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SECTION 1
NTR T

The purpose of this report is to determine the reference temperature for
pressurized thermal shock (RYPIS) values for the Zion Units 1 and 2 reactor
vessels to address the Pressurized Thermal Shock (PTS) Rule. Section I
discusses the Rule and provides the methodology for calculating RTPTS'
Section Il presents the results of the neutron exposure evaluation assessing
the effects that past and present core management strategies have had on
neutron fluence levels in the reactor vessel. Section III provides the
reactor vessel beltline region material properties for both units. Section IV
provides the “TPTS calculations for the present, projected end-of-license,

and end-of-1ife fluence values.
I.1 THE PRESSURIZED THERMAL SHOCK RULE

The Pressurized Thermal Shock (PTS) Rule [1] was approved by the U.S. Nuclear
Regulatory Commissioners on June 20, 1985, and appeared in the Federal
Register on July 23, 1985. The date that the Ruie was pubiished in the
Federal Register is the date that the Rule became a regulatory requirement.

The Rule outlines regulations to address the potential for pressurized thermal
shock (PTS) of pressurized water reactor (PWR) vessels in nuclear power plants
that are operated with a license from the United States Nuclear Regulatory
Commission (USNRC). PTS events have been shown from operating experience to
be transients that result in a rapid and severe cooldown in the primary system
coincident with a high or increasing primary system pressure. The PTS concern
arises if one of these transients acts on the beltline region of a reactor
vessel where a reduced fracture resistance exists because of neutron
irradiation. Such an event may produce the propagation of flaws postulated to
exist near the inner wall surface, thereby potentially affecting the integrity
of the vessel.

The Rule establishes the following requirements for all domestic, operating
PWRs :

1297€:10/121985 i



* Establishes the RTPYS (measure of fracture resistance) Screening
Criterion for the reactor vessel beltline region

270°F for plates, forgings, axial welds
300°F for circumferential weld materials

* & Months From Date of Rule: All plants must submit their present RTP!S
values (per the prescribed methodology) and projected R'PTS values at
the expiration date of the operating license. The date that this
submittal must be received by the NRC for plants with operating licenses

is January 23, 1986.

* 9 Months From Date of Rule: Flants projected to exceed the PTS Screening
Criterion shall submit an analysis and a schedule for implementation of
such flux reduction programs as are reasonably practicable to avoid
reaching the Screening Criterion. The data for this submittal must be
received by the NRC for plants with operating licenses by April 23, 1986.

* Requires pliant-specific PTS Safety Analyses before a plant is within
3 years of reaching the Screening Criterion, including analyses of
alternatives to minimize the PTS concern.

* Requires NRC approval for operation beyond the Screening Criterion.

For applicants of operating licenses, values of the projected IT’TS are to
be provided in the Final Safety Analysis Report. This requirement is addec as
part of 10CFR Part 50.34.

In the Rule, the NRC provides guidance regarding the calculation of the
toughness state of the reactor vessel materials - the “reference temperature
for nil ductility transition" (RT~°T). For purposes of the Rule, Rtnor is
now defined as "the reference temperature for pressurized therma! shock"
('TPTS) and calculated as prescribed by 10 CFR 50.61(b) of the Rule. Each
USNRC 1icensed PWR must submit a projection of "PTS values from the time of
the submittal to the license expiration date. 7his assessment must be

submitted within 6 months after the effective date of the Rule, on January 23,

1297€:10/121985 2



1986, with updates whenever changes occur affecting projected values. The
calculation must be made for each weld and plate, or forging, in the reactor
vessel beltline. The purpose of this report is to provide the aTPts values
for Zion Units 1 and 2.

1.2 THE CALCULATION OF R'PTS
In the PTS Rule, the NRC Staff has selected a conservative and uniform methoa

for determining plant-specific values of RT at a given time.

PTS

The prescribed equations in the PTS rule for calculating RT
one of several ways to calculate atnor'
the Screening Criterion, the value of "Prs
calculated for each weld and plate, or forging in the beltline region as given
below. For each material, RT is the lower of the results given by

PTS are actually
For the purpose of comparison with

for the reactor vessel must be

PTS
Equations 1 and 2.

Equation 1:

RTppq = 1+ W + [-10 + 470(Cu) + 350(Cu)(Ni)] ¢0-27°

Equation 2:

U.194
“TPTS =] +M+ 283 Ff

where

[ = the initial reference transition temperature of the unirradiated material
measured as defined in the ASME Code, NB-2331. [f a measured value is not
available, the following generic mean values must be used: O0°F for welds made
with Linde 80 flux, and -56°F for welds made with Linde 0091, 1092 and 124 and
ARCOS B-5 weld fluxes.

M = the margin to be added to cover uncertainties ir the values of initial

RTuOT' copper and nickel content, fluence, and calculation procedures. In
Equation 1, M=48°F if a measured value of [ was used, and M=59°F if the

1297€:10/121985 ) 3



generic mean value of [ was used. In Equation 2, M=0°F if a measured value of
1 was used, and M=24°F if the generic mean value of | was used.

Cu and N1 = the best estimate weight percent of copper and nickel in the
material.

f = the mac<imum neutron fluence, in units of lO"n/cnz (E greater than or
equal to 1 MeV), at the clad-base-metal interface on the inside surface of the
vessel at the location where the material in question receives the highest
fluence for the period of service in gquestion.

Note, since the chemistry values given in equations | and 2 are best estimate
mean values, and the margin, M, causes the RTPTS values to be upper bound
predictions, the mean material chemistry values are to be used, when
available, so as not to compound conservatism. The basis for the Cu and Ni

values used in the RTPTS calculations for Zion Units 1 and 2 are discussed
in Section III.

1297€E:10/121985 . )



SECTION 11
NEUTR X ALUAT

This section presents the results from the application of the Westinghouse
derived adjoint flux program to the Zion Units 1 and 2 reactor vessels for
Commonwealth Edison Company. The use of adjoint importance functions provides
a cost effective toul to assess the effects that past and present core
management strategies have had an neutron fluence levels in the reactor
vessel. The use of adjoint importance functions provides a cost effective
too) to assess the effects that past and present core management strategies
have had on neutron fluence levels in the reactor vessel. Both of the Zion
plants have recently operated using low leakage core management schemes.

I1.17 METHOD OF ANALYSIS

A plan view of the Zion Units ) and 2 reactor geometry at the core midplane is
shown in Figure I1.1-1. Since the reactor exhibits 1/8th core symmetry only a
0°-45° sector is depicted. Eight irradiation capsules attached to the thermal
shield are included in the design to constitute the reactor vessel
surveillance program. Two capsules are located symmetrically in each quadrant
at azimuthal positions of 4° and 40° from the reactor core cardinal axes as
shown in Figure [1.1-1,

In performing the fast neutron exposure evaluations for the reactor geometry
shown in Figure I1.1-1, two sets of transport calculations were carried out.
The first, a single computation in the conventional forward mode, was utilized
to provide baseline data derived from a design basis core power distribution
against which cycle by cycle plant specific calculations can be compared. The
second set of calculations consisted of series of adjoint analyses relating
the response of interest (neutron flux > 1.0 MeV) at several selected
locations within the reactor geometry to the power distributions in the
reactor core. These adjoint importance functions, when combined with cycle
specific core power distributions, yield the plant specific exposure data for
each operating fuel cycle.
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The forward transport calculation was carried out in R,® geometry using the
DOT discrete ordinates code [2] and the SAILOR cross-section library [3]. The
SAILOR library is a 47 group, ENDF-BIV based data set produced specifically
for 1ight water reactor applications. Anisotropic scattering is treated with

a P, expansion of the cross-sections.

k|
The design basis core power distribution utilized in the forward analysis was
derived from statistical studies of long-term operation of Westinghouse 4-loop
plants. Inherent in the development of this design basis core power
distribution is the use of an out-in fuel management strategy; 1.e., fresh
fuel on the core periphery. Furthermore, for the peripheral fuel assemblies,
a 20 uncertainty derived from the statistical evaluation of plant to plant

and cycle to cycle variations in peripheral power was used. Since it is
unlikely that a single reactor would have a power distribution at the nominal
+20 level for a large number of fuel cycles, the use of this design basis
distribution is expected to yield somewhat conservative results. This is
especially true in cases where low leakage fuel management has been employed.

The adjoint analyses were also carried out using the 93 cross-section
approximation from the SAILOR library. Adjoint source locations were chosen
at the center of each of the surveillance capsules as wel! as at positions
along the inner diameter of the pressure vessel. Again, these calculations
were run in R,® geometry to provide power distribution importance functions
for the exposure parameters of interest (neutron flux > 1.0 MeV). Having the
adjoint importance functions and appropriate core power distributions, the
response of interest is calculated as:

l.'. = [. [. 1 (R,®) F (R,®) R dR de
where:
R... = Response of interest (¢ (E > 1.0 Mev)) at radius R and

azimuthal angle .

1297€:10/122085 6



I (R,8) = Adjoint importance function at radius R and azimuthal
angle ©.

F (R,8) = Full power fission density at radius R and azimutha) angle
a.

It should be noted that as written in the above equation, the importance
function I (R, @) represents an integral over the fission distribution so
that the response of interest can be related directly to the spatial
distribution of fission density within the reactor core.

Core power distributions for use in the plant specific fluence evaluations for
Zion Units | and 2 were taken from the design of each operating cycle for the
two reactors. The specific power distribution data used in the analysis is
provided in Appendix A of this report. The data listed in Appendix A
represents cycle averaged relative assembly powers. Therefore, the adjoint
results were in terms of fuel cycle averaged neutron flux which when
multiplied by the fuel cycle length yields the incremental fast neutron
fluence.

The transport methodology, both forward and adjoint, using the SAILOR
cross-section library has been benchmarked against the Oak Ridge Nationa!l
Laboratory (ORNL) Poolside Critical Assembly (PCA) facility as well as against
the Westinghouse power reactor surveillance capsule data base [4]. The
benchmarking studies indicate that the use of SAILOR cross-sections and
generic design basis power distributions produces flux levels that tend to be
conservative by 7-22%. When plant specific power distributions are used with
the adjoint importance functions, the benchmarking studies show that fluence
predictions are within + 15% of measured values at surveillance capsule
locations.

[[1.2 FAST NFUTRON FLUENCE RESULTS
Calculated fast neutron (E >)1.0 MeV) exposure results for Zion Units | and 2
are presented in Tables [[.2-) through I1.2-12 and in Figures [1.2-1 through

[1.2-6. Data is presented at several azimutha! locations on the inner radius
of the pressure vessel as well as at the center of each surveillance capsule.

1297€:10/121985 1



In Tables 11.2-1 through 11.2-4 plant specific maximum neutron flux and
fluence levels at 0°, 15°, 30°, and 45° on the pressure vessel inner radius
are listed for the first 7 completed fuel cycles of Zion Unit 1. Also
presented are the design basis fluence levels predicted using the generic
4-loop core power distribution at the nominal + 20 level. Similar data for
the center of surveillance capsules located at 4° and 40° are given in Tables
11.2-5 and 11.2-6, respectively.

In addition to the calculated data given for the surveillance capsule
locations, measured fluence data from previously withdrawn surveillance
capsules are also presented for comparison with analytical results. In the
case of Unit 1, capsules were removed from the 40° location at the end of
cycles 1, 4 and 6.

Cycle-specific and design bLasis fast neutron flux and fluence data at the
inner radius of the pressure vessel are given in Tables 1[1.2-7 through I1.2-10
for the first 7 completed fuel cycles of Zion Unit 2. As in the case of Unit
1, data are presented for the 0°, 15°, 30°, and 45° azimuthal angles.
Evaluations of cycle-specific and design basis fluence levels at the two
surveillance capsule locations are given in Tables 11.2-1) and 11.2-12.

For Unit 2, surveillance capsules were removed from the 40° position following
cycles 1 and 4. Dosimetry evaluations from these two capsule withdrawals are
also listed in Table 11.2-12.

Severa)l observations regarding the data presented in Tables I1.2-1 through
11.2-12 are worthy of note. These observations may be summarized as follows:

1. For both units, calculated cycle-specific fast neutron (E > 1.0 Mev)
fluence levels at the surveillance capsule center are in excellent
agreement with measured data. The maximum difference between the
cycle-specific calculations and the measurements is less than 7%.
Differences of this magnitude are well within the uncertainty of the
experimental results.

1297€:10/122085 8



2. For Unit 1, low leakage fuel management introduced following cycle 6 has
reduced the peak flux on the pressure vessel by about 35%.

3. For Unit 2, low leakage fue! management introduced following cycle 5 has
reduced the peak flux on the pressure vessel by about 25%. This reduction
has been maintained over the last 2 operating cycles.

4. For both of the Zion reactors the maximum neutron flux incident on the
pressure vessel (45° azimuthal position) during the fuel cycles using
out-in fuel management (cycles )| through 6 for Unit 1 and 1 through 5 for
Unit 2) was, on the average, approximately 15% less than prediction< based
on the design basis core power distributions.

Graphica) presentations of the plant specific fast neutron fluence at key
locations on the nressure vesse)l are shown in Figures I1.2-1 and 1[.2-2 as a
function of full power operating time for Zion Units 1 and 2, respectively.
For both Units 1 and 2, pressure vessel data is presented for the 45° location
on the circumferential weld as well as for the 0° longitudinal welds (see
Section III1.1).

In regard to Figure 11.2-1 and 11.2-2, the sclid portions of the fluence
curves are based directly on the cycle specific evaluations presented in this
report. The dashed portions of these curves, however, involve a projection
into the future. Since both Zion Units are committed to a consistent form of
low leakage fue)l management, the average neutron flux at the key locations
over the low leakage fuel cycles was used for all tempora)l projections. In
particular, the neutron flux average over cycle 7 was used to project future
fluence levels for Unit 1, while the neutron flux average over cycles 6 and 7
was employed for Unit 2.

The fluence projections in Figures 11.2-1 and 11.2-2 have been carried out to
32 effective full power years. However, since IT,,S data corresponding to
the license expiration date must be supplied to the NRC in response to the
Pressurized Thermal Shock Rule (10CFRS50.61(b)(1)), the fluences corresponding

1297€:10/122085 9



to the license expiration date are indicated in Figures 11.2-) and 11.2-2. An
80% capacity factor was assumed for operation beyond Cycle 7 (including the
seventh refue)ing outage) for each Zion Unit.

It should be noted that implementation of a more severe low leakage pattern
would act to reduce the projections of fluence at key locations. On the other
hand, relaxation of the current low leakage patterns or a return to out-in
fue! management would increase those projections. In any event the 'TPYS
assessment must be updated per 10CFR50.61(b)(1) whenever, among other things,
changes in core loadings significantly impact the fluence and .T'Ts
projections,

In Figures 11.2-3 and 11.2-4, the azimuthal variation of maximum fast neutron
(E > 1.0 Mev) fluence at the inner radius of the pressure vessel is presented
as a function of azimuthal angle for Units 1 and 2, respectively. Data are
presented for both current and projected end-of-11fe conditions. In Figure
11.2-5, the relative radia)l variation of fast neutron flux and fluence within
the pressure vessel wall is presented. Similar data showing the relative
axial variation of fast neutron flux and fluence over the beltline region of
the pressure vessel is shown in Figure 11.2-6. A three-dimensional
description of the fast neutron exposure of the pressure vessel wall can be
constructed using the data given in Figure 11.2-3 through 11.2-6 along with
the relation

(R, 0,7) = ¢(®) F(R) 6(2)

where: ¢ (R,8,7) = Fast neutron fluence at location R, ®, Z within
the pressure vessel wall

¢ (9) = Fast neutron fluence at azimuthal location @ on
the pressure vessel inner radius from Figure 11.2-3
or 11.2-4

1297€:10/122085 10



Relative fast neutron flux at depth R into the

pressure vessel from Figure 11.2-5

Relative fast neutron flux at axial position Z from

Figure 11.2-6

Analysis has shown that the radial and axial variations within the vessel wall

are relatively insensitive to the implementation of low leakage fuel
management schemes Thus, the above relationship provides a vehicle for a

reasonable evaluation of fluence gradients within the vessel wall
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TABLE I11.2-1

FAST NEUTRON (E > 1.0 Mev) EXPOSURE AT THE PRESSURE
{ 5\
VESSEL INNER RADIUS - 0° AZIMUTHAL ANGLE'®’
ZION_UNIT )

Elapsed Beltline Region

Irradiation Cycle Avg. Cumulative Fluence (n/(mz)

Time Flux Cycle Design

(EFPY) (n/cmé-sec) Specific Basis(b)

el

T
a
1017
1018
118
10'8
1018
10'8
1018

-
o O O O

°

-

-

o

cy 8 » eoL'®’

EOL 32.0 EFPY

o
$ O Y W W v e w

8
8
8
8 10
8
8
8
8

o

Applicable to the longitudinal welds at 0°, 90°, 180°, 270° in the

axial flux

Pesign basis fast neutron flux = 9.22 » lO9 n/cm2~sec at 3391 "wth

Current neutron fluences are defined as of the beginning of Cycle 8
(February 9, 1984)

The data pertaining to Cy 8 and beyond represent a projection to the
license expiration date (December 26, 2008) using the Cycle 7 average

flux and an 80% capacity factor
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TABLE 11.2-2

NEUTRON (E > 1.0 MeV) EXPOSURE AT THE PRcSSURE
VESSEL INNER RADIUS - 15° AZIMUTHAL ANGLE
ZION UNIT )

Elapsed Beltline Region

Irradiation Cycle Avg. Cumulative Fluence (n/cm?)

Time Flux Cycle Design

(EFPY) (n/cm7~sec) Specific

1010
10'0

1010

1010
10'9

6 . 10'0

’ 19 x 10'°
cy 8 » eo‘® 25. 10'°

EOL  32.0 EFPY 19 x 10'0

‘ 1
Design basis fast neutron flux = 1.44 x 10 0 n/cmz»sec at 3391 MW

th’
Current nces are defined as of the beginning of Cycle 8
(Februar
The data pertaining to Cy 8 and beyond represent a projection to the
license expiration date (December 26, 2008) using the Cycle 7 average

flux and¢ an B0% capacity factor.
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TABLE I1.2-3

FAST NEUTRON (E > 1.0 MeV) EXPOSURE AT THE PRESSURE
VESSEL INNER RADIUS - 30° AZIMUTHAL ANGLE
ZION UNIT 1

Elapsed Beltline Region

Irradiation Cycle Av Cumulative Fluence (n/cm?)
y 9

Time Flux Cycle Design

10'0 A 10'?
10'0 10"’
1010 1018
10'° | 10'®

10'0 2. 10'8

10'0 ‘ 10'8

]0\0 }018

) V 1
cy 8 » eoL'® : | 10'? . ’

EOL  32.0 EFPY 32.0 10'0 10'?

Design basis fast neutron flux = 1.79 x 1010 n/cmz»sec at 3391 MW

th
Current neutron fluences are defined as of the beginning of Cycle 8
(February 9, 1984).
The data pertaining to Cy 8 and beyond represent a projection to the
license expiration date (December 26, 2008) using the Cycle 7 average

flux and an 80% capacity factor

1297€:10/122085

(EFPY) (n/cml-sec) Specific Basis(d)

17
18
18

10
10
10

IO‘B

10'8
10'?
1019




TABLE 11.2-4

FAST NEUTRON (E > 1.0 MeV) EXPOSURE AT THE PRESSURE
VESSEL INNER RADIUS - 45° AZIMUTHAL ANGLE'2’
210N UNIT 1

Elapsed Beltline Region

Irradiation Cumulative Fluence (n/cm¢)

Time Cycle pesign

(EFPY) Specific Basis(D)

10'8

!018

.018
]Oiﬁ

10'®

. ) \
[ ( ) ] ]O d
] ‘018
cy 8 » eoL'® : | - : | 19

10

] |
EOL — 32.0 EFPY ) : 10'?

Maximum fast neutron flux incident upon the intermediate and lower
plates and the intermediate to lower shell circumferential weld

. g 10 2 .
Design basis fast neutro~ flux = 17 x 10 n/cm -sec at 3391 thh
Current neutron fluences are defined as of the beginning of Cycle 8
(February 9, 1984)
The data pertaining to Cy 8 and beyond represent a projection to the
license expiration date (December 26, 2008) using the Cycle 7 average
flux and an 80% capacity factor.
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TABLE 11.2-5

FAST NEUTRON (E > 1.0 MeV) EXPOSURE AT THE 4°
SURVELLLANCE CAPSULE CENTER - ZION UNIT 1

Elapsed Beltline Region

Irradiation Cycle Avg. Cumulative Fluence (n/cm€)

Time Flux Cycle Design

(EFPY) (n/cmé-sec) Specific Basis

]010

‘010

1010

‘010

10'°

10'?

'0\0

, & il 10 2 :
Design Basis ¢ = n/cm -sec at 3391
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TABLE I1.2-6

FAST NEUTRON (E > 1.0 MeV) EXPOSURE AT THE 40°
SURVEILLANCE CAPSULE CENTER - ZION UNIT 1

Elapsed Beltline Region

- - . )
Irradiation Cycle Avg Cumulative Fluence (n/cm<)

Flux Cycle Design Capsule

(n/cme Specific Basis
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TABLE 11.2-7

FAST NEUTRON (€ > 1.0 MeV) EXPOSURE AT THE PRESSURE
VESSEL INNER RADIUS - 0° AZIMUTHAL ANGLE'®’
ZION UNIT ¢

Elapsed Beitline Region

Irradiation Cycle Avg Cumulative Fluence (n/cmz)

Time Flux Cycle

(EFPY) (n/cmé-sec) Specific

O O O O © O O

Cy 8 » eoL'®’
EOL = 32.0 EFPY

o
O @ @ W W Y @ w e

o

Applicable to the longitudinal welds at 0°, 90°, 180°, 270° in the

axial flux

Design basis fast neutron flux = 9.22 x 109 n/cmz—sec at 3391 "“th'

Current neutron fluences defined as of the beginning of Cycle 8
(July 9, 1984).

The data pertaining to Cy 8 and beyond represent a projection to the
license expiration date (December 26, 2008) using the average of the

Cycle 6 and 7 fluxes and an 80% capacity factor
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TABLE 11.2-8

FAST NEUTRON (E > 1.0 MeV) EXPOSURE AT THE PRESSURE
VESSEL INNER RADIUS - 15° AZIMUTHAL AMGLE
ZION UNIT 2

Elapsed Beltline Region

Irradiation Cumulative Fluence (n/cm<)

Time Cycle Design

(EFPY) Specific Basis(a)

. 10 .
ign basis fast neutron flux = 1.44 x 10" n/cm2~sec at 3391 "“th

Current neutron fluences defined as of the beginning of Cycle 8
(July 9, 1984)

The data pertaining to Cy 8 and beyond represent a projection to the
license expiration date (December 26, 2008) using the average of the

Cycle 6 and 7 fluxes and an 80% capacity factor.

1297E:10/122085

1017

10i7
‘018
10'8

10'®

10'8

]018

]0\9
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TABLE 11.2-9

FAST NEUTRON (£ > 1.0 MeV) EXPOSURE AT THE PRESSURE
VESSEL INNER RADIUS - 30° AZIMUTHAL ANGLE
ZION UNIT 2

Elapsed Beltline Region

Irradiation Cycle Avg. Cumulative Fluence (n/cmé)

Time Flux Cycle Design

(EFPY) (n/cmé-sec) Specific Basis(a)

‘0‘0 ‘Oll
10'0 ' | 10'8

‘010 3 ‘018

lU‘O W ! t018

10'0 : 109

10'0 ‘ : 18

]
10'° 3.23 x 10'°
19

cy 8 » goL'® ' 10'° .43 x 10

EOL  32.0 EFPY ). 5 x 10'° : 19

1 v
O n/em®-sec at 3391 W

Design basis fast neutron flux = 1.79 x 10 th

Current neutron fluences defined as of the beginning of Cycle 8
(July 9, 1984)
The data pertaining to Cy 8 and beyond represent a projection to the

icense expiration date (December 26, 2008) using the average of the

Cycle 6 and 7 fluxes and an B0% capacity factor
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TABLE 11.2-10

FAST NEUTRON (E > 1.0 MeV) EXPOSURE AT THE PRESSURE
VESSEL INNER RADIUS - 45° AZIMUTHAL ANGLE'?’
ZION UNIT 2

Elapsed Beltline Region

Irradiation Cycle Avg Cumulative Fluence (n/cm?)

Flux Cycle Design

(n/cmé sec) Specific

Bd‘)")(-b)

10'°

10'0

10'9

‘OXO

10'?

1010
10

10
]OIU

lOlO

Maximum fast neutron flux incident upon the intermediate and lower
plates and the intermediate to lower shell circumferential weld

: o 10 2

Design basis fast neutron flux 2.77 x 10 n/cm -sec at 339 "wth
Current neutron fluences defined as of the beginning of Cycle 8

(Ju y 9, ’)HA

The data pertaining to Cy 8 and beyond represent a projection to the
Iicense expiration date (December 26, 2008) using the average of the

p

Cycle 6 and 7 fluxes and an 80% capacity factor
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TABLE I[.2-11

FAST MEUTRON (€ > 1.0 Mev) EXPC =~ _AT THE 4°

SURVE ILLANCE CAPSULE CENTER - ZION UNIT 2

tElapsed Beltline Region

Irradiation C(ycle Avg SRSt Tiuaee el

{ n
Time Flux Desig

2 g asis
(EFPY) (n/cme-sec) 5p_ecH__\(_w B S

10‘0
‘O‘U

]
10 0
lOlo

}
10 0

|
10 ¢

10
x 10

) 2 :
Note Design Basis ¢ = 2 10 /cm -sec at 3391
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Elapsed

FAST NEUTRON (E > 1.0 Mev) EXPOSURE AT THE 40°
SURVEILLANCE CAPSULE CENTER - ZION UNIT 2

Irradiation Cycle Avg.

Cycle Time
No. (EFPY)

1.2
2.0
2.8
3.4
4.3
5.0
9.7

-~ O W S W -~

TABLE 11.2-12

Beltline Region

Cumulative Fluence (n/cm?)

Flux Cycle
(n/cmé-sec) Specific
6.62x10'°  2.57 x 10'®
750 x10'0  4.37 x 10'®
7.92x10'0  6.30 x 10'®
8.55 x10'°  8.04 x 10'®
8.36 x 10'°  1.04 x 10"?
5.45 x 100 1.16 x 10"°
5.76 x 100 1.29 x 10'°

Note: Design Basis ¢ = 8.77 x 101

1297€:10/121985

0

n/cnz-scc at 3391 MW

23

Design
Basis

3.40 x 10'®
5.51 x 10'®
7.66 x 10‘8
9.44 x 10‘a
1.18 x 10‘9
1.39 x 10'?
1.58 x 10‘9

th’

Capsule

Data

2.0 x 10'®

8.49 x 10]e



Figure I11. 1-1
210N REACTOR GEOMETRY
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Figure II. 2-1
MAXIMUM FAST NEUTRON (E>1.0 MeV) FLUENCE

AT THE BELTLINE WELD LOCATIONS AS
A FUNCTION OF FULL POWER OPERATING TIME
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.

- _-_ '; Figure 11.2-2

Ee==i-=—_1-  MAXIMUM FAST NEUTRON (E>1.0 MeV) FLUENCE ==
e AT THE BELTLINE WELD LOCATIONS AS
CTE=="=""1 A FUNCTION OF FULL POWER OPERATING TIME

210N UNIT 2
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