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F1E e Tl HEENR—AT 4 v 7 AR RES R TR EFTTOFE IS 27 TR A SN R A T,
TR B CHR/K 2> DG T O BB BE T 12 CREINA SR TS AEET B IREET 77 U S5 A IR I O H048 Je OV HIZK O I 8L B8 T O 45 78 233K
HHNTND Z & AR FHUEE O B & K 2 DR ITER B ~ O FH ATEED B S CRE WA AL TH S Z L 27
L7z, E72, HEROBEN IV A a—ikZ 5 H LU CHULIROALE 2 HEE + 2 WARTARGHI D SIELT 77U DARIRIL OH4R 247
W BE MBI TR A O 7oA SR NI R K O TR R AT L DIRRALE 2 R ET 2 2 L2 BR L, S LICHEROBIA
D DIRTEAR & TRl & [RIRF I GHAI AT RE 72 (AR AT RHAE FUEOBRFE 2175 Z L A AR L L, ABFROME ST, ERE R~

2w DBEWRT LA o a AW O A RBIEOWETZRGHIA~OEA ) ik, BT 7V & G Tt M SN HERY) % K
B < FHART R MR IR G FIE A HESL T D Z A HINE LUBE IR SV AT o —iE& mEAL Lo HELIR EHEEE CTh D
BT LAV E2RAWEROGEIED > B, BERIEME ST ChRENRBE D AREL LTHLNTWD Total Focusing
Method (TFM) ZZH L, TRM 742U X AEMERFHINCER & 5720127 03 ) XAOK#E{bE X -7, -, &Kk
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L TETER LY b VoA & RIRHCGHRI FTRE 22 RIRF AT A & LTI AR~RZ ML WP 28R Lz, 72, KRFk%E
FEEFREZRFHAI S AT A EHEE L, ATE &N T B FEFHFE (Particle Image Velocimetry: PIV) »ofFbh 3
PRI A i U, R M OVRHRSE OMGERBR ATV, W7 MV OFHRREZB S5 00N T 5 & L BICiiERY b Lo
BHICH AT 2ZEHRTOBREFIEEZ R Lz, SHIC, BT 7V & IRREFT 2 Bk U CRINZ SN & 1 U 72 FEBR AR TF
BRaATV, JREET 77U AR O HUE & IRIRALE O R EIC AT 72 B 0 & X2 bV UVP O FTREME 2 /R L7z,

84 % TEHFHFHFHANC T 7= 2 —PIVEOBI% ] TiX, 83 OO AR hL UVP IZFHANEE & 3RS OB & 6
R R~y v Z7IETHD Z LIZOWTER L ESNIREO 2B A2 B2 L& 2 2o BRIk sV Tanat
BIEh= % FHLCE B AREM O H 5 = o —RL T EHEIRHFHANE (=2 —PIVIE) I[ZEH L, MASRNOIKE~ v B 7ike LT
it 9B 72 OIZ IR FEPH O = 20— i % mnE I S ATRE 2R IR L FIE L L CEBEIET LA B o 2 AW BB %E (Diverging
Wave: DW) &BHAGEEE (Delay-And-Sum method: DAS) % #lA{i>t7- DW-DAS Mgt Fik%EER L7z, £7=. DV-DAS &1k
FEE AW o —PIV k% FEEFRERFHIIC AT L 28 L, ARFHIC AT LOMREZRE L2 bRk | F3wme
FIREICHRELT 77U LR AT 2 Bl L U ORI A ZR N 250 L 72 BRI R THEBRZ 1TV VRELT 77U 3R IR I 04042 & IR AL
OFFEZ AT AR TEOB AR A R T L & BICRWFHRIEL E U 7 v & o AFHAO T FTREME ) O IR~ v B ke L
TOmWATEEMEZ R LT,
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The ongoing decommissioning of the Fukushima Daiichi (1F) nuclear power plant requires inspection inside
the containment vessels that have been flooded with water. These inspections must locate leaks and map the
distribution of fuel debris in the water having very low visibility. To accomplish these requirements, the
ultrasonic measurement technique was used for its applicability to muddy water as well as high-dose
environments. The objective of this dissertation was set to developing simultaneous ultrasonic visualization
methods for flow behavior and object profiling to efficiently identify the location of leaks and fuel debris
distribution within a submerged vessel. In this dissertation, two different types of simultaneous visualization
methods using ultrasonic array sensors were developed. One of the methods is a synthetic aperture vector
ultrasonic velocity profiler (UVP) which is combined of a synthetic aperture method for reconstructing object
shapes and an advanced UVP for measuring vector flow. This method can visualize flow behavior and object
shape much more precisely in one scanning but scanning time is relatively long and the measurable area is
limited by an open width of used array sensor. Another method is echo PIV which used ultrasonic echo images
for obtaining vector flow with particle image velocimetry (PI1V) and stationary object shape by superposing the
echo intensities of those images. This method uses a newly developed imaging method, DW-DAS capable of
much faster and wider-range scanning for roughly visualizing flow behavior and object shape, which is
combined from diverging wave transmission (DW) and delay-and-sum method (DAS). A laboratory-scale
measurement system of each of these methods were developed and tested with mockups of a containment vessel
in a water tank. As a result, they successfully located a mock leak and mapped the surface of a piece of mock
debris. Thus, the developed methods can be applied for the 1F inspection and with better efficiency when
appropriately used for certain situations.
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