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SECTION 1.0

SUMMARYOF RESULTS

The analysis of the reactor vessel materials contained in surveillance Capsule S, the fourth capsule to

be removed from the Rochester Gas and Electric Corporation R. E. Ginna reactor pressure vessel, led

to the following conclusions:

o The capsule received an average fast neutron fluence (E > 1.0 MeV) of 3.87 x 10"

n/cm'fter 17 EFPY of plant operation.

o Irradiation of the reactor vessel lower forging 125P666 Charpy specimens, oriented

with the longitudinal axis of the specimen parallel to the major rolling direction

(tangential orientation), to 3.87 x 10" n/cm'E > 1.0 MeV) resulted in a 30 ft-lb

transition temperature increase of 42'F and a 50 ft-lb transition temperature increase of
45'F. This results in an irradiated 30 ft-lb transition temperature of 2'P and an

irradiated 50 ft-lb transition temperature of 30'F for the tangentially oriented

specimens.

o Irradiation of the reactor vessel intermediate shell forging 125S255 Charpy specimens,

oriented with the longitudinal axis of the specimen parallel to the major rolling

direction (tangential orientation), to 3.87 x 10'/cm'E > 1.0 MeV) resulted in a 30

ft-lb transition temperature increase of 60'P and a 50 ft-lb transition temperature

increase of 58'P. This results in an irradiated 30 ft-lb transition temperature of 35'F

and an irradiated 50 ft-lb transition temperature of 70'F for the tangentially oriented

specimens.

o Irradiation of the weld metal Charpy specimens to 3.87 x 10" n/cm'E > 1.0 MeV)

resulted in a 30 ft-lb transition temperature increase of 205'P and a 50 ft-lb transition

temperature increase of 260'F. This results in an irradiated 30 ft-lb transition

temperature of 180'F and an irradiated 50'ft-lb transition temperature of 285'F.

o Irradiation of the weld Heat-Affected-Zone (HAZ) metal Charpy specimens to 3.87 x
10" n/cm'E > 1.0 MeV) resulted in a 30 ft-lb transition temperature increase of 95'F

and a 50 ft-lb transition temperature increase of 75'F. This results in an irradiated 30

1-1



ft-lb transition temperature of 20'F and an irradiated 50 ft-lb transition temperature of

65 P

The average upper shelf energy of lower shell forging 125P666 (tangential orientation)

resulted in an energy decrease of 35 ft-lb after irradiation to 3.87 x 10" n/cm'E > 1.0

MeV). This results in an irradiated average upper shelf energy of 148 ft-lb for the

tangentially oriented specimens.

0-

o The average upper shelf energy of intermediate shell forging 125S255 (tangential

orientation) resulted in an energy decrease of 1 ft-lb after irradiation to 3.87 x 10"

n/cm'E > 1.0 MeV). This results in an irradiated average upper shelf energy of 139

ft-lb for the tangentially oriented specimens.

o The average upper shelf energy of the weld metal Charpy specimens resulted in an

energy decrease of 25 ft-lb after irradiation to 3.87 x 10" n/cm (E > 1.0 MeV). This

results in an irradiated average upper shelf energy of 55 ft-lb for the weld metal

specimens.

o The calculated end-of-life (32 EFPY) maximum neutron fluence (E > 1.0 MeV) for the

R. E. Ginna reactor vessel is as follows:

Vessel inner radius = 3.68 x 10"
n/cm'essel

1/4 thickness = 2.7Q x 1Q"
n/cm'essel

3/4 thickness = 8.64 x 10" n/cm'

Clad/base metal interface

o The average upper shelf energy of the weld HAZ metal increased 14 ft-lb after

irradiation to 3.87 x 10" n/cm'E > 1.0 MeV). This results in an irradiated upper

shelf energy of 104 ft-lb for the weld HAZ metal.

o The surveillance capsule S test results indicate that the surveillance materials are in

good agreement with the Regulatory Guide 1.99, Revision 2 predictions (Table 5-10).
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SECTION 2.0

INTRODUCTION

This report presents the results of the examination of Capsule S, the fourth capsule to be removed

from the reactor in the continuing surveillance program which monitors the effects of neutron

irradiation on the Rochester Gas and Electric Corporation R. E. Ginna reactor pressure vessel materials

under actual operating conditions.

The surveillance program for the Rochester Gas and Electric Corporation R. E. Ginna 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 is presented in WCAP-7254 entitled "Rochester Gas and Electric Robert E. Ginna

Unit No. 1 Reactor Vessel Radiation Surveillance Program" by S. E. Yanichko "'. The surveillance

program was planned to cover the 40-year design life of the reactor pressure vessel and was based on

ASTM E185-66, "Recommended Practice for Surveillance Tests on Structural Materials in Nuclear

Reactors". Westinghouse Power Systems personnel were contracted to aid in the preparation of
procedures for removing capsule "S" from the reactor and its shipment to the Westinghouse Science

and Technology Center Hot Cell Facility, where, the postirradiation mechanical testing of the Charpy

V-notch impact and tensile surveillance specimens was performed.

This report summarizes the testing of and the postirradiation data obtained Rom surveillance capsule
"S" removed Rom the Rochester Gas and Electric Corporation R. E Ginna reactor vessel and

discusses the analysis of the data.
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SECTION 3.0

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 of fast neutron irradiation on the mechanical

properties of low alloy, ferritic pressure vessel steels such as ASTM A508 Class 2 (base material of
the R. E. Ginna 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 Nonductile Failure," Appendix G to Section IIIof the ASME Boiler

and Pressure Vessel Code"'. The method uses fracture mechanics concepts and is based on the

reference nil-ductility temperature (RT„~).

RTiipr is defined as the greater of either the drop weight nil-ductility transition temperature (NDTI'er
ASTM E-208"') or the temperature 60'F less than the 50 ft-lb (and 35-mil lateral expansion)

temperature as determined from Charpy specimens oriented normal (transverse) to the major working

direction of the forging. The RTgpr of a given material is used to index that material to a reference

stress intensity factor curve (K~ curve) which appears in Appendix G to the ASME Code. The K~
curve is a lower bound of dynamic, crack arrest, and static fracture toughness result 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 material as a function of temperature. Allowable

operating limits can then be determined using these allowable stress intensity factors.

RT»r and, in turn, the operating limits of nuclear power plants can be adjusted to account for the

effects of radiation on the reactor vessel material properties. The radiation embrittlement changes in
mechanical properties of a given reactor pressure vessel steel can be monitored by a reactor

surveillance program, such as the R. E. Ginna Reactor Vessel Radiation Surveillance Program"', in

which a surveillance capsule is periodically removed from the operating nuclear reactor
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and the encapsulated specimens tested. The increase in the average Charpy V-notch 30 ft-lb

temperature (LKT»y) due to irradiation is added to the initial RTNpY to adjust the RT»~ for radiation

embrittlement. This adjusted RT»~ (RT»~ initial + dRT»~) is used to index the material to the K~

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.
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SECTION 4.0

DESCRIPTION OF PROGRAM

Six surveillance capsules for monitoring the effects of neutron exposure on the'R. E. Ginna reactor

pressure vessel core region materials were inserted in the reactor vessel prior to initial plant start-up.

The six capsules were positioned in the reactor vessel between the thermal shield and the vessel wall

as shown in Figure 4-1. The vertical center of the capsules is opposite the vertical center of the core.

The test capsules contain specimens made Rom the reactor vessel lower shell forging 125P666 and

intermediate shell forging 125S255 adjacent to the core region, representative weld metal, and heat-

affected-zone (HAZ) metal.

Capsule S was removed after 17 Effective Full Power Years (EFPY) of plant operation (end of fuel

cycle 22 in Spring of 1993). This capsule contained Charpy V-notch, tensile, and wedge opening

loading (WOL) specimens (Figure 4-2) from lower shell forging 125P666, intermediate shell forging

125S255 and weld metal representative of the of the core region of the reactor vessel and Charpy

V-notch specimens from the weld HAZ of forging 125P666.

Test material was obtained from the intermediate shell forging 125S255 and lower shell forging

125P666 (after the thermal heat treatment and prior to welding the two shells together). Allmaterial

was taken at least one forging thickness from the quenched edges of the forging. All test specimens

were machined Rom the I/4 thickness location of the original forging thickness after stress-relieving.

Specimens from weld metal and the heat-affected-zone (HAZ) metal of forging 125P666 were

machined Irom a stress-relieved weidment joining intermediate shell forging 125S255 and lower shell

forging 125P666.

Base metal Charpy V-notch impact and tension specimens were oriented with the longitudinal axis of
the specimen parallel to the major rolling direction of the forging (tangential orientation). Charpy

V-notch specimens from the weld metal were oriented with the longitudinal axis of the specimens

transverse to the welding direction. Tensile specimens from the weld metal were oriented with the

longitudinal axis of the specimen parallel to the welding direction.

The WOL specimens were machined with the simulated crack in the specimen perpendicular to the

hoop direction and the major surfaces of the forgings.
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The chemical composition and heat treatment of the surveillance material is presented in Tables 4-1

and 4-2, respectively.

Capsule S contained dosimeter wires of pure copper, nickel, and aluminum-0.15 weight percent cobalt

wire (cadmium-shielded and unshielded). The test specimens also serve as iron dosimeters. In

addition, cadmium shielded dosimeters of neptunium (Np"') and uranium (U"') were placed in the

capsule to measure the integrated Qux at specific neutron energy levels.

~-

Thermal monitors made from the two low-melting eutectic alloys and sealed in Pyrex tubes were

included in the capsule. These thermal monitors are used to define the maximum temperature attained

by the test specimens during irradiation. The composition of the two alloys and their melting points

are as follows:

2.5% Ag, 97.5% Pb

1.75% Ag, 0.75% Sn, 97.5% Pb

Melting Point: 579'F (304'C)

Melting Point: 590'F (310'C)

The arrangement of the various mechanical specimens, dosimeters and thermal monitors contained in

Capsule S is shown in Figure 4-2.



TABLE4-1

Chemical Composition (wt%) of the R. E. Ginna
Reactor Vessel Surveillance Materials"

Chemical Analysis
(wt. %)

Si

Ni

Cr

Co

Mo

V

Cu

N

Sn

Lower Shell Forging
125P666

0.19

0.67

0.010

0.011

0.20

0.69

0.37

0.013

0.57

0.02

0.05

0.004

0.01

Intermediate Shell
Forging 125S255

0.18

0.66

0.010

0.007

0.23

0.69

0.33

0.015

0.58

0.02

0.07

0.003

0.01

Surveillance Weld'"

0.075 (0.06)

1.31 (1.29)

0.012 (0.006)

0.016 (0.020)

0.59 (0.41)

0.56 (0.50)

0.59 (0.03)

0 001 (--)
0.36 (0.22)

0 001 (--)
0.23 (0.22)

0 020 (--)
'.015(--)

[a] The values presented here are from References 2, 13 and 14.

[b] The values in parenthesis are from an analysis performed on an irradiated Capsule T weld
metal charpy specimen, W26 (Reference 2).
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TABLE4-2

Heat Treatment of the R. E. Ginna Reactor Vessel
Surveillance Materials

Material

Lower Shell
Forging
125P666

Intermediate

Shell Forging

125S255

Weld

Temperature ('F)

1550o

1220'100'50'220O

1100'ime

(hr)

12

1 1 i/4

15'A

18

1 1 '/4

11'/4

Coolant

Water quenched

Air cooled

Furnace cooled

Water quenched

Air cooled

Furnace cooled

Furnace cooled



R (removed)

P (1.90)

N (1.74)

270O

REACTOR VESSEL

THERMALSHIELD

CAPSULE
(TYP)

100

10o

570180'0
S (removed)

90'

(removed)

V (removed)

Figure 4-1 Arrangement of Surveillance Capsules in the R. H. Ginna Reactor Vessel
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SECTION 5.0

TESTING OF SPECIMENS FROM CAPSULE S

5.1 Overview

The post-irradiation mechanical testing of the Charpy V-notch and tensile specimens was performed at

the Westinghouse Science and Technology Center hot cell with consultation by Westinghouse Power

Systems personnel. Testing was performed in accordance with 10CFR50, Appendices G and H"',

ASTM Specification E185-82~', and Westinghouse Remote Metallographic Facility (RMF) Procedure

8402, Revision 2 as modified by RMF Procedures 8102, Revision 1 and 8103, Revision 1.

Upon receipt of the capsule at the hot cell laboratory, the specimens and spacer blocks were carefully.

removed, inspected for identification number, and checked against the master list in WCAP-7254"'.

No discrepancies were found.

Examination of the two low-melting point 579'F (304'C) and 590'F (310'C) eutectic alloys indicated

no melting of either type of thermal monitor. Based on this examination, the maximum temperature to

which the test specimens were exposed was less than 579'F (304'C).

The Charpy impact tests were performed per ASTM Specification E23-92"'nd RMF Procedure 8103,

Revision 1 on a Tinius-Olsen Model 74, 358J machine. The tup (striker) of the Charpy machine is

instrumented with a GRC 830I instrumentation system, feeding into an IBMXT Computer. With this

system, load-time and energy-time signals can be recorded in addition to the standard measurement of
Charpy energy (E ). From the load-time curve (Appendix A), the load of general yielding (P~v), the

time to general yielding (t v), the maximum load (P„,), and the time to maximum load (t„) can be

determined. Under some test conditions, a sharp drop in load indicative of fast fracture was observed.

The load at which fast fracture was initiated is identified as the fast fracture load (P„.), and the load at

which fast fracture terminated is identified as the arrest load (P„). The energy at maximum load (E„,)

was determined by comparing the energy-time record and the load-time record. The energy at

maximum load is roughly equivalent to the energy required to initiate a crack in the specimen.

Therefore, the propagation energy for the crack (2 ) is the difference between the total energy to

fracture (E ) and the energy at maximum load (E„,).
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The yield stress (av) was calculated from the three-point bend formula having the following

expression:

a~ = Pov * ( L / [ B * ( W - a )' C ] )

~-
where L = distance between the specimen supports in the impact testing machine; B = the width of the

specimen measured parallel to the notch; W = height of the specimen, measured perpendicularly to the

notch; a = notch depth. The constant C is dependent on the notch flank angle ($), notch root radius

(p), and the type of loading (i.e., pure bending or three-point bending).

In three-point bending a Charpy specimen in which $ = 45'nd p = 0.010", Equation 1 is valid with

C = 1.21. Therefore (for L = 4W),

av = PGv *
( L / [ B * ( W - a )' 1.21 ] ) = [ 3.3 P~Y W ] / [ B ( W - a )' (2)

For the Charpy specimens, B = 0.394 in., W = 0.394 in., and a = 0.079 in. Equation 2 then reduces

to:

a„= 33.3 * Po„ (>)

where av is in units of psi and Po„ is in units of lbs. The flow stress was calculated from the average

of the yield and maximum loads, also using the three-point bend formula.

Percent shear was determined Rom post-fracture photographs using the ratio-of-areas methods in

compliance with ASTM Specification A370-92"'. The lateral expansion was measured using a dial

gage rig similar to that shown in the same specification.

Tensile tests were performed on a 20,000-pound Instron Model 1115, split-console test machine, per

ASTM Specification E8-91"" and E21-79 (1988)"", and RMF Procedure 8102, Revision 1. Allpull

rods, grips, and pins were made of Inconel 718 hardened to HRC45. 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 inches per minute throughout the test.
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DeQection 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 E83-92"".

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.

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 the 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 of 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 +2'F.

The yield load, ultimate load, fracture load, total elongation, and uniform elongation were determined

directly Rom 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 Qom post-fracture photographs. The fracture area used to calculate the fracture stress (true

stress at 6'acture) and percent reduction in area was computed using the final diameter measurement.

5.2 Ch V-Notch Im act Test Results

The results of the Charpy V-'notch impact tests performed on the various materials contained in

Capsule S, which was irradiated to 3.87 x 10" n/cm'E ) 1.0 MeV), are presented in Tables 5-1

through 5-8 and are compared with unirradiated results"'s shown in Figures 5-1 through 5C. The

transition temperature increases and upper shelf energy decreases for the Capsule S materials are

summarized in Table 5-9.
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Irradiation of the reactor vessel lower shell forging 125P666 Charpy specimens oriented with the

longitudinal axis of the specimen parallel to the major rolling direction of the forging (tangential

orientation) to 3.87 x 10" n/cm'E > 1.0 MeV) at 550'F (Figure 5-1) resulted in a 30 ft-lb transition

temperature increase of 42'F and a 50 ft-lb transition temperature increase of 45'F. This results in an

irradiated 30 ft-lb transition temperature of 2'F and an irradiated 50 ft-lb transition temperature of

30'F (tangential orientation).

0-

The average upper shelf energy (USE) of the lower shell forging 125P666 Charpy specimens

(tangential orientation) resulted in an energy decrease of 35 ft-lb after irradiation to 3.87 x 10"
n/cm'E

> 1.0 MeV) at 550'P. This results in an irradiated average USB of 148 ft-lb (Figure 5-1).

Irradiation of the reactor vessel intermediate shell forging 125S255 Charpy specimens oriented with

the longitudinal axis of the specimen parallel to the major rolling direction of the forging (tangential

orientation) to 3.87 x 10" q/cm'B > 1.0 MeV) at 550'F (Figure 5-2) resulted in a 30 ft-lb transition

temperature increase of 60'F and a 50 ft-lb transition temperature increase of 58'F. This results in an

irradiated 30 ft-lb transition temperature of 35'F and an irradiated 50 ft-lb transition temperature of
70'F (tangential orientation).

The average upper shelf energy (USE) of the intermediate shell forging 125S255 Charpy specimens

(tangential orientation) resulted in an energy decrease of 1 ft-lb after irradiation to 3.87 x 10"
n/cm'B

> 1.0 MeV) at 550'F. This results in an irradiated average USE of 139 ft-lb (Figure 5-2).

Irradiation of the surveillance weld metal Charpy specimens to 3.87 x 10" n/cm'E > 1.0 MeV) at

550'P (Figure 5-3) resulted in a 30 ft-lb transition temperature shift of 205'P and a 50 ft-lb transition

temperature increase of 260'F. This results in an irradiated 30 ft-lb transition temperature of 180'F

and an irradiated 50 ft-lb transition temperature of 285'P.

The average upper shelf energy (USE) of the surveillance weld metal resulted in an energy decrease of
25 ft-lb after irradiation to 3.87 x 10" n/cm'E > 1.0 MeV) at 550'P. This results in an irradiated

average USE of 55 ft-lb (Figure 5-3).

Irradiation of the reactor vessel weld HAZ metal Charpy specimens to 3.87 x 10"
n/cm'E

> 1.0 MeV) at 550'F (Figure 5P) resulted in a 30 ft-lb transition temperature increase of 95'F and

a 50 ft-lb transition temperature increase of 75'F. This results in an irradiated 30 ft-lb transition



temperature of 20'F and an irradiated 50 ft-lb transition temperature of 65'F.

The average upper shelf energy (USE) of the weld HAZ metal resulted in an energy increase of 14

ft-lb after irradiation to 3.87 x 10" n/cm'E > 1.0 MeV) at 550'F. This results in an irradiated

average USE of 104 ft-lb (Figure W).

The f'racture appearance of each irradiated Charpy specimen from the various materials is shown in

Figures 5-5 through 5-8 and show an increasingly ductile or tougher appearance with increasing test

temperature.

A comparison of the 30 ft-lb transition temperature increases and upper shelf energy decreases for the

various R. E. Ginna surveillance materials with predicted values using the methods of NRC Regulatory

Guide 1.99, Revision 2"'s presented in Table 5-10. This comparison indicates that the Capsule S

surveillance materials are in good agreement with the Regulatory Guide 1.99, Revision 2 predictions.

The load-time records for the individual instrumented Charpy specimen tests are presented in

Appendix A.

5.3 Tension Test Results

The results of the tension tests performed on the various materials contained in capsule S irradiated to

3.87 x 10" n/cm'E > 1.0 MeV) are presented in Table 5-11 and are compared with unirradiated

results"'s shown in Figures 5-9 through 5-11.

The results of the tension tests performed on the lower shell forging 125P666 (tangential orientation)

indicated that irradiation to 3.87 x 10" n/cm'E > 1.0 MeV) at 550'F caused a 3 to 9 ksi increase in

the 0.2 percent offset yield strength and a 4 to 8 ksi increase in the ultimate tensile strength when

compared to unirradiated data"'Figure 5-9).

The results of the tension tests performed on the intermediate shell forging 125S255 (tangential

orientation) indicated that irradiation to 3.87 x 10" n/cm'E > 1.0 MeV) at 550'F caused a 2 to 9 ksi

increase in the 0.2 percent offset yield strength and a 0 to 11 ksi increase in the ultimate tensile

strength when compared to unirradiated data"'Figure 5-10).
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The results of the tension tests performed on the surveillance weld metal indicated that irradiation to

3.87 x 10" n/cm'8 ) 1.0'MeV) at 550'F caused a 15 to 20 ksi increase in the 0.2 percent offset

yield strength and a 15 to 18 ksi increase in the ultimate tensile strength when compared to

unirradiated data"'Figure 5-11).

The fractured tension specimens for the lower shell forging 125P666, intermediate shell forging

125S255 and surveillance weld materials are shown in Figures 5-12, 5-13 and 5-14, respectively.

The engineering stress-strain curves for the tensile tests are shown in Figures 5-15 through 20.

5.4 Wed e 0 enin Loadin Tests

Per the surveillance capsule testing contract, the wedge opening loading (WOL) specimens were not

tested. The WOL specimens are being stored at the Westinghouse Science and" Technology Center

Hot Cell Facility.
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TABLE5-1

Charpy V-notch Data for the R. E. Ginna Unit 1 Lower Shell Forging 125P666
Irradiated at 550'F to a Fluence of 3.87 x 10" n/cm'E ) 1.0 MeV)

Sample

Number

Temperature Impact Energy

('F) ('C) (ft-lb) (mils) (mm) (%)

Lateral Expansion Shear

P42

P40

P37

P33

P39

P41

45

15

25

50

75

100

150

225

250

325

-43

-18

-15

-9

.4

10

38

66

107

121

163

14

32

68

53

98

92

125

134

171

140

19

43

92

60

72

133

169

182

190

12

26

52

36

43

74

83

87

86

88

0.10

0.30

0.66

1.32

0.91

1.09

1.88

1.73

2.11

2.21

2.18

10

50

45

45

80

90

95

100

100

100
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TABLE5-2

Charpy V-notch Data for the R. E. Ginna Unit 1 Intermediate Shell Forging 125S255
Irradiated at 550'F to a Fluence of 3.87 x 10" n/cm'E ) 1.0 MeV)

Sample Temperature Impact Energy Lateral Expansion

Number ('F)

S35

S38

('C)

-32

-18

(ft-lb) (mils) (mm)

0.08

0.15

(%)

S34

S40

S39

S33

S41

S37

S32

S36

S31

S42

15

50

75

100

140

175

250

300

-9

-4

10

38

60

79

107

121

149

38

30

54

42

119

150

123

137

52

45

41

73

57

161

198

203

167

186

28

26

22

41

35

85

92

88

88

86

0.71

0.66

0.56

0.89

2.16

2.34

2.18

35

30

30

50

40

90

100

100

100

100
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TABLE5-3

Charpy V-notch Data for the R. E. Ginna Unit 1 Reactor Vessel Surveillance Weld
Metal Irradiated at 550'F to a Fluence of 3.87 x 10" n/cm'E > 1.0 MeV)

Sample Temperature Impact Energy Lateral Expansion Shear

Number ('F)

W38

('C)

-18

(ft-lb) (mils) (mm)

0.15

(%)

'W34

W42

W40

W32

W35

W36

W37

W31

W41

W33

W39

50

100

125

150

175

200

250

300

350

400

450

10

38

52

66

79

93

121

149

177

232

18

14

32

25

45

53

57

63

19

34

45

58

61

72

77

85

18

16

31

27

30

46

47

74

55

0.23

0.46

0.41

0.79

0.69

0.76

1.12

1.17

1.19

1.88

1.40

15

30

25

50

45

90

95

100

100

100

100
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TABLE5Q

Charpy V-notch Data for the R. E. Ginna Unit 1 Heat Affected Zone (HAZ) Metal
Irradiated at 550'F to a Fluence of 3.87 x 10" a/cm'E > 1.0 MeV)

Sample

Number

H39

Temperature Impact Energy

('F)

-50

('C) (ft-lb) (mils) (mm) (%)

0.15

Lateral Expansion Shear

H35

H40

H42

H41

H31

H38

25

25

50

50

100

150

200

225

-32

-32

-18

4

-4

10

10

38

66

93

107

37

25

12

102

56

105

68

43

70

137

50

34

16

138

76

142

92

58

95

186

12

22

22

14

61

36

73

59

35

47

82

0.30

0.56

0.56

0.36

1.55

0.91

1.85

1.50

0.89

1.19

2.08

10

30

30

20

90

55

90

85

80

95

100
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TABLE5-5

Instrumented Chatty Impact Test Results for the R. E. Ginna Unit 1 Lower Shell Forging 125P666
Irradiated at 550'F to a Fluence of 3.87 x 10" n/cm'E ) 1.0 MeV)

Normalized Energies

Sample
No.

Test
Temp.
('F)

Charpy Charpy
Energy ED/A
(ft-lb)

Max.
EM/A
(ft-lb/
in')

Prop.

Ep/A
Yield
Load
(lbs)

Time
to

Yield
(msec)

Max.
Load
(lbs)

Time
to

Max.
(msec)

Fract.
Load
(lbs)

Arrest
Load
(lbs)

Yield
Stress

(ksi)

Flow
Stress

(ksi

P42

P40

P33

P41

15

50

75

100

150

225

250

325

14

40

113

23

78

32 258 220

354 292

53 427 299

98 789 363

92 741 288

125 1007 347

134 1079 334

171 1377 315

140 1127 308

68 548 297

17

37

250

62

127

426

453

660

745

1062

819

2882 0.12 3014

3347 0.15 3691

3351 0.16 4222

3254 0.16 4168

3215 0.16 4060

3199 0.16 4231

3174 0.16 4134

3009 0.15 4053

2849 '0.15 3915

2718 0.14 3851

2556 0.14 3616

2613 0.16 3676

0.13

0.25

0.52

0.69

0.69

0.69

0.82

0.69

0.82

0.69

0.81

0.79

3014

3691

4222

4100

96

108

107

106

2900 465 105

3100 598 100

2200 1140 95

90

85

87

98

117

126

121

123

121

117

112

109

103

* Fully ductile fracture. No arrest load.



TABLE5-6

Instrumented Charpy Impact Test Results for the R. E. Ginna Intermediate Shell Forging 125S255
Irradiated at 550'F to a Fluence of 3.87 x 10" n/cm'E > 1.0 MeV)

Normalized Energies

Sample
No.

Test
Temp.
('F)

Charpy Charpy
Energy Ed/A
(ft-lb)

Max.
Em/A
(ft-lb/
in')

Prop.
Ep/A

Yield
Load
(lbs)

Time
to

Yield
(msec)

Max.
Load
(lbs)

Time
to

Max.
(msec)

Fract.
Load
(lbs)

Arrest
Load
(lbs)

Yield
Stress

(ksi)

Flow
Stress

(ksi

S35

S38

S34

S40

S39

S33

-25

15

50

75

33

30

266

54 435

48

38 306

27

227

201

307

15 1433 0.08 1619 0.09 1619

21 3027 0.13 3233 0.14 3233

58 3512 0.16 4382 0.55 4300

39 3466 0.16 4367 0.52 4367

40 3424 0.16 4305 0.48 4305

128 3378 0.16 4359 0.67 4300

48 51

101 104

117 131

115 130

114 128

112 128

S41

S37

100 42 338

140 119 958

246

286

92 3309 0.17 4245 0.57 4545

672 2996 0.16 4082 0.68 2400

719

1174

110 125

100 118

S32

S36

175

225

146 1176

150 1208

290

289

886 2948 0.14 4042 0.69

919 2984 0.15 4060 0.68

98

99

116

117

S31

S42

250 123 990

300 137 1103

281

273

709 2920 0.16 3993 0.67

830 2953 0.17 3850 0.68

97

98

115

113

" Fully ductile fracture. No arrest load.



TABLE5-7

Instrumented Charpy Impact Test Results for the R. E. Ginna Unit 1 Reactor Vessel Weld Metal
Irradiated at 550'F to a Fluence of 3.87 x 10" n/cm'E ) 1.0 MeV)

Normalized Energies

Sample
No.

Test
Temp.
('F)

Chaq)y Charpy
Energy Ed/A
(ft-lb)

Max.
Em/A
(ft-lb/
in')

Prop.
Ep/A

Yield
Load
(lbs)

Time
to

Yield
(msec)

Max.
Load
(Ibs)

Time
to

Max.
(msec)

Fract.
Load
(Ibs)

Arrest
Load
(lbs)

Yield
Stress

(ksi)

Flow
Stress

(ksi

W38

W42

50

100 18

48

145

25

31

52

23 3110 0.12

33 3263 0.13

93 3585 0.16

3217

3433

3739

0.13 3217 0

0.15 3433 317

0.19 3739 1783

103

108

119

105

122

W40

W32

14 113

150 32 258

49

134

64 3479 0.16

124 3379 0.16

3666

4024

0.19 3666 228

0.35 4024 982

116

112

119

W35 175 25 201 90 3602 0.21 3972 0.33 3972 457 120 126

W37

W31

W41

200 33

250 43

300 45

350 53

266

346

362

427

400 57 459

129

152

130

153

176

137 3219 0.15

194 3329 0.16

232 3103 0.15

274 3103 0.15

283 2994 0.14

3889

3909

3849

3849

3773

0.35 3800 792

0.40 3600 690

0.41

0.41

0.46

107

103

103

99

118

120

115

115

112

W39 -450 63 507 170 338 3162 0.20 3764 0.47 105 115

* Fully ductile fracture. No arrest load.



TABLE5-8

Instrumented Charpy Impact Test Results for the R. E. Ginna Heat Affected Zone (HAZ) Metal
Irradiated at 550'F to a Fluence of 3.87 x 10" n/cm'E > 1.0 MeV)

Normalized Energies

Sample
No.

Test
Temp.
('F)

Charpy
Energy
(ft-lb)

Charpy
Ed/A

Max.
Em/A
(ft-lb/
in')

Prop.
Ep/A

Yield
Load
(lbs)

Time
to

Yield
(msec)

Max.
Load
(lbs)

Time
to

Max.
(msec)

Fract.
Load
(lbs)

Arrest
Load
(lbs)

Yield
Stress

(ksi)

Flow
Stress

(ksi

-50

-25 37

48

56

298

27

33

22 3158

23 3692

45 4021

0.12

0.14

0.17

33S4 0.14 3384

3805 0.15 3805

4750 0.53 4750

105 109

123 125

134 146

25 201 150 52 3814 0.16 4408 0.36 4408 186 127 137

H40 25 12 97 37 60 3525 0.14 3755 0.16 3755 430 117 121

H42

H41

25

50

50

102

56

105

821

451

845

331 490 3699

325 126 3617

329 517 3588

0.16

0.16

0.16

4673 0.68 3450

4626 0.67 4500

4620 0.69 3000

131

713

721

123 139

120 137

119 136

H31 100 68 548 251 297 3616 0.20 4371 0.58 4250 2954 120 133

H38 150 43

H34 200 70

H32 225 137 1103

213 134 3591

207 357 3143

310 793 3202

0.17

0.16

0.16

4284 0.50 4100

4000 0.51 3750

4332 0.69

2421

2804

119 131

104 119

106 125

* FuHy ductile fracture. No arrest load.



TABLE5-9

Effect of 550'F Irradiation to 3.87 x 10" a/cm'E > 1.0 MeV) on the Notch Toughness Properties of the R. E Ginna Unit 1

Reactor Vessel Surveillance Materials

Material

Average 30 (ft-lb)"
Transition Temperature ('F)

Unirradiated Irradiated

Average 35 mil Lateral "
Expansion Temperature ('F)

Unirradiated Itradiated hT

Average 50 ft-lb"
Transition Temperature ('F)

Average Energy Absorption "
at Full Shear (ft-ib)

Unirradiated irradiatedIrradiated hT Unirradiated

Forging
125 P666

Forging
125S255

35

42

-5

20

70

-15

12

30

70

45

58

-183 148

139

-35

Weld
Metal

180 205 -20 200 220 80 55

HAZ
Metal

-75 20 95 -30 35 65 -10 65 75 +14

(a) "Average" is defined as the value read from the curve fit through the data points of the Charpy tests (see Figures 5-1 through 5<)



TABLE5-10

'Comparison of the R. E. Ginna Surveillance Material 30 ft-lb Transition Temperature Shifts
and Upper Shelf Energy Decreases with Regulatory Guide 1.99 Revision 2 Predictions

30 ft-lb Transition
Temperature Shift

Upper Shelf Energy
Decrease

Material

Lower Shell
Forging. 125P666

Intermediate
Shell Forging,

125S 255

Surveillance Weld
Metal

Heat Affected Zone
Metal

Capsule
Fluence

(X 10m a/cm')

0.556

1.15

1.97

3.87

0.556

1.15

1.97

3.87

0.556

1.15

1.97

3.87

0.556

1.15

1.97

3.87

Predicted ')
('F)

32

37

42

37

52

59

135

168

191

218

Measured
('F)

25

30

42

60

140

165

150

205

90

100

95

Predicted "
(%)

16

19.5

22

16

19.5

22

26

42

48

Measured
(%)

13

22

19

37

38

31

31

(a) Based on Regulatory Guide 1.99, Revision 2 methodology using Mean wt. % values of Cu and Ni.
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TABLE5-11

Tensile Properties of the R. E Ginna Reactor Vessel Surveillance Materials Irradiated at 550'F to 3.87 X IMP n/cm'E ) 1.0 MeV)

Material
Sample
Number

Test Temp.
('F)

0.2% Yield
Strength

(ksi)

Ultimate
Strength

(ksi)

Fracture
Load
(kip)

Fracture
Stress

(ksi)

Fracture
Strength

(ksi)

Uniform
Elongation

(%)

Total 'eduction
Elongation in Area

(%) (%)

Lower Shell
Forging,
125 F666

Intermediate
Shell Forging,
125S 255

Weld Metal

S22

S24

W10

Wl1

W12

75

550

75

550

335

550

72.3

62.1

80.7

83.5

71.8

89.6

85.1

84.0

91.7

83.5

82.5

91.7

2.80

2.55

2.98

3.52

3.80

190.4

180.3

158.0

174.7

166.0

169.8

185.9

177.9

160.4

57.0

51.9

53.0

61..1

71.7

73.3

77.4

9.0

9.0

8.4

7.8

6.6

7.5

8.4

9.0

9.0

21.9

21.8

18.9

21.3

17.4

19.8

18.5

19.7

18.3

70

71

65

61

59

52
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Figure 5-12 Fractured Tensile Specimens from the R. E. Ginna Reactor Vessel Lower Shell
Forging 125P666 (Tangential Orientation)
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Specimen W12 550'Ft Figure 5-14 Fractured Tensile Specimens from the R. E. Ginna Reactor Vessel Surveillance Weld
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SECTION 6.0

RADIATIONANALYSISAND NEUTRON DOSIMETRY

6.1 Introduction

Knowledge of the neutron environment within the reactor pressure vessel and surveillance capsule

geometry is required as an integral part of LWR reactor pressure vessel surveillance programs for two

reasons. First, in order to interpret the neutron radiation induced material property changes observed

in the test specimens, the neutron environment (energy spectrum, flux, fluence) to which the test

specimens were exposed must be known. Second, in order to relate the changes observed in the test

specimens to the present and future condition of the reactor vessel, a relationship must be established

between the neutron environment at various positions within the pressure vessel and that experienced

by the test specimens. The former requirement is normally met by employing a combination of

rigorous analytical techniques and measurements obtained with passive neutron flux monitors

contained in each of the surveillance capsules. The latter information is generally derived solely from

analysis.

The use of fast neutron fluence (E ) 1.0 MeV) to correlate measured material property changes to the

neutron exposure of the material has traditionally been accepted for development of damage trend

curves as well as for the implementation of trend curve data to assess vessel condition. In recent

years, however, it has been suggested that an exposure model that accounts for differences in neutron

energy spectra between surveillance capsule locations and positions within the vessel wall could lead

to an improvement in the uncertainties associated with damage trend curves as well as to a more

accurate evaluation of damage gradients through the pressure vessel wall.

Because of this potential shift away from a threshold fluence toward an energy dependent damage

function for data correlation, ASTM Standard Practice E853, "Analysis and Interpretation of Light
Water Reactor Surveillance Results," recommends reporting displacements per iron atom (dpa) along

with fluence (E ) 1.0 MeV) to provide a data base for future reference. The energy dependent dpa

function to be used for this evaluation is specified in ASTM Standard Practice E693, "Characterizing

Neutron Exposures in Ferritic Steels in Terms of Displacements per Atom." The application of the

dpa parameter to the assessment of embrittlement gradients through the thickness of the pressure vessel

wall has already been promulgated in Revision 2 to Regulatory Guide 1.99, "Radiation Damage to

Reactor Vessel Materials."
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This section provides the results of the neutron dosimetry evaluations performed in conjunction with

the analysis of test specimens contained in surveillance Capsule S, withdrawn at the end of the twenty

second fuel cycle. Also included is an updated evaluation of the dosimetry contained in Capsules V,

R and T, withdrawn at the conclusion of Cycles 1B, 3 and 9, respectively. This update is based on

current state-of-the-art methodology and nuclear data; and, together with the Capsule S results,

provides a consistent up to date data base for use in evaluating material properties of the R. E. Ginna

reactor vessel.

~-

In each of the dosimetry evaluations, fast neutron exposure parameters in terms of neutron fluence (E

) 1.0 MeV), neutron fluence (E ) 0.1 MeV), and iron atom displacements (dpa) are established for the

capsule irradiation history. The analytical formalism relating the measured capsule exposure to the

exposure of the vessel wall is described and used to project the integrated exposure of the vessel wall.

Also, uncertainties associated with the derived exposure parameters at the surveillance capsules and

with the projected exposure of the pressure vessel are provided.

6.2 Discrete Ordinates Anal sis

A plan view of the reactor geometry at the core midplane is shown in Figure 4-1. Six irradiation

capsules attached to the thermal shield are included in the reactor design to constitute the reactor

vessel surveillance program. The capsules are located at azimuthal angles of 57', 67', 77', 237; 247;

and 257'elative to the core cardinal axis as shown in Figure 4-1. A plan view of a surveillance

capsule holder attached to the thermal shield is shown in Figure 6-1. The stainless steel specimen

containers are'1-inch square and approximately 38 inches in height. The containers are positioned

axially such that the test specimens are centered on the core midplane, thus spanning the central 3 feet

of the 12 foot high reactor core.

Prom a neutronic standpoint, the surveillance capsules and associated support structures are significant.

The presence of these materials has a marked effect on both the spatial distribution of neutron flux and

the neutron energy spectrum in the water annulus between the thermal shield and the reactor vessel.

In order to determine the neutron environment at the test specimen location, the capsules themselves

must be included in the analytical model.

In performing the fast neutron exposure evaluations for the surveillance capsules and reactor vessel,

two distinct sets of transport calculations were carried out. The first, a single computation in the
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conventional forward mode, was used primarily to obtain relative neutron energy distributions

throughout the reactor geometry as well as to establish relative radial distributions of exposure

parameters ($(E > 1.0 MeV), $ (E > 0.1 MeV), and dpa/sec) through the vessel wall. The neutron

spectral information was required for the interpretation of neutron dosimetry withdrawn from the

surveillance capsules as well as for the determination of exposure parameter ratios; i.e., [dpa/sec]/[$ (E

> 1.0 MeV)), within the pressure vessel geometry. The relative radial gradient information was

required to permit the projection of measured exposure parameters to locations interior to the pressure

vessel wall; i.e., the 1/4T, 1/2T, and 3/4T locations.

The second set of calculations consisted of a series of adjoint analyses relating the fast neutron flux,

$ (E > 1.0 MeV), at surveillance capsule positions and at several azimuthal locations on the pressure

vessel inner radius to neutron source distributions within the reactor core. The source importance

functions generated from these adjoint analyses provided the basis for all absolute exposure

calculations and comparison with measurement. These importance functions, when combined with fuel

cycle specific neutron source distributions, yielded absolute predictions of neutron exposure at the

locations of interest for each cycle of irradiation; and, established the means to perform similar

predictions and dosimetry evaluations for all subsequent fuel cycles. It is important to note that the

cycle specific neutron source distributions utilized in these analyses included not only spatial variations

of fission rates within the reactor core; but, also, accounted for the effects of varying neutron yield per

fission and fission spectrum introduced by the build-up of plutonium as the burnup of individual fuel

assemblies increased.

The absolute cycle specific data from the adjoint evaluations together with the relative neutron energy

spectra and radial distribution information from the reference forward calculation provided the means

to:

2-

4-

Evaluate neutron dosimetry obtained from surveillance capsules.

'elatesurveillance dosimetry results to the neutron exposure at key locations at the

inner radius and through the thickness of the pressure vessel wall.

Enable a direct comparison of analytical prediction with measurement.

Establish a mechanism for projection of pressure vessel exposure as the design of each

new fuel cycle evolves.
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The forward transport calculation for the reactor model summarized in Figures 4-1 and 6-1 was carried

out in R,S geometry using the DOT two-dimensional discrete ordinates code"" and the SAILOR

cross-section library"". The SAILOR library is a 47 energy group ENDF/B-IV based data set

produced specifically for light water reactor applications. In these analyses anisotropic scattering was

treated with a P, expansion of the scattering cross-sections and the angular discretization was modeled

with an S, order of angular quadrature.

~-

The core power distribution utilized in the reference forward transport calculation was derived Qom

statistical studies of long-term operation of Westinghouse 2-loop plants. Inherent in the development
t

of this reference core power distribution is the use of an out-in fuel management strategy; i.e., fresh

fuel on the core periphery. Furthermore, for the peripheral fuel assemblies, the neutron source was

increased by a 2a margin derived Rom the statistical evaluation of plant to plant and cycle to cycle

variations in peripheral power. Since it is unlikely that any single reactor would exhibit power levels

on the core periphery at the nominal + 2a value for a large number of fuel cycles, the use of this

reference distribution is expected to yield somewhat conservative results.

Alladjoint calculations were also carried out using'an S, order of angular quadrature and the P, cross-

section approximation from the SAILOR library. Adjoint source locations were chosen at several

azimuthal locations along the pressure vessel inner radius as well as at the geometric center of each

surveillance capsule. Again, these calculations were run in R,S geometry to provide neutron source

distribution importance functions for the exposure parameter of interest, in this case $(E ) 1.0 MeV).

Having the importance functions and appropriate core source distributions, the response of interest

could be calculated as:

R(r,e) = f f f I(r,B,E) S(r,B,E) r dr d8 dE
r 0 E

where: R(r,S)

I(r,S,E) =

S(r,S,E)=

$(E ) 1.0 MeV) at radius r and azimuthal angle 8.

Adjoint source importance function at radius r, azimuthal angle 8, and

neutron source energy E.

Neutron source strength at core location r,S and energy E.



Although the adjoint importance functions used in this analysis were based on a response function

defined by the threshold neutron flux $ (E > 1.0 MeV), prior calculations'"'ave shown that, while the

implementation of low leakage loading patterns significantly impacts both the magnitude and spatial

distribution of the neutron field, changes in the relative neutron energy spectrum are of second order.

Thus, for a given location the ratio of [dpa/sec]/[$ (E > 1.0 MeV)] is insensitive to changing core

source distributions. In the application of these adjoint importance functions to the R. E. Ginna

reactor, therefore, the iron atom displacement rates (dpa/sec) and the neutron flux $ (E > 0.1 MeV)

were computed on a cycle specific basis by using [dpa/sec]/[$ (E > 1.0 MeV)] and [$(E > 0.1

MeV)]/[)(E> 1.0 MeV)] ratios from the forward analysis in conjunction with the cycle specific $ (E >

1.0 MeV) solutions from the individual adjoint evaluations.

The reactor core power distributions used in the plant specific adjoint calculations were taken from the

fuel cycle designs for the first twenty-two operating cycles of R. E. Ginna

"'elected

results from the neutron transport analyses are provided in Tables 6-1 through 6-5. The data

listed in these tables establish the means for absolute comparisons of analysis and measurement for the

capsule irradiation periods and provide the means to correlate dosimetry results with the corresponding

exposure of the pressure vessel wall.

In Table 6-1, the calculated exposure parameters [$(E > 1.0 MeV), )(E > 0.1 MeV), and dpa/sec] are

given at the geometric center of the three symmetric surveillance capsule positions for both the

reference and the plant specific core power distributions. The plant specific data, based on the adjoint

transport analysis, are meant to establish the absolute comparison of measurement with analysis. The

reference data derived from the forward calculation are provided as a conservative exposure evaluation

against which plant specific fluence calculations can be compared. Similar data are given in Table 6-2

for the pressure vessel inner radius. Again, the three pertinent exposure parameters are listed for the

reference and the Cycles 1 through 22 plant specific power distributions. It is important to note that

the data for the vessel inner radius were taken at the clad/base metal interface; and, thus, represent the

maximum predicted exposure levels of the vessel wall itself.

Radial gradient information applicable to $(E > 1.0 MeV), f(E > 0.1 MeV), and dpa/sec is given in
Tables 6-3, 6-4, and 6-5, respectively. The data, obtained from the reference forward neutron transport

calculation, are presented on a relative basis for each exposure parameter at several azimuthal

locations. Exposure distributions through the vessel wall may be obtained by normalizing the
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calculated or projected exposure at the vessel inner radius to the gradient data listed in Tables 6-3

through 6-5.

For example, the neutron flux $ (E > 1.0 MeV) at the 1/4T depth in the pressure vessel wall along the

0'zimuth is given by:

(0 ) = $ (168 04 0 ) F(172.17 (

where: $ „4T(0') = Projected neutron flux at the 1/4T position on the 0 azimuth.

$ (168.04,0') = Projected or calculated neutron flux at the vessel inner radius on the
0'zimuth.

F(172.17,0') = Ratio of the neutron flux at the 1/4T position to the flux at the vessel

inner radius for the 0'zimuth. This data is obtained from Table 6-3

Similar expressions apply for exposure parameters expressed in terms of $(E > 0.1 MeV) and dpa/sec

where the attenuation function F is obtained from Tables 6C and 6-5, respectively.

The passive neutron sensors included in the R. E. Ginna surveillance program are listed in Table 6-6.

Also given in Table 6-6 are the primary nuclear reactions and associated nuclear constants that were

used in the evaluation of the neutron energy spectrum within the surveillance capsules and in the

subsequent determination of the various exposure parameters of interest [$(E > 1.0 MeV), $(E > 0.1 ~

MeV), dpa/sec]. The relative locations of the neutron sensors within the capsules are shown in Figure

4-2. The nickel, copper, and cobalt-aluminum monitors, in wire form, were placed in holes drilled in

spacers at several axial levels within the capsules. Iron samples for dosimetry were obtained from

charpy specimens following mechanical testing. The cadmium shielded uranium and neptunium

fission monitors were accomodated within the dosimeter block located near the center of the capsule.

The use of passive monitors such as those listed in Table 6-6 does not yield a direct measure of the

energy dependent neutron flux at the point of interest. Rather, the activation or fission process is a

measure of the integrated effect that the time and energy dependent neutron flux has on the target

material over the course of the irradiation period. An accurate assessment of the average neutron flux 0
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level incident on the various monitors may be derived from the activation measurements only ifthe

irradiation parameters are well known. In particular, the following variables are of interest:

The measured specific activity of each monitor.

The physical characteristics of each monitor.

The operating history of the reactor.

The energy response of each monitor.

The neutron energy spectrum at the monitor location.

The specific activity of each of the neutron monitors was determined using established ASTM

procedures"''". Following sample preparation and weighing, the activity of each monitor was

determined by means of a lithium-drifted germanium, Ge(Li), gamma spectrometer. The irradiation

history applicable to Capsules S, T, R, and V is given in Table.6-7.

Having the measured specific activities, the physical characteristics of the sensors, and the operating

history of the reactor, reaction rates referenced to full power operation were determined from the

following equation:

where:

N()

F

Pi

P,
Ci

Reaction rate averaged over the irradiation period and referenced to operation

at a core power level of P„, (rps/nucleus).

Measured specific activity (dps/gm).

Number of target element atoms per gram of sensor.

Weight fraction of the target isotope in the sensor material.

Number of product atoms produced per reaction.

Average core power level during irradiation period j (MW).

Maximum or reference power level of the reactor (MW).

Calculated ratio of $ (E > 1.0 MeV) during irradiation period j to the time

weighted average $ (E ) 1.0 MeV) oyer the entire irradiation period.

Decay constant of the product isotope (1/sec).
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t„= Length of irradiation period j (sec).

t, = Decay time following irradiation period j (sec).

and the summation is carried out over the total number of monthly intervals comprising the irradiation

period.

~-

In the equation describing the reaction rate calculation, the ratio P'P/[P„,] accounts for month by

month variation of reactor core power level within any given fuel cycle as well as over multiple fuel

cycles. The ratio C, which can be calculated for each fuel cycle using the adjoint transport technology

discussed in Section 6.2, accounts for the change in sensor reaction rates caused by variations in flux

level induced by changes in core spatial power distributions Rom fuel cycle to fuel cycle. For a single

cycle irradiation C> is normally taken to be 1.0. However, for multiple cycle irradiations, particularly

those employing low leakage fuel management, the additional C> term should be employed. The

impact of changing flux levels for constant power operation can be quite significant for sensor sets that

have been irradiated for many cycles in a reactor that has transitioned from non-low leakage to low

leakage fuel management or for sensor sets contained in surveillance capsules that have been moved

from one capsule location to another.

For the irradiation history of Capsules S, T, R, and V the lux level term in the reaction rate

calculations was developed from the plant specific analysis provided in Table 6-1. Measured and

saturated reaction product specific activities as well as the derived full power reaction rates are listed

in Tables 6-8 through 6-11 for Capsules S, T, R, and V, respectively.

In regard to the measurement data given in Tables 6-8 through 6-11, it should be noted that the

measured specific activities apply to the actual measurement locations within the capsules while the

saturated activities and derived reaction rates have been gradient corrected to provide a data set

referenced to the geometric center of the respective capsules. In the case of the Uranium and

Neptunium fission sensors corrections for impurities and photofission were made to all of the

measured data. The measurement results were referenced to the following counting and reactor

shutdown dates:
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CAPSULE S

CAPSULE T

CAPSULE R
l

CAPSULE V

COUNTING

DATE

08/08/93

05/18/81

08/16/74

07/16/72

SHUTDOWN

DATE

03/12/93

03/29/80

01/Oi/74

04/14/72

CYCLE ¹
22

IB

Values of key fast neutron exposure parameters were derived from the measured reaction rates using

the FEI&ET least squares adjustment code"". The FERRET approach used the measured reaction rate

data, sensor reaction cross-sections, and a calculated trial spectrum as input and proceeded to adjust

the group fluxes from the trial spectrum to produce a best fit (in a least squares sense) to the measured

reaction rate data. The "measured" exposure parameters along with the associated uncertainties were

then obtained from the adjusted spectrum.

In the FERRET evaluations, a log-normal least squares algorithm weights both the a priori values and

the measured data in accordance with the assigned uncertainties and correlations. In general, the

measured values f are linearly related to the flux $ by some response matrix A:

g(s,n) g (s) ~(s)
Ji ig ~g

g

where i indexes the measured values belonging to a single data set s, g designates the energy group,

and a delineates spectra that may be simultaneously adjusted. For example,

relates a set of measured reaction rates R; to a single spectrum $, by the multigroup reaction cross-

section cr, . The log-normal approach automatically accounts for the physical constraint of positive

fluxes, even with large assigned uncertainties.

In the least squares adjustment, the continuous quantities (i.e., neutron spectra and cross-sections) were

approximated in a multi-group format consisting of 53 energy groups. The trial input spectrum was
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converted to the FERRET 53 group structure using the SAND-II code"". This procedure was carried

out by first expanding the 47 group calculated spectrum into the SAND-II 620 group structure using a

SPLINE interpolation procedure in regions where group boundaries do not coincide. The 620 point

spectrum was then re-collapsed into the group structure used in FERRET.

The sensor set reaction cross-sections, obtained from the ENDF/B-V dosimetry file, were also

collapsed into the 53 energy group structure using the SAND-II code. In this instance, the trial

spectrum, as expanded to 620 groups, was employed as a weighting function in the cross-section

collapsing procedure. Reaction cross-section uncertainties in the form of a 53 x 53 covariance matrix

for each sensor reaction were also constructed from the information contained on the ENDF/B-V data

files. These matrices included energy group to energy group uncertainty correlations for each of the

individual reactions. However, correlations between cross-sections for different sensor reactions were

not included. The omission of this additional uncertainty information does not significantly impact the

results of the adjustment.

Due to the importance of providing a trial spectrum that exhibits a relative energy distribution close to

the actual spectrum at the sensor set locations, the neutron spectrum input to the FERRET evaluation

was taken from the center of the surveillance capsules modeled in the reference forward transport

calculation. While the 53 x 53 group covariance matrices applicable to the sensor reaction cross-

sections were developed from the ENDF/B-V data files, the covariance matrix for the input trial

spectrum was constructed Qom the following relation:

where R, specifies an overall fractional normalization uncertainty (i.e., complete correlation) for the set

of values. The fractional uncertainties R, specify additional random uncertainties for group g that are

correlated with a correlation matrix given by:

where:
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The first term in the correlation matrix equation specifies purely random uncertainties, while the

second term describes short range correlations over a group range y (6 specifies the strength of the

latter term). The value of 6 is 1 when g = g'nd 0 otherwise. Por the trial spectrum used in the

current evaluations, a short range correlation of y = 6 groups was used. This choice implies that

neighboring groups are strongly correlated when 8 is close to 1. Strong long range correlations (or

anti-correlations) were justified based on information presented by R. B. Maerker'. Maerker's results

are closely duplicated when y = 6.

The uncertainties associated with the measured reaction rates included both statistical (counting) and

systematic components. The systematic component of the overall uncertainty accounts for counter

efficiency, counter calibrations, irradiation history corrections, and corrections for competing reactions

in the individual sensors.

Results of the PERREI'valuations of the Capsules S, T, R, and V dosimetry are given in Tables 6-12

through 6-15, respectively. The data summarized in these tables include fast neutron exposure

evaluations in terms of 4(E > 1.0 MeV), 4(B > 0.1 MeV), and dpa. Summaries of the fitof the

adjusted spectrum to the measurements for each of the capsules are provided in Tables 6-16 through

6-19. In general good results were achieved in the fits of the adjusted spectra to the individual

measured reaction rates. The adjusted spectra Rom the least squares evaluations are given in Tables 6-

20 through 6-23 in the PERRET 53 energy group structure.

A summary of the measured and calculated neutron exposure of Capsules S, T, R, and V is presented

in Table 6-24. The data listed in Table 6-24 indicates that, for the fast neutron evaluations, the ratios

of calculation to measured results were in the range of 0.69 to 0.94. The ratios of calculated to

mesured thermal neutron exposure for the capsule irradiation periods fell in the range of 0.83 to 0.99.
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6.4 Pro ections of Pressure Vessel Ex osure

Neutron exposure projections at key locations on the pressure vessel inner radius are given in Table 6-

25. Along with the current (17.0 EFPY) exposure, projections are also provided for exposure periods

of 32 EFPY and 48 EFPY. In computing these vessel exposures, the calculated values from Table 6-2

were scaled by the average measurement/calculation ratios (M/C) observed 6'om the evaluations of

dosimetry Rom Capsules S, T, R, and V for each fast neutron exposure parameter. This procedure

resulted in bias factors of 1.29, 1.34, and 1.27 being applied to the calculated values of 4(E ) 1.0

MeV), 4(E )0.1 MeV), and dpa, respectively. Projections for future operation were based on the

assumption that the average exposure rates characteristic of the low leakage fuel management

implemented in Cycles 14-22 would continue to be applicable for all future fuel cycles.

The overall uncertainty associated with the best estimate exposure projections at the pressure vessel

wall depends on the individual uncertainties in the measurement process, the uncertainty in the

dosimetry location, and on the uncertainty in the lead factors relating the capsule locations to the

pressure vessel inner radius. For R. E Ginna, an lead factor uncertainty of 5% has been combined

with an 11% uncertainty in the plant specific measurement/calculation bias factor derived from the

four surveillance capsule sets to produce a net uncertainty of 12% in the projected exposure of the

pressure vessel wall. This 12% uncertainty applies at the lo level for 4(E ) 1.0 MeV).

In the calculation of exposure gradients for use in the development of heatup and cooldown curves for

the R. E. Ginna reactor coolant system, exposure projections to 32 EFPY and 48 EFPY were also

employed. Data based on both a C(E > 1.0 MeV) slope and a plant specific dpa slope through the

vessel wall are provided in Table 6-26. In order to access RT»r vs fluence curves, dpa equivalent

fast neutron fluence levels for the 1/4T and 3/4T positions were defined by the relations:

4(V46 = 4(OR
dpa(OJ)
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Using this approach results in the dpa equivalent fluence values listed in Table 6-26.

In Table 6-27 updated lead factors are listed for each of the R. B. Ginna surveillance capsules. Lead

factor data based on the accumulated fluence through Cycle 22 are provided for each remaining

capsule.
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FIGURE 6-1

PLAN VIEW OF A REACTOR VESSEL SURVEILLANCECAPSULE

WIRES

CENTER-

S PACER

charpy 0 charpy

X

RADIUS (Cm)

- 158.11

1 58.35

WIRES charpy 0 charpy 159.11

6-14



TABLE6-1

CALCULATEDFAST NEVIRON EXPOSURE RATES AT

'HiE SURVEILLANCECAPSULE CENTER

REFERENCE
13'.33xlo"

$ (E ) 1.0 MeV) [n/cm'-sec]

23'

99xlp'3'.31K10'YCLE

1A

CYCLE 1B

CYCLE 2

CYCLE 3

CYCLE 4

CYCLE 5

CYCLE 6

CYCLE 7

CYCLE 8

CYCLE 9

CYCLE 1O

CYCLE 11

CYCLE 12

CYCLE 13

CYCLE 14

CYCLE 15

CYCLE 16

CYCLE 17

CYCLE 18

CYCLE 19

CYCLE 20

CYCLE 21

CYCLE 22

1.1O 1O"

1.15xlo"

1.13xlp"

9.6thlO«

9.16xlo«

1.19xlo",

1.05xlp"

1.OlxlO"

1.14xlO"

1.08xlo"

1.01xlo"

9.86K10'.11xlp"

7.69xlo'.14xlp'

49xlo'.94xlo«

8.31xlo'

soxlo'.45%10'.82xlo'.54xlo'.55xlp'.37xlo'.6O

1O«

7A4%10"

5.69xlp'.20xlp'.84xlO«

6.42xlp'.4SxlO«

6.77%10«

6.80xlp'.43%10'.62

1O«

5.74K
10'.96x10'o

5.77%10'.45xlo'o

5.10xlQ'.22xlo'.14%10'.02xlo«

5.12xlo'.12xlp'.SO

1O«

5.69xlo'.7

lxlo'.30xlo'.17%10'.93xlo'.75K1Q'.61xlO«

5.75xlo'.20xlo'.48K10«

6.18xlO«

4.97xlo'.81xlo'.20xlo'.59xlo'.29xlo'.89

1O«

4 77%10 o

4.70xlo'.75xlo'.6SxlO«

4.64xlo«

4.98xlp'-15



TABLE6-1 (Continued)

CALCULATEDFAST NEUTRON EXPOSURE RATES AT

THE SURVEILLANCECAPSULE CENTER

REFERENCE
13'.08xlp"

$ (E ) 0.1 MeV) [a/cm~-sec]

23'.78xlp" 33'.56xlp"

CYCLE 1A

CYCLE 1B

CYCLE 2

CYCLE 3

CYCLE 4

CYCLE 5

CYCLE 6

CYCLE 7

CYCLE 8

CYCLE 9

CYCLE 10

CYCLE 11

CYCLE 12

CYCLE 13

CYCLE 14

CYCLE 15

CYCLE 16

CYCLE 17

CYCLE 18

CYCLE 19

CYCLE 20

CYCLE 21

CYCLE 22

4.18xlp"

4.4lx 10

4.33xlp"

3.67xlp"

3 50xlp"

4.54x 10".

4.0lxlp"
3,84xipii

4.36xlp"

4.12xlp"

3.87xlp"

3.77xlp"

4.26xlp"

2.94xlp"

3.1lxlp"
2.86xIPii

3.03xlp"

3.17xlp"

2.87xlp"

2.85xlp"

2.99xlp"

2.88xlp"

3.27xlp"

2.22xlp"

2.30xlp"

2.59xlp"

1.98xlp"

2.16xlp"

2.38x i pit

2.23xlp"

2.25xlp"

2.36xlp"

2.37xlo"

2.24xlp"

1.95xlp"

2.00xlp"

1.73xlp"

2.0ixlp"

L9(hip"

1.78xlp"

1.82xlp"

1 79xlp"

1.75xlp"

1.78xlp"

1.78xlp"

1.91xlp"

1.99xlp"

2.00 ip"
2.56xlp"

1.81xlp"

2.08xlp"

2.01xlp"

1.96xlp"

2.01xlp"

2.17xlp"

2.27xlp"

2.16xlp"

1.74xlp"

1.68xlp"

1.47xlp"

1.96xlp"

1.85xlp"

1.71xlp"

1.67xlp"

1.64xip"

1.66xlp"

1.63xlp"

1.63xlp"

1.74xlp"
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TABLE6-1 (Continued)

CALCULATEDFAST NEUTRON EXPOSURE RATES AT

THE SURVEILLANCECAPSULE CENTER

REFERENCE
13'A6xlo"

Iron Displacement Rate [dpa/sec]

23

1.41xlo'3'.29xlo'YCLE

1A

CYCLE 1B

CYCLE 2

CYCLE 3

CYCLE 4

CYCLE 5

CYCLE 6

CYCLE 7

CYCLE 8

CYCLE 9

CYCLE 10

CYCLE 11

CYCLE 12

CYCLE 13

CYCLE 14

CYCLE 15

CYCLE 16

CYCLE 17

CYCLE 18

CYCLE.19

CYCLE 20

CYCLE 21

CYCLE 22

2.03xlo'.13K10'.10xlo'.78K10'.69xlo'.20xlo'„

1.94xlo'"

1.86xlo'.11xlo"

2.00xlo'.87x101

1.82xlo'.06xlo"

1.42xlo"

1.SlxlO-"

1

39xlo'.47xlo'.S4xlO."

1

39xlo'.38xlo'.45xlo"

1.39xlo'.58%10'.

12xlo."

1.16xlo'.31xlo'.OO

1O"

1.O9 1O"

1.20x 1 0'0

1.13xlo'

14K lo-io

1.19xlo'.20xlo'

~
13xlo'"

9.88xlo"

1.01x101

8.73xlo"

1.01xlo'

59xlo"

8.98xlo"

9 19xlo"

9.04xlo"

8.83xlo"

9.0lxlo"
9.02xlo"

9.68xlo"

1.OO 1O."

1.OO 1O"

1.29xlo'

loxlo"
1.O4xlO"

1.01xlo'.87xlo"

1.OlxlO."

1.O9 1O"

1.14xl0"

1.09xlo'.74xlo"

8.47xlo"

7.40xlo"

9.84xlo"

9 32xlo"

8.61xlo"

8.4(hiO"

8.27K 1 0

8.37xlo"

8.18xlo"

S.l jxlO"
8.77xlO"
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TABLE 6-2

CALCULATEDFAST NEUTRON EXPOSURE RATES AT~ PRESSURE VESSEL CLAD/BASEMETALINTERFACE

REFERENCE

00

4.41%10'(E

) 1.0 MeV) [a/cm'-sec]

15'.68xlp'0'.84%10'5'.56xlp"

CYCLE 1A

CYCLE 1B

CYCLE 2

CYCLE 3

CYCLE 4

CYCLE 5

CYCLE 6

CYCLE 7

CYCLE 8

CYCLE 9

CYCLE 10

CYCLE 11

CYCLE 12

CYCLE 13

CYCLE 14

CYCLE 15

CYCLE 16

CYCLE 17

CYCLE 18

CYCLE 19

CYCLE 20

CYCLE 21

CYCLE 22

3.67%10'.87%10'.74xlp"

3.18xlp"

2.91xlp'.96%10'

44%10"

3.16xlp'.8lxlp'.54xlp"

3.35xlp'.20xlp'.82xlp"

2.62xlp'.67xlp"

2.34xlp"

2.53xlp'.90%10'~

2.42xlp'.43xlp"

2.51xlp"

2.36xlp"

2.86xlp'.16%10'.27%10'.26%10io

1.90xlp'

1.86%10io

2.34%10'.09

10"

2.01xlp'

25%1010

2.15%10'o

2.02%10'.94xlp'.16%10'.57xlp'.69xlp'.57x1Pio

1.62xlp'.69xlp'.55xlp'.53xlpio

1.60 IO"

1.56%10io

1.74xlp"

1.45xlo"

1.46xlp"

1.80xlp'.31xlp'.48%10'.49xlp'A4%10io

1.47%10'.56%10io

1.61xlpio

1.54xlp"

1.26%10'.24%10"

1.10xlp'

39xlp'

32xlp'.21xlp'.21%10io

1.20xlp'.20xlp'.19xlp'.19xlp'.27%10'.21xlp"

1.22%10io

1.53xlp'.13%10'.31xlp'.16%10'.13xlp'.16xlp'.35xlp'.44xlp'.37xlp'.21%10'.18xlp'.90xlp

1.37xlp'.33xlp'.24xlp'.11xlpio

1.05xlo"

1.11%10io

1.06%10<>

1.05xlp'.13xlp'-18



TABLE6-2 (Continued)

CALCULATEDFAST NEVIRON EXPOSURE RATES AT
THE PRESSURE VESSEL CLAD/BASE METALINTERFACE

REFERENCE

po

1.20xlp"

)(E > 0.1 MeV) [n/cm'-sec]

13'.83K10'0'.97xlo'3'.O6xiO"

CYCLE 1A

CYCLE 1B

CYCLE 2

CYCLE 3

CYCLE 4

CYCLE 5

CYCLE 6

CYCLE 7

CYCLE 8

CYCLE 9

CYCLE 10

CYCLE 11

CYCLE 12

CYCLE 13

CYCLE 14

CYCLE 15

CYCLE 16

CYCLE 17

CYCLE 18

CYCLE 19

CYCLE 20

CYCLE 21

CYCLE 22

9.99xlp"

1.05xlo"

1.02xlo"

8.64xlp'.92xlp"

1.08xlp"

9.34xl0'0

8.59xlp'.04xlo"

9.63xlo"

9.1 lx1 0'0

8.70xlo'.04xlp"

7.13xlp'.26xlp'.36xlp'.87xlp"

7.90xlo'.58K10'.6(hio"

6.83xlp'.42xlo'.77x1

0'0

6.30xlo'.63xlp'.61xlp"

5 54210io

. 5.42xlp"

6.84xiO"

6.io io"
5.88xlpio

6.57xlo"

6.28xlp"

5.89xlp'0

5.68x1 0'0

6.31xlp'0

4.57xlo'.94xlo'.58xiO"

4.72xlo'

92xlp"

4.53K10'.47xlp'.672

lpio

4.S4xiO"

5.09 iO"

3.90xlo'.95xlp'.87xlo'.52xlo'

99210'.03xlp'.90210'~

3.97xlo'.212101

4.35xlo'.14xlp'

39xlo'.34xlp'.96K10'.76xlP'.55xlo'.28K10'.28xlo"

3.24210'.23210'.20xlp'.21xlp'.43K

10'.15xlp'.17xlo'.98210'.95xlp'.41xlp'.01xlp'.94xlp'

02210'

52xlp'.73xlp'0

3.55K10"

3.15xlp'.06xlp'.32xlp"

3.57xlp'.45xlo'.23210'.89xlp'.74210'.88xlp'.76x

10M

2.74xlp'.94xlp'-19



TABLE6-2 (Continued)

CALCULATEDFAST NEUTRON EXPOSURE RATES AT

THE PRESSURE VESSEL CLAD/BASE METALINTERFACE

po

Iron Displacement Rate [dpa/sec]

15'0'5'EFERENCE

7.28xlp" 4.58xlp" 3.05xlp" 2.56xlp"

CYCLE 1A

CYCLE 1B

CYCLE 2

CYCLE 3

CYCLE 4

CYCLE 5

-CYCLE 6

CYCLE 7

CYCLE 8

CYCLE 9

CYCLE 10

CYCLE 11

CYCLE 12

CYCLE 13

CYCLE 14

CYCLE 15

CYCLE 16

CYCLE 17

CYCLE 18

CYCLE 19

CYCLE 20

CYCLE 21

CYCLE 22

6.06xlp"

6.39xlP»

6.18xlp"

5.24xlp"

4.80xlp"

6.53xlp"

5.67xlp"

5.21xlp"

6.28xlp"

5.84xlp"

5.52xlp"

5.28xlp"

6.31xlp"

4.33xip»

4.40 10"

3.86xlp"

4.17xlp"

4 79xlp"

3.99xlp"

4.01xlp"

4.14xlp"

3.89xlp"

4.71xlp"

3.69xlp"

3.88xlp"

3,87xlP»

g.24xio.»

. 3.17xlp"

4.00xlp"

3.57xlp"

3.45xlp"

3.85xlp"

3.68xlp"

3 45xlp"

3.32xlp"

3 70xlp"

2.68xlp"

2.89xlp"

2.68xlp"

2.77xlp"

2.88xlp"

2.65xlp"

2.62xlp"

2.74xlp"

2.66xlp"

2.98xlp"

2.40xlp"

2.43xlp"

2.99xlp"

2.17xlp-»

2.46xlp"

2.48xlp"

2 40xlp"

2.44xlp"

2.59xlp"

2.68xlp"

2.55xlp"

2.09xlp"

2.05xlp"

1.82xlp"

2.31xlp"

2.18xlp"

2.02xlp"

2.01xlp"

L99 10"

L99 10-»

1.97xlp"

1 97xlP.»

2.11xlp"

L99 10-»

2.00xlp"

2.51xlP"

1.86xlp"

2.15xlp"

L90 10-»

1.85xlp

1.90xlp"

2.22xlP-»

2.35xlp"

2.24xlp"

L99 10"

1.93xlp"

L46xio"

2.25xlp"

2.18xlp"

2.04xlp"

1.83xlp"

1.73xlp"

1.82xlp"

1.74xlP"

1.73xlp"

1.86xlp"
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TABLE6-3

RELATIVERADIALDIS'IRIBUTIONOF $ (E > 1.0 MeV)

)VH'HINTHE PRESSURE VESSEL WALL

Radius

~cm
168.04

168.27'68.88

169.75

170.89

172.17

173.49

174.90

176.30

177.50

178.91

180.42

181.51

182.60

183.90

184.55

po

1.000

0.986

0.972

0.922

0.841

0.734

0.621

0.519

0.426

0.348

0.291

0.235

0.187

0.156

0.129

0.101

0.988

0.976

0.929

0.850

0.744

0.631

0.530

0.437

0.359

0.302

0.247

0.197

0.167

0.141

0.113

30'.987

0.975

0.927

0.847

0.740

0.627

0.525

0.431

0.353

0.296

0.242

0.192

0.163

0.137

0.111

45'.000

0.988

0.975

0.928

0.850

0.745

0.633

0.531

0.438

0.359

0.302

0.%6

0.196

0.165

0.139

0.112

NOTES: Base Metal Inner Radius =

1/4 T Location =

1/2 T Location =

3/4 T Location =

168.04 cm.

172.17 cm.

176.30 cm.

180.42 cm.

Base Metal Outer Radius = 184.55 cm.
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Radius

TABLE6P

RELATIVERADIALDISTRIBUTION OF $ (E ) 0.1 MeV)

WITHINTHE PRESSURE VESSEL WALL

~cm
168.04

168.27

168.88

169.75

170.89

172.17

173.49

174.90

176.30

177.50

178.91

180.42

181.51

182.60

183.90

184.55

po

1.005

1.006

0.981

0.934

0.872

0.803

0.729

0.657

0.595

0.524

0.452

OAOO

0.347

0.282

15'.000

1.006

1.013

1.012

0.992

0.949

0.891

0.827

0.757

0.687

0.629

0.562

0.492

OA42

0.393

0.331

30'.000

1.014

1.014

0.996

0.955

0.898

0.834

0.764

0.695

0.638

0.572

0.503

0.454

0.407

0.350

45'.000

1.007

1.014

1.015

0.998

0.959

0.903

0.840

0.769

0.700

0.641

0.572

0.500

0.450

0.400

0.343

NOTES: Base Metal Inner Radius = 168.04 cm.

1/4 T Location =

1/2 T Location =

3/4 T Location =

172.17 cm.

176.30 cm.

180.42 cm.

Base Metal Outer Radius = 184.55 cm.,
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TABLE6-5

RELATIVERADIALDISTRIBUTIONOF IRON DISPLACEMENTRATE (dpa/sec)

Wi'IHINTHE PRESSURE VESSEL WALL

Radius

~cm
168.04

168.27

168.88

169.75

170.89

172.17

173.49

174.90

176.30

177.50

178.91

180.42

181.51

182.60

183.90

184.55

00

0.988

0.977

0.937

0.874

0.790

0.701

0.617

0.536

OA65

0.409

0.350

0.294

0.256

0.219

0.177

15'.990

0.981

0.945

0.886

0.806

0.720

0.639

0.561

0.491

0.437

0.380

0.324

0.287

0.251

0.210

30'.000

0.990

0.980

0.943

0.882

0.801

0.713

0.630

0.552

0.482

0.429

0.372

0.318

0.282

0.249

0.211

45'.000

0.990

0.980

0.943

0.883

0.803

0.715

0.632

0.553

0.482

0.428

0.370

0.314

0.277

0.243

0.205

NOTES: Base Metal Inner Radius = 168.04 cm.

1/4 T Location =

1/2 T Location =

3/4 T Location =

172.17 cm.

176.30 cm.

180.42 cm.

Base Metal Outer Radius = 184.55 cm.
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TABLE 6-6

NUCLEAR PARAMETERS USED IN THE EVALUATIONOF NEUTRON SENSORS

OF

INTEREST

Cu-63 (n,a) Co-60

Fe-54 (n,p} Mn-54

Ni-58 (n,p) Co-58

U-238 (n,f) Cs-137

Np-237 (n,f) Cs-137

Co-59 (n,y) Co-60

TARGET

WEIGHT

FRACTION

0.6917

0.0580

0.6827

0.9996

1.00

0.0015

PRODUCT

HALF-LIFE

5.271 yrs

312.5 dys

70.78 dys

30.12 yrs

30.12 yrs

5.271 yrs

FISSION

YIELD

~%

6.27
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TABLE6-7

MONTHLYTHERMALGENERATION DURING THE FIRST 22 FUEL CYCLES

OF THE R. E. GINNAREACTOR

9/69

10/69

1 1/69

12/69

1f70

2/70

3/70

4f70

5/70

6/70

7/70

8/70

9/70

10/70

11/70

12/70

1/71

2/71

3/71

4/71

5f71

6/71

7/71

8/71

9/71

10/71

11/71

922141

913338

957036

956391

435541 12/71 941632

435541

435541

435541

435541

435541

435541

930964

860611

1/72

2/72

3/72

4f72

5f72

6/72

7/72

8/72

956804

955012

740009

655096

7722

818270

897991

481017 9/72 910771

830385

840563

831856

956228

27388

330899

831633

835525

10/72

11/72

12/72

1/73

2/73

3f73

4f73

5/73

6f73

329771

381843

1053950

886067

852420

942682

914688

947502

906810

7/73

8f73

9/73

10/73

11/73

12/73

1/74

2/74

3/74

4/74

5/74

6/74

7f74

8/74

9/74

10f74

11/74

12/74

1/75

2/75

3/75

4f75

5/75

678681

945755

951662

818471

980073

923316

2908

89688

739896

582048

710424

895176

9920S8

1034808

562206

1102170

1123848

1018003

325920

0.

154344

6f75

7/75

8/75

9/75

10/75

11/75

12f75

1/76

2f76

3/76

4/76

5/76

6/76

7/76

S/76

9/76

10/76

11/76

12/76

1/77

2/77

3/77

4f77

THERMAL

MONTH ~MW-hr MONTH ~MW-hr MONTH ~MW-hr MONTH ~MW-hr

624696

1088160

1115328

1086864

1047312

1085784

1036296

532560

262656

667032

1069992

1079064

151512

747336

331608

1087128

1055472

1108248

1013808

1119720

541872
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TABLE6-7 (Contintted)

MONTHLYTHERMALGENERATION DURING THE FIRST 22 FUEL CYCLES

OF THE R. E. GINNAREACTOR

MONTH ~MW-hr MONTH ~MW-hr MONTH ~MW-hr MONTH

THERMAL

~MW-hr

5/77

6/77

7/77

8/77

9/77

10/77

11/77

12/77

1/78

2/78

3/78

4/78

5/78

6/78

7/78

8/78

9/78

10/78

195504

1081512

810480

973440

1083960

1116840

948096

1088328

872256

888480

870024

245784

1082184

1107864

1081872

1079232

1120344

12/78

1/79

2/79

3/79

1066896

1116480

290064

312

11/78 1078368

4/79

5/79

6/79

7/79

8/79

9/79

10/79

11/79

12/79

1/80

2/80

3/80

4/80

5/80

6/80

7/80

8/80

9/80

10/80

11/80

12/80

1/81

2/81

856560

1111296

1085088

212952

952248

3/81

4/81

5/81

6/81

7/81

8/81

9/81

10/81

11/81

12/81

1/82

2/82

1118424

604920

1018944

906408

2/83

3/83

4/83

5/83

6/83

7/83

8/83

9/83

10/83

11/83

12/83

335016

1110480

1112424

1087728

1122552

1028280

1121904

881568

153007

1114224

1126776

1025808

1123392

1088808

1121328

108484)

10899@

1059936

486144

1127568

1055352

935736 0 1/84 1114992

0 2/84 10275363/82

4/82

5/82

6/82

648963/84

4/84

5/84

6/84

7/84

8/84

9/84

10/84

11/84

12/84

238944

1084200

1120680

87336

1078152 160440

1002072

1123896

1106304

1089792

1127040

1084032

1126992

1124472 9/82

10/8272 352944

1082784

1121448

1035552

1043136

1018488

11/82

12/82

1/83 996120

1119528 7/82 1118424

1084296 8/82 1087944
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TABLE6-7 (Continued)

MONTHLYTHERMALGENERATION DURING THE FIRST 22 FUEL CYCLES

OF THE R. E. GINNAREACTOR

MONTH ~MW-hr MONTH ~MW-hr MONTH ~MW-hr MONTH

1/85

2/85

3/85

4/85

5/85

6/85

7/85

8/85

9/85

10/85

11/85

12/85

1/86

2/86

3/86

4/86

5/86

6/86

7/86

8/86

9/86

10/86

11/86

12/86

1/87

1127616

964344

27648

614232

1126704

1034760

1126464

1126776

1010352

1116312

1042512

1119144

1056672

198456

280056

1091832

1129992

1080912

1035216

1123488

1093752

1075584

1040304

1121160

1088064

2/87

3/87

4/87

5/87

6/87

7/87

8/87

9/87

10/87

11/87

12/87

1/88

2/88

3/88

4/88

5/88

6/88

7/88

8/88

9/88

10/88

11/88

12/88

1/89

2/89

171240

708461

1088688

1088112

1089638

1126248

1125559

1057654

1128811

1091532

1113677

1029730

125990

223258

1072037

1108301

939036

1044756

1113811

1068655

1125024

1088028

1104055

1061697

1006661

3/89

4/89

5/89

6/89

7/89

8/89

9/89

10/89

11/89

12/89

1/90

2/90

3/90

4/90

5/90

6/90

7/90

8/90

9/90

10/90

11/90

12/90

1/91

2/91

3/91

556975

13848

878174

1040174

710578

1080422

4/91

5/91

6/91

7/91

8/91

9/91

10/91

599282

1065760

1100696

1022214

1049792

1103223

1074098

1107108

1105469

1012205

808550

769318

1012320

1098566

1098437

959083

1093051

1056218

715030

1096111

988894

668083

12/91.

1/92

2/92

3/92

4/92

5/92

6/92

7/92

8/92

9/92

10/92

11/92

12/92

1/93

2/93

3/93

1102728

1106685

780610

868877

610650

948520

1097720

1101108

1059758

11036S4

1045291

1106157

1100087

1004079

386820

1122288 11/91 1067033
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TABLE 6-8

MEASURED SENSOR ACTIVITIES AND REACTION RATES

SURVEILLANCECAPSULE S

MONITOR AND
AXIALLOCATION

MEASURED
ACTIVITY

~dis spec- m+

SATURATED
ACTIVITY

~dis spec- nQ

REACTION
RATE

Q)~snu coleus

Cu-63 na Co-60

TOP
TOP-MID

BOTI'OM-MID
BOTI'OM

AVERAGE

Fe-54 n Mn-54
P-31

Ni-58 n Co-58

MIDDLE

2.06xlo
1.82xlo

1.98xlo'.18x105

L62xlo~

'.51xlo'.93xlo'

2.58xlo'.81xlo

3.10xlo'.85xlo'.75xlo'.96xlo'.35xlo'.40xlo'.6SxlO-"

Cd Covered
U-238 n Cs-137

MDDLE 1.04xlo'.46xlo'.06xlo"
Cd Covered

N -237 n Cs-137

MIDDLE 1.09xlo'.62xlo 2.27xlO"
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TABLE6-8 (Continued)
MEASURED SENSOR ACTIVITIES AND REACTION RATES

SURVEILLANCECAPSULE S

Co-59 n Co-60

TOP
TOP-MID
MIDDLE

BOTI'OM-MID
BOTI'OM

AVERAGE

3.55x10

3.71x10'.39x10'.60xl0

3.45x10

4.88x10~

5.10x10'.66x10'.95x10

4.74x10~

4.87x10

Cd Covered
Co-59 n Co-60

TOP
TOP-MID
MIDDLE

BOTI'OM-MID
BOTI'OM

AVERAGE

1.43x10'.37x10

1.31x10 .

1.45x10

1.35x10

2.47x10'.37x10'.26x10'.50x10

2.33x10
2.39x10'.56x10'



TABLE6-9

MEASURED SENSOR ACTIVITIES AND REACTION RATES

SURVEILLANCECAPSULE T

MONITOR AND
AXIALLOCATION

MEASURED

ACTIVITY

~dis spec- m+

SATURATED

ACTIVITY

~dis spec- m+

REACTION

RATE

(~snu~cleus

Cu-63 na Co-60

TOP

TOP-MID

B071'OM-MID
BOTI'OM

AVERAGE

1.6OxlO'.40xlo

1.66xlo

1.74xlo

3.39xlo

2.97xlo'.52xlo~

3.69xlo'.39xlo'.17xlo'e-54

n Mn-54

S-22

P-28

W-21

S-23

P-29

W-22

AVERAGE

1.14xlo

1.27xlo

1.30xlo

1.0lxlo'.03xlo

1.10xlo

3.32xlo

3.70xlo

3.79xlo

3.58xlo

3.65xlo

3 90xlo
3.66xlo S.8SxlO-"

Ni-58 n Co-58

MIDDLE 8.62xl0
5.25xlo'.50xlo'd

Covered

U-238 n Cs-137

MIDDLE 5.87xlo 4.25xlo~ 2.80x1 0'"

Cd Covered

N -237 n Cs-137

MIDDLE 6.00xlo'.34x 107 2.72x 10'~
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TABLE 6-9 (Continued)

MEASURED SENSOR ACTIVITIESAND REACTION RATES

SURVEILLANCECAPSULE T

MONITOR AND
AXIALLOCATION

MEASURED

ACTIVITY

midis'spec- pe

SATURATED

ACTIVITY

~dis spec- nQ

REACTION

RATE

Qi~snuc~leus

Co-59 n Co-60

TOP

TOP-MID

MIDDLE

BOTTOM-MID

BOTI'OM

AVERAGE

3.17xlp'.06xlp

3.03xlp

3.27xlp~

3.07xlp

.6.46x

10'.24xlp'.18xlp'.67xlp'.26xlp

6.36xlp 4.15xlp'~

Cd Covered

Co-59 n Co-60

TOP

TOP-MID

MIDDLE
BOTI'OM-MID

BOTTOM

AVERAGE

1.21xlp

1.13xlp

1.16xlp

1.26xlp

1.20xlp'.09xlp'.88xlp'.96xlp'.21xlp

3.06xlp'.04xlp'.98xlP'»
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TABLE6-10

MEASURED SENSOR ACTIVITIES AND REACTION RATES

SURVEILLANCECAPSULE R

MONITOR AND
AXIALLOCATION

MEASURED

ACTIVITY

midis~sec- gn}

SATURATED

ACTIVITY

midisse~c-

REACTION

RATE

Q)~snuc~leus

Cu-63 na Co-60

TOP

TOP-MID

B071'OM-MID
BOY'OM

AVERAGE

1.08x10'.68xlG'.15x10~1.15x10'.22xl0~3.78x10~

4.49x10

4.49xl0
4.25x10'.48x10"

Fe-54 n Mn-54

W-13

R-14

P-18

W-14

R-15

P-19

AVERAGE

2.08x10~
'.98x10

2.06xio'.63x10~

1.70x10

1.85x10'.98x10'.74x104.94x10

4.76x10~

4.96x10'.40x10'.96x10~

7.94x10.is

Ni-58 n Co-58

MIDDLE 5.83x10~ 7.08x10~ 1.01x10"

Cd Covered

U-238 n Cs-137

MIDDLE 3.51x10~ 6.33x10'.17x10
i'd

Covered

N -237 n Cs-137

MIDDLE 4.i9 io'.65x10 4.74x10'~
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TABLE6-10 (Continued)

MEASURED SENSOR ACTIVITIESAND REACTION RATES

SURVEILLANCECAPSULE R

MONITOR AND
AXIALLOCATION

MEASURED

ACTIVITY

midisspec- nQ

SATURATED

ACTIVITY

~dis ~sec- ~m+

REACTION

RATE

Q)~snuc~leus

Co-59 n Co-60

TOP

TOP-MID

MIDDLE
BOTI'OM-MID

BOTI'OM

AVERAGE

3.09x10'.14x10

2.96x10'.

2.94x10'.94x10'

~

18x10'.20

10'.13x10~

1.12x10'.12K10

1.15x10'.51x10'd

Covered

Co-59 n Co-60

TOP

TOP-MID

MIDDLE
BOTI'OM-MID

BOTI'OM

AVERAGE

1.19x10'.18x10

1.07x10

1.24x10~

1.24x10

5.69x10'.64x10'.11x10'.92x10~

5.92x10'.66x10'.69x10'-33



TABLE6-11

MEASURED SENSOR ACTIVITIESAND REACTION RATES

SURVEILLANCECAPSULE V

MONITOR AND

AXIALLOCATION

MEASURED

ACTIVITY

~dis se~c-

SATURATED

ACTIVITY

~dis spec- iQ

REACTION

RATE

(~snu~cleus

Cu-63 na Co-60

TOP

TOP-MID

B071'OM-MID
BOTI'OM

AVERAGE

7.38xlo'.77xlo'.48xlo'.13xlo'A4xlo'.07xlo'.SO

1O'.89xlo'.48xlo'.83xlo"

Fe-54 n Mn-54

W-01

R-01

S-06

P-07

W-02

R-03

S-08

P-09

AVERAGE

2.47xlo~

2.57xlO'.18xlo~

2.57xlo~

2.04xlo'.95xlo~

2.02xlo~

2.10xlo

4.87xlo~

5.07xlo

4
30xlo'.07xlo~

4.90
1O'.68xio~

4.85xlo'.05xlo

4.85xlo 7.75xlo"

Ni-58 n Co-58

MIDDLE 2.38xlO'.52xlo' 31xlo is

Cd Covered

U-238 n Cs-137

MIDDLE 1.89xlo 5.99 10'.95x 10
i'd

Covered

N -237 n Cs-137

MIDDLE 1.21xlO'.84xlo'.41xlo "
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TABLE6-12

SURGERY OF NEUTRON DOSIMEIRYRESULTS

SURVEILLANCECAPSULE S

TIME AVERAGED EXPOSURE RATES

$(E > 1.0 MeV) [n/cm'-sec]

)(E > 0.1 MeV) [n/cm'-sec]

dpa/sec

$ (E ( 0.414 eV) [n/cm'-sec]

7.21x10'.70x10"

1.27x10'.78x10'

8%

+ 15%

+ 10%

+ 21%

INTEGRATED CAPSULE EXPOSURE

4(E > 1.0 MeV) [n/cm']

4(E > 0.1 MeV) [n/cm']

dpa

4(E ( 0.414 eV) [n/cm']

3.87x10"

L45x10Ã

6.80x10

3.64xl0"

+ 8%

+ 15%

+ 10%

+ 21%

Note: Total Irradiation Time = 17.0 EFPY.
f
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TABLE6-13

SUMMARYOF NEUTRON DOSIMETRY RESULTS

SURVEILLANCECAPSULE T

TIME AVERAGED EXPOSURE RATES

$ (E > 1.0 MeV) [n/crn'-sec]

$(E > 0.1 MeV) [n/cm'-sec]

dpa/sec

$ (E < 0.414 eV) [n/cm'-sec]

9.10x10'.25x10"

1.56xlo."

8.99xlo"

+ 8%

+ 15%

+ 10%

+ 20%

INTEGRATE CAPSULE EXPOSURE

4(E > 1.0 MeV) [n/cm']
1.97x10'(E

> 0.1 MeV) [n/cm']
7.03x10'pa

3.38x10

4(E ( 0.414 eV) [n/cm~] 1.95K10"

+ 8%

+ 15%

+ 10%

+ 20%

Note: Total Irradiation Time = 6.86 EFPY.
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TABLE6-14

SUMMARYOF NEUTRON DOSIMETRY RESULTS

SURVEILLANCECAPSULE R

TIME AVERAGED EXPOSURE RAZES

$(E > 1.0 MeV) [n/cm'-sec]

$(E > 0.1 MeV) [n/cm'-sec]

dpa/sec

$(E < 0.414 eV) [n/cm'-sec]

1.43x10"

5.81x10"

2.62x10'59x10"

+ 8%

+ 15%

+ 11%

+ 20%

IVI%GRATEDCAPSULE EXPOSURE

4(E > 1.0 MeV) [n/cm ]

4(E > 0.1 MeV) [n/cm']

dpa

4(E ( 0.414 eV) [n/cm~]

1.15xlo"

4.67x10'.10xlo"

1.28x10"

+ 8%

+ 15%

+ 11%

+ 20%

Note: Total Irradiation Time = 2.55 EFPY.
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TABLE 6-15

SUMMARYOF NEVIRON DOSIMETRY RESULTS

SURVEILLANCECAPSULE V

TIME AVERAGED EXPOSURE RATES

$ (E > 1.0 MeV) [n/cm'-sec]

$(E > 0.1 MeV) [n/cm~-sec]

dpa/sec

$ (E ( 0.414 eV) [n/cm'-sec]

L25xl0~t

4.77x10"

2.22x10'.53x10"

+ 10%

+ 21%

+ 15%

+ 82%

INTEGRATED CAPSULE EXPOSURE

4>(E > 1.0 MeV) [n/cm']

4(E > 0.1 MeV) [n/cm]

dpa

4(E ( 0.414 eV) [n/cm']

5.56x10'.13x10'.89xl0

'.82x10"

+ 10%

+ 21%

+ 15%

+ 82%

Note: Total Irradiation Time = 1.41 EFPY.
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TABLE6-16

COMPARISON OF MEASURED AND FERRET CALCULATED

REACTION RATES AT THE SURVEILLANCECAPSULE CENTI'ER

SURVEILLANCECAPSULE S

REACTION

Cu-63 (n,a) Co-60

Fe-54 (n,p) Mn-54

Ni-58 (n,p) Co-58

U-238 (n,f) Cs-137 (Cd)

Np-237 (n,f) Cs-137 (Cd)

Co-59 (n,y) Co-60

Co-59 (n,y) Co-60 (Cd)

4.35x10'.40x10'.65x10'.28x10'"

2,27x10"

. 3.18x10'u

1.56x10 n

4.42x10'L'.32x10'.71x10'.30x10"

2.19x10"

3.18x10"

1.56xl0"

ADJUSTED

MEASURED CALCULATION ~C

1.02

0.98

1.01

1.01

0.96

1.00

1.00

TABLE6-17

COMPARISON OF MEASURED AND FEPZK'I'ALCULATED

REACTION RATES AT THE SURVEILLANCECAPSULE CEN'IZR

SURVEILLANCECAPSULE T

REACTION

Cu-63 (n,a) Co-60

Fe-54 (n,p) Mn-54

Ni-58 (n,p) Co-58

U-238 (n,f) Cs-137 (Cd)
w

Np-237 (n,f) Cs-137 (Cd)

Co-59 (n,y) Co-60

Co-59 (n,y) Co-60 (Cd)

5.17x10'.85x10'

50xl0"

2.80x10'.72xl0'"

4.15x101

1.98x10'u

5.34x10'~

5.77K10'

50x10's

2.93x10'4

2.66x10"

4.15x10'

98xi0-»

MEASURED CALCULATION ~C

1.03

0.97

1.00

1.05

0.98

1.00

1.00
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TABLE6-18

COMPARISON OF MEASURED AND FEEI'ALCULATED
REACTION RATES AT THE SURVEILLANCECAPSULE CENTER

SURVEILLANCECAPSULE R

REACTION

Cu-63 (n,a) Co-60

Fe-54 (n,p) Mn-54

Ni-58 (n,p) Co-58

U-238 (n,f) Cs-137 (Cd)

Np-237 (n,f) Cs-137 (Cd)

Co-59 (n,y) Co-60

Co-59 (n,y) Co-60 (Cd)

6.48x10-"

7.94x10'.00x10'"

4.17x10'"

4.74x10'

7.51x10."

3.69x10'.65x10

"
7.66x10'"

1.01x10 "
4.37x10"

4.55x10"

7.51x10 i~

3.68x10'i

ADJUSTED

MEASURED CALCULATION ~C

1.03

0.97

1.01

1.05

0.96

1.00

TABLE6-19

COMPARISON OF MEASURED AND FERI~ CALCULATED

REACTION RATES AT THE SURVEILLANCECAPSULE CEN'IK<

SURVEILLANCECAPSULE V

REACTION

Cu-63 (n,a) Co-60

Fe-54 (n,p) Mn-54

Ni-58 (n,p) Co-58

U-238 (n,f) Cs-137 (Cd)

6.83x10"

7.75x 10-is

9.31x10'.95x10

i'.96x10'.43x10'.54K10'.98x10"

MEASURED CALCULATION ~C

1.02

0.96

1.02

1.01



-0
TABLE6-20

ADJUSTED NEVIRON ENERGY SPECTRUM AT THE

CENTER OF SURVEILLANCECAPSULE S

ENERGY ADJUSTED FLUX ENERGY ADJUSTED FLUX

~Me~
1.73x10

'.49xlO

'.35x10"

1.16x10

'.00x10

'.61x10

7.41x10

6.07x10

4.97K10~

3.68K10~

2.87K10~

2.23x10

1.74x10

1.35K10~

1.11K10~

8.2IKIO~'.39x10

'.98K10

'.88x10

'.02K10~'.83K10

'.11%10

'.74K10~

4.09xl0~

2.55K10~

1.99x10

'.50xlO

~cm'-eec

6.41K10~

1.43K10~

5A6x10

1.21xl(P

2.66x10"

4.56xlo"

1.06KIO~,

1.54K10~ ~

3.24K10~

4.23x10

8.62K10~

1.12K10'~

L53KIO'~

1.6lx10'0

2.88x10'

10x10'.09x10'.18x10"

2.85x10'

27x10 o

2.96xl0'.33K

IOio

1.72K

10'.07K10'.08x10'.94K10~

9.65x10

~Me~
9 12xlO

'.53K10~'

3.36x10

2.84x10

'.40K10~

2.04K10~'.23KIO~'.49xlO

4.54K10~

2.75x10~

1.67x10~

1.01x10

6.14xio~'.73x10

'.26x10

1.37KIO~'.32KIO~

5.04K10~

3.06x10

~ 1.86x10

1.13K10~

6.83KIO~

4.14x10

2.51K10~

1.52K10~

9 24K10~s

~cm'-sec

1.11x10'.33x10'.10

IO~

3.86x10

3.71x10

1.08xlo"

1.07x10'

1.05xlo"

1.03x10'.09

10"

1.16xlo"

1.12K10'.11x10'.08x10'.05xlO'.02x10'.75x10

9.23x10

8.79x10

8.28x10

6.99x10

6.75x10

L09KIO"

1.14xlo"

1.20x10'.35x10'ote:

Energy levels represent the upper bound of each group.
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TABLE6-21

ADJUSTED NEUTRON ENERGY SPECTRUM AT THE

CENTIER OF SURVEILLANCECAPSULE T

ENERGY

MeV

1.73K10

'.49x10

'.35K10

'.16x10

'.0010"

8.61x10

7.41x10~

6.07x10

4.97xlo

3.68x10

2.87x10

2.23xlO

1.74x10~

1.35x10

1.11x10~

8.21x10~'.39xio~'

98xlOoi

3.88K10 1

3.02x10~'.83K10

'iixio~'.74x10

4.09 10~

2.55x10

1.99x10

LSOxio~

ADJUSTED FLUX

~cm'-sec

7.42x10~

1.67xlO~

6.43x10

L44xio"

3.23x10

'.67x10" .

1.35xlO~ ..
2.01x10

4.29xlO

5.56x10

1.12x10'A4x10'.91x10'o

2.00xl0'.51x10io

3.72xlOio

3.67x10'.56x10io

3.33x10"

3.80x10'.43K

10'.70xl0'99

10"

L25x10io

1.27x10'.21x10~

1.15xlo"

ENERGY

MeV

9.12x10~'.53x10

'.36xlO~'.84xio~'.40x10

2.04xio"

L23xio~'.49x10

4.54x10~

2.75x10

1.67x10

1.01x10~

6.14xio~'.73x10

'.26x10

1.37x10

8.32x10

5.04x10~

3.06x10

1.86x10~

1.13x10

6.83x10~

4. 14x10~

2.51x10~

1.52x10~

9.24xiO~'cm'-sec

1.33x10'.60

10"

4.95x10

4.68x10

4.51x10

1.32x10'.31x10'.30xl0'.28x10'.36x10'.49x10'.40xl0'1.39x10'.34x10'.29x10'.25x10'.20x10'.13x10'.08x10'.01x10'.56x10

8.40xl0

1.38x10"

1.47x10'.57K10'.57x10'ote:

Energy levels represent the upper bound of each group.
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TABLE6-22

ADJUSTED NEUTRON ENERGY SPECTRUM AT THE

CENTER OF SURVEILLANCECAPSULE R

~Me~
1.73x10

'.49x10

'.35x10

'.16x10

'.00x10

'.61x10

7.41x10

6.07x10~

4.97x10~

3.68x10

2.87x10~

2.23xlO

L74xl0

L35xl0~

1.11xl0

8.21x10~'.39x10

'.98K10

'.88x10

3 02xlOa'

83xlO

Lllxlo~'.74xlo

4.09xl0

2.55x10~

1.99 IO~

1.50xlO

~cm'-sec

8.88x10~

1.98xlO~

7.71xlo

1.76xloo<-

3.91x10"

7 02x10"

1.68xlO ..
2.55x10

5.76x10

7.98x10~

1.65x10"

2.20x10'.07x10'0

3.33xlo"

6.12x10'.73x10'.88x10'.82x10'.37x10'.27xlo"

6.65x10"

5.24x10'.86x10"

2.41x10'.46xl0'.57x10'.18x10"

ENERGY ADJUSTED FLUX ENERGY

~4eVQ
9.12x10

'.53x10

'.36x10

2.84x10

2.40x10

'.04xlo"

1.23x10

7.49x10

4.54xlo

2.75x10

1.67x10~

1.01x10~

6.14xlo"

3.73xlo"

2.26x10

1.37x10

8.32xl0~

5.04xl0~

3.06x10~

1.86x10

1.13x10~

6.83x10

4.14x10~

2.51x10~

1.52x10

9.24xlOos

ADJUSTED FLUX

~cms-sec

2.52x10'.02x10'.32x10

8.80x10

8.49x10

2.49x10'.47K

10'.44x10"

2.41x10'.54x10"

2.77xl0"

2.63x10'.62x10'.53K10'A4x10'7x

1010

2.28x10'.15x10'.04x10'.91%10'.61x10'.57x10'.54xl0"

2.66xl0'.81x10'.92K10'

Note: Energy levels represent the upper bound of each group.
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TABLE6-23

ADJUSTED NEVIRON ENERGY SPECTRUM AT THE

CENTER OF SURVEILLANCECAPSULE V

ENERGY

MeV

1.73xlo

'.49x10

'.35xlo

'.16xlO"

1.OO 1O"

8.61%10~

7.41xlo~

6.07xlo

4.97xlo

3.68%10~

2.87%10~

2.23%10~

1.74%10~

1.35xlo

1.11%10~

8.21xlo
'.39xlo

'.98%10~'.88%10

'.02%10~'.83%10~'.11%10

'.74xlo

4.09xlo

2.55xlo

1.99xlo

1.50xlo

~cm'-sec

9.16xlo

2.07xlo

8.10xlo

1.85xlO"

4.11xlo

7 30xlo"

1.72%10 ..
2.56%10~;

5.60xlo

7.53xlo

L51%101

1.96%101'.65%10'.78xlo'.98xlo"

5.4thio"

5.48xlo'.84x

loio

5.09 1O"

5.86xlo"

5.42xlo'.32xlo'.23xlo"

2.05xlo"

2.12xlo'

37%10io

1 92xlo"

ENERGY

~Me
9.12%10

'.53xlo

3.36xlo
'.84xlo

'.4|hiO"

2.04xlo
'.23%10~

7.49xlo

4.54%10~

2.75xlo

1.67%10~

1.01%10~

6.14xlo

'.73%10~'.26xlo

1.37%10

8.32%10

5.04xlo

3.06xlo
- 1.86%10~

1.13%10~

6.83%10~

4.14xlo

2.51xlo

1.52%10

9.24%10

ADJUSTED FLUX

~cm'-sec

2.22%10'0

2.66xlo'.26xlo

7.78xlo

7.47xlo

2.16xlo'.13xlo'.07xlo"

2.01xlo"

2.09xlo'.15xlo'.16xlo'.15xlo'.13xlo'.08xlo'.05xlo'.99xlo'.90xlo'.81%10'.71%10'.45%10'.43xlo'.36xlo'.52%10'.68xlo'.76xlo'ote:

Energy levels represent the upper bound of each group.



TABLE6-24

COMPARISON OF CALCULATEDAND MEASURED NEUTRON EXPOSURE LEVELS

FOR R. E. GINNA SURVEILLANCECAPSULES

CAPSULE S

CALCULATED MEASURED ~CM
4(E > 1.0 MeV) [n/cm']

4(E > 0.1 MeV) [n/cm']

dpa

4(E < 0.414 eV) [n/cm']

2.85xlp»

9.99xlp»

5.02xlo'.27xlp»

3.87xlP»

1.45x 10'0

6.8O
1O'.64xlp»

0.74

0.69

0.74

0.90

. CAPSULE T

,CALCULATED MEASURED

«b(E > 1.0 MeV) [n/cm']

4 (E > 0.1 MeV) [n/cm']

dpi'(E

< 0.414 eV) [n/cm']

1.4OxlO»

4.87xlo»
2.46xlp'.61xlo'.97xlp»

7.O3xlO»

3.38xlo'.95xlp'.71
0.69

0.73

0.83

CAPSULE R

CALCULATED MEASURED

4(E > 1.0 MeV) [n/cm']

4(E > 0.1 MeV) [n/cm']

dpR

4(E < 0.414 eV) [n/cm']

8.58xlo"

3.28xlO»

1.59xlp'.1SxlO»

1.15xlo»

4.67xlp»

2.10xlo~

1.28xlP»

0.75

0.70

0.76

0.90

CAPSULE V

CALCULATED MEASURED

4(E > 1.0 MeV) [n/cm ]

4(E > 0.1 MeV) [n/cm']

dpa

4(E < 0.414 eV) [n/cm']

5.02xlp'

92xlp'.28xlo

6.72xlp"

S.S6xlO"

2.13xlp»

9.89xlp'.82xlo"

0.90

0.90

0.94

0.99

6<5



TABLE6-25

NEUTRON EXPOSURE PROJECTIONS AT KEY LOCATIONS

ON THE PRESSURE VESSEL CLAD/BASE METALINTERFACE

4 (Wl.p MeV)

4(E>0.1 MeV)

dpa

po

2.11xlo"

5.53xlp'.32xlp'7.0

EFPY

15'.29

10"

3 30xlp"

2.03xlp ~

30'.32xlp"

2.05xlp

1.42xlp ~

45'.28xIP«

1

79xlp'.26xlp'(E>1.0

MeV)

4(E>0.1 MeV)

dpa

00

3,68xIP'~

9.62xlp"

5.77xlp ~

32.0 EFPY

15'.28x10'~

5.82xlp"

3.57xlp

30'.69xlp'

72xlp"

2.57xlp

45'.54xlp'.32x

1 0'~

2.33xlp

4(E>1.0 MeV)

4(R 0.1 MeV)

dpa

00

5.34xlp"

1.40xlp'.38xlp-'8.0

EFPY

12'.33xlp'.51xlp'.23xlp'0

5'.50x

1 0'~

5.50xlp'.80xlp

30'.29xlp'.95xlo"

3.48xlp'OTE:

Fast neutron Quence values are in units of [n/cm'].



TABLE6-26

NEUTRON EXPOSURE VALUES

FLUENCE BASED ON )(E > 1.0 MeV) SLOPE

pO

15'2.0

EFPY

450

SURFACE

1/4 T

3/4 T

3.68xlo'.70x1Q'.64xlo"

2.28x1 0'~

1.70xlo'.63x10"

1.69xlo"

1.2Sx1O"

4.09 10"

1.54x1O"

1.14x10'8x10>s

SURFACE

1/4 T

3/4 T

5.34x10'.92x1O"

1.26xlo"

48.0 EFPY

2.33xlo'

2.48x10"8.23xlo'.SO
1O"

1.8Sx1O"

6.05x10"

2.29xlo'.71x1O"

5.64xlo"

EQUIVALENTFLUENCE BASED ON dpa SLOPE

0'5'O'2,0
EFPY

45'URFACE

1/4 T

3/4 T

3.68x10'~

2.90xlo'29

10"

2.28x1O"

1.84x1O"

8.66xlo"

L6 1O"

1.35x10'.29x10'.54x10'.23xlo

5.68x10'URFACE

1/4 T

3/4 T

5.34xlo'~

4.22xlo'.87x1O"

48.0 EFPY

3.33x10"

2.68x10"1.27x10'.50xlo'.00xlo'.29x10"
2.29x10'.84x10'.48x10"
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TABLE6-27

UPDATED LEAD FACTORS FOR R. E. GINNA

SURVEILLANCECAPSULES

CAPSULE

V

LEAD FACTOR

WI'I%DRAWNEOC 1B

WITHDRAWNEOC 3

WITHDRAWNEOC 9

WITHDRAWNEOC 22-

1.74

6Q8



SECTION 7.0

SURVEILLANCECAPSULE REMOVALSCHEDULE

The following removal schedule meets ASTM E185-82 and is recommended for future capsules to be

removed from the R. E. Ginna reactor vessel.

TABLE7-1

R. E. Ginna Reactor Vessel Surveillance Capsule Withdrawal Schedule

Capsule Location Lead Factor

770

Removal Time

(EFPY)< ~

(Removed)

Fluence

(10" n/cm')

0.556<'>

257o (Removed) LIS<b

67o57'.85
1.74

(Removed)

(Removed)

L97

'.87'>

N 237'.74 EOL 6.38

247o Standby

(a) Effective Full Power Years (EFPY) Qom plant startup.

(b) Actual measured neutron Quence

7-1
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APPENDIX A

Load-Time Records for Cdarpy Impact Tests
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, Figure A-l. Ideal d-time record



R.E. CINNA Nl "S" p42 P48

~ 0

P42
P66PLATE

I.5 3. 0
TINE < NSEC )

R E GINNA gl nSn
:P42

4o5 6.0

RoEeCINNA NI 3 P35

~ 0

P35
P666PLATE

le5 3.0
TIME ( NSEC )

R.E.GINNA gl NSn
:P35

4e5 6. 0

Figure A-2. Load-time records for Specimens P42 and P35



R.EoCINNA N1 "S" P40 P40

O

J1.5 e0

P40
P666PLATE

1.5 3+0
TINE ( NSEC >

R E GINNA g1 »S
'P40

4.5 6. 0

R.E.CINNA II 'S'34
g n
g 0o

g D
CO

o0

P34
P666PLATE

1.5 3.0
TINE < NSEC )

R E GINNA g1 »S»
:P34

4.5 6. 0

'igure A-3. Load-time records for Specimens P40 and P34
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R.E GINNA Oi "S" P36

g O
C9

IO

Q0

+0

P36
P666PLATE

1.5 3.0
TIME ( tSEC )

R.E. GINNA gl "S"
:P36

4.5 6.0

R.E,GINNA OI "S"

O
C9

CI
~ v

o0

P37
P666PLATE

Ios 3. 0
TIME C MSEC )

R.E.GINNA gl "S"
:P37

4e5 6e0

Figure A-4. Load-time records for Specimens P36 and P37



R+E+GINNA %1 "S" R33

D
W

CI

~ 0

P33
P666PLATE

1 ~ 5 3+0
TINE ( NSEC )

R.E.GINNA g1 nSn
:P33

4,5 6.0

RoE+CINNA 41

IA

Qo

~ 0

P39
P666PLATE

1.5 3. 0

TINE ( NSEC )

R E GINNA gl nSn
:P39

4.5 6. 0

Figure A-5. Load-time records for Specimens P33 and P39
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R.E. GINNA II 'S'

(9

J1.5 ~ 0

P32
P666PLATE

1.5 3IO
TINE < NSEC )

R.E. GINNA g1 "S"
:P32

4e5 6.0

R.E.GINNA I1 "S'31

g 0a
~4
W

O
C9

o0

P31
P666PLATE

1.5 3. 0
TINE ( NSEC >

R-E GINNA g1 NS's

:P31

4o5 6m 0

Figure A-6. Load-time records for Specimens P32 and P31
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R.Ee GIHHA Il "S" P38 P38

~ 0

P38
P666PLATE

1e5 3e0
TIME ( MSEC >

R. E. GINNA P1 HSn

:P38

4e5 6. 0

Re Ee GIHHA NI "S'41 P41

O
N

lA

JI ~ 5 ~ 0

P41
P666PLATE

1e5 3e0
TIME ( MSEC )

R E GINNA g1 nSn
: P41

4,5 6e0

Figure A-7. Load-time records for Specimens P38 and P41
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R.E. GINNA II "S"

g n
a
R

O

o0

S35
SkX5PLATE

1.5 3.0
TINE < NSEC )

R.E. GINNA k1 "S
:S35

4.5 6.0

RoEoCINNA I1 S"

g eo
W

1.5 ~ 0 1.5 3. 0
TINE ( NSEC )

R.E.GINNA g1 "S"
Batch:S38

4o5 6. 0

Figure A-8. Load-tinIe records for Specimens S35 and S38



RoEoCINNA 0i "S"

g o

Q O
C9

CI

~ 0

S3.4
S125PLATE

1o5 3o0
TINE ( IlSEC >

R.E.GTNNA g1 "S"
:S34

4.5 6.0

RoE.CIHNA I1 "S'40 S40

C9

W

O
E9

1 ~ 5 oo

'40
~ S 12 5PLATE

1.5 3o0
TINE < NSEC >

R.E.GINNA g1 "S"
'S40

4oS 6. 0

Figure A-9. Load-time records for Specimens S34 and S40
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R.E. GINNA II "S"

v)
o
5

O

A

CI

1.5 ~ 0

S39
S4?5PLATE

1.5 3o0
TINE ( NSEC )

R E GINNA gl nS
S39

4e5 6I 0

RsE.GIHNA Nl "S" S33

g ~

~4
R

O
C9

oo

S33
3 125PLATE

1.5 3m 0
TINE C NSEC )

R E GINNA gl nSn
:S33

4.5 6+ 0

Figure A-10. Load-time records for Specimens S39 and S33



R.E.GIHHA I1 "S" S41 S41

I ~o

Cl D
E9

Cl

>I.S 0

S41
$ 125 PLATE

I~ 5 3+0
TIHE C HSEC >

R.E.GINNA S1 "S"
S41

6. 0

ReEeGIHHA OI 'S'

n
a
5

n
iI.S ~ 0

S37
S125PLATE

1 5 3+0
TIHE < HSEC >

R.E.GINNA g1 "S"
:S37

4.5 6e0

Figure A-11. Load-time records for Specimens S41 and S37



R.EoCINNA 1tI "3"

o

O
E9

%J

~ 0 1 ~ 5 3m 0
TINE ( NSEC >

R.E.GINNA g1 "S"
BatChIS32

4,5 6+0

RsEoGINNA NI "3"

g ~'t

D

CI

~ 0

S36
S 12 5PLATE

1+5 3+ 0
TINE ( tCEC >

R E GINNA g1 NSN

:S36

4os 6. 0

Figure A-12. Load-time records for Specimens S32 and S36



RoE. GINNA NI "S"

D

J1.5 «0

S31
S 42 5PLATE

1.5 3+0
TINE C NSEC )

R E GINNA gl nSn
: S31

4.5 6. 0

ReEeGINNA Ii "S" S48 s4a

CI

JI ~ 5 ~ 0 Ie5 3.0
TINE ( NSEC >

R E GINNA gl nSn
BatChIS42

4+5 6m 0

Figure A-13. Load-time records for Specimens S31 and S42
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R.E.CINNA Il "S

g ~

~4
R

O

~ 0

W38
WELD

1.5 3e0
TINE ( NSEC )

R E 'INNA g1 NSN

:W38

4.5 6.0

R.EoCINNA II "S"

g ~

O
C9

CI

~ 0

W34
WELD

1+5 3+0
TINE C NSEC )

R.E.GINNA g1 "S"
:W34

4o5 6+0

Figure A-14. Load-time records for Specimens W38 and W34



R.E. GINNA NI "S" W48 W48

O
CO

1.5 oo

W42
WELD

I+5 3+0
TINE, ( NSEC >

R.E. GINNA g1 NSN

:W42

4.5 6.0

R E.CINNA 01 "S" W40

i1.5 oo

W40
WELD

Ie5 3+0
TIME ( NSEC )

R.E.GINNA g1 NS"
oW40

4,5 6. 0

Figure A-15. Load-time records for Specimens W42 and W40



RoEeGINNA NI "S"

g 0

R

O

~ 0

W32
WELD

1.5 3. 0
TINE < NSEC )

R E GINNA g1 NS"
:W32

4o5 6m 0

Re Eo GINNA III "S"

Cl

%J

Vl

iS.5 ~ 0

W35
WELD

1 ~ 5 3. 0
TINE < NSEC )

R.E.GINNA g1 »S
:W35

4e5 6e0

Figure A-16. Load-time records for Specimens W32 and W35



RoE.CINNA NI "S"

ao

W36
WELD

1.5 3a0
TINE < NSEC )

R.E.GINNA g1 "S"
:W36

4.5 6. 0

RaEaCINNA N1 'S"

~ 0 1.5 3.0
TINE C NSEC >

R E GINNA g1 IISN

BatChI:W37

4a5 6. 0

Figure A-17. Load-time records for Specimens W36 and W37



RoEoCINNA 01 "S"

~ 0

W31
WELD

1 ~ 5 3.0
TINE ( MSEC )

R.E.GINNA g1 "S"
:W31

4o5 6.0

ReEo GINNA 01 "S" N41

~ 0

W41
WRT.r1

1.5 3.0
TINE C NSEC >

R.E. GINNA g1 "S"
W41

4.5 6. 0

Figure A-18. Load-time records for Specimens W31 and W41
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RoEoGIHNA Nl "S"

O

~ 0

W33
WELD

lo5 3. 0

TIIK C NSEC )

R.E.GINNA g1 "S"
:W33

4.5 6. 0

ReEe CIBOLA NI "S"

a
C9

IA

J1.5 ~ 0

W39
WELD

1.5 3.0
TIIK C NSEC )

R.E. GINNA g1 "S"
:W39

4.5 6. 0

Pigure A-19. Load-time records for Specimens W33 and W39
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R.EeGIWA Il 'S"

Q v)
o
x

~ 0 1a5 3a0
TIME ( nSEC )

R.E.GINNA g1 nS
Batch:H39

4.5 6+0

R.E.GING I1 "S"

C9

~ 0

H35
HAZ

1.5 3+0
TINE C MSEC >

R E.GINNA g1 nSn
:H35

4a5 6+0

Figure A-20. Load-time records for Specimens H39 and H35



RtE. QItOA If "S"

D

Jf.5 ~ 0

H33
HAZ

1.5 3t0
TINE ( MSEC )

R.E. GINNA gl »S
:H33

4t5
t

6t0

RtE.GItrNA If
"S'l

Iran

J t0

H37
HAZ

1.5 3. 0
TINE ~ ( NSEC >

R E GINNA gl rrS

:H37

4t5 6. 0

Figure A-21. Load-time records for Specimens H33 and H37



R.E.GIHHA NI S" H40 H40

g III

r

O
C9

J1.5 eo

H40
HAZ

1 ~ 5 3+ 0
TIHE < HSEC )

R. E.GINNA g1 "S"
:H40

6o0

RoEo GIHNA NI 'S"

O

1.5 o0

H36
HAZ

1 ~ 5 3.0
TIHE ( HSEC )

R.E. GINNA g1 "S"
:H36

4e5 6. 0

Figure A-22. Load-time records for Specimens H40 and H36
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R.E.GIHHA 01 "S"

O
(9

~ 0

H42
HAZ

1.5 3. 0
TINE ( NSEC >

R.E GINNA g1 nSn
:H42

4s5 6.0

ReEoGIHHA NI "S" H41

w ~a
r

O

Cl

J1.5 ~ 0

H41
HAZ

1 ~ 5 3.0
TINE 4 NSEC >

R E GZNNA g1 IISn
:H41

4.5 6. 0

Figure A-23. Load-time records for Specimens H42 and H41
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R«E«CINNA OI "S"

O
N

1«5 «0

H31
HAZ

1«5 3,0
TINE ( NSEC >

R. E. GINNA g1»S»
: H3$

4«5 6.0

R«E«GINNA NI "S"

E9

g «

O

O

Cl

J1.5 «0

H38
HAZ

1«5 3«0
TINE ( NSEC >

R E GINNA g1 »S»
:H38

4.5 6«0

Figure A-24. Load-time records for Specimens H31 and H38
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RoEo GINNA II "S"

~ 0

H34
HAZ

I ~ 5 3+0
TINE ( NSEC )

R E GINNA g1 Mgn

:H34

4oS 6e0

RsEiCINNA II

"S'0

H32
HAZ

1.5 3. 0
TINE C NSEC )

R.E.GINNA g1 MS"
:H32

4+5 6.0

Figure A-25. Load-time records for Specimens H34 and H32
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APPENDIX B

ADJUSTED REFERENCE TEMPERATURES

The adjusted reference temperatures (ART) were calculated for all the beltline region materials in the

R. E. Ginna reactor vessel at 32 effective full power years (EFPY). The adjusted reference

temperatures were calculated in accordance with Regulatory Guide 1.99, Revision 2.

From Regulatory Guide 1;99 Rev. 2 the adjusted reference temperature (ART) for each material in

the beltline is given by the following expression:

ART = Initial RT„„+BRT»r+ Margin (1)

Initial RT„i is the reference temperature for the unirradiated material as defined in paragraph

NB-2331 of Section IIIof the ASME Boiler and Pressure Vessel Code. Ifmeasured values of initial

RTiipi for the material in question are not available, generic mean values for that class of material may

be used ifthere are sufficient test results to establish a mean and standard deviation for the class.

MTiipris the mean value of the adjustment in reference temperature caused by irradiation and should

be calculated as follows: 0
[CFj g f(0.284.1010'

NDT (2)

where, CF = chemistry factor, and f= the maximum EOL (32 EFPY) vessel fluence at the

surface.

To calculate BR',pr at any depth (e.g., at 1/4-T or 3/4-T), the following formula must first be used to

attenuate the fluence at the specific depth.

e e(-~) (3)

where x (in inches) is the depth into the vessel wall measured from the vessel clad/base metal interface

and f,~,„ is the maximum EOL (32 EFPY) vessel fluence. The resultant fluence is then put into

equation (2) to calculate dRTgpy at the specific depth.
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CF ('F) is the chemistry factor, obtained Rom Tables in Regulatory Guide 1.99, Rev. 2, using the

mean values of the copper and nickel content as reported in Table B-1. The results of the ART's at

the surface, 1/4-T and 3/4-T are summarized in Table B-2.

TABLEB-1

R. E. GINNAREACTOR VESSEL BELTLINEMATERIALPROPERTIES

Material wt. % Cu wt. % Ni

Initial

CF*

Lower Shell Forging, 125P666

Intermediate Shell Forging, 125S255

Circumferential Weld

0.05

0.07

0.24

0.69

0.69

0.52

40

20

31 (27.8)

44 (16.2)

161.4

(148.5)

* Chemistry Factor, values in ( ) are calculated based upon surveillance Capsule data.

TABLEB-2

ADJUSTED REFERENCE TEMPERATURES FOR THE R. E. GINNA

REACTOR VESSEL BELTLINEMATERIALSAT 32 EFPY

Material

Forging, 125P666

Forging, 125S255

Surface ART ('F)

115.5 (94.2)

112.9, (58.7)

I/4-T ART ('F)

112.6 (91.6)

108.8 (57.2)

3/4-T ART ('F)

106.2 (85.8)

99.6 (53.8)

Circumferential Weld 281.4 (242.7) 266.5 (228.9) 232.9 (198.0)

Numbers in () are calculated based on surveillance capsule data.
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