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On May 13 through 15, 1997, a meeting was held with Union Electric Company
(UEC), Framatome Technologies, Inc. (FTI), and the Nuclear Regulatory.

Commission (NRC) staff, at FTI, Lynchburg, Virginia, to discuss the FTI steam
generator electrosleeving process. The FTI electrosleeving process is being

i reviewed by the staff as part of a UEC Technical Specification Amendment i
request that would allow installation of FTI electrosleeves in the Callaway ii

Plant, Unit I steam generators.;

The focus of the meeting was the review of analysis methods and ultrasonic
; testing equipment pertaining to FTI'+ electrosleeving process.
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-ATTACHMENT 1

i ATTENDEES AT_ MEETING ON MAY 13-15. 1997

) ELECTROSLEEVING 0F STEAM GENERATOR TUBES

.

; Union Electric Comoany
:

E. Kahl
[ T. Herrmann

|: Framatome Technoloaies. Inc.

: S. Wilson
F 'R Pugh

R. Schaefer
t

Duauesne Liaht Comoany
A

G, Kammerdeiner
<

!. NRC
:

'C..Beardslee-

: G. Hornseth

!
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: ATTALHMENT 2.

$
; .

.

.

j NRC Meetings /RAls

* - Union Electric Tech Spec, April 12,1996

; * Topical overview with NRC May 28,1996
i

j * Demonstration in Lynchburg, July 2,1996
i
! * Presentation Material as RAl, July 18,1996
1

: 'o BG&E Tech Spec, July 26,1996
i

j RAI Response, September 24,1996*

i

!, * HL&P Tech Spec, October 28,1996 ~

i

UT Qual. Presentation , January 15,1997*
,

.

i.. Response to RAI on UT, February 5,1997*
,. .
i

* Maine Yankee Tech Spec, March 5,1997|
:

i

Duquesne Light Co. Tech Spec, March 10,1997; *

I
! * NRC Meeting, Maine Yankee UT issues, March 26,1997

,

:

; * NRC Telecon, NDE/UT Review, April 14,1997
f
[ NRC RAI,10 Questions, April 28,1997* -

-

! *
,

NRC Visited OHT, May 6-7,1997 :
.

NRC-Visit, NDE Discussion, FTI, May 13 -15,1997*

t

aC oLoo a
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[ P8 Trial Objectives
!

.

I l

?

!' l
! .

[ Develop practical in-situ boiler experience !
-

n

L
, .

Assess quality, reliability, repeatability under |
i -

field conditions:

r
i
!

+ field harden the process
.

:
:
I

i- Obtain operating field experienceo

,
3

4

i

j Determine what can go wrong in field? |

4

i ;

I

!
! .

I

NON-PROPRIETARY
_

reee 22 or 40
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.! P8 Trial Results
-

c
i
)

:
!

! Installed 3 sets of 4 sleeves in 2 boilers
|

*

| - 9 in boiler -

| - 200'from rig
' - 45' elevation

.

j UT inspection capability viable and verified
j" by destructive examinations in lab
:
i

i All sleeves were defect free, showed some
thickness variation and patches of surface
roughness

.

Target sleeve thickness (0.018") attained

Three sleeves were well bonded to'the tubes

NON-PROPRIETAR'>' , _ , , - , -

_ _
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! What Did We Learn from P8?| 1

.

-

!
i :.

i

! Need to stiffen probe alignment-

;

1

! Need to improve production rate-

:

| Need.to simplify probe installation / removala

.

| Local post weld heat treatment producedo

[- a very stable and adherent surface oxide layer
?

i

| + rigorous honing required
.

:

,4
-

i
i
:

|- .

;

i

i

i
;

i
I

1

;

,

NON PAOPAIPTo rt '4
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P1 Trial Objectives

To demonstrate production. capabilitya

~

- rate
| - sleeve quality

- equipment reliability and robustness;

,

| ~ To validate UT measurements with destructive
lah evaluations

'~

.

i

1

1-

i

NON-PROPRIETARY
'

em 2s a e
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P1 Trial Resultsi

|

| .

!
>

; '

Installed 2 sets of 4 sleeves in 1 boiler
| Pulled 1 tube containing 1 sleeve from each

batch
f

L Probe installation < 15 min.
L Process time < 6 hrs. l

!

! ._ UT inspection ofI/B tubes
i

(. - goodplating uniformity
.

? - defectfree
- continuous metallurgical bond,

,

! in 2nd set
.

Tubing in older generators has a thicker
magnetite deposit which is more difficult
to remove

Lab inspection of pulled tube confirmed
UT results
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i P1 Trial Conclusions |
| l
!

!.
, .

; .

; Sleeve quality such that we could have left-

i the tubes (2nd set)in service
1 ,

| |

; Process times consistent with production-

j rate requirements for P5
.

i

| Tube cleaning requirements for P5 expected-

.

j to lay between P8 and P1
4
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I

) P5 Sleeve Qualification
!

; :

i

j Chemical composition will be established prioro

j to and after installing each batch of sleeves
;

i The process parameters will be monitoredo.

| independently for each sleeve during the
! installation

,

.

! o Each sleeve will undergo non-destructive
|- testing to. determine the quality of the sleeve
j and its bond integrity with the host surface
:
.

! One witness tube will be produced with eacho

j batch ofI/B sleeves and will undergo prompt
j mechanical analysis
;

!
:

i

!
;

i

!
t .

I
4

:
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-

(..
i ;

i I
!

i Other Qualifications:

4

|
: -

t

! Application to the CSA N285.6 Materials !
i Standards Committee to include micrograin
i

nickel as an alternative Class 1 pressure
boundary material.

Stress / fatigue analysis to demonstrate the
sleeved tubes satisfy ASME. Boiler and
Pressure Vessel Code, Section III for the
Design, Normal and Upset and Hydrostatic..

. conditions expected in the boiler. -

!
:
l

i

|

.

NON-PROPRIETARY
. --u-- t
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'

|.

.

r

[ Process Qualification
:

!.

[ Purpose: :

|

[ To form electrosleeves with reproducible
j -

material / corrosion resistance properties
t
l'

i
To eliminate the need to test the sleevesj destructively

i
i

i .-

-

| Approach
;

'

*
!.

1. To correlate changes in sleeve properties
|with changes in process parameters.

2. To produce sleeves under QA with fixed i

!

process parameters and subject these
samples to a broad spectrum of tests using

.

independent and certified facilities.
i

3. To confirm material properties using one i

j
witness sample for every 7 tubes deposited
in the boiler.

.

]ON-PROPRIETARY me as a e
_
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.

-

,

Corrosion Tests
.

i :

.

Guiding principles
,

,

!

Standard ASTM tests selected to simulate
-

! .

j expected corrosion conditions in boiler
|

'

!' Tests selected to accelerate possible corrosion
-

j processes using high temperature and l

j aggressive chemical conditions
1,

-

:

Tests to simulate geometry, fouling and ~i o
i

i thermohydraulic conditions in a S/G
i j
. .

i

-

j

ON-PROPRIETAR''
. _... _ .
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.

.

:

s
-

.
,

L Corrosion Tests;-

;

.I

L -

!

Six standard ASTM tests:! -

!
ASTM G28, G35, G36, G44, G48, G61

18 high temperature aqueous environmental
-

tests investigating REDOX, stress, &
chemistry kno~wn to be detrimental to nickel

Three long term corrosion tests simulating
a

in-boiler conditions..

i

Sample sizeo

- standard ASTM test: 20 i
- capsule furnace tests: 18
- refreshed autoclave tests: 9

.

JON-PROPRIETARY . Pan M of 40
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*
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-

;

r-
:

!
:
i

i Other P5 Sleeve Qualificationsi
-

.

i

i

!

[ o Operators will be trained and qualified on a
j full scale prototypic delivery system in

.

t

j accordance with the Sleeving Procedure
: Document
;
i

j. Consumable supplies will be provided undera ~

; the CSA Z299.2 QA Program
j.- ,

Io I/B tube preparation will be in accordance with
| a qualified honing specification i

i

!. |

!
,
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.

The TRUSTIE* System
.

_

Tiny Rotating Ultrasonic Tube

| g , inspection Equipment
_

! LB
:
'

OMTdeveloped and operated
i :

| n Designed for 0.5" OD CANDU
| steam generators

'

;

| ; a Extemalrotary drive /driveshaft

| 2 m Windows 95 based data
! acquisition and analysis
4

:
i
!

| @m..
;

;
i

t
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Ontario Hydro
TECHNOLOG1ES

!
i< -

| TRUSTIE Specifications \

i
1

i
. .

1
;

i

tube /Ds from 0.310"to 1.3"
\ w- tube lengths up to 50'~

:

) ultrasonicinspection frequencies
i from 5 to 25 MHz; -

i a rotation speeds up to 1000 rpm
\ 1 m typicaldata, collection speeds:
\ k 600 rpm for4 gate C-scans
\ "N 600 rpm forfull waveform scans
\ (at 0.2 mm by 1.5 deg. resolution)
; a U-bendinspection on 16"redius.-

| for 0.5" OD tubes
! q) a remote operation to 600'
.

!
~
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|
1 Ontario Hydro
;

TECHNOLOGIES
!
! -

i

| Inspection capabiliti
'

:
.

..

..
.

;

) -

,

\ .
pgg probe types:

; n

! % @=. normalbeam
| y-!bLiN$ (wallthickess/profilometrf)j .

; axialfacing shear wave
\ (circumferentialcracking+ ID

~

!

profilametry)
i multiple mode combination (normal
| beam + circ and axialshear waves),

i ; others
i ;

! n analysis methods:
I

\ A, B, C and waveform scans
h line plots, colourplots, isometrics

\ echodynamicsr

: o
\ integrated signalprocessing

:

\ (e.g. filtering, spectral analysis)
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6
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Ontario Hydro
j

TECHNOLOGIES (
.

ElectrosleeveInspection
.
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i Ontario Hydro
i TECHNOLOGIES
i

. -

| Inspection Requirements
;

.

:
.

|
_

i
.

i Nickelsleeve:
\

___h Defects > 20% TWreported, any

Thickness > 0.014"
i.

{ defect > 40% TWdispositioned
\ Disbonding < Smm square in area
\ OD defectlocatedin this region;
i i

\ a Overlap area ofMonel Tube:
} Defects > 20% TWreported, any

\ defect > 40% TWdispositioned
,

\ No OD pits > 71% TW);
No detectable disbonds

.

;,
'

|k a Damagedarea ofMonel Tube:
-

# \# OD defects monitored7:,; e

*
'

Through walldefects acceptable
05-97
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W TECHNOLOGIES4

,

.

i Normal beam ultrasonics; _

s
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W TECHNOLOGIES

.

:

Inspection technique

|~~W RF signal splitinto two channels,
! one 10 dB attenuated
1

Q" 4 gates:*
: I

I OD TOF(wallthickness): 1*

; } p OD amplitude (defect detection)
| k ID TOF (ID profilometry)

'

i ID amplitude (surface finish)_

\ |ff a Scan resolution: 1.5 degree by
['"' O.2 mm
d.

m
1.

. !$s
:

#s
:

'

L$
-

I

k
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{
Ontario Hydro
TECHNOLOGIES

!
:

!

\ ; Inspection Procedure
!

! B
\

~

AxialB-scan encompassing
sleeve and upperrolledjoint

C-scan inspection encompassing
) entire sleeve plus 15 mm either
\ side

.

i

|
;

a Locate and record sleeve and
) parent tube'defectlocations
\ i a Collectfullwaveforms overall'

noted defectsi

;

\ m Calibration: scans at start and \
t

p finish of each shift
\ $.., n analysis: CGSB LevelIIin UT
,

!
,
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Ontario Hydro
TECHNOLOGIES

.

Inspection Quahfication

. VetRt size and depth of
L

! stem machined defects on calibration
i tube

y DE to verif(; sleeve thickness.
I a Cross-check of visual- UT-
\ mechanicaltesting ofsleeve test

runs.,

; a Independent 3rdpartyreviev:of
inspection system

@
x
@
12
'
:. .
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Inspection Records
_,._____..;._._......._.._..._._.___._.

% is! $ 3! I-

-< aaa*
> , | :t_

I 3- .

-- f, I j.

u i
I 1.1 7.t f 5l

?

e se
ri g 11

s i1 1
3 a p.

-

r L =

' $ ?Q i
.

1 i s t N -

I" r i
, c

1
-

f [J [.

y
1| bu) . e$

:
? [ '*

.. a c,.* 2
.t. = i .i is a

.

$h f *t 3
-

*

.! T YsM ,

u
5- ; li t..

33- -s ; ; -. ,

: .! 1.,;
---

.- r r a t + s sN 6 $
-

* *
1 3 % j~3- ! ! ! |3 $%n "$

'

-: .

q l r3 Il |S It -

1 3 5 ).'-

'_ -

i. ,i 2 $ i. 1 .i3
t a n ;t

.

! ! ( ji-

2, }I
. i
2

, , < ,o* ~

'. s' i i i.u; i!! i -! J '
e3 = .i i .s,.s..

.

. 05-97
'

16

NON-PRO?RETAP'2'
. .. -

_..____m._-_______ m.



= me a p 4+ m-ap-s e w . E4e. Mea-ae-sw_#d we-a **** d-A>m---,-4AA_-hh*e4-Aa. eWM ha- end'a*wa8'a--da om. em 4. AmL4e.-Asaw.h.E. .54..---...h A-AM-em 4.u 4 4 A JGe-4Mr&rM J.f-,4d,+A'44,e4-SL,4-ahJ-m

*
. |

! *
4

,

! Ontario Hydro ,

i '

| TECHNOLOGIES

i
,

! Sleeve Re-inspection |
,

. N e '-sh$,5? 1

.

I
.i

-|k,"'*'Y,$ s s ' ,Y.*?Y" k*fo''kY~ kilf * * ,f . >,' ',f 4 e'FR**.k_- y yh j ' .& , ,9,; , .** M o',f Mj ,. Rv_oG, ,%b] .L*T- ' a: (.'

|*

L
!
:
.

i
'

!
*

1
4

!
;

i

I

!
,

4

4

%5* 8 '$ e b*e t 4 9* e g es e og pm ,, ,em e

1

i
i

i *

. . s.|

I
1

1

1

* 1

05-97 17'

_ - . . . . . .

-- _._- _ _ _ _- -, _



_ - - . _ _ _.. _ _ _ . _ _ . - _ _ _ ~ _ _ . . - - . _ - _ _ - - - - - - - - - - ,

1

|< e
-

1 !

' t '

| Ontario Hydro i

: TECHNOLOGIES
:

:: .

: 1

: ;

! tmation o nbondedArea ;
1

,

l

,d.iiM*TttM%5MFr.M'9.MW WW/f4774W TWWtTfbMNFE2R'!!9|"4W5j5Mf!5|'J,

!
i ,

d I&

; |

4

: I
<

f

,

!

; I
i 1

1

l

.

- -
. . . .. . . . . . . . . . . . . . . . . . ...

.

.

.. _ s.

. .

05-97 18

- . -

. . _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _



__ . _._-. _. _.._ .- _ ._____ - _ _ _ _ . . . _ _ _ _ _ _ _ _ . . . . _ . . _ _ _ _ - - _ _ _ _ _ _ . . _ . _ _
,

i -

4 .

! i
<

1

| Ontario Hydro |
1 TECHNOLOGIES |
2 |

! |
i '

|

| nbonds e t in Service
;

i
; c:emmeame .me+mumemizmmsu.mwmxaremme.ms umu
t
1
4

i

I
J

.

.

I -

i
!
!

I
J

:
i
1

4
,

! -

4

)
- -

. . . . . . - . . . , . . . . . . . . . . . . . . . . .

:

i
i l
i
,

.

,
. s..

f

!

,

!
:

i
:
i

i
,i
I
4

. .

I

t

:
4

ss

1

i

1 05-97 19 ,1

1

1

!

!
i



_ . _ . _ . _ . __ _ _ _ . _ _ _ _ . _ . . _ _ _ . . _ ._ _ ..__._ .~ . _ ..._.._.. ._._ . . . .

eg4Q
..

f

!
,

I
i

May 13-14, 1997 Meeting Information
|
|
|

!

.

s

b

|

|

. . - . - . . . . - .

- --~a m - -a ~ asm. . - , -


