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18 L VBSOS PEBESEY) O HB AL (2 350 TUHE L T K DR B 0 U MR O RBAT BN g A M T 2 L v s A it
RSN DRBEM I DD TABINIC I 1T 2K DOZEEMICE T 2K RE=4 ) V7V FIEOBERRD LTV D, £ 2
TR ST E R EHNEIR 2S5 2 & TR MBI S £ 405 K5y 1 & FEE ) D IR BRI BN 9~ 2 LA BAS L7z,
FP TN E F DK B LB EROEHGEE OMBBMR A TE L, BIEEN O KO EEAHET D 2 L2 Rat L, £
7o K EAPEIN OB IR ORHGEFE 2 EERAICBIZE L, BE ORI I IE DWW oK RO 22 5340 O3 T EEE 2 7~ LTz,
PA b, KA B O R RS A A O TR LI FIEEORGEEZ TV, TOFMEE R LTz,

AT, TEBE R Z AW B C 81 D5 TR A k4 & Uiz Koy Bt B3 5 #fF 98 (Study on water content measurement
for clay material in geological disposal by ultrasonic technique)] L, 6 L VR IV TWV D, ATICARYEEOEE &7,

FLETIE 5] LB LT, LIRoMRE R KOG EEHINICRET 2k A2k ~7-, & 512, TEMEcoBE KA
BRI T K 2 FHAENS DWW TR LB S AR EEHIE (S B8O TR A B O b D@ B AR E IS HS 3 5 720 1872 72
FHMFEOHSIBRNETH D Z L &R L, AFEOMESIT, BRERE BT,

5 2 O TBEBASHGREEC & DJEME~ Y R oK #Et I OB ) L LT, BEMROREL I L ORI O sk
HWEZRNET DI OOFIEEMHLT 5 L & HIC, K IR ORIy & & BE I ORI 2 ERICRAE Lz, fifEA~XY b
W25 B L7z AR COEH B FIEA @ 95 2 & C, EiEERHE A ROk B EHI I T sl M o [RE & WhE & LT,
HH L= FEORFEO T2, AR e LT Nai_ s A b THD 7 =BT -F OFEMHERR IR Z FTHED & Bk o i
EREZITO, BEEOBMEARE WHETICEW T HIEREFRFER TR CH D L ORI L 257, Tk, EftEikos
MEEZZSETREFERICED | fFE OB X EHeERE ST 2 2 & &R Lz, AT, HIE L7t L O &
A O TR ST 2 2 & TR O — 2> Th 2RISR &L~ A MERIEEIE O fFE L BN EW 2
LEIRLIE,

% 3 W TIL [EME~Y Mo M OBERRIEFBIBIZE S AT LD LB LT, [EMEXY M A b oS O E
FEBROICHEET 22 82BN L —Y — Ry 77 —REIFHE O TREEHI S A7 2258 L7z, Na > v A1 R ThD
7 =BT -F OJEREHERE TR S I OB EBIC BV T, RGN e 2 Sk 0B R i I B WV TR B L UG
THILEMEE LIz, S BT, FHRER X 0 s 0B b A2 sER 028k & LCRHIIT 2 Z L Ar[BETH Y . Z DORFMZ(L
DMBIEE ST B & ARHRE S 72 DRI — BT 5 Z & AR Ui, ZORERICE Y | JEMESY b A MoK EOZERI
AT HNEE WL DI E D2 & U CRHFTRE CTd 5 & ffmmftiT 7=,

B4 FETE TRV M A MTWIRRS RIS T 2K BEHI~0Om A ) LU T, EROHBLSH IV T B
AENTNDANY NI A M- WRPREE R & [R5 ORLRR & RO AR 2 O 7o B G R o YERGE 21T > TR0 . & 2
BECIRE LZFEIC LY KT 0Ky LARHEE OMHBBROME 21T > T D, RHURERICOWTIIE 2 o~ b
A F OB OUEFE & FERIZ, KRS EOBIMT L SHEE AT 2 A 4R Lz, X hh A M-FOWIEGHSEURIZRB W T
HHEE R ORI O KRS mOFHEAR FTHETH 5 L ffamfhiT 7o, F7o. 28 3 HOHE LZIREIEHAIS 2 7 A2 X 0 ket k
OFEPEFHEATO 2 LT, X b A M T WD 2 DO R ZHHHO TR ARIET 5 RICBN T HBE RS E s
HZEHERLTND,

%5 5 #Cl% [Cpalinus clay FOfafIEE =4 U > 7@ o8 E OB LU T, ThE R L TEBERRITF
10 Opalinus clay ~3 fIZ A1) T EHEARMEE & 72 % Opalinus clay W OB OAGHEEE OFR AT - 72, ERER L0 B
BRICEpfafEE=4 ) v Mo EE MR E G D 2 ENTET,

FOETIE fE) LT, #ETHONEREZENT 5L & b, BEREZHWIR LA E oK BRIES 3 5 iR
P& FERBICAT o itz R L, BFE L Lic, BLEICKR D 2 b OBHTAKE LA R 0K o3 Bz 2 Bk L L~V i
PEBEEY D MGy DRBUZ T 5T 5 Z L 2IET 5,

%5 FSCE R IX, RIS 2000 57 & B3 300 3E% 19 DHRHT 57, & L <IFHEIL 800 35% 1M LT EE 0,
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High-level radioactive waste (HLW) management is one of the important issues of nuclear power. Disposal repository of
HLW is designed to dispose of the waste in the deep underground with engineered and natural geological barriers. Clay
materials are to be installed in the repository in order to prevent groundwater mitigation. Understanding groundwater
behavior is required for evaluation of the clay materials. The objective of this thesis was to develop the evaluation method of
water saturation level in the clay materials based on ultrasonic velocities measurement.

Compacted bentonite clay is a candidate of the buffer material in Japan. The measurement issue of ultrasonic velocities in
compacted bentonite is the high attenuation of the ultrasonic wave. The signal processing method in the frequency domain
can contribute to the determination of ultrasonic velocities under the high attenuation condition. Longitudinal and shear wave
velocities in pure compacted bentonite were measured successfully. The correlation between the velocities and degree of
saturation was investigated, and additionally, bulk modulus and shear modulus of the compacted bentonite were evaluated by
the measured ultrasonic velocities. It was suggested that a degree of saturation in compacted bentonite can be evaluated by
the bulk modulus.

Laser Doppler vibrometer system was then constructed in order to observe longitudinal wave propagation in compacted
bentonite. Longitudinal wave reflection was observed on the boundary between two different degrees of saturation. It was
confirmed that transit time variation with a degree of saturation can be detected. Therefore, it was concluded that ultrasonic
technique has the capability of the water saturation level measurement.

For the demonstration of the saturation level measurement in bentonite composition with the real composition,
longitudinal and shear wave velocities measurement in compacted bentonite-sand mixtures was conducted. It was also
suggested that a degree of saturation in compacted bentonite-sand mixtures can be evaluated by the bulk modulus.

In addition, in order to investigate another applicability of the saturation level measurement by ultrasonic technique,
longitudinal velocity measurement was carried out. The velocity variation with saturation level variation was observed.

Thus, this thesis describes that the developed ultrasonic measurement system has the capability of water saturation level

evaluation for clay materials in geological disposal repository.
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