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Reliability Test for
Reactor Internals Rejuvenation
Technology

Junichi Uchiyama

NUCLEAR POWER ENGINEERING CORPORATION (NUPEC)
JAPAN

® Plant Life Management in Japan
@ What is NUPEC ?

® What is Reliability Tests for Rejuvenation
of Reactor Internals?

@ Qutline of Each Test
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* Operating plants in Japan
— Total 50 units (27 BWRs, 22 PWRs, 1 GCR)

— Over 30 years old : 1 unit(GCR) Over 25 years old: 3 units
Over 20 years old : 9 units Over 15 years old: 9 units
Over 10 years old : 10 units

* Critical components and structures
— Reactor pressure vessel & Reactor internals
— Reactor coolant piping, pump, & pressurizer
— Steam generator
— Electrical cables
— Reactor containment
— Concrete structures

* The MITI has issued a report summarizing the approach
against plant aging degradation on April 1996.

— Enhanced Periodical Inspection
— Improved Guidelines for Aged Plant
— Self-imposed Maintenance
— Technological Development
» Methods for thermal aging monitoring
» Nondestructive diagnosis methods
» Reactor internals repair & replacement
» Surface metallurgical improvement technique
» Improved evaluation methods for embrittiement due to neutron irradiation,
fatigue considering environmental conditions, and thermal aging
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— Office of Contra

— _Office of Planning |
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MITI
Entrustment Repornt
NUPEC Advisory COMMITTEE
*Test Planning *Discussion of Test Planning
*Management of *Evaluation of Test results
Test Programs Chair man : Prof. Asada, Tokyo univ.

Co-chair man : Prof. Ando,
Contract Yokohama National univ.

MANUFACTURERS

*Design and Fabrication of Test Facilities
*Test

* Activities on-going;
— ALWR features;

» Test of fine motion CRD(ABWR)
» Flow test of reactor internals(APWR)

— Steam Generator;

» FIV test of U-bend tube bundle

» Development of high performance SG
— Water Chemistry;

» Improved chemistry tests on high pH/ high Li or Zn injected coolant
— Aging;

» Repair and/or Replacement reactor vessel internals
— Decommissioning;

» Decontamination, very low level radiation monitoring, automated
remote dismantling, waste recycle
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* Objectives
— To establish countermeasures against aging
degradation of reactor vessel & internals

* Test Contents

— To verify reliability of the 6 replacement methods for
» In-core monitor housing (BWR)
» Core shroud (BWR)
» CR Drive housing/stub tube (BWR)
» Jet pump riser brace (BWR)
» Core Barrel (PWR)
» Bottom Mounted Instrumentation Adaptor (PWR)

» Key Points of the Tests

— To demonstrate adequacy and reliability of the developed
replacement methods

— To verify structural integrity of the replacement components
and/or sections

— To go a long way towards getting public acceptance

— To examine test results as a prior consultation for the MITI
construction permit

— The tests are performed with underwater automated devices
using full scale mockup models.
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Bottom Mounted
Instrumentation
pter

JFY 1995 | 1996 | 1997 | 1998 | 1999 | 2000 | 2001 | 2002

Plan and Design

Manufacturing
and lstallation

Tests
KMbousing | ]

Core Shroud I
CRD Hsg. /Stab B
J/P riserbrace  —
Core Barrel —
BMI Adaptor |

Evaluation W T : : ‘
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M Nuclear Power Plant Rejuvenation

L Technology Reliability Test
- Status -

¢ STATUS;

» Mockup test of replacement technology for
In-Core Monitor housing executed in 1996

s Mockup test of replacement technology for
Core Shroud executed in 1997

» Mockup test of replacement technology for
CRD Housing/Stub Tube executing in 1998

15

_ ;I ting Guide Tube |
]lCM Guide Tubel i R
) Sus3o04| | | [SMA
‘Model Plant Structure US4 | (Couplk

E New Housing
SUS316L

ICM Housing

ICM Housing

N

[EXISTING| | NEW |

In-Core Monitor Housing Replacement method M
upec
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ICM Housing Replacement Method

0w FTUB TUSE BURFACE

M Nuclear Power Plant Rejuvenation
IVuypec

Technology Reliability Test
- Test Results and Evaluation -

€ In-Core Monitor ICM) Housing

+ PROCEDURE RELIABILITY;
Reliability of the following steps have been verified

— Measuring of vessel overlay thickness
— Buildup weld

— Machining of new buildup

— Housing weld(J weld)

— UT of buildup/J weld section

— PT of buildup/J weld section

— Shape memory alloy coupling joint

18
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* Install & Fitup of ICM * Weld ICM Housing

* Install SMA Jolnt
Housing <UT

| AfterJ-welding | | SMA Coupling
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M Nuclear Power Plant Rejuvenation
fVupec

Technology Reliability Test
- Test Results -

¢ STRUCTURAL INTEGRITY
Evaluations listed bellow show good results
8 Quality of Welding (Build up and Housing J weld)
B Resistance to SCC of welding area
B Residual Stress of welding
B Effect of welding thermal input to Bottom Head Low Alloy
B Performance and Quality of SMA coupling

+ STRESS ANALISYS

B Stress analysis shows that new structure meets
Japanese Design Criteria (MITI 501)

& APLICABILITY TO ACTURAL PLANTS

B This method can be applied to other similar plants which has a
different structure/material compared to mockup model plant )

/13
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Core Shroud Replacement Method
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Flatness, Surface Inspection, ete.
Welding Inspection
_Concenlrlclly
P T, Verticality
Concentricity
PT
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Welding on the outside 7

ethod

S

Welding Preparation on the inside

| PT on the Inside Welding |




@ Full Size Test Vessel (BWR 800MWe class)
® Examine Remote process of the method
UShroud Fit-Up

~Root Gap
— Alignment

UShroud Installation Welding
—Welding Condition, Test (VT,PT), Quality of welding
—Alignment :

UCore Plate / Top Guide Installation
—Alignment

7



@ Replacement Technology for In-Core Monitor Housing

=>» Fukushima Dai-ichi Unit No.4 (784 MWe BWR, 14yrs old)

=> The replacement started last December, finished this January.

€ Replacement Technology for Core Shroud
=>» Fukushima Dai-ichi Unit No.3 (784 MWe BWR, 17yrs old)
=> The replacement started last July, and finished this Spring.

1T
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Néaec

Nuclear Power Plant Rejuvenation

Technology Reliability Test

- Executing Test -

— Buildup weld
~ Stub Tube 3D weld

— Housing weld(J weld)

— PT of Stub Tube section

— (Test sequence does not include the same process
as ICM Housing Replacement)

4 CRD Housing / Stub tube

= Mockup Test will finish This year (1998)
» Mockup Test Contents

Upper Cut

RPVFA

CRD Housing

Stub Tube

Lower Cut

Stub Weld

Ballg Up
Flat Ma

EXISTING

Use SCC Resistant
Material

.,,
/ y/ /4
/A

5

CRD Housing

CRD Housing/Stub tube Replacement Method




CRD Housing/Stub tube Replacement Method

STEP 1 STEP 2 STEP 3

-INSTALL SEAL PPE INSTALL STUB TUBZ ON
CUT CRD HOUSING AND BULOUP WELD PREPARATION
STUS TUSK BY £DM SPECT WeLD
PREPARATION OF BUILOUP
STEP 7 STEP 1t STIP 12

r

WELD STUSTUBE ON BULDUP

POMON CRO HOUSING IN | WELD CRO HOUSING TO
BOTTOM HEAD

20
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* Background
— Damage of Baffle Former Bolt due to IASCC

— One of the permanent solutions to the aging
degradation of PWR reactor internals

— Effective for a large number of damage bolts
— NUPEC started the test plan in 1997.
— Full scale mock up test will be performed in 1999.

* QOutline of the Method

— Clearances between RPV and new CB
» Gaps at Outlet Nozzles
» Gaps at Radial Support
» Gap at RPV Bottom

— Instrumentation and Installation with remote
control under water

— Accuracy ; 1/10 mm (CB is 10m long & 4m dia.)




TEST OBJECT
- Fit up of New Core Internals to Existing RPV
- Remote measurement / Installation under Water
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* Two tests are planned.

— Bottom Mounted Instrumentation (BMI)
Adapter (PWR) in 2000

— Jet Pump Riser Brace (BWR)

€ Six methods to rejuvenate reactor internals have
been presented.

@ Two of the methods have already been applied to
the actual plants.

@ NUPEC activities concerned with countermeasures
for the aging degradation have been successful in
Japan.
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