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Docket No. 50-029

MEMORANDUM FOR: Richard M. Wessman, Director
Project Directorate 1.2
Division of Reactor Projects - 1/11
0ffice of Nuclear Reactor Regulation

FROM: Patrick M, Sears, Project Manager
Project Directorate 1-3
Division of Reactor Projects - 1/11
Office of Nuclear Reactor Regulation

SUBJECT: SUMMARY OF MEETIMG WITH YANKEE ROWE CONCERNING REACTOR
VESSEL TEST PROGRAM

On November 20, 1990, representatives of Yankee Atomic [lectric Company (YAEC)
met with the staff to discuss their reactor vesse)l test and materiel sampling
program, This meeting was part of ongoing discussions regarding the Yankee
Rowe reactor vessel and relate to the staff's safety assessment of August 31,
1990, YAEC requestel staff concurrence on their test prooram and furnished the
enclosed slides. At the conclusion of the meeting YAEC was requested to
provide the ollowing test matrix:

® Number of capsules

Composition of materials in each capsule

Number of samples of each material in each capsule
Irradiation temperature

Heat treatment conditions (1i.e., fine grain vs. coarse grain)
Fluence

e 0 C o O

| YAEC agreed to provide the above in a2 letter by November 26, 1990, The staff
agreed to respond within 2 weeks of receipt of that letter. The staff stated
that based on the information provided by the licensee at the meeting the
number of weld material samples to be removed from the reactor vessel should be
increased, The licensee indicated that the inrformation was preliminary and a
form of submt tal regarding the weld sample program would be provided at @
later date.

A list of attendees is also enclosed.

Patrick M, Sears, Project Manager
Project Directorate 1-3

Division of Reactor Projects - [/11
0ffice of Nuclear Ractor Regulation

Enclosures: As stated

cc: See next page
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Ducket No, §0-02¢ December 11, 1990

MEMORANDUM FOR: Richard M. Wessmen, Director
Project Directorate 1.3
Divisien of Reactor Projects - 1/1)
Office of Nuclear Reactor Regulation

FROW Petrick M, Sears, Project Mansger
Project Directorste 1.2
Division of Reactor Projects - 1/1!
Office of Nuclear Reactor Regulation

SUBJECT: SUMMARY OF MEETING WITH YANKEE ROWE CONCERNING FEACTOR
VESSEL TEST PROGRAM

On Novewber 20, 1960, representatives of Yankee Atomic Electric Company (YAEC)
met with the staff to discuss their reactor vessel test and materia) sampling
rogram, This meeting was part of ongoin¥ discussions regarding the Yankee
owe reactor vessel and relate to the staff's safety ascessment of August 31,
1990, YAEC requested staff concurrence on their test program end furnished the
enclosed s’ ides., At the conclusion of the meeting YALC was requested to
provide the following test matrix:

“ Number of cepsules

Co:tosit1on of materiels in each capsule

Number of samples of each materia) in each capsule

Irradiation temperature

??“ treatment conditions (1.e., fine gratn vs, coarse grain)
uence

® o o =20

YAEC agreed to provide the above in & letter by November 26, 1950, The staff
aarcod to respond within ? weeks of receipt of that letter., The staff stoted
that, besed on the information provided by the licensee at the meeting, the
number of weld materfa] samples to bLe removed from the reactor vesse' should be
increased, The licensee indicated that the information was preliminary and a
:o:nai submittal regarding the weld sample program would be provided at a

A 1ist of sttendees 1s also enclosed,

Original “ipned

Patrick M, Sears, Project Manager
Project Directorate 1.3

Divietion of Reector Projects - 1/11
Office of Nuclear Ractor Regulation

Enclosures: As stated

cc: See next page
*See previpus concurrence ;:)
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Yankee Reactor
l Pressure Vessel

NRC Staff Presentation

November 20, 1990




Presentation Overview

e Introduction
* Test Reactor Program

- Program Objective
- Test Material Procurement
- Plate Heat Treatment Process
- Baseline (Pre-Irradiation) Tests
- Proposed Irradiation Matrix
- Test Reactor
- Dosimetry for Irradiations
Schedule
Freporting
Additional Tasks

* Weld Sampling Program

- Program Objective

- Sampling Considerations

- Weld Configuration

- Sample Size/Quantities/Locations
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Test Reactor Irradiation Program

Objective

* Verity the irradiation behavior of the Yankee
vessel plate materials.

- Coarse vs. Fine Grain
(Austenitized at 1750-1800F vs. 1650F)

- Effect of Irradiation Temperature
(500F vs. 550F)

- Effect of Nickel
Lower Plate - 0.63% Ni, 0.20% Cu
Upper Plate - 0.21% Ni, 0.18% Cu

e The upper plate was included in Yankee and
BR3 surveillance studies. The lower plate
was not tested.



164 MEACTOR VESEE RADUTION BURVEILLANCE MROGRAMS

"'..a.“"-,““c' ?.pr v ‘
NS S0
g 22 : " T . i

- B

(a) Yaokee pressure=vessel surveillance
steel, tempered bainite
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Material Procurement

s

* |ldentify candidate materials for test
reactor irradiations.

* Need to match the vessel chemistry as
close as possible.

-

e To date, we have located several materials.



Lower Vessel Shell Material

Chemistry
Cu Ni C Mn Si ' Mo 8 P cr Al
YAl +240 | . 620 ) .250 [1.,40C| .230 | .590 | .021 | .008 | .110 ] .020
YA2 «170 | .560 | .230 [1.290| .210 | .570 | .015% 009 | 100 | .027
Yankee Lower «200 | .830 | .2190 [1.180| .200 | .480 | .026 | .016 | .130 -

Plate

* YA1 and YA2 materials bracket the Cu, Ni
contents of the Yankee vessel lower plate.

* A "coarse grain”, 500F irradiation of this
material should bound the irradiation
behavior of the lower plate.




YA1 and YA2 Materials

* The advantages of using the YA1 and YA2
plates are:

- YA1 and YA2 have been included in
prior test reactor studies.

- The materials were austenitized at
1600F (*fine grain’). Sections will
be grain coarsened.

- There is pre- and post-irradiation data
available (published in ASTM STP-570
by Hawtherne). This material has been
irradiated at 550F to fluences of
1.8, 3.2, 6.8, and 5.9E+19 n/cm2.



Additional Materials Located

e Plate
Cu Ni P S
YAS 13 48 .013 .014
YA4 13 82 .016 .0156
YAS A3 58 .012 .015
YAG 14 48 008 .015
YA7 14 57 006 .015

e The copper is too low to represent the
vessel lower shell plate.

* YA3 and YA4 may be of use to determine
a nickel effect.




Upper Vessel Shell Material

Cu Ni C Mn Si Mo S P Cr Al
YAR +140 | ,200 ] .210 {1,150| .250 | .600 | .017 | .018 | .220 [<0.01
YA +240 | L2190 | ,170 |1.280| .220 | .500 | .022 | .026 | .160 -
(not obtained)
Yankee Upper «180 | .210 | ,200 [1.270] .210 | .480 | .028 ™. 020 | .060 -

Flate

* YA8 material has low copper compared
to the Yankee vesse! upper plate.

e YAQ is located but has not been obtained.

e We are still looking for A 302-B material
in the .18% - .22% copper range.




Standard Material

A "standard reference material” which
has been used in previous irradiation
studies will £e included to benchmark
the tests.

This reference material will be "fine =

grain® material and will be irradiated
at 560F.

We believe plates YA1 and YA2 can double
as a reference material because of its
prior irradiation history.

We are still investigating the use of
other reference material such as HSST
plates.




Heat Treatment Process

The plate will be heat treated at B&W.

The test material will have additional
material welded to it to provide mass
to duplicate the cooling rates.

The plates will be austenitized at
1750F to 1800F and spray quenched.

The microstructure will be characterized
through the thickness.



Heat Treatment Qualification

Receive Plate at Mt. Vernon

Remove 1" Sections for
Metallographic and Chemica!
Analysis

Analyze Metallographic and
Chernical Sample

Qualification of Heat Treatment
at Mt. Vemon

}.__

Analyze Tensile, Cv and
Metallographic Specimens

Evaluate Results

Accept

|

Reject

Final Plate Heat Treatment
at Mt Vernon

Cut Out Test Coupons
‘o Irradiation Testing




Baseline Test
Pre-Irradiation

Vickers Hardness (DPH)
Tension Tests (Tensile Specimens)

Instrumented Charpy

- Longitudinal Direction

- Compares to existing data in the
longitudinal direction.




A302-B Low Cu, Mod Ni

10 ET®

Irradiation Test Matrix for A 302-B Material

A302-B Low Cu, Low Ni

30 E n/em-2 1 Mev

B L S

Targef Filuences



Proposed First Irradiation Test

e The first irradiation will include:

- Coarse grain material with nickel.
- Fine grain material with nickel.
- Standard reference material,

e [rradiation temperatures will be 500F ‘
and L50F,

¢ Target fluence is 3E+19 n/cm2 (E>1MeV).




Test Reactor

We plan to use the Ford Reactor at the
University of Michigan.

Materials Engineering Associates, Inc. (MEA)
will encapsulate the test specimens and
conduct the irradiations. .

Charpy and tensile test specimens will be
irradiated.

The neutron flux isnv 9E+12 n/cm2/sec.

Two capsules can be irradiated

simultaneously at different temperatures.
Temperature is monitored using thermocouples.
Temperature control will be verified in a

dummy capsule test prior to the first
irradiation.

The capesules can hold 40 and §0 Charpy
equivalents each.




Dosimetry

« The irradiation position used in the Ford
Reactor will be characterized with a steel
block containing dosimetry wires in place.
Characterization will include determination
of axial flux profile and the neutron spectrum.

* The following dosimeter wires will be used in
each capsule containing test specimens:

Dosimeter Wire 90% Response Range

Ni 21 - 7.6 MeV

Fe 2.5 - 7.8 MeV

Co/Al Thermal

Ag/Al Thermal

Nb 0.6 - 6.0 MeV
+ U-238 1.5 - 6.7 MeV

* subject to availability




Dosimetry
Continued

* B&W will perform the fluence analysis using
the DOT4.3 two-dimensional neutron transport
theory code with the following parametsrs:

- S8 quadrature

- P3 scattering

- ENDF/B4 cross-section library

- BUGLE-80 energy group structure

« Laboratory analysis of dosimetry will be done
by EG&G.




Schedule

18t irradiatior should start in March 1991
with a duratian of abcut 3 months.

2nd irradiation will start in June 1991
and has a duration of about 4 months.

3rd irradiation has not been schedulea.

The Buffalo test reactor may become
available in July 1991.

Final report is scheduled for late
January 1992.



Irradiation Test Report

* Capsule inspection and disassembly
¢ Specimen inspection

e Experimental results
- Neutron dosimetry
- Thermal monitors
- Tensile tests
- Instrumented Cv tests
- Hardness tests

¢ Discussion
- Neutron dosimetry (analytical results)
- Cv impact properties
- RTNDT shifts (test end SRM materials)
- Tensile properties
- Hardness properties
- SRM investigation (flux effects)

Corclusions



Additional Tasks

Yankee is still searching for a
18% Cu, .21% Ni A 302-B material.

We need to know if the Oak Ridge
"Sugarman” cask is available for
shipping irradiated 3pecimens.

- Drawing: ORNL-DWG-80-8706R.

U238 dosimetry is desired for the
tests; however, it is no longer
available from QOak Ridge. We are
looking for sources of the material.




WELD SAMPLING PROGRAM

OBJECTIVE

DETERMINE THE CHEMISTRY ( Cu, Ni ) OF
THE YANKEE BELTLINE CIRCUMFERENTIAL
AND LONGITUDINAL WELDS




WELD SAMPLING PROGRAM
CONSIDERATIONS

* WELD CONFIGURATION
» SAMPLE S!ZE

* NUMBER AND LOCATIONS OF SAMPLES



WELD SAMPLING PROGRAM
WELD CONFIGURATION

FABRICATION PROCESS, BASED ON SHOP
RECORDS

- PLATES WERE WELDED WITH A 1/4°
THICK BACKING RING ON |D.

- FOLLOWING WELDING, THE BACKING RING
WAS CHIPPED OUT AND SURFACE PREPARED
BY GRINDING AND MANUAL WELDING

- AN A-312 BUTTER WAS APPLIED

- A-308L CLADDING WAS THEN DEPOSITED
AND GROUND FLUSH

RESULT

- BULK WELD CHEMISTRY IS NOT REACHED
UNTIL APPROXIMATELY 1/2° BELOW
SURFACE, NOT INCLUDING DILUTION ZONE
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WELD SAMPLING PROGRAM
SAMPLE SIZE

* SAMPLE SIZE AND SHAPE ARE
DICTATED BY:

- WELD CONFIGURATION
- CODE LIMITATIONS
- ABILITY TO OBTAIN

* PRELIMINARY PLANS ARE TO REMOVE
CYLINDRICAL OR CUBE SHAPED SAMPLES,
LEAVING ROUNDED BOTTOM CYLINDRICAL
DEPRESSIONS (¢ 2* Dia. and < 1" deep)




WELD SAMPLING PROGRAM
SAMPLE LOCATIONS

« THE BELTLINE CIRCUMFERENTIAL
AND BOTH LONGITUDINAL WELDS
WILL BE SAMPLED

« WORK MUST BE PERFORMED
REMOTELY, 50 FT. BELOW )
THE WATER SURFACE

« HOLES MUST BE CUT IN THE
THERMAL SHIELD TO ALLOW ACCESS
FOR TAKING SAMPLES
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WELD SAMPLING PROGRAM
SAMPLE LOCATIONS AND NUMBERS

* LOCATIONS ARE SELECTED TO MINIMIZE
CUTTING OF THE THERMAL SHIELD

« SAMPLE LOCATIONS ARE APPROXIMATELY
180 DEGREES APART

* FOUR CIRCUMFERENTIAL WELD SAM.F.’LES
AND THREE LONGITUDINAL WELD SAMPLES
ARE PROPOSED



PROPOSED
SAMPLE
SITES




» . CALLED NORTH

UPPER PLATE T
LONGITUDINAL 0° INLET NOZZLE

AE BAFFLE

THERMAL SHIELD

BEACTOR YESSEL

NOTE: Axes WY and XZ M—

are reglons of low fluence

Lougitudinal Weld Locaticus




RTNDT SHIFT F

o

YA—1, YA-2 PLATE DATA

UNION CARBIDE RESEARCH REACTOR

250
240
230
220
210 -
200 -
90 -
180
170 -
160
160
140
130 -
120 -
170 -
100

90 -

80 -

70 -

60 -

Tor =865 F

50

YA4—1 (Cu.24,Nr62)

N

T T
4

FLUENCE E19, n/em2, E>1Mev

A

YA-2 (Cu. 17 ,N1L56)

10
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MATERIALS AND HEAT TREATMENT

TABLE 1)

Chemical Composition* (wt %)

Materisl ")

Series )

Plate | 17
Plate 2 24
Weld | .56
Weld 2 .20
Series 2

Plate 3 09
Flate 4 09
Weld 3 07
Weld 4 0%

b Heat treatment

(1) Austenitized 1600 F (871 C) 4 hr, WQ, tempered 1200 F - 1250 F (649.677 C);
stress relief aru onied 1150 F (821 C) 40 hr, furnace coolec to 600 F (316 C)

(2) Interstage stresy relief annealed 1100-1150 F (583.621 C) 4 hr minimum;

009
008 _
018
016

009
011
010
004

22
28
14
A3

20
21

16
18

1.29
1.40
1.38
1.11

1.29
1.38
1.18
1.28

Q15

011

012
Q13

017
Qie
010
010

*=Co <.013; Nb, W §.01; Zr §.002; B §.0008; N §.012;V 5.01;As §.013; 5n §.008; Ti §.01.

21
23
22
A7

22
28
25

19

56
62
78

04

58
.66
A8
.09

Cr

10
11

N

0%

'

04
06

postweld stress re..af annealed 1150 F (621 C) 40 hr, furnace cooled to 600 F (316 C).

f«not determined.

Material

Cu
(wt %)

Normal Copper, Saries 1

Plate |

Plate 2

Weld |

Weid 2

Low Copper, Series 2
Plate 3

Plate 4

Weld 3

Weld 4

‘—Transvarse orientation, dupiicate tests

G

24

.36

20

07

.08

(75 F) 0.226-in. dia. specimens
(550 F) 0.226 or 0.252:in. dia. specimens

bee 75 F, 005 Inch/min crosshead rate

t= 75 F, 05 inch/min crosshead rate
‘=580 F, .08 inch/min crosshead rate

TABLE W
TENSILE PROPERTIES OF PLATES AND WELD DEPOSITS

Yield Strengthe

57
59

85
53

87
82
59
62

(0.2% Offset) Tensile Strength
(ksi) (MN/m?) (ksl) (MN/ma)
€1.3 428 858 599
60.0¢ 419 85 g 599
54,8 383 82.5 576
67.» 470 90.3 631
67.5¢ 472 90.8 634
60.0# 419 87.8 613
66.6 465 89.3 624
72.0¢ 503 92.5 546
645 451 85.3 596
748 5§23 87.8 613
72.00 503 86.3 603
63.0¢ 440 83.5 583
63.9 446 B854 §97
66.1' 462 858 599
58.8¢ 411 82.2 574
64 .8 453 86.5 604
659 460 87.4 611
61.6 430 B6.9 607
71.18 457 86.4 604
73.8 516 86.3 603
65.5 458 840 587
72.4 506 86.0 601
73.% 513 85.9 600
659 458 82.7 578

Al

027
02
02
004

027

02

004
<.001
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TABLE IV

NOTCH DUCTILITY PROPERTIES OF PLATES, WELD DEPOSITS, AND WELD HEAT AFFECTED ZONES (MAD)
AS-FABRICATED AND AFTER 8§50 F (288 C) IRRADIATION

¢

A. AS-FABRICATED

Cv Trarsition Temperature
Cv Energy 30 f.ib index S0 f.ib index Cv Upper Shei!
. L NDT . e Energy
Material (deg F) ) (f1-1b) deg F) (deg C) (deg F) (deg C) (Mb)
Plate | ¥ 4 § | S 4

HAZ 1 g

Plate &

B. IRRADIATED CONDITION

Cv Transition Temperature .

— " —— Cv Upper Shelf
30 f1-1b index 50 R.Ib index Energy

Material deg F deg C : (deg F) (deg C) (M-} A{M-1b)

4 ¢ Q99

Plate 4

MAZ 4
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(4)

(6)

(7)

(8)

(%)

(10)
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