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SUMMARY
I Project Title

Repair Technology for Steam Generator Tubes

I1.0Objective and Importance of the Project

There are 18 nuclear plants under operation in domestic country. Repair of
steam generator tubes have taken long time, costed lots of moneyv since they
have been performed by the foreign companies. Possibility of tube leak from
primary side to secondary side at steam generator is very high, and tubes
which have those possibility during operation are plugged. But if plugging ratio
is higher than plugging limit, steam generator needs to be replaced. Replacement
of steam generator cost about tens of billion dollars and causes lots of damage
and contamination by radiation. In addition, Foreign companies tend to request
higher repair expense if no domestic research and development on repair

techniques is performed.

I.Scope and Contents of the Project

In this study, technical documents were reviewed and summarized to cover
the sleeve materials, dimension, installation methods and qualification for the
requirements of steam generator repair technigues.

Inconel 600, 690 and Incoloy 800 as the sleeve materials and the experimental
method to determine the residual stress due to the sleeve expansion and sealing
techniques and verification issues to satisfy the qualification requirement of
repair technology were analysed in detail.

The current repair techniques of steam generator tubing for ABB CE, FTI
and Westinghouse which are the typical sleeving venders were investigated.
ABB CE provides three type of leak tight Allov 690 TIG welded and PLUSS
sleeve. FTI has brazed and kinetic sleeve designs for recirculating steam

generator and hydraulic and rolled sleeve designs for one-through steam



generators. And furthermore FTI provides electrosleeve design using
electroforming. Westinghouse provides HE]J, brazed and laser welded sleeve

design. Presently no brazed sleeves are installed in an operating plant.

IV.Results of the Project

The most commonly used sleeving materials until are thermally treated Alloy
600 and thermally treated Alloy 690 Alloy. Currently, thermally treated Allov 690
which has good resistance of PWSCC are being offered. Sleeve length of laser
welded sleeve is 150mm. The FTI electrosleeve offer sleeve to be less than
200mm in length and The ABB CE and Westinghouse laser welded direct tube
sleeve offer 26mm sleeve. Sleeve thickness should be less than the wall
thickness and the radial clearance is 0.30~0.46mm and the smaller clearance is
better in order to reach the repair position without objection. Expansion and
sealing method of sleeve affect residual tensile stress in joint. The highest
residual stress is made by roll expansion and the lowest residual stress is made
by hydraulic expansion. To install sleeve, joint strength, leak tightness, PWSCC
resistance, evaluation on process parameter range and the effect of equipments
and procedures on repair plan and radiation damage have to be investigated
before sleeving.

ABB CE installed over 14000 sleeves at 14 nuclear plants. ABB CE provides
PLUSS sleeve and three type of leak tight Alloy 690 TIG welded which are
straight tubesheet sleeve, peripheral tubesheet sleeve and tube support plate
sleeve. Currently, Direct Tube Repair technique using Nd:YAG laser has been
developed.

FTI installed over 10000 sleeves at 21 nuclear plants. FTI has a number of
sleeve designs for both recirculating and one-through steam generators. The
FTI sleeve designs are Brazed, Hydraulic expanded, Roller expanded, Kinetic
sleeve. The sleeves are used for 1) the tubesheet region of recirculating steam
generators, 2) the tube support plate regions of recirculating steam generators,
3) the tubesheet and upper span of one-through steam generators, 4) the tube
support plate region of one-through steam generators.

The FTI electrosleeve is a structural repair for steam generator tubing. The

_vi_



electrosleeve process provides a continuous bond of high-strength micro-alloyed
nickel to the parent tube internal diameter, spanning the defective region. Since
no deformation of the parent tube occurs, stress relief i1s not required.

Since 1980, Westinghouse has installed over 59,000 sleeves in the steam
generator at 17 nuclear plants. Westinghouse provides HE], brazed and laser
welded sleeve design. Presently no brazed sleeves are installed in an operating
plant.

ABB CE and Westinghouse has developed a Laser Welded Direct Tube Repair

process for restoring degraded steam generator tubing.

V Proposed Application of the Results

As a results of this report, designs and characteristics on repair techniques of
steam generator tubes which have been provided by ABB CE, FTI and
Westinghouse were investigated, direction of research and development on repair
techniques of steam generator tubes was suggested. This report will be used to
as a guide line of sleeving of domestic steam generator tubes. Analysis on
electorsleeve patent published by FTI will be a baseline data of electrosleeve

using electroplating which minimize the residual stress to cause SCC.

- vii -
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A The wide range of tube degradation mechanisms
experienced in steam generators in Japan.

Fig.2-1 Defects and Defect Location in S/G tubes.
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Steam generator performance

Deratmg

Power(9)

vowbwmerrmEan

Number of tubes plugged

Fig.2-2 Power Reduction as a function of a Number of Tubes Plugged.



4.€ 3+9] %] (Degradation Location)oll W& B4 $3|

HAHRFZoAM dFEo AFo] BAsteH, o] FES By A3 &g
2)

AAE Al 7HRZ BER/sHE DEd 2uigdo2E SeAgd J7E 7% 2)8
T AA BB FIYEE UE 7 AT Ade FRH FAAolY HAHEI)
Sretgenz #g SR 249 oy 235 Aol AT Fex
ong dade #% HutadRE AP AFEA e Ho] gytH ot
a3, A% Aol BAAF FIdA LSt #d 2o AN BE &
Gsts el © oyHY. 2 olf' DAHECZE 2 71T HRdy, 2)F o 7 2
o] & FHstdoF ¥l 3)Dentingel 2% HWE A} FAAFALolo] HE}go
gt or BFdsty, 4)7]&9 By syl Wae s)sysan she
AA B F2 X 7l Brt EA457] WEolth oled o] fFE TR X Fhoj
ey A7t 2E% A7t g
59385 2 %% (Degradation Extent and Rate)

Table 2-1 Sleeving Experience.

Tube
Sleeve Sleeve | Freespan Total
Plant Date . Sheet N
. Installed| reason Joints . Time(weeks)
Joints
TS
San . HE +
1980-1981 6929 Crevice HE + R 30
Onofre 1 Bor R
1GA
TS
Crevice B
Kewaunee |1983-1989| 3638 1GA HE + R HE + R 45
1GSCC

Table 2-1014 & 4 AFo] BFAFH FolAd= San Onofre 17} Kewaunee

wrh of F AR BAY By A4 i ER Ay oW Z2d A&
o Ath o] AL s e dig 7wl H 1A%, o9k Zo] o



ZAEE mAlo dHAol BRE RRA o|FolHol sttt Aol Iy
FhsAol Ae FRAA ZIE AL stk ks, FZAE AFA] AQ
HE 7bEed i 453 osiA fRE AL AT HyxxE =
7t ezt 97l wWEolth wetA #d AR (Freespan)®t FAlSl o

(Expansion Transition Zone)& H 3|4 ZJAEE #A&steE Aol wpakzalsio}
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M 3 & sele 44 2d

717 =(Strength) @ €A LZE FEH2 27| FART wl$ ¢k Aeol=
2 RAel ZxE AZxn stAsHA,
gy, 2E8F5 R/ Pittingel Zv, EAS] 7F2A AHALE FIA7IA e =
38 &xn nYE dEe A oA At

u. 4 A4 (Corrosion Resistance) : €32 29 d3ldclo] PWSCCrt of
Udg= oo gigk Agdo] $Fsfobsitt. ZRAE A oAl YEA FAR 1)
AMzz e ByolR WA AMEEE £71A(Filler Metal)® 242 {3+
2ol Ao diste] AHAAE ZEA qlojof 3, RS P glojopst.

tlrAd A ek(Leak Tightness) © 7129 $74& 3 A3 ZAE A ZHA
Beo)al, &3, Hard Rollingol &&iA Adojd 4 Qloh, F2EAL 7144 3%
% Hard Rollingd ZJECA AAY 7isAel w3t FAFe <

0.5cc/mineld], 2 FE = #HAlSs FF 7FsAe] o

S

Eely A

7bh&elB 4o|(Sleeve Length) : Ee|BZolo] J&E Fv &o]8 Hx 9
A7t Fig.3-10] = el vk LB Zolo] AFe F= cxte AR a3
N g A e Aot wEA, FEFAA EFEa

U sbgatelel el Seu Zolk 11-12inch® ol Al frh ZAEE S¢ #

kvl AAZL golslol #Th ZAEe] UFY FE WAL 2 g x9l

2 Azgozn AusE ZHoz &u BrT 23 ol xAES

_11_
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Fig.3-1 Required Sleeve Length as a function of Location.
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Table 3-1 Typical length of sleeve.

Location | | Length of Sleeve(mm)
Part depth expansion 660.4-1143
Full depth expansion 304.8-1143
TSP 254-279.4
TS(Periphery) 279.4-304.8

Table 3-12 A &efd Zol& et vk Tl e SelB o
S3F 9129 Sludge Eolel &) ®stgtt @ 5 EJEE AW WY
ot Bl EHEE LY st el Erh 5% g (Part Depth Expansion)
sl A 2-4inch(50-100mm) g el #1x38t, A% Z3(Full Depth
Expansion)2 #3 Aol 7l71& 2o gxgch 3y FH 2JEE 23%
A3oz2RE B35, Sludge QU= & HE § FAE 2Dty 24
Sludge ¥olBt} ¥ 91X A2} Sludge ol - 150mmeo] o)L} =
A Q¢ 460mme] EolzkA Folrjx uD. B FH 2 Sludge Hth
Sinch(127mm)A = A A x| o},
PR A Ao A EelHe HAH ZHolx 250-280mmeolth RUE o)yt s
Z

] 3
v —= T
dol7} z+zb 50mme] Hul. £ E :'élia‘ °ol=

rr

2

rlo
)
K,

s

z+zt 50mm, Backup Joint€
150-180mmel ™, HdjZole FIF+ PN ZZ4 910-1140mm,
280-300mmelth. 713 ztelol A ]2 ZHolE F7HA7]7] Q1% EatE Y A
7 2o tl dl& &9, Flexible Sleeve} Segmentcd Sleeve7} 21t} Flexible
Sleever ¥Z% £ Fwo] #3 A Holu}, Jhfd FE& Fdste] 7=t
T 1520-2030mm7HA] 9] %F’/llﬂ_ Zol7} 7b5 38kt Segmented Sleeve: #HS %
B 5 A3 & Butt §3& AAlFL
=2

f=}
A AT A xFo](Sleeve Qutside Diameter and Radial Clearance)

Jedy A
Soln 7L majel WA TA/EHBzke) wA Aolel ols) AT WA
ol7t 2 ZASole BN\l Dentingol EAFHE Qste A Sein

- 13 -



- = ZJAE AHA S B gegol
Ztow 2 SCC 7tsAo] Adidoz YolxA =} gy ddl= Ao =5
E %

Z}o](Radial Clearance, Some Vender

th<al8d ¥ £ (Sleeve Wall Thickness) @ &
_]

7bR stel ZAsAE. 7HY DEAE Tx2H 3

4
DEFol AABe A T ARHAL. AL@o] A7 FxH AWLL Hu
a7l galME A3 2719 WAB FAh vlEstedol ok Ha A o4y
Agol FxA AEE FASY ZAE ARA ojzige] Bel MaI §474
7} Zobehe Bololg zd@t £9n A FAL WAV ALARG *7 2
ofo} @} 7 ol DEAR ARl ALY APET Homz URFAS §
Ayl Ag FA QD] ue) Fol® F8H £A Absee Eel A

a2 A7t 1 $Faty )& FAC A8 ShFERo 33 3™ 9
Z£3}7] W& o]t} Table 3-2& ASME Sec. II, Part D, Subpart 1, Table 2A&2B
o e €88 FAEZ Uehdz ok 2B HA Tl ASME Sec. 111, Div.
1, NB-3324.1l vheble obelel 4 (el 93] A4 4+ Uk

_ PRy
t= 35S 05 O !7T 5 705P (1)

A71A 1= B 8 FHA FA, Pe AAYLHA70bar), S BAZEE LE}

A},

P-R

Table 3-2 Sleeve Wall Thickness as a function of Sleeve Materials.

Material Inconel 600 Inconel 690 Incoloy 800
Design Stress
ltensitySw) ) o3 ke 23.3Ksi 20.0ksi
Thickness
5/8" for 3/4" Tube 0.798mm 0.798mm 0.922mm
3/4" for 7/8" Tube 0.957mm 0.957mm 1.106mm

_14_



3. 788, 2B, £71A AR

oft

7} A € & (Original Tubing Material) : €8 2.9} ZAER A 2AFL=H A
ol gdel g HEZ glojof ok HE#H AMFEE ALEEE Inconel600(] 5}
1600)2 A x=3Ao ukgt 1600 MA, 1600 TT, 1600 HTMA, 1690 TTO S o=
B ET ok Table 3-30 AE# A= A7 €48 =7o] vey @
oD wre g3 A LE(LTMA)A SCColl tigh A do] e RAor w
A5 Atk ABB-CEolA & 16009 238tE +X7F SCC Rz ko] & 3&&

A HEZ2 £2F 255 2EFoZHN SCC Aggo]l & ©ad Bz Z 7t
3= 1600 HTMA Exawy-& sty o). WestinghouseAlsE 16002] SCC
N2= S f8led Cr 283 S ES 23 <& 2 TTEAD wHe A
B3 A oH3), Table 3-40] zF AE& 2A¢ SA4E vlustdoh. dA) EﬂiﬂEl-t—

F712 487 = 1690 TTS Incoloy 80021t =3hE o] Qo)

ut

Table 3-3 The chronology of fabrication and annealing conditions.

Approximate Tube Mill

Plant Vint Heat Treati Conditio
ant Vintage eat lrealing Lon n Anneal Temp.(T)

Pre 1970’s Mill Annealed 1024
Early 1970's LTMA 954
Late 1970’s HTMA + TT 996

* L TMA : Low Temp. Mill Annealed
*HTMA @ High Temp. Mill Annealed
=TT : Thermally Treated, Followed by holding at 704°C for about 15 hours

- 15 ~



Table 3-4 Comparison of Candidate Materials for S/G tube.

Advantage

disadvantage

1.High Thermal
Conductivity(19.2(W/m™C))
2.Low Thermal Expansion
Coefficient(14.2(urn/mC))
3.High Confidence

Inconel 600

1.Low PWSCC Resistance
2.Low SCC Resistance in OH  Solution

1.High PWSCC Resistance
Inconel 690 |2.High Intergranular

Sensitization Resistance

1.Low Thermal
Conductivity (17.3(W/mT))
2.High Thermal Expansion
Coefficient(14.5(um/mC))
3.Low Confidence

1.High PWSCC Resistance
2.High SCC Resistance in
OH Solution

Incoloy 800

1.Low SCC Resistance in Cl

2.Low Mechanical Properties at Operation

Solution

Temperature

3.High Thermal Expansion

Coefficient({16.2(um/m™C))

L & g] B A B(Sleeve Material) :
23l gtou Ao WA
TTE F2 A&ty oo, FHtof
Incoloy 800 A}-& 3k},

b &7 A A 2 (Additional Joint Materials) :
3t# % Hard Rollings 3tAY £3&

T

1983 7k4] 1600 MA, 1600 TTS& F
gFdE HX o2 Nickel =& Alloyb2s5E
'l AFR37IE stE k. dAls PWSCC 2 IGAd thdt A g4 o

feu

=)

Mde ABB CEARe] PLUSS

oly

o

o

o= K%Od*L/
Ak £

sa)n

1l -
& o

Sv

Ky

=2 1690

A tel

of

244

\:H'o} 7-1F7}. o]oio]: ‘Q}E}-

SAERANA A7,
= &4 oAtz 2t HAZ7}

—9_7}-ZH7}- U}\I__ Ov?—oﬂ-lt- [FRl =}

of o] Fgel &xiz2

o ANEE

A=

33 SCC AFH HE} S

i)

%ol h,

_16_



ZJE Az = TIG or Laser Welding, Brazing, Hard Rolling, Kinetic

Welding §°l vt TAFd FAHAE FFSTHES FaA717] 98 F=2

NAA e 225 g 2 $%9] Hard Rolling =5 §3& st e
ARERTE SEA TAstE 2 F ATREol ZRJAEAN st 1 2

7103t vl EH el A 2& 12 o] 7|l A DHEJINAM F4 %
o] it} ZJE AL FxA WA FHEATE EHoR Ay, B3
WA AR ZAEE gEHo g

7b. 83 Mechanical ExpansionS 33 3lilo] AL&5 o] B2 wA Ao
X PWSCCE ZA¥sigich oatd &3 F A7 58¥P L T3 PWSCC 754
€ AESIAok 3t} 1600 TTE 1600 MA X+ 1600 TTell vlsled F2alA o

A2l A &ol®= PWSCC AdAgdol 43 Aoz el Hydraulic
Expansion< o3 Astio] AFE3 v, Mechanical Expansionel H]3] %22 <)
W o g PWSCCol W3t #AdAide] 53}ttt Explosive Expansion &
Kiss-Roll& T3 Astito] AME=m, H21 Wy
H AL PWSCCE 2383190, Table 3-50v &3 wWylo) ©g PWSCC A¥
AH}E e Qdth

Fig.3-2% Roll, Explosive, Hydraulic Expansionol] 2]3F &3tA] ¢ 3o

=

g AFSER FA E970e FETA sl W FARAE BHolF

M © 2 Hvdraulic Expansion®@}

}:l 0

21tk Explosive Expansion® Hydraulic Expansion®] 7 %7} Roll Expansion

of vls) BHA EdEHE IAFSH FErt FEs] gouw, ol utz} Hz

Aol WAstE AZE ZAFE& & F Aok ol= Explosive Expansion®}

Hydraulic Expansiono] @A) Ag @ ea #HZHzsh= Hast$o] Ajgoe=
A

SEPFo] E dy]e WEHEHUAZE Roll Expansion®] B8] ZH-&Hol

ol

g Ze|n, 798 ALE Qo Ao Algd
712 § A 98 (Sealing Method) : Hard Rollinge 3 3%l Hvdraulic
Expansion® &% ## 3, ZAE A#A F2 ALy 23t Wyl v)ste

R B

5)
b’ e} = [e} .
FL d99 FAFIY, nAAAFITEHE FLUA I G-l Ar}. Brazingd &
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Gold Nickel AlloyE ZFAEF{ Ald =338 g Hydraulic =% Explosive
EX

Expansion< AA|stH, x91

.

o = e AV AL B39 1066CE =
EE AsAgoezy &§ AAsHARY F2 BH FEd AREREY TIG £3

Heo #Ho glEe SR o rx: T REJ ALHET 2E A= AFEH A
o2 B3 I TIG 3oz e AFSHES FHAsAZ = Qi At
319t Laser S8 Doel 3 &AL CO» LaserE Al&std Algdxoz A

AlstH A &85 7] AEEAT Laser £3H2 TIG &3 vlsted 1579

g mgety, 22359 F4HE oUuA Fol ¥1, Ee YNSEE 2= 3
7\40] 9% .

Table 3-5 Expansion Method and PWSCC Experienced.

Expansion Method Plants PWSCC Experienced
Mechanical(Part Depth) 30 10
Mechanical(Full Depth) 30 15

Explosive 13 4

Kiss-Roll(Full Depth) 51 24

Hydraulic 29 2
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Mechanical Roll Tube Inside Surface
60 o
Kiss Roll
= Urethane Tack
£ \ Tack Roll
[ .
ﬁ 40 4 \/ Explosive
& ] Hydrautic
®
3
’g 20 A PP
x
1
0 10 20 30 40 50
Cracking In Corrosive Environment {hours)
Tube Outside Surface
60 - Mechanical Roll {Tack expangonswerenct
exposedonthelube CO}
z Kiss Roll .
;‘; 40 - Explosive
o Hydraulic
z ]
g
F 204 b T
n
1]
I
9] - T : . ¢ - - .
0 10 20 30 40 50

Cracking in Corrosive Environment {hours)

Fig.3-2 Residual Stress vs Time-to-crack Curves.
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o} 22 E ZE(Joint Problems)

(HEBE L ZAEA 1 233F SCC(PWSCC and Secondary Side SCC of
Expansion Transitions and Joints) : &3F 4 ZAE A 2ZA] QU= 7HEHF
71 &8 488 Q3 AT S BoMY UGS H YAHAG, oju) HA

$8& PWSCCE F2A71& dASE ostZ2 FAA7IE Aol T2
stot, A EXANg o2 e o gH 2o 11225 tid SCC A Aol $3

soug Audt DUALANA ARSAL FLY + Y 2E A4F
Hote] QAL Axstdh 3SCC ARAL e ZAEE Ao

(DyBA R Hof| A Z=2gof] 7113 u¥]E H(Distortion due to Axial Resistant at
Tube Support Plate) : Denting AAE 23 €48, &3 2 Bold, &34 7
Aol L FFo] dAse] hFSHl YA, oo wel FHHA

g8 2 Buckling d4o] Yehdth utebq dxg® FEAA FEZEr A5}
AP AN oE e ALRS ALAY T4 WFE Aolsle] Ay &

2 AL Zo] WslE A

()2 o] Ao 71913k EA(Brazing Problems) : 2ol AL B3 xAE
Azre] &9 %7]o] San onofre, Ginna @ ANA e EAES AIstg)
By olAS o] &3 LA SludgeE B3 FE5T A Wio B 25 o
strch Yol A, AR Qe sej2 @ ddie] LI, =g Pog
olst MaA A 3HS s Aro] WA
ALl Pre-tension 5 %3] sh24& 5 AUrh

AHEJN A ¥4 (Leakage of Hydraulically Expanded Joints) : d<d%/Z&e =
Atole] 2t& B& B3 74 @AAto] vEhdth siAWNIS R = HE] St V]
A2 Rolling &
0.08gph(5cc/min)oll A 0.01gph(0.05cc/min) & wr& 4 JTH6),

G)dlol A &Hel 7128 #A(Laser Weld Problems) @ @lol# &%y A&

Zlell wAE FAR, E3F ZWY FEdNeR UT HAE Sdsdohn, =

£5bo] Scalingsts Wel Atk o WAE Fal A F:ed

i

]
5
i

= -3 [e] = =2 = iR -
9 5% 35 2 a0 8 SaTUN BB, BHAGL o] o} WA

3, AL AA BelA AA A& A o7l F AT BE Ao dig AE &
P, 3UF syl dA 2% oy sHUE FF AVH ¥ FAe] wH T
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SHAALAZ Mol A2 dE HFol Badrh. 2y, dA HE 3
A 6’ )

wzoz viold B $UAA A 2L ne
A

=
ZJAES A @ W B3 L FFo] /1A Buckling X nAFHAREEH A
]

2 yebhdrh xS E4A4 2ol X wet ¥Ilste AL 1 9= B F
At FHARNA JFEHE HAaselr] e G o) Y] o F
239, R SHAAE 1 EAGYA TN orE At Age g3 2o 1)
WA &8 B %0 W& Pullout Force 24 2)¥3 Creviceol thd &2 H 9
A 3T g 2o JF Folop I o AP R ZIAEE F
dEsdoz SHEAA gAY} EZ st

7} = A o} (Temperature Control)

AdA dIFE A7sEHE, T % FEo] wWm, G o] Aok

_OL
=
rfo
l
e E

=44 AGEE M e BT BFol Aotk Dole 2 %
Qo3 B Alole] Gapol I3 FRY B4 WaE FYstdnh o

A Wabel e GHEE Wi Y FRF LT Aot Fast

=
b
i
2

L} E 3 2 F(Surface Contamination)

SEAA HeFAA F ZWe] LGB A3 # L
2 olo g Fo7t g

o2& Agd 71A% Buckling ¥ 32HF-8- = (Buckling and Tensile Residual
Stress due to Axial Resistant)

s AR 2 A HA BA X FolA Dentingoll ols) dE o] Locking = vt
oo, &4, S¥AAAMH} #HE 1 2APA
Buckling ¥ <133F-g8o] ZAsr} mekx 1, 2215 IGSCC 75X
A ¥lpg Fol7} oHt

2l @A g8AA &I (Effects of Stress Relief in Tube Sheet)

Taol A gAY a2 w g AMEE TEste]ol drh DY FEo
T XA g F4& 2)7kE s AgHH FF Ae] 1A F

2

A8
7h, A4 WM 22 FF A8 S 1=

LS

IGA 7}54de] Qowm

_4

rﬁ
ro

=
Oé%}__o] "%‘T‘ 1

2

Ojt

O
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A 34 A4 &4
1A A

§ ARLPS Bitel F7184717 3

Z9 FHHSFEZE BAATANA A
prale:]
=

rJ
0
@)
]
O u

eposit Solth #F A
sl ZUE AAAFAFEL g3 2o DEJIECNAN AF&H A3fs wa
A gelslr] $1g oRlstAgld 16008 Sodium tetrathionate &< Al 2 2]
olg]~7}te] % Magnesium Chloride €9 A1, 2)& A=A 1600 &8B
Az 10% Sodium Hydroxide §4AE e 22 F7] AlE, 3IIPWSCC 917
A Azel g 134 n-& Yzieee A7) PWSCC AlY d
2o dig tdstE FESt FARA gt =V|AE —‘%l" i%-"'l =
grs @3 A3t A2 2B A4 9 7E &8 BekA) tgn 72
Lo x}dlo] g FE T}

- AAuHo wE ZUE 7}% U Leak Tightness 9H&

- PWSCCeol ozt J&A

- &4 e Hd 3k B}

- Aot ATt 2 AE 9 YA HE) vAe 9

g7bael 7] U A8

7}.5% 24 8 (Corrosion Test)

A AESAEe S99 vl e &84e Hohetd, 12245 SCCol o)
3 bsAe AEded S8 2y ol @ AssAPe Ax syl
cau, 24 &d BN AFe sests ALY AskA Evhe 3
o] Zolstolof srh. AA M ZAolA 1600 LTMAS sk PWSCC 2+ ol
ASB e 40ksiZ 1600 LTMAS| edetzsh Abelol, T3 @ gele) o 80%
o 7hgrohs). 2342 Crevicest Sludge #7214 SCCol g AA e A2
a2 QA ot 25ksi o]stelth. Yonezowaw <UA7bSEo] FAYE-GH 9
80%°15t2 W 1600 LTMAS| ©l§ PWSCC 2AAlzke] F7tstksn masta g
THO,

d

7hEst A E L2 d0ksiolstol A BA =Y, dF AP M FEEH 20%0] 5}
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O

A& Hell A SCC7 EAstAT #e JASE 2z 7143 49
FAA ARAME 53 54

o]
=
HATL sfH @FNME =] FEe] *@*é%ﬁ}% R ok Feoh

N

L} Stainless Steel Tubes in Boiling Magnesium Chloride

o] A& B3 &gE AHAAWHdA o JtE {7 $EY nAHE BAY $
1t} Stainless Steel Tubes A1 #H-& # ¥ Magnesium Chloride £ ol 244 7+ %
?l A AlZlt}h. Stainless Steel T/ A|@8Z o] wet SCCol & dASH
o] Wizl A¥AI, A& Ho] 13ksi(90MPa)eldd whf 244 7to] o] FLFo]
u} ) 5} 9 Th20),

t}.Sensitized Tubing in Polythionic Acid and Sodium Tetrathionate

EHe 99 Ay FL3ich 1600 MA AH-E £ sulfur oxyanion®
e @& 2X9) Polythionic Acid % Sodium Tetrathionate -840l 3 %]
A8A3, ol 1600 MAl 20%Y.S(Yield Strength)o]do]# 1},
8-10ksi(55-70MPa)ol 4+ Wl 24AZhjle]  SCC7F  wA®T.  Sodium
Tetrathionate &¥-& A5 2] desensitizons FEFZE &3 9 A dA
g e ne T ARde RFAGS

2}.10% Sodium Hydroxide

10% Sodium Hydroxide&9-& 1600 MAd] W3k 1x}& IGSCC, 2x}3 Crevice
& 7t&A 7l B4 fAbst. 23S 7EskA 7177 918 2881 9] Autoclave
ol A k= A9 190mV7} ¢17}El W, Primary Water®] Hot Leg =%¢1 324l
AE 250mV7E I7bE o A¥ AT, g 1det FHEALE 6AI] AlE
goldg T3l Fiol 7hsatdtt. & o] 10ksi o] wWl 36A1%F o] o+ H o
wagalgl om 1600 MA 588 20% |3t SgolAEs 4 A3 A 700
Al 7bol Zo]] H#RBo] 2rAl 01-031:]-21)

_J

b
o
ol
e

>
oy
£

v} Elevated Temperature Steam Tests

B et gL AFaEd o 1& FV|dA PWSCC 7t43 7%
S AFsGet ¢ HIEWUgeg 48 T 4 FUR 22 E FUA e B
HoZ 400CAA 71E53 48 s +
AE Hot Leg £+4d2%9 ##d @ Wfo 2ldf PWSCCr 7t 3t it
Hvdrogen Fugacity, pH® <9&-& W= Lithiated Borated Waterst Z7]¢] 32
glst afolofl o)z si&stacle AEE AF S Brlsstdch EdFel A g At
ot B A¥S 3t A7 PWSCC 91gAdo] dist H&3t &9 AAo] 7}

W
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Stk #eled, A gl AtAEQA Time to Failures C-ring 2382 E3ia @

oz 4 ded, 2827 = Table 3-657 22w 57ksi o] dolA SCCrt LA}
= 7

Aoz UEhdTd, BeZol EJE ZldAE o Brb Be QS A
SCC7F TAstE Rez yegn. wer 22 F7] Agg 53 89
(Residual, Pressure, Thermal and Bending etc.)o] 40ksi®} ZAU 1 o] 8-S
gaste o) b5

Table 3-6 Test Results of Elevated Temp. Steam Tests.
Time to First Failure(hr)
Test Conditi , Time to
est Conditions
R U . .
everse Flat U Bend Fallul'e Ratlo
Bends

400°C Steam(1lbar, H2) 100 >3000 >30

325C Steam(3bar, H2) 3000-4000 15000 =5

v} Primary Water Test at Elevated Temperature

B 28L& PWSCCl thie 71 tiZAQl 7H&3t 482 Hot Leg %R
T =2 360ColA AAET HZ AT e, £F F4 ¥R 2 1e 534

gere &g gaAcke g
A Primary Water Test at Operating Conditions
F71¢ A7 A PWSCCo =143 A5 & 324C, F43438H =2 pHolA
PWSCCell i3t Agd-e Hriste Adojvh, PWSCCE #AA 7 =Y $do)
astE R HdgAolx Kairh
At Field Experience
AA 7tszPdAME PWSCCE ZAA7I=H 34 Helm=z o|9 e
W2 A g2 o)A Eé}t‘] s HE Vg NEd Agste A Eg HFA R}

1A el da] 2 A e HE g &9 o)
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Aol A AF3 APeA EHo] me 2FYFE 29 7t Table 3-7

of e

Table 3-7 Classification of Accelerated Tests.

Claséification .} . . Expertmental Method

Boiling Magnesium Chloride(SUS)

Residual St
esidual otress Sodium Tetrathionate(I600 MA)

Accelerated Test 10%% Sodium Hydroxide(I600 MA)
(Operating Stress < 40ksi) [High temp. Doped Steam

Long Term Performance |Elevated Temp. Primary Water

2} .Qualification Test Program Issues
AAAN G B3I FQ =AE dSF Zo 1
), 2)&8 8 7l&ed 3 dF EAWS AY, 3

—
A
-~
dold, HFARSE F 5A Weiwe) 4P Solth ofsh go] Ax A
=
-

ok, DEE L @A H AdHAAA AdETe Locking AlE#ClM, 2)#T
Crevice2] o8 Z7 Al e, AL 0D ol =10 ¢ Sludge?]
dATE ABHo|HA(FA 3k OD Sludge?] 3ol &S ) 4HF T =L
Hx 3 9FY, & 2E &

e} Laborelec Qualification Test Program

Laborelec Doel ¥ Tihang Zd 4 ZF7147) 3ol PWSCC &4
gk B AAAYE 9 HEe] st FdT %%Lﬁﬂ gk o A &2=<
EN 47 AAAFe 7fae|no,

- 7@ ANVisual Inspection) @ Wel¥ ZWHE S HAbsted, ¥
Stereomciroscope® W®-& EndscopeZ AAst}. §d5 T AlZAoA 2471

x| AArste, AE @ HAlE Stereromicroscope® 7 A3kl

rlo

- x4 ZA(Dimensional Measurement) : W73 & Micrometer®2 &7
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3-Point micrometer2 27 i,

- ¥4 ZHAlLeak Test) : 100psi(7bar) Freon GasE AH&3ta] 7 A}ste}
552 =4 (Residual Stress Measurement) : X-rayE o] &3l 94F ¢
= WEs A DEFF FHAA mAE, 28HSE SHAA M, 3)EH
T wuleA SEAAA G AlHe| AHEFETh U AH-E =X SHAAA
g3t A2 Internal ProbeE AH&3 In-situ €39t H|uE SZ 02 i},

| = 2 Z A (Metallographic Examination) : A 23802 9wHS ddf
SEM-g S8 rvAz=aS AR Mable olE,  SAA Ao
Bromine-Methanol ol ¥ %<& Ab&3te,

- QA &9 8 (Intergranular  Sensitization Test) @ A|@uH 0 2= Modified
Huey Al¥ (Boiling 65% HNO3, 7-24hr), ASTM G-28 Practice A(Boiling Ferric
Sulfate, 50% H2S04), EPR(Electrochemical Potentiometric Reactivation)®] AF-&
= EPRYE2 30Ce 03M H2S504 + 0.001M KSCN &dol™ S83lc}t T&
AFozye FIAETAZ(SCE)E A3, fHAHYNA 1.4mV/isecd £E =
+400mV7tA] F= scandt ¥ T3 FE 2 OA] FAHY 74A 4 scandtol.

- A% 22 (Hardness Measurement) @ Vickers A E7]& o] &3l #Haxsol
|HFEE 427 20, 0.1kg?) 5L o] &3t FAH3c)

- AZF A" (Tensile Test) : &2°lA Stipe A1 H-& AH&35tq A gt

- SR FAAN Y (Stress Corrosion Cracking Tests of As-Received

|
R

Specimens) ! 2% 350T, &= 0, 100-200bar®] F7A 92 Autoclavedl Al 832
o Al A ZJERE €A & A A &S A, Mill Annealingd +
=) L ME e ?JZMI

Rolling ZJEFE Azd AL AL, & 489 F52
37‘:}.

o) Azt 1600 MA A<

N
=

lo
JE
o)
_|>~

1 (Stress Analysis)

[e)
2-23] 4] & Pressure Vessel Code ¢ ASME Boiler Part B Section IIIol| uwh
2 85y, 48y SHS T AAH £ HAANAHA E H Q| (Main

Steamn Line Break, Feed Water Line Break etc.)& ©&t}l. 122= $9
3k ¥, Codest Hlmdtt I2EFAAE Aidsted] o ghol 1.0l

X,

r

R

rulo o

ol

FQ,
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ot Gae o] A AdE HAZAFE TRt EA e

1} 72 5 8 A (Vibration Analysis)

o] JIFF TR AFH7¢EE FLAZI=A g Fo] s

t}. g/ 8 8} 4 (Thermal/Hydraulic Analysis)

<Y ol| Sleeve/Plug RatioZ X&EHE & 4 <HAAE F2A7]=4]4
3k Hzdol 2ot} olF B8 wAA4e Ze)7 dAY T s )@
w2 vw BAe] 7 st

2} %) 21 8} 4 (Seismic Analysis)

o] Azl g MgAdE dA7EX Aol 0, d3d A
T AEE AZE A AE 9 7tEstEe] AHAdRE Ao

n} A} 23] 41 (Accident Analysis)

< ¥]"¥o] Feed Line Break, Main Steam Break, LOCA’s 52 A} 3ol A

Double Ended Tube Breaks®] 7}54S F7HA71A ¥=2 3o} =3k Al 3)
ol e A F= & wEstoof it

v} A %] (Installation)

solae] AAWAE h&F 2ok DAZ AF 227134 B AY 4)
ZAJER &3 5)Sealing 6)5EAA NAFTHAS] ¢ 2 Yot
ey dxe v 4 AFsE 2&FUS YA =E H
th. Vendere FA# 2 FAlld divjsiA AR ALL FH3} gl
o, 7k53stR AA ted EHdE HAGe FF HaAd AFE £YHE 3

o] Fr},

|

i

3.7d AH{Inspection)

Arbe AAA Ee9g vy % AAL AAFE e 2XE HEs5H)
A AL Thes s/ gt d3kE A JhESs A ok
7b4 A 7 AHPre Sleeving Inspection)

AAH & 2 ECTE B3 o AHE astolop dvh DERJER A
A4 DR U g 2 sl APAE PsdBE A2
o], A%, A AP BEelr JANE s oF gt

% 71 A}H(Post Sleeving Inspection)

3
B OAASE RS DEIE Ag 2835 F49 HA4(Visual,
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ECT, UT) A7 ZAre] il /A Ede dolgiola 2 4)FQIE
AAHECT)S oltt.

t}. 7} 5% 7 A}(Inservice Inspection)

AL® G5 AAsh 2ol Lol gd F5 AAE WA, ECT A}
2Yg ol gath 2y T2 2 A9 gak ECT REE paAsZE &
Pu 7)€3 ECT a7Aae A¥4 8o 87k 2R EE(Calibration

Standard)2 €82 7] we} 2ke]Fol gl

2}.7]1% 7 AHBaseline Examination)

71E@ A e A7) AARA] dolEdo]l AR AR EHER EE A s A
Zojor Fhth, HAIEHA/&]B o FH FJE Gapoll Magnetite?} &3 3= & Abo)
T LR o3 AAE B
AR el oA e F7] WEe thE A7 HAMA Aze wEH g
U o] Fgsjrh EG wol=o gk AE Ao Y
noise ratio)& 538 & Ao 48 HAESE 4L F Urh

ol A2 A} uhH(Typical Inspection Method)

<88 AA B2 E oA AT hE SARAY, A57HAL ECT, UT
AAF Wio] ALEH Y B&WE EA/S 2ol g ECTHALY A2 A Fo ths)
B 23 tb0). Fig.3-3& Kinetic £F FolA ZHAFI A2} BW Coil UIZEE B

F3 9o 2E AA fIA A 20%A S veElWH R At} Laborelec& 23k
gH-ol Holx fHF st £HF U Leak TightnessE& AANSEZ) 938 UT
H9elg AFR-3F 2D,

v} Probe Tvpe

End Effecte} 2 Awslo] w2 259 F&F g
FHE AAE) 7L -E’—?}@PE}. Hg)d 27148 AA)skE Cross-Wound Probe 9}
Transmit/Receive Probeoll 2|3t N%& A2 & Utk ity oz )9
22 Probew Al4gk Aozt o=, Sdd XA ZAtell A dsic). whelA], %
A AEd Weld gk 243 Probe Type®l

A} Bimetallic Sleeve

221& 9] WA FAAI7I7] 8 Nickeld = AEEZ ALE3 Bimetal
2B 712 F7HAQA HAAZE ST kst ®, Nickel =3 0] 2 ApA o]
o 2 EC Coil Excitation Frequency Zr4ol 213 ECT A5 Z o7t 743,

=20 57 ¥ T WHiteE Jo AEE fEsto] vz F = v
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B&W RSG KINETIC WELD SLEEVE N.D.E, CAPABIUTY

,OARENT TUEE
s
g ROTATING
N BOBBIN
h} sLceve DEMONSTRATED
NI SENSITIVITY
A ((/ FLAW /%, TWD)
NI A 20
i
sl B 20
N c 20
N/
Y D 20
E 20
0
F 20
F G 20
H 20
TUBESHEET &
\ PRESSURE i 20
1 BOUNDARY
J 20

Note:  All flaws are 0.187-nch
I diameter tist-bottom hoiss

NOT TO SCALE

Fig. 3-3 Inspection Locations and Bobbin Coil Sensitivity
Reported by B&W.
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st} HAbsEol asty] WEolth o e A FAE ECT HANY A=
3}7]1 2 (Magnetic Saturation Techniques)oll 28] o= AX dZo] 7I% 3.
ob. AAL A=A+ #<l(Inspection Procedure Confirmation)
Postulated Failure Mode®} Z &8 X g3t BA A|HA(Calibration Sample)
I e Mockupe AHE3te] 2¥dA&5EHE Edste A 2 Jle A
ggoz Fostth SN AdddA dFHYg 79 sEe AdEE fF:E

el
Theagel deng Fog FdIE ot

ml

]
= %‘”&EP aQloly Fo #Halrlolth B3] AT £ Eo] HAZ(Heat Affected
F ugk Fdo HEL uf§ Fasic} BAAAH) gixAed &

FE2 TR YA A%s A @ ARt BYAN] RBetats) wA

@ 5 AeAs GRE Az Z2adcdy Fad 2o

SRR 7] AT dAag e oiREEe B JHF HEAE AR 9l
Td ole oM F Bl oz SA4Ec] ¢k o HdEH FTEE wAS

Agety] WEolth ANHoE N8P HHF W4 $HAE Bobbin 2
29 (

+Point MRPC i3) ©&FAole] 1 Qo % Array Id &

=
Aol 253 FEAE Aol wet HEHL gtk Table 3-8 olsh 2 W
Ree 5458 s o8t
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Table 3-8 Continued.
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Z/4do) Mo

=

Rl

ol
o
O

M o4&
Al A By GA 2 Vs d%

ASME Boiler®t Pressure Vessel Section 1I{SB-163), Code Case(N-471-1) IF
Aol FEAEE tEle S8 BE AL

1.ABB CE

ABB CEAME 1470 o2 Axts Aol 1400078 oo <228 dA3s
2. ABB CEAlE 1690 TTE £2l2 ASE AM&ste &3 7l&3 PLUSS
Sleevesti Eel& 7IAA 7le& Ao €4 7lee THdF B5E 9%
Straight Tubesheet Sleeve, 7}3Atg] H22] #T#AFE BFE 9% Peripheral
Tubesheet Sleeve, A A F H4E 238 Tube Support Plate Sleeve©] U}

ABB CEAl €2lB9o] 4itaql | M dSd 2o DEgla AAE 9

2)e 2l 2 4% 3)Hydraulic Expansiond 3 AH%

iz
0

g 2Ae] et Fed 3
T s §3 )T UTHAL dHte Ss¢dA 6)dd S35 $3A7
gz DECT AALE &% dolguolx &re) Fo8 HAgc)
B g dX37] 4% A HA AYJez Fedg sted, 39, Swab EE
B F(SUS Wire, Wool) 5¢] W& ARSIt st St AIA] dd 32 &7
WS Microship Video Systeml® 9o 2 wtEojxl AFAzIz) vjn

gto] SR WHAY AFE A G
7}.Straight Tubesheet Sleeve
Straight Tubesheet Sleeve: Fig.d-19)A4 B & A& v}e} o] #uro &
312 Rt AFEE B AR = Hydraulic Expansiond 9438 g7 st}
L} Peripheral Tubesheet Sleeve
Peripheral Tubesheet Sleeve¥ Fig4-2°14 ¥ < A& Bpe} Zo] 7p&xbe
=]

KA
2o B@ 988 Risted ALY Bt 97 RUS F2 W62, 9

13

T

= prpe gyl 920 A0YUE AR $LW A", N5 2
2700 SelBE AU F A4ARS sl 2UAES Yy

t}. Tube Support Plate Sleeve
Tube Support Plate Sleeve= Fig.4-3olA £ & & ule} o] &3t #x
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# o} Tube Support Plate Sleevetr U 2®W3}9A9 =
g D HA FARFJ7A] A Go| stEsy, &

8inch7t AH&-Hth dthte] Legell AXE & e €82 v S$HAA A9
daAgds FAA T/ waHe wet gt

2} PLUSS Sleeve

ABB CEAlE #HZ Alloy 8008 <82 AMIEE AF&3d:, Mechanical
Expansion®¥¥ < &% @3 7|d/HA2 €58 d% 2 A RS
A= PLUSS Sleeve 71& < Aordt ). Hydraulic Expansion®¥H o2 % 713
AL 9t A A ¥ BA 25% AT AU Y HA ste, ElBe
Spring-back E3E #5354 th Spring-back EHE S 2 WAI =g

2o ool HESGEEF sto], 7tF F Alloy 8009 3 EHAA T 7A% F
] 5

waste d He
] A

712} 13007} o]Ate] @B s} A=

v} Laser Welded Direct Tube Repair

ABB CEA}9] Direct Tube Repair 712 Z7]|o EPRIo 9aiA 7= le
o], £o] ABB CEAIZ 7]€°]A Hdt}t. ABB CEALS Direct Tube Repair 7%
S d3tE A dhe A A2E B7EAE AFESte] NdYAG #o1H4
E ol g, Add W Fdste vlgelth HolAWE AHFE T ALE

u], Alloy 728 £7MA12 A}gR)
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Lower Weld
Fig.4-1 ABB CE TIG Welded Straight Tubesheet Sleeve Installation.



Straight
Section

-

Straight
Section

™

Fig.4-2 ABB CE Peripheral Tubesheet Sleeve Installation.
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Fig.4-3 ABB CE Tube Support Plate Sleeve Installation.
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2. FTI(Framatome Technolgoy Incorporate)

B&W+= Framatome® 90 ddlel 7IFE{E S st A F2 FTIE e o2 ALE
g3 dch FTI= 21789 2A 400 1000070 ol4el £e9BE A8} 8B
7142 Brazed, Hydraulic Expanded, Roller Expanded, Kinetic Sleeve?] 47}%]
el el Electrosleeving®] 023, Kinetic2 7Y <@ X, Intratubesheet, &3
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Fig.4-4 Recirculating S/G Brazed Sleeve.
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Fig.4-5 OTSG Hydraulic Sleeve.
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Fig.4-6 OTSG Rolled Sleeve.
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Fig.4-7 FTI Mini Sleeve.
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Fig.4-8 FTI Kinetic Tubesheet and Tube Support Plate Sleeve.
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Fig.4-9 Westinghouse Hybrid Expansion(HE]) Sleeve Installation.
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Fig.4-11 Westinghouse Laser Welded Elevated Tubesheet Sleeve
Installation.
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Fig.4-12 Westinghouse Laser Welded Tube Support Plate Sleeve
Installation.
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Fig.4-13 Tube/Sleeve Hydraulic Expansion.
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B2 I #3833 750~800TClA 15minE¢t &HAA A elsl® Sleeving 2
ALATE 1500~2300kge] HHAE WFY 250kg/mmolAez A wEEch
U-bendell Z3e] e AEdL A stojol &

Fig4-162] (a)& @34, (b TAARE, (o 29 F39xe g &9

B 714 Yehiz Qo
Explosive
";:Buﬂ'cr
—— Flyer plate
Detonator

Parent plate
TITT777 7777777 777777777777 77777

(a)

Fig.4-14 Mechanism of the Explosive Welding: (a)The
Basic Setup before the Explosive is detonated, (b)The
Position When the Detonation Front, Which Travels at
Velocity Vp, has reached B and the Collision Point

has reached S.
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Fig.4-15 Boundaries for Expolsive Welding.
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Fig.4-16 Explosive Wleded Sleeve; (a)Tubesheet, (b)Tube Support Plate,
(c)Others Degraded Position.
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4.7 olA &3 &g ¥ (Laser welded sleeving)

A= AGR7] vl X8 & NAYAG #HolA dANE Algste F

< Bead & 717 $& &F°] rtesty, FAFE ot HolA ouAst dg
=7l wZel ou g XM E &Ao] et vEAME 9] g e o] A
&9 Girth(85%3) &30 7tsstth Fig.4—17% dolx FHYHe] ALEEHE
Laser Weld Head® R o513 Ut}

Brazing Hol Hl3] 53 A AA, 829 Zolg FY F W 2

olfrE HWEH ANEFoE wWArle €& 1y ot §il

o2 &3 29 Zolx Brazing2 280mm, Laser Welding& 150mmeo|th. o} A
el Ao Hzte] e A HA RowE AYstie ZE A

AAEHA BeS 7H4‘i*]?:_1 F 3 “4— A, 31]°]X17P AHA 7y 2t Q)
2 §% %<9 HAZ(heat affected zone)7} F 1L
tt. 22y, ASMEZ 8 7ste §3 % & wE387] fdia e #H A3 3pass ol
|Ho] Fasjojorsin, 3ol AEH T4 8%olstz A kg ook Fhu},
Table 4-12 &3 & VA& A} 20& vERn 9

Hawe gIFoz M

WRORE FHY SIEER W $EYA upsvl, Adwe vgzy

o] WiglatA Pt EF S FHA udFEHe| EHFA DFEA Ho2 §
1

Table 4-1 Weld joint design and influencing parameter.

Weld joint design Influencing parameter

(OSG tube material deviations
(OTube ovality

(CHeat treatment after welding

“Weld width(3pas, ASME required)
“Weld free of crack and inclusions
“Weld depth less than 85% of tube

) (OMoisture on  the primary or
wall thickness

secondary
(OTube OD deposit(sludge)
(OTube OD water

“Weld surface amenable to UT

inspection
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Ha gtk FL8 AGHEAE €T EE Adsty, £9Be AR sHF A
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Zo| g SR €2 AANXY SARELE TSt DHAZE
goh #olA &3 S #HEFT S FnTEARVBIE FE3lr] vid
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EC Positioning
C i ) . o1l
32%39 Focusing Optics Sealing Bladder Polyetheiene

Conduit -7

Fig.4-17 Laser weld head for repair of steam generator tube.
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Fig.4-18 Stress/strain diagram of sleeve and tube.
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(b)

19 PLUSS sleeve (a) TS (b) TSP.

Fig.4-
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Ung eaved Tube

DT = 30°C

05 pa e ) RSV LR AR

Fig.4-20 Temperature investigation unsleeved/sleeve tube.
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Table 4-2 Installed PLUSS sleeves.

Nuclear . Power Steam Generator
Year TS TSP [Subtotal
Plant Type
Tihange 3, Belgium| WEIL, 3/4" Tubes 1995 20 - 20
Kori 1, Korea W51, 7/8" Tubes 1996 1205 - 1205
Tihange 3, Belgium| WEIL, 3/4” Tubes 1996 104 - 104
Tihange 2, Belgium| W51, 7/8" Tubes 1997 10 - 10
Krsko, Slovenia WD, 3/4" Tubes 1998 46 89 135
Ulchin 1, Korea W51, 7/8” Tubes 1999 936 - 986
Krsko, Slovenia WD, 3/4” Tubes 1999 78 32 110
Ulchin 2, Korea W51, 7/8" Tubes 2000 1235 - 1235
No. of No. of
Tihange 2, Belgium| W51, 7/8" Tubes 2000 |[sleeves not| - sleeves not
vet desided vet desided
No. of No. of
Calver Cliff CE, 3/4" Tubes 2000 |sleeves notp - sleeves not
L vet desided vet desided
Total 1995 3685 121 3306
& -+ +
o 2000 | T

TS : TubeSheet, TSP : Tube Support Plate
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Table 4-3 Efficiency, Length, Applicable Area and Sleeves/Plug Ratio as
a function of S/G Tube Repair Techniques.

: Laser .
Brazed | . PLUSS |Electrosleeving
, welded
Location TSP| TS | TSP | TS |TSP| TS | TSP TS
Effici
iceney 0| 6 | 32 | 2 |45 48

(sleeve/day)

ot é‘:\): )Cable 23 (34| 1 |12

Applicable(%) 83 | 18 97 95 {100} 1004 100 100
Sleeve length(mm) | 280 150 400 | 570
Sleeve/Plug ratio 40 180
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Nanostructured Nickel
Microalloy

99.0% Ni(Min)
0.80% P (Max)

No microstructural

N)

Changes(Tube

Continuocns bond
*No crevices
*Minimum heat loss
*Decrease of sleeve length

TSR

No tube deformation i
High residual stress eliminated
+Stress relief not required :

S R TS SN

Complete access
*Periphery

Tubesheet

Electroformed Ni layer

L.\Iinimum flow lossj

Fig.4-21 Advantage of electrosleeving using electroforming.
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Table 4-4 Advantage and feature of electrosleeving.
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Table 4-5 Mechanical properties.

Value at 25T
X Electroforming
Properties Pure | Inocnel600 | Inconel690 | - layer
. Ni MA MA
25T 350T
YS(MPa)
(MPa 103 300 328 690 620
UTS(MPa) , : :
) 403 718 766 1100 760
Elongation(96) _ _
50 33 38 >15
VHN
v 320-400
oune 207 207 214
Modulus(GPa)

o ol - A Thermal Stability) : Figd-22% 343Cell 4
o

1
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Fig.4-22 Effect of annealing time at 343°C on the Vickers

hardness of both microalloyed and non-alloved nano-Ni.
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Fig.4-23 Cross section of a tube-electrosleeve following a SCC
test. IGSCC is prevalent on the alloy 600 tube and stops at the

interface.
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Table 4-6 Process Parameter and Solution of Electroforming.

Solution & Process Parameter Content
NiSO; or Ni(SO3NHz)2 (g/ ) 300~450

H:BOz(g/ ¢) 30~45

Temp 25~90
NiCOs Ni Cation

Pulse Current NiSO4 30~130

Density

(mA/cm?) Ni(SO3NH-)2 100~300

Duty Cvcle(26) 10~60
Frequency(Hz) 10~1000
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10.Probe

12.Metal tube

13.Cathode

15.Seal

17.Airline

20.End

21 .Head

23. Tubutar porous
plastic housing

25.Anode

28.Inlet means

29.0utlet means

31.Conduit

32.Conduit

34.Fluid reservoir

35.Pump

36. Thermocouple

38. Power supply
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Fig.4-24 Electroforming Probe developed by Ontario Hydro Technology.
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