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XECUTIY RY

The Westinghouse Adjoint Flux tool has been used to assess the effects that
past, present, and projected fuel managemeni strategies have ont*fast neutron
exposuyre levels in the Zion Unit 1 and 2 reactor pressure vessels.

In regard to the low leakage fuel management already in place at the Zion
plants, the plant specific evaluations have demonstrated that, for the low
leakage case, the average peak fast neutron flux «t the 45° azimuthal position
has been reduced by about 35% at Unit 1 and 25% at Unit 2 relative to that
existing prior to implementation of low leakage. Other vessel locations have
been impacted to a lesser degree. Since significant deviations from the low
leakage scheme already in place will affect the exposure projections beyond
the current operating cycle, future loading patterns should be evaluated, as
they evolve, to determine their potential impact on the various considerations
related to the reactor vessel.

The magnitude of the neutron flux at the surveillance capsule locations and
the lead factors relating capsule exposure to maximum vesse)l exposure have
been impacted by the in-place low leakage loading. Capsule withdrawal
schedules should be adjusted based on the plant specific information given in
this report and factoring in future changes in fuel management strategy.
Excellent agreement has also been demonstrated between measured data from
three withdrawn surveillance capsules and the values calculated using the
adjoint flux tool.

The fuel management strategies employed to date essentially have had no impact

on the schedule of applicability for the heatup and cooldown curves currently
in the Z1on Unit 1 and 2 technical specifications used for plant operations.
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SECTION I
NTR T '
¥
The Westinghouse Adjoint Flux Program 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 pressure vessel, along with several
other considerations. This report presents the results from application of
the adjoint flux program to the Zion Unit 1 and 2 reactor vessels for
Commonweaith Edison Company. Both of these plants have recently operated
using non-design basis core management schemes.

Section Il outlines the adjoint methodology, discusses the fuel management
schemes that have been used to date, and presents the neutron fluence data for
both the design basis an¢ actual core management strategies. The resulting
impact of these actual fue) management schemes on the intermediate and power

range excore detectors, the lead factors and removal schedules for the
surveillance capsules, and the schedule of applicability for the heat-up and
cooldown curves is also given.

Results of the plant specific fluence evaluations are summarized in Section
I11 and the references for the report are provided in Section IV. Appendix A
shows the core power distributions used in the neutron fluence analysis.



SECTION 11
NEUTRON EXPOSURE EVALUATION

11.7 METHOD OF ANALYSIS

A plan view of the Zion Unit ) and 2 reactor geometry at the core midplane is
shown in Figure 11.1-1. Since the reactor exhibits 1/8th core symmetry only a
0*-45° sector is depicted. Eight frradiation capsules attached to the therma)
shie'd are included in the design to crnstitute the reactor vesse)
surveillance program. Four capsules are locatec 180* symmetrically at
azimutha’l positions of 4* and 40° from the reactor core cardinal axes as shown

in Figure I1.1-1,

A plan view of a single surveillance capsule attached to the thermal shield is
shown in Figure 11.1-2. The stainless stee) specimen container 1s 1-inch
square and approximately 38 inches in heignt. The containers are positioned
axially such that the specimens are centered on the core midplane, thus
spanning the central 3.17 feet of the 12-foot high reactor core.

In performing the fast neutron exposure evaluations for the reactor geometry
shown in Figures 11.1-1 and 11.1-2, 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 a series of
adjoint analyses reiating the response of interest at severa) selected
Tocations 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.8 geometry using the
00T discrete ordinates code [1] and the SAILOR cross-section 1ibrary [2). The
SAILOR 1ibrary 1s a 47 group, ENDF-BIV based data set produced specifically
for 1ight water reactor applications. Anisotropic scattering is treated with
a P3 expansion of the cross-sections. '

The design basis core power distribution utilized in the forward analysis was
derived from statistical studies of long-term operation of Westinghouse 4-lcop
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 periphera)l fuel assembiies,

a 20 uncertainty derived from the statistical evaluation of plant to plant
and cycle to cycle variations in peripheral power was used. Since 1t is
unlikely that a single reactor would have a power distribution at the nomina)
+20 level for a large number of fuel cycles, the use of this design basis
distribution is expected to yield somewhat conservative results.

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 well as at positions
along the inner diameter of the pressure vessel. Again, these calculations
were run in R,8 geometry to provide power distribution importance functions
for the exposure parameters of interest. Having the adjoint importance
functions and appropriate core power distributions, the response of interest

s calculated as:

RR 0" IR ]o I (R,8) F (R,8) R dR d0

where:

R' " = Response of interest (¢ (E > 1.0 Mev), dPa, etc.) at radius

R and azimutha) angle 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 6



It should be noted that as written in the above equation, the importance
function I(R8) 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 1 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 are 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 1ibrary has been benchmarked against the ORNL PCA facility as
well as against the Westinghouse power reactor surveillance capsule data
base[3] 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 from 7-22% wWhen 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




11.2 FAST NEUTRON FLUENCE RESULTS

Calculated fast neutron (E >1.0 MeV) exposure results for Zion Units 1 and 2
are presented in Tables 11.2-) through 11.2-12 and in Figures ll 2-1 through
11.2-8. Data 1s presented at several azinutha) locations on the Anner radius
of the pressure ve sel as wel) as at the center of each surveillance capsule,

In Tables 11.2-1 through 11.2-4 plant specific neutron flux and fluence levels
at 0%, 15%, 20°, and 45° on the pressure vesse)! inner radius are listed for
each operating cycle 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 adgition to the calculated data given for the surveillance capsule
Tocations, 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. '

Plant specific and design basis fast neutron flux ana fluence data at the
inner racdiuc of the pressure vessel are given in Tables 11.2-7 through 11.2-10
for each operating cycle of Zion Unit 2. As in the case of Unit 1, data are
presented for the 0°, 15%, 30°, and 45° azimutha) angles. Evaluations of
plant 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, surve’ llance capsules were removed from the 40° position following
cyrles 1 and 4. Dosimetry evaluations from these two capsule withdrawals are
also 1isted in Table 11.2-12.

Several observations regarding the data presented in Tables 11.2-1 through
11.2-12 are worthy of note. These observations may be summarized as fo)lows:



-~ oWy -

S NNER RA -~ 0° AZIMUTHAL AN
210N UNIT 1
Irradiation Cycle Avg.

Time Flux Plant
(EFPS) (n/em?-sec) Specific
3.66 x 107 7.46 x 10° 2.73 x 10"
2.84 x 10 8.46 x 10° 5.13 x 10"’
2.15 x 10 8.63 x 10° 6.99 x 10"
2.46 x 10’ 8.10 x 10° 8.98 x 10"’
2.3 x 107 8.82 x 10° 1.1 x 108
2.40 x 107 8.52 x 10° 1.3 x 10'®
2.68 x 107 8.66 x 107 v.54 x 10'®
Note: Design Basis ¢ = 9.22 x 109 n/cm” - sec

FAST NEUTRON (E > 7.0 MeV) EXPOSURE AT THE PRESSURE

TA

=)

Cumulative Fluence (n/cmz)

Design
Basis
3.37 x 10"

"
§.99 x 10
7.98 x 10"’
1.02 x 10'®
1.24 x 108
1.46 x 10"
1.1 x108



Cycle
No.

B W Ny -

o

FAST NEUTRON (E > 1.0 MeV) EXPOSURE AT THE PRESSURE

TASLE 11.2-2

VESSEL INNER RADIUS - 15° AZIMUTHAL ANGLE

Irradiation
Time
(EFPS)
3.66 x 10
2.86 x 10’
2.15 x \07
2.46 x 107
2.37 x 107
2.40 x 10’
2.68 x 107

Cumulative Fluence (n/cm?)

ZION UNIT Y
Cycle Avg.

Flux Plant
(n/cml-sec) Specific
1.96 x 10'° a.82 x 10"
1.32 x 10'° 8.57 x 10"
1.35 x 10'° 1.15 x 108
1.29 x 10'0 1.46 x 10'®
1.45 x 10'° 1.81 x 10'®
1.4 x 10'° 2.15 % 10'®
1.19 x 10'0 2.41 x 10'®

1.44 x 10‘0 n/cnz-sct

Note: Design Basis ¢ =

Design
Basis
5.27 x 10"

1
9.36 x 10
1.25 x 10'8
1.60 x 10'®
1.9¢ x 10'®
2.29 x 10'®
2.67 x 10'®



Cycle
~°0

-~ WV Wy -

FAST NEUTRON (€ > 1.0 Mev) EXPOSURE AT THE PRESSURE

TABLE 11.2-3

Design
Basis
6.55 x 10"’
1.16 x 10'®
1.55 x 10'®
1.99 x 10'8
2.4 x 10’.
2.8¢ x 10'®
3.32 x10'°

VESSEL INNER RADIUS - 30° AZIMUTHAL ANGLE
ZION UNIT )
Irradiation Cycle Avg. Cumulative Fluence (n/cmz)
Time Flux Plant
{EFPS) (n/cm€-sec) Specific
1.66 x 107 1.46 x 10'° 5.34 x 10"
2.84 x 107 1.60 x 10'0 9.89 x 10"’
2.15 x 107 1.69 x 10'0 1.35 x 108
7 10 18
2.46 x 10 1.68 x 10 1.7 x 10
2.37 x 10" .80 x 10'° 2.19 x 10'®
7 10 '8
2.40 x 10 1.79 x 10 2.62 x 10
7 10 18
2.68 x 10 1.04 x 10 2.93 x 10
Note: Design Basis ¢ = 1.79 x 10‘0 n/cnz - sec

10



Cycle

-~ oW -

TABLE 11.2-4

FAST NEUTRON (E > 1.0 MeV) EXPOSURE AT THE PRESSURE

Design
Basis

1.07 x 10"
1.80 x 10"
2.40 x 10]'
3.08 x 10"
3.13 x 10‘.
4.40 x 101'

5.14 x 10"

v NNER RADIUS - 45° AZIMUTHAL ANSLE
210N UNIT 1
Irradiation Cycle Avg. Cumulative Fluence (n/cm?)
Time Flux Plant
(EFPS) (n/cmé-sec) Specific
3.66 x 10 2.18 x 10'° 7.98 x 10"’
2.84 x 107 2.35 x 10'0 1.47 x 10'®
7 10 18
2.5 x 10 2.64 x 10 2.03 x 10
2.46 x 107 2.63 x 10'° 2.68 x 10'8
2.37 x 107 2.68 x 10'° 3.32 x 10'®
7 10 18
2.40 x 10 2.8) x 10 3.99 x 10
2.68 x 10’ 1.63 » 10'0 4.43 x 10'®
Note: Design Basis ¢ = 2.77 x 1010 n/cmz-scc

11



Cycle
No.

- W

EAST NEUTRON (E > 1.0 Mev) EXPOSURE AT THE 4°

TABLE 11.2-5

ANCE CAPSU NTER - 210N UNIT 1 o
Irradiation Cycle Avg. Cumulative Fluence (n/cm?)
Time Flux Plant Design
(EFPS) (n/cml-sec) Specific Basis
3.66 x 107 2.26 x 10'° 8.35 x 10'7  1.03 x 10'®
2.84 x 107 2.59 x 10'° 1.5 x10'®  1.83 x10"®
7 10 18 18
2.15 x 10 2.64 x 10 2.14 x 10 2.43 x 10
2.46 x 10’ 2.48 x 10'° 215 x10'% 3.3 x10"®
7 10 18 18
2.37 x 10 2.70 x 10 3.40 x 10 3.80 x 10
7 10 18 18
2.40 x 10 2.6 x 10 4.0) x 10 4.48 x 10
2.68 x 10 2.65 x 10'° en x10'® 523 510"
. 10 2
Note: Design Basis ¢ = 2.82 » . 2" n/cm“-sec

12



Cycle
No.

NN W N -

TABLE 11.2-6

FAST NEUTRON (E > 1.0 MeV) EXPOSURE AT THE 40°
SURVEILLANCE CAF,ULE CENTER - ZION UNIT )

Irradiation Cycle Avg. Cumulative Fluence (n/cm?)
Time F:gx Plant Design Capsule
(EFPS) (n/cmc-sec) Specific Basis Data
3.66 x 10 6.90 x 10'° 2.53x10%  3.20x10'"® 2.3 x 10'®
2.84 x 10" 7.44 x 10'° a.65x10'%  5.70 x 10'®
2.15 x 10 8.36 x 10'° 6.43x10'%  7.59 x 10'®
2.46 x 10’ .33 x 10'° 8.49x10'% 974 x10"®  g.64 x 10"
2.37 x 10 8.49 x 10'° 1.05 x10'Y 1.8 x 10"?
2.40 x 10 8.90 x 10'° .26 x10"° 13w x 10’ 1.24 x 10"
2.68 x 10" 5.16 x 10'° 1.40 x 10" 1.63 x 10"?

Note: Design Basis ¢ = B8.77 x 1o‘° n/cmz—sec

13



Cycle
No.

- N W NN

EAST NEUTRON (E > 1.0 MeV) EXPOSURE AT THE PRESSURE

TABLE 11.2-7

v NNER RADIUS = 0° AZIMUTHAL AN
ZIQﬁ uN]T z
Irradiation Cycle Avg.

Time Flux Plant
(EFPS) (n/em?-sec) Specific
3.88 x 10 7.33 x 10° 2.84 x 10"’
2.40 x 10" 8.99 x 10° §.00 x 10"’
2.46 x 10 7.88 x 10° .94 x 10"’
2.02 x 107 6.65 x 10° 8.28 x 10"/
2.75 x 107 8.18 x 10° 1.05 x 10'°®
2.3¢ x 10 8.19 x 10° 1.24 x 108
2.21 x 10’ 7.49 x 10° 1.4 x 108

Note: Design Basis ¢ = 9.22 x 109 n/cnz-sec

14

Cumulative Fluence (n/cm?)

Design
Basis
3.58 x 10"’
5.79 x 10‘7
8.06 x 10"’

1
9.92 x 10
1.25 x 10'8
V.46 x 10‘a
1.67 x 10'®



Cycle
NO.

- W N -

JABLE 11.2-8

FAST NEUTRON (E > 1.0 MeV) EXPOSURE AT THE PRESSURE

VESSEL INNER RADIUS - 15° AZIMUTHAL ANGLE

Cumulative Fluence (n/cm?)

210N UNIT 2
Irradiation Cycle Ava.
Time F;gx
(EFPS) {(n/cmé-sec)
3.88 x 10 1.15 x 10'0 ‘
2.40 x 10 1.39 x 10'° 7
2.46 x 107 1.23 x 10'° )
2.02 x 107 1.19 x 10'0 1
2.15 x 10’ 1.21 x 10'° )
2.38 x 107 1.17 x 10'0 1
2.21 x 10’ 1.1 x 10'"° 2
Note: Design Basis ¢ = 1.44 x 10‘0

15

Plant
Specific

.46 x \0‘7
.80 x 10"’
.08 x 10'®
.32 x
.67 x 10
.95 x
19 x 10

1010
18

1018
18

n/cn2~sec

Design
Basis
5.59 x 10"’
9.04 x 10‘7
1.26 x 10'®
1.55 x 10'8
1.95 x 10'®
2.28 x 10'8
2.60 x 10'8
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Cycle
No.

~ N W NN -

TABL 2=

FAST NEUTRON (€ > 1.0 MeV) EXPOSURE AT THE PRESSURE

VESSEL INNER RADIUS - 45° AZIMUTHAL ANGLE
ON UNIT
Irradiation Cycle Avg. Cumulative Fluence (n/cm?)
Time Flux Plant Design
(EFPS) (n/eml-sec) Specific Basis
3.88 x 10’ 2.09 x 10'° g1 x10'"7  1.07 x 108
; 10 18 18
2.40 x 10 2.37 x 10 1.38 x 10 1.74 x 10
2.46 x 107 2.50 x 10'° 1.99 x10'®  2.42 x10'®
2.02 x 107 2.70 x 10'° 2.5 x10'®  2.98 x 10'®
2.15 x 107 2.66 x 10'° 3.27x10'%  3.74 x 10'®
2.38 x 10 1.72 x 10'0 3.67 x10'®  4.39 x 10'®
2.2) x 107 1.82 x 100 .00 x10'® 5,00 x 10'®

Note: Design Basis ¢ = 2.77 x 1010 n/cmz—sec

17



Cycle

-~ s W N

Irradia
Time

(EFPS
3.88 x
2.40 x
2.46 x
2.02 x
2.75 x
2.34 x
2.21 x

Note:

TA .2-1

FAST NEUTRON (E > 1.0 MeV) EXPOSURE AT THE 4°

N UNIT

Cumulative Fluence (n/cm?)

RV AN AP NTER -
tion Cycle Avg.
Flgx Plant
) (n/cm--sec) Specific
10’ 2.24 x 10'0 9.69 x 10"/
10’ 2.75 x 10'° 1.53 x 10'8
10’ 2.41 x 109 2.12 x 10'8
10’ 2.03 x 10'° 2.53 x 10'8
0’ 2.50 x 10'° 3.21 x 10'8
10’ 2.50 x 10'° 3.79 x 10'8
10’ 2.29 x 100 .31 x 108
0, 2

Design Basis ¢ = 2.82 x 10 " n/cm“-sec

18

Design
Basis
1.09 x 10'8
1.717 x10'®
2.46 x 1018
3.03 x 10'8
3.81 x 10'®
4.47 x 10‘a
5.09 x 10'®

"o‘



Cycle
No.

~N W N -

TABL ¥ Ll

FAST NCUTRON (E > 1.0 MeVv) EXPOSURE AT THE 40°
SURVETLLANCE CAPSULE CENTER - ZION UNIT 2

Irradiation Cycle Avg. Cumulative Fluence (n/cm?)
Time Flyx Plant Design Capsule
(EFPS) (n/cmé-sec) Specific Basis Data
3.88 x 10’ 6.62 x 10'° 251 x10'®  3.40 x 10"® 2.70 x 10'®
2.40 x 107 7.50 x 1010 4.37 x 1()‘a 5.51 x 10‘.
2.46 x 107 7.92 x 10'° 6.30 x 10'®  7.66 x w:’
2.02 x 107 B8.55 x 10‘0 8.04 x 10" 9.44 x 10 . 8.49 r ‘018
2.75 x 10’ 8.36 x 10'° 1.06 x10'° 1.8 x 10"
7 10 18 19
2.34 x 10 5.45 x 10 1.16 x 10 1.39 x 10
7 10 19 19
2.2 x 10 5.76 x 10 1.29 x 10 1.58 x 10

Note: Design Basis ¢ = 8.77 x 10‘0 n/cmz-sec
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For both units, calculated plant specific fast eutron (E > 1.0 Mev)
fluence Tevels at the surveillance capsule center are in excellent
agreement with measured data The maximum difference between the plant
specific calculations and the measurements is Tess than 7% Differences
of this magnitude are well within the uncertainty of the experimental

results

low leakage fuel management introduced follos ng cycle & has
reduced the peak flux on the pressure vesse) by about 35%
For Unit 2, Tow leakage fuel management introduced fo))ow!
reduced the peak flux on the pressure vesse) by about 25%

has been maintained over the last 2 operating cycles

For both of the Zion reactors the maximum neutron §} fdent o
pressure vessel (45° azimuthal position) during the el cycles using
out-in fuel management (cycles 1-6 for Unit 1} and 1-5 for uUnit 2) was, on

- - ~ Y ] - - N - N {
the average, approximately 'ess than predictions based on the design

core power distribd

s of the specific fast neutron fluence at key
well as at the surveillance capsule center
11.2-4 as a function of ful) power
2 For both Units 1 and 72 pressure
the 45° location on the circumferentia) weld
For both
40°

11.2- hrough 11.2-4, the solid portions of the fluence

ed directly on the plant specific evaluations presented in this

3

report The dashed po s of these curves, however, involve a projectior

into the futyre Sinc Zion Units are committed to a consistent form of

B

Ow leakage fue)l manag » the average neutron flux at the key locat

eakage ! . { A ! or al) temporal projectior







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

are relatively insensitive to the implementation of low leakage fue)

management schemes. Thus, the above relationship provides a vehicle for a

reasonable evaluation of fluence gradients within the vessel wall.
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I1.5 SURVEILLANCE CAPSULE WITHORAWAL SCHEDULES

As discussed in Section 11.2, plant specific fluence evaluations for the

center of surveillance capsules located at 4° and 40°* were presented ir

Figures 11.2-2 and 11.2-4 for 21on Units 1 and 2. respectively The data

presented on those curves represent the best available information upon whi
to base the future withdrawal schedules for capsules remaining in the 21

£

reactors

In the past, withdrawal sch les have been based on the assumption of a
constant exposure rate at the surveillanc: capsule center and a constant lead
factor relating capsule exposure to maximum vesse) exposure With the
widespread implementation of low leakage fue)l management neither of these
assumptiions can be assumed to be universally valid It becomes prudent,

therefore, to utilize the actual anticipated capsule exposure in conjuncti

ju

-

propriate materials properties data to establish capsule withdrawa)

ide experimental information that s of most benefit t«

drawal schedules, 1t must be remembered that the
in Figures 11.2-2 and 11.2-4 assume continyed

akage fue)l management scheme currently in

ion should be verified as each new fue) Cy

1

cur withdrawal schedules should be ad]
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SECTION 111
SUMMARY AND CONCLUSIONS

fast neutron exposure evaluations using plant specific cycle by cycle
stributions and state-of-the-art neutron transport methodology
been completed for the Zion Units 1 and 2 pressure vessels and
surveillance capsules Explicit calculations were performed for the
seven operating cyclies of both units For both units, projectio
neutron exposure beyond the current operating cycle was based or
implementation of low leakage fuel management similar to that emplo

cycle or Unit and cycles 6 and 7 for Unit

In regard to the low leakage fuel management already in place at the Zior
Units, the plant specific evaluations have demonstrated that for the low
leakage case the average fa:ct neutron flux at the 45° azimuthal position has
been reduced by about 35% at Unit 1 and 25% at Unit 2 reiative to that
existing prior to imglementation of low leakage In particular, the following

data applies at the 45° locction

¢ (n/(m/ Sec)

This location represents the maximum fast neutron flux incident on the reactor
pressure vessel At other locations on the vessel, as well as at the
surveillance capsules, the impact of low leakage will differ from the data

presented above

it should be noted that significant deviations from the low leakage scheme
9 e

already in place will effect the exposure projections beyond the current

operating cycle A move toward a more severe form of low leakage (lower




relative power on the periphery) would tend to reduce the projection. On the
other hand, a relaxation of the loading pattern toward higher relative power
on the core periphery would increase the projections beyond those reported.
As each future fuel cycle evolves, the loading patterns should be analyzed to
determine their potential impact on vessel and capsule exposure.

Implementation of low leakage loading also effects the magnitude of the
neutron flux at the surveillance capsule locations as well as the lead factors

relating capsule exposure to maximum vessel exposure. Therefore, the
assumptions of constant lead factors and capsule exposure rates over plant
1ifetime are not necessarily valid. Data depicting actual capsule exposure as
a function of full power operating time has been presented in this report for
both Zion Units. It 1s recommended that capsule withdrawal schedules be
adjusted based on this plant specific information. Again, the potential

impact of future changes in fuel management strategy should also be factored
into any rescheduling of capsule withdrawals.

The fast neutron fluence values from the plant specific calculations have been
compared directly with measured fluence levels derived from neutron dosimetry
contained in three surveillance capsules withdrawn from each of the Zion
Units. For Unit 1, the ratio of calculated to measured fluence values ranges
from 0.93 to 1.02 for the three capsule data points. The corresponding ratio
for Unit 2 1s 0.95 for both capsules removed from that reactor. This
excellent agreement between calculation and measurement supports the use of

this analytical approach to perform plant specific evaluation for the Zion
reactors.

The fuel management strategies employed to date essentially have had no impact

on the schedule of applicability, 1.e., B EFPY, for the heatup and cooldown
pressure-temperature 1imit curves in the Zion Unit 1 and 2 technical

specifications used for plant operation.
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APPENDIX A

POWER DISTRIBUTIONS

Core power distributions used in the plant specific fast neutron exposure

analysis of the Zion Units 1 and 2 pressure ve<sels were derived from the

following fuel cycle design reports and ver'ried by comparison with burnup
data supplied by Commonwealth Edison (8].

Fuel Cycle Unit 1 Unit 2
] WCAP-T7675-R1 WCAP-7675
2 WCAP-8616 WCAP-8881
3 WCAP-9114 WCAP-9246
4 WCAP-9356 WCAP-9458
5 WCAP-9568 WCAP-9687
6 WCAP-9859 WCAP-9959
7 WCAP-10047 WCAP-10282

A schematic diagram of the core configuration applicable to Zion Units 1 and 2
15 shown in Figure A.1-1. Cycle averaged relative assembly powers for each
operating fuel cycle of Zion Units ) and 2 are listed in Tables A.1-1 and
A.1-2, respectively.

On Figure A.1-1 and in Tables A.1-1 and A.1-2 an identification number is
assigned to each fuel assembly location; and three regions consisting of
subsets of fuel assembiies are defined. In performing the adjoint
evaluations, the relative power in assemblies comprising Region 3 has been
adjusted to account for known biases in the prediction of power in the
peripheral assemblies while the relative power in assemblies comprising

Region 2 has been maintained at the cycle average value. Due to the extreme
self-shielding of the reactor core neutrons born in fuel assemblies comprising
Region 1 do not contribute significantly to the neutron exposure either at the






TABLE A.1-)

CORE POWER DISTRIBUTIONS USED IN THE PLANT SPECIFIC FLUENCE ANALYSIS

W ® N B W N
e

-l et ol ol ol wd b
Omhuw-.o

ZION UNIT 1
Fuel Cycle
= - -3 - — 5 -~ N
0.81 0.98 0.98 0.9 1.02 0.96 1.00
0.89 0.98 1.01 0.95 1.00 0.9% 1.03
0.76 0.92 0.95 0.89 1.0 1.00 0.95
0.66 0.73 0.75 0.73 0.86 0.80 0.47
0.93 0.99 1.03 1.06 1.10 1.10 0.64
0.56 0.63 o.n o.M 0.74 0.7Mm 0.39
1.04 0.97 0.87 0.83 0.92 0.88 0.79
1.05 1.16 1.23 1.17 1.16 0.9 1.13
1.00 0.96 0.99 0.96 1.00 1.19 1.13
1.02 1.18 1.14 1.1% 1.19 1.1 1.05
. 0.94 0.82 0.86 0.82 1.08 0.89
1.12 0.95 0.87 0.89 0.92 1.15 1.00
1.15 0.95 0.93 0.90 1.29 1.13 1.23
1.08 1.1 1.19 1.01 1.02 1.02 1.08
0.97 0.99 0.99 1.19 1.08 1.16 1.13
1.04 0.90 1.12 1.00 0.84 0.99 1.04
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TABLE A.1-2

CORE POWER DISTRIBUTIONS USED IN THE PLANT SPECIFIC FLUENCE ANALYSIS

OO N e W N - E
-

et b ) wi e wd e
> O S W N - O

ZION UNIT 2
Fuel Cycle
B R IR TR et S Sl
0.80 1.04 0.89 0.59 0.95 0.88 0.72
0.87 1.05 0.92 0.8) 0.95 0.99 0.92
0.75 0.98 0.85 0.83 0.90 0.91 0.85
0.65 0.M 0.68 0.70 0.70 0.47 0.46
0.92 0.99 0.98 1.00 0.98 0.91 0.9¢6
0.53 0.64 0.67 0.73 0.72 0.4) 0.43
1.02 0.96 0.87 0.77 0.88 0.89 1.19
1.03 1.20 1.18 1.16 1.1 1.12 .11
1.00 0.98 0.94 0.92 0.89 1.16 0.90
1.00 1.20 1.14 1.14 1.05 1.09 1.12
1.17 0.87 0.93 0.98 1.05 1.09 1.21
1.12 1.03 1.00 0.98 0.97 0.99 1.07
1.15 0.94 1.10 1.00 1.19 1.18 1.24
1.08 0.96 1.12 0.97 0.92 1.15 1.00
0.97 0.88 1.01 1.03 0.88 0.91 1.04
1.02 0.87 1.06 1.16 N 0.97 1.05



surveillance capsules or at the pressure vessel. Therefore, power
distribution data for assemblies in Region = are not listed in Tables A.1-)
and A.1-2.

L}
In each of the adjoint evaluations, within assembly spatial gradients have
been superimposed on the average assembly power levels. For the peripheral
assemblies (Region 3), these spatial gradients also include adjustments to
account for analytica) deficiencies that tend to occur near the boundaries of
the core region.
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