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1. SUMMARY OF RESULTS

The analysis of the reactor vessel material contained in
surveillance Capsule V, the second capsule to be removed from the V. C.
Summer Unit 1 pressure vessel, led to the following conclusions:

¢ The capsule received an ,;orn;ozfsnb neutron fluence
(E > 1 MeV) of 1.47 x 10"" n/ca”.

¢ Irradiation of the regctor essel intermediate shell plate
A9154-1 to 1.47 x 10" n/ca” resulted in 30 and 50 ft-1b
trannition temperature increases of 60°F and 85°F,
respectively, for specimens oriented parallel to the major
working direction (longitudinal orientation) and increases of
40°F and 55°F, respectively for specimens oriented normal to
the major working direction (transverse orientation).

* Weld metal irradiated to 1.47 x 1019 n/cn2 resulted in both a
30 and 50 ft-1b transition temperature increase of 45°F.

* The average upper shelf energy (transverse orientation) of the
plate A9154-1 increased from 75 to 76 ft-1b, and the limiting
weld dccrrgsod fzom 01 to 85 ft-1b after irradiation *o
1.47 x 10°" n/ca®. Both materials exhibit a mora than
adequate upper sheif energy level for continued safe plant
operation and are expected to maintain an upper shelf energy
of no less than 50 ft-1b throughout the life of the vessel as
required by 10CFR50, Appendix G.

* The surveillance capsule test results do not indicate any
significant changes in the RT values projected for the
reactor vessel, and, therefore, a low risk of vessel failure
from pressurized thermal shock (PTS) events is postulated.



2. INTRODUCTION

This report presents the results of the examination of Capsule

Y, the sscond capsule to be removed from the reactor in the comtinuin
surveillance program which monitors the effects of neutron irradiation
on the V. C. Summer Unit 1 reactor pressure vessel materials under
actual operating conditiors.

The surveillance program for the V. C. Summer Unit 1 reactor
pressure vessel materials was designed and recommended by the
Westinghouse Blectric Corporation. A description of the surveillance

progras and the preirradiation mechanical properties of the reactor
(1) The

surveillance program was planned to cover the 40-year decign life of the

vessel materials are presented by Davidson and Yanichko.

reactor pressure vessel and was based on ASTV E-185-70, "Standard
Practice for Conducting Surveillance Tests % _r Light Water Nuclear
r Yessels" Westinghouse Nuclear Energy
tracted for the preparation of procedures fox

om the reactor and ites shipment to the Westinghouse Research and
Development Center where the postirradiation mechanical testin

harpy Y-notch impact and tensile surveillance specimens were perd

This report summarized the testing of and

iata obtained from surveillance Capsules V removed

Unit 1 reactor vessel and discusses the analysis of these data.




3. BACKGROUND

The ability of the large steel pressure vessel containing the
reactor core and its primary coolant to resist fracture constitutes an
important factor in ensuring safety in the nuclear industry. The
beltline region of the reactor pressure vessel is the most critical
region of the vessel berause 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 SA 533 Grade B Class 1 (base material of the V. C. Summer Unit 1
reactor pressure vessel beltline) are well documented in the literature.
Generally, low alloy ferritic materials show an increase in hardness and
tensile properties and a decrease in ductility and toughness under
ertain conditions of irradiation.

A method for performing analyses to guard against fast fracture
in reactor pressure vessels have been presented in "Protection Against

A

Nonductile Failure®,

Appendix G to Section III of the ASME Boiler and

Pressure Yessel Code. The method uses fracture mechanics concepts and

g

is based on the reference nil-ductility temperature (RT\DT:'
RTVDT is defined as the greater of either the drop weight nil
ctility transition temperature (NDTT per ASTM E-208) or the

temperature B80°F less than the 50 ft-1b (and 35-mil lateral expansion

temperature as determined from Charpy specimens oriented normal

transverse) to the major working direction of the material The RTer
. JaVia

{ a given material is used to index that material to a reference stress

intensity factor curve ‘KIR curve) which appears in Appendix G of the
ASME Code. The KIR curve is a lower bound of dynamics, crack arrest,

and static fracture toughness results obtained from several heats of

precsure vessel steel. When a given material is indexed to the KIR

urve, allowable stress intensity factor» can be obtained for this




material as a function of temperature. Allowable operating limits can
then be determined using these allowable stress intensity factors.

lTNDT 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 V. C. Summer
Unit 1 Reactor Vessel Radiation Surveillance Pro‘ra-,(l) in which a
surveillance capsule is periodically removed from the operating nuclear
reactor and the encapsulated specimens are tested. The increase in the
average Charpy V-notch 30 ft-1b temperature (ARTNDT) due to irradiation
is alded to the original lTNDT to adjust the lTNDT for radiation
embrittlement. This adjusted lTNDT (ITNDT initial + AlTNDT) is used to
index the material to the ‘Il 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. The unirradiated vessel
material data for V. C. Summer Unit 1 is shown in Table 3-1.
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Table 3 1. V. C. Summer Unit 1 Reactor Vessel Toughness Data (Unirradiated)

50 ft-1b wo ™y ()

35 mil KT Shelf Shelf

Cu P Ni NDT Temp NDT Energy Energy
Component Heat No. Grade % % . S ‘¥ 'F ft-lbs ft-lbs
Closure Dome AS231-1 A533B Cl. 1 - 008 .46 -20 40 -20 - 106.0
Head Flange 5207-V1 A508 Cl. 2 - .008 .70 10 <60 10 - 128.0
Vessel Flange 5301-v1 * . - 007 .70 0 <60 0 - 172.0
Inlet Nozzle 436B-1 e . - 005 .76 -20 <49 -20 - 130.0
- ' 436B-2 . . - .005 .81 0 <60 0 - 114.5
. - 436B-3 - . - .005 .81 -20 <40 -20 - 135.0
Outlet Nozzle 437B-1 . . - .007 .81 -10 <50 -10 - 146.0
. " 437B-2 _ . - 006 .80 -10 <50 -10 - 165.0
- ¢ 437B-3 . ' - .006 .78 0 <50 0 - 150.0
Nozzle Shell C9955-2 A533B Cl. 1 .13 .010 .57 -20 78 18 - 100.5
. . co123-2 * » 12 .009 .58 -30 86 26 - 91.0
Inter. Shell A9154-1 * ' 10 .006 .51 -20 90 30 136 80.5
- - AG153-2 * - 090 006 .45 -20 40 -20 141 106.5
Lower Shell ce923-2 * . 08 .005 .41 -10 70 10 161 91.5
. . C9823-1 - . .08 005 .41 -30 70 10 148 106.0
Bottom Hd. Ring A9249-1 °* ' - 010 .53 -40 23 -37 - 107.0
Bottom Dome A9231-2 * . - 010 .45 10 42 -10 - 134.0
Inter. to Lower Shell Cirth Weld 06 .M3 .89 -50 16 -44 - 84.0
Inter. & Lower Shell Long. Welds .06 .013 .89 -50 16 44 - 84.0
Weld HAZ . - - -70 -37 -70 - 130.0

(a)lajor Working Direction
(b)loml to Major Working Direction



4. DESCRIPTION OF PROGRAM

Six surveillance capsules for monitoring the
exposure on the V. C. Summer Unit 1 reactor pressure ves
material were inserted in the reactor vessel prior to
startup. The six capsules were pocitioned in the reactor vessel between
neutron shielding pads and the vessel wall as shown in Figure 4-1
vertical center of the capsu’'2s is opposite the vertical center of
ore,
Capsule V was removed after 2.03 effective full power year
operation. This capsule contai
ompact tension (CT) specimens
plate AG154-1 and submerged arc

ediate to lower she peliline

1mens




Capsule V contained dosimeter wires of pure copper, iron,
nickel, and aluminum-0.15% cobalt (cadmium-shielded and unshielded). In
addition, cadmium shielded dosimeters of neptunium (N9237) and uranium
(0238) were contained in the capsule.

Thermal monitors msade from the two low-melting eutectic alloys
and sealed in Pyrex tubes were included in the capsule. The composition
of the two alloys and their melting points are as follows.

2.5% Ag, 97.5% Pb Melting Point: 579°F (304°C)
1.75% Ag, 0.75% Sn, 97.5% Pb  Melting Point: B500°F (310°C)

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



Table 4-1

Cheamical Composition of the V. C. Summer Unit 1
Reactor Vessel Surveillance Materials

Plate A9154-1 Weld Metal(®)
Lukens Steel Co. Lukens Stcel Co.

Element __Analysis Aoaiysis

0 0.22 0.085

S 0.015 0.012/0.007 ()

Ny 0.0078 0.015 3

Co 0.010 0.080/0.01

Cu 0.10 0.05/0.04(®)

8i 0.24 0.48/0.42(®

Mo 0.49 0.49/0.48 (%)

Ni 0.51 0.91,0 25 (&)

Mo 1.30 1.32/1.50(%)

Cr 0.08 0.14/0.12(®

v 0.001(® 0.005

P 0.099 0.013/0.009 (¥

Sn 0.007 0.0047

Al 0.024 0.007/0.03®

B 0.0004 0.0005

1 0.0002 0.001

Pb <0.008 0.0206

Zr 0.001 0.001

As 0.008 0.008

. ¢0.01 0.01

(')lootingboulo Analysis.
(b)Antlyli- performed on 'rradiated weld specimen CW14.

(C)Survoillanco weld was aade of the same RACO INMM wire
Heat #4P4784 and Linde 124 Flux Lot No. 3930 as the
beltline welds of the reactor vessel.



Table 4-2

Heat Treatment of the V. C. Summer Unit 1
Reactor Vessel Surveillance Materials

Material

Temperacure (*F) Time (Hr)

Coolant

Shell Plate
AB154-1

Weldment

1560°* /16850°* 1/2 hr/in., min.
1/2

1225° «25°
1150° «25° 43

1150* « 25° 12

hr/in., min.

Water quenched
Air cooled
Furnace cooled
to B00°F

Furnace cooled




12216, 1A

2 / REACTOR VESSEL

CORE BARREL

. NEUTRON PAD

¥

270*

Figure 4-1. Arrangement of surveillance capsules in the V. C. Summer
Unit 1 reactor vessel
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5. TESTING OF SPECIMENS FROM CAFSULE V

5.1 OVERVIEVY

The post-irradiation mechanical testing of the Charpy V-notch
and tensile specimens was performed at the Westinghouse Research and
Development Center with consultation by Westinghouse Nuclear Energy
Systems personnel. Testing was performed in accordance with 10CFRS50,
Appendices G and ﬂ,(2) ASTN Specification E185-82, and Westinghouse
Procedure RMF-8402, Revision O as modified by RMF Procedures 8102 and
8103

Upon receipt of the capsule at the laboratory, the specimens and

spacer hlocks were carefully removed, inspected for identification

A

. ‘i : = (1)
number, and checked against the master list in WCAP"8234.‘1’ No

liscrepancies were found.

Examination of the two low-melting point 304°'C (579°F) and 310°C
500°F) eutectic alloys indicated no melting of either type of thermal
monitor. Based on this examination, the maximum temperature to which
the test specimens were exposed was less than 304°C (579°'F)

The Charpy impact tests were performed per ASTM Spacification

82 and RMF Procedure 8103 on a Tinius-0Olsen Model 74,358J machine

up (striker { the Charpy machine is instrumented with
Technology Model 500 instrumentation system With this systenm,

time and e¢nergy-time signals can be recorded in addition

measurement of Charpy energy ‘EDJ From the load-time

. \ ) T
f general yielding ), & ime to general yieldi:

saximur load PH n he ti to maximum load (tu; an be determin
lInda m tant sanditin 2 b " ~ r 1 { i vm b 4 ' .
nder some test conditions, a sharp drop ‘n load indicative of fas

ur* was observed he load at which fast fracture was initiated

identified as the fast fracture load ‘PF;' and the load at which fast

)

A

fracture terminated is identified as the arrest load (¢




The ener at maximum load (B,,) was determined by comparin
A ) !

energy-time record and the load-time record. The energy at maximum load

is roughly equivalent to the energy required to initiate a crack

specimen. Therefore, the propagation energy for the crack (Ep)

difference between the total energy to fracture (ED) and the energy

maximum load.

\

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

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

Tension tests were performed on a 20,000-pound Instron,
sonsole test machine (Model 1115) per ASTM Specification E8-83 a:.d

79, and RMF Procedure 8102. All pull rods, grips, and
f Inconel 718 hardened to Rc 45. e | ull
a universal joint to improve axiality
ynducted at a constant crosshead speed of 0.05
the test
ion measurements were made with a linear variabl
iisplacement transducer (LYDT) extensometer [he extensometer
edges were spring-loaded to the specimen
failure he extensometer gage length
is rated as Class B-2 per ASTM E83-87
Elevated test temperatures were
ric resistance spilit-tubde furnac
t:sts were conducted
Because « ! iifficu in remotely attaching
irectly to the specimen h llowing procedure was used
specimen temperature Chromel-alumel thermocouples were inserted
.

shallow holes in the center and each end of the gage section




specimen and in each grip. In the test configuration, with a slight
load on the specimen, a plot of specimen temperature versus upper an
lower grip and controller temperatures was developed over the range
room temperature to 550°F (288°C). The upper grip was used to contr
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 from the load-extension
curve. The yield strength, ultimate strength, and fracture strength
were calculated using the original cross-sectional area. The final

diameter and final gage length were determined from post-fractur

hotographs. The fracture area used to calculate the fract:

p!
(true stress at fracture) and percent reduction in area was compu.ed

using the final diameter measurement.

CHARPY Y-NOTCH IMPACT TEST REBSULTS
The results of Charpy Y-notch
ious materials
presented i } § through &
transition ¢t srature increases and
ials are summarized
vessel intermed
imens *
rease
’

shell energy qecrease

‘ansverse orientati
0 ft-1b ansiti temperature increases
¢

per shelf energy exper

he unirradiated data
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Weld metal irradiated to 1.47 x 10" n/ca” (Figure 5-3) resulted

in both 30 and 50 ft-1b trans -ion temperature increases of 45°F and an
upper shelf energy decrease of 8 ft-1b.

Weld HAZ metal irradiated to 1.47 x 1019 n/cm2 (Figure 5-4)
resulted in 30 and 50 ft-1b transition temperature increases of 45°F and
55'F, respectively, and an upper sholf energy decrease of 19 ft-1b.

The fracture appearance of each irradiated Charpy specimen f-om
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-1b transition temperature increases
for the various V. C. Summer Unit 1 surveillance materials with

predicted increases using the methods of NRC Regulatory Guide 1.99,

; a(3) : " , :
Revision 2! 1s presented in Table 5-8. This comparison indicates that

the transition temperature increases resulting from irradiation to
n 19 2 ; & ,
1.47 x 10"" n/ca“ are conservative compared to the Guide predictions

.3 TENSION TEST RESULTS
he results of tension tusts performed on plate A9154-1
ngitudinal and transverse or‘entation) and the weld mecal
X IUKJ n 32 are shown in Table 5-7 and Figures 5-8,
Plate A9154-1 test results are shown

1
”‘U

irradiation to 1.47 x 1 aused

{{set yield strength and
tension test } shown
ltimate tensile strength
reased by approximately 5 ksi with
d tension specimens for the plate material are shown
5-13, while the fractured specimens for the weld metal
|

Figure 5-14 A typical stress-strain curve for the

shown in Figure 5-15




5.4 COMPACT TENSION TBSTS

Per the surveillance capsule testing contract with South
Carolina Electric and Gas, 1/2 T-compact tensinn (CT) specimens will not
be tested. CT specimen will be stored at the Hot Cell at the
Westinghouse R&D Center.



Table 5-1

Charpy V-Notch Impact Data for the V. C. Summer Unit 1
Shell Plate AB154- Irrté?a:ed at 550°F,
Fluence 1.47 x 10°" n/ca® (E > 1.0 MeV)

Temperature Impact Energy Lateral Expansion Shear

Saaple No. (°F) (*) (ft-1b) (J) (mils) (mm) (%)
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Table 5-5

Bffect of 550°F Lrradiation at 1.47 x 10 a/ca® (B > 1.0 Me¥)
on Notch Toughsess Properties of V. C. Summer Unit | Reactor Yessel Materiale

Average 35 mil Average l-'u

Average 30 fr-Ib Lateral hp-nu Average 50 ft-1b Absorption

Teaperature ('F) Temperature (“F) Temperature (°F) Pull Shear (ft lb)
Material Ugirradiated lIrradisted 4T Usirradiated Irradiated 4T Usirradisted Irradiated 4T Unirradisted W A(fe-1b)
Plate ASS14-1 28 ES 50 0 50 50 0 8 8 132 122 10
(Longitudisal)
Plate AS514-1 2 s © 6 % © 7% 130 5 7% 78 1
(Trassverse)

" Beld Metal -0 16 © -35 0 3% 16 20 © o 8 -

BAZ Metal w0 4 “ -80 16 P -70 16 5 130 m 19

(.)ha-.- io shelf ene: -y



Table 5-6

Comparison of ¥. C. Summer Unit 1, 30 ft-1b Transition Temperature
Results with Regulatory Guide 1.99 Revision 2 Prediction

R.C. 1.80 Rev. 2 Predicted

30 ft-1b Transition Actual Shift Based
Material Caosule Fluence Tesperature Shift On Surveillance Data

Plate AS514-1 v 6.39 x 10:: 57°F 40°F
(Lowgitudinal) y 1.47 x 10 72°F 60°F
Plate AS534-1 v 6.39 x 10}: S7°F 30°F
(Transverse) v 1.47 x 10 72°F 40°F
Weld Metal v 6.39 x xo}: 59°F 30°F

v 1.47 x 10 75°F 45°F




Summer Unjt 1 Reactor Vessel Material
47 x 10" a/ca” (B 1.0 MeV)

'racture Fracture Uniform Total Reduction
Stress Strength Elongation Elongation in Area

(ks1i) (ksi) (%) (%) (%)

212.1 62.1 12.( . 71
201.7 59.1 11. 23. 71
194 62. 10. 23. 63

168 67. 2. 5. 60
162 63. . :
211.4 7( : 5 67

202.: ; . ; 67
176.5

152. : 57




Curve 7550kC -4
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Figure 5-1. Charpy V-notch impact properties for V. C. Summer Uait 1
reactor vessel shell plate A9154-1 (longitudinal
orientation)
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Curve 755037-A

(°C)
120-150 -100 =50 0 50 100 1% 220 2%
! T r T2 12 13 1 T T
100 r' R / / -
® gL .
§ 00 .
é% ‘Dh— —
20 e -
0 | | |
100 7 J 1 ! 25
= 80} <20
g
- 60 - - L 5 EE
£
g ol 410 =
=J 20 - - 0.5
3 0 ] 1 l 0
m T 1 | 1 | 1 1 | 1
180 I~ - 240
160 - 20
_l0f i
2
dlZO— 2 - 160
= 100 - =
Z : : . -
§ S 1
- - = [rradiated at N
- 14 9 q/em »
wl § - 40
0 -
0 L ! ' 0

1 ]
-200 =100 O 100 200 300 40 500
Temperature (°F)

Figure 5-3. Charpy V-notch impact properties for V. . Summer Unit 1
reactor vessel weld metal
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turve 755038-A
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Charpy impact specimen f{racture surfaces for V. C. Sumzer

Unit 1 reactor vessel shell Plate AG154-1 (loagitudinal
orientation)
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Figure 5-8. Tharpy ismpact specimen f{racture surfaces for V
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Figure 5-7 Charpy impact specimen fracture surfaces
Unit 1 reactor vessol weld metal
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Curve 755035-A
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Figure 5-9. Tensile properties for V. C. Summer Unit 1 reactor vessel
shell plate AS154-1 (longitudinal orientation)
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Specimen CLS 100*F

Specimen CL4 250°F

Specimen CLS §5.°F

Figure 5-12. Practured tensile specisens from V. C. Summer Unit 1

reactor vessel shell plate AS154-1 (longitudinal
orientation)
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Figure 5-13. FPractured tensile specimens froma V. C. Summer Unit 1
reactor vessel shell plate AS154-1 (transverse
orvientation)
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6. RADIATION ANALYSIS AND NEUTRON DOSIMETRY

8.1 INTRODUCTION

Knowle ige of the newtron 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 rhich the test speciasens were
exposed msust be known. Second, in order to relate the changes observed
in the test specimens to the preseat and future condition of the reactor
vessel, a relationship must be established between the neutron
environment at various positions within the reactor vessel and that
experienced by the test specimens. The former requiresent is normally
met by employing a coambination of rigorous analytizal techniques and
seasuresents obtained with passive neutron flux monitors contained in
each of the surveillance capsules. The latter information is derived
solely from analysis.

This section describes a discrete ordinates Sn transport
analysis performed for the V. C. Sumser Unit 1 reactor to determine the
fast (E > 1.0 MeV) neutron flux and fluence as well as the neutron
energy spectra within the reactor vessel and surveillance capsules. The
analysis data were then used to develop lead factors for use in relating
neutron exposure of the reactor vessel to that of the surveillance
capsules. Based on the use of spectrum-averaged reaction c-oss sections
derived from this calculation and the V. C. Summer Unit 1 power history,
the analyris of the neutron dosimetry contained in Caps ie V and an
updated evaluation of dosimetry from Capsule U is presented.
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8.2 DISCRETE ORDINATES ANALYEI

A plan view of the V Summer Unit 1 geometry at the core
pidplane is shown in Figure 6-1 Since the reactor exhibits 1/8 the \
~
re symmetry nly zero to 45-degree sector is depicted Six
ratiation apsules attached ¢ the neutron pads are included 1 the ‘
esign * stitute the reactor vessel surveillance progranm The
apsules are located at 16.94 and 19.72 from the major axis at 0° showm
in Figure 6-1
A g view of a single ~urveillance capsule attached to the
eut  pads is shown in Figure 6.2 The stainless steel specimen
tainer is 1.182 by l-inch and approximately 58 inches neight The
ta “ Are positi ed Xia Yy 8§ that *lhe specimens Are entere
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)r the reactor vessel
In each of the adjoint evaluatious, within-asseably spatial
gradients have been superimposed on the average assembly power levels
For the peripheral asocemblies (Region 3), these spatial gradients also
lude adjustments to accoun r analytical deficiancies that tend t
ir near the boundaries he core region
Reactor vessel an llance capsule neutr
tions are made to 3. ( full power years
fluences, based on st ¢ loadings, are defi
e 3
Several key assumptions ¢ ) mAke the ne
In particular the time weighted average neutr
and an B0 percent capacity factor are assumed °*
f all future operation hus, the neutron fluence
ns reflect a ntinu " he | leakage fuel
strategy
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8.3 RADIOMETRIC MONITORS
he passive radiometric monitors inciuded in Lhe [, C. Summer

¢

n

| surveillance program are listed in Table 8-2 he first five

reaction in Table 6-2 are used as fast neutron monitors to relate fast
E 1.0 MeY) neutron {1l Lo measured maverial property changes
assess th ten l ¢ burne {f the product nuclides
necessary to alsc
region neutron
cation ! d cadmium-shlelded
are also
he relative loc ns of the various radiometri
he surve. nce ~apsule are shown in Figure 4-2
balt-aluminum monitors, in wire f¢
pacers at several axial levels withi

naptun
ieptun

rs such as those listed

peasure of the energy-dependent

nterest Rather, the activation

the integrated effect that the

n the target material over
urate assessment of the average
vyarious sonitors say be derived Iroms
nly if the irradiaction paraseters

lowing variables are importan
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reaction cross secti : jtron energy spectrum at the monit
ation must -

T

The i f

10 stivi { each
an
22
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¢(E) = time averaged energy dependent neutron flux at the
sonitor location with the reactor at full (reference)
power
P = average core poer level during irradiation period j
= paxisum or reference core power level
= decay constant of the product nuclide
tj = length of irradiation period }§
by decay time following irradiation period j
n = total number of irradiation periods
j " flux (E > 1.0 MeV) during irradiation period j divided
by the average flux (E > 1.0 MeV) over the total
irradiation. Cj is calculated with the adjoint neutron
transport method and accounts for the change in neutron
monitor response caused by core power distribution
variations fruz fuel cycle to fuel cycle. P /P.".
rhich accounts for the month-by-month vsristion of power
level within a fuel cycle, is applied to the full power
based flux ratio, c,.

Because the neutron flux distributions are calculated using
sultigroup transport methods and, further because the main interest is
in the fast (E > 1.0 MeV) ueutron flur, spectrum averaged reaction cross
sections are defined such that the integral tera in Bquation 6-1 is
replaced by the folluwing relation.

Joo® 4@ @ - o,

where:



“I' m I . $ o

® 1 Nev 4
0 &, %
- " E) df =
# jxl.v'( g;'l
g = group nusber from Table 8-1.

Thus, Bquation 6-1 is rewritten.

F:A- Cj [1 - .-th] o-l“

A= NFY ¢f
. ‘ J=1 " max

or, wolvirg for the fast (E > 1.0 MeY) neutron flux,

#y 3 P - -At At (6-2)
NFY F-xt cj[x )

The total fast (B > ..0 MeV) neutron fluence is then given by

P
vop, F-l ,—i— 4 (8-3)

where



P
# r‘-— t, = total effective full power seconds of
i= oA ) reactor operation up to the time of capsule
removal

An assessaent of the potential for product nuclide burnout may
be msade using “he bare and cadaium shielded cobalt measured activit.es
and published data or the 2200 a/s absorption cross-section and the
resonance integral. This is done by rewriting Equation 6-1 in terms of
s sonitor 2200 m/s neutron flux and a monito. resonance flux as follows:

P ( -x:,] Aty
Apare * NoFY (92200 72200 * M #rq4) ZI 2ax c’ A= ’ (6-4)
P “At “At
Ay = NFY (RI '"']F-l F:'; ¢ [1 s P (6-8)

where
Aburo = bare induced product activity (dps per gram)
Ac‘ = cadaium shielded induced product activity (dps per gram)
2000 * published 2200 m/s absorption cross-section for nuclide
of interest
RI = published epicadaium dilute rescnance integral for
nuclide of interest
'2200 = ponitor 2200 m/s neutron flux to be deterained from
measured activities
= sonitor resonance neutror flux to be determined froa
measured activities

'f'l

Equations 8-4 and 6-5 are solved for '2300 and 'roo using the
average measured bare and cadaius shielded cobalt activities at the
sonitor location.

8-10



The total loss rate of a product nuclide may then be expressed
as *he sum of its radioactive decay rate a.d the neutron absorption rate
in that puclide while the reactor is at power. The product nuclide
reutron absorption rate say be estimated from the published data for
%2200 and RI and the smaller fluxes detersmined above., If the neutron
absorption rate is ssall when compared to the decay rate then there is
no concern regarding burnout.

8.4 NBUTRON TRANSPORT ANALYSIS RBSULT>

Results of the discrete ordinates transport calculations lor the
Y. C. Summer Unit | reactor are summariszed in this section. Calculated
fast (E > 1.0 MeV) neutron exposure results are presented in Tables 6-3
through 6-9. Date are presented at several asisuthal locations at the
inner radius of the reactor vessel as well as at the center of each
surveillance capsule.

Tables 8-3 through 6-7 list plant specific saxisum fast neutron
flux levels at 0°, 15%, 20*, 30°, and 45' at tho reactor vessel inner
radius for the first three fuel ., les, and projected to the expiration
date (March 21, 2013) of the current operating license and a reference
date of 32 EFPY. Plant specific beltline cumulative fluence levels for
the three completed fuel cycles and design basis cumulative fluence
levels based on a design basis 3 loop core power distribution (at the
nominal plus 2 sigea level) are presented for each completed fuel cycle.
Similar data for the center of the surveillance capsules located at
18.94 and 190.72 are given in Table 8-8 and 8-9, respectively. The
seasured fast neutron fluence for surveillance capsule U (withdrawn at
the end of cycle 1) and surveillance capsule V (withdrawn at the end of
cycle 3) is also presented in Table 8-9 for comparison with analytical
results (see Section 6-5). The saxisus neutron flux levels reflect a
core axial power distribution peak to average =atio of 1.20.

It should be noted that implementation of a more severe low
leakage pattern would act to reduce the projections of fluence at key
locations. 0On the other hand, relaxation of the current low leakage




patterns or a return to out-in fuel management would increase those
projections.

Table 6-10 provides the relative radial variation of fast
aeutron flax or fluence through the reactor vessel at sero and forty
five degrees.

Figure 8-3 provides the relative axial variation of fast neutron
flux and fluence over the beltline region of the reactor vessel. A
three dimensional description of the fast neutron exposure of the
reactor vessel wall can be constructed using the data given in Tables
8-4 through 8-10 and Figure 8-3 along with the relation.

#(R,0,2) = 9(8) F(R) G(Z)
where:

$(R,0,2) = fast neutron fluence at location R,0,Z within the
reactor vessel wall

' 10)] = fast neutron fluence at asimuthel location @ on the
reactor vessel inner radius from Table 8-4 through
8-7

F(R) = relative fast neutron flux at depth R into the
reactor vessel from Table 6-10

G(2) = yelative fast neutron flux at axial position Z from

Figure 8-3

Aoslysis has shown that the radial and axial variations within
the reactor vessel wall are relatively insensitive to the implementation
of low leakage fuel management schemes. Thus, tue above relationship
provides a vehicle for a reasonable evaluation of fluenre gradients
within the reactor vessel wall.

In order to derive neutron flux and fluence levels from the
seasured disintegration rates, suitable spectrum-averaged reaction cross
sections are re uired. The calculated neutron energy spectrum at the



center of the V. C. Summer surveillance capsules, listed in Table 8-12
was taken from the forward calculation. The resulting calculated
spectrum-averaged cross sections for each of the five fast neutron
reactions are given in Table 6-13.

6.5 INFLUENCE OF AN ENERGY DEPENDENT DAMAGE MCDEL

The use of fast (E > 1 " MeV) neutron ?luence to correlate
measured material property changes to the neutron exposure of the
materials for light water reactor applications has traditionally been
accepted for development of damage trend curves as well as for
izsplementation of trend curve data to assess reactor 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 location and positions within the reactor vessel
wall could lead to a reduction in the uncertainties associated with
damage trend curves as well as to a more accurate evaluation of damage
gradients through the reactor vessel wall

Because of this potential shift away from a threshold fluence
towards an energy dependent damage function for data correlation, ASTM
E-853, "Standard Practice Analysis and Interpretation of Light Water
Reactor Surveillance Results', recommends reporting calculated
displacements per iron atom (dpa) in addition to fast neutron fluence to
provide a data base for future reference. The energy dependent dpa
function to be used for this evaluation is specified in ASTM E-6803,
'Standard Practice for Characterizing Neutron Exposu=es in Ferritic
Steels in Terms of Displacement per Atom (dpa)'.

For the V. C. Summer Unit 1 reactor vessel, iron atoes
displacement rates at each surveillance capsule location and at
positions within the reactor vessel wall have been calculated. The
analysis has shown that for a given location the ratio of dpa/flux
(E > 1.0 MeV) is insensitive to changing core power distribution. That
is, while implementation of low leakage loading patterns significantly
ispact the magnitude and spatial distribution of the neutron field,

changes in the relative nteutron energy spectrum at a given location are

8-13



of second order. The dpa/flux (E > 1.0 MeV) ratios calculated for key
locations in the V. C. Summer Unit 1 reactor geometry are given in Table
8-11. The data in Table 68-11 may be used on conjunction with the fast
neutron fluence data provided in Section 6-4 to develop distributions of
dpa within the surveillance capsules and the reactor vessel. Also
provided ia Table 6-11 are ratios of flux (E > 0.11 MeV) to flux (E >
1.0 MeV) calculated for key locations in the V. C. Summer reactor
geometry.

6.6 NBUTRON DOSIMETRY RESULTS

The irradiation history of the V. C. Summer Unit 1 reactor is
given in Tables 6-14 and 6-15 for surveillance capsules U and V
respectively. The data were obtained from NUIBG-OOQO.(zs) All of the
radiometric moniters are located at the radial center of the
surveillance capsule.

Comparisons of measured and calculated saturated activity of the
radiometric monitors contained in Capsule U and Capsule V are given in
Tables 6-16 and 6-10 respectively. Note that the results presented for
capsule U are an update of earlier 'ork(“) based upon the current plant
specific analysis.

The fas”. (E > 1.0 MeV) neutron flux and fluence levels derivad
for capsule U and capsule V using the spectrum averaged rross sections
listed in Table 6-13 are given in Tables 6-17 and 8-20 respectively.
Table 6-18 and 8-21 summarize the key nuclear data and results of the
product nuclide burnout assessments that were performed for capsule U
and capsule V. Due to the relatively low thermal and resonance neutron
fluxes at the surveillance capsule locatiun, the neutron absorption rate
is negligibly small when compared to the radicactive decay rate.
Therefore, no correction has been made for product nuclide burnout.

An examination of Table 8-17 shows that the average fast (E >
1.0 MeV) neutron flux derived from the five threshold reactions for
capsule U is 1.705E+11 n/cla-uoc with a l¢ standard deviation of +6.6
percent. The calculated flux value of 1.882E+11 n/c-z-soc based on the
plant specific core power distribution is within six percent of the
average value derived from the measurements.
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An examination of Table 8-20 shows that the average fast (E >
1.0 MeV) neutron flux derived from the five threshold reactions for
capsule V is 1.800B+11 u/caz-ooc with a 10 standard deviation of «8.9
percent. The calculated flux value 1.550E+11 n/cn’-loc based on the
plant specific core power distribution is within three percent of the
average value derived from the measurements.

A summary of measured and calculated current fast neutron
exposures for capsule V and for key reactor vessel locations is
presented in Table 6-22. The measured value is given based on the
average of all five threshold reactions listed in Table 8-20. Ead of
life (BOL) reactor vessel fast neutron fluence projections are also
included in Table 6-22.

Based on the data given in Table 8-20, the best estimate fast
neutron exposure of Capsule V is

® = 1.47B+19 n/ca® (B > 1.0 MeV) a: 2.93 EFPY.
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Table 8-1
SAILOR 47 Neutron Energy Group Structure

Group Group
Energy Lower Energy Energy Lower Energy

Group, . (MeV) __ Group __(MeV)

1 1.0 25 0.183

2 12.21 26 0.111

3 10.00 27 0.0874
4 8.61 28 0.0409
5 7.41 29 0.0318
8 8.07 30 0.0261
7 4.97 3 0.0242
8 3.68 32 0.0219
0 3.01 33 0.0150
10 2.73 34 7.10B-3
1 2.47 35 3.388-3
12 2.37 38 1.50B-3
13 2.35 37 4.54B-4
14 2.23 as 2.14B-4
15 1.92 30 1.01B-4
16 1.88 40 3.738-5
17 1,35 4 1.07B-5
18 1.00 42 5.04B-6
19 0.821 a 1.86B-8
20 0.743 “ 8.76B-7
21 0.608 45 4. 14B-7
22 0.498 48 1.00B-7
23 0.389 " 0.00

24 0.298

(')Tho upper energy of group 1 is 17.33 MeV.
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Table 8-2

Nuclear Constants i1or Radiometric Monitors Contained in
the V. C. Summer Unit 1 Surveillance Capsules

Reaction Target Fission
of Weight Product Yield

—tonitor Materials = Interest _  Fraction Half-life
Iron wire ’.54 (a,p) Ins‘ 0.058 312.2 dy
Nickel wire Ni%® (a,p) Co®®  0.8827 70.91 dy
Copper wire Ou‘3 (n,a) Co°° 0.8817 £.272 yr
Uranius-238 in Ug0,® %38 (a,1) 0a'¥ 1.0 30.17 v+ 6.0
Neptunius-237 in Np0, ™ Np®¥7(a.1) co’¥ 1.0 30.17 yr 6.5

Cobalt-aluminum wire s) Oosg (n,7) Co‘o 0.0015 5.272 yr
Cobalt-aluminum wire  Co°° (n,7) Co®®  0.0015 5.272 yr

(')Dcnoto- that the monitor is cadmium-shielded.
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Table 6-3

Fast (E > 1.0 MeV) Neutron Exposure at the

Reactor

Vessel Inner Radius - Azimuthal Angle of 0°
Beltline Region

Cumulative

Irradiation Cycle Average [Hun_“éu;_
Cy.:le Time Flyx ant esigg,)
—No. __ (EFPS) ___ _(n/cm"-sec)  Specific Basis
1 3.567B+07  5.55B+10 1.988+18 2.35E+18
2.115E+07 4.28E+10 2.88E+18 3.75E+18
3(® 3 550B407  4.22B+10 4.38E+18 6 10B+18
goL 2012¢®) 7. 70eB.08  4.25B+10(%)  3.32B+19 5.78B.19
BOL 2022  1.052B-09 4 25B+10(9) 4. 47B.19 1.27B.20

(8)pesign Basis Flux: 6.80B+10 n/ca’-sec

(®)gnd of Cycle 3 (Shutdown): March 8, 1987
(C)Proaoat Operating Licensn Expires: March 21, 2013
(d)Tllo Weighted Average Neutron Flux for Projections
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Table 8-4

Fast (E > 1.0 MeV) Neutron Exposure at the Reactor
Vessel Inner Radius - Azimuthal Angle of 15°

Irradiation
Cycle Tige
m
1 3.567E+07
2 2.115E.07

3(® 3 ss08.07

oL 2012(¢)  7.7¢0B.08
BOL 2022  1.052B+09

(‘)Dooign Basis Flux: 4.45E+10 u/clz-loc
b)lad of Cycle 3 (Shutdown):
(C)Prooont Operating License Expires: March 21, 2013
(d)rilo Weighted Average Neutron Flux for Projections

Cycle Average

Plgx

~n/ca -sec)

3.62E+10
3.04E+10
2.96E+10

3.018+10(9)
3.018+10(%)

Beltline Region
Cumulative

N

Specific

1.20E+18
1,03E+18
3.00E+18

2.35E+19
3.16E+19

March 6, 1087

ooxgt.)
1.58E+18
2.53E+18
4.11E-18

3.88E+19
8.57E+19

Cusulative
Time

4
1.13
1.80
2.93

28.51
35.41



Table 6-5
Fast (E > 1.0 MeV) Neutron Exposure at the Reactor
Vessel Inner Radius - Azimuthal Angle of 20°

Beltline Region
Cumulative 2

Irradiation Cycle Average q*u_“_uénr}_ Cumulative
Cycle Tige Flyx ant 5189, Time
—e . (EEPS) . (o/cacsec) Specific Basie _ __(RFPD)

\ 3.5678+07  3.04B+10 1.08B+18 1.25B+18  1.13
2.1158+07  2.87E+10 1.80B+18 2.15B+18  1.80
3(® 35508407  2.66B+10 2.64B+18 3.40B+18  2.93

BoL 2013(%) 7.700B.08  2.74B+10(Y  2.14B+19 3.30B.19  26.51
BOL 2022  1.052B+09  2.74B+10(9)  2.88B.19 7.28B.19  35.14

(')Dni.n Basis Flux: 3.78E+10 u/cla-uc

(®)3nd of Cycle 3 (Shutdown): March 8, 1987
(C)Prouut Operating License Expires: March 21, 2013
(d)ﬂn Waighted Average Neutron Flux for Projections



Table 6-8

0 MeV) Neutron Exposure at the Reactor VYessel
Inner Radius--Asimuthal Angle of 30°

Beltline Region

Cumulative
Irradiation Cycle Average Fluence (n/cam
Tinme Flux Plant Design
(EFPS) n/ca“-sec Specific Basis'

9
-

87E+07 2.38E+10 8.56E+1 1.04E+18
115E+07 2.18E+10 1.31E+«18 1.65E+18

550E+07 2.00E+10 2.02E+18 2.60E-+18

709E+08 2.07E+10 81E+19 2.54E+19
052E+09 2.07E+10"" 2.178+19 5.81E+19

Basis Flu 912E+10 n

wn Mar

Present Operating License Expires

Time Weighted Average Neutron Fl




Table 6-7

Fast (B > 1.0 MeV) Neutron Exposure at the Reactor Vessel
Inner Radius--Azimuthal Angle of 45°

Beltline Region
Cumulative 2

Irradiation Cycle Average Cumulative
Cycle Tize Pl,: ant sigg,) Time
—to. __ (EFPS) ___ _(a/ca-sec)  Specific Basis — __(EFFY)
1 3.567E+07 1.71E+10 8..0B+17 7.40B+17 1.13
2 2.115E+07 1.35E+10 8.66E+17 1.17E+18 1.80
3(®  3.ss0B.07  1.35B+10 1.37B+18 1.91B+18  2.93

goL 2¢13¢¢) 7.70eB.08  1.35B.10(%) 1.05B+18 1.81B+19  26.51
BOL 2022  1.0828+09  1.35B.10(%) 1.42B+19 3.96B+19  35.14

(‘)000131 Basis Flux: 2.078E+10 u/clz-noc

(®)gad of Cycle 3 (Shutdown): March 8, 1987
(C)Prcoont Operating License Expires: March 21, 2013
d)Til. Weighted Average Neutron Flux for Projuctions



line Regi

Cumulative
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Table 6-9

Fast (B > 1.0 MeV) Neutron Exposure at the 19.72 Degree
Surveillance Capsule Center

Beltline Region

Cusulative 2
Irradiation Cycle Average W Cumulative
Cycle Time Pl’: an sigg,) Time
1 3.587E+07 1.46E+11 5.21E+18 6. .44E.18 1.13
2 2.115E+07 1.38E+11 §.14B+18 1.02E.19 1.80
3® 350807 1.288e11 1208419 1.86E+19  2.93

gL 2013¢®) 7.700B.08  1.328.11(9) 1.028+20 1.57B+20  26.51
EOL 2022 W2B+08  1.32B+11 1.38%+20 4.028+20  35.14

(')Dni;a Basis Flux: 1.81E.11 a/ug-ue

(®)gad of Cycle 3 (Shutdown): March 8, 1987
(C)Pruuz Operating Licease Bxpires: March 21, 2013
(d)nu Weighted Average Neutron Flux for Projections



Table 8-10

~

Calculated Relative Fast Neutron Exposure Parameters
for V. C. Summer Unit 1

Relative Radial Variation of Fast (E > 1.0 MeV)
Neutron Flux or Fluence Through the Reactor Vessel

Radial Radius Asisuthal Angle
Location -m) QO Degrees 45 Degrees
IR 186. 300 1.0 1.0
1/4 T 204 . 390 0.562 0.601
1/2 1 209. 3601 0,204 0.308
3/4 7T 214.392 0.138 0.147
OR 219.3682 0.05667 0.0869%




Table 68-11

Ratios of Fast Neutron Exposure Parameters to Fast
(B > 1.0 MeV) Neutron Flux for the Reactor
Vessel and Surveillance Capsules

Fast (B > 1.0 MeY) Ironm Displacement

Location

RV IR 2.42 1.94 1.50B-21 1.558E-21
RV 1/4 17 3.81 2.08 1.82E-21 1.70E-21
RV 1/2 T 5.30 4.51 2.278-21 2.13E-21
RV 3/4 7 7.38 8.02 2.85B-21 2.44E-21
RV OR 9.10 8.23 3.37E-21 3.20E-21
17* Capsule 5.00 2.136B-21

20* Capsule 4.88 2.000BE-21

Usite:  lShicsec (B2 01NV ___ dos/sec

n/ca”-sec (l'> 1.0 MeV) n/ca“-sec (E > 1.0 MeV)



Table 6-12

Calculated Neutron Energy Spectra at the Cente:

f the V. C. Summer Unit 1 Surveillance Capsule ¥

Neutrgn Flux

Energy

Energy Neutrjn Flux

Group n

cm -sec)

3
1

OOE+07
11E+08
8OE+0O8
17E+-08
<1E+09
71E+09
80E+09

$5E+08

Group

0

_—
ca L AL

v |

25

20

-
“-

o8

20E+11
42E+11
18E+11
38E+10
vEE-
O4E+

16B+1




Table 6-13

Spectrum Averaged Reaction Cross Section At the
Center of the V. C. Summer Unit 1 Surveillance Capsules

lpocerul-Avort"
Cross Section
Reaction of Interest (barns)
re® (a,p) W% 0.0815
Ni5® (a,p) Co® 0.0726
cu®?® (a,0) 0% 0.000428

(a,1) Co*¥7 0.301
N2 (n,f) Ca*¥ 3.43

S R TURTOR"
o(E) dB

1 MoV
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Table 6-15

¥. C. Summer Unit 1 Power History, Capsule V from NUREG-0020

Reactor (MWT) 2775
NSSS Power (MWT) 2785

Cycle 1

B e

B &

11 82 143788 143780

12 82 851071 704860
1 83 975351 17702:1
2 83 844552 2614763
3 83 568778 3181541
4 83 0 3181541
5 83 285111 3448852
8 83 1873672 5120324
7 83 18683508 8083832
8 83 1758000 8741022
§ 83 1740405 10491327

10 83 1810240 12301587

11 83 1518120 13810687

12 83 8006186 14620303
1 84 1996035 16617238
2 M 1668309 18283547
3 M 1450743 19743200
4 M 119028 10862218
5 M 1704230 215686548
8 84 1847339 23413887
7 M 833318 24247203
8 M 1844750 280929563
P M 1405064 27487007

Cycle 1 Paraseters
Startup: Nov. 16, 1082
Shutdown: Sept. 28, 1084

EFPY = 1.13
EFPS = 3 587B.07



Gross Thermal Enerpy (NWH)

H\n!ET! -—{x.etile
84 455882 270528890
85 1515833 29408522
85 1578288 31048808
85 1866308 32043118
RS 1682110 3482522
85 1256608 35881922
85 19865681 37871483
85 20563141 30024824
R5 1742390 41667014
85 1836683 43503677
85 292854 43798531

SN W -

«© o

1

Cycle 2 Parameters
Startup Dec. 19, 1084
Shutdown Oct. &5, 1985

EFPY 1. 80
EFPS = 2.11E+07




-
N
o

-~

o
»
-
3

Gross Thermal Energy (MWH)

. L Monthly ifetime

85 661338 44457860
88 2039158 46407025
88 1638382 48135407
88 2081270 501986877
88 1888100 52004777
88 2021310 54118087
86 1481204 555772391
88 1808812 57476103
88 2037220 20513323
88 1957029 81471252
88 1835749 83307001
88 1862802 85160803
88 1844820 87014823
87 1977210 88001833
87 1838180 70820003
87 3336888 71163659

—

W -

s On

8
El
0
11
A A
2
1
2
3

Cycle 3 Parameters
Startup Dec. 18,

Shutdown March 8,

EFPY .93
EFPS 3.55E+0

Capsule V resoved




Comparison of Measured and Calculated Radiometric Monitor

Table 6-16

Saturated Activities for V. C. Summer Unit 1 Surveillance Capsule U
Radiometric Moniter

Monitor und(.)

54 54

E

op
Middle

(b)

2 7
i

gES
f:e’E-
8

Avora;o(b)

k

op
Middle
Bettom
Avoru.o(‘)
38 4137 (¢)

:

Corrected (9
o237 (0 116,137 (0)

Saturated Activity

5.514E+8
5.460E+8
5.020E+8
& B34E-8
9.173E.7
8.674E+7
9.363E+7
9.07T0E+7
5.568E+5
5. 401E+5
5.7T28E+5
5 508E+5

1.010E.7
8 O50E.8

9 . ABGE.7

[e4.8%)

(03.9%)

[¢2.2%)

(gm of wire)

(gm of wire)

(gm of wire)

(gn of wire)

(gm of wire)

Calculsted C/N

§5.6528+8  1.003
8.7268+7  0.962
4.708E+5  0.887
7.7508+8  0.962
9.6168:7  1.013



Table 6-18 (cont'd)

Radiometric Monitor
Saturated Activity

Monitor “(.)
Calculated C/N
S (a21Ce™ 0 (ga of wire)
op 8.800E+7
Middle 8.9228+7
Bottos 7.028E+7
Average 8.917B+7 [o1.8%) 5.911B+7  0.885
g (ance™ (gn ot wire)
op 1.235E-8
Middle 1.260B+8
Bottom 1.2688E+8
Average® 1.2578+8 [o1.6%) 8.936B+7  0.552

(')Io!or to Figure 4-2 for the location of the variour radiowetric
msonitors.

(b)fic standard deviation (l¢) of the mean saturated activity is
expressed as a percentage of the mean.

(e)fiil radiometric sonitor was cadaium shielded.

(‘)Tho measured vuluoU!,' been .Mltl lied by 0.7!’.&0 correct for the
and the bu 1d up of Pu*"",

effect of 323 ppa




Table 8-17

Results of Fast Neutron Dosimetry for V. C. Susmer Unit i
Surveillance Capsule U

Radiosetric l0l$$0!.)

Saturated Activity
Reaction of

PS4 (n,p)Ma®  5.634B.8 5.6528.8
Ni%8(n,p)0o®® 9.070B.7 8.726B.7
0¥ (n,0)Co%  5.508B.5 4.7988.5
U8 a, 170637 8.080Be8 7.750B.8
N2 (a,0)0e %7 9.4808.7  9.8188.7

Average

(‘)lolor to Table 6-18.

(')Totll irradiation time for surveillance Capsule U is 3 .587B+07 effective

full power second (EFPS).

Fast (B > 1.0 MeV)
Noutr’a Flux

1.748E+11
1 783E.11
1.905E+11
1.776B+11
1.875E+11

1.796E+11 1.602E+11 6.308E+18 8 034E-18

[¢8.85)

cutrcat(‘)
Fast B > 1.0 NeV)
Neutron glucnco

6.240B+10
6.382E-18
7.115E+18
8.301E+18
5.976E+18



Table A-18

Product Nuclide Burnout Assessment for V. C. Susmer
Unit 1 Surveillance Capsule U

Nuclear Data

2200 RI
Nuclide |Half-Life (barns) [(baras)
M 312.2 dy 10.0 ‘
o®® 70.91 dy 1880 8850
ce? Stable 37.2 75.5
ce® 5272 yr 2.0 4.3
ce'¥? 30.17 yr 0.11 0.50

Surveillance Capsule U Averaged Saturated 0o% Activity

Bare Co-Al Wire:
Cd Shielded Co-Al VWire:

A= 1.288+08 dps/gn
A = 8.02E+07 dps/gn

Monitor Fluxes Derived From Co®" Saturated Activity

$(2200) = 9.928+10 n/ca*-sec
J(RES) = §.98B+10 n/ca’-sec

Preduct Nuclide Loss Rate Cosparison
By, S
Nuclide [(ifsec) __(1/sec)
a4 2.578-08 9.928-13
co®? 1.138-07 §.98B-10
0™ 417800 4.55B-13
ce’¥  7.288-10 2.908-14
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Table 6-21

Product Nuclide Burnout Assessment for V. C. Sumaer Unit 1
Surveillance Capsule V

Nuglear Data

2200 RI
Nuclide Half-Life [(barrs) [baras)
U5 312.2 dy 10.0 »
co®® 70.91 dy 880 6890
o™ Stable 7.2 75.5
% $.272yr 2.0 43
ce'¥ 30.17 yr 0.11 0.80

Surveillance Capsule V Average Saturated Co®C Astivity
Bare Co-Al Wire: A = 1. 15E+08 dps/ga
Cd Shielded Co-Al Wire: A=8 80BE+07 dps/gn

Nasiter Zissss Derived fren £o® g  aasio
$(2200) = 8.56B+10 n/ca’/see
J(RES) = 5.70B+10 n/ca®/sec

Ereduct Nuclide Loss Rate Comparison

Decay Absorption
Constant Rate

Nuclide [(l/sec) __(llsec)
T 2.578-08 8.58B-13
co® 1.138-07 §.548-10
ce™® 4ATE-00 4.162-13
7.288-10 2.858-14
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Table 6-22

Summary of V. C. Summer Unit 1 Fast Neutron Fluence Results
Based on Surveillance Capsule V

End of Life
Current Fast (E > 1.0 MeV) Fast (E > 1.0 MeV)
Neutron Eluonco Neutron Flg.nco)

u ’
Location Veasured Calculated Ne - lcy
Capsule V 1.47E+19 1.44E+19

Vessel IR 4.72E+18 4.63E+18 6.73E+19 6.60E+19
Vessel 1/4 T 2.80E+18 2.75E+18 3.99E+19 3.92E+19
Yessel 3/4 T 6.50E+17 8.37E+17 9.27E+18 0.08E+18

(')Curront fluences are based on operation at 2775 MWt for 2.93 "FPY.
(b)EOL fluences are based on operation at 2775 MWt for 32 EFPY.

(C)Tho measured results of surveillance Capsule V were extrapolated to
the reactor vessel locations using the following-calculated lead
factors:

Inner Radius - 3.11
1/4 Thickness - 5.24
3/4 Thickness - 22.8
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19.72 DEG. (CAPSULES W. Y. 2)

Figure 6-1 Y. C. Summer Unit 1 reactor geometry
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7. SURVEILLANCE CAPSULE REMOVAL SCHEDULE

The following removal schedule is based on ASTM E185-82 and is
recommended for future capsules to be removed from the V. C. Summer Unit

1 reactor vessel:

Yessel Estimated
Location Lead (a) luenge
Capsule (deg.) Factor Removal Time'"™’ (n/ca”)

18
19

343
107

1.13 (Removed) 6.39 x 10
% | 2.93 (Removed) 1.47 x 10
110 .89 .85 x 1019(¢
290 2.69 ‘ 11.10 x 10*°
340 2.69 Standby

U 3

v 3

X 287 3.11 .85 x 1019(b)
v 2

»

power years from plant startup

nickness reactor vessel
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