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SECTION 1
SUMMARY OF RESULTS

The analysis of the reactor vessel material contained in Capsule U, the first
surveillance capsule to be removed from the South Carolina Electric and Gas
Company V. C. Summer Unit 1 reactor pressure vessel, led to the following
conclusions:

o The capsule received an average fast neutron fluence (E > 1.0 MeV)
of 6.39 x 10'8 n/en?.

¢ Irradiation of the reactor vessel intermediate shell plate A9154-1, to
6.39 x 1018 n/cm, resulted in 30 and 50 ft-1b transition temperature
increases of 40°F and 45°F, respectively for specimens oriented
parallel to the major working direction (longitudinal orientation) and
increases of 30°F and 35°F, respectively for specimens oriented normal
to the major working direction (transverse orientation).

o Weld metal irradiated to 6.39 x 10*8 n/cm® resulted in both a 30

and 50 ft-1b transition temperature increase of 30°F.

o The average upper shelf energy of the plate AS154-1 decreased from 130
to 113 ft-1bs and the 1imiting weld metal decreased from 104 to 75
ft-1bs. Both materials exhibit a more than adequate shelf level for
continued safe plant operation,

o Comparison of the 30 ft-1b transition temperature increases for the
V. C. Summer Unit 1 surveillance material with predicted increases
using the methods of NRC Requlatory Guide 1.99, Revision 1, shows that
the plate material and we . d metal transition temperature increase were
less than predicted or that the embrittiement was less than predicted.
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SECTION 2
INTRODUCTION

This report presents the results of the examination of Capsule U, the first
capsule to be removed from the reactor in the continuing surveillance program
which monitors the effects of neutron irradiation on the South Carolina
Electric and Gas Company V. C. Summer Unit 1 reactor pressure vessel materials
under actual operating conditions.

The surveillance program for the South Carolina Electric and Gas Company V. C.
Summer Unit 1 reactor pressure vessel materials was designed and recommended
by the Westinghouse Electric Corporation. A description of the surveillance
program and the preirradiation mechanical properties of the reactor vessel
materials are presented by Davidson and Yanichko.[ll
program was planned to cover the 40-year design life of the reactor pressure
vessel and was based on ASTM E-185-73, "Recommended Practice for Surveillance
Tests for Nuclear Reactors".[zl Westinghouse Nuclear Energy Systems

personnel were contracted to aid in the preparation of procedures for removing
the capsule from the reactor and its shipment to the Westinghouse Research and
Development Laboratory, where the postirradiation mechanical testing of the
Charpy V-notch impact and tensile surveillance specimens was performed.

The surveillance

This report summarizes testing and the postirradiation data obtained from
surveillance Capsule U removed from the South Carolina Electric and Gas
Company V. C. Summer Unit 1 reactor vessel and discusses the analysis of the
data.

84558 : 1b-091085 2-1



SECTION 3
BACKGROUND

The ability of the large steel pressure vessel containing the reactor core and
its primary coolant to resist fracture constitutes an important factor in
ensuring safety in the nuclear industry. The beltline region of the reactor
pressure vessel is the most critical region of the vessel because it is
subjected to significant fast neutron bombardment. The overall effects cf
fast neutron irradiation on the mechanical properties of low alloy ferritic
pressure vessel steels such as SA533 Grade B Class 1 plate (base material of
the V. C. Summer Unit 1 reactor pressure vessel beltline) are well documented
in the literature. Generally, low alloy ferritic materials show an increase
in hardness and tensile properties and a decrease in ductility and toughness
under certain conditions of irradiation.

A method for performing analyses to guard against fast fracture in reactor
pressure vessels has been presented in "Protection Against Non-ductile
Failure," Appendix G to Section III of the ASME Boiler and Pressure Vessel
Code. The method utilizes fracture mechanics concepts and is based on the
reference nil-ductility temperature (RTNDT)'

RTNDT is defined as the greater of either the drop weight nil-ductility
transition temperature (NDTT per ASTM E-208) or the temperature 60°F less than
the 50 ft 1b (and 35-mil lateral expansion) temperature as determined from
Charpy specimens oriented normal (transverse) to the major working direction
of the material. The RTNDT of a given material is used to index that

material to a reference stress intensity factor curve (KIR curve) which
appears in Appendix G of the ASME Code. The KIR curve is a lower bound of
dynamic, crack arrest, and static fracture toughness results obtained from
several heats of pressure vessel steel. When a given material is indexed to

84558 : 1b-012985 3-1




the KIR curve, allowable stress intensity factors can be cbtained for this
material as a function of temperature. Allowable operating limits can then be

determined utilizing these allowable stress intensity factors.

RTNDT and, in turn, the operating limits of nuclear power plants can be
adjusted to account for the effects of radiation on the reactor vess~’
material properties. The radiation embrittlement or changes in mechanical
properties of a given reactor pressure vessel steel can be monitored by a
reactor surveillance program such as the V. C. Summer Unit 1 Reactor Vessel
Radiation Surveillance Proqram.[1] in which a surveillance capsule is
periodically removed from the operating nuclear reactor and the encapsulated
specimens are tested. The increase in the average Charpy V-notch 30 ft b
temperature (ARTNDT) due to irradiation is added to the original RTNUT

to adjust the RTNDT for radiation embrittlement. This adjusted RTNDT

(RTNDT initial + ARTNDT) is used to index the material to the KIR

curve and, in turn, to set operating limits for the nuclear power plant which
take into account the effects of irradiation on the reactor vessel materials.

84558: 1b-012985




SECTION 4
DESCRIPTION OF PROGRAM

Six surveillance capsules for monitoring the effects of neutron exposure on
the V. C. Summer Unit 1 reactor pressure vessel core region material were
inserted in the reactor vessel prior to initial plant startup. The capsules
were positioned in the reactor vessel between the neutron shielding pads and
the vessel wall at locations shown in figure 4-1. The vertical center of the
capsules is opposite the vertical center of the core.

Capsule U was removed after 1.12 effective full power years of plant
oﬁoration. This capsule contained Charpy V-notch impact, tensile, and CT
specimens (figure 4-2) from the intermediate shell plate AS154-1 and submerged
arc weld metal representative of the beltline weld seams of the reactor vessel
and Charpy V-notch specimens from weld heat-affected zone (HAZ) material. Al
heat-affected zone specimens were obtained from within the HAZ of plate
A9154-1 of the representative weld.

The chemistry and heat treatment of the surveillance material are presented in
table 4-1 and table 4-2, respectively. The chemical analyses reported in
table 4-1 were obtained from unirradiated material used in the surveillance
program. In addition, a chemical analysis was performed on an irradiated
Charpy specimen from the weld metal and is reported in table 4-1.

A1l test specimens were machined from the 1/4 thickness location of the

plate. Test specimens represent material taken at least one plate thickness
from the quenched end of the plate. Base metal Charpy V-notch impact
specimens were oriented with the longitudinal axis of the specimen parallel to
the major working direction of the plate (longitudinal orientation). Charpy
V-notch and tensile specimens from the weld metal were oriented with the

84558:1b-012985 4-1



longitudinal axis of the specimens transverse to the welding direction. The
CT specimens in Capsule U were machined such that the simulated crack in the
specimen would propagate normal and parallel to the major working direction
for the plate specimen and parallel to the weld direction.

Capsule U contained dosimeter wires of pure iron, copper, nickel, and
aluminum-cobalt (cadmium-shielded and unshielded). In addition,
cadmium-shielded dosimeters of Neptunium (Np237) and Uranium (U238) were
contained in the capsule.

Thermal monitors made from two low-melting eutectic alloys and sealed in Pyrex
tubes were included in the capsule and were located as shown in Figure 4-2,

The two eutectic alloys and their melting points are:

2.5% Ag, 97.5% Pb Melting Point 579°F (304°C)
1.75% Ag, 0.75% Sn, 97.5% Pb Melting Point 590°F (310°C)

The arrangement of the various mechanical test specimens, dosimeters and
thermal monitors contained in Capsule U are shown in Figure 4-2.

84558:1b-012985 4-2



TABLE 4-1

CHEMICAL COMPOSITION OF
THE V. C. SUMMER UNIT 1 REACTOR VESSEL
SURVEILLANCE MATERIALS
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TABLE 4-2

HEAT TREATMENT OF THE V. C. SUMMER UNIT 1
REACTOR VESSEL SURVEILLANCE MATERIALS

Temperature
Material (°F) Time (hr)
Lower 1550°/1650° 1/2 hr/in., min
Shell Plate AS154-1 "+ 1/2 hr/in., min
1150° + 25° 43
Weldment 1150° + 25° 12

8455B:1b-012985 4-4

Coolant

Water guenched
Air cooled
Furnace cooled
to 600°F

Furnace cooled
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SECTION 5
TESTING OF SPECIMENS FROM CAPSULE U

5-1. OVERVIEW

The postirradiation mechanical testing of the Charpy V-notch and tensile
specimens was performed at the Westinghouse Research and Development
Laboratory with consultation by Westinghouse Nuclear Energy Systems

personnel. Testing was performed in accordance with 10CFRS0, Appendices G and
H, ASTM Specification E185-82 and Westinghouse Procedure MHL 8402, Revision 0
as modified by RMF Procedures 8102 and 8103. The mechanical test data was
documented in an R&D report by Lott and Shogan.[3]

Upon receipt of the capsule at the laboratory, the specimens and spacer blocks
were carefully removed, inspected for identification number, and checked
against the master list in HCAP-9234.[1] No discrepancies were found.

Examination of the two low-melting 304°C (579°F) and 310°C (590°F) eutectic
alloys indicated no melting of either type of thermal monitor. Based on this

examination, the maximum temperature to which the test specimens were exposec
was less than 304°C (579°F).

The Charpy impact tests were performed per ASTM Specification E23-82 and RMF
Procedure 8103 on a Tinius-Olsen Model 74, 358J) machine. The tup (striker) of
the Charpy machine is instrumented with an Effects Technology model 500
instrumentation system. With this system, load-time and energy-time signals
can be recorded in addition to the standard measurement of Charpy energy

(ED). From the load-time curve, the load of general yielding (PGY), the

time to general yielding (tGY)’ the maximum load (PM)' and the time to
maximum load (t“) can be determined. Under some test conditions, a sharp
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drop in doad indicative of fast fracture was observed. The load at which fast
fracture was initiated is identified as the fast fracture load (PF), and the
load at which fast fracture terminated is identified as the arrest load (PA).
The energy at maximum load (E“) was determined by comparing the energy-time
record and the load-time record. The energy at maxinum load is approximately
equivalent to the energy required to initiate a crack in the specimen.
Therefore, the propagation energy for the crack (Ep) is the difference
between the total energy to fracture (ED) and the energy at maximum load.

The yield stress (oy) is calculated from the three point bend formula. The
flow stress is calculated from the average of the yield and maximum loads,
also using the three point bend formula.

Percentage shear was determined from postfracture photographs using the
ratio-of-areas methods in compliance with ASTM Specification A370-77. The
lateral e pansion was measured using a dial gage rig similar to that shown in
the same specification.

Tension tests were performed on a 20,000-pound Instron, split-console test
machine (Model 1115) per ASTM Specifications E8-83 and E21-79, and RMF
Procedure 8102. All pull rods, grips, and pins were made of Inconel 718
hardened to Rc45. The upper pull rod was connected through a universal joint
to improve axiality of loading. The tests were conducted at a constant
crosshead speed of 0.05 inch per minute throughout the test.

Deflection measurements were made with a linear variable displacement
transducer (LVDT) extensometer. The extensometer knife edges were
spring-loaded to the specimen and operated through specimen failure. The
extensometer gage length is 1.00 inch. The extensometer is rated as Class B-2
per ASTM EB83-67.

Elevated test temperatures were obtained with a three-zone electric resistance
split-tube furnace with a 9-inch hot zone. All tests were conducted in air.

84558:1b-012985 5-2



Because of the difficulty in remotely attaching a thermocouple directly to the
specimen, the following procedure was used to monitor specimen temperature.
Chromel-alumel thermocouples were inserted in shallow holes in the center and
each end of the gage section of a dummy specimen and in each grip. In test
configuration, with a slight load on the specimen, a plot of specimen
temperature versus upper and lower grip and controller temperatures was
developed over the range room temperature to 550°F (288°C). The upper grip
was used to control the furnace temperature. During the actual testing the
grip temperatures were used to obtain desired specimen temperatures.
Experiments indicated that this method is accurate to plus or minus 2°F.

The yield load, ultimate load, fracture load, total elongation, and uniform
elongation were determined directly from the load-extension curve. The yield
strength, ultimate strength, and fracture strength were calculated using the
original cross-sectional area. The final diameter and final gage length were
determined from postfracture photographs. The fracture area used to calculate
the fracture stress (true stress at fracture) and percent reduction in area
was computed using the final diameter measurement.

5.2. CHARPY V-NOTCH IMPACT TEST RESULTS

The results of Charpy V-notch impact tests performed on the various materials
contained in Capsule U irradiated at 6.39 x 1018 n/cm2 are presented in
Tables 5-1 through 5-8 and Figures 5-1 through 5-4. The transition
temperature increases and upper shelf energy decreases for the Capsule U
material are summarized in Teble 5-9.

Irradiation of vesse! intermediate shell plate AS154-1 material (longitudinal
orientation) specimens to 6.39 «x 1018 n/cm2 (Figure 5-1) resulted in both

30 and 50 ft-1b transition temperature increases of 40°F and 45°F,
respectively, and an upper shelf energy decrease of 2 ft-1b.

Irradiation of vessel intermediate shell plate A9154-1 material (transverse
orientation) specimens to 6.39 «x 1018 m/cm2 (Figure 5-2) resulted in both
30 and 50 ft-1b transition temperature increases of 30°F and 35°F
respectively. The irradiated upper shelf energy experienced no decrease as
comrared to the unirradiated data.
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Weld metal irradiated to 6.39 x 108 n/cm® (Figure 5-3) resulted in both
30 and 50 ft-1b transition temperature increases of 30°F and an upper shelf
energy decrease of 4 ft-1b.

Weld HAZ metal irradiated to 6.39 x 10'8 n/cm® (Figure 5-4) resulted in
both 30 and 50 ft-1b transition temperature increases of 30°F and 35°F,
respectively, and an upper shelf energy decrease of 15 ft-1b.

The fracture appearance of each irradiated Charpy specimen from the various
materials is shown in Figures 5-5 through 5-8 and show an increasing ductile
or tougher appearance with increasing test temperature.

Figure 5-9 shows a comparison of the 30 ft-1b transition temperature increases
for the various V. C. Summer Unit 1 surveillance materials with predicted
increases using the methods of NRC Regulatory Guide 1.99, Revision 1.[4]

This comparison shows that the transition temperature increase resulting from
irradiation to 6.39 x 1018 n/cm2 is less than predicted by the Guide for

plate A9154-1 (longitudinal and transverse orientation). The weld metal
transition temperature increase resulting from 6.39 «x 1018 n/cm2 is also

less than the Guide prediction.

5-3. TENSION TEST RESULTS

The results of tension tests performed on plate AS9154-1 (longitudinal and
transverse orientation) and weld metal irradiated to 6.39 «x 1018 n/cm2 are
shown in Table 5-10 and Figures 5-10, 5-11 and 5-12, respectively. These
results shown that irradiation produced no increase in 0.2 percent yield
strength for plate AS154-1 and approximately a 2 ksi increase for the weld
met2l. Fractured tension specimens for each of the materials are shown in
Figures 5-13, 5-14 and 5-15. A typical stress-strain curve for the tension
specimens is shown in Figure 5-16.
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5-4. COMPACT TENSION TEST

Per the Surveillance Capsule Testing Contract with South Carolina Electric and
Gas, 1/2T compact tension (CT) specimen will not be tested. CT specimen will
be stored at the Hot Cell at the Westinghouse R&D Center.

84558: 1b-082185 =5




Sample No.

CL11
CL1
CLS
CL2
CL15
CLS
cL7
cL8
CL13
CL4
CL14
CL3
cLi2
CL10
CL6

Temperature

°F (°C)
-25 (~32)

0 (-18)
25 ( -4)
25 ( -4)
25 ( -4)
50 ( 10)
50 ( 10)
75 ( 24)
100 ( 38)
100 ( 38)
150 ( 66)
200 ( 93)
250 (121)
300 (149)
350 (177)

8455E : 1b-012985

TABLE 5-1

Impact Energy
ft-1bs (Joules)

7.0( 9
16.0 ( 21
43.0 ( 58
21.0 ( 28
38.0 ( 51

42.0 ( 57.

70.0 ( 95
84.0 (114
60.0 ( 81
77.0 (104
109.0 (148
118.0 (160
126.0 (171

135.0 (183.

132.0 (179

.5)
.5)
«9)
.9)
«9)
0)
.0)
.0)
.5)
.5)
.0)
.0)
.0)
0)
.0)

Lateral Expansion

CHARPY V-NOTCH IMPACT DATA FOR THE V. C. SUMMER UNIT 1
INTERMEDIATE SHELL PLATE A9154-1 (LONSITUDINAL)
IRRADIATED AT 550°F, FLUENCE 6.39 x 10'8 n/cm® (E > 1 MeV)

mils (mm)

3.5 (0.
11.0 (0.
32.0 (0.
19.0 (0.
28.0 (0.
31.5 (0.
51.0 (1.
56.5 (1.
42.0 (1.
$5.0 (1.
77.0 (1.
80.0 (2.
90.0 (2.
86.0 (2.
84.0 (2.

09)
28)
81)
48)
)
80)
30)
44)
07)
40)
%)
03)
29)
18)
13)

% Shear

11
16
14
12
18
20
32
38
37
44
62
97
100
100
100



IRRADIATED AT 550°F, FLUENCE 6.39 x 108 n/cm® (E > 1 MeV)

Sample No.

CT6
CT10
cr7
CT4
CTiz
CT3
cTl
CT14
CT2
CT1S
CT13
cT9
cTil
cT8

CHARPY V-NOTCH IMPACT DATA FOR THE V.C. SUMMER UNIT 1

TABLE 5-2

INTERMEDIATE SHELL PLATE A9154-1 (TRANSVERSE)

Temperature
OF (.C)
-50 (-46)

0 (-18)
0 (-18)
25 ( -4)
25 ( -4;
50 ( 10)
50 ( 10)
75 ( 24)
76 ( 24)
100 ( 38)
150 ( 66)
200 ( 93)
300 (149)
350 (177)

84558: 1b-012985

Impact Energy
ft-1bs (Joules)

5.0 ( 7.0)
23.0 ( 31.0)
15.0 ( 20.5)
24.0 ( 32.5)
23.0 ( 31.0)
32.0 ( 43.5)
17.0 ( 23.0)
69.0 ( 93.5)
36.0 ( 49.0)
49.0 ( 66.5)
61.0 ( 82.5)
70.0 ( 95.0)
76.0 (103.0)
80.0 (108.5)

97

Lateral Expansion

mils (mm)

2.5 (0.06)
15.5 (0.39)
12.5 (0.32)
19.0 (0.48)
20.5 (0.52)
24.5 (0.62)
19.0 (0.48)
52.5 (1.33)
31.5 (0.80)
42.5 (1.08)
52.0 (1.32)
62.5 (1.59)
65.0 (1.65)
73.0 (1.85)

% Shear

B e o

10

86
86
95
97
100
100
100



Sample No.

CW9
Cw2
Cw7
CW13
CW3
Cwld
CwWi2
CWé
Cwé4
CW15
Cwll
CW10
CWS
CWl
Cw8

CHARPY V-NOTCH IMPACT DATA FOR THE V.C. SUMMER UNIT 1
PRESSURE VESSEL WELD METAL IRRANIATED AT 550°F,

TABLE 5-3

FLUENCE 6.39 x 10'® n/cm® (E > 1 MeV)

Temperature
°F (°C)
=100 (-73)
-60 (-51)
-40 (-40)
=25 (-32)
=25 (-32)
-10 (-23)

0 (-18)
0 (-18)
25 ( -4)
50 ( 10)
75 ( 24)
100 ( 38)
150 ( 66)
200 ( 93)
300 (149)

84558:1b-061385

Impact Energy
ft-1bs (Joules)

7.0 ( 9.5)
24.0 ( 32.95)
26.0 ( 35.5)
22.0 ( 30.0)
38.0 ( 51.5)
43.0 ( 58.5)
44,0 ( 59.5)
49.0 ( 66.5)
54.0 ( 73.0)
58.0 ( 78.5)
84.0 (114.0)
86.0 (116.5)
86.0 (116.5)
86.0 (116.5)
92.0 (124.5)

5-8

Lateral Expansion

mils (mm)

7.0 (0.18)
18.0 (0.46)
20.5 (0.52)
23.0 (0.58)
26.0 (0.66)
33.0 (0.84)
35.0 (0.89)
37.0 (0.94)
44,0 (1.12)
51.5 (1.31)
72.0 (1.83)
70.0 (1.78)
71.0 (1.80)
57.0 (1.45)
60.5 (1.54)

% Shear

2
16
25
37
26
37
42
54
58
65

100
100
100
100
100



[RRADIATED AT 550°F, FLUENCE 6.39 x 10'8 n/ca® (E > 1 MeV)

Sample No.

CH2
CH13
CH14
CH3
CH?7
CH1l
CH15
CH8
CHS
CH6
CH4
CH12
CH1
CH1O0
CHS

CHARPY V-NOTCH IMPACT DATA FOR THE V.C. SUMMER UNIT 1

TABLE 5-4

PRESSURE VESSEL WELD HEAT AFFECTED ZONE METAL

Temperature
.F (.c)
-100 (-73)
-60 (-51)
-40 (-40)
-40 (-40)
-25 (-32)

0 (-18)
25 ( -4)
25 ( -4)
50 ( 10)
50 ( 10)
75 ( 24)

100 ( 38)
150 ( 66)
200 ( 93)
300 (149)

84558:1b-012985

Impact Energy

ft-1bs (Joules)

18.0 ( 24.5)
32.0 ( 43.5)
37.0 ( 50.0)
38.0 ( 51.5)
53.0 ( 72.0)
79.0 (107.0)
71.0 ( 96.5)
92.0 (124.5)
95.0 (129.0)
118.0 (160.0)
124.0 (168.0)
99.0 (134.0)
125.0 (169.5)
148.0 (200.5)
138.0 (187.C)

5-9

Lateral Expansion

mils (mm)

11.0 (0.28)
26.5 (0.67)
22.5 (0.57)
27.0 (0.69)
40.0 (1.02)
49.5 (1.26)
56.5 (1.44)
60.5 (1.54)
70.0 (1.78)
69.5 (1.77)
80.5 (2.04)
66.5 (1.69)
81.5 (2.07)
84.0 (2.13)
77.0 (1.96)

% Shear

11
18
20
26
30
60
57
79
100
100
100
100
100
100
100




0L=§

Sample

can
L
L2
cL1S
CLS
L9

c8
CL13

CL14
CL3
cL2
CL10
CLé

Test

Temp .

(*C)

-32
-18

ee8

2
149
177

Normal ized Energles
Charpy Cnarpy Max | mum Prop
Energy Ea/a Em/A Ep/A

(Joules) (ku/m?) (kJ/m2)  (kJ/m°)

9.5 119 58 60
21.8 2N 221 50
28.5 356 223 133
51.5 644 546 98
58.5 729 634 94
57.0 712 559 153
95.0 1186 643 543

114.0 1424 639 785
81.5 1017 685 s
104.5 1305 636 669
148.0 1847 700 1148
160.0 2000 584 1416
171.0 2135 619 1516
183.0 2288 581 1707
179.0 2237 604 1633

84558 : 1b-061385

Yieia
Loada

(N)

15100
15000
15100
15000
14700
13100
14100
13100
12900
13200
13000
12800
10300

9100
11200

TABLE 5-5
INSTRUMENTED CHARPY IMPACT TEST RESULTS FOR V. C. SUMMER UNIT 1
INTERMEDIATE SHELL PLATE A9154-1 (LONGITUDINAL ORIENTATION)

Time
to Yiela

(uSec)

90
105
95
95
100
920
90
85
95
100

95
95
8s
130
90

Ma x { mum
Loaa

(N)

15500
17400
17200
19100
19200
17900
19200
18300
17800
18500
18000
17700
16600
16100
16500

Time to
Ma x | mum

(uSec)

100
270
270
270
570
665
625
675

775

775
765
780
725

Fracture
Load

(N)

15200
17400
17200
19100
19200
17800
16700
16200
17300
15800

Arrest
Loaa

(N)

6700
5500
5200

Yield
Stress

(MPa)

779
770
776
769
759
675
723
675

§883882

Flow
Stress

(mPa)

788
843
831



Sample

c1é
cry
c1io
cni2
Ccia
cn
c13
cria
cr2
cnis
C113
cr9
cTn
cra

L1=S

Test
Temp
+$*C)

-46
-18
-18

-4
10
10
24

€88l

1
177

an
n
32

23.

43
93
49

82
95
103

108 .

Charpy
Energy

{Joules)

ooV UVLOoDOUOUBMWOVLEOe O WO

Normal izea Energiles

Charpy
Ea/a

!kJ/nJD

85
254

407
288
542
1169
610
830
1034
1186
1288
1356

Ma x 1 mum

Em/A

(kJd/m™ )

Prop
Ep/a

(hd/m

a7
108

82
109
100
177
181
708
332
323

Yiela
Loaa

13000
12900
14800
14500
14300
13800
13200
13000
13500
11900
12700
12600

B400O

TABLE 5-6
INSTRUMENTED CHARPY IMPACT TEST RESULTS
FOR V. C. SUMMER UNIT 1
INTERMEDIATE SHELL PLATE A9154-1 (TRANSVERSE ORIENTATION)

Time
to Yiela

(usSec)

80
85
100
100

90
85
90
90
85
90
100
95
50
65

Ma x i mum
Loaa

13700
15000
18200
17400
17700
15200
17000
17500
17100
16400
17000
16300
16300
14900

Time to
Ma x i mum

(usSec)

a5
220
355
33%
355
160
435
530
335
620
$20
470
530

Fracture
Load

(N)

13400
14700
17900
17400
17000
15200
17000
16300
16800
15600

Arrest
Load

(N)

B 888,

6700
6700

Yiela
Stress

(MPa)
668
664
763
748

737
AR
677

692
613
652
647
512
432

Flow
Stress

(MPa)

686
"7
848
822
824
746
775
785
787
728

743
676
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TABLE 5-7
INSTRUMENTED CHARPY IMPACT TEST RESULTS
FOR V. C. SUMMER UNIT 1 WELD METAL

fmalized tnergles
Test Charpy arp Ma x  mum Prop Yiela T ime Ma x { mum fime to Fracture Arrest Yiela Flow

Sample Temp Energy " Em/A Ep/A Load to Yield Load Ma x | mum Load Load Stress Stress

NO { < { m*) J m°) (N) {usSec) (N) {usSec) (N) (N) (MPa) (W’a)

17300 1 700K

19000 18600 0

19100 18700 1500

17800 ’80 17900 2300

18800 4 18800 JOO
12900 16900 16700 2600
14100 : 18700 17800 3600
15100 : 19100 18500 5900
13100 ) 17700 ) 16800 8200
13600 ) 18000 17400 11100
12900 O 18200

18300

17800

17400

16800

84558:1b-012985
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TABLE 5-8

INSTRUMENTED CHARPY IMPACT TEST RESULTS

FOR V. C. SUMMER UNIT 1 WELD HEAT AFFECTED ZONE METAL

Normal ized Energles

est Charpy Ma x | mum Prop I ime Max 1 mum Time t0 Fracture

Temp EQ/A Em/A i ¢ to Yieidg Load Max i mum yao

{“"C) < } j/m {kJ tusec) (N) tusec)

19800 19800

20100 20100
20200 20100
19800 18900
18500 16700
19800 18200
18000 15400
19000
18800
18200
18100
18000
18700
17900

17200

Arrest

Load

(N)

200
1400
1200

200
5200

10900
5900

Yield
Stress

(MPa)

Filow

Stress

(MPa)




vL-S

TABLE 5-9
EFFECT OF 550°F IRRADIATION AT 6.39 x 10'® n/ce’ (E > 1 Mev)
ON THE NOTCH TOUGHNESS PROPERTIES OF THE
V. C. SUMMER UNIT 1 REACTOR VESSEL MATERIALS

Average Average 35 mil Average Average Energy Absorption
30 ft-ip Temp (°F) Lateral Expansion Temp (°F) 50 ft-1b Temp (°F) at Full Shear (ft-1b)

Material Unirragiatea Irradiatea AT uUnirradiatea Irradiated AT unirraagiated Irradiated AT Unirradiated Irradiatea A(ft-1b)

Plate -20 20 40 0 40 40 O a5 a5 133 13 2
A9154-1
(Longitudinal )

Plate 25 L 30 55 75 20 70 105 35 75 75 0
A9154-
(Transverse)

wela 55 -25 30 ~30 0 30 15 15 30 a9 87 4
Metal
HAZ Metal -85 -$5 30 -55 -25 30 -65 -30 35 136 121 15
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S1-%

Sample
NO

L2

cn

L3

cn

cn

cr2

Cw2

*Specimen CWl bDroke at the

84558 :

Material

LONG (A9154-1)
LONG (A9154-1)
LONG (A9154-1)
TRANS (A9154-1)
TRANS (A9154-1)
TRANS (A9154-1)
WELD Metal
WELD Metal

WELD Metal

1b-061385

550

74

550

extensometer knife edge.

2% Yiela
Strength

(ksi)

64 2 88 .
63.2

62.1 89
64.2 91.
59 .6 84.
$6.0 87.
72.6 97.
72.3 92.
66.1 88

Ultimate
Strength
(ksi)

TABLE 5-10
TENSILE PROPERTIES FOR V. C. SUMMER UNIT 1
REACTOR VESSEL MATERIAL TRRADIATED T0 6.39 x 10'8 n/ca’
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