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Application of Automatic Inspection System to Nondestructive Test of
Heat Transfer Tubes of Primary Pressurized Water Cooler
in the High Temperature Engineering Test Reactor
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Heat transfer tubes of a primary pressurized water cooler (PPWC) in the high
temperature engineering test reactor (HTTR) form the reactor pressure boundary of the
primary coolant, therefore are important from the viewpoint of safety. To establish
inspection techniques for the heat transfer tubes of the PPWC, an automatic inspection
system was developed. The system employs a bobbin coil probe, a rotating probe for
eddy current testing (ECT) and a rotating probe for ultrasonic testing (UT). Nondestructive
test of a half of the heat transfer tubes of the PPWC was carried out by the automatic
inspection system during reactor shutdown period of the HTTR (about 55 % in the
maximum reactor power in this paper). The nondestructive test results showed that the
maximum signal-to-noise ratio was 1.8 in ECT. Pattern and phase of Lissajous wave,
which were obtained for the heat transfer tube of the PPWC, were different from those
obtained for the artificially defected tube. In UT echo amplitude of the PPWC tubes
inspected was lower than 20 % of distance-amplitude calibration curve. Thus, it was
confirmed that there was no defect in depth, which was more than the detecting standard
of the probes, on the outer surface of the heat transfer tubes of the PPWC inspected.

Keywords: HTGR, HTTR, Nondestructive Test, Inspection, Tube, ECT, UT, Defect,
Signal-to-noise, Pressurized Water Cooler
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1. ¥4

il

B BIA U R AR T, RE FEERMESIIN U CEHERICH AR hiRE (D 217
DIEDBRETH D, HFHRBTZ v POHAMEFREDS B, 1 IRBEAMEANT L)
BB LTV 2RI ESECAE BHRL: 70 600 5)I0 T2 EMEREDHEL LT, ZH
BRPBRN TV B3IV OERFENREFFAE U 7= HFHEERR(Eddy Current Testing : E C
T) B BEHVWSRTNDS B8, —F%, ZFFS (O, BKFARISRESREHREDIERER
BIZNL, BERORHANFEZAA L EEREEHIR(Utrasonic Testing : UT)" A
MERE L. LU, UTIRE CTIZHEANTEREOREBICZKREEL2ET2-0, HIES
TIERMGIZE > TN,

iR L2 BRI 2547 (High Temperature Engineering Test Reactor : HT TR) ¥ %, HF
SR HS IR EIAHEE D5 850°C (EH&EnlF), 950°C (EiRAARRIERNF), #HH1h 30MW o A=,
AN T LA RGHBEOERHAZIFTH 5.Table LLICHTTROFE#ETERTHT TRIZ,
ERH ZAF OEARER O RESL & BT O R B, MR LRI BT 2 el AR R~ OIS 2 B
& UT, HREFHHER - REEARAICEEI N, HT T RIZER 10 4 11 A 10 Iz
REZERL P, F 1L E£9 AP S REMHEFED =OBBICRFFE 2 LRI S HA L
FHER() VO 2BAL, FFFOMRE, SBOGMARE, fitS2HERTI DD
ABRE ML T\W5, Fig. 1.1 WHT TROFEFFRAZMMBROZMKZ2RT. HTTRO
1 RWDANRR SR I 1 IRAINE KW #NZS (Prinary Pressurized Water Cooler : PPWC) (11 1tk
[z R (12 0 2REORZHEEDD D, RFFHODER 950°COD 1 JFEM (ANV 7 AH
R)EHK W00°CETHENT %, 2TBEOHMREBED S B, M, EABENHICANY Y LT EH
W5 HESAAHE R O EAE OIEWBMBIZIZE CT2ZAVTVWS (13, AU AHROEEE
BEDS 950°C & 72 B MNEACRFIZIC DWTIE, HARRTIHF5EAT - B SEAT O KRG 28 =T
BRIV — 7 C 1 EOWAENEE 1 DEYE - BRI h =R H 55, BFIFOEHHIRBTHE
ELUTHEAINEREZED o0 201D, 1 IRGBEMEAINT LV ERKR LUTWEPPW
CREBOGREGHBRHEMEMI T2 LI, HT TR ORI RELTS L CEEREET
Holo

PPWCREZEAMEIZ 8%, 136 &, #4E25.4mn, WE 2.6mn, BXH 10mDs¥ UEE DR EE
(18 : 21 XF UV ERELTHD, BAE LIRGEAM(NU D LHR), BRBRIMEKDHR
Nb, Table 1.2ICPPWCOEEH T, Fig. 1.2 ITH#HERE2TRT, PPWCOREAMLETIZ,
RETHEEZ A LI 220,/%y 7)VIRE D OFh OREEE EREICE B L TRRKICRD = EH
MREMBEAZA VTN 2, AR L LTI, HT TRO 1 YFEFAV 7 A5 H IR DKHE
BEIEEE U < BIBRE T 2 (B 2, IR T4 H MR EIAHREE B8 800°CLA_E T 0. 2volppn BA T )o E 72,
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MEAZE RS UL OEAC LD pHAO~10 L RBLICEEINTVD, ZOLRSYY
VRS IZKIE DBSIC 13~1Tppn £ 723 & 3 ICBHEENT 5. P PWCEREOMMIE, BKIFF
KA EBEHE L ARSRICILEY —VBESNTE D, P PWCRIED TS T —
B LTBARREN 9 RSN,

P PWCEMEOREERBREN LM IT 570, ECTARE VR FD—7, FfEH 70—
BLOUTHEGERE 7 O—-72AWHEEES R 7 L2 LE 9, Fig, 1.3 IV ZAFA
BRRETRT. HBEEY X7 AT, REEORSRBIIE  RERS € 5EAD 5 ERRES
F25E31, BE70—7, SHE70—TRAHAA KR —TOBR EAOMBRDETS =
DENEE, FET70— T —ERE CEET 2 EDOEIMEERANTN S,

E C TIZHBWNT, ERBEIE 70— 7 DRI R D 2 BER/NS A—F T %o P
P W CEMBIIASRE BENE I ATH 2 BORENS b, E CTH 7O — 7 ORIERINE
EDMET T 2RNDDH 5. FSEBMEEL 3L, 70— TOBHIC L5 1 ZESZHLT
BN, A, AENERR B EEIMNEOMEMER, Ny 7R, BE~NVRE)PSD ) 1 X
SSMINT 3. 22T, PPWCEHEONE, BRE, BER2ZRLCECTA 70—
OHESE BB RINBET S 2 LIC L D, BB BEIE L ASES ORME &R L
T3, £7=, GRENEOREN»SD ) 4 X, ECTHARELH70—7BLFECTH
A% 70— T DESAS 2 5B ERERT 5720, 2hPhSERBNEEE © BLU7 1
WEVYTE® BEA LTS, X8Iz, UTHEER Y 0—7 0K, 7 — 2 Ry
VFEREETEILICLD, M TEARGRES P ESRERENELASL Lk, 28R
B lm/s LB LTV %o BIRRA SBIRRIERRALZAVET Y 27y 7HRICL D,
BE 70— 7 DORMEEHEMEEDSHER T, P PWCEABOERERBICHEEE S X7 L b5
FITE%REUEEE, B L RRRAOETFELMICE, SRREL LT, HEEE
27 LEAWEECTRARE VRO —7I2 L 3 P PWCAENSEOTMEET — 5 ORIRE
T2k

KFEOBEMIE, PPWCENSORERRENEMITEILTH B, Z20RY, HEEE
YRFLARRAWT, HT T ROEFFEILGERERSIC BT 2 RE8ER T H AL
55%)Ic BN T PP W CEHBEORMBRAES £ Uz, ECTRAREVE Y07 T, BE
FIZEWSOEAACHNS =D, BSEIC A THEHORBRIEMESEL TN D, £z,
ECTHREVEIO—7OEEEE,ECTHEEY 70— 2 U THAEEE 70— 7Ok
EHE L DX BPICE . 22T, SEOEMERETE, CHERFIONTEEZRL, HE)
BEY 25 AR AW P PWCRAEDRERBREMOEREEHERT 2 LCHARMEE C
THAREVETO—-TORBEICLIVRETZZILE L, 68 KFKEES0%)DP PWCEHED
LERRENGL U, X510, BHE B KD b, M LSAHEN L TR NS BT
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S{ER 64mm, HAH T ¥R 2390 OREE OBEIRES, /N v 7 )VIRES , Bl ~NWRERIZ N LT,
ECTHREVE 7O —FIC XS IEMBREICINZ T, B A RO REREMEEDBENRTWBE C
THREEER 70 —72 U THAEEN 70— 7 OWEIC L 2 EERE 2 2 L.

R, HT TR O RFIFELHIRIC BT 2 P PW CEHMBOIEMERE N T 2 HEHEEY
AT LADOBERAERIIOVWTHET 25D TH 2. 2ETIE, PPWCOBEIZOVWTRY, 3
Tk, HEHFE S X7 ABLE ORI OVWTRT. 4E T, PPWCEMNEDERIERE
DERIZDOWVWTRT .

Table 1.1 Major specifications of the HTTR

Thermal power 30 MW

Outlet coolant temperature 850/950°C

Inlet coolant temperature 395°C

Primary coolant pressure 4 MPa

Core structure Graphite
Equivalent core diameter 23m

Effective core height 29m

Average power density 2.5 W/cm?

Fuel Low-enriched UO;
Uranium enrichment 3-10 wt% (average 6 wt%)
Fuel type Pin-in-block
Coolant Helium gas
Direction of coolant flow Downward flow
Number of fuel assembly 150

Number of fuel columns 30

Plant lifetime 20 yr

Table 1.2 Major specifications of PPWC

Type Shell and inverse U tube
Number 1
Thermal capacity 30 MW
Temperature

Tube side (Inlet/ Outlet) 135/175°C

Shell side (Inlet/ Outlet) 950/ 395°C
Pressure

Tube side / Shell side 3.5/4 MPa
Dimension

Outer diameter of heat fransfer tube 25.4 mm

Thickness of heat transfer tube 2.6 mm

Inner diameter of inner shell 1.6m

Total height 7.5m
Material

Shell and tubesheet 2 1/4 Cr-1 Mo steel

Heat transfer tube 321 stainless steel
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Heat transfer tube cover box

; /
. 3
Sleeve for prevention
of heat exchange
| A A v g
oqr .
Heat transfer tube{ N = 4 |_—Liner
Helium nozzle to Z d
primary helium circulator\ﬂ : i 1:‘ |8 | Helium nozzle
: E = from primary
Thermal insulator—___ [ e o helium circulator
| = R

3 A) 1o n
Hot gas duct nozzle Nl o E T~ ¢
- . 8\

I~ | —Baffle plate
Honeycomb plate o E -

=l \\\Outer shell

. = . | ~Inner shell

-l
Tubeshee A \J \
N . ~Thermal
#2030 shield plate

Water chamber

Water inlet nozzle Water outlet nozzle

¢ 1600
1120 Num*3 Dis*4
i Heat transfer tube {strow™t 18 64mm
50 2ndrow 17 8Imm
3rdrow 18  114mm
A dthrow 17 139mm

Sthrow 16 164mm
6throw 17 189mm
866 7throw 16 214mm
8throw2 17 239mm

il

Baffle plate . » L *1  Innerside
B M ©  Outer side
*3  Number of tubes
Section A-A Tube arrangement *4  Distance from Line B-B

to center of tubes
Fig. 1.2 Cross-sectional view of PPWC

__5_.
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Inside containment vessel | Qutside containment vessel

1, heat transfer tube; 2, outer shell; 3, tubesheet; 4, rail; 5, inspection probe; 6, guide
sleeve; 7, calibration tube; 8, whirling arm; 9, sideways flatcar; 10, monitor and telephone
call device; 11, couplant unit; 12, insertion / extraction unit; 13, joint box; 14, connecting
cable; 15, control device; 16, monitoring TV; 17, personal computer.

Fig. 1.3 Schematic diagram of automatic inspection system for heat transfer tubes of PPWC
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2. 1IRIEKBAZROREE

Fig. 1.1 IZARLELDIC, FOTMAINEZFEON D LAHNRE, BFFLPPWCRE
WIB_EESAFORMZE>TPPWCHIEA(Fig. 1.2 BR)ICHAT 3. AIRRIZHA
UEANVDAARE, BHREOAAZ LE U RS MEKRANEAEZERL, 1 RGEHEOZEDS
LIRAND Y LAERBEICE PN DS, 1IRANY U AERBTREEIN AV D LAHRIL, 1 IRGH
AOEEPSPPWCIRD,ARLAROE 2B 2.2 D%, _—EBENELEHEOEZ RN,
RFF~NRB. —74, MEKE, FTEOMEKAOBED SKBERICRAL, CRAENZEDS
BOANY D LHR LETHLE, MEKHOESEPSHHET 2. 1 IRQER A 7 LH R EAEK
OEFERXEFHRELTBD, F—BREDPHIE L, FANEBICKREBDOADPEALRNL S
IZLTW5,

BEEEIZE vF 50m O FHBEINTH %, BRITNV D LAHIEIMEKDINSNT U F)THD,
ML BEINT NS, Ny Z7IROKETIRE 30%)idZANY D LAHZADEHERETZ L LD
W2, RAERICBIT 20V AR X AHIES LR TEEIREORE 2L T 2@ E D 5,
BNV, BHRIFE LS ICERESH, BREEORE LHEEHIEL TS, HT TROE
T—-FeUT, BBEEBSLOAIELEYS D, H&EEH ) VO TRICERELTWSEDFHE
BIRAT 22 & T, N D AH ARG & BMEER T 5B, WIHEET 4RI EITWS, Zh
LD, NUDAHR LNEKOMIHICHFS T 2EHEREZAB LTV 5, SALAZEHRIL,
BROANY T AHZAOBICREE N, RHER O OMTEREY I LT 5, {ERDHHE
BTRNY 7 VRPN EHRCHRBINZD, BRON) D LAHIBRAT S LEBHO/NY 7)ViIR
CHBENNREDEREIELTEIET, NV D AHIDOFEZEL U, YHBOMEERE(E
SHZTW3, SBHDNNY 7))V L D $AE L HOEMEL, #MmbiEETcEDhTED, Y
R EAEREICISENTHRN,

Fig. 2.1, Fig. 2.2 ICHT TR A ERFHR(ERK 1224 29 H~TH8H)ICBIFAPP
WCHERNZ AN D LAHZLMEAOHANBELR LB LIOCENEMERT . RFFHAK
55%MF(ER 12 ETHSH)DPPWCAY Y AHIXAOREBXOEAZENZNK 500°C,
#12.9MPa, HMIEXKHOBES LCEAZZNZNK 100°C, #2.5MPa TH oo
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3. 1RMEARSHIFEAEHEHRES X7 A

(1) #
PPWCEH#EAEHHREE S R A, Fig. 1.3WRLELSIHEE D —7(ECTHRY
YE7o—7, ECTHRERy0—7, UTHEGRRE0—7), #E7o—-THAA kR
—T7OBREANDMUBERDZITS O DEAEE, BET 7% —ERE TEET 5 -DDE
515, RNRELEFTBOHERE, F—FBITETI OO EME» S BRIN S,

(2) BETO—-TORH

Table 3.1 ICIE T — T DEET, Fig. 3.1 ICH#ENERT. PPWCEMEDBREDEL
LB /4 XEHETS220, ECTIEBOTRRSNE 70— 72 #H8 LT\ 5, fiFEEss
INENWPPWCEREMBOHMUFERY REIZN LT —AEN 16mm DE C THRE V70
—7, FNLUANDOREBLICN LT 5 ED 18m O E CTARE B Yn—7, ECT
AR 70 —T526E/ LTS,

UTHEGRE70—-7I2, RS A P LRAENEOEBED (B, /Ny 7 VIR, S
WIRE)DERHAE C TaA VR Foh T3, UTHEER 70—70+1 5 —4
ZZ5mTH D, REGRS DERILOM L EX 2 7=8, SR (20MHz) ERE 2 HHA LTV S,
2B, UTCBNWT, H#AEEL LT, A75  razy bhoke#HALTNS,

(3) ERNEEBORFH

FAREBL, PPWCEHABEORI(TREF)EZERL, BRO TEIZE DT 5L —)VEE,
L —)VEFESTT BHERIT — A SBITEED SBRIN S MITAEOB B YL 7 — ADKE
AeHlfTsILickd, BETO—THAA R —TE2BREICERAL TV 5, ZEREED
ETRICTVIECZIVERATIZ LK D, EFEAOBRER D , BHREEL LT 5,
7z, BREIRIC O I 5y VEREBERZRAT A LICL D, P—AREIZHES £z 8/
BRICIIHI L, ETRLIERZRSKT 0.5 DI BERDEEEEREL TV 2,

(4) EFBORH

E5IH, FE T 0 —T 2P PWCEABNFABLIEREDP 55K 20D 7 1 — R
B, Vasdy MERBIID ) VR, BE 70— T ORBERERLICNIET 22 T v T
MR (BERIEA CYH—RE—F ) oBREh 3,
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(5) PPWCREEIIBITARMBES DRliisiz

BKFARIKAEESCAESHBOMARBTREICBIT 2 RMEES OREIEIZIZ, ASME
Code Sec. XI ! {ZRENT WS, L L, PPWCO LS RN RIFA LRI MLE
WA S =REIIRL, RIGES OMEIEIZSBHRICIZEEZ > TWih ok, 22C, PPW
CRHMBEDORFABAR(R ,)EBIRVWEHT, PPWCEABAEORMGES DMIEISES
Table 3.2 ICRT LD ITED=e TITT, Ryid, TESABEAY 7 A H 2 MHITE AR MR B
THMESORKMEE (UT, MESORMERLIRT, ) 08 3%, R(3.1), (3.2)&
DEEL~,

Ri=(t—-t,)/t 100 (3.1)

t,.= {P/(1.2- B)+0.0833} - D /2.167 (3.2)
ZZT, Ry GAERABARE(%),

t  EHERNE(=2.6m),

t,  REVERRFAE (),
P : S\E(=41.5kgcn26G),
B : #EFOHEANEERNXE 14(321 257> L 2§) DE(=650),
D : {REESME(=25.4mm)

£ ORER, HMEICH T DHERH RS B LW EERR B (R PPk oMk, BEREECLD
FRFFOEEEIEPRACHBLEINIRE)DORMET, R 1L 38% &ML 7=,

P PWCREESE O RIRES OMHEIEEIE, RIGER, B 70— 788, RESMEICE
D7zo B—REERS BN, SAER V) v MRRFEIZSE BRAR R LS TREGEE DD E N
128, AER Y v MRRIEORHIZREE L 12 2, £ 7=, P PWCEABOERE, /S v 7 )VIRER,
BEANWIRERIE ) f ZOXBERITHL, REGMHIZZ WU OREEA IR TEE L 3,
52, UTHEER 70— 7D KRR, 1o 70— ICRTERL TN S, #iz, U
THEEM 70 -T2 X5 P PWCEHABEOERL, /Ny 7 VRES, uBE~WIRERIZ B 2 4L

AV MARMEEE CTHRE VB 70 -T2 X 2 ZH N OMBEERAIC BT 24 ERAK R
fEdRs OREIEIREE RO LB, BRED 10%ICHY T 2 RMBEX & Uiz,

(6) ECTHZo—7O8ER BRI
EREZRNSWERL, BEIRD STERBEENE 2218, CABAEROEREEH
Bl RD.—F, FERNHEELI T L, BETO0—T0EHIC L2 ) 1 ZESITFHDT 2,
CRENTOREM(BR, v 7R, BEANVRE)DSD ) A XESFEMT %, 22T,
PPWCEHEDOHE, BHE, HEELL2ERLUCECTRHA YO — 7OEERE RS FML 7=,
ECTIZBI2HERABRE(L) LRNBEROEBES (t)0BRIX, R(3.3)THKXIhB @),
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MERDOBBEX L LT, EHREONE(2.6mm) 2R (3.3)ICAAT B &, FMEERE R
26.2kHz & 72 %,
f=1/(mr-t% u-o) (3.3)
CZT, w#:R1RFULAMMOBYUE(=47Xx107"H/m),
o EZERIBITS 21 RF L AFMOBER(=1.43%10°S,/m)

(7) #fe7n—7ORHaEHIMERE

PPWCD/N Y 7 )V 5 BRE DM RHIEAEM(21/4 Cr- 1Mo #), WEIX 4.5m TH %,
—7, ZDMDINY 7R, BENVROMRNE, = v VAR RM#ESSE(NZATEA X,
NZ7a4XR1MY), AEIK2, 4, 6, 10, 12m TH 5. COLDIITPPWCDINY 7R,
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Table 3.1  Specifications of inspection probes

Inspection probe Style Diameter of sensor  Outer diameter of coil
Bobbin coil probe for ECT at inverse-U-bends Magnetic @ 16mm @ 17.5mm
with smaller radius curvature saturated type
Bobbin coil probe for ECT at other places Magnetic @ 18mm @ 18.1mm
saturated type
Rotating probe for ECT Magnetic @ 18mm @ 19mm
saturated type
Rotating probe for UT Focusing type @ 5mm @ 17mm

Table 3.2 Detecting standards of defect depth on outer surface of heat transfer tube of PPWC

Defect style Probe type Inspected position Detecting standard
of defect depth
Reduction type Bobbin coil probe Tube except near plates 10 % of tube thickness
Defect for ECT (tubesheet, baffle plates and
thermal shield plates)

Tube near plates 20 % of tube thickness

Slit type defect Rotating probe for ECT Tube near plates 30 % of tube thickness
Rotating probe for UT Tube near plates 10 % of tube thickness

ECT, Eddy current testing; UT, Ultrasonic testing
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Table 3.3 Relationship among material, thickness of tube plate and voltage of bobbin coil probe
for ECT at artificially defected tube near its plate

Tube plate Voltage of bobbin coil probe
Material Thickness for ECT
Hastelloy X 2mm 0.25V
Hastelloy X 4mm 0.31V
Hastelloy X 6mm ' 0.25V
Hastelloy X 10mm 0.31v
Hastelloy X 12mm 0.31V
2 1/4 Cr-1 Mo steel 4.5mm 0.25V

Table 3.4 Relationship between defect depth on outer surface of artificially defected tube and
detecting performance of bobbin coil probe, rotating probe for ECT and rotating probe for UT

Case Defect Probe Inspected Defect Probe  Inspection SN  Echo

number style type position depth  traveling frequency ampli-
velocity tude
Case1 Reduction  Bobbin  Tubeexcept 10 % of 400 30kHz 7.0 -
type coil probe  near plates tube mm s
defect for ECT thickness
Case2 Reduction  Bobbin Tubenear 20 % of 400 30and60 4.0 -
type coil probe plates tube mm s! kHz
defect for ECT thickness
Case3 GSlittype  Rotating  Tube near 30 % of 5 30 kHz 2.5 -
defect probe for plates tube mm s
ECT thickness
Case4 Slittype  Rotating  Tube near 10 % of 1 - = 100 %
defect probe for plates tube mm g1 of
uT thickness DAC

SN, Signal-to-noise ratio; ECT, Eddy current testing; UT, Ulirasonic testing; DAC,
Distance-amplitude calibration curve
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(a) Bobbin coil probe for eddy current testing at inverse-U-bends with smaller radius of curvature

Eddy current testing coil

(b) Bobbin coil probe for eddy current testing at other places
Eddy current testing coil

(ELEEC T

L

(c) Rotating probe for eddy current testing

Motor unit for rotation Eddy current testing coi

, . T @:[ED}

(d) Rotating probe for ultrasonic testing

Stabilizer Eddy current testing coil ~ Stabilizer
! S \

Motor unit for rotation Ultrasonic sensor

Fig. 3.1 Inspection probes for ECT and UT
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Fig. 3.2 Relationship among reduction type defect depth on outer surface of artificially
defected tube near its plates, combination frequencies and signal-to-noise ratic
of bobbin coil probe for ECT
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Table 4.1  Signal-to-noise ratio of ECT bobbin coil probe at overall lengths of half of heat
transfer tubes of PPWC (1/2)

No. Address | Water inlet side tube with max, SN ratio | Water outlet side tube with max. SN ratio
X Y | Axial position SN ratio Axial position SN ratio
1 1 1 9B 1.4 13B 1.6
2 3 1 9B 1.7 13B 1.4
3 5 1 9B 1.6 9B 1.7
4 7 1 9B 1.7 168 1.3
5 9 1 9B 1.4 9B 1.2
6 11 1 9B 1.6 5B 1.2
7 13 1 9B 1.4 13B 1.4
8 15 1 9B 1.4 13B 1.4
9 17 1 9B 1.8 13B 1.2
10 19 1 9B 1.6 13B 1.2
11 21 1 9B 1.7 13B 1.5
12 23 1 9B 1.7 13B 1.2
13 25 1 9B 1.8 13B 1.6
14 27 1 9B 1.7 13B 1.5
15 29 1 9B 1.6 13B 1.3
16 31 1 9B 1.7 13B 1.4
17 33 1 9B 1.7 9B 1.3
18 35 1 9B 1.5 15B 1.3
19 18 2 6B 1.5 8B 1.5
20 20 2 9B 1.7 8B 1.4
21 22 2 9B 1.7 13B 1.5
22 24 2 9B 1.7 13B 1.4
23 26 2 9B 1.8 13B 1.3
24 28 2 9B 1.7 13B 1.5
25 19 3 9B 1.7 8B 1.5
26 21 3 9B 1.5 8B 1.4
27 23 3 9B 1.8 8B 1.6
28 25 3 9B 1.6 13B 1.3
29 27 3 13B 1.6 9B 1.3
30 29 3 7B 1.5 9B 1.4
31 18 4 6B 1.4 14B 1.3
32 20 4 8B 1.5 7B 1.5
33 22 4 8B 1.5 13B 1.2
34 24 4 10B 1.7 15B 1.3
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Table 4.2 Signal-to-noise ratio of ECT bobbin coil probe at overall lengths of half of heat
transfer tubes of PPWC (2/2)

No. Address | Water inlet side tube with max. SN ratio | Water outlet side tube with max. SN ratio
X Y | Axial position SN ratio Axial position SN ratio
35 26 4 6B 1.6 13B 1.6
36 19 5 12B 1.4 13B 1.4
37 21 5 13B 1.5 13B 1.4
38 23 5 14B 1.1 12B 1.4
39 25 5 4B 1.7 14B 1.2
40 27 5 13B 1.2 11B 1.3
41 18 6 10B 1.5 12B 1.1
42 20 6 12B 1.4 13B 1.2
43 22 6 9B 1.3 13B 1.3
44 24 6 13B 1.3 9B 1.5
45 26 6 13B 1.3 13B 1.5
46 19 7 8B 1.3 9B 1.5
47 21 7 14B 1.7 11B 1.5
48 23 7 8B 1.7 11B 1.4
49 25 7 14B 1.2 13B 1.6
50 27 7 11B 1.8 12B 1.2
51 29 7 138 1.4 10B 1.4
52 2 8 7B 1.3 10B 1.4
53 4 8 10B 1.2 14B 1.5
54 6 8 14B 1.5 14B 1.4
55 8 8 11B 1.2 10B 1.6
56 10 8 4B 1.2 10B 1.1
57 12 8 8B 1.2 12B 1.0
58 14 8 5B 1.2 9B 1.6
59 16 8 9B 1.4 13B 1.3
60 18 8 9B 1.4 14B 1.4
61 20 8 13B 1.2 10B 1.4
62 22 8 5B 1.4 12B 1.3
63 24 8 9B 1.3 9B 1.6
64 26 8 14B 1.7 11B 1.3
65 28 8 13B 1.5 13B 1.5
66 30 8 14B 1.6 8B 1.3
67 32 8 148 1.5 9B 1.5
68 34 8 13B 1.3 11B 1.3




JAERI-Tech 2001-050

Table 4.3 Signal-to-noise ratio of ECT rotating probe at inspected positions of
heat transfer tubes of PPWC

No. Address Axial | Water inlet side tube | Water outlet side tube
X Y position SN ratio SN ratio
1 19 1 13B 1.2 1.2
2 19 1 16B 1.0 1.4
3 27 1 13B 1.1 1.2
4 27 1 16B 1.2 1.2
5 35 1 13B 1.2 1.3
0 35 1 16B 1.8 1.8
7 18 8 13B 1.4
8 26 8 13B 1.2
9 34 8 13B 1.5

Table 4.4 Echo amplitude of UT rotating probe at inspected positions of heat

transfer tubes of PPWC
No. Address Axial Water inlet side tube | Water outlet side tube
X Y position Echo amplitude Echo amplitude

1 19 1 0B Below 20 % of DAC | Below 20 % of DAC
2 19 1 5B Below 20 % of DAC | Below 20 % of DAC
3 27 1 0B Below 20 % of DAC | Below 20 % of DAC
4 27 1 5B Below 20 % of DAC | Below 20 % of DAC
5 35 1 0B Below 20 % of DAC | Below 20 % of DAC
6 35 1 5B Below 20 % of DAC | Below 20 % of DAC
7 18 8 0B Below 20 % of DAC
8 18 8 5B Below 20 % of DAC
9 26 8 0B Below 20 % of DAC
10 26 8 5B Below 20 % of DAC
11 34 8 0B Below 20 % of DAC
12 34 8 5B Below 20 % of DAC

DAC : Distance-amplitude calibration curve
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Fig. 4.1 Inspected tubes of PPWC for ECT through bobbin coil probe
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Water inlet side tube (X:26, Y:2)
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Water outlet side tube (X:26, Y:2)
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Fig. 4.2 Inspection results at PPWC tube (X:26, Y:2) through ECT bobbin coil probe
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Fig. 4.4 Inspected tubes of PPWC for ECT and UT through rotating probes
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Fig. 4.6 Inspection results at PPWC tube (X:35, Y:1, Z:16B, Awater inlet side) through
ECT rotating probe
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Fig. 4.7 Calibration results for ECT rotating probe
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