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I SEWRREAE

1 HERHMOEE
a HFHHHRE
AR ABEBRIIERTH 2HFBREMTRSOS
HEHPIC B TS (Fig. 1) RRBAZICRERIG
UL iEZRO DR LEER, LM, BRBL
UEFHO 4 BOFAREEIED & h (Fris FEpR &
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Location of the survey area in Nagaoka city, northwest of Tokyo
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A map showing survey lines and boring sites

EHRNOEFHEICMET 2., SFEICEHETHZD
HEFRABBL L EEMI L2EREERD SN,
EE-FErlEAAOEREPREL o THD (s,
1991), FAERHbIZaMNED> SIEFBE LT TOLHERRE
HECFEIN =,

SO FHEE R, AU HEECL D TSNS
DI, VIVREU DR, B L b o — A JF (Fig4
TEIVIMELVREREIZI—F), D—ABBLU#HL
Broid (Figs. 234). POV MNEEZRAEES:
260, B TEEKERIIEY T2, chdiD
OB EEBEBRETH D, YIVMED DIEER
BEH 8m T, EEERBRAEMREIC 7~ 17 ° TE
BLTN3, BS, BOFLTIXTEICEE 03 ~0.8m D
VEERL Y RIZEEST S, BEL DV D—ABIREE
065 ~ 09m ¢, BOEGHFR—AtLRoTh5. &L
MoD—ABR, HIELabEH 2nOERTH 5.

b kEHE

B5 7LD 1999 4£ 9 HH & 2001 £ 11 A £ TR
WwiBE, FEBOMTAME 12 B~ 4 HOES - &
SHICHESR 9 £ TET DD, 4 ALBEEBRE
& 92.5m LLEKH D (GLEEBSE, 2002), 2001 £ 10
Al BIEfEIhESOomER AR 0 1 HM
PEREME R {, HITAMIES 90.8m (fETRELT
Who YV MEU VBB ERIEER 903m THSZ
s, YL MEU DB O RS IR RN
CAMOREIC S - e EIN D, Figs. 3, 4R
TR EREEEEO 2001 4£ 10 B 11 H 10:00 OFLAK
RizR LD, B4 BLU B7 OILAKAEERDICS
b, VILMEL D HBEBEAOB T KRR L TRV,
ZORREE LT EEARE S OBk & FRIFHL BT
DEEHEZ SND, BB, YV IMEL YREEBEOEK
B, REOEKEEB I CHERRD S k=27 X 10°
~ 94 X 10°'m/is DEERE L Ihiz (GRESRRE, 2002).
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FEANTVWE, EEEEREEREL Y D—LAFERIIHEY
L, EEREY 4y —& LTERNPERE 20cm TH
iz,

2 HERAZ

a HERE-SJVEEVATA

Kuroda et al. (2002)i3FLEI L —& % AWT, Rl
W BWT 2000 EIZTDREEEEROBOFERKED
EEFBOTHBEHEELZ I X 10t m/s E LTS, Z
OFEEI & B LREYAKED ST KEE TOEIK
BT EREIER 3 R kD eh 3. HIENE2 Rt
EEDRDE UL X VHERELOXE RERKOMIEHT
ZH VL RS EDICE, RERODSFY o RINEL
Zhic & 2REEERDE FHEICER S 2 BEERIER
BwzpEbdhs (HES, 2002). RES(2002)THE
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BHZREZRWECLICLD, 1HEYSED 10,000 282
27 —%% 1 RMUAICEE T2 BENH >R,
FREFRHT <D 70w 7 N FEREE O T K BRENES %4
B3I 2B L LT, REGRICN L TR~
512¢h OB EEHBRAEEE (BARS, 1998) A
Lk AR TCEFEEEREIMET 0¥ n ETLES
haz s, EEIRRITHROES 2 A% (A BIH :
EAEB 40 &, HRE 78m B L8 B HI5R . BEH 30 A,
HiFRRE 58m) &L, £Hl#E 3 RMICHE L 3ch DiFE
KEICI -T2 BTy e L {BETAZLEL
Teo TOVATAIZED, AHBRTIE 1 BIE 406 —%
2504, BHERTI 1 BH 225 5 — ¥ 2825 54 TR
BTEZLPBTER, £, EEEF (GHHmESD
McOHM21) ERREOBGEEICANET 228,
PCIZ L DEED onfoff BLXUFF—F¥DF > O0—F%E
BERICTZ L3Il L, BRERTRITE0®
DOEFHHRAE AR Uk, EEVAFADTOYY
B % Fig.s5 IR, 2 MEREORHOBEMIT A HE
WS &5 F 2 300m B - BRI BB U 7= (Fig. 1),
2001 £ 10 A 11 HifTbh BB TE, 1100
5 19:00 £ TD 8 I REF 20m’ DKM TEE =,
HAR—V 2 THANKDKED 12.5 ~ 14 °C, BLAEHE
& 20 ~ 30mS/m (HIEH 50 ~ 33 Q m) THADITH
L, WEKRIZFEE 195°C, BREEER 12.6mSm (L
I 794 Q m) THolz. HERE=F VL7 A #I
Moo+ BHEEI1EZ 1 £y LT, BEFICSY
PSSO FELTIEY b, BRAREREICcEY
FOBREERTH =, ZOER, A HIRTI 14 K\, B
HR TR 7THMEOF—# B 5h, 205 bRERED
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53RN TRFRFNIFEB LT 1 HEOT—4
BHZIeNNTERE (Fig 6). 2B, LERmE=S1 Y
JHRHCZERE R, .

b HIEREIERN
HiEFRAHGOREZELERS T 5 2 OIC HERELE
BiEX 2EH T 255, BeoRENR2ThTh
MR L, fElEh/EREICREICH T 2 ELE
EROBZOB—BHTH B, UL, HLeDUBmER
TRA—HEBTH-> T HEOREBRENMIIMEIT/ 4 X
BT DB ONEE SRR 2=, Zhb
DEELZEEEINE A XAEAEHHLTLEST
BEED TRV, AR (1995)i, HIEREOIFREEES
B U= B e PR IRE L. I IR
ENEYI7 A BINERAF. TOEER, #xk)7
7L AMHE (—RICHPERET — 5 OWENERE
Bn3) hestELEERT—FICHEShE=ET—%
ZMATHEF BTN, FOBERONDILERAFL
V7 7Ly AMEO RS T OED 5 iR E{bES
RDOZEDTHD. £4(1995HF, AFKRICBNTHE
MECOFAZENTEILICED, ESTHEEOHD
BT EMREIC 2B S & B R LT, (E4ARQNZZDF
HRIEHET— 10 X 5 HIERALOBIT L Y, g
ME=F VT BT2REOFDHEER L.
FRMFA~OWRE, KEMEOHEKIC LB ELE
IbEELIE L8, BRO19S)DFHRICHEN v I
2w r FIIA UTHET IS T2 50 8 LTHERE
{LRFBBIF 2T o= NV T TSy FF—F DIIER
T % SR 8D 2 AR & HIEDIZ L E DR RTSE 23K
2T E-Tomo Verdd (ALY v+
WE M) T LY, FEMERSRERG ESERRR D
FHEEAWE REHESOBRERIHRRHEOREREICE,
F—I L ETFNEHET 2BOETINORELEDER
BRIERE & T B HEIRHEE AIC (GRi, 1976) HE/NC
B EFIIEERLE,

AR w7 F3omFIER

-
I

FaIFEE RS TR IR

42y

Fig.7 HEHNEE (AB k)
Interpreted resistivity sections along Lines A (upper) and B (lower)
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Table 1 FEAEHTIZ I8 5 RMS BEEL (AB HIH)
bak lZ/ 3w 7 7 0 FERE, a~mid v 7 75 0w Fick+ 3 S8EOEILSERET,
FEEHE D 0 A S F A0 % RMS 7835,

RMS misfits during inversion iterations

T

A [bak] a v b i ¢t d e i f g 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 0.33: 0461 041: 058 055 0.39: 0581 0511 0501 048! 043 049
2| 480| 040! 0331 046: 0.41: 058 0.55) 0391 058! 0511 0501 048 043: 049
3| 1.40[ 0.40) 033, 046: 041, 058 055; 039 058! 051: 050! 048 043: 0.49
4| 092 0.40: 033 046 041) 058 055: 03% 058 051: 050 048 043: 049
5| 063 040: 0331 0461 041 058 055 03% 058 051 050 0481 0.43: 049
6| 0.48| 040r 033 046' 0.41: 058 055 039 058 051 0501 0.48: 043¢ 0.49

B [bak ] 2 v b ' ¢ ' d 1 & 1 ¢
REFRE 0.315 0.525 0.375 1.125 1.15 0.95
1) 143| 0.241 0231 0.41: 035 0.36: 0.36
2{ 7.87| 0.24: 0.28) 0411 0351 035 0.36
3| 477 0.241 0.28: 0.41: 0.35: 0.35: 0.36
4| 3.12| 024: 0.28: 041! 0.35' 035! 0.36
5| 1.65| 0.24) 028 0.41: 0351 035 0.36
5| 1.03] o024 028 041 035 0.35° 036

I #FERR AETHEL, ZOME 1%KEER>7 (Table 1).

1 Ry T390 ETF—SDBHER

Nwh 7Sy FAREICELS A, B EEROIERETE
B#% Fig7 KTT. BIERDITHIEHE oo & W AT
Shi=HRAAHET V65 E I h 5 R I HiknE
Oact @D RMS BREFRINEROZLAMETRTIEED—
DTCHD, WATKDLN .

RMS error= E {In papin oM X 100(%)

=1

(1)

EMFIO RMS BElE, 6 BIOREEIEICLD A IR
Tik 048%, BRI TE 1.03%22>TED (Table 1),
FATEROZEEEEVE O LR IR S, SHEED
WERECHG LR 3 EEEERL, ED 500 Q m
LI T OB O — AR, TAIOD 500 ~ 3000 @& m D&k
EFRBEI L MEL DIEERE, & FALD 1200 ~ 2000 Q
m U TFOREERBRABB NV FBIHET 5. &~
JMEUYIEEB L AERES )V MNE L OBRIXTIRT
BB, ¥, MRS E 2 BOELERTEEL R
CIRIF S h T 355 2 h B O B RS TE (&
JEO T RS IETE) OREERTRIDEER
s5hd.

-

—

2 HIEREEEBTER
H 2RO AR EE & 5% L =T ONEE
T, EERBEC/Sy 275y FORFIEYTE
Ro H#EX LT, BEZSLOBFITEFER 0&oT
LFOL3IEHZEND.
d(%)=(R+-Re)/Ro X 100 (2}
Figs 8,11 iZ KA L EWER R R BB S
B §RE Y ACREME R I AKCEA A £ 20m,
EEFEIZES 8om FTOHBEERTRL, B{EEX
el 0 ~10%E T 05UEYIhIH— L, 37T
DHIEHELEEFICOWT RMS BER AL &, RIE 2

DR, 1%F—F —DOHERELESADENEE
HERheOrHEEhd, LT, FHRCOWTHERS.
a ARR (Fig. 8)

(adid 2 E@/Sw 7 7290 FREIEZ DWW TO &R
BILESHTHY, TRTORT O ~-1%DEEIIH D,
BEERRIT S AT ADIEED 1%LUACH B L HHRT
X3,

RSO LERET 2L, FTREYAMR
TiE, HIERELE-10% il R EREERICHES I
EHELDSOBRADIBD N, THUADEFTBIT S
BB ER3S ~40%TH 5. HERELDBOERE
HRAANDEHEXRGO)PS(DE TR DN, ThIUER
2.5%0D SEMRI AR X N B BRSO RIFRHE <75
A~OIFRPRDEND,

EE A HAOEEREICOWT, BERBEOSE
TAETOMTKER BS BLU BT D FRADSEFE
& olm FEEL, FEZLOZORMBIT B HER
Z{L¥E%R Fig. 8 BHAL D L Fig. 9D XD RD, =
DOED 5B BEY A THOBMFAEME TR, WERHD
5 5 BRI ¢ D EA L, TRUMBRIZE—EC
RBIEBEALND. BWEEHE, S S RER2ERK
O T KE~ORER e+ 2 L, BBTATEGRR
= 9om) AU TKRES COME 80m DWW T 44 X
10°m/s DB KD RO ITOBEHE (Bd) 21952
FETED,

SIS A O HAERZ LIC DWW TR, BEREIK
U T25%DEFEHD S > ¥ RANDCEET AP0
HoOEEE 70w T3 E Fig. 100 X505, (g),
(WDEEKRL L, BEEEDLS 4 FESRMECEHA
Db, 4 BEARMBTESEROBBEENRELR
%, # L CEHELD 8 BEUECEIBIHEEN TN
HEIL DNE L BRBELVEREALEN S,

b BRI#EFig 11)
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B HIRO HIEF A LRI ERILITIE 2 BB = 0HE
HRILLZ2L0THD. T, AJBEESETAITEL
TRHREINTVADIH L, B fifgEBE~Y X S5 HE
THAK 2m BhifAz2E-> T3, HERRDHOE
fBIZoVN T A FIfRD &5 bR B 2 EE2
REETLERS bk, A HiEEE, B8R
DFFERTHOER 9Im S22 BEAELEDR
BELEAZ L, ERERO 8 KEKILETESE
H, 8 ~ 10 RE#BICE—E LR, ZORS HIENTL
KERLTW2 (Fig 9). 4REE#®E T 2 A A WER
BROLBIZI 70w hEh, EWEFEREEORBEKOIHE
EOWTEAERE SR UBERRIB A TR 2%
Aboh?%. B HTRENTEDCEKED A BigL K
E<ROTVE, CHEEEKDEEDS A HELTH
HATHRAANDRI 2RO, BFEA LD FTHAN
IB32% B @ LTI, X ASRELEIELNE
LEZ5ND, HIANORLIEGIRIFIS AL AFNCHE
AREEZ LN,

VNV # K

1 EEKROIRTHEORERE

BETAORENPSRET 2HFKE, BROWICE
MR ORREMEAEERT 2 52503, Jhick
U, H3EDUER 2 WOorRERM TR E I 2E 2 A It
EPHREOZEEDRV 2 TRERREL TV B kY,
RENHICEELR AR LEREPENEEI 6N EE
BAROBEC & 2 HENZE+HTRETE VR
WATREMES B B, Fh, BIERA, B TREBETAMREE
B 5 WERNZLEOEIECRADBRELRRYD, =

NIEBETR L IEEAR L OEEOBENIC L 2D LE
Ao, ZDkd, SROEEREEZERT 2 =0,
F 7" Sasaki(1994) [ BED EUEEREE 2 VW= ERER
HRIZ LB HERE I RFTETV /7075 ARERL
oo ZOZTDZIAICED 100 @ m OF—HERIIK
HHE 2m X 2m, 10 Q m OELERAEDHEDPS 2m,
4m, 10m FTHHELTNBEFNIIDOWT, EMURE
2m, PERE 78m DOHEEH - OEERAEICET 518
& (RO : A HROHE) &, RCHED 2m BhT
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Water levels in observation well of B4, B3, B6 and B7
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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 geoenvironmental 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



