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Location of the survey area in Nagaoka city, northwest of Tokyo



174

L
0
71;‘ L
120 Yin @ ot
iy B0,
K [ #‘:& ot
&
v, K-
1104 i‘ 2°0é
&
‘0 s
! 4
i,
4
100+ as,‘&g‘ B?
ot ¢
4 %"y
BEMpy "4
3 k. i
gm o e e, L
. EEan [
. e N
Sant i g0 ‘%)
i
+
a0 .0 F
+
XKAl—y v Ta

T T T T T T T
80 90 100 110 120 130 140
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A map showing survey lines and boring sites
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Geological section along B-Line
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Plan of ground water recharge test
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Lo AR TCHFEEEEIMET 10 ¥ n ETLRES
haz s, EEIRRITHROES 2 A% (A B :
B 40 &K, HERE 78m B L UF B HIE ; BN 30 A,
HiFRR 58m) &L, ZH#E 3 RBICHE L 3ch DiFE
BRI LT 2BEF— Y 2R L BETIZL L
oo TOVAFLIZEYD, ABETE 1 WiE 406 5—%
BRS04, BHEERTI 1 HH 225 57— ¥ 2825 5T
WEHIedTERE, £k, BERE SR EY
McOHM21) ERREOBGEEICANET 2=,
PC IZ L DEED onfoff BLXUFF—F¥ D& o—F%E
BERICTZ L3 IidE L, BRERTR IR
DOEFHHRAE AR Uk, RV AFLDTO VY
B % Fig.s5 IR, 2 MEREORHOBEMIT A B4
WIS &5 12 300m BN - BRI BB U 7= (Fig. 1),
2001 £ 10 A 11 QifTbh B mEHXBTE, 11.00 »
5 19:00 £ TD 8 I REF 20m’ DKM TEE N =,
HAR—V 2 THRNKDKED 12.5 ~ 14 °C, BREEE
& 20 ~ 30mS/m (HIEH 50 ~ 33 Q m) THEADITH
L, WEKRIZFEE 195°C, BREEER 12.6mS/m (L
I 794 Q m) THolz. HERE=F VL2 A #l
Moo+ BHEEI1EZ 1y LT, BEFICSY
PTSOURFELTIEY b, BRARERECIctY
FOBREERTH =, TORR, A HHIRTI 14 BE, B
AT 7THEOT—& % s h, Z05bHERERED
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53RN TRFAZFAIFER LIS IFEHOT—¥
B2HBZEBSTEE (Fig 6). 2B, LEHAE=FV
FHARHIC IR G .

b HiEREILEBH
HiEFRAHGOREZELERS T 5 2 OIC HERELE
BiEX 2EH T 255, BeoRENREE2ThTh
MR L, fElEh/EREICREIC T 2 ELE
EROBZOB—BHTH B, UL, HLeDUITER
TERA—HETH - THEOHERELIIMEI T/ 41 X
BT DB T ONEE SRR 2=, hb
DERLLLMEShE ) A XAESFMHLTLEST
BEED TRV, AR (1995)i, HIERELOIFEEMA 25
M8 U 7= S L R AT P2 R R L. HIRT IR
ENEFD 7 A BITVIRAE, ZOBEZ, #Rk) 7
7L v AWH (—RICTIIERET — ¥ OWBITR_RE
AVg) bhoEELEERF—YICHEShEEF—¥
BN CHET BTN, TOEERLIZHERSRE
V77 Ly AMEOHEFRAH O ED 5 HiERELES
RDBEDTH D #AR(19950L, AFRBICBNTHE
WEEOFAERHHTZI L XD, SEBEEDRL
BT EMREIC 2B S & B R LT, (E4ARQ002)IEZDF
R ESET— %1z & 2 BB O IR, ik
ME=F) L TIIBTI2REOFSERRLE.
FRMFA~OWRE, KEMEOHEKIC LS ELE
IbEELIE L8, BRO19S)DFHRICHEN w7
27y RIS UTHERIZE D T 2 0 & LT HIERE
{LRFBBIF 2T o= NV T TS0y FF—F DIIER
T % SR 8D 2 AR & LRSI ZM L E DR RTBTE % 3k
DI E-Tomo Verdd (ALY 4 v+
WE M) ITL Y, FEMERSRERGT SRR
FEP AW REHEEOBREZWRRKOBEEICZ,
F—I L EFNBHET ZBOTTINOELEDEER
HRiEiE L 2 DAEHMEREE AIC (FRith, 1976) DB/
RAEFIEER L=,

ERe)

WARM: v ¥ 3OoLF1EA

4a)

Fig.7 HEHNEE (AB k)
Interpreted resistivity sections along Lines A (upper) and B (lower)



176

RETHEREREH 22015 (2003

Table 1 EERTICBT 2 RMS BRI (AB )
bak (X80 7 P77 FEEE, a~mid v 7 77 0 Ficsd 3 55O LEERIT,
FEHEBREO O IFMET o3 % RMS &%,

RMS misfits during inversion iterations

T

A [bak] a v b i ¢t d e i fig i h i1 j vk i1 1m
0| 49.76 0.425 0.425 0.575 0.625 0.825 0.925 0.383 1.095 1.125 1.195 1.105 1.055 1.02
1/14.21| 040, 033: 0461 041: 058 055 039: 058 0511 0501 0481 0.43: 0.49
2| 480| 040! 033: 046 041: 058 055/ 0391 058 0.51: 0501 0481 0.43: 049
3| 1.40[ 0.40) 033, 046! 0.41) 058 055: 0391 058 0.51: 0501 048 043 049
4| 092 0.40: 033 046 041 058 055: 03% 058 051: 050! 048 043: 049
5| 0.63) 0.40' 033! 046 0.41; 058 055' 039 058! 051: 050! 048! 0.43: 0.49
6| 0.48| 040r 033 046' 0.41: 0.58' 055 0.3%9' 058 051 0.50' 0.48: 043¢ 0.49

B [bak ] a2 v b « ¢ ' d 1 & 1 ¢
REFRE 0.315 0.525 0.375 1.125 1.15 0.95
1) 14.3] 0241 0281 041: 0.35: 0.36: 0.36
2{ 767| 0241 028 041: 0351 0351 0.36
3| 477 o024, 028 041 035 035 036
4| 312 0241 0.28: 041! 0.35! 035! 0.36
5| 1.65| 0.24: 0.28: 041 035 0.35: 036
6| 1.03 024) 028 041 035 035 036

I #EER EETIHEL, 2OMEE 1%kiEE 2o (Table 1)

1 Ry T390 ETF—SDBHER

Nw 7Sy FAREICLS A, B EEROHIERETE
B#% Fig7 KTTo BIERDITHIENE oo & W T
Shi=HRAAHET V65 E I h 5 R RiEnE
Oact @ RMS BEFRINEROZLAMETRTIEED—
DTCHD, WATKDLN .

RMS error= E (I o arin 0N X 100(%)

=1

(1)

EMEIO RMS BElE, 6 BIOREEIEICLD A IR
Tik 048%, BRI TE 1.03%22>TED (Table 1),
FATEROZEEEEVE O LR IR S, EEEED
HMEEEICHLLE 3 BEEERL, RFBO 500 Q m
LR O D — A, TR0 500 ~ 3000 @ m D&k
EREE L MR DR, B TAO 1200 ~ 2000 Q
m UTORLEREEABE S VMBI NET 2. ¥
JUMNEUL D INER S AEESN N E E OERIITHET
BB, -, WHEEE LFE 2 BORLEREY L R
CERIh TV A D, & BlERAMA OO B 2 L AR iE (&
JSO T RP I IETE) OREERTRIDEER
sha.

-

—

2 HIEREEEBTER

H 2RO AR EE & 9% L =T o vasE
T, MBSOy YTy FORFIEYITE
Ro #H#EX LT, BEZSLOBFITEFER KLoT
LFOL3IEHZEND.

d(%)=(R+-Re)/Ro X 100 (2)

Figs 8,11 iZ HIEME L EWER R R . HERESH
B §RE Y ACRBEME R I KES [ E 20m,
EEFEIZES 8om FTOHBEERTRL, BLEX
T—jiE 0 ~-10%E T 05% XMW IZH— Lz, 3T
DHIEHELEEFICOW T RMS BER AL L, RIE2

D, 1%F—F—OHEFRELESHFOEVEE
HERheOrHEEhd, BT, FHRCOVWTHE~ 5.
a ARR (Fig. 8)

(adid 2 E@/Sw 7 729 FREIEZ DWW T O LT
BILESHTHY, TRTORT 0 ~-1%DREEICH D,
BEERRIT S AT ADIEED 1%LUACH BT L BEET
X3,

RSO LERET 2L, FTREYAMR
Tk, HIERELE-10%U il REREERC#S It
EHELDSORAIBD N, THUADEFICBITS
BB ER3S ~40%TH 5. HERBOHROEE
HRAANDEHEXRIZD)PS(DE TR DLN, ThBER
2.5%MDE(EMI AR E N B HIETR DB O AR ST
M ~DIFABEDHLENS.

EEA B~ ETZEIC oW T, EREREDRE
TABETOHTKES BS BLU B? DR FKLD SR
& olm R{REL, BETLOIOHI BT S HER
Z{L¥E%R Fig. 8 BZAL D L Fig. 9D XD ITRE:, =
DOED SR BEY A THOMFAEME TR, wEFEn
5 5 BRI ¢ D EA L, THUMBRIZE—EC
BB EeBEALND. BWEFEHES, S SRR ERK
O T KE~ORER T2 L, BECATEGMR
= 9om) P SMTKRES COME 80m I DWT 44 X
10°m/s DB KD RO ITOBEHE (Bid) 27952
FETED,

SIS A BB LIC DWW T, BB
U T25%DEFEHD S > ¥ RO EREY AP0
HoOEEE 70w T3 E Fig 100 X535, (g),
(WDEERL L, BEEEDS 4 FESRMAITCAHA
Db, 4 BEARMBTESEROBBEENARELR
%, # L CEHELD 8 BlEAECERBEEN TN
LEiL DNE < RBE M RAEN S,

b BEl#E (Fig. 11)



R« B« B oAb e £ - BR  BREAMBIEY A 7 AL AHRREE=S) VY 177

10—

RESISTIVITY_CHANGE
(2) -2h00m {8:37-%:25) ®
| BBETR

o o5 AP

ofig. 8
T—REHEYR

T aoHaD<mem
|3
{

&
I

TR L
*I[@)0h25m (11:00-11:50) ) 4h30m (16:11-15:59)
E. Bl E E
E el :
rz‘;ﬁll‘é”' !lh :IEDIST;;I;EL'K-‘)HJE 5'“ lzsulf ’_r'_rl';;‘,I;lbl‘ éﬂ!imﬂc‘:!n)‘l‘t“”h‘; 515 I Iz‘cl ‘ ;6 ‘Iﬂ ED;S’T[;P:C‘;"‘(I‘) ‘IE 5I° =
") Thi5m(11:50-12: 38} (&) 5h25m (15:50-1648) ™I[(k) 8h35m (20 11-21:00)

10|

17 1 %
(,:i) 90'_ &u‘) c?) 2
7 LA N a'snmm;'a w ST DISTANCE m} . DISTANCE <ay
" [(d) Zh30m (13:06-13:54) [y 6n35m (17:10-18:05) Y[(DTonsom (21:27-2217)

st

ExoHuDemrm

EzoH-Demrm

Ea'&u-ﬁqzcmn—'w\

® & » ;:Ismci_n w - - o DISTANCE (m) DISTANCE (w3
"3[(e3h20n (13:54-T4:43) "[(177n30m(18:05-18:54) [ Tihasm 227 18-23:07)

Ezor-p<mrm

AxSH=»<mrm

Txon-samrm

#
R AR . T
s0.] B 0] Wy om iy Boge s o o y
L) T T T T T T T 1 T T T T T T T T Ll
£ EL] £ a0 LY 50 5 ES ) ® “ 5 ) ES 2
DISTANCE () DISTAHCE {m} DISTARCE {m)

Fig8 ABIBRIERME LR OEREL

Sections of resistivity changing ratios along A-Line



178

EBETHENRERER F2005 (2003
0.0 15
® e N o e
. L ]
-1.0 . ~ ‘
£
g g 10
g w0 ne [ ] . ® i ';?‘ .
& L] * & L]
2 L =] ]
® -3.0 * + ™
k| N
- b
4D m
® AZIR * B & b
-5.0 | 1 | | o
0:00 2:00 4:00 6:00 8:00 10:00 12:00 0:00 4:00 8:00 8:00 10:00 12:00
A ZEBRE HiE B R A TERANE SR RS
Figd RBE~RATHIZEW A HIEAELRESEL Figl0 -25%%EMRIC L 3 LEAHEHORE T HF~Ofl 5 %8

Resistivity changing ratios (%) beneath the infiltration pit

due to time-lapse water recharge

110

Downward migration of the resistivity contour of -2.5 % along the slope

as a function of time after water recharge

(a) Th50m (12:38-13:04)
| BEIR

£190

(b) 3h55m (14:43-15:09)

1l {c) 6h0Om (16:48-17:14)

wy 90 tuy 50
FEYR

e = " : o Bh = 5

W =X B4

. i e B e T
] £ N ] AR B W A g W By
TorT T T T T T T T 1 LI i T T T L] T

b E) 5 ] E @ o5 B 15 B £ = 35 ©
DISTRMGE <) DISTRNCE (m>

10

i| (d)8h10m(18:54-19:20)

110

(e)10R13m(21:00-21:27}

DISTAMCE {m}

1100

DISTANCE Cm}

Figdl BRISLEAZIESHORBEL (APIEFie SICF L)

Time lapse change of resistivity changing ratio distribution of B-Line

A7ty bm

RO 32 MU 36 38 50m
iﬁ'fﬁ@- [ '] [ | | |
3 32 34 3d 3 !
2
4m
10m

Fig12 3 WEHERAZET AL RO A7y MEL, BHR® 7%y bm)
A model showing a square pillar of 10 ohm-m in a homogeneous half-space of 100 chm-m



thif - BH Hl 44 B SRFEGHERAEY A F AR L HIBRIEE -5 ¥/ 179

"M BEREN: 7 7€V FEL

Cxor—memrm

] &

FxzoH-iz<mrm
L

-
I

M BEEREEn: A 7€ FEL

N BEEFE A7y FEL

T Eo——ptmm
[l

0 T T T T Y ] T ) T T T
20 = E E 2 a5 s 5 & Y £ 3
DISTANCE (m)

a
DISTANCE (m}

T T T A T T T T
. 50 = ® E = 5 5

E & a5
DISTRHCE {w}

MO AREEN: £ 7€ v Fom

N BEREM:. £ 7€ Fn

O EEREN: F 7y Fon

RESISTIVIIY.CHANGE
(€3]

fxw-imamem
Examan<mrm
3

!

ExXoH-z<mrm

]

r T T T T T 1 f T T
] = ES ES 5 55 -3 ] = w

3 i 45
DISTANCE <wd

an an
DISTANCE (w}

T —1 r T T T
= st 2 E B3 £

a L]
DISTANCE (m)

Fig.13 3EuiEHERAETT A OMBRIKTREFHE T — & ORGE R IER LR R S R
Inverted sections of resistivity changing ratios along lines (0 and &) with three depths of the square pillar shown in Fip. 12
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Application of Continuous Measuring System
of Electrical Resistivity
to Geoenvironmental Monitoring

NAKAZATO Hiroomi, KURODA Seiichiro, OKUYAMA Takehiko, PARK Mikyung,
KIM Hee Joon, and TODOROKI Yoshinori

Summary

A case study of artificial ground water recharge test has been conducted in order to evaluate the
applicability of electrical resistivity prospecting for geocenvironmental monitoring.
(1) The automatic monitoring system of electrical resistivity prospecting was built based on the
modification of the conventional equipment with three-channel receiver. This system was practicable
to get about 490 data in an hour. This system can store the data into an external personal computer.
It enables the continuous repetitive measuring for a longer time,
(2) Non-linear inversion of resistivity changing ratio with constrained optimization enabled the robust
numerical estimation for the change in resistivity after infiliration. In the first stage of the recharge
test, while the infiltration process is dominant, the apparent infiltration rate estimated by resistivity
monitoring was supposed to be 4.4x10*m/s.
(3) Two-dimensional resistivity prospecting data produced by 3-D code of the resistivity modeling,
which can take the asymmetry to the vertical section along the survey line, are analyzed to estimate
the resistivity changing ratio caused by recharge. It clarified that the estimated resistivity changing
ratio depends on the distance between the survey line and the ground water recharge facility, and that
the sensitivity of the change in resistivity becomes less in the deeper zone.
(4) In the application of the conventional 2-D resistivity prospecting and its analysis for
geoenvironmental monitoring, it is to be considered whether the resistivity distribution can be
assumed to be the 2-D structure.
(5) The apparent infiltration rate estimated by resistivity monitoring was consistent with the apparent
propagation rate estimated by the effect of recharge on the ground water table. Also, the soil moisture
migration, not only in vertical direction but also in the direction of horizontal section, can be supposed
by 2-D prospecting with two orthogonal survey lines.

Keywords: geoenvironment, monitoring, electrical prospecting, resistivity, resistivity changing ratio
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