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9, UNITED STATES - ' ;p_+
'

NUCLEAR REGULATORY COMMISSION
,

<f g-
- r, j WASHINGTON, D. C. 20655'=

y ;s

\ . . . . . phf .'Au gust 27, 1990

* -Docket No.-50-029 r

1: >

MEMORANDUM FOR: Victor Nerses, Acting Director
Project Directorate I-3 ,

Division of Reactor Projects - I/II j.

li .FROM: Patrick M. Sears ~, Project Manager :

L Project Directorate I-3
Division of Reactor Projects - I/II

. SUBJECT: SUMMARY OF MEETING WITH YANKEE R0WE In
L
|

It Representatives of Yankee Rowe met with members of the staff on August 21, 1990
H and discussed Yankee Rowe's reactor vessel. Three areas of data gathering /
| ' inspection were discussed as follows:

l'
' "

1. Over the next month -
Upper welds.will be sampled for chemistry with possibility of showing
materia 1' similarity with belt line welds.

2.- Over next 12 to 18 months -
Develop better understanding of stitch welded cladding and demonstrate
the ability to examine base metal for flaws. (Yankee'sreactorvessel
and pressurizer have stitch welded cladding).

Develop' inspection methods whichiwill be compatible with the existing
tight dimensional spaces involved so that the reactor vessel can be eddy

0- current volumetrically tested with the thermal shield left in place.

Develop data for plate weld material for operating temperature in the 500*F- i
range, u

y,

Develop a test matrix'for various temperatures, irradiations, metallurgical
contents, heat treats, etc.

3. Sumer 1993 Outac e -

Do inspection anci sampling of belt line welds and lower plates.
i

Continue test matrix.

Items for-near. future -
Fluences calculated by Westinghouse will be avsilable October 1, 1990.

.
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[VictorNerses -2 August 27 , 19901
~~
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'

Results of ~'reer evaluation of Yankee's Ju:4 5,'1990 submittal will be.
av6ilable in 2 to 3 months.-. >

.
.

:The details ofLthe staff's review of the July 5,-1990, Yankee submittal.
.t

'
,

1- were not discussed.-

r
. Enclosure 1 is a~ list of persons that attended the' meeting.

Enclosure 2 is slides-used by Yankee'in their presentation.
1,

,

Original signed by
Patrick M. Sears, Project Manager -i
Project Directorate.I-3

'

Division of React:r Projects . I/II!

Enclosures:
As stated-

cc w/ enclosures: 1
See next page !
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p- Mr. George Papanic; Jr.: ' Yankee Rowe.
,

. 1
- CC * -

~Dr.-Andrew C.:Kadak, Presidenti
,

D- -and Chief Operating Officer-:
'

.,- .

L Yankee Atomic Electric-Company' -i
m 580 Main Street .

,

Bolton, Massachusetts.-01740-1398
. .i

!

Thomas Dignan, Esquire
Ropes and Gray

.

*

225 Iranklin Street- }
Boston,-Massachusetts 02110 *

-

~ Mr. T. K. Henderson .
! Acting Plant Superintendent

.

4

Yankee Atomic Electric-Company 1
Star Route, l

'Rowe, Massachusetts. 01367-

Resident Inspector--
Yankee Nuclear Power Station i

- U.S. Nuclear Regulatory Comission :
Post' Office Box 28

'

-i. .

'-. Monroe Bridge, Massachusetts' 01350
:

Regional Administrator, Region-1 1
U.S. Nuclear Regulatory Comission ;

475:Allendale Road (

King of Prussia; Pennsylvania 19406 i
.e

Robert M. Hallisey. Directon -(
Radiation Control Program
Massachusetts Department of Public Health
150 Tremont. Street,-7th: Floor
Boston ~,; Massachusetts 02111 ;

;Mr. George Sterzinger (
Conaiissioner
Vermont Department of Public Service
120 State Street, 3rd Floor

~ Montpelier, Vermont 05602 J.
1'

.Ms. Jane M. Grant
Senior Engineer - Lic=se Renewal ,

Yankee ' Atomic Eleccric Ct.mpany
580 Main Street ;

- Bolton, Massachusetts 01740 1398 i

!
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* Yankee PositionLon j
.
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Reference Temperature ofi ,

.

..

; "

L'f Reactor Vessel Materials :
-

,

,

i

I

.

,

August 21,1990

6
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Reference Temperature
:

%
'

Yankee NBQ Varlance-

90
Upper Plate 190F 280F .tiOF

Lower Plate 183 325 142 ;-
- . .

<.

Ciro Weld 229 '360 131-
'

Axlal Weld 141 230 89-
.
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Upper Plate

* Type of Material - A 302-B

* Composition - Cu=.18 wt% , Nia.21wt%

* Heat Treatment-- austenitized at 1750F
to 1800F; quenched and tempered

* Austenite Grain Size ASTM No. 7 :- .

..

(35.9 microns) from Yankee specimens 4

'

at BR3

* Peak 1990 Beltline Fluence
2.16E+19 n/cm2

* Average 1990 Beltline Fluence
-

0.82E+19 n/cm2

* Average Cold Leg Temperature - 503F

* Initial RTNDT - 10F
,

* RTNDT Shift to 1990 - 180F

* 1990 RTNDT - 190F
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Upper Plate ,

..

1

The upper plate reference temperature |*

was determined using the surveillance-
data from' Yankee plate material .

Irradiated at Yankee and at BR3.

No' temperature correction was made*

because of the insensitivity of the'

.
,

..

plate to. irradiation temperature. ; -

s ,

b

:

|-
o

4

-f .'

. _ . . . _ _ . . _ _. _ . . . _ _ . - _



.r . . . . - . - . - . ._ _ . . . . . . _ _ . . . . _ , _ . . . _ | , . ".

, - ~,

_

IDE ! gift'."!'14'J'.1:t1 (,-.,.| ;) , ,46 7320
,

.:

1000
. .

.

mi
,.. '. ,; -

..j
2 3 4 5 6 7 89'l Figure 5-6

-

2: 3 4 r, 6: 7 :r. 9 i-6 i n9i . - +- -
* : ::- -

;' 1: : : : : 9 ;3

8 --- - - RTNDT Shift-for Yankee Plate Material
. _ i!!!i ip:;j!.); i

~- - -

! :9__

I|| A .a 2 .

-*'1:

I II ! l} ! ! ! ! .

3

*
1._ . ! 's-

jd
_-_ _

"Jbl|--jA di i6__. -
__

' .I Ji :: ! ;., r a !<-

-

_ . . . . |I
|d| |.@m.

j'i'
5_ _ .

.
._ __

I
_ _ ___ _ . . _ j f

'

4'

4.
-

:l h .___ _ __ __~.-
|

'

l
'. 2 :

_ _ _ ;
-

_..

,|
. _ _ jy .

,i li, .l' -- .,
-, . . . .

_

|
= 1 : . _ ___ _

a i ..1 1_- _
| I. |,i llh.'.! -,,

'. . : : =_ _ . = '

3__
- ! E - : ;.

.=_ . _ 1.

: - -

,
_ _ _ . _ . .

yopu,
_

y'
.

-

2 .

! f:
. i.- - - i i;

l ' II . ' . '_ '

. __ .

- -

1 I i llt2._ . __ __ - - -

|

-

| lp;
!Lt.

- : .

' , ,

O ~
'

l
-

--,

y,
M :

~ : N'
- i i

'
- _ . i= _ . .

_ _ _.c
~ ~ - ~ ~ i :1 il :

I
~ ~ ' '

.

1 1 . :!! & 9. 100
_i__i__

>

iII!!!!> a
'

f:
-

-

;
_

l !
-

9 F-
O

__ _ _ _ ^ J _

! ]4 @. - f.
-

s .__u-
:

-
,

Z :
____

"

5 E -
_ e n

-
_

7. g . . i e,,

6. U" _

-

,
.. .

ib; .:i :.
.

I., .. ' = - -

r j[ ]
_ _._ . . _ _ _ / |

.

| (-|.|- - ''|
.i

.

e tt .i -

:
.s. - '

_. _ _ .. . . '
i

!N
e '

4.
_ _ _ __ . .

'

_ _ _ ; 3 1 . _ / _ _ _ _ __ _ . O BR3
. I it -i .:

3. _ _ _
- 1

^
'

_..

.
.

- - - . . . .
0 NRL i| i

- .- - - --- -- -
'

-
-

,
- . . . 'P

'

2: . ' ' ' :
' '

Ii '.2. - -
' - | i I

- : ~ ~

. t |
|

*i
.

f |||
_ _ ___ _ _ . fi . . .

_ . _ . . .

I_ _
,

- 1 1 1 __ . _
_ _ _ _ _ _ _ . -

.

- i

- - - ,' |
_ _

_ _- _ . . |
. _ . . .

|i
. . . .

l a 1 i i:_ _ .

~ ~

* . . . . . . . .. 210
19 2 3 4 5 6 -7 8 9 20 2. 3 4 5 6 7 8.9.:10. . . . . . ..

. . . . . ...

18 2 3 4 5 6 789 10 10.

10
. _ _ . . . . .

..- . . -m. . _ , _~ - ~ w + - , _ . , - .n,. ..
< n.~ $

'

~~w ,q,. -n.r.- _m._ . . _ _ _ , -. - - ~ rm._e-. _



. . . _. . _ - - - _. . . .. - - ..- - -

. , .. .;,

'

...

1
!-

Comparison to Reg. -Guide 1.99, Rev. 2 '

|
,

* Indicates that Reg. Guide data is not J

applicable to Yankee-plate. :
,

* Indidates higher fluence threshold shift
in reference temperature.

* Indicates higher shifts once threshold is i

reached.
-

.,

:= Yankee plate data was:not included in :
"

'

the Reg. Guide data base. -
.

* Conclusion is that . Yankee plate material
is different than Reg. Guide and cannot' 4

be applied to determine Yankee plate
shifts.

.

!

. . _ _ _ . . . , . , _ . ,
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E NRL Fluence !
'

.

.{
,

The original surveillance program at*

Yankee was-carefully designed to place
four high flux capsules in identical ,

locations:between the core baffle and
barrel to obtain similar results. The
locations'were chosen next to equivalent |

r enrichments.of fuel to assure equal ;- !.

exposure. Both.. Yankee plate specimens
and reference steel specimens were putc

' into the capsules. ;

The capsule tested had five: flux monitors ;*

fl fin it which showed a range:o f uence romi

L 8 to 10.6E+19 n/cm2. The flux .was also
| determined from a reference steel charpy- |

| specimen to be 4.88E+19 n/cm2. A decision l

was made by NRL to assume a fluence of i

5E+19 n/cm2 for this capsule.
!

1

1

__ _ . - - - \
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NRL Fluence Continued !
1
!

:

The assumed fluence is obviously' ;L *

inconsistent with flux monitors in the
same capsule and is inconsistent with
seven other fluence readings which
ranged from- 7.38' to 10.2E+19 n/cm2l

from the three other capsules in
similar locations. ..

,

As a check on the fluence seen by the I*

capsule, Westinghouse performed a ,

fluence evaluation of Core 2 and 1

specifically calculated the fluence at
the nominal location of the capsule. !

The result showed a 9.1E+19 n/cm2

i

* If the reference shift from the Yankee !
capsule-is compared with reference j
shifts from the identical Yankee plata j
performed at BR3, its shows that the i
fluence would have to be at least i

doubled to be consistent with the BR3
data. '

.

-
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CALLED NORTH -

A
CAPSULE 10

' .

CAPSULE 8 CAPSULE 4 ;

. JV/ i40 1*,

7--

,

Y

I
L'/- CAPSULE 2.CAPSULE 7 - * ' .

:: n
i -1 ]

,
., /: C APS,ULE 13 'n : n- :

l l '

. i .*., ,,
. ... .

.

?- ? 3,'Tscu // ALLDg' e an 3., -- y ,
'

+ -en- -e -e* -4*
THERMAL' '

:--ee 0, ". q
-

SHIELD, .

: n '0"'

CAPSULE 14 L CAPSULE 3
On- :: .-,

E
/

-

CAPSULE 6 '

- '
'

W
fV/|'

.

'

CAPSULE 5 CAPSULE 9 .

Fiaure 4-1 :

Surveillance Capsule Locations '

::v.,
s. }

4-17

.. . . - . - - . - -
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NRL Fluence Continued

a Based on the flux-monitoring in the
Yankee capsules, the calculated
Westinghouse fluence and the results
of BR3, the NRL fluence should be
adjusted by a 1 actor of 2 to determine
the actual fluence seen by-the capsules.

;-
..

.e
e
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High Flux Capsules
Core 2

.

f

Charpy Specimen Flux Monitor
Caosule No. Fluence-n/cm2- n/cm2-

1 9.38E+19- .9.92E+19
9.87E+19
9.81E+19-
10.2E+19

,,

. ..

2 8.83E+19 N/A :
'

5 7.38E+19 N/A

8 4.88E+19 10.6E+19
10.6E+19
10.2E+19
7.96E+19
8.94E+19

* The recent Westinghouse calculation
for the Core 2 cycle at the capsule 8
location showed the nominal fluence to
be. 9.1E+ 19n/cm2 which agrees well with-

all flux monitors.

1

- - _ - - - - _ _ _ _ _ _ . - _ _
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Temperature Effect j

!

Irradiation temperature has little effect*

on Yankee plate RTNDT shift based on !
actual data from the Yankee plate material. ;

e The. Yankee plate material irradiated at-

" BR3 at two different temperatures -<

^

(525F and 540F) and very similar fluences ..

L (5.9 and 5.78E+19 n/cm2) showeno effect of L i
'

temperature. Actually the data point at 525F -
1m

shows' a lower shift than the 540F point.

* Using diffusion theory and data from
annealing studias of Yankee plate by |

NRL, plots v;ere made of material. property r

L changes for Yankee plate material and fine i

grain plate material of similar chemistry
from Westinghouse which showed that the :

Yankee coarse grained material is far
less sensitive to irradiation temperature.

,

-~w' -e,, . - , - , , _ - - - - _ - _ - - _ _ . - - - _ _ . - - _ _ _ . _ _ _ _ _ . - - - - - - - _ _ . - - - - - - - - _ _ - - - _ - . _ - - _ . _ _ _ _ - - - - - _ - - -
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YAEC COARSE:vs PINE GRAIN A302B -

:...

: Arrhenius RelaKon its. sq. ftt) -'

'6.0000

i Yankee coarse grain C shift. recovery rate"(NRL data) .

4.0000 - Yankee coarse grain microhardness

3 recovery rate (BR3 data)

k / -

P

O. 3.0000 -
,

4-

* Similar chemistry as

h Yankee but, fine grain

o 2.0000 - material. Microhardness

h recovery' rate is steeper h

9 demonstrating less stable'

). defects; greater temperature*

~

f.0000 - **"*iti"itY-
)

0.0000

920 F 740 F 600 F - 440 F

f-f.0000 , i i i i i . ii i

0.0011 0.0013 0.0015 0.0017 0.0019 0.0021 0.0023 0.0025-

1/Ta = 1/[C+273.15) -

A YAEC DATA X BR3 DATA V SP17Z (fine grain!
, . , _

-

: .. -. . . - - . _ _ . _ . _ _ . _ _ _ . . ,._.~.-_....i.._-.. ._ _ . . , . _ _y., , .. .L... ~.,2,, ; 61.. . ' ., .,..,..i--.
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| Conclusion !
,

\.

For the upper plate we~ know what the' !F *

reference temperature shift is.
;

.

? .

,

e

i
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Lower Plate
4

* Type of- Material - A 302-B Modified i

* Composition - Cu=.20 wt% , Ni=.63 wt% :

* Heat. Treatment - austenitized at-1760F
to 1800F; quenched and tempered

* Peak 1990 Beltline Fluence r-

..

1.93E+19 n/cm2 : }
:

* Average 1990--Beltline Fluence
0.67E+19 n/cm2

L
'

* Average Cold. Leg Temperature - 603F.

* Initial RTNDT - 10F

* RTNDT Shift to 1990 - 173F'
!

= 1990 RTNDT - 183F !

;

>

l

|

L

6 - - -- . _ _ _ _ ____________---_J
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Lower Plate
!

i

.

* The-lower plate is similar to:the |
upper plate-except that it contains
0.63 wt% vs. 0.21 wt% nickel. The
fluence at the lower plate is 89% ;

of the: peak beltline fluence.

* The lowerL plate reference temperature '
,,

was determined using-the surveillance :
"

|data from the upper plate and maximum -

fluence for the lower plate. No
temperature or nickel effects were-
considered.

L

!

l

|

-

L

i

|
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L Nickel Effect
1

,

* The nickel effect on reference temperature :

L shifts has been reported by various authors
'to have-a minimal effect below a threshold
value. o

e The Yankee lower-plate with 0.2 wt%
copper _.and 0.63 wt% nickel are below the ..

threshold and is expected to have a similar ; '

shift to the upper plate which has -

0.18 wt% copper and 0.18 wt% nickel. |

* Nickel defect mechanisms have been isolated
through instrumented Charpy impact testing. j

= The nickel. defect has shown that it is
dependent on irradiation temperature. Since
the Yankee plate material is not sensitive
to irradiation temperature then it will also
not be sensitive to a nickel effect.

4

|
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Quotes From Authors
For Ni/Cu Threshold :

.

j
' Note that the model (nickel) does not predict a

'

large difference in the effect of nickel in the .
;

-

range of 0.2 to 0.4% Cu,' consistent with observation."

Source: Odette, Lucas, " Irradiation Embrittlement i

of LWR Pressure Vessel Steels," EPRI-NP-6114, '

;January 1989, pp .4-8. '
1

* Nickel was found to reduce the damage introduced by
neutron irradiation up to a content of about 1.0% over,

which it develops an independent high negative.effect. ,

:

The beneficial effect of nickel below 1.0% decreases,
>'

by percent as the fluence increases.*
:

Source: Maricchiolo, Milella, Pini, " Prediction of !,

Reference Transition Temperature increase Due
to Neutron irradiation Exposure;" Radiation-

!

; Embrittlement of Nuclear Reactor Pressure-
Vessel Steels: . An International Review (Second
Volume, ASTM STP-909, L.E. Steele, Ed., American

aSociety fc. Testing and Materials, Philadelphia, ;
1989, pp 96-106. !

-,-:

?
i
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*This figure (#26), when combined with the previous one
-.

(#24), suggests that in low copper content steels '

( <0.1 wt.% ). nickel levels between 0.64 - 0.86 wt.% 4

are not deleterious, whe'aas, at intermediate and high
!levels of copper (0.2 -O 36 wt.%), concentrations of -

nickel in excess of 0.86 wt.% generally are."
!

1
Source: Fisher, Buswell, *A Model for PWR~ Pressure j

Vessel Embrittlement," Central Electricity -
;

Generating Board, Berkley Nuclear. Laboratories, l

Beikley Gloucester_ shire, Report No. TPRD/B/0746/R86-
|February 1986..

.

_

!

,

" Nickel was found to be associated with the Cu-rich ^

clusters: however, this association is.not expected
i to modify radiation embrittlement sensitivity significantly..

No other ayanergiam between copper and nickel was found."
.

Source: Ebrahimi, et al., " Development of.a. Mechanistic
-

Understanding of Radiation Embrittlement in-
1Reactor Pressure Vessel Steel," NUREG/CR-6063,
|MEA-2268, January 1988. . 'b i

+

i :
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Beltline Welds I
.

s
,

The beltline weld reference temperatures |*

were determined by using Reg. Guide 1.99 j

Rev. 2 shift predictions and the 1990 |
'" fluences at the weld locations.

The copper and nickes content of the*

' - welds was assumed to be equal to BR3's ..

! (0.18 wt% Cu and 0.70 wt% NI).
"

.

.

A te aperature correction factor of 8%: *

i of the shift was added to compensate
for operation with a cold leg
' temperature of 500F to 525F. Regulatory
guidance .does not require temperature
correction above 525F.'

L
'

4

e
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Weld Copper / Nickel Content :

The copper and nickel contents of the*< ,

Yankee beltline welds were estimated ;

based upon Yankee and BR3 samples.i

,

Both the BR3 and Yankee welding was*

accomplished in the same shop, with |
the Oxweld 40 wire and Linde 80 flux|

; called for in the shop sheets. ;- ,

1 >

The weld specifications required the. weld i* .

filler metal to match the base metal and
if the base materials were dissimilar .

then the. filler metal should match the
lower mechanical properties (P-order) ,

of the material.

The Yankee circumferential weld in the*

reactor vessel head was sampled and
showed 0.12 wt% copper and 0.08 wt%
nickel. The shop sheet requirements for
the head weld was identical to the
beltline welds except no nickel was added
to the flux. The beltline welds have

:nickel added to the flux.

1

1

L ___ . . _ . _ _ _ . _ _ _ . _ _ . _ _ _ _ _ _ _ . . _ _ _ _ _ . _ _ _ _ _ _ _ _ _ . . . _ _ _ _ _ _ . _ . . . _ . . _ , . _ - . ~ _ . .
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Weld Copper / Nickel Content ;

i
4

The head circumferential weld ,oined two*

dissimilar base materials and the filler .;

) metal matched the low P-order flange
material quite closely. ;

i

a The BR3 longitudinal weld was sampled ;

and showed 0.183 wt% copper and ;

O.70 wt% nickel. The BR3 weld called for r :
'

..

; nickel addition to the flux identical :
to Yankee's. -

,

, .

* The longitudinal weld Joined a single base
material and the weld filler metal matched !
the chemistry of the base material very
closely. (Just like they matched the
material on Yankee's head.) |

'

* For determination of reference temperature
'

shifts, the BR3 copper and nickel content .

was used. The copper content is higher
than Yankee's (0.18 vs. 0.12) and the
nickel content (0.70) is representative
of Yankee's beltline welds.

.

3

-
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Yankee Head Chemistries

P-Order Location C Mn P S Cu Si Ni Cr Mo ' Al

P1 Head Flange 0.27 0.73 0.018 0.008 0.2?

P3 Dome 0.20 1.25 0.019 0.024 0.19 0.23 . 18 0.11 0.47

Head Circ Weld * 0.26 0.69 <.01 0.02 0.12 0.22 0.08 0.05 0.03
_

The head circumferential weld shop sheet called for no nickel addition*

and the weld specification called for the weld filler metal to match
the low P-Order or the head flange base material.

.

BR3 Chemistries

P-Order Location C Mn P S Cu Si Ni Cr Mo Al

P3 Shell 0.28 1.25 0.02 0.02 0.19 0.26 0.56 0.06 0.47 <0 04.

Long. Weld * 0.12 1.20 0.018 0.019 0.183 0.32 0.70 0.06 0.49 <0.01

The longitudinal weld shop sheet called for nickel addition*

and the weld filler material to match the base material.
. ,4.

:

_ . - - . . . . ___. - _ . _ _ _ _
, _ _ _ _ _ _ .___m.__. . , _ . . , _ , _ _ _ _ , _ _ _

.
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Weld Conclusions i
: ,

i >

;

Yankee samples of weld on head and ;a

BR3 samples on beltline show the t

B&W shop fabrication practices .

resulted in weld composition which
match requirements. :

, .

' This evidence supports Yankee's*

!contention that the beltilne welds :- ..

are 0.2% Cu and 0.7% Ni. *

-
.

* The fact that BR3 was built at the
same time and in the same shop also -

supports the conclusions.
;

,

|

...,... ---,,.,-.. .~.- _- -_ . - .-
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Mean vs. Bounding Data |
'

)

;
,

* PTS evaluations use mean values with
standard deviations for input. parameters. !

: :

* R.G.1.154 assumes a 210F mean with a
'

margin of 60F to set the 270F screening -

criteria. t
<

* H.B. Robinson also used a mean of 211F. ..

with .a margin 59F to perform a :
"

hypothetical evaluation of their vessel -

;

'with a weld at the screening criteria.

* Fluence, copper content, nickel' content,
reference temperature, initial reference
temperature, Kic and Kia are input
parameters that use the mean plus
standard deviations.

.

i e Yankee used a mean line through
surveillance data to determine mean
reference temperature an added a three .

| sigma distribution of 84F to it for the
L PTS evaluation.

L
,

5

.

|
'
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Mean vs. Bounding Data

|

Upper bounding surveillance data and*

adding a three sigma distribution is
inconsistent with using R.G.1.99 1

'

which determines a mean and then
adding a three sigma distribution to !

) it for the PTS evaluation. |
|

Odette's use of a compilation of weld :.|
*

.,

and plate data irradiated at 500F, * '

i

upper bounding it and calling it a mean '
-

temperature for weld, and then adding a
| three sigma distribution is also

inconsistent with the intent of the PTS i
'

evaluation.

| .

.

(

|.
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| Len Steele Peer Review
.

Tests conducted at NRL during L. Steele's*

residence, at irradiation temperatures i

similar to Yankee's, confirm microstructure '

effect. ;

The microstructure effect is the reason '*
'

Yankee does not conform to Reg. Guide 1.99 ;-
,.

shift predictions for plate. ; .

The trend-curve using BR3 and Yankee data*
,

,

is an acceptable surveillance trend curve.

The dosimetry analysis presented by Yankee*

for correcting the NRL fluence on Yankeei

surveillance data la justified.
.

Temperature and composition factors such*

as copper and nickel content are secondary
to microstructural effects on reference
temperature shifts.

.

N
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' G. R. Odette Shift Estimates !

!
Assumptions have been made to ||

*

assess the temperature and nickel i
.

effects on Yankee beltline materials. i

which ignore product forms (weld vs. |

plate) and chemistry variances.
1

1 * The bounding curve used to determine '

the shift for Yankee weld metal was P ..

set by data characterized as "a plate
containing only 0.21% Cu and 0.17% Ni, 1

,

presumably due to some undefined source !
of extra " sensitivity"." Our review of
the reference used for the data shows .

that the data points were for weld not
a p; ate and that the weld had been :

'

quenched and tempered. This weld is
completely unrepresentative of Yankee's
weld metal. :

1

1 .

i

1 ,

. -.-.w... ..__--m_m. -.. , - . _ _ _ _ . . _ _ . . . _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ . .-
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|
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!
'

!:
G. R. Odette Shift Estimates !

'

i

i

.

* If the quenched and tempered weld data
| la removed, the bounding curve would

decrease by about 50F. The remaining data- |
also shows clearly that high copper and !
moderate nickel have larger shifts than '

-

low copper and moderate nickel which is
the case for Yankee. [, ,

* Claims are made that the Yankee |;

| ealuation was reviewed but very little ;
we written about any of Yankee's
ansitions. Mention was made that Yankee
r ad misinterpreted data from EPRI-NP-6114.
Yankee presented data for temperature -

effects and provided positions by -

recognized authors on nickel effects but
'

no assessment of the data or information
was made.

,
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Cu/NI/P Prod. Form Ref. Cu/N1/P Prod. Form Ref.
.

/ o 0.19/0.55/0.011 B 9 + Q 17/0,12/0.016 W 7"
-A 0.23/0.5B/0.013 W 9 e 0.20/0,18/0.011 B 10
e 0.30/0,56/0.021 W 9 e 0.26/0,28/0.012 B 10

4 0.26/0.56/0.020 W 9 / s 0.21/0.54/0.016 W 8
a 0.32/0.67/0.017 W 9 -a 0.35/0.66/0.014 W 8

/c 0.19/0.55/0.011 W 9 /s 0.22/0.60/0.015 W 8
'

A 0.i5/0.09/0.025 B 7" * 0.42/0.60/0.018 W 8'

+ 0.19/0.07/0.017 B 7* + 0.40/0,59/0.011 W 8
+ 0.24/0.25/0.024 B 7" o 0.18/0,18/0.011 B 1
m 0.21/0.17/0.033 B 7" (YR Plate)

.

:

Figure 4 Shift data for 500110'F trradiations versus fluence and preliminary
recommended trend curve.
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Peer Review Group :

Irradiation Effects Experts
;

e
,

Lendell E. Steele*

i

Technical Consultant. Retired; Head of
Reactor Materials Branch at U.S. Naval
Research Laboratory.

:

Albert Fabry*

Physicist at SOK/CEN in Mol, Belgium r ..

Project Manager for BR3 Safety and :
Annealing Studies.

,

Dr. Dieter Pachur ;*

!. Research physicist at the Nuclear Research
! Center in Julich, West Germany

.

i
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STATEMENT OF PROFESSIONAL QUALIFICATIONS OF
LENDELL E. STEELE

Eduention ,

B.S. Chemistry - George Washington University (1950)
M.A. Economic:, American University (1959)

Honors

Award for Achievement in Engineering Sciences 3

Washington Academy (1962) :
ASTM, Charles B. Dudley Medal (1972)
American Nuclear Society Special Award and Prize (1972)

'

ASM, electec Fellow (1974)
ASTM, Society Award of Merit, Fellow (1978) :

Appointed Chairman, International Atomic Energy Agency (IAEA)
Coordinated Research Program (1978)-

President, Federation of Materials Societies (1984) ..

Appointed Chief Coordinator, IAEA Research Program on Reactor ; "

Vessels (1984) *

Chairman of Board of Directors, ASTM (1985)

Registered Professional Engineer

California (1976)
i

'

Emolovment

L Technical Consultant (1986 Present)
,

L

!
As a technical consultant, Mr. Steele has been retained by a

number of companies and associations primarily for the purpose of
| evaluating issues related to the environmental degradation of

materials in components for power systems and measures for
assuring the structural integrit)T of these systems.

U.S. Naval Research Laboratory (19791986)
Executive Management (U.S. Federal Senior Executive Service, ES-

4) Associate Superintendent of the Materials Science and
. Technology Division and Head, Thermostructural Materials

Branch. In this capacity, Mr. Steele was responsible for
L

managing basic and applied research on advanced structural
materials for the Navy Power and Propulsion Systems with

Al

__
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:

special emphasis on combined environmental effects, ;

especially high temperatures, severe stresses, and nuclear i

radiation at various exposure levels.
.

U.S. Naval Research Laboratory (1964-1979) . :

Head, Reactor Materials Branch;. Head Thermostructural
Materials Branch. In this capacity, Mr. Steele developed a
research team which developed solutions to the phenomenon
of neutron irradiation embrittlement of steels and :

'

demonstrated industrial technology for producing materials
resistant to. radiation damage. Related criteria for assuring
structuralintegrity of major nuclear power plant components
were developed as well. His responsibility also encompassed .

similar research on a variety of high temperature materials'

for power and propulsion applications. (
'

t

Research Scientist (1950-1964)
-

e.Committee Particiention e ..

*

American Society of Testing and Materials *

Chairman Committee E10 on Nuclear Technology (1970-1976)
Board of Directors, (19801982)
Vice Chairman of Board (19831984) |

| Chairman of Board (1985)
'

|

! Federation of Materials Societics
Member, Board of Trustees (1983-1985) ,

President (1984)

International Atomic Energy Agency
U.S. Representative to Working Group on Reliability of Reactor

'

Pressure Components (1970-1986)
-Coordinator Research Program on Neutron Irradiation and

Embrittlement (1975-Pres,ent)

Maior Publientions-Books (Author and Editor Author)

L " Analysis of Reactor Vessel Radiation Effects Surveillance Programs,"
ASTM,1970.

,

I- " Neutron Irradiation Embrittlement of Reactor Pressure Vessel Steels,"
| IAEA,1975.

'
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;

" Assuring Structural Integrity of Steel Reactor Pressure Vessels,"
'

Applied Science,1980.
,

" Structural Integrity of Light Water Reactor Components." Applied
.

,

Science Publishers,1982. !
. i

" Status of USA Nuclear Reactor Pressure Vessel Surveillance for
Radiation Effeets," ASTM,1983. ;

" Light Water Reactor Structural Integrity," Elsevier Applied Science
7

Publishers,1984 {

" Assuring StructuralIntegrity of' Steel Reactor Pressure Boundary
Components," Elsevier Applied Science Publishers,1988. ;

,

. i

" Radiation Embrittlement of Nuclear Reactor Pressure Vessels: An
iInternational Review," Vol. 3, ASTM,1989. (Two prior volumes as

well.)
..
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Mr. Albert Fabry

I
|

Project Manager for BR3 Safety'and Annealing Studies. I

Analyst: Irradiation Effects on Reactor Vessel Steels
1

Background is Physics

SCK/CEN'
Centre D' Etude De L'Energie Nucienire

|Moi, Belgium 1

'Publications

.

Mr. Fabry authored numerous technical studies regarding the BR3
ennealing program. 'These studies were published by SCK/CEN as program

,,

..

progress reports. The ' culmination of the es work is t *

* Influence Of Neutron Irradiation On The Notch Ductility OF LWh Welds,"
NUREG/CR/4940. This NUREG is still under review as it a Joint venture
with

D. Pachur - KFA Julich
,

F. Stallman - ORNL
|F. Kam - ORNL

i
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Dr. Dieter Pachur (ehenetiet Pa-Koor)
!

i

Reasearch physicist !

Huclear Research Center
f(Kernforschungsanlage Julich) ,

Julich, West Germany

Samole of Publications ;

' Apparent Embrittlement Saturation and Radiation Mechanisms of Reactor.
Pressure Vessel-Steels," ASTM STP 725, 1981, pp 5-19. '

' Radiation And Annealing Mechanisms Of Low Alloyed Reactor Pressure '

Vessel Steel," 2nd International Symposium on Degradation of Materials
in Nuclear Power Systems, ANS, 1985, pp.502-513, funded by DOE Contra,pt
No. DE-AC07-76ID01570. , .

*.

' Radiation Annealing Mechanisms Of Low-Alloy Reactor Pressure Vessel, i

Steels Dependent On Irradiation Temperature And Neutron Fluence,'
Nuclear Technology, Vol. 59, Dec. 1982, ANS.

' Neutron-Irradiated Reactor Pressure Vessel Steels Investigated By
Positron Annihilation' (with others), Journal of Nuclear Materials,
Vol. 161, 1989.

' Influence Of Radiation Damage Mechanisms On The Lead Signal And On The
Transition Curve Of Instrumented Iepact Testing," Journal of Nuclear
Materials, Vol. 160, 1988.

.
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Future Programs

* Weld Composition

* Weld and Plate Characterizations

* Schedule ..

. ..

* Inspection -
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Weld Composition
.

S

* The weld composition has been estimated
based upon sampling Yankee's head and
BR3's longitudinal weld.

L * To provide conclusive evidence of the
beltline weld composition, Yankee proposes
to sample two longitudinal welds in the ..

nozzle region of the reactor vessel. :
"

.

|l Access to the welds is available by -

cutting through the upper portion of
the neutron shield tank.i

* Mockups of the reactor configuration in
the nozzle region are now being made.

i* The nozzle region has three plates welded
together with three longitudinal welds.
All plates are A 302-B or A 302-B Modified.

_ _ _ _ _ - _ _ _ _ _ _ _ _ _ - _ - _ _ _ - - - - . _ . . _ - - . -
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Weld Composition Continued |
,

* Two of the plates have copper and nickel l
contents similar to the beltline lower
plate and one of the plates has a copper |;

and nickel content similar to the beltline i
upper plate.

,
!

* The weld specification and shop
,
"

sheets are identical for the nozzle r .

longitudinal welds and beltline welds : 5,

including the addition of nickel to the !1

flux. !

I * Both welds require that the filler metal
match the plate material.

* Therefore, the longitudinal welds of the ;

nozzle course should be identical to the '

beltline materials. |
'

-. - . . - . _ _ _ _ . - _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ -



_ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ - _ . - _ _ _ - _ _ - _ _ _ .

.-

o

* . . -

e
,
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Nozzle Region Plate Chemistries

P-Order Location C Mn P S Cu Si Ni Cr Mo Al-

P3 Nozzle Course 0.20 1.25 0.019 0.024 0.19 0.23 0.18 0.47

P3 Nozzle Course 0.21 1.25 0.017 0.025 'O.20 0.24 0.60 0.10 0.47

The nozzle region longitudinal welds called'for the addition of nickel
to the flux and the weld filler metal to match the base metal..

Beltline Region Plate Chemistries

P-Order Location C Mn P S Cu Si Ni Cr Mo Al

P3 Upper Shell 0.20 1.27 0.02 0.028 0.18 0.21 0.21 0.06 0.48

P3 Lower Shell 0.19 1.18 0.016 0.026 0.20 0.20 0.63 0.13 | 0.48

The circumferential and longitudinal welds of the beltline plates
called for the addition of nickel to the flux and the weld filler
material to match the base material.

. ,.

:
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Weld Characterization
:

A verification will be made to assure*

that the Yankee welds are within the
family .of the B&WOG Linde 80 welds.
Samples of Yankee, BR3, or other
applicable welds will be compared with
the B&WOG Linde 80 welds.

,

The; temperature correlation for the weld r| *
..

.

at 500F will then be determined from
the BR3 research and B&WOG data, or if !

not conclusive then weld metal may have
to be irradiated in a test reactor.

'
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,
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|
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Plate Characterization

* We are working with NRC, B&W, CE,
Bettis Labs, and Naval Reactors to ,

locate plate materials. Three heats
of A 302-B and A 302-B modified will
be obtained and will be heat treated
to:obtain similar characterization
as Yankee beltline plates.

,,

, ..

* Spe'cimens from the plate will be
irradiated at representative
temperatures to present and future
fluences. Irradiated compact tension,
Charpy, and tensile specimens will
be tested.

|

* A long term program for license renewal
will be developed using the weld and ,

plate material from the previous
programs and placing them into a
power reactor.

I

b
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Schedule |
|
<

!
y.

'

The. longitudinal weld samples will be*
4

taken in early September if the NRC 1

;

agrees that they would be representative:

of the beltline welds.
'

A complete program for short and long*

term activities will be developed and

|
submitted for NRC review and approval. ;- ,.

L NRC approval would be expected by the *

'

| end of the year. The collection of
weld and plate material would proceed -

in parallel.
>

If the Yankee weld fits the Linde 80 data* .

t
' set and there is available data for a

temperature correlation, this phase of the
work would be completed in 1991.

1

|

:

,
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Inspection ;
!

i

: !

(
-

Three issues need to addressed for ;

' '

inspection. '

-

1. Access to the vessel interior ;
'

.

with the ma,or pieces of inspection
'

equipment. A new crane or new lower
internals support stand must be :

designed and available for use at ;.
,,

the 1993 refueling. The crane or stand *
,

| will be designed and available for use '

|
during the 1993 outage.

L 2. Access to the annular space between
the thermal shield and reactor vessel.

| Robotics equipment for the annular
i space will be adapted and a vendor or

vendors will be selected to develop the
equipment. The vendor will develop
and qualify the equipment by the
1993 outage.

1

i ,

i

!

_ . _ . _ _ . _ . - . _ . . . . . . . . -
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? Inspection Continued
. .

P

nx
'

.

3. Inspection of weld and base material- |.

In the beltline region. The weld:Is q
a a conventional-weld deposited; '

configuration which can be inspected
- with.known equipment. Inspeotion '

underneath theispot welded cladding
will use eddy current and advanced *

,,

UT techniques. The techniques are ; -

i expected to meet ASME criteria for. flaw- .

identification. :

:
,

j * Progress to Date

i We have inspected the Pressurizer*

'

p with our newly developed eddy; current
L method and are able to distinguish
h between cracks in the cladding and
H base metal. The Pressurizer showed no

cracks in the base' metal.
,

2. SWRI is developing calibration blocks
L in order to. qualify the technique to
L. ASME requirements.
y

w.

(,

b ,
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Summary <

,

s,

-Sufficient-data and supporting:research*
iexists that supports;our, analysis.

e An extensive peer review process is [
underway.

* More data is being gathered to support-
our conclusions. ,..

. .

i

.j.

..

u t

,

,-

k

I

-

. t

:
!
!-

.

,

I

L

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



'

,. "

.|
,,c r . t. + 1 m

> v ,

"q y >g , n. ,

A ' v ' SUMMARY MEETING YANKEE P0"E--
.

,

.

F a.: j ,
_

-;'; :i- . DISTRIBUTION:
'

''
i

[b '

DRs, '

' ~
-< i F.': Miraglia.> -

,

;,

te .1.)Partlow.
~

i

'

2 %,,Varga,. #
"2 R. Wessman -

'
' '

, ' ' PDI-3 r/f~ .!
'T 'V. Nerses

.PL' Sears-
. 3
''

" ''

OGC- ';

s' E . :. Jordan -
* .

' F.'Gillespie- !
..D; :A. Thadani

.

'

*
.' J . ' Ri chardson -!

"

. W. Russell-'
, i

i:T.:Murley--

[- 4;
.

*
E. Igned4

J 1 Johnson R-I^
,

' ii

'
i

tk '
..

f

' .,
,$5s

| q.,

..

..

,

,
1

I i

-]

h
'

-

-4

-

.

|
|

7

f'

'

f

i
^ O

(^ n% y*y }

c

, ' .
>

P

g

.r-
+ -

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


