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DISCLAIMER OF RESPONSIBILITY

This document was prepared by Yankee Atomic Electric Company ("Yankee®).
The use of information contained in this document by anyone other than Yankee,
or the Organization for which this document was prepared under contract, 1§
not authorized, and with respect to any uynauthorized use, neither Yankee nor
fts officers, directors, agents, or employees assume any obligation,
responsibility, or 1iability or make any warranty or representation as to the |
accuracy or completeness of the materia) contained in this document, |
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ANALYSIS OF SEABROOK STATION UNIT ] REACTOR YESSE(
SURVELLLANCE CAPSULE U

1.0 SUMMARY OF RESULTS

Capsule U, the first Seabrook Station, Unit 1, Reactor Vessel
Surve 1lance Capsule was removed from the Seabrook vessel in August 1991,
after 333 37 effective full power days (EFPD) of operation. The analyses of

the capsule
conclusions:

R77\253

test specimens and neutron dosimetry led to the following

The capsule received an average neutron fluence (E>iMey) of
3.11 x 1018 nlcmz. This is equivalent to the fluence which will
be received at the reactor vessel inner diameter after
spproximately four (4.0) effective full power years (EFPY) of
operation.

The reactor vessel lower shell plate materia), R1BOB-3, was
included in the surveillance capsule as the 1imiting plate
material. For its Charpy specimens oriented in the longitudinal
direction (LT), the 30 and 50 ft-1b transition temperatures
increased by 36°F ang 34°F, respectively. The plate’'s
transversely (TL) oriented Charpy specimens experienced increases
in the 30 and S0 ft-1b transition temperatures of 28°F and 20°F,
respectiveiy., The shift in the 35 mils-lateral-expansion (MLE)
index temperature was 24.5°F for LT specimens and 15°F for the TL
specimens,

The weld meta) irradiated to 3.11 X 10'® n/cm® experienced 30 ft-
b and 50 ft-1b transition temperature increases of 10°F and 15°F,
respectively.

The average upper shelf energy for transversely oriented specimens
from lower shel)l plate R1B0B-3 decreased from 79 ft-1bs to 72 ft-
1bs after irradiation to the fluence of 3.11 X 10% n/emé. The
weld metal, exposed to the same fluence as the plate material,
experienced 3 decrease in upper shelf energy from 160 ft-1bs to
129 ft-1bs. The plate and weld materials exhibit upper shelf
energies for continued safe plant operation. The upper shelf
energy for these materials is expected to be maintained above 50
-1b throughout vessel life as required by 10CFRS0, Appendix G.
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. The adjusted RTy,y values for the plate and weld material, based
on the surveillance capsule data, are within the twe standerd
devistions of Regulatory Guide 1.99, Revision 2, predictions.
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| 2.0 INTRODUCTION

| The Seabrook Station Unit No, 1 Reactor Vessel Radiation Surveillance
Program 1s described in Westinghouse Report WCAP-10110, dated March 19830
The program utilizes six surveillance cepsules. Each capsule contains 60
Charpy V-notch specimens, 9 tensile specimens and 12-1/27 compact test
specimns, The cepsules contain vesse) plate material R1BOS-3 with Charpy
specimens oriented in the longituding) ard transverse airection, weld metal
and HAZ material, Each capsule provides accelerated data relative to

| concurrent reactor vessel inner wall material condition, since the capsules
are located in the reactor on the neutrgon shield pad between the core barrel
and the reactor vessel wall, opposite the center of the core. Tne
surveillance program meets the requirements of ASTM £-185-79, *Standar’
Practice for Conducting Surveillance Tests For Light-Water Cooled Nuclesr
Power Reactor Vessels.®

The first surveillance capsule in this program, designated Capsule U,
was removed during the plant's first refueling outage in August of 1991. The
capsule was irradiatel for 333,37 effective-full-power-days (EFPD) of
operation, The capsule specimens, with the exception of the compact
specimens, were tested by B & W Nuclear Services Co.? The 1/21 compact test
specimens are being saved for future test needs. The capsule data 1s attached
as Appendix B to this report. The analysis of the specimen data and dosimetry
was performed by the Yankee Atomic Electric Co. This analysis s the subject
of this report.

1.Superscripts denote references loacted in Section 7.0 of this report.
R77\253 -3
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3.0 SUBVELLLANCE MATCRIALS AND CHEMISTRY

Bused on an evaluation of the vessel plate materfals. considering
initial RTxor values, chemistry and the irradiation pradiction methods of
Regulatory Guide 1.99, Revision 1, vesse' lower shell plate RIBOE-3 was
expected to have the highest end-of-11fe RTynr. This reactor vessel
surveillance material was supplied by the vessel fabricator Combustion
Engineering, Inc. Additionally, Combustion Engineering, Inc. supplied @
weldment made up of sections of Lower Shell Plate RIB0O8-3 and the sdjacent
Lower Shell Plate R1B0B-1, This weldment was made using Weld Wire Heat No,
4P6052 and Linde flux 0091, Lot No. 0145, The reactor vessel beltline weld,
intermediete and lower shell longitudinagl weld seems, and the intermediate to
lower shell girth welds, were all fabricated using the above weld wire/flux
combination., Therefore, the weld supplied for the surveillance program is the
limiting weldment., The chemical analyses, heat treatment history, drop weight
and RTypr values for the materials used in the beltline region of the Seabrook
Station Unit No. 1 are provided in Appendix A to this report. The tables are
reproduced from the Westinghouse description of the Surveillance Program,
WCAP-10110%.
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4.0 PRE: AND POST:IRRADIATION TEST RESULTS
4.1 Baseline Data, WCAP 10110

The surveillance program materials were tested in the unirradiated or
baseline condition by Westinghouse and these results are reported in
Westinghouse report WCAP-10110.1 The Charpy impact test results of the base
1ine data reported in WCAP-10110 are shown in Table 4-1 as the zero fluence
values. The tensile data is shown in Table 4-2 as the zero fluence values.

4,2 Jrradisted Data, BAW Report BAW-2157

The Capsule U test specimens and dosimetry were tested by B & W, as
mentioned previously. The test data is provided as Appendix B to this report,
The Charpy impact results from the irradiated capsule is listed in Table 4-1
with the unirradiasted data. The irradiated Charpy date were analyzed using
the EPR] Tanh Curve Fitting Routine, Version 1.8 (see Section 4.3). The upper
shelf energy values were calculated using the averaging technique described in
ASTM E-185-823. and 1ts current revision due for issuance in 1992, The
tensile data from the surveillance capsule is 1isted in Table 4-2. The
effects of irradiation on the tensile properties are shown graphically in
Figures 4-1 through 4-3, Al] data were analyrzed in accordance with the 1982
revision to ASTM £-186% as specified by 10CFR50, Appendix H, "Resctor Vessel
Material Surveillance Program Requirements.”

4.3 Jaoh Curve Fits

ASTM E-185-827 defines the Charpy V-notch impact test trangition
temperature as “"the difference in the 30 ft-1bf (41J) index temperatures for
the best fit (average) Charpy curve measured before and after irradiation.®
There are two methods employed in the industry for determining the best fit
Charpy curve, The first is to “"eye® the dats and draw 2 best fit curve
through 1t; the second is to use & hyperbolic tangent function (Tanh) and
cernuter 1t the data to determine the best curve shape. EPRI, in conjunction

ndust. ¢ experts, developed a computer routine for fitting Charpy test

th the Tanh function. The advantage to using this computer routine 1s
~v: ‘he curve fits are performed in a consistent manner. This reduces scatter
in .he reported shift data. To generate the irradiated Charpy results
reperted in Table 4<1, the EPRI Tanh Curve Fitting Routine Version 1.8 was
used on the data reported in BAW-2187,

(VRAVER s



‘Benngl] 1N

For the Seabrook Station Unit 1 Resctor Vessel Surveillance Program, the
fnitial (unirraciated) Charpy values for the 30 ft-1b and 50 ft-1b fixes (T4
anz Tgp) and for the 35 mils-latera) -expansion (MLE) are documented in
Westinghouse Report WCAP-10110. The irradiated values will be those generated
by usin ~“e Tanh computer fit, Table 4-3 provides ¢ comparis~a of the
Westinghouse (baseline) reported values, B & W (irradisted) reported values,
and the Tanh fit values.

4.4 Results

The tensile results are presented in Table 4-2 and graphically in
Figures 4-1, 4-2, and 43, The irradiated yield and tensile strengths
increased slightly over the unirradiated values. The properties which measure
ductility, reduction in area and elongation, decreased with irradiation
These changes are 8 result of irradiation induced microstructural changes and
were expected. The tensile property changes will not effect reactor vesse)
operation,

The Charpy data, presented in Table 4-1, showed increases in the Charpy
transition temperatures (T4, Tgo, MLE) and slight decresses in the Charpy
upper shelf energies of the various materials, These results are shown
graphically for the surveillance plate R1B0B-3 specimens in Figure 4-4
(Tongitudinal orfentation) and Figure 4-5 (transverse orfentation). The weld
metal results are shown' graphically in Figure 4-6 and the heat-affected-zone
(HAZ) material is shown graphically in Figure 4-7 ., A1) graphs of Charpy data
show the curve fit using the Tanh function for both the unirradiated and
frradiated data. This was done in order to produce the graphs with computer
software.

R77\253 . X



.

s £S2Z\LLH

2iqesL|ddy 10§ - ¥N
“ZE-SBI-J WASY WA im B0uRpIGISR Wi [SI2-MYE Ui PILEUDLSID san|Ba Ayl 40 eBRJeAR 3yl Bulsn pauiwsalep i ASisus j|ays Jaddp )
35045 M i0o0 St Yem 45 St wibuew 43 TIHL4S Plem 3yl S04 3404 %65 x G0 SI YOIgA Jupl
St wiboRw Byl “iys W4 Yl 40y Ceyep Aduey) pue JySiam dOUP LO PeSEq Poylam FALIVAISSHOO B SL GIIYM ODEZ-GN TII] uoiides “epod
MY Ga LA SOUEPUCIDE i peuimsalep ssem si0%iy i3 ul syl IsAedeq 0492 01 3as st 'ewbis iy (ei3iuy prem pue (11) 3eyd eyl Joj

108 ug jo anies ueew
YL SWLl G PERONE L0u Peau “valis JeYl JMRONS [RIAE ISRG JO) 3.1 PUR SPER JO) 487 i “ewbis um,_Nm-lo: + ewbis) L2 - uibaey

put wiBumy + 355 U5y o Wy cqup o 08 rpy
T asaym ,56 1 3ping Asojeinbay Duisn pouiwsdlap aue aSa»« paisnipe eyl (9)

‘81 S0is4es aulinoy
Buiilig 3aum) el 1ud3 #41 Buisn 2661 YouRn PRI TUSIZ-AVE Ui PIlU0das FIEP 15I) WO, PRALIID Si WIEP “((2I) 9304 @es) 35A 404 3da0xj (%)

TIL0N
-y £5- ° 11 565 s 09- - 3¢ vor- - £0 (#)
. S01- .- 621 - 021~ -- - 091- " 0 7w
81 - ol 621 si o€ - or ot 05- ,- €0 (%)
.- 05- -- 091 .- sy - - 09- 09 0 s
st <9 e 24 0z 08 9% a2 Bt .- €0 (%)
05 -- 64 -e 09 -- -- ot ov 2 Vi £-80818 ON 334
s 02 s 0 9s R11 v » -- 3¢ {44 - £0 ()
-- 0 -- s21 -~ ¢ - -- 52- “w e 11 C-608lE “on 9|4
!f
™ = 2088 S81-13 . 4o S Wikiive
14188 1ggms m.h r._n.ﬁ 1w ..m.» :m.: 613
IMSE I SE 56 3 (3,350 1 (q831SnrgY 1 WILIND  3OM3IN4

ARSI NS T ST T S SR Y



e e e e e i

e

fase Lise Pranerties Do Ber RCAP- 10110
lrradiated Dota Per BAW 2157
FLUENCE  TEST RED.  TOTAL  UNIFORM
£419  TEMP.  UTS .28 YS IN'_ ELONG.  ELONG.
MATERIAL  n/cm o kST K§1°  AREA y i
PLATE 0.00  75.00 92.00 74.00 65.00 24.00 14.50
R1808-3 500  75.00 91.00 70.00 68.00 27.00  14.50
0.00  300.00 85.00 64.00 68.00 24.00  13.00
0.00  300.00 B85.00 65.00 66.00 24.00 13.00
0.00  560.00 89.00 63.00 61.00 24.00  14.00
0.00  §50.00 ©9.00 6€3.00 63.00 24.00 13.00
0.30  70.00 94.20 73.60 63.50  23.70  9.80
0.30  300.00 B86.60 67.60 65.40  20.50  8.30
0.30 560,00 91.10  67.30 _ 62.10 _ 19.40 _ 7.80
PLATE 0.00  75.00 91.00 71.00 §5.00  26.50  16.50
R1808-3 560  75.00 91.00 71.00 $6.00 26.50  15.50
0.00  300.00 86.00 66.00 53,50 21.00  12.00
0.00  300.00 86.00 66.00 €5.00 22.00  12.00
0.00 550,00 88.00 63.00 51.50  21.00 13,00
0.00 55000 88,00 64.00 47,50 24,00 15,50
0.30  70.00 94.10 73,30 54.30 21.40  9.50
0.30  300.00 85.70 67.20 5.90 17,80  7.80
0.30 550,00 91.30  66.40 _ 48.30  15.90 _ 7.90
NELD 0.00  75.00 87,00 75.00 71.00 27.00  15.00
MATERTAL
0.00  75.00 88.00 74.00 75.00 28.00  14.00
0.00  300.00 81.00 68.00 73.00 18.00  §.00
0.00  300.00 81.00 67.00 73.00 23.00  10.00
0.00  650.00 B85.00 66.00 67.00 22,00 10.00
0.00  550.00 84.00 65.00 71.00 22.00  11.00
0.30  70.00 90.00 76.00 72.50  23.70  8.90
0.30  300.00 83.70 70.50 71,70 21.20  7.50
0.30  550.00 87.70  69.40  69.30 18,00  4.80
R771263 8-
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ALomparison of Tanh Computed Charpy Valugs 10

Mestinghouse and BEW Reported Values
MATERIAL PARAMETER Tanh WESTINGHOUSE BAW
e i e e A e e e s o et e e e e
Unirregiated Doty
Plate Y30 28 - 25°F
R1808-3 1 -4°F 0°F
LT 33&LE -6°F 0°F
Plate Tis 9oF 10°F
R1808- 3 T 58°F 60°F
TL 3gNLE 46°F S0°F
(a) Teo +139°F +120°F
33HLE <126°F - 105°F
WELD Ta6 750 -60°F
1 ~50°F ~45°F
JgaLE ~47°F «50°F
lrradisted Dats
R1808-3 T 34°F ‘5 40°F
LT 3gaLE 24°F . 26°F
Plate Tso 38°F = 39°F
R1808-3 T EO°F . 78¢°F
TL 3§aLE 65°F . 68°F
HAZ T;o '10"' R 'BS’F
(a) T -60°F -t -41°F
3ggL£ 37°F v “47°F
NELD Tsp -50°F = -56°F
T -30°F . < 38°F
3galf +32°F - ~40°F

Note (a) HAZ data exhibit significant scatter which 1s typical of HAZ
material,

R77\253 *9-



TENSILE PROPERTIES FOR SEABROOK STATION UNIT 1
Figure 41 REACTOR VESSEL PLATE R1808-3 LONGITUDINAL PROP.
UNIRRADIATED AND 'URVEILLANC! CAP'UL! U DATA
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TENSILE PROPERTIES FOR SEABROO). "TATION UNIT 1
Figur. 4-2 REACTOR VESSEL PLATE R180C-5 TRAWEVERSE PROP,
UNIRRADIATED AND SURVEILLANCE CAPSULE U DATA
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TENSILE PROPERTIES FOR SEABROOK STATION UNIT 1
4-3 REACTOR VESSEL WELD METAL
UNIRRADIATED AND SURVEILLANCE CAPSULE U DATA
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SEABROOK STATION UNIT NO, 1
Figure 4-4 CAPSULE U SURVEILLANCE RESULTS
LONGITUDINAL CHARPY IMPACT DATA - MILS LAT, EXP

SEABROOK STATION UNIT NO. 1
CAPSULE U SURVEILLANCE RESULTS
LONGITUDINAL CHARPY IMPACT DATA




: SEABROOK STATION UNIT NO. 1
Ju_re &=s CAPSULE U SURVEILLANCE RESULTS
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SEABROOK STATION UNIT NO, 1
Jure & CAPSULE U SURVEILLANCE RESULTS
WELD METAL CHARPY IMPACT DATA - MILS LAT, EXP
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where Y is the yield and N is the number density and is calculated as:

NO
N = f
™
where:
No - Avogadro's number,
M - atomic weight of parent nuclide,
f - abundance of the parent nuclide.

As provided in Reference 12, the neutron fluence rate (flux) can be
calculated &s follows:

alf »

where 9 {5 the spectrum averaged cross section, The spectrum
averaged cross section ror E > 1 Mev is calculated as:

{o(zms)ac
a-

j o(E)dE
IMev

6.4 Results

Using the procedures in Section 6.3, the flux for E > 1 Mev can be
calculated. The nuclear parameters for the dosimeters are provided in
Table 6-1. The irradiation pericd, power ratio for the irradiation period and
decay time are provided in Table 6-2. The decay time reflects the correction
of the measured activity to reactor shutdown. Table 6-3 provides the measured
activity, saturation activity and reaction rate for the dosimeters. Seabrook
is the same class as a number of Westinghouse reactors.?* % In this case,
class is defined by the location and dimensions of the core barrel, reac.or
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vessel, and surveillance capsules. Spectrum average cross sections for this
¢lass of plants has been calculated by Westinghou.e °1°?% and are provided in
Table 6-4 for the dosimeters of interest. Using the measured reaction rate
and the spectrum averaged cross section, the flux is calculated and provided
in Table 6-5. With the flux and the Seabrook irradiation period of 333,37
effective-full-power-days or 0.91 effective-full-power-years the fluence of
each dosimeter wes calculated and is presented in Table 6-5. The average
value of 211 dosimeters is 3.11 x 10'®. This value compares favorably to the
other westinghouse reactors °1°2% in the Seabrook class as presented in

Table 6-6.
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JABLE 6-1

Nuclear Paragmeters for Neutron Hlux Monitors
Target

Monitor Reaction Weight Response Product

Material of lnterest Fractien ~Range Half-Life
Copper Cu®3(n,a)C0%0 0.6917 4.7 MeV §.272 years
Iron Fe%(n,p)Mn®t 0.058 £>1.0 MeV 312.5 days
Nickel Ni®8(n,piCo®® 0.6827 £>1.0 MeV 70.82 days
Uranium- 238+ u233(n, frcst?’ 1.0 £50.4 MeV 30.17 years

Neptunium-237+ N2 (n.ics?¥ 1.0

*Denotes that monitor is cadmium shielded.
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JABLE 6:2

Irradiation History of Neutron Sensors Contsined in Capsule U
Irradiation ¥ Irradiation Deca,
Period Bi pise Lime (days) Iime (doys)

3/90 41 0.012 11 481
4/90 174 0.051 30 451
5/90 48 0.014 31 420
6/90 771 0.226 30 390
7/90 2060 0.604 31 359
8/90 2702 0.792 3l 328
9/90 3217 0.943 30 298
10/90 2581 0.874 31 267
11/90 1569 0.460 30 237
12/50 3408 0.999 31 206
1/91 3408 0.999% 31 175
2/91 2453 0.719 28 147
3791 3138 0.920 3l 116
4/91 2688 0.788 30 86
5/91 3408 0.993 31 §5
§/91 2736 0.802 30 25
7/91 2159 0.633 25 0

P o= 34]1 MWt
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i n n r
Monitor and Measured Activity Saturated Activity Reaction Rate
Axig) Location (dis/sec-gm) (dis/sec-qm) (reactions/sec-atom)
cu®3(n,g)Co"8

Top 5.15 x 104 4.71 x 10° 7.18 x 10"V
Middle 4.67 x 104 4.27 x 10° 6.51 x 10"
Bottom 4.60 x 10* 4,20 x 10° 6.40 x 1077
Average 4.81 x 10* 4.39 x 10° 6.69 x 10737

£ a4 n 54

Top 2.13 x 108 4.43 x 10° 7.08 x 1071°
Middle 1.92 x 108 3.99 x 10° 6.37 x 10°1%
Bottom 1.87 x 10° 3.88 x 10° 6.20 x 10°1%
Average 1.97 x 108 4.10 x 108 6.55 » 10745

N158(n p)Co%

Top 5.39 x 19° 6.80 x 197 9.71 x 10719
Middle 4.97 x 10° 6.27 x 10’ 8.95 x 10715
Bottom 4.88 x 10° 6.16 x 107 8.79 x 10715
Average 5.08 x 10° 6.41 x 10 9.15 x 10715

y238(p #1513
Middle 1.25 x 10°
Corrected* 1.07 x 10° 5.25 x 108 3.46 x 10714
423 (n )51
Middle

*Corrected by 0.85 for U-235 fissions and Fu build-in.

R77\253 ~g1-



G SRS 5
e T

keaction g (barns)”
cu®¥(n.a) Co®° 0.00070

Fe®¥(n,p)Mn4 0.0583
¥i%8(n,p)co%® 0.0790
U38(n, ficst? 0.320

Np?¥ (n, £rcstd 3.30

* Yslues from References 21-25
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Measured
Reaction Rate
Reaction = f(reactions)
cu®3(n,a: Co®® 6.69 x 10717
Febd(n ~)Mn® 6.55 x 10°1°
Ni%8(n,pICo°® 9.15 x 10715
UE38(n, £)cstY 3.46 x 1014
Np237(n.f)Csl37
Average
R77\253

JABLE €:5

¢ (E > 1.0 Mey) (n/cm?-sec)

ron

o (E> 1.0 MeV) (n/cm?)

1
1
1

3

.29.

Measured
0.96 x 10!}

12
.16
.08

23

x 1031
x 101
x 101

x 1011

3.24

3

Measured
2.75 x 108

.34

3.11

11

X 1018
X 1018
x 1018

X 10la



T . il et i e

Comparison of

TABLE 6°6

IRRADIATION TIME

(EFPY)

Average Fluence for Capsule U
to Other Westinghouse Reactors

FLUENCE
(n/cm®)

Callaway Unit 1 1.05 '3.27 x 1018
| cetawva unit 1 0.79 3.08 x 10'8
Wo)f Creek 1.08 3.39 x 108
Byron Unit 1 1.15 3.50 x 1018
Braidwood Urit 1 1.10 3.79 x 1018
I Seabrook 0.91 3.11 x 1018
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r Shell

h

r Pr

1

Chemica) Composition(®)

(weight %)

Eipmpos Plate R1808-1 Plate R1808-2 | Platel®) R1808-3
¢ .22 .22 .20
Mn 1,39 1.36 1.45
p 005 .007 007
5 .010 012 .010
51 .22 21 .24
N .58 57 67
Mo .58 .56 .55
Cr .04 .03 .06
Cu .05 .05 .06
Al 017 021 .028
Co ,009 009 010
Pb (c] (c] [ec]
W <.01 ¢.01 <.01
T ¢.01 <.01 <.01
Zr <.001 <.001 <.001
v 004 004 003
Sn 001 002 011
As 002 001 .006
Cb <.01 <.01 <.01
N .007 .008 .008
B <.001 <.001 <.001

[a]
(bl

[cl

Chemical Analysis by Combustion Engineering, Inc.
Surveillance Program test plate.

Not detected.
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1ysis of § i 11_p1
Used in the Core Region of the Seabrook Station
n R P r 1
Chemical Composition{®]
(weight %)

i Plate R1806-1 Plate R1806-2 Plate R1806-3
C .25 .22 21
M 1.47 1.33 1.33
p 012 .007 .007
S 012 .009 012
51 .22 21 .23
Ni .64 65 65
Mo .59 .59 .58
Cr .08 .04 .03
Cu .04 .08 .07
Al .024 .018 .027
Co .014 012 .012
Pb (5] (b) (b)
W .02 .01 .02
Ti <.01 ¢.01 <.01
Zr .001 ,001 .001
v .006 .004 .004
sn .003 .004 .004
As .006 .007 .07
Cb ¢.01 <.01 <.01
N, .010 .008 .010
3 <.001 <.001 <.001

fal  chemical Analysis by Combustion Engineering, Inc.

(8] Not detected.
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TABLE A-3

Chemical Analysis of the Weld Metal
Used in the Core Region of the Seabrook
Station Unit No. 1 Reactor Vessel

Intermediate
intermediate Shell Lower Shel) Te
Longitudinal Seam Longitudinal Sea Lower Shell
(i01-124 A, 8. & ©) {(i01-142 A, B. & ) a) Girth Weld am
(101-171>'*
Chemical Composition
{weight %)
flement £ e P S S1 LR Mo ir I Cu Al Co Pb W 71 1= ¥ Sn A s lj
Wire/Flux 13 i.2¢ 008 .o 12 .02 .50 .0 .07 002 L09%
Test 7?
Sample'®
CL Weld .15 1.3% .007 .008 .14 .10 .53 03 .02 <.001 .008 <.001 <.0% .01 <.001 . 004 L0032 .01 .0 .81
TesE ?locu
.c. b
%Ield Test .14 1.21 .010 .0es .14 .05 .50 025 02 002 .00% <.001 <.00 {.007 <.002 002 .ona . 006 <.002 .0o8
Tock
.D?fc)
{a)

3
[c)

R77\253

Weld Wire Heat No. 4P6052, Linde 0091 flux, Lot No. (145.
Combustion Engineering, Inc. Certification Repo~ts.
Westinghouse Analysis.
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r H r r
Station Unit No. 1 Reactor Pressure yessel
r P m
Material Temperature (°F) Time (hr) Cooling
Lower Shell Plates Austenitizing: 4 Water-quenched
R1808-1-2-3 1600 ¢ 25
Tempered: 4 Air-cooled
1225 £ 25
Stress Relief: 16 Furnace-cooled
1150 ¢ 50
Intermediate Shell Austenitizing: 4 Water-quenched
Plates R1806-1-2-3 1600 % 25
Tempered: 4 Air-cooled
1225 ¢ 25
Stress Relief: 16.5 Furnace-cooled
1150 ¢ 50
Lower Shell Plate Stress Relief: 16 Furnace-cooled
Longitudinal Seam Welds 1150 # 50
Inter. Shell Plate Stress Relief: 16.5 Furnace-cooled
Longitudinal Seam Welds 1150 £ 50
Intermediate to Lowe: Stress Relief: 12.50 Furnace-cooled
Shell Girth Seam Weld 1150 # 50
Surveillance Program Test Material
Surveillance Program Austenitizing: 4 Water-quenched
Test Plate R1808-3 1600 + 25
Tempered: 4 Air-cooled
1225 £ 25 .
Stress Relief:[" 16.25 Furnace-cooled
1150 £ 50
Weldment Stress Relief:(d] 17 Furnace-cooled
1150 + S0

(a] The stress relief heat treatment received by the surveillance test plate
and weldment have been simulated.
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JABLE A-S
I«om‘.BIuori_nnﬂ.%nns;_ﬁn:JfAiazxsx for
L1he Seabrook Station Unit No. 1 Reactor

Pressure Vessel Core Region Shell Plates

and Weid Meta)
ol ) Upper Shelflel
Thor' RTyor'® Energy
Material (*C) (°F) (°C) (°F) (J) (ft
1b)
Lower Shel]
Plates:
R1808-1 ~34 =30 4 40 106 78
R1808-2 -29 -20 +12 10 104 77
R1808-3L0] 29 -20 4 40 106 78
f Intermediate
| Shell Plates:
R1806-1 -34 =30 4 40 111 82
R1806-2 -34 -30 -18 0 138 102
R1806-3 -40 -40 -12 10 156 115
Intermediate Shell and
Lower Shell Longltrfina\ +51 -60 «51 -60 212 156
Seams-Weld Meta)(cl(d]
and the Intermediate to
Lower She1% irth Seam-
Weld Metatlcll

(2]  pata by Combustion Engineering, Inc.
(81 surveillance Program test plate.
(€] Weld Metal Heat No. 4P6Us2, Flux Type 0091, and Lot No. 0145,

| (dl Combustion Engineering Surveillance Weld Test Plate "C ‘ertification
Report.
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2. BACKGROUND

The ability of the reactor pressure vessel to resist fracture is the primary
factor in ensuring the safety of the primary system in 1ight water-cooled
reactors. The beltline region of the reacter vessel is the most critical region
of the vessel because it is exposed to neutron irradiation. The general effects
of fast neutron irradiation on the mechanical properties of such low-alloy
ferritic steels as SA533, Grade B, used in the fabrication of the Seabrook
Station Unit 1 reactor vessel, are well characterized and documented in the
Titerature. The low-alloy ferritic steels used in the beltline region of reactor
vessels exhibit an increase in ultimate and yield strength properties with a
corresponding decrease in ductility after irradiation. The most significant
mechanical property change in reactor pressure vesse)l steels is the increase in
temperature for the transition from brittle to ductile fracture accompanied by
2 reduction in the Charpy upper-shelf energy value.

Appendix G to 10CFRS0, “Fracture Toughness Requirements,"® specifies minimum
fracture toughness requirements for the ferritic materials of tne pressure-
retaining coaponents of the reactor coolant pressure boundary (RCPB) of
water-cooled power reactors, and provides specific guidelines for determining the
pressure-temperature limitations on operation of the RCPB., The toughness and
operational requirements are specified to provide adequate safety margins during
any condition of norma) operation, including anticipated operational occurrences
and system hydrostatic tests, to which the pressure boundary may be subjected
over its service lifetime. Although the requirements of Appendix G to 10CFR50
became effective on August 13, 1973, the requirements are applicable to all
boiling and pressurized water-cooled nuclear power reactors, including those
under construction or in operation on the effective date.

2-1
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Appendix H to JOCFRS0, “Reactor Vessel Materials Surveillance Program
Requirements,*® defines the material surveillance program required to monitor
changes in the fracture toughness properties of ferritic materials in the reactor
vessel beltline region of water-cooled reactors resulting from exposure to
neutron frradiation and the thermal environment. Fracture toughness test data
are obtained from material specimens withdrawn periodically from the reactor
vessel. These data will permit determination of the conditions under which the
vessel can be operated with adequate safety margins against fracture throughout
fts service life,

A method for guarding against brittle fracture in reactor pressure vessels is
described in Appendix G to the ASME Boiler and Pressure Vesse) Code, Sectiorn 111,
"Nuclear Power Plant Components.** This method utilizes fracture mechanics
concepts and the reference nil-ductility temperature, RT,,,, which is defined as
the greater of the drop weight nil-ductility transition temperature or the
temperature that is 60F below that at which the material exhibits 50 ft-1bs and
35 mils lateral expansion. The RT,,, of a given material is used to index that
material to a reference stress intensity factor curve (K, curve), which appears
in Appendix G of ASME Section 111, The K, curve is a lower oound of dynamic,
static, and crack arrest fracture toughness results obtained from several heats
of pressure vessel steel. When a given material is indexed to the K, curve,
allowable stress intensity factors can be obtained for this materia) as a
function of temperature. Allowable operating limits can then be determined
using these allowable stress intensity factors.

The RTyor and, in turn, the operating limits of a nuclear power plant, can be
adjusted to account for the effects of radiation on the properiies of the reactor
vessel mateiials. The radiation embrittlement and the resultant changes in
mechanical properties of a given pressure vessel steel can be monitored by a
surveillance program in which a surveillance capsule containing prepared
specimens of the reactor ves.el materials is periodically removed from the
oper-*‘ng nucrlear reactor and the specimens are tested. The increase in the
Charpy V-notch 30 ft-1b temperature is added to the original RT,,, to adjust it
for radiation embrittlement. This adjusted RT,,, is used to index the material

2-2
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to the K, curve which, in turn, is used to set operating 1imits for the nuclear

power plant. These new limits take into account the effects of irradiation on
the reactor vesse)l materials.
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3. POST-IRRADIATION TESTING

... Yisyal Examination and Inventory

A1l specimens were visually examined and no signs of abnormalities were found.
The contents of the capsule were inventoried and found to be consistent with the
surveillance program report inventory. There was no evidence of rust or of the
penetratior of reactor coclant into the capsule. The compact fracture toughness
specimens and three-point bend bar were stored for future disposition,

2.2, Thermal Monitors

Surveillarce Capsule U contained temperature monitor sets in each of three holder
blocks. T-- holder blocks each contained one thermal monitor. The monitors
Tocated at t'e top and bottom of the capsule are designed to melt at 579F and the
monitor located at the midpoint of the capsule is designed to melt at 590F. The
holder blo.ks were radiographed for evaluation. None of the three sets of
thermal monitors exhibited any signs of melting. From these data, it was
concluded that the irradiated specimens had been exposed to a maximum temperature
of less than 579F during the reactor vessel operating period, This is not
significantly greater than the nominal inlet temperature of S558F, and is
considered acceptahle for inclusion of the data in the general pool of irradiated
surveillance data. There appeared to be no significant signs of a temperature
gradient along the capsule length.

3.3, Tension Test Resylts

The results of the postirradiation tension tests are presented in Table 3-1.
Tests were performed on specimens at room temperature, 300, and 550F. They were
tested on a computer controlled 55,000-1b load capacity MTS servohydraulic test
machine at a crosshead speed of 0.005 inch per minute to yield point and
thereafter 0.040 inch per minute. A 4-pole extension device with a strain gaged
extensometer was used to determine the 0.2% yield point. Test conditions were

3-1
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—Strength, psi _fracture Properties _Elongation, ®  Reduction

Specimen Test Temp, load, Stress, Strength, in Area,

do. F Yield Ultimate _1bs _psi = __psi _ Uniform Total __ %
Base Metal, RI808-3, Longitudinal

KLZ 70 73,600 94,200 2901 162,000 59,100 9.8 23.7 63.5

KL3 300 67,600 86,600 2877 169,500 58,600 8.3 20.5 65.4

KLl 550 67,300 91,100 3009 161,600 61,300 1.8 19.4 62.1

e 1. R -3. 1 r

K12 70 73,300 94,100 3374 150,400 68,700 9.5 21.4 54.3

KTl 300 67,200 85,700 2968 137,100 60,500 7.8 17.8 55.9

K13 550 66,400 91,300 3543 144 800 74,800 7.9 15.9 4.3
Weid Metal, Transverse

K3 70 76,000 $0,000 2556 189,600 52,100 8.9 23.7 72.5

KWl 300 70,500 83,700 2565 184,600 52,300 7.5 21.2 1.7

KW2 v 69,400 87,700 2645 175,600 53,900 49 18.¢ 69.3



Table 3-2. Eharpy Impact Results for Irradiated Base Metal,
pngitudinal (L) QOrientation, from Capsule '

Y e

Test Impact Lateral shear

Specimen Temperature Energy Expansion Fracture

b - i
XL13 -40 11.0 0.009 0
KL2 0 28.0 0.025 25
KL1S 20 34.0 0.031 25
KL6 40 62.0 0.047 50
KL14 40 52.5 0.042 30
KLl 70 102.5 0.071 85
KL4 70 60.0 0.049 50
KL? 90 88.0 0.068 80
KL12 100 117,56+ 0.077 100
KLS 125 122.0* 0.085 100
KLY 125 120.0* 0.083 100
KL3 150 117.0* 0.084 100
KL1] 225 112.5* 0.076 100
KL1O 325 112.0 0.085 100
KL8 550 121.5 0.078 100

*Values used to determine upper-shelf energy value per ASTM E£185.7

Table 3-3. %harpy Impact Results for Irradiated Base Metal,
ransverse (TL) Orientation, from Capsule U _

Test Impact Lateral Shear

Specimen Temperature Energy Expansion Fracture

bl e : e
KT1 -40 12.0 0.009 0
KTS 0 15.0 0.014 20
K19 20 19.0 0.016 20
KT4 40 32.% 0.028 30
K17 70 45.0 0.036 45
KT11 100 §9.5 0.045 65
KT14 120 £8.0 0.051 60
KT8 125 71.5¢% 0.059 100
K76 150 71.0* 0.059 100
KT2 178 73.5¢ 0.062 100
KTi2 200 69.5* 0.06] 100
KT1§ 200 67.0* 0.062 100
KT13 22% 81.5* 0.065 100
KT3 325 79.5 0.071 100
KT10 550 70.0 0.062 100

*Values used to determine upper-shelf energy value per ASTM EI&S L
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Photographs of Tested Tension Test Specimens and Correspond
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4. DOSIMETER MEASUREMENTS

4.1. Introduction

One set of dosimetry from the reactor vessel surveillance capsule (RVSP) denoted
by the letter "U" was delivered to the Nucle. Environmental Laboratories by the
Failure Analysis and Facility Operations Group of same affiliation (NES).

The set consisted of seventeen dosimeters made up of shielded and unshielded
Co/Al wires, unshielded Cu, Ni, and Fe wires, and unshielded ***U and **'Np
fission powders. Cadmium sleeves were used to shield the Co/Al wires. Each
dosimeter was contained in one of three stainless steel holder blocks that were
installed in various positions in the assembly.

The dosimeters were delivered in vials identified by labels consisting of the
position of the holder block in the assembly, and the position of the dosimeter
item in the holder (see part 4.2 for explanation).

4.2, Dosimeter Preparation

Vials were prepared for the dosimeters by Tabeling them with identifications that
indicated their positions in the holder blocks. For example, the first wire in
the top block was labeled Sbl, 01-U TOP 1. When the nuclides to be analyzed were
determined by gamma scanning, the identifications were appended accordingly. For

example, Sbl, 01-U TOP ] Cu. This identification code stands for Seabrook Unit
1, Cycle 1 Capsule U, Top holder block, first wire, Copper.

The stainless steel fission powder capsules were clamped in a metal-working vise
which was mounted by a suction cup in a hood. A flat mill-bastard file was used
to file the capsules open.

The cadmium-covered wires had been crimped at the ends so that the wires had to
be removed by "nibbling" through the shield with diagonal cutters and removing
the wires.
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The dosimeter wires were cleaned by washing in reagent grade acetone, blotting
dry with a laboratory towel. Each dosimeter wire diameter was measured with a
certified micrometer caliper, and weighed on a certified analytical balance.
Each was then mounted in the center of a PetriSlide™ with double-sided tape.
Wires over 1/2" in length were bent in a "N" before mounting.

The exact oxide compositions of the uranium and neptunium dosimeters were
uncertain. It was not possible to correct for self-absorption of the powders,
s0 it was necessary to dissolve them and put them into geometries for which our
gamma spectrometer was calibrated. This was the 20 cc 1iquid scintillation vial
geometry. The uran.um dosimeters were dissolved in BN HNO, and diluted to ca.
20 mL with the same acid in a pre-weighed 20 cc scintillation sial. The
neptunium dosimeters were digested in 6N HC1/16N HF with addition of H,0, in
increments until dissolved. These were also diluted up to 4. 20 mL in a pre-
weighed 20 cc scintillation vials.

4.3. Quantitative Gamma Spectrometry

Each of the dosimeters, in the PetriSlide™ (point source) or 20 cc vial
geometry, was given a 300 second preliminary count on the 31% PGT gamma
spectrometer. This provided information with which to judge the best distance
at which to count the dosimeter to get a minimum of 10,000 counts in the
photopeak of interest while keeping the counter dead time below 15%. It also

provided qualitative identification of the dosimeters. This identification was
made from the presence of the gamma rays in the table below in the spectra.

Dosimeter Analyte
Cobalt %Cco @ 1332 keV from *°Co, very high activity
Iron *Mn @ 834 keV from *‘Fe
Nickel ®%Co @ 811 keV from *°Ni
Copper ®Co @ 1332 keV from *°Co, very low activity
compared to Co wires, wire has coppery color
Titanium “°Sc @ 889 keV from *°Ti
28y ¥Cs @ 662 kev, **Pa @ 1001 kev
2Np ¥7cs @ 662 kev, *°Pa @ 312 keV
4-2

BWEEX Combany




The spectra confirmed the idcntifies of the dosimeters.

The spectra were then measured quantitatively at the appropriate counting
positions and for the appropriate count times determined from the preliminary
counts,
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Table 4-2. 1Iron Desimetry Measurements from Capsuie U
_Seabrogk Station Unit No. 1

Post-Irrad.
Dosimeter No./ Target Analyte Target Shielded wWeight
- Location Material Type (Nuclide Nuclide Abundance {(Yes/No) _ (Grams}
Sbl, 01-U Top 2 Iron Wire fFe-54 Mn-54 0.058 No 0.08056
Sbi, 01-U Mid 2 Iron Wire Fe-54 Mn-54 0.058 No n.08135
Sbl, 01-U Bot 2 Iron Wire Fe-54 Mn-54 0.058 Ne 0.07965
Attenuation Geometry Corrected
Item Coefficient Distance Co-60 % Error Offset Activity uCi/Gram
No. " Aem.) (uCi) Co-60  _Factor  (uCi/Gram) _Target
1 5.800E-02 17.536 4 6136400 0.56 0.9957 5.762E+01 9.934E402
2 5.800£-02 17.536 4.193E400 0.59 0.9956 5.187£+01 8.943£402
3 5.8G0E-02 17.536 3.993E400 0.59 0.9956 5.045E401 8.698F+02
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Table 4-3. Cobalt Dosimetry Measurements from Capsule U
Seabrook Station Unit Ne. 1

Post-Irrad.
item Dosimeter No./ Target Analyte Target Shielded Weight
No. Location Material Type Nuclide Nuclide Abundance (Yes/No) _ (Grams)
i Sbl, G1-U Tep 3 Cobalt Wire Ce-59 Co-60 0.0015 No 0.01057

Alloy
2 Sbi, 01-U Mid 3 Cobalt Wire Co-59 Co-60 0.0015% No 0.01072
Alloy
3 Sbl, 01-U Bot 3 Cobalt Wire Co-59 Co-60 0.0015 No 0.0099%8
Alioy
Attenuation Geometry Corrected
Item Coefficient Distance Co-60 % Error Offset Activity uCi/Gram
No. " fcm.) {uli) Co-60  _Factor  (uCi/Gram) Target
1 4.532£-01 17.536 2.995E+00 0.68 0.9973 2.850E+02 1.800€£+05
2 4.532E-01 17.536 3.172E+00 0.68 0.9971 2.977E+402 1.984E+05
3 4.532E-01 17.536 3.173E400 0.67 ¢.9971 3.198E+02 2.132E4+05
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Table 4-4.

Post-Irrad.
Dosimeter No./ Target Analyte Target Shielded Weight
—Location Material Type MNuclide Nuclide Abundance (Yes/No) _ {(Grams)
Sbl, 01-U Top 4 Cobalt Wire Co-59 Co-60 0.0015 Yes 0.00862
Alloy
Sbl, 01-U Mid § Cobalt Wire Co-59 Co-60 0.0015 Yes 0.01110
Alloy
Sbl, 01-U Bot 4 Cobalt Wire Co-5% Co-60 0.0015 Yes 0.00964
Alloy
Attenuation Geometry Corrected
Item Coefficient Distance Co-60 % Error Offset Activity uCi/Gram
No. B {cm. ) {uCi) Co-60 Factor {uCi/Gram} Target
H 4.532E-01 17.536 1.309£+00 0.91 0.9972 1.528E402 1.018E+05
2 4.532E-01 17.536 1.630E+00 0.61 0.9971 1.477E402 2.249£404
3 4.532E-01 17.536 1.537E+00 0.96 0.9971 1.604£402 1.069E405

Cadmium Shielded Cobalt Dosimetry Measurements from
Capsule U Seabrook Station Unit No. 1




Table 4-5. Nickel Dosimetry Measurements from Capsule U

Seabrook Station Unit No. 1
Post-Irrad.
Item Dosimeter No./ Target Analyte Target Shielded Weight
No. __location __  Material Type \Nuclide Nuclide Abundance (Yes/No) _ (Grams)
1 Sbl, 01-U Tep 5 Nickel Wire Ni-58 Co-58 0.683 No 0.07773
2 Sbl, 01-U Mid 4 Nickel Wire Ni-58 Co-58 0.683 No 0.08024
3 Sbl, 01-U Bot 5 Nickel Wire Ni-58 Co-58 0.683 No 0.08105
Attenuation Geometry Corrected
Item Coefficient Distance Co-60 % Error Offset Activity uCi/Gram
R No. L {cm.) (uCi) Co-60 Factor (pCi/Gram) Target
- 1 0.6092 28.943 1.107E+402 0.33 0.9974 1.456E+403 2.132E403
2 0.6092 28.943 1.054£+02 0.34 0.9974 1.343E403 1.966£+03
3 0.6092 28.943 1.045E402 0.33 0.9974 1.318t+03 1.930£+03
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Table 4-6.
___seabrook 3

Dosimeter No./

—hocation

4

Dosimeter No./

—hocation

chY ~Y 17
Sbl, Oi-U FIS 2

Uranium-238 Dosimetry Measurements from Capsule U
tation Unif Ne.

Material
U-238

Distance
f

__LQYZ';_;‘ .

0.650

7. Neptunium-237 Dosimetry Measurements from

_ Capsule U Seabrook Statien Unit No, A __

Material
Np-237
Distance
Aem.)

7.387

_(uCl)

3.560E-02

Nuclide (Yes/No)

pCi/Gram

Post-Irrad.
Weight

fGrams)

0.0105

Post-irrad.
Weight

“
L

i
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6. CERTIFICATION

The specimens were tested, and the data obtained from Public Service Company of
New Hampshire Seabrook Station Unit No. 1, reactor vessel surveillance Capsule
U were evaluated using accepted techniques and established standard methods and
procedures in accordance with the requirements of 10CFR50, Appendixes G and H.

”~

Piee, Uor op-
S Lowe, Jr., P.E. Date
Project Techn1ca1 Manager

This report has been reviewed for technical content and accuracy.

270) Afz}fiii /R /92

M. J. Devan (Material Analysis) Date

M&SA Unit
Verification of independent review.
-/ ) / // 7
7 (ﬁiﬂ / J{QEjﬁ& 2Jure /2
K. E. Moore, Manager Date
M&SA Unit

This report is approved for release.

) 2/, A

T. L. Baldwin Date
Program Manager
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