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Ultrasonic Inspection of RPV Internal Structures
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System & Structure Evaluation Dept, Korea Atomic Energy Research Institute
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» Upper guide structure

+ Core shroud assembly

+ Lower support structure
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Fig. 1. Structure of RPV.

Zzte] F2Eo] Fd gsiHo] B8 TxRE BE
Ao SR F2E A2 2 AF 99 bolt, pin
01X Z%te] HAHL o} Wl 59 & fES
THeR 3te utlitys 247 FRESA R
3l FAE FAEa lod £y 2 QRS o
steo] 19t #® EF XA <Hstandard guide)E T
£ 9tk o}g) Table 1& ABB-ReactorAl7} 912

3 T2 BF AAE F29T Ax B

=

Table 1. Internal inspections.
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No T 2 9 AP |[Figho| ¥ 1

1 | Fuel Alignment Plan uT =9

2 | Core Baffle Former Bolt ur A dR
3 | Core Barrel Former Bolt ur

4 | Control Rod Guide Tube . b=,

4 Support Pin Ul 5%3,55‘3%§w

UTECT

= | RPV Head Penetration,
2 | CRDM

HAY, F3y

2. 1. Fuel alignment pin

YA 714 AFEZ(PWRIZNA fuel elements
= lower support plate 9ol & Y= (reactor
pressure vesseD)$ol 121 core baffle plate® &
7 203l 919l upper grid plates] 3t 239l
o} A4S0 Ao)¥(control rod finger)Eo] & A=
A& A fuel assembly)?] guide tubeto & FAB}A
AYEm QAR B AbsLFol A wA(core) el A
9 fuel assembly®] A&E alignmentE 314} fuel
alignment pin® G&o] FQ&} Fuel alignment
9 FA X+ Fig 29 2t}

section of alignment pin
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Fig. 2. Structure of fuel element.

Fuel alignment pin® A%+ Fig. 3% 21 A
Z-& Inconel X750 ©1™ upper grid platet= BE%
e odle] #Holx Yz v &(head) B L 43
5o} gle},

g & FEUY ASFZ(PWR) 2AidA 3
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Table 2. Inspection and replacement of alignment

pin.
Alignment Pins
Year Site
Inspected | Replaced
1989 Biblis A 386 22
1989 Unterweser 386 34
1989 Biblis B 386 67
1990 Stade 314 -
1990 Grohnde 386 67
1990 Biblis A 22 364
1990 Unterweser 386 17
1991 Biblis B 67 319
1991 Grohnde 386 M
1991 Unterweser - 336
1992 Biblis A 386 -
1993 Grohnde 386 55
1989-93 ]Isnassseclgjgs 1510
Summary: 5.387 1390

AL e ZFTHUT) BPL2 Algo] H2 8
V322 manipulatorg ARetd HAAE £33

Inconel
X 750

Fig. 3. - Design of fuel alignment pins.
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2.2. Core baffle former bolts

Baffle platee :4(core)& T3l oz
k47t 22 ¢ 925§ (outer-boundary) € Al
Fgck o] Hplate)e core baffled] Rl
horizontal former plates®) baffle boltol 218t core
barrele] ¢1&3 FHsE  2EHJAH: IR
(stainless steel vertical sheet)e]tt, ERo] Qa4
baffle boltgol ¥ 2 Fd= & Ro] THFHA. ©
2 Q3) loose baffle plateEc] FEE o7 A7 AY
fuel element rod ¥H2 G| damages Z it

WA 2EIHUDHHE O baffle boltE& A}
3tn Age] AAHNE W RS nA stk gl
t}& Fig. 4 & flexible UT-probe holderS o]-£3k
baffle bolt HA} W& RAFt)
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Fig. 4. Projection UT-examination.
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Fig. 5. Manipulator system for core baffle and
core barrel.

2.3. Core barrel former bolt

=4 E(core barrel)# x4 FZE(core internal)<
2 5 (cylinder) 2 %9 shell ez FASHAG. 3
Heje] former platee FT A A H(Intermediate
support plate) & E3A =4 F(core barrel) 2 @2 H
o it} BE AZEE XX B(support plate) S
o] £xZ Hol o} Former boltE AAAHE &
A3t 98t &3 W] HEHR Aol oA
He 3% ZAEE P} Former boltE FFHH 0
2 AALs7) 938t UT-probe® bolt-headol 94X E
% 3}, gy =4 F(core barrel) 8] vlREo 2 $
A8ta dxpHo) Aste) £ % 7] Wi BE
o) F287)7F F-3 o, EF WAkE A9
22 BE Aol 94A A9 manipulatorel 23t} 7
A7Y 8 Eojof it

Barrel former bolt®¢ ZHAME pulse/echo 71®
(technique)& AH&-8te]  A%3 ¥ (automatic
ultrasonic testing)2 €t} HAIEE Fig. 690
Ye} gith UT prober 238 d42 71 B3
probe shoe interface® E 33} bolt head ¥ shaft
2 g 2o A PP holtd F
(shaft)& E33t shaft end®| back wallell Za ¥t
AbgiT), grebe] Aol dAHW 2EdeE FEAHL
2 Wabsled UT-probedl &3t zx€ct. A
7)o wet shaft-enddl E€HE 2$do dRE

o

AR, Hatd

o] W&}t uwAlE A Z(amplitude) EFAIZE (the
time of flight)E 7FA 1 bolt2%9) 27 & Brigeh
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b
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Walded locking pin

Fig. 6. UT-inspection method for bolts with

locking pin.

2.4, Control rod guide tube support pin inspection

Guide tube support ping A% FZE(upper
internal)®) lower guide tube flange<tol A= I3
. o]y AAA(Support pin)ELS FF =AW
(upper core plate)?] A%l & guide tubed] F
3 o) 5& TolFEd Utk

Fig. 7. Positioning of guide tube support pin.

o121t H(pin)S Inconel X-75022 A Z e
Mz 2 torqueR A AADT wEA we 2=
A axzl® AEL AZF AHAA  (mouting
procedure)e] wElA high torque® WOW stress
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Fig. 8. Reference pin.

corrsion cracke] WA H¥e] o L #ia
olA ZAgo] LAY F9+E Ho] collect to shank
Heojoln olm, N leaf portion AME FFo]
2 gh Bge] ¢h1s] LU loose-partE o]
He 298 293

Z2SHAHA 7199 AR B (calibration) 2 ¢ 3l
A BAHAIEH (reference)o] AHS-Hr}. o] BA A|¥HA
& X2 & grain size (from ASTM 4.0 to ASTM
13.0)2 TAI= 9] gith AAF AL leaf portion FHoll
Imm 2ol #do] A= & collect to shank ¢l
3mm Zoldl JAFAFE A 7HFE (0°,45°,90°)

(a)

(b) (e}

Fig. 9. (a) Reference pin with defect in the
leaf-spring area.
(b) Reference pin without defect.
(c) Reference pin  with defect in

collect-to—-shank area.
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@&} probe) | F L HEYE AHEE 5 =S 3
™ Jeaf-portion¥ collect-to-shank % ¢ & 2135171 9
&te] dutE o 49 crystal® FA Rk 27 O
2 leaf-portion FAALES a9, vrizl 27t e AAE
Z 7} (slot-probe) 2] A2} crystalZH collect-to-shank
BIE HAEE A&t ©§Ea Fu4E 4 MHzE
AH2-31 2 MHzE course grain (ASTM 5 o]3}) A&
of ArgEr). ©& Fig. 95 collect-to-shank %
leaf-portion N HEF Aol

2. 5. RPV head penetration, CRDM-housing

Incornel 600 Ad ¥5& AL&3e AFZ(PWR)
AR 27 AR BERAAM 13 A% &5 ¥H
By FIE AF Fdo] TAHA

CRDM penetration

RPV head

Thermal sleeve

Fig. 10. Typical PWR upper vessel control rod
drive penetration configuration.

ol #LEL dAHoz ZHo] W Fd(axial
crack) oJ|AY 1 )7t 29} Ringhals 2879
A QF e FEe] AR 2y o] Fee
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buttering layer and ground surface
of vessel upper head
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+
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Fig. 11. Circumferential crack found in one of the
. under vessel penetration welds at Ringhals.
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Fig. 12. a) UT system of ABB reactor Co.
b) UT system of Intercontrole Co.
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3. %A
fAAEHAe] PR WE FEE F fuel
alignment pin, core baffle former bolt, core barrel
former bolt, control rod guide tube support pin 2
RPV head penetration (CRDM)ell thg AHHA &
3] ZgaA digh A vle R RS e

A AEsan. 48 &3 100do] A o] AHel
N @ Qo] oE AAYE FRAEE 7oA

CAEE dF 9 isdd W olsizt d4d3] e

ERR EICECRUE RSS2 UL
282 sed B Yo7t 744 sample A o2
1t pinol S AL Aol whgAst

FAE &

D “dAE HdEY FFAAHSAsIEd 19939
1143 37~40, 9~100

2) ABB Reactor GmbH ("Technical Description”)
of Internal Inspection and Repair 95.02

3) ASME B & PV Code SecXI Rules for
Inservice Inspection of Nuclear Power Plant
Components 19893 Edition.
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