CONTENTS

INTRODUGCTION. ..ottt e e e e bbb are

1.1.
12.
13.
14.

2.1

2.2.

2.3.

3.1.
3.2.

3.3.

3.4.

35.
3.6.
3.7.

3.8.

3.9.

BACKGIOUNG. ..ottt bbb bbbt b bbbt r e
ODJECLIVES ANA SCOPE......cuiciieicticieee sttt sttt re et e e e te st e be st e st e besbe b erseseeseeneetaeneeneatesrenrens

2110 SG

BWWVRS

Project team FOrMUIALION ........ciiiiiicc bbbt
Project management apPrOACHES .......cciiiiciiiie it st e e eneas
3.2.1. RePIACEMENT SLFAEQY ... iiieeiirieririeirte ettt sttt ettt e ebeseere e
3.2.2. Material procurement and implementation WOrKS............ccoccoviiniininiennee e,
3.2.3. Project planning and SChedUliNg...........ccccciiiiiiiiiiiie e e e
3.2.4. CoNtrol Of ProJECE PrOGIESS ....covieiiiiiiiiriiieiertei ettt bttt
3.25. Management of iNfOrMation ..o
3.2.6. Selection of codes and StANAArdS..........cccoviriiririii e
Design approach to facilitate implementation.............cccoeoiiiinine e
3.3.1. As built documentation and material specifications...........c..cccceveieveininiecccsce s
3.3.2.  Design tools (3-D graphiCs).......ccccuriiriiiiiieee e
Improved implementation techniques/Methods..........c.cooi i
3.4.1. Radiation and conventional safety fOr WOrkers ..........cccoovviviieiininesesese e sse e
3.4.2. Hoisting and NanAIiNg........ccooiiiie e
3.4.3. Containment building OPENING ....ccovieiiiiice e
3.4.4. Metrology and tOPOMELIY ....ciiiiiiiiec bbb
3.45. Machining and WEIAING.........couiiiiiiie e
3.4.6. Shielding and decontaminatioN............ccocvvereiiricieie e
3.4.7. Component tranSportation ON-SItE ..........cccoeiririiirinienieiie e
Site infrastructure preparation and MOdifiCatioN...........ccccvcviii i
Pre-SErVICE ACHIVILIES  ..oviiiiiieieiie ettt sttt e st st teste e e e aeneenseseeneeneanens
YN N N o1 de o =10 0] 0 1= PR UPR TSP
QUATY MENAGEIMENT ...ttt bbbt bbbttt b et b s
Project StrUCIUIE TOIr SGR.......cciiiiiiie bbbttt
3.9.1. Putting the project team tOQELNET.........cccco i
3.9.2. ProjeCt SCREAUIES.......cviuiiciie et sb bbb
3.9.3.  DocumMentation fOr WOTIK ..o
3.9.4. PersonNel traiNiNg.......coco oottt ere e

NN -

N

o U1l AW W w

11

1
13
13
13
14
16
16
16
17
17
17
17
17
18
18
19
20
20
20
20
21
22
22
23
23
23
24
25



4,

SGR IN PWRs 4

4.1.

4.2.

4.3.

4.4.

=L C=To 1= 0] S S
4.1.1. Design, design calculation, ICENSING..........c.ccciiiiriiiiiiiie e
4.1.2. Scope and sequence OF SGR ... e
OULHINE OF SGR ettt st st te st sae e nee e e e eneereane o e e o n

4.2.1. OPLICAI SUNVEY ..ottt bbbt bbbt et b e
4.2.2. Cutting/MachiniNg.......ccccoiiiiiiiiie ettt sr e ene s
A.2.3. WEIHING. ...ttt bbb bbbt bbb
424, DECONTAMINALION. .....ciitiiiitiiiiiiiitet ettt ettt er e
4.2.5. SG transportation and riggiNg......cccccciviieiirierereeiesie e e e sre e eneas
4.2.6. Secondary liNe CONNECLIONS..........c.ciiiiiiiii et s
2 BT i 0] Lo [T To 1RSSBS
4.2.8. Instrumentation 10Cation CRANGES.........cccoiiiiiiiee e
4.2.9. Thermal insulation replaCemeENt...........ccooiiiiiiiiie e
4.2.10. Utility Site PrepParation.........cccccoveieiiieiiesesie s se et seeie e ae st sreste e e s enaeeeneenens
4.2.11. Fit-up and alignment of the reactor coolant liNeS ...
CHVITWOTKS et b ettt n et
4.3.1. Opening/closure of the reactor building containment..............ccccoovvieriiienenieneneeen,
4.3.2. Multipurpose building and storage facility for old components............ccccooceeeieiinicnne.
4.3.3. Site transportation and dock faCilitieS ...
4.3.4. CUDICIE CIVII WOTK ...t ettt
SGR fOr ALARA GSPECES  .veiviiiiitiiieiieite it stete et esae e e e eta e s e sbeste e saestebestestestessessetensesaeneenens
4.4.1. Assessment of Management ProCERAUIES .......oocivcireirceie sttt
442, SGR ALARA FEVIBW.....ciiiiiiiiiieiet ettt bbbttt
4.4.3. Some examples of g00d ALARA PraCtiCe .......cccoeiiiiriiiiiieiiieneseee e

RVHR IN PWVRS. ..ottt ekttt r e ar e

5.1

5.2.
5.3.
54.
55.
5.6.

RVI

6.1.

6.2.

Strategies FOr RVHR ...t
5.1.1. RVHR iStOry iN PVWRS.....couiiiiiii sttt bbb
5.1.2. Scope OFf RVHR.......coii it

Applicability of canopy-less CRDM housing (butt weld type housing)..........ccccoeeniiincnenne
Reduction of outage period with package in/package OUT...........ccccoceveiiieieicneiecccs e
SEqUENCE OF RV HR ... bbbttt
OULHINE OF RVHR e e ettt b bt se e b bbb bt
Lessons learned and ChallENQES..........c.ooviieieieiece s enees

REPLACEMENT IN PWRS ...ttt

Strategies for RVI replacement in PYWRS........oooiiiiiieee e
6.1.1. RVI replacement NISTOMY ....coociiiiiiiiieircese et
6.1.2. Scope Of RVI rePlaCeMENT.........ccocii it nne e
Outline Of RVI replaCemMENt........cociiiiiiieieee ettt
6.2.1. Removal of the original RV L.........cooi e
6.2.2. Installation of the NEW RV L.

PRESSURIZER REPLACEMENT IN PWRS ..ot

7.1.
7.2.
7.3.

Pressurizer asset Management STrAtEJY ........cv e
Project organization and COMPIEXITY.........ciiiiiiiiiiiieice e
Application of [8SSONS IEAINEd...........cccviiiiie e ens
7.3.1.  Pressurizer design and fabrication ...
7.3.2. INSUlAtioN rePIACEIMENT........ceiiiiiiciiee bbbt e

26

26
26
27
30
30
31
31
31
33
35
39
39
39
39
41
42
43
43
43
44
45
45
45
46

46

46
46
46
47
47
48
49
49

49

49
49
50
51
51
51

52

52
53
53
53



10.

7 T T =013V PSR
7.3.4. SNUDDErS/SUPPOIT/EIECLIIC. .....vcvieeiiiesie e
7.3.5. PreSSUMIZEI NBALEIS ....ocuiiiiieieeee ettt bbb bbb e eneas
7 LT = T o 1 0T O PRPSP
7.3.7. Other 00U PraCliCES. .......ceiiuiiieiiieiite ettt ettt bbbt

RCL REPLACEMENT IN PWRS.....ciiiiiiic s

8.1. Strategies for RCL replaCemMENT..........ccooiiiiiiiiiiiiiei et
8.1.1. RCL replacement NISTOIY.......ccciiiiieicce ettt n e eneas
8.1.2. OUIING OF RC L ...t et te b stente e
8.1.3. ClIVIl ENGINEEIING. .. ettt bbb b et sb b nne s
ST S = - To [T L To g I o] 0] 1=3 [0 o XSS
8.1.5. TSt PIOGIAMIMIE. ....eiiiiieiieit ittt ettt r et bt r b et e et bt e b e srenresrenne
8.1.6.  LESSONS TEAIMEA. .......cuiiiiiiieiiiicte bbbttt et

REACTOR INTERNAL COMPONENT REPLACEMENT IN BWRS.......cccocconiiniiieencinnenens

9.1. Strategies of integrated reactor internal component replacement for BWRS..........ccccccveevvvennn,
9.1.1. Integrated reactor internal component replacement hiStory...........ccoceovrviriineienecnnne,
9.1.2. Basic policy of replace€ment WOIK...........cocoiiiiiiiiiiee s
9.1.3. Scope of reactor internal component replaCeMENt .........ccooverieineienniree e
9.1.4. ReplaCeMENT SEQUENCE. ......c.eitiitiieiee ettt ettt sttt sbesbesee et beeeseeneeneeeeneaneas

9.2.  Recirculation piping replaCemMENT...........ccciveiiiiciiie e
0.2.1. US EXPEIIEINCE .otttk b bbbttt b et bt b
0.2.2.  GEIMAN EXPEITEINCE. ...ttt ettt ettt bttt e et ettt b e e b e e bt et esbesbesbesbesbesbe b seeneeneas
0.2.3. JAPANESE EXPEITEICE. ...c.ecvieitiieiitei ettt bbbt b bbbt s

9.3.  Major technology INVOIVEQ..........cooiiiiiie e bbb
9.3.1. Chemical decontaminAtiON .........ccccoceiiierieiiriie et
0.3.2. RIN CULLING oottt bbbt b et eb et sb et sn et e ene e
9.3.3. Installation of in-vessel ShieldiNg .......ccccovviiiiiiiii e
9.3.4. Installation Of JEL PUMP ..o
9.3.5. Installation Of COre SNIOUM...........cooiiiiiiiie e e
9.3.6. Installation of top guide and COre PIate ........ccccevevieieieeieir e
9.3.7. Restore internal COMPONENT ..o e
0.3.8.  WaASte MANAGEIMENT.....cc.uiiiiiiiie ittt e e e be e nbb e anbeenre e

L =T o o oo =T 01 =T TSP P TP PP PP

0.5, LESSONS TBAMMEA ...t etttk b e bbb e b b e b b e e

HEAVY COMPONENT REPLACEMENT IN PHWRS........ccccoiiiiiiii s

O8I 1o oo (1 od 1 To o H SO TP SUSURRRPR
10.2. CANDU fuel channel replaCement..........coovcvciiiicici e
10.2.1. ReplaCemMENT NISTOMY ... .ccuiiiiiiiiiiiee ettt sae s
10.2.2. Process for fuel channel removal and replacement ..o,
10.2.3. Tooling for removal and replacement of fuel channels ...
10.2.4. SUMIMAIY oottt b bbbt bt et e bt e ebe e Re e sb e et ekt eb e ekt eh b e e bt enbenbeenbeaneenbeenns
10.3. SGR N CANDU FEACLOIS....c.cotiieieieiirieesieie sttt sttt et bt bbbt se e bbbt ne st ee
10.3.1. BACKGIOUNG ..ottt bbbttt
10.3.2. Process for removal and replacement 0f SGS ......cccveveicieieccisee e
JJ0.3.3. OULHINE OF SGR ...ttt e ete et st e et e s st e e beesate s sressareesree e
10.3.4. Disposal of the removed Cartridges .........cooeieiiiiriireeree e s

54
55
55
55
55

56

56
56
59
60
60
61
61

61

61
61
62
62
63
64
64
65
65
67
67
68
69
70
70
72
73
73
73
73

74

74
75
75
75
76
76
76
76
76
77
78



11. STORAGE FOR FREE RELEASE AND RECYCLING OF MATERIAL

11.1. Storage of retired large components in MauSOIEUM ...t
11.2. Storage of retired large components of reactor vessel head interim/final storage site ...............
11.3. Cost effective alternative to applying direct treatment of retired components

for material recycling after free release ... .
11.4. Methods of treatment fOr FECYCHING........cciiiiiiiii s
11.5. Decontamination EXPEIENCE  .....cciiiieierieeeeeieeteeeete et etestesaestebesee e esee e se et ebesbesaesbeseesaesnentenens
11.6. Experience on amount of recovered material ..........cccocveieiiiiicie i

REFERENGCES ... oottt et r et r ettt r et r et nens
ABBREVIATIONS. ...ttt e r ettt nn e
APPENDIX I: SAFETY, LICENSING AND REGULATORY ISSUES IN JAPAN........ccoooiniiiiiniiniinns
APPENDIX II: SG REPLACEMENT HISTORY (PWR) 1979-2005 ......ccotiiniieniniiiee e
APPENDIX HI: RVHR LIST FROM THE ORIGIN 1993-2005 .......cccooiiiiiiiiiinineceen

CONTRIBUTORS TO DRAFTING AND REVIEW. ..ot



