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Division map for calculus of finite differences
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Flowchart of analysis of resistivity data
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Added noise data for inversion

2 ik | 3 s | 4 1L DP-DP k)
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Case 2 FGUREN ) AR (HPH L -5~+5%)
Case 3 TUHL AR (B -10~+10%)

WDP-DP : # A K—/L « & A K—Lik
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Result of inversion in numerical model [I] (Numerical value:resistvity Q-m)
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Assumed geologic map at the damsite of Gozenyama and position of electronodes for electrical reisitivity survey
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Result of reistivity tomography using dipole-dipole array
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P NEZ 7 7052 @H L, 256 o # Z RS
HEATo 1o MIRALETEMBEIES R LR L 2 L5,
HALE T A 2 L 3L WS, WL N ES T 7 1
T, &0 REM 2 HURRE & <0 b TR o LU A
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T SAFAEDFERR ST 72 F-1 7@ %, (ke
HELTHMT I N TE,
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I #pL —43%kICKkBRCDAZY—FD
HBIEERMTORR (TR

1 S

SEAR, NHEHEICBITA IR MERSEE R RE L 4
S>TWh, BERIY )= 20 LIZBWTHL
IXMEEHIBEL/ZTHEODEDTH S RCD LiED
THBA»R SN S, RCD LiEE 13, AEABERD O
I )= ETNF—F—THEREHL L2RIE
o —J THEEED, WRIcar 2 ) — b &ITHEL TN
TETHA, L»L, RCD LIFEICHWAE Y 7)) —
BRBMEAIEE IS Wz, LEMEICE>Tiday
7)) — N ORFEEAHA U L0 fetEL S 0, T
HEHINL, av ) — MERREE [Faar20)
— M) (EAR%¥%, 2002) [2XhiE, RCODHzZ > 2
— FOfFEOERDEE LT, [LELHFEOBEIGS
N5 L) IHEOERETLL TR S 2w ] L%
ENTVDLHDOD, BARMRIRAEIIREN TV R,
B TICBWWTIE, IR 2 — 7 OEEREIC L 5 5,
RIFEFHC X 5 H, fEOROLTEUEICL 2
B, a7 E A F 2y 2R ED ThITW A, EE
mHIC & 2 EH B L ORE O RO T EHllE 2 £ 5
EWHETIE, FancRBE L AT, eSS 5 v
B TEETEEOMBEERANTBLLENSH L, Lh
L, 2327 ) = RLBMOWEAPAAENT S L) %2
AT, BERNBRPIL TR EBE - OMBEZMIEL 2D
OB EEH L2 E R 6 % wn,

—J, ATHPICE AT v 7R RIBERNCE S
HETIE, [%E] L) WHESERTE, FEFICH
MThbH, LL, I7HRIUCEEF = v 7 HETIE
a2 7) = FOFLE TR UL 7 OFRIAA T FET
HoL1O, FEREPELFCTICHMEET S, H5WIiEa
T OB DL EOMBEERH L, T2, £
HTCRICK ABEORHISL I THR M 1T ThH, Hoh
HIEHI, BomA [H] oFHmchy, ML zme
LCOMRITTE TR,

ZZC, WhEHOERE IR T LS TE
LYWEEAEOV O TH LML — FiEICEH L7z,
MWL — T, g Y2 — FOBEEEHITE
Wb oo, Jii LHESISHE»DEEENIZT > 7 1) —
O 2 REET 2 BT 5 2 L RETH b, T 72,
W2 fE-Ficar 7 ) — hORTET 2RI TE LT
REVED D B 728, WERRAARTHEEN S o 7235512137
CHERTEZ EOXRIEEDSTRE L 2 ), i L& O
PEDSIREER 12 B3 5 EIFE T & 5,

KETE, FTRCD A7) — b~ L — 53
OFMICEE L, SR —F 23> 7)) — MEEEZ v
TR L — ¥ DR — 5 AL REITIC DT O SRS
BRadT) . $72, B CEBMH TS RCD 27 1) —

& W CHEERBO R %2 5 RCD 2> 7 1) — MMEREK
ZVERCL, BRI & B RO E OAHE S RCD 2~
70— M OLFBEBEOEA, BRI OEHERE 2 MERRL,
M LAEFRCE L L — ¥ ORISR e e T 57
DOERREIT), HITE, EBORCD IV 7 — b
DY LTI B T, WEH L - e O TEHE
e LTl —52@#ML, ZoMUkEZzIEET 5, £
LT, &#MICIERCD TEZRHT 2 5 2 Ol T
FhE~O#M - ERLERL Z L2 fEEHE LTw
%o

2 BEIR—5Z2a>90)— ML BEBERR
a FEROB®
WL —FEid, SNFET [HED LV IZHEE] =5
G L7ZEROSE, MMEMfTbITE T, 20720,
BN A EZETLIEETHL [To7F] 13, FAEE
BEAERELT B0 HBMEREEE (Bt ~%#E
MHz #2/%) Ob O HHEICFH S T&7, LaL,
AR, v 7)) — bOSEHMEOWRR, ¥ ARIVEA
O RO A b L =yl S D LI
) ooHY, TrT T O 1GHz 82 5
BTOHBOHEEINTL, £2C, 7, HiFL—%
BASRCD 27 1) — b ERMG L LIERERALE L
THEHATEA2D2, RCD I 7)) — O LEHIZH
L 7- BRI DR, £/2RCD IV 7)) —
FOJE TEBEADICHICE L, B&ICEHTrvay s
) — bORFEEES (Wbwd [Vyrh]) PHET
ELDDEMRTAZ I Lz lHEDa 7)) — k&,
T it 7 Jii AN RLEE AT & TR L 72 5800 — 7 2k o 2
TEEEERL, Hp L — Yo TEMTEL LToH
FTTREVE R RET 3 B 720, B BTV ERRT Kl L
72
b XEFGE

(1) EB&a>7U— MFEE - HiKx

F&6m, M8 1.5m, & 0.5m OEF:% ER L T
TEL, —HICBFEO) vy FhRars)—r (Ui
L= 1fllEv)), ) —HIZEHMKR—F 237
—F (DL —r2MllE V) RATREL 72, FEBRICMH
L7zaryz)— bMEFLOFHRE X OHEWIX % Fig.3-
1IZRT, R —5 2327 —-bIEE45ecm T
80~150mm D f1FFEAMHEM D% 2,884 kg XA L, £
D L2 20~40mm FEFEAHEH Q% 360kg X, 5
IZZFDOEZEVTVTER L7z, WiEOMHKE FRIC
BRETELho720T, TFL—r1Mllaryr)— %
kL, 203 HEIZL— 2% dT3% L 72,

(2) EALAEI> VY- bBLUEMOYIEE

R L 72 GBS O P T E % Table 3-1 [27R T,
g7, L—riflloarrz)—k, L—=r2Ml0oENLY
VOYTEIZRD Table 3-2 IZRTEBY TH D, HihL
=V OFERICB T, SR L T 5 AR o v
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7 ) — N ADOBEREIHE DG S R, MY R R
ﬁ%&gmﬁﬁﬁmﬁ®wéiﬁ%T§&V>%@f@
W L — &30 & 0155 A TG ORI,
A % I beﬁg%mﬁﬁﬁﬁkof<éif@h
BTERT LWLV, SRIOFERRICBWTIE, ERLE
L=, b=y 2 AR O BRI RE 2 KO 5
CEEHME LT, Fig3-1 2R $ &) 1A e 4
5 50cm, FES 50cm D& AIZHEEE 7 5B 50mm
DPEX ZTNETN I ART OB L7z, FIEEFTH 5,
COFEEL—FTELZLIENTENE, $EDPS
O JPHE F TOFEFFER: & BEREENS, av 7Y
— MEE T OERBARIERENFIRICL ) RO B Z LS
T&b, HIZZOFREFMHT LI LTL—r 1l L
— V2 MO HFHER, BRI 2 & OMHE % B
I TEDEEMEND 5,

SEhE L 72 iR % Photo 3-1 127K T,

(38) L—> 2 DEEENEH

BALTZZEMENPSSPDAR—F X371 — bORK
ez kDL HIZHE L7,
BALHEHoOBER (D) =3,243.9 (kg)
HEOHFE (2) =3X1.5%X0.46=2.07 (m?)
FHOFRZILE (3) =2.56
B LD 545 (@) =0/3=3243.9 (kg)/(2.56X1)
(g/em?) =1.267 (m?)

Table3-1 A¥EHAOME

Property of quartz porphyry
O HAEHO
80~150mm 20~40mm
Kz H 2.56 255
e 0.900 2.550
HALARTE 1.52 1.48
FEhER 59.9 59.0
Table3-2 &3> 7)) —F, ELZILOWE
Property of concrete and mortar
AR L—r1 L—r2
AV WiEAEL F T KA B JLE 3.16 JLE 3.16
REw M 2.59 —
P,
A R R L - HEH 216
HLUE IRA WA Gmax=40mm HE 270
IR A R U A No.70 FLEE 1.06
ey
w/C sla kg/m®
% | % Tw T c s G| Al
L—>1 | 655 | 436 | 151 | 231 | 826 | 1112 | 245
L—r2 | 75 255 | 340 | 1540
AF T 225 TR
cm % C
r—21 10 5.6 22.0
Lr—22 19 3.5 22.5
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kA fdE (5)=(2-0) @=0.803 (m’
(m?®) =0.388

L72A%oC, MIFRILIZ 0388 & H Sz,

(4) AL L — 4 EBOBE
L7z L — 7 %5E 13, GSSIHL® SIR-10A +1)
— X (Photo 3-2) TdH 5L, L —FDH:AE% Table 3-
3ITRT . F72, WL 300MHz B X OF 500MHz O
7 ¥ 7 F % Photo 3-3 1Z7R" T,

c EERER

MWEF L= TEIEFZRLT2S 6 HE (LG8
WX ; 300MHz), 51 H# (A G892 5 300MHz),
104 Hf% (ff LR S00MHzZ, 1GHz) 12

(1) FbEEE 300MHz IC & B AIERR
5 U 8 E 300MHZ DT V7 F Ik o THlE L7z
oA RO E% Fig3-2 IO 7, MTIXE-TE/HE
W O RCAHRIEDS VT E R SR, W ERERTE
RLTWh, L—r 1fllE L— 2l o FTmEIE R
ELRBRDEVHFERERTZ, L — 2 1 TR
FERHY 3ns TERBEIHELTLE> TV EDITH L,
L=y 2 i CiE GGG TB Y, KTRSNE
BREERF 1ms LEORE 2D L H 2 TWwa, F72,
L= 1 fllICE#ErTmETERVwbon, L—r 214
T SRR 4.5ns OALE 128 O 2 11 B 0
B (RIAREIER ) AYE B 2 bz, Zhid, Figs-1

)/2.07

1?0 f:o

FEE
Good Bad
1.5m 3m 3m ;
it

HEM . ~EIILZIL

0.5 0.45m¢ s A
'“¢ o A
\ s /

Fig3-1 E7IVEEI Y 7)) — L OB L OHERT

Plan and cross section of model concrete

TR DOFERM 2 > 7 ) — MERE (f)

Left: Coarse aggregates ~ Right: Concrete for ground penetrating radar survey

Photo 3-1 HlE#H (72) &



B’ FIL Y LADFEDS X UEIEEIC

DR R L72LH12, L—r 1 HITIEgEEFTcoa
Y= MNEXS0em HAH0, TUTFNLEEFESN
TREBNE ) - PRBTRFESATLEY)

it,H%H%&wﬁ%f%ot:a#%:yau—b

KDDL EENT WA, BRGED A 22
¢6w~ﬁﬁbfbi7;&ﬁﬁﬁﬁéék%i%h

2o —77, L= 2T, ELVILADEEDDLTH 5cm
THholZ enb, BHICHIICERESEB/L, &5
WZNERDZEBRD L WHIEM TH o722 & D, BREIEH

Photo 3-2 L —% v A7 4 K
Main controller of GPR system

Photo3-3 ML —¥ A7 L0077 )
(b o HuG BB 300MHz, T 1 UL BB S00MHzZ)
Antenna of ground penetrating radar(GPR) system

(Upper: 300MHz frequency, Lower: S00MHz frequency)

Table 3-3 i L — &% &E D 1A%

Specifications of GPR system

1 CPU 486SL.C 25MHz
AEY — 16MB RAM + FLASH EPROM
HEryry 5~10,000nsec
A/D 5y fie 8orl6e By k

128 A% v Vsec VLT
128~1,024 ¥ > 7" /L /scan

A%y L— ]
AD YT

FREL VGA # 7 —CRT

T —Z gk 23GB/8Smm 112m 7 —7
AL H—T A A RS-232C 16 By k8T L L
BEREIRET v T Tk 4ch

e DC 12V 200W

B B IEWEGRABA OIS T 2178 41

WEET, $ICECEREL 720, L— 2 THGR
LORSBELZbNTZHDEHERM SIS,

COMEREHNTL — Y 2 IO FEES L OERE
EHERELZEE L7, BT e 2 AT AHETOE
BERARIEREE vV (m/s) (&, % ¢ (m/is), SGHITZY
FCTOREE D (m), FHEGHERZ ¢t (sec) £T5 &,
RATEINS,

2D

o _ 2 3.1
Vo oY
FEOTHSOMEILEN ¥ VRN S 45cm OHLETDH

D, ZONMNEDN4.5ns TEREINTWVLZ ERS, &
(3.1) #HWA L, XD XS mHBRRIKDEN S,

2x045 3.0x107° -
45%x107° Jo G2
X (3.2) »HEFEER, X G1) »H5Lb—r2H0

BB EE 2 WH T 2 &, WFRERIT 225, BRI
{Z4BHEE 13 2X10°m/s & %2 5720 7235, Table3-4 (2T 7%
B O FEES L IKPUEIC oW TRT (H R, 1988) 6
MFAT0.388 & K&, BRADVEL V20, 1ITEWEE
olzbDEHEHTE B,

(2) FDEREE 500MHz IC & B RIERER

L—u1 | L—2 |
- i -

HE R ER (ns)
T

Fig.3-2 WL 300MHz 12 & 2 BlERS
GPR image using 300MHz antenna

Table 3-4  F W) H OBLKMGEE
Electrical property
Wit P (Qem) | CCPEE
(&)
E - 1
TAT 7 b ~1000 2.5~35
ayzy—h ~100 3~9
1 HE 100~1000 9~14
+ YE 1 50~400 11~18
+ v bt 20~200 14~36
+ i+ 1~30 25~56
Fe b 200~1000 9~14
S AR 2000~10000 6~11
K — 3.2
7K — 81
ik 5%10° 81
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HU R 500MHz O 7 2 7 F & W CRIGE L 72T
106 HA DK R % Fig3-3 1 IRT, HLAT Y7+ D
HAtE, WET AR E T v T F R L 72 IREET T v
TFEERT LD, REOMMRPT V7 F OF & ikis
e LICRRE A MYAEGICEN T, 200, KEHE
I TE O IR AR AT L < 72 5 725

Fig3-3 2 RAE, L= 1M, L— Y 2MlToRE

WERRKEL REZ->TWD, E512, L—r 211284
~5ns DL SCFHERE % T & L 72 BUHRR T o O3
DA L, S 50cm OFENMERTE 72, &b, Z
D RHNFREL D BT & H L R 2 300MHz DFERT b
BRI hTwb, —F, L=V 1HTEL—Y2TRS
NLEN GG R SN, S$EOMEDIFETE
Lol ¥R 106 HEEE L TWAH 2 b, T
EHE T 5 ENEOKFIEHL L TWBEEEZ LR
b0 LL, COMRTOIHELXIT LI ENTE %
ol Enb, 3>7}—h%@f@ﬁ%ﬁk%<
B DEHE T TEREL T awnzols, $EE2HT
XhaholzbEZ N5,

(38) AR 1GHzZ I & BAIERE

Fig.3-4 (LB 1IGHz 7~ 7 F TOER I %
RS HUOEWEE IGHZ DT ¥ 7 F D4, BRI O
EWE L, R E L7200, MBI &g
DZERR L OBEF T O K& b b TR AN 72 5
WHNTBY, ELLORFESINLIENTLE -
TWwb, Lo L, o LEERTIIXKITE 2o
L— 22 OB E TN YV EDOBEFERD DI 7 B
ELTHSZON, FEFICEVGHELRL TSI L
MREOLNL, LIzhoT, I FKEDOFEMEE T IEN
%fﬂﬁﬁ?éﬂ%ﬁ%é%%,mif arzy—k
REEY T ORFIREZ MRS 258128V T, SEKT
YT TR ICENTHD S,

d #eE

ML —%%HwT, ar7)— MEEUKIZBIF SR

—72.%@&@tb@%@%&%%%ﬁoto%wm
, ROZEPRELPE L 572,

@ﬁmbf¢uﬂ&%m@ﬁﬁéﬁb1 WHE D) T
arryz)—brEBPMAR—F 232 ) =T, L
— Y ORGTIGEIRE R D,

QL—r 208 E—F 23 7)) — MITIX, BRI
FEREZWHS ST 572D RE L2282 0
W B 300MHz, 500MHz D7 ¥ 7 FIC X W T& 72,
COMEREHOWTEDAR—F 2327 — FDOFEEH
GIUFEREFHE LA, WFEER 225, BRI
{EHBHEE 2X10° (m/fs) &7 o720 ZOfHIE, —HkHY
&:/7U—E®RM%$3 9;Uu$é< 7 A
TV NORFEEREZIZFEABLETH > 72, T,
M2 Z < @I)—ME#ZBO 727280, EREIARTHEHE DS
a7 )= I B o7/ OTH S,

@OL—r1®) vy Fraryz)— MITIX, COREHK

TLHEIRETE LD o720 ZOHBIZOVTIE,

BRI ARECTRE L, EEMICERMELSEEL T

W BB E W &3 o Tz, L2 T, ) v T

Haryr)— bOWE, KEDD 45em DL EOFEWAL

WZHHPEOBRBIZEE L W LIRS NL,

F7, BUR—I 23> 7)) — MEREE 7z 2L
FEEROFEIIRDHIATH 5,
O4MOEBRTIZIRCD 27 ) — 38R % 5 [540

RK=F2a3r7)—M 2HVTn5, EEDRCD

a7 ) — N TOBALEIZE D B
@FEBEORCD 2> 7 ) — FOBHIZEEOR T ER S

PEGREPHBRIN WY, REETr SR TE 7

ELTY, %@mﬁ@%ﬁ#%twomﬁ®lﬁ%%

SEMITAH720121E, RCD I ¥ 7 1) — FOILFHERER

’%Télﬁ@iﬁ#ﬁ%f%éo
@EDOREDIRDBEC 2D T & B0 & v ) R

THODIZT HLEDD B,

ZDHbh, OBXVQOREE KIS 5720, HLE
R ot R SERFI R RT O ) 2 15T, FEBED RCD 2
)= N CREEEIT o7, RIETIE, IThS0fERT

J\i\-/“;ﬁ)o

3 RCDOVYU—bMERAWAERER
a FRBROE®

| L—1 | L—>2 |
|

HERHER(ns)

Fig.3-3 500MHz 7 > 7 12 X %l 5& i 5
GPR image using 500MHz antenna

L—r2 |

HERAER(s)

Fig.3-4 1GHz 7 ¥ 7 F 12 & B IR 5

GPR image using 1GHz antenna
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MR ETFVERICEL T, @EI 7 — b &5
PR=F 232 271) = N EIIETHEGESRKE L B D &
WO FER R, CORREEZIT T, EBORCD I ¥
)= NORFHBIIED I I ICRZ LD EFEL,
RCD 2 > 7 ) — M OERIEARTEEE, HHFEROM
252 ERHME LT, FILRERSEREKFFES
FTENOFE N & 2 EHBMNICHE L 72 RCD 2~ 7
V= MNETNEfio - HMEERZIT- 72,

b XE&GE

fEBL/2RCD 2~ 7 1) — MET IV % Fig.3-5 127R T
REHIREI T — 7 OEAKEZ W2 RIE 14m, TEY
25m DETIVTH D, WERKE 4& L — 1,
REELEL— D2 L—rEHT, £L— NI,
BRI OFEE RS 57200 LHE (VP ¢ 150mm)
RRIE L 7zo RHOIRI % Photo 3-4 IZ/RT . F 72,
RCD 2 ¥ 7)) — FO/RGELA L Table 3-5 D& B D TH
5,

¥, BOEBRTERUE—F 22> 7 ) — bhogkE
M C & 7oL 2 300MHZ & UL E 2L S00MHZ
DT T FEHCT 12 MEREL — >, 4HEREL — >
AL, BERNBRICIDEPELTWE D, EHiEL
VP ¢ 150mm 3 U $ TEEE P ES, KHLTWwLH
THERR L7, 512, 45N 5 VP ¢ 150mm I EE D5
DI EREA S RCD 2~ 7 ) — MO 2 ILiEE
B CIRHEE 25 L, 2 NS Rk ORGE I
ELBITEDIIITENLL T L ODEBEL,

< 14m >

12 [EfisE L — 4 [AEE L —
2.69m 2.69m

“« > D

0.75m I ‘ ‘ ‘ ‘
[ ) (]

N/

VP 6150 e 31 7

Fig3-5 RCD 27— METI

Roll compacted dam-concrete(RCD) test model

c FRER

(1) SIR-10A IC& B AIERRE (HRABIERER)

5 1 G E E$L 300MHZ, 500MHz O 2 FiEH O 7~
T FTH o 7o AT HEARIER 4 BERIZHER L 72,
Fig.3-6 (& .0 J& % 300MHz, Fig.3-7 (& P08 5
500MHz D7 ¥ 7+ % ffio7- b EOREHIETH b, %
B, HWEEIZE, HWFHFERDN 8 LIFFITEH VKL
L7z HEEICHEE L -B/EEIE, HoE LT
BL, —E2ENOKIZE®RT S, LarL, KPOER
PARIEEE L, X 31 ITRT L) IZZ=L D 19 LiE
S BTz, KRR L TEOES TR L 72 BRI
DFESE TORMIE, FOHE,LORGE ET 2 &
BB, 2D, Figl-6 B L U Fig.3-7 OFRICE
WL, EOBE EAS G LTHEBE L 7 BRI O S
% (R REEIEE O MEIRO W) & TORSIC
ST 5 b0 L L7z, b E 300MHz, S00MHz @
W ORBEHICEY, HEFEOMNEIFETE . L
L, HUGJEE%E S00MHz O HIER R Tld, 300MHz (21

~— T~ BELI- ¢ 150
Photo 3-4 RCD I > 27 ) — M EFILVHIEIRD

Measurement situation of RCD model

Table3-5 RCD 2> 7 1) — hORFHAE

Specified mix of RCD

Gmax AZ T VC 1t e W/(C+F) =g > et
(mm) (cm) () (%) (%) (%)
80 0 2010 1.5£1 73.1 32
Wi (kg/m?)
K (W) Ak (O 79479va (F) A4 (S) HEH (G) RN
95 91 39 709 1512 0.325
Table 3-6  ERGIE(RIRHE B X U IR =G AL R
Velocity of electromagnetic radiation and dielectric constant
AT ECOUES B EROGEE |
B XD 9H (m) (ns=10"sec) (10%m/s) wIrE
4 T L — 0.528 123 0.859 12.2
12 [ml#sE L — 0.493 12.1 0.815 13.6




44 FEFE AW e

RCHEBEBDE 20, LS 300MHz DFFER LD
b BB 7 AU AR O BTG 25HERE C & 72 AUTARIR D
KGR OB L F TOREHERIE, f12ns THHZ L
PHERRCT& 720 COMFEEZFMAL, RCD 2271 — b
P OERMIARIEEE V (m/s) LILFEEFE e £ 2K (3.1)

DFEIZ L > TRD 72,

PEERARVE R 72 O 0 K 2 300MHZ,  500MHz T D
MWERREZ T DD E, RO Table3-6 DEBH TH b,
HHERImE L SEEN R 7)) - NORFEEL
WhHILD 3~9 (Table 3-4) Oftiz Ell->THEY, FIik
BEBEOGKIRKEOESERLTVWLI D EHMTE L,
—J7, RS R2EOL—r L 4FDOL— kD

FFRD 5N o 72,

(2) SIR-10A IC& 2 RIERER (HEBERIS1F7

7 Bi%EE)

HLEE R 300MHZ 7 > 7 1S & A BRASRE FL % Fig.3-8
(2, U E R 500MHz 12 X A ARG 5 % Fig.3-9 (2R
o MEEZ A R ERE (ns=107sec) TdH 5o

MIZRT & 912, BREKEOEHRE % RS 2HMT

WL 22 eE I, L E¥EE 300MHz, 500MHz O 7
YT ERRCTHREEZT R, WL QHEICHEN
720 LML, A TOELEERTEEZ ONARETHIE
EESRREEDTEG <, DT DL E GRS H3 12 SR
fEashd PNz, TS OMEIANZITITITERE 7% b Fkk 7%
HE xR LT,

INA T O E &R ST F T o RGHER T HlE L7z
EZAh, 12MAEEEL — ¥ TIEH 7.53ns, 4 \IREL —
T2 9.63ns TH -7z, J&IAEEIZ, RCD I~ 27 1) — b
DILFHER % KD A5 F % Table 3-7 | I/R T,

RCD a2 > 7 ) — MERMEITEH 1 HF7 » HE T

AEERE S

12ERERS

(SU)ZR itk 320 o

Fig.3-6 300MHz 7 > 7 F 12 X % JiA0Hs 5
GPR image using 300MHz antenna

1218 [E 80 5 AEEREE S

weR1 were7

Fig.3-7 500MHz 7 > 7 F12 X 5 SASH: J

GPR image using S00MHz antenna
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RCD 2 7)) — FOWFEREIZ, R2uE#EEL—IZs
W 525, 4AEREL — 2 IZBWT 748 LEB SN,
WE, 370 - MOLFEEER, 3~9BEL b
TV 5 0%, RIEEFHERIZ BV THERR LtRm):/ﬁu
— MOIFEEFIE, ZOHFANICA-TEY, @EDO2
/7U—b®b«wwmﬁﬁi HERE L T\ 7o, BRI
BamEE 12 BT, HFHFERITOT N RMEI 225,
L— F TGk R e L CZOMEZRTILIITE L
Mote B, MURASICEIVIERLZZRCD 2> 27
— MR R O — Tl A AR B LR E RS X A AHES S
Nehrolz,

(3) RCD O> 7 U—MOLFEROEAZE(L
FME3.b CTld, fTRERE, FIXK1F7 7 AROK
ROBZRLTWED, FROFAEZ T 1 4FE5%, 24
kB L CEML, BHMIZ 2MEEFEL—-BIY
AMBEIFE L — CDOIFERRERD 72, 2N OFAHRE R
PHEL N ILFEREOMLH LR % Fig.3-10 ITR
T E620&%EHbb00, WFERIL, HRRIERE
BHOOEAIETLTWAZEPHLE N E o2 F 72,
H#E1VET » RO 4REEELY — Y ORFER LRI
&, ZITREAICIFERIRD LT DB 2 LS H
Lotz

INSGOERELTIE, T2 —hERBBKEDK
A A WA, RCD 2 ¥ 7 1) — N OIRFE G IKE DN
S B olclcbThHAEEZLNDL, KOLFEFRI
81 T, MOMEDILFERL LT 2 L Miglo k& v,
Aolnl, BEFRICEZEI 7 ) - FOGKEFNELTY
iz, HLFEFTHMTIEH LA, RCD I 7 1) —
FNEROEAIKEE L WFEFR L OMBIEE LN s
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Lower: Concrete core at the reflection abnormality

Upper: Concrete core at the non-abnormality

Table 3-7 MM ARIEHEIE & HAHER

Velocity of electromagnetic radiation and dielectric constant

RATETOBES iyt TR PP

PRI K 2EH (m) (ns=10"sec) (10%m/s) SR
4 [EfRE L — 0.528 9.63 1.10 7.48
12 [EEE L — 0.493 7.53 131 525
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Table 3-8 [ & RCD I 7 K — J A# R ILEH

Voids ration of RCD core at the reflection abnormality
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Result of inversion when resistivity change is occured in a part of

imprevious zone
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Histogram of change of apparent resistivity
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Resistivity change ratio after one month when the soil specimem was made
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Rising of water revel at the side of soil specimem
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Electronodes array at the section of NS-1,2,3
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Survey line of dipole-dipole electrical resistivity
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Result of geologic column and electrical logging of the boring for resisitivity tomography (B1, B2, B3 from left)
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Resistivity distribution during the test filling (Left: Middle of autumn, Right . End of autumn, 2001)
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Resistivity distribution during the test filling (Left: November, Right . December, 2001)
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Fig.d-43(c) MK THRED & A 8lWiTH O LKA (FE20 5 2002.1, 20023 H)
Resistivity distribution during the test filling (Left: Junuary, Right . March, 2002)
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Resistivity change ratio by time series tomography (Left: Middle of Autumn, Right: End of Autumn, 2001)
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Resistivity change ratio by time series tomography (Left: November, Right: December, 2001)
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Resistivity change ratio by time series tomography (Left: Junuary, Right: End of March, 2002)
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Resistivity change ratio by time series tomography (Left: April, Right: May, 2001)
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Resistivity change ratio by time series tomography (Left: June, Right: July, 2001)
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Resistivity change ratio by time series tomography (Left: Middle of Autumn, Right: End of Autumn, 2001)
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Resistivity change ratio by time series tomography (Left: November, Right: December, 2001)
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Resistivity change ratio by time series tomography (Left: Junuary, Right: End of March, 2002)
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Analysed velocity and total head using osmotic potential analysis which considers



92 BEETEIZE WS 455 (2006)

BHEEESS, a7 ML Y FHETSSBIEE LN Eh o
725 D@, EL300m UL ETIZIFIZ00%LLEE %> T
LI EDTERENT VD, THRHHFAIZED 100% & 7%
o572 LTYH, WIPUES KRS S E8 7 2 EEME I 72
Vo L7295 T, RIS LD IWIKPUEAZE ¥ 5 2R &
LTIE, ORKETRESS EI2L 2 BBROMETIZL
LILIEPUER &, QMBADSIFAIC L ) E &b 2 b
2 & BILIRPUAE), ThHLHLEEZ LN,

AR 7K ) Hp 2 e SRR e it R K B = TR L 72
ZEKDIKIR, pH, BAIZEEECH Fig.4-73 [Z/R T,
B TR &, IR TR RO TR 45K Tk
BELZFNL—2LDHEKTHL, Kitlx, BBOGA
14~15CHR L, WRAENIBOREX, ZOREICED L
2 H5HbDEHMEND, pH b BB~y
TUAVEERLTED, FKAIHRTOREIT RV, &
SAEEIE BB 24~26mS/m (JLIKPUfiEiess ¢ 38~
420 -m) BEZRLTW, —J, BFKOELILEE
(X 12~17mS/m (ILILPLHEHE T 59~830 - m) TH DY,
AR L= b oREKE ILERT 5 LKy (LRl
ELTIEREW) lEBHEZ EDVGhoTz, Lizdto
T, 24~26mS/m F£EE O T /K T RIBRAN 72 S L7238
NFRIZ 12~17mS/m DEFRDRE L 726, &k LT
WHKPUE DS L3 2 W fetE2sd %

—F, WEEE I E ToOMm L FER, RN SIS
B, KEIE SR AR T A A E R L. FRIC
a7 ML yF ERMTIE, RE0.6CITLTWAS,

F 72, BERBITORETIZ, IR DNMAMIZEL T
HEDFEWm L7226, K — 2 EiET5 4 120
WYY —HIEDY R TWDBDS, 2001 F 11 HED

EIXIFEAELVEWVWIFERE 572,
(3) #5&FFMME
VLR EHBEIHII§ 4 &, 2001 42 12 AI2E]

WS NTWAILIRPTZBNE, AAYIC 2001 4E 11 A OFF
REFRETHL LM EINL, T, KL TOLI
PUEOMAE, T TLEME, RANTRED S L
72ZlIZEBbDTHLEHM S NS,
WA PIEB, BRI IO D24 L T B 58I T HK
PFUEA ER L CWAEREICOWTIE, ThcaEL5E
Ji 24~26mS/m O PR LI L) il Tzt
A, BREEE 12~17mS/m DK TE EHRbo722 &
2EY, SRR IIEPUEDS LA A MR ARG S
725

d REKGIC1 7 BRFEOER (2002F1 A)
2001 4E 12 A B4 ¢ 30 H BN % fkk S g 720
L, Bk EIE L, 12 A 23 BIZHMEKM (L.W.L.310m)
IZE 572, 200241 A 18 HFE T 32 H MK
AR LTI N 5 7 B X AR 2 AT
S>TWh, ZORBTOILIKPIEEICDWTEET S
(1) 2002 £ 1 BORES LUEITEE
2002 4F 1 JICER L 72MAEB L, ko BYT
H5
o HUMUHIRATIC X B HARPL oA HE

| OB (E B kR (7B —e—KE (5 B ——KEAGEHE ‘

KR (°C)

13

-3 N) -l Q >

LIRS A SRR LR )
\\ \ AT Y Y Y A \\ \ \\ N

Q Q\ Q\ Q\ Q '\ Q' \

N Q> N £
\“”\\ \“L\\ \\‘\w o 'v\\\ \\\\

v "3 N2 G © “ 2 S ©
\\\w \‘\ o \“\\ \“\\ \‘L\w w)'b\ \”°\\ \“’\\ \““‘\W
NG D DN G M)

85

’—D—pH (£8) —x—pH (IH) —e—pH (HH) +pH(EﬁE)‘

8.0

pH

s /f\\F«**“ﬁkf*wa//X

A/.\

AN

T

\X/X—*/X\X/

D=

6.5

N

DL i AR NI I A RN L
\m\ \\ \\ \e\ \\Q\ \\Q\ o Al \\\\\Q\\\\Q\\ \\\w\c\\\w\e\@\ o @ W\\\ W\\\ &\\\

\\

30.0

o ! W\\w g qj@

RN
& & \’5\ \“~’\ \“~’\

o
\‘L\ Qw\

Y

BERIHE(MS/m)

200
/ 4
—O— EEEER) X EREER) e EREER)  —— EEE(EHE) ‘
15.0
“ v xJ N © % > Q \ v N2 N
o o % (P &t Ay o NN I N \\\\ \\\* o W\w\ o~ \w\\ \w\ o \%\‘ \'s\\ i
\Q\\\\\\\\Q\\\\\\Q\\\ NG o Qv
Q Q Q Q Q Q

Fig.4-73

BRI ORI ER B & U R TR AHETER > & DREKDKE

Phreatic water quality from the bottom of resevior and right abutment during test filling



o 2001 EF9 HOWIKPIAAEY 77 Ly AWHI & L
7oRERA N E ST T 4 T KB ISV A e

® 2001 4F 9 7 OB EHTHE S & 2002 4 1 H D Hh
TWFRATHE R & DAL

® 2001 4F 9 A OB EHTAE S & 2001 4 9 H D MK
Pz 77 Ly AW L L72RERY N E 7T 7
1 R & DB

o HENEE (MIBKHERF, RERH 7—%

ZIT, INHOMEREFHET A L I2T 5,

(2) Z&

ENVES.d THRIT-MESB L OMITEREZ, UTo
Fig.d4-74~77 (IR T, 7ok, AR - ffIsEIR % 58 L
TR BTCRATRE R, AR A RARK AL 123 L 22RO
2001 4F 12 H K OENTIER AR L TV b, Fig.d-74 |28
F E R O AR 1o T, A B AT
T800Q - m %Mz Tz Ll o LIk o LK
PUBEAME T L7-2 &, % 40 EL.308m 3% @ Lk
NS oz, a7 b L U T EilokhiE
BESIZ EAEMICH DL, e ERBHNTHB, L
AL, 2001 412 A 25 K & % K PuRE & O 2 bILR o
5N 7%\, Figd-75 O JHHTZALA 546 57 2001 4F 12 J
DB R S L IZIZR L THL I EnHd, 20
2001 4E 12 AH 5 2002 46 1 A 12203 TO LG L IE
INEWZ LD DD,

—}, 2001 49 J & oMK, WAL Figd-76
320

315

T 310

L(

w305

Distance(m)

10 25 50 100
Resistivity(ohm-m)

200 400

DY L DEES L UEILRR BT 2 INEERA BT OIC A IC BT A 1%

800 1500

93

WCRTEBYTH L, LillBLOY 2+ & — 123
7% L 72 EL.308m CHE BIBRKIEATF 4§ 2 I ATRE0
SNZze L, &KBEIZIZEAEEN Rz, R
2 TOKOBENIFREL TRV EXDhb, 2D
ZED, KR TS 220 5F 2001 4 12 A
OF W AKAL O SRS i (Fig.4-69, Figd-70) & D7
PROOLN VDI, THRT-RRICSH 5 HBEKDOEE) 2
BWicHThHhALEEZLND,

WEICE LTI, BATHOa7 MLy FHDSIEIE
0.5~ 1CITF L7225 & 72 o T B, 12BN O 5
T, FRM DI DA, BARNDRFE TN
§5F o TV A5, SRAKT U O ZERE A & KM & OB
FAHIEIC, KREGEEFFEL T LTSN,
IR~ DIEEIC L Clx, 4 2481 EL.308m ff & T
FEELTOLERBEBAKEIZLY, REOFLEH~DR
FIIPFI SN AEMH L EEZOND,

(3) &

DLEO#E R BAEWIHE§ 5 &, 2002 4F 1 J 1281
&S TW B U E)NE, 412 2001 45 12 O
RLFAMETHL LM EINL, T, BELHTOILIK
PUEDRAE, ThFE CLFME, RAENGHRED LA L
7Ll ALDTHAL RSN D,

JEARFT EGRAN O TARPUEAY A L TV B JEEIZ DWW T
i, BIzIE, ShFET24~26mS/m DT KZ EI2L Y

M E N TV ED, BREEE 12~17mS/m DK
320

315

£ 310

i
w305

Distance(m)

10 25 50 100 200 400 800 1500

Resistivity(ohm-m)

Fig.4-74 fEBURNTIC X 2 IRPUOAT (FF @ Figd-41(e)/E) EWERHI M T2 5 7 112 X A HIKEUOT (4 Fig4-45(H /£ H4)

Resisitivity distribution of normal inversion(Fig.4-41(c)) and time series inversion(Fig.4-45(f))

0
Distance(m)

-10 -5 25 25 5 10 25

Resistivity change ratio(%)

Distance(m)

25 25 5 10 25
Resistivity Change Ratio(%)

-10 -5

Fig.4-75 HBI TG I & 2 P& L (F8 | Figd-41(e)/EMi) SRERYVI M E 2T 7 412 X 2 kP& b= (47 © Figd-45(H)7c)

Change ratio of resistivity of normal inversion(Fig.4-41(c)) and time series inversion(Fig.4-45(f))



94 FEFE AW e

THEEHbo7/-Z LI12L ), &k 4 ks ES- L,
ZFOREKRNE T2 b 00, Bk HHUE 12 Z5H)
A7, 2001 4E 12 H & 2002 4E 1 A OofESIE, 1F
EFRIBED AR 2 7R L T B i REMEATRIE S 7z,
F LTI DT, B L AR E KD
HAMEE 2 SEE L, EXIEEEORWILTIKZ £
LA SN TV ELDS, BRIZEED L1 KW Fk
THEEMWbo/Z LICLY, R Z% IPUEDS L5 L
72bo LR SNG,
e MEINZHBREKPEPOLEREEHA H =
ALESHDERE

P EoEED 6, BB 2384 L7z ki
BOANZALELT, KDL HBFEEIEEEIND,
QO REEIC X B IR
PRGBS L 72 IR OME R 5, SRIRNE O W)
HAIRLEE (SR RE I & B ISR L Tz, 2512, IRE
1, BEOKBE L DI 14~ 15CHYTISHT$ 5 @
B o720 FRIRREAM LETIE, M TRA%FET
HotzZl b, PIMORMEEAMR L, REIHEED
EH L7z T, AL TIE, HEPUEs /S <
RBHMEMERLIZDDOEEZ LNL, 4, HBEREIZDH
- & BV EL316m (ZF%E L 72 IRERHE, FEiL#H %
RTHREMED D ), IR, ERGUE O F RIS
AOLNDIREED D 5

@ B RYED L5
320

315

310
L]

Distance(m)

e oE 45 7

(KPa)

(2006)

BAKNL = 2o d 218EKe, AL RETRD
W) LW LI T A2 T ROBREEE I, 121
24~26mS/m BETH o 72o —, IWKDBEBRILEZ,
PEM LUK &, HIERTROMAD H Y, 12~17mS/m
BETHDL, 2O LH5, Archie DEEFGAIZ LT,
INFE CELASEED 24~26mS/m #TFKTIRE LT
T2E KA A5, BRAEEE D 12~17mS/m DK T &
bbb EIZEY, &R0 R IEYUEAT EA-3 5 TREMEAS
Hbo TOANZALZEBE, &5, KV AT LATH
P % iR BT 258, B2 ITHER/ S ¥
VIUHR R EIE o TRE RRBIEBOZE DTS4 LT
Bf, INOERMTELMESELSHLEEZOND,

F7, SHOMEE LT, WIRREHICS 2 288
R ERMICEHMET A2, T2, B EMEEICX
HT=8 DR LT NG, R =V NEET S 2
CITEY, BAKIEIKREL LY, BMHENEL L5, &
KB T2 &2 XD EBRBESNS b EOBLEDTFEE
Th, SINOLDEDT 77 & — S HARPIZB) OB E R
W BEMPIZOVWTE, IhFEF CORBETIIIED TS
LIITE TV, SEESEFHEL TR L 728K %
FIHL, BREDSHIE SN 2ENTORBR LICEY, 2
NODEEBE»HIFMT L2 EPLETHL, E5HI,
4rlal, BEARPCE 1C 2 AL A e L7, 2 ML TR R AR
FRETAEEILETH L H00, FHllo HEMLDE

HT, BONIEMAEDKREVD, SROFRLE %D
320

315+

Distance(m)

(C)

Fig.4-76 2001 4£9 A &L L7z & S ORBUKEAEB X ORE%

Difference of pore water pressure and temparature compared with the value at September, 2001

MEI A —E (H13.12.23 t=86)
e
K- RN Srmifad
I.-': 1 - I:I:l:l- L3
V. WL310.156 e 2

i
e

I :
Rt

£kKEa V4 —F (H13.12.23 t=86)

..lll

1l

v _WL.310.15

Fig.d-77 Afafll - fgfIalsz Z58 L 72BN IC X 2l (f8) B X 0°akE () #R

Analysed velocity and total head using osmotic potential analysis which considers
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Resistivity of numerical model and assumed low resistivity zone
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Numerical analysis case
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i HAFE A~~~
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Research on Application of Nondestructive Prospecting Techniques in
Course of Construction and Management of Dams and Reservoirs

MORI Mitsuhiro

Summary

There are many agricultural facilities in Japan, which are provisionally calculated as 25 trillion yen. Especially, it is
said there are over 21,000 small earth dams for agriculture. In this reseach, the auther applied nondestructive prospecting
technique, mainly electrical resistivity tomography and ground penetrating radar in course of constrcution and
management of dams and reservoirs. Using these techniques, it could reduce construction cost or life cycle cost.

Fisrt of all, numerical analysis to check the sensitivity of electrical anomaly was excused. It was found that the
accuracy of inversion had been improved by surrounding the area with electoronodes. For geophysical investigation of
damsite, resistivity tomography using boreholes for well logging was applied. This techniges could find the distribution
of fault clearly compared to electrical resistivity survey only from ground surface.

In case of construction management of RCD concrete dam, ground penetrating radar was applied to check the state of
compaction. It could find the anomaly, which was not filled with mortar and was not entirely void.

And in case of safety management of dams after working, resisitivity tomography was applied. Electronodes for
measurement were set during construction of fill dam, which enclose imprevious zone. During test filling, a very little

resistivity change was measured, which was caused by seepage of reservoir water or by changing of temparature.

Keywords: nondestructive prospecting, electrical resistivity survey, ground penetrating radar, resistivity tomography,

foundation of dams, RCD concrete, safety management of dams





