(ZROBXUONIFUL) BEEZAELZ,
a) B/kLDBIE
BIHRIE I W PR BN 2 TRV
b ot

& 5X150X150
—Rkft=r 2V — b

T

Ukt s ) — b

L4A
|

BB 7Y — b
MERXE DA

SN\

i e
0 5X150%X 150 I

Re2 50, S

v 4 —F R
50 L=200

Y= TR
50 L=350

> S hm ) —h
\ﬂww— Ry Y=k

A= bA BTy b
H125X125%X6.5X9

it 7Y —b

T
1,152 1,152

Fig.3-3-4 /K b > )L AL mm : 4LREE2BUR) 2001)

Section of drain tunnel

VY > ROy 748 SRM-1d B (4% 42.7mm) TH 5,
RIEIZ B 7z > T B HIBE D212 standard box TOH|
TEZAT VIR 2 5k,  BEMEMEIT 03 % BRI E M 2 51
BRILELTERL, MEKMORRLSZT—5 DX
ICHW e, RREICHIT 5T R IHIERAET 22 ~
3% RETH- -

BRI E S BTRFLIRHIE R, 2 » A&, 4 v H1&, 5~
A, 12 7 A%, 16 » A%, 19 » A% D& 6 [\I{T> 7,
HIEICH > TEFLAMNS 10em [HRET A To—7
EREIE, TNTNONME TOMERRIL 10 R &
L7z,

BHEIFLIX 2000 21T BB AR 2 2RI Lo TR
¥ o BT HR I & 7= No.12AB33 7LC, HEK k> %)L
KRN SHEET XD (~ > FIVEED S OHEEREER
6m) ZESXDITHMETAHIC/ > T7HEHI TN TWS
(Fig.3-3-3), RILEFITESEE /)N T THD, fLONMS
DKRDFBERIET 2720, fLEEERALE ORICITEIV
FNBREIN TS, RAEOORIADETO T O—
TR AT/ N DB D (VP50) & L7z,

b) #TFKkHPDS K BEDATE

25K O RIITBWTHE T Iz Ef&E 0k
A=V 27055, #HTFKOPKENEENLS, F
PEF R BE 21T > 7= 12AB33 JLOEEEICME L Thd
(Fig.3-3-3) No.85, No.89, No0.93 ® 3 FLiIc DWW TEMN
ICEKRZEITY, HTIKFOS ROBEZBELRZ. £
NFENOPAKR—1 > 7 DEHEEITK 40m TH 5, HIE
13 1998 4F 12 A 10 HA 5 2003 4F 12 A 3 HE T 5 4ER,
FEA 19 [AIfT o 7=

IR EEOREIIE MV U HHEERA L, B
HTC 500me DFlELEEFRIKL, o FL—F— GEHAD
BVRIRE = MIVI 2 40ml Z A THE, ®%EL, o
BEL 72 RV > 20ml & 77 5 ZNA 7 IVIZIENIY %, (8]
WU ZNA T IV EZEICREERD, Wik >FL—
Tar iy Ny — REEL 2250CA) THIEZETT>
7o BIERERNZ 1 508 50 23T, MR SEI349 0.037Bg/l
Thb., HEORHEREOBERZIIHIRETH 3%
THh-ole 7 RVBEDHAII Byl TH 5,

c) WMTFKPDMUFULAREDRE
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TJRVBEZMEL KR —U T EFAT
No.85, No.89, No0.93 ® 3 FLIT DWW THER 1 44 1TER K
2110, NUFILGEITD .

KARDKIZEEND FUF T LIEBEE TH D08
ENICERSRICE > TiHEI 2B L7z, 2Dk, 1
BTN EE DK ORI ERRL, BROMICES
T 2,500ml DR 2 LR D JRHETHK 10ml £ THAL
T2o T DOURMEGCEL 5.4ml 2 55 ZNA TIVITK L, > >
F L —%—l4.6ml ZhNZA, FidROWREMES >FL— 3
SHY A THELE, BB, ARXTIE NI FIA
EEOHAIZ TU (M) FULIZy ) 2HWe, TU
R FULRBEZRTHAMT, KERT 108 EH D
M) FOLRTORTHD, SIRMLTHERT L)L E
DOBEfRIZ, 1TU = 0.12Bg/l TH %,

c HERER

a) SkLLBIEER

Fig.3-3-5 T 12AB33 fJLOE /KRR 2 L 2R g, fitih
s RIVER (f > N— b B 256 O%FE, #ims
Mo &KL ERT,

AN E 21T © 72 2000 4F 8 AIZIZAEE 1.0 ~ 2.0m
THKIIE 25 ~28% TH oz HE20~30mXT
BRI U, BEE 3m 1R TR 17% O/ IMiE 2 >
77 3.0m~ 4.0m £ TIE—H 25%EE T THEML -,
F-BA LT, WE 4.0 ~ 53m TIEE/AKEIZ 17 ~ 19%
OFIFTHER Uz, EE 53m UETIZ S /KIS mL,
57m THI29% DM KB Z R LTz, T LARIEE KD
ST UIREE 6.4m THUNMEZ R LTz, 2 7 AED
BT 2ENRE K MITEER LU TH > 208, &
& 4.2m PR DKL IV T 5725 T %, K52 5.7m
3E DWARAEER 73 30 LT s, 4 4 A% OBIAITIE

&7Ktt%

15.0 20.0 25.0 30.0
1.0

— BRI
27 R
4rR&

—5r A% 3

—127R%

— 167 Atk

— 197 Atk

20 H

Fig.3-3-5 12AB33 123 2 Bk L OREREZAL

Fluctuation of water contents at 12AB33

%46 5 (2007)

EIK EE DR AE 2 BU D T W2 1EE D ¥h & TH KA
D UTe, 12 7 ABOE KA, BHIBA LR &
TEEMIIETLTHED, 3.0~ 4.0m & 5.7m i O
KAEE I ERIBR A 24 ) & LE R THE I LT b,
16 7~ A%, 19 » A OB KD ML, 12 » AZDEK
i LIZIERLTTH S,

b) SRy - NUFUAREANERFR
Fig.3-3-6 12 2 5 b > )1 No.85, No.89, No.93 /Kik&
A= 2 TFIZBT BHKF DT R REEORRFA %
NG

No.85 fLITHB T % T K IR EIX 1998 4 12 A ~ 2001
1 A DO, #14.5 ~ 6.5Bg/l DFIFHZHER L T3,
FNLAEIEH 3.0 ~ 5.0Bq/l D#ifHZHER L, 5.0Bq/l %
WA DEIZEMET NNz, No89fLIZBIT 5 T R
SPEEELL 1998 4E 12 A~ 2001 4E 1 H O HIfH, £3.5~
50Bq/l O&IFHZHER L Tz, TRLIEIER 1.5 ~
4.0Bq/l D#EIFHZEHERS L, 4.0Bq/l 2 2T B S N
Moz, No93 fLIZBWT 2 T K IEEEIT 1998 4 12 A
~ 2001 4£ 1 H OHIR, #93.0 ~ 4.5Bq/l D& ZHB L
TR, ZNLABIEK 1.5 ~ 3.5Bq/l D& ZHER L,
35Bg/l 2 A D EIZBBEI S N ho . WInH TR
TIRE 2B/l RE DA BRE R DAY, FHiIE & ORYR
B RWERRRh o/, £2T RUVBEITWTNOHE
KR=V > ZAIZBNT HREINTE MEMICH o 72,
Table 3-3-3 12 2 5 b > %)L No.85, No.89, No.93 7K#k
ER—U T BITDHPKRF D MU F 7 ATEE O
AR T, WEMEE 3.0 ~ 6.0TU OFEHENICH - 7=,

SEVIRE (Bq/)

Zﬁﬁ R o |
<o \ / .‘/‘\ | [=Noss
\ Y N \/*
A\ b\ A /\\/X;,‘
A
YWYV

2000 ) Iy

29, 9, 29, 2, 0,
"9 "9, "9 0, 0,
7 9, 9 () 7
4 7 21y, 5y Vg,

(75 X
Ly ) 11/2 £ s

Oy 200 200
2 3 3
o % Ty V5 s

Fig.3-3-6 kiR —1 > ZfLICBWTIRR L= F /KD 5 R e

Fluctuation of ?Rn concentration of groundwater in drain borings

Table3-3-3 HE/AKR—VU > ICBNWTEHRE N KD R F7
NIy s

Fluctuation of tritium concentration of groundwater in second drain tunnel

AF——£J] | 1998/12 | 1999/5 | 2000/5 | 2001/8
No.85 3.5TU 5.1TU
No.89 3.0TU 51TU | 6.0TU
No.93 5.5TU 5.2TU
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TNENOHRIZET HEKLEDEILE%)
Fig3-3-7 G/KbHZ bR

Difference of water contents

d & 8

a) KNiRE

A (1996) 1B =RIBET RO HIZBNT, [\
F (1992) OFEeERbE/KiuiiiEzZ 7oy fL, B
SKEEABAREZED, Z ORIz A TWBE0 258
LR LRER TE WETNOME) OMEICKRD L%
RLTWS, BEREORAEL D 12AB33 fLIEHIH S DT X
DEVEEEE em Bifg EHEEINTWDH T &, BKIEDHE
FES5Tm THAMTHSDZEMNS, TROMEIEIGFEE 5. 7Tm
MBICHERET D EE 2605,

Fig.3-3-7 \CHHIFL 12AB33 1251 % &7k e 0 B R
MOESZRT, KTHLEED EMOBRNEKELD
BTE, ANOHmAEKEOBEINEZ7RT, BHBG~
2 A% O TIZEE 42m ~ 55m O X[ TE K
AN, BREE 5.6~ 6.4m DX TEKILLAE DL T
%, BB 2 » A%~ 5 » ABOHIFITIX, FE2K
BN TEKEDED L TS, BB S » A%~
12 7 A O TIE, FEEXKEICBWTE KL
AL TR0, B 12 » A%~ 19 » A O]
M TIZ2ARMICEKIIZIZIERIT N TH 5.,

Fig.3-3-8 IZHIFL 12AB33 3T DHEKAR—1 > 7 54,
NS OPKEAFORKEE(LZ/RT, HKEIZPIKE—
U > 7 HRHIE S O 1999 4E 1 H @ 3.20/min 71 5 2001 4 1
A EHMBAMGS » A%) £ T, 20Umin §it& D L) &
WLV THERZR DR L, A& L TR EmCH
%, FNLLELE 1.40/min 70 5 0.80/min N & F IERIE W
R WA 2 R LT WD, HEZKEAY 20/min §iEE D
FEER N L X)LV Td - 72 RN, 9RO miffE Tk
MR EVNEKILOWD PR S N & IFE L TS
0, W HEK B FEICEIE W25 LT R,
SRKLEOED DBV E KL TWE, ZOZ&iT
HEAK b > ROV IE TERZIZHEKR— 1 > 7 OFKEE T
LU CHIBR/KASEEITH 2728, HikR—1 > 706 Dk
KEVZEHF TR TR L, O/ X0EA
EOEKIEBRDZRFT D0, —EHMsGEL, ERE
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Fluctuation of the volume of discharged water at drain borings around

12AB33

BRI S 2RIV S OHEK MG S 315 HE
TAKREDD G TEFIREBIZEL TL % HKkENHED
L, INOHEMEOEKLEBLETDHIEZEZRLTND
EEZSND, AFEICEK THIESI NS TR HEFT
DE KL DREREELD, KN RV DIETEIRD—D
DIREEICR D155 & F A %,

b) SRy FUFUAERE

B D N U F 7 ABEENT 1960 £ R ST T
DNFAKIBEBROFETHIREZRL TWEER, LT
X ZFDEENDEL<ED 10TURETHREL TWs, H
FICEELZBAKO—ERIE, WTRICEBL, SFENTH
MU F T ATFERM 23 F0#HSITRHEREL TN Z
EMS, EXRHRERET DI EITKDHTF KD
WM ZHEE T D5 EMTED (Andersen 5 1974, 5%
5 2000 72 &), Fig.3-3-9 12, WIE#H B L OE IR D <
I BT 2RO MU F 7 LRE OEEEEDORELS
{EZ&RT,

1961 ~ 1983 FE D HFE A DEITHE A TAEA 1969 1F
), 1978 FELARE O D <\ DI A T T 03 7
MLUZEBETH S, FRERIZBWTIEREKD N FI 4
BETHE SN TWARND, &F (191) Tk EHA
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Fig.3-3-9 HEHBIUD IIHITBIT 2HKO N F o LjE s
KR —U > TN SRS N KD MU F 7 LR
Fluctuation of tritium concentration of rain in Tokyo and Tsukuba City and

discharged water at drain borings
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BT DRAKDFEE MU F 07 LEEITHEEIKRFEL TH
%, RMEDIITOMEZEIT 15 EREL/NIVO
T, ABHICBIT 2K N F ABEIRD <
WETH OIS NWERET B E, BAKD M) F I LBER

Z D20 FFREIX 10TU {2 Td %, Table 3-3-2 {T/RY

KiEER—D D THIBIDPKRFO N U F 7 LARED

3.0 ~ 6.0TU TH O, =D LRRME =R D, FERIE (5

TR 2) 12D W TR 12.3 £ D E R 2 Fig.3-3-9

R U7z B AEKD N F 7 LBEEEET S

BIEDEIZI9IETH B, ZNX D, BRI =ik,

DI EBBWITK2RER 10 FLL EPREHL Th b

HTRKTHDEZEZOLND, FEBPLHINT No8S fLE

No.89 FLIZH T 3.0 ~ 3.5Bg/l &5 HEAEWED ~

UF o ABENEBE N2 &S, kK= > Tl

TEFDOPEK DRI AK TH o 72 iIGENED B B,
KIFEER—=D TS OH FKD T R 2R

fEmizdH 5 (Fig3-3-8), MT/KDT R RER, K

BDOZTAEGEEREIZELDE Byl ~%T Bg/l OH/KE

& OGS FERE 2R, WS FEET 52 £ ToM

MK 3 TH 2, HAKENS DT R OHEFGHaz

N5E, FEMEREICED S RUVBEERBE ERDD

T, HiZ/KAH LB A AE R TR KEICRET 881

T RVBENMRBKON L —Y—ER0&ES ERS

1997), F7z, AEEFKD T R AREIZEML THWSIR

REICHEANTIRL, T R EEIARE & EOMBERERIC

HBHDT, WRKDT RREZENWICHET S &

W&o TAEIRBIROBEIRTEASNTT S 2 EN

TZ% (Hamada and Komae, 1996), - R > ¥EEAIRER

DR & FITH T B IR AIRD D DHEND 5.

OHEAK b > IV TIT & > THLUR 7K D iR BRI A3 281
L, BEORVWHIEK (RKk2ED) 2, BUEEFEEIC
I DANCHEKRR =1 > Tt Sz,

@R RIVEDOM T AR E N, FDICAREEFIOH
BN N, TASEICE>TT RBEMNEDL
7zo
AR ST EE (12AB33 20 5 OHEEK 50m) DR —

U THBIZBNWT, EE SmEOBKABRICE > TR

W 7B KAREN, W 10 ~ 40m D X [# T 3.53x107m/s

~ 1.06x10%m/s E/NE Moz, TDTEEPKRE—1 >

TOBEEN Som L EEFENZE, R FULBEICES

THEE I N DM T KOHERERD, 7 R > OREHEE

MEDENMIEWIENS, T R EEOBREITHIEK

DIRAICELDHDEEZ DI, HKkE—1 > F R

HUNZBW TR O MR E L2 EBZ D HNEH

HTH 5,

AEAFIKFP DT R EEZE CuBg/l), fFfiKkFDZ

RBEEZ CsBy) &95&, ZTOEELLr= Cu/Cs

IR TEFEEINS (Hamada and Komae 1996) ,

r = DwSt/{DwSr+Da (100-Sr) } x (100/Sr)
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Relationship between the volume of discharged water and ’Rn

concentration

= 100Dw/ {DwSr+Da (100-Sr) }

Dw : KIZxd % T K> OorEiRE
Da : ZE5UCHT 2T R DE R (Da=1)
Sr: fuFIE (%)

(3-3-1)

7z, DwidZKiR T (C) iT&o>TEILL,

Dw = 9.12/(17.0+T) (3-3-2)
DOEPLXNGAZENTWS (B, 1975). BRGNS
) (1998 4E 12 H) @ T R gE (No.85 L C 5.90Bq/l,
No.89 f.C 4.89Bq/l, No.93 fLC4.16Bg/l) #Cs &L, 5
FEHOR UKL 2003412 ) ©F K EE (No.ss
FLT 2.87Bg/l, No.89 fL.C 3.20Bq/l, No0.93 L. 2.09Bq/I)
Z Cu &L, /Kiiz Z ORI OS2~ /KIE 13.0 B
ELTENTFNORIFE Sr 23RO B &, No.85 fL T Sr
=54%, No.89fL T Sr=77%, No93 fL.CTSr=57% &
20, TNTNOATHEEDAIZD DHEEMENE L
T3,

Fig.3-3-10 12, HEkR—1U > M5 DHikEE S R
BEOMBZRT, MEOMICIZEOHMENRSN, &
FRIT I

y = 1.38x + 2.05
x:HEkE (Umin), y: T REE Bgl)

BT BRI R I

R? = 0.80

Tholze BERNITIEISDEEHZH, HKENNE L
2% ET FVREDEKTIZMEMIHD, #iLlz@&
BENTH %,

c) HTFKHEBRIDHMR

i 5 (1992) 1 SHHREL RS ~ OFAE, HATE
DR—Y 2737 THERLUJeEdzd 0iEL Tk,
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AZ U —RIZU7Zd D ZBER —IE AWRBEEICAN
THi%x OEERE N CIEHEE L%, 0.00lmm/min DHE
ETHKEAEEITY, TOE—VilEE &> TREHR
fbigEE L, ToROEKEERKXDEEENLT (p:
kgf/cm?)

. (01't203")f (01'-03)f .
R T

(3-3-3)

DEEfRE 7z, DL TIPS S (1992), JukéE 2 EUR (1993)
DAEFRZMNET 2, SISk E SRS N0,
ARFEHIFI /ML T D FIAEPHEREIZ 2um LA
TOMLIME 0%, EZATNWD, ZOXD ML
IZHEWT, TMARDICEBEREIRT o 1L, TR
J8@ (VN R) BT EEESR T p &L <,

' '

Oy = P (3-3-4)
DOHEBRND D, Fiz, EEMMRETOE KL 0 (%) &,
SEEA RS p (kgflem?) DRI,

® = A—Blogp' (AB : &%%) (3-3-5)

DRIRDH . FHECHEREORE TIE, FEHR,

® = 41.040.5—1131 - logp' (3-3-6)
NESNTVS,

SERW(LIREETIE, MISF LEREEkk=1&L, &
DI HAAFEER y 2 tm®, EEh 2 m OB TH
T L&,

yith
10

Oy —

=p (3-3-7)
ThHsd, LizM>T (3-3-6) i,

(yih)
10 (3-3-8)
= 5231+05—1131 - log(y (- h)

® = 41.0+0.5—1131 - log

25, (3-3-8) MITIHEITHT Bl a Kk b h
(Fo) 2R, ARHUFDOIEAE D p i3 HEHARKL D 1.9t0m?
BETHLOTIDOMEEZRAL, hiZ 12AB33 #ix D1
BEO 64m +HEET RO EFEE 5.7m = 69.7m KA T 2
&,

®69.7=28.31+0.5
L7525, Fig3-3-11 ICHEETROAEEETH S 5.7m His

OEKIEDOREZELE, HEHLUZEEMIEEKE (0=
2831) 29, 5.7m AHEDE /K, BB LT

B 7KLEE(%)
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Fluctuation of water contents around sliding surface

SERBALE KL 2 ENTBA TB O REICHEN D 5
EEzZoNED, HKOHRT2 » ABRITIZHK 2% KT
LU CoEakibakitz Flal- 7z, B/KITSD 4 # A
MITHR 8% AL, ZO®%IEHES L < IZIFIFHITNT
HoT,

e F&0

7K 538 e s SR & SR 1 )7 (AT 7 o SR 2 R IO LT AR
5L UTDOEBOTHS, PN RIVEZLOHT
KISFEREEZERZ 10 FELL BB L 2B DT, HTFKkDK
DB VT LRI W HEKR— U > 7 Ol T4 41,
PEKTRE7 it FAK O BDPEAKR =1 > T DREHZ B AT
WA5DT, PKkEIZEHESWL XV THRET %, 20
M EII L OHEK D D TT XD E DG KIS
bo N RIVHNLED OPERHES, HEK B HE T KD
fAn i & E R IRERICE L 2RIk NPT 5, 20
fEHE U THILNC AR DR 3T AL T R 2 REN
KT %, DIEXDARESIZBWTIZHAR—1 >
TONENFEEL THO, HKkR—1U > 7 DHKaE %
LEBH RAKDOHFS B RN EnG, HikR—1
2T DEMEDOHEMEITENENZ D,

DIk, fERIZIHEKR—=1 > 75 OPkEN S T
L UMmemo KRB OEF L, TXOHEOEKL
WA, kAR RE, BRBERMAOHESEICXDH
SMZIN, YK RN OFFEHEICHTZ 205D
FIEOFEIENREI NIz FHINS DFEPK >
FIVORFIEITIEH I NS Z EnHIFE N 5.

4 WTFARBICHIF2EMGLAIKRERBOSEKMED
DR
AL TIE, N AFHICBT 2 BUKH R & 3
DREICET B0, FHIR ARG DBKEDARIE M
ZHSMTTHHMT, MWREREGEICEZINMT
A LB O AIRE AR BNT, #HRKREFO RN F
LPREOREE, APREFOIRAMLEAEROBE, HK
ABRLE 2 FE L, AR T & B AKIRBOBREELR LTz,
a ATHXOBE
a) HfZ - #hE
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FHA MR IR S TICALE L TW AT &
LADFBHNTH 2, B, HalH 5 EE R 2,000km
IAZE L TR D, FFEEKIRIL 23C, BE1T 80% Dl
RSB T 25 Th D (Figd-4-1), E LYK E
13 2,200mm &N, TDIFE A EDNHER & B EICE -
THesINTVSD, BEODIRWEDREK &I
WA 125, £z, BREITHMT S EEAIKE
BRI IERITEHNDT, NIIMFEAEEL, Eo-W
HFEONITH FIZIRET 5, T D72 D/KIFIE IR
DIFRITEE > TWBAY, FIFFTRE/RFEKITI8 E 8RB D
KFEEINTNWDZENS, BEHOKEIIERTEN
fITFIEDICiEINTER,

HBIZ B HRTH O, RmEST 113m TH 5,
emfE (1 160km?) OB XLZ 57%I1TEME L THIAS
NTHD, BEHAEEEOKASENIEDEY, 23%
MBI, 18% DB, T%DHXTH D (REFEN
FAJLNSZ 4L 2001) o

SRS ORERVIEIX UMD 5 BB T
PRI LTS, T35 DOFNE O FHENT IR R KE
7,000m &8 A % BRERIEENTFEL, 710V E T L —
FRI—=5>7 T — MIEAHAD T L — MEFR & Ta -
TV, FiERFI S BRI EEENICH D, £< DE X
THFRBE AR S N5, HBIUid LRI HERE L 72 BBk K
B EMIN D EEHEREYS, BEVEEIR N g LR I
AL TWD - 248, 2000),

H B O L ALK D T~ SE T i O B U R
T OBRER A PR, R AR FE7Z 2V TE T e~ ZE i
EHEE I N D RFHH LN AEWICRESOBKRTH
AL TW5, KEMENREEERIEREROER
13 2,000m IZB K, BiERAIKAE EHT 25 LHIIZER
FREIVNAEX DS, BKRBEIT 1.0x107m/s 2L T
Thd. FREROIRKEIIHERRY R ORI ZERR NN 0 (R TF
INTWBZEITMA, HITKIZEKS ZRIRZEMO
BROEATNDZOMD TELEBEMZRT (Kb
1997), HEEBRMT Y LA TORERHETIE, FEBEK
FREXNT 3.54x10°m/s, ARIHIBRAR (P =R) 1 10% TH -
7o (G 1988), Hi T4 L DEEIBICRBT BEERG A
DEIRIZ 20 ~ 50m FRETH S, KEFEOH L & 13 a ok
+THO, BEIZO~ 1mEETH D, KK+ =

S
(Miyako P
Island)

Fig.3-4-1

ELEsRiVAEARY

Location map of study area
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FEZ05~ImDIT T NEOKHE L ETEDNT
w5,

EOHITIEIL a2 S MR G D% < OSEATIS W
AL THY, HEEEIEEROT AZHETH S
(Fig.3-4-2) . FHAIIWIE ORI TV DO O Rk 2
JERL TWSDT, IN6DORITIEKEEZEZRT D &
IZEo T, AHITHTRDIENEZMASNS, ZDXKD
IE TR OMER, KXWEMT, MY L ORRITHE
L TW3 (Ishida et al. 2003),

b) ELBICEITAHM TS ASEE

EHOKEAIE BHEICB0WTEEMM F/KIEZ B
D0, WY LAEFEEITY LD 2 DOHF
Y LEERKFEEUZEENANWEEE 1987 FI0HF
Il ZTNHED2DODY LADRERIZBLZ 2,000 5
m THO, FELYFHER -7 —)LORKENHTS L
Td D7z, Table3-4-1 ICHI N ¥ L DFEITLERT, 1hK
BEDQEITII EITRMERIE TIENER SN, FAE
iR 2 G Ci T MGl I 2 O = P a Rl D) =S I
J—hOBFEMELTHRAL, EihEE#EZRT2TIETH
%, IFEEINZH KL, 147 OEHITI > THKE N,
Ty —ALRRTEFEAOoNEE N1 T4 2%
WL TEOEBICHMIND, FHIL 2001 LFEITETL,
M4 L& H 2006 4F 1 HETEMIK TH O, KOHHI
FoTW3,

Table 3-4-1 1 F% LT

Specifics of the two subsurface dam systems

VN ol E | R R A E R R
VAN AN Hu1 | 22
2 (m) 50 27 21 6
R (m) 1,677 1,790 786 332
KU (m) 31.0 46.0 46.0 46.0
R AR E (m) 13.0 5.0 41.0 26.0
P RS (k) 72 124
AT E(Tm) | 6800 7.600
R (T m) 9,500 | 10,500
b RAEAE

AFHEHXIZBWTIIFRAR LD MR 2 HEET %
ZENEETH D, AT TIER S AR %
KIZE S TR SN TMERSE L TRARICET 2 LH#E
ESINDD, FRFIGELZROEHIE, HR)SRE
U7k RN E L 72 R O%E) GRIERENET
D DPNKEREMN AT 2 D0) ITEASINSEEAS
ND, T0D, TTEHBITBT M FKOREBHRI
ZREFRAME (FUFITL TR K> THEEL
Z DREIARE LD ARYE, Kk ME & ORI 2 A L 7z,

a) NUFUA - S RVRERE

AT OFAHIIEY )T Y LRI TH 27, O
BTIIBEICH T ¥ A DEERDHEATH O, HFKRENS
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Geological map around study area

HIARREEOH D TIdWEEZ 5Nz, HRBLERIEDT
THIR/KOFERIH ZFHET D011, FHEEH T
FLMEZRINTORWRIBICERZENEELNO
T, MUFTL-TRVREZRAET 27200 TKI,
Fig.3-4-2 |2/~ I HFBEH O BHIFL B1, B2, BXLUB3
WBWTERIRT 52 & &Lz, ANITHAFE T R
PN SHICHEIL TH Y, FEBEHGO W FHIRWITIZEK
BEMWGEEL, BEHEO FKEKEE LTI N TN S,

A, MNOKPE-SY—KRTE2HEALT, &
BHIFL & B HR /KT N S R Sm [EIFRT 21 BRELL 7=,
I3k E— —R > T2RETHHEEDO L T2 T
TNy H—=ITEK o TIkK L, FEDRRDHTFKMEA
LisWEDICHEEZE S 72,

N U F T LREFEEAR (1986) DFHETITS 7,
HIERAET £10%, MEBRERI ITU TH 2, 7 RBEE
DMEITIEE 2 BT MV AR ZRA L 7=,

b) MAMLAHAE

W ¥ ArfRsIcBW T ENETaATyR—1 7
BITHON 105 EHCDWT, HAM T EaRZHRAEL
2o "=V 27 a7IEHE 86mm (—E 66mm) DI

fHikKR—1 >V THRMEI Nz, APEDZERP kLD
WAIRIUZL, BRSNREFNICKREO 27 ZHHET D45
NS HBICK o THETSHZEEL, MARNZEZFR
B72 FIET S AT HE & & 2 5 #1172 Table 3-4-2 [Z/R9 4 FC
SFEL Tz,

BRERAIK A DBKEOEKTIX, WA TN EDRED
T DZEREMD I 5HETLINIRAKTH D, ZD=
WiBEKGE E DB WS IE AR DR AR 2 E &
BT 572012, RD2DDIFEEHREL 2. —DI3AEM

Table 3-4-2 it AL 538K

Classification of infiltrated clay cores

Fikz2 Oy KR S e

A it DOHBMNLR D 2T

B-1 ERLBRMELITIY MY v AR LICERICR
HMEINTH5H0

B2 | ZERLBHEITIT MY v ATHER T 4 LA
RIHEL WD HD

C ZERITRHELIIY MY v AT EEE TR0
=Ry O ol 3|
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Tritium and radon concentrations in groundwater at Shirakawada basin

HOAT7EITH LU THRAKENEE SN TN AT ED
HET, INERAMIEEREFORLTEET 5,

d7EA+I7EB-1+37EB-2

AR e =
& - RSO 7 E

(3-4-1)
H D —DIFBIFIHO a7 BICH U TiRAM N E4IC T
7EHELTVWDATEQEIET, IhEHEAMLTAE
RENIRALTERET D,

_ O7EA+I37EB-I
ffF O K

DbEo 280 Oz R—1 > VHSEITRD 2.

c) BKMERE

AP D F R R K ETRIAL X ORI IC BT 545
KikBrick > TRD 7z, A= > FfU3a7HEE, O
& 66mm (—F 50mm) DOWHEEF(E = — )V HLE TR
LU F/AKBEHAE L TIE BTSN TS, 25D
WBNWTIE AR NS WDKK E—F —R > T A
FTBHIEMTERY, ZOEHDHAKIZITZTY T 2N
THEETEARBRZRIET 2 LW, ZohHER
EBIKEDEAT m¥day RE S /NS Wi, BAREDOR
T 7 &P CL/KAL DIEE I TS 2 K2R & FEH 1T/
EL8B=D, THIRNEREEZHERTERN, Z0Dk
HWKEMNELS, A ORENTE SN TNV SMHEEZF
DM BT ARO K EWHTIKELRIFL (BL TS5k
ERFLEIES), {1 RIF O 200 ~ 400mm DA Z, O
TIR—1 > T HIFGEBRITIREIL, Sk ETT o . &
BEKEHBIALO ORI, RNDOKPE—F =K T (4t
££95mm) NHEATES 100mm & L7z, HKEIZES
BB FLIZ B W TR 300m3/day, sl icB N T
WO U T 1,200 ~ 3,000m3/day & U7z, HIEL =2
BkH (BRI DOARALZEEN S, HEKFEEE Theis -
Jacob [A[{EEZHWTHEHL /=,

c RAEER

a) NUFUA - RVEEST

Fig.3-4-3 [Z A I HFRIRICB T 2 AR D MU F 7
LKROT R EEREERE RS, RPLEANCERSN
TWHEMEN Y FTLEE (B TU), HAMICER

AKE L FeE =R (3-4-2)

ENTVDLEIEN T R RE (B Bg) TH5S.

FMUFTL- T ROVBEZIZNZENS8 ~8.1TU -
12.9 ~ 28.6Bq/l DEHFHNIZH U, Bl HifAIZH W TITHE
£ 10.0 ~ 15.0m T Z 1 ¥ 11 8.1TU - 27.9Bg/l, 15.0 ~
20.0m T 6.3TU + 28.6Bq/l D&~ L, B2 HiHIZBNWT
V3R 5.4 ~ 10.4m T 6.8TU * 29.8Bg/l, 10.4 ~ 15.4m C
6.0TU - 26.7Bq/l, 15.4 ~ 20.4m T 6.7TU, 20.4 ~ 25.4m
T 7.1TU - 22.1Bq/l, B3 #fi 511 3B W T & B 11.0 ~
14.5m C 5.8TU-25.4Bq/l, 14.5 ~ 19.5m T 6.6TU-26.1Bq/l,
19.5 ~ 24.5m T 7.6TU-23.3Bq/l, 24.5 ~ 29.5m T 7.3TU-
26.5Bq/l D% x L7, B2 HiS DFEE 154 ~ 20.4m T
WFERKEOIZICED T RUVBEBEORENTERND
o NUFTL - T RVBEOEEIIBI IR TENE
1 72TU-283Bq/l, B2 HimTZENZEMN 6.7TU - 22.9Bq/],
B3 {5 TENEN 6.8TU « 25.3Bq/l TH > /=

b) RARLRM

Fig.3-4-4 |21 & LB BIRIC BT 5, MAK LS
BRSMFHMZRT, HAMTEHERIIES 25m B
HOVEHETH B, MARLIENZOFE> THMLTH
D, K LR T OEERNEm WD, IR R (2
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Infiltrated clay content distribution plain in the Sunagawa subsurface dam

catchment area
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Infiltrated clay classification cross section from upstream to downstream in the Sunagawa subsurface dam catchment area
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Fig.3-4-5 |ZH3)I[#1 N & ARFREIIC BT 5 LR Ao
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X5 ¢ DERI %<, Kt OHAN DI WER &72> T
WAA, 400m ~ 900m F TIE[X4) b-1,b-2 D T 7 AR
LD, HTORANL</E> TIN5, 900 ~ 1400m
FTCRERGc AT NERLLLIBBEN, ZNLD B
IR TIXR 5 b-1,b-2,c WEMKREZR D, KL O AN
BN THRHE< 115,

c) BKMERR

Table 3-4-3 |2 /KilBRIC L > THE SN /=E KR &
HF# T EE2RT, HARRENL 2.43%102m/s ~ 1.13%
10°m/s £T, 44— —D#HiFTIES DWWz, k=l
£ 100mm D ERFLIZ BV Tid 300m/day, £ 400mm D
HIEH I BNV TIL 3,000mYday, ZREAEE U724, i
FEOFITIZKALEE FATR E < 100m/day B2 L ik T
BN DONROMNFEL 7=,

Table 3-4-3 57Ktk R

Results of pumping tests

A N, | HEER | HREIGEE B ] Bk FK R
Wt | mxE | s
(mm) (m) (m) (m) (m) (ni/day) m/sec

93-5-1 100 59. 50 3. 00 54.20 2.30 305 9. 70E-04
93-5-2 100 58. 50 3. 50 52.50 2.50 354 1. 27E-03
93-5-3 100 56.00 3. 00 50.00 3.00 449 1.43E-03
93-5-4 100 50. 50 2. 00 46. 00 2.50 441 6. 26E-03
93-5-5 100 47.40 2. 00 43. 20 2.20 315 8.80E-03
93-5-7 100 45. 50 6. 00 37.00 2.50 151 3. 55E-05
93-5-8 100 44.00 11.40 29.80 2.80 310 7.04E-03
93-5-9 100 40. 50 6. 80 30.80 2.90 344 1.47E-03
93-5-10 100 46. 30 4.00 39.60 2.70 223 9. 70E-05
93-5-37 100 52.30 4. 60 46. 70 1. 00 413 4.33E-03
93-5-39 100 45. 80 0.80 44.00 1. 00 402 6. 70E-03
93-5-50 100 48. 50 3.40 44.10 1. 00 275 7. 24E-05
91-SW-2 400 42.41 2.14 48.27 2.00 3000 2. 43E-02
91-SW-3 400 51.00 1.77 47.23 2.00 3000 1. 15E-02
91-SW—4 400 48.75 1.45 45. 30 2.00 3000 1. 38E-02
91-SW-5 400 46. 62 3.32 41.30 2.00 3000 5.07E-03
91-SW-7 400 59.00 2.10 54.90 2.00 3000 3.21E-03
91-SW-8 400 56. 70 2.99 51.71 2.00 3000 3. 05E-03
91-SW-9 400 47. 50 2.55 42.95 2.00 3000 1. 94E-02
91-SW-10 400 50. 54 7.84 40. 70 2.00 500 5. 7T5E-06
91-SW-11 400 47.58 7.08 38.50 2.00 100 1. 29E-06
91-SW-12 400 44.29 11. 40 30.89 2.00 130 1. 13E-06
92-SW-1 400 60. 56 1. 66 55.90 3.00 2500 5. 55E-04
92-SW-11 400 44.86 7.16 34.70 3.00 3500 7. 04E-03
92-SW-14 400 45.33 10. 03 32.30 3.00 3500 7. 56E-03
92-SW-15 400, 41.70 3.80 34.90 3.00 1200 1.07E-03
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Isopachous map of the Ohnokoshi clay

LTWbsZEZEZRLTWVS,

b) AL HELBKEDERICDONT
Fig.3-4-6 |2, 1R Z 04 9 Bk L8 D& 8 S/ X 2 R
9, Fig3-4-4 LT 2 &, AR T EH B E W
1%, WEROMTENEVWERE -HLTNnE, Z0ZE
M RAKE T EITHE D S OEEAN B EREKIC X >
T, WAKEOEREREL TCELEEZLN, NUFD
LIBE AN S HEE U2 R K ORIERI GhERE D
B LA TH S, 7z Fig3-4-4, 3-4-5 23 %
EWMAKE DT, AR DRIEIEE A [\ DRmIE
WHIERTHBL TS, LlEXD, HAKLOMIIHE
AMZH U TEZNEEREL TN ENS, FEK
R & O LEIF B B B RIRNH OIS R (£
TZIIFRER) 2HWS Z & THEIZBRWEHBIENS,
Fig.3-4-7 12, W) F ¥ AR Oz TN O E
HAICBI2MAMLERRLE, HKHBROBRE SN

BIKFEH(m/s) * semilog graph
1.0E-01
o . y=10.0217¢""7™
LOE-02 |+ R = 0.568
~_ .
N \\ .
1.0E-03 2 —
\\

1.OE-05 \

1.0E-06

0 20 40 60 80 100
MARLEEE (%)

Fig3-4-7 WJIHIT % LFHIC BT DA LE AR EBRRE E
DB
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Relation between thickness of Oonokoshi clay and the infiltrated clay content

in Sunagawa subsurface dam catchment area
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Outcrop in study area
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Hand-borne type gamma-ray radioactive prospecting devices
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Table 3-5-1 FRAHEE

Result of investigation

Table 3-5-2 UG REFRAT S S LLfL

Comparison of gamma ray count ratio

E=I 4 Du Ds C. Cu Cx
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Relationship between the “°K/2%T] rate and the hardness index
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Relationship between the 2'*Bi/*® Tl rate and the hardness index
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Studies to Clarify Heterogeneity of Ground for
Design of Facilities to Control Groundwater Flow

- Using Multiple Investigation Methods of Radioisotopes etc -

ISHIDA Satoshi

Summary

Recently, groundwater control technology is applied to various usages such as the artificial recharge, prevention of
landslides, and subsurface dams. It is necessary to understand heterogeneity in the ground because the groundwater
might flow unexpectedly by heterogeneity in the ground on these sites. In this study, to contribute to the design,
construction, and the evaluation of the groundwater control technology, the auther proposed the investigation method that
used radioisotope according to each site, and investigated heterogeneity of the ground such as the macropore, the crack,
the pore filling of the aquifer, and the degree of weathering, etc. in facilities to control the groundwater flow. To decrease
the measurement error of the neutron moisture meter for the site investigation, low speed with an automatic winch and
a continuous procedure for measurement were developed. It was confirmed that the measurement error of the automatic
measurement was lower than that of the manual measurement. 4 investigations were carried out in the sites where
groundwater control facilities were under construction or under planning. The results were as follows.

1) The mechanisms of preferential flow and recharge to groundwater through macropores of sand and gravel aquifer
were investigated in the experimental artificial recharge site with recharge pit (2m in diameter and 3m in depth) in
Uonuma upland, Niigata Pref. Groundwater dynamics in two experiments of artificial recharge for 10 hours/day x 5
days were monitored by tracer test, neutron moisture logging and radon concentration measurements in groundwater
near groundwater table. Tracer test in the first experiment showed that the groundwater table started to increase after 2.5
hours of artificial recharge and the tracer was detected after 3.5 hours and the concentration of the tracer peaked after
9.5 hours. The second experiment showed as follows. The neutron moisture logging revealed that the parts of increasing
water contents with several percent in unsaturated zone gradually moved from shallow zone to deep zone and the down-
movement velocity of wetting front was 0.9m/h in a shallower zone than 6m in depth, and was 2.6m/h in a deeper zone
than 6m in depth. The difference of the velocity may relate with the difference of the saturated hydraulic conductivity of
two zones. The decreasing radon concentration near the groundwater table gradually occurred from 7 hours after artificial
recharge, while the increasing of groundwater level began from 6 hours after artificial recharge. The down-movement
velocity of preferential flow is three times bigger than the velocity presumed from the saturated hydraulic conductivity
values. It was assumed that the groundwater level started increasing when the tracer and the recharge water through
macropores reached a capillary zone.

2) In order to develop the evaluation method for the drainage effect by drain tunnel, monitoring of water content using
neutron moisture logging in the drainage boring pipe and environmental isotope concentrations (Tritium and Radon:
222Rn) in groundwater from the drainage boring pipes were carried out after the construction of drain tunnel for 19
months and five years respectively. The drain tunnel is 1.25m (diameter) x 500m (length) at 50m underground with
drainage boring pipes, which are expected to drain superfluous water around the sliding surface of an active landslide
in Tertiary mudstone area, Niigata Prefecture. Consequently, the monitoring of water content showed a remarkable
decreasing with about 8 % of water content around the sliding surface for the first four months and subsequently slight
decreasing. The tendency of decreasing of water content corresponds with the fluctuation pattern of discharge water
volume from drainage boring pipes. The monitoring of tritium and ?>?Rn concentrations reveled that the groundwater
around the tunnel was recharged from rain before 10 years and the unsaturated zone around tunnel was occurred. These
change of groundwater flow after construction of drain tunnel certifies that the monitoring techniques are useful methods
for evaluation of the effect by the drain tunnel.

3) To determine the site of wells in the catchment area of subsurface dam, relation between permeability of limestone
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aquifer and distribution of infiltrated clay, witch closed the pore of the limestone and decreased its hydraulic conductivity
and the permeability, was investigated by observation of boring cores and pumping tests obtained at 26 points. In
addition, 3H concentrations in groundwater were measured every 5Sm depth in Shirakawada catchment at 3 observation
wells to study the mixing of groundwater under natural conditions. The vertical distribution of *H in observation
wells showed that groundwater was well mixed under natural lateral groundwater flow conditions. As the result of the
comparison between the infiltrated clay content and the hydraulic conductivity it was clarified that the infiltrated clay
content and the hydraulic conductivity have a negative, high correlation, and permeability can be assumed from the
infiltrated clay content.
4) To measure the degree of weathering in the bedrock more quickly and economically, the radioactive prospecting and
the investigation of the degree of weathering in the bedrock were carried out in the southern Kitakami massif region
where granitic rocks are distributed in Iwate Prefecture. The result showed that °K/2%T1 gamma ray counting ratio and
214Bi/?%8T] gamma ray counting rate had a positive correlation with the degree of weathering of granite. This result also
showed that the radioactive prospecting was effective to the investigation of the degree of weathering. Subsequently,
the technology that investigates the chemistry of the ground in the large area by nondestructive, car-borne radioactive
prospecting method has been developed. The radioactive prospecting was carried out using this method in the North-
Kanto region. 2'“Bi gamma ray counting rate were compared with 2**U concentration, which had been investigated in
the past. This result showed that 2'“Bi gamma ray counting ratio had a positive correlation with 2**U concentration. This
result also showed that the radioactive prospecting was effective in mapping concentration of the element of 2**U.

The common feature of these investigations was to have evaluated the heterogeneity by using radioisotopes as one
of the indicators that showed the heterogeneity of the bedrock. The multiple investigation technique including the
investigation of radioisotope used by this study is effective to the investigation of the heterogeneity of the ground.

Keywords: groundwater, radon, tritium, neutron moisture logging, radioactive prospecting, landslide, artificial recharge,

subsurface dam, limestone, granite, nitrate nitrogen, infiltration, weathering, element mapping
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