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U. S. Nuclear Regualtory Comm.
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SUBJECT: Arkansas Nuclear 0m - Unit 2
Docket No. 50-368
License No. NPF-6
Supplemental Information Regarding
Analysis of a Fuel Misloading Event
(File: 2-1510)

Gentlemen:

In response to NRC staff questions on a fuel misloading event, the attached
information is provided. This supplements our original response to question
six (6) of ycur March 23, 1981 letter concerning the ANO-2, Cycle 2 reload
report. Our original response was made on April 11, 1981.

Very truly yours ,

M P. C4(L
David C. Trimble
Manager, Licensing
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FUEL t1ISLOADINGS

(Supplementary Information for Question 6)

As discussed in response to Question C-6, the fuel misloading accident is performed
for the first cycle and reported in the FSAR but, in general, has not been reanalyzed
for reload cycles or reported in the reload licensing submittal. Reanalysis for
reload Oycles has not been viewed as necessary because the reload fuel misloading
accident has been evaluated to be no more* severe than that which is postulated for
the first cycle. Since the first cycle analysis remains a conservative representa-
tion of this event for later cycles, reanalyses for later cycles have typically not
been performed. However, at the request of the NRC, a reanalysis of the fuel mis-
loading accident nas recently been performed for Calvert Cliffs Unit 2 Cycle 4 (to
be provided to the NRC June 15,1981). The Calvert Cliffs Unit 2 Cycle 4 analysis
provides further confirmation of the conclusion that the worst (.ase event which can
be postulated for ANO-2 Cycle 2 is 12ss severe than the worst case event which can
be postulated for Cycle 1. The Calvert Cliffs Unit 2 Cycle 4 analysis is briefly
summarized below to provide the basis for this conclusion.

The Calvert Cliffs fuel misloading analysis consisted of a series of full core two-

dimensional ROCS calculations in which selected fuel assemblies were either inter-
changed or misoriented (misrotated). The analysis was limited to a single loading
error in each case, either an interchange of two assemblies or a misrotation. The
assemblies selected for the misloading analysis were those which were judged to be
the most difficult to detect by means of the syn. metric rod worth evaluations per-
formed at startup. Rod worth calculations were then performed for each of the CEAs
in the three shutdown banks used in the roa symmetry measurements at Calvert Cliffs-2
in order to identify which misloadings would be detectable. The increase in power.

peaking was then established for those misloadings which may not be detectable based
on the worth difference of toe symmetric CEAs.

,

The Calvert Cliffs analysis results illustrate the basic principle that the inter-
change of assemblies with large differences of reactivity can be recdily detected
via the CEA symmetry check. Interchanges of assemblies having similar reactivities

j are generally not detectable by the CEA symmetry tests but, as a rest lt of the
j similarity in reactivity, have only a small effect on the power distr:bution.
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The Calvert Cliffs analysis indicates that the interchange of a fresh, unshimmed
fuel assembly with a shimmed fresh fuel assembly or with fuel assemblies irradiated
for one or two cycles would be detectable by the symmetry checks because of the
substantial difference in reactivity between the fresh unshimmed fuel and other fuel

Likewise, the analysis indicates that the reactivity difference between fueltypes.
irradiated for 1 and 2 cycles was sufficiently large to detect such interchanges.

Misloadings which may not be detectable by the CEA symmetry checks are of three

types: .

(1) the interchange of fuel assembifes within the same fuel batch (e.g.,
the interchange of an assembly having 1 cycle of irradiction with a
second assembly having 1 cycle of irradiation)

(2) misrotation of a fuel assembly

(3) the interchange of a fresh shimmed fuel assembly with an
irradiated assembly having similar reactivity at BOC.

Each of these cases results in reactivity perturbations which can be too small to'

be observable via the CEA symmetry checks.

The differential change in power peaking is shown for each of these cases in Table 1.
.The differential change *- the maximum increase in power peaking in the affected

; fuel assemblies. This d rferential peaking is not necessarily the change in core

peaking factor, which is of prime interest with respect to core thermal margin.
Core thermal margin will be affected only if the misloading involves the lead (most
limiting) fual assembly or if the differential power increase is sufficiently large
to shift the core peaking factor to the area of the misloadings. In the latter case,

|
core thermal margin is degraded only to the extent that the power density in the

f

|
area of the misloading would exceed that of the most limiting assembly in the
criginal core design. Since the most limiting peak of ten occurs in fresh unsnimmed
fuel, the effect of misloadings on core thermal margin can be considerably less
(Table 2 gives the effect on core maximum peaking factor for Calvert Cliffs Unit 2
Cycle 4).

|

|
Table i thus illustrates the maximum increase in power peaking that would be unde-
tectable via the CEA symmetry checks under the unlikely assumption that the mis-

loading directly affects the most limiting assembly in the core.
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As Table 1 illustrates, the worst case for Calvert Cliffs Unit 2 Cycle 4 is the
interchange of a fresh shimmed assembly with an irradiated assembly, both having
a similar reactivity at 80C. Because of the initial similarity in reactivity,
such misloadings are not detectable by the CEA symmetry checks, nor is there a

significant increase in power peaking at 80C. However, power peaking will

increase with operation as the shims deplete and the reactivity difference betweenf

the two fuel assemblies increases. Even in this worst case, the increase in power
-

peaking is sufficiently small that margins provided to accommodate A00's are not
approached. Furthermore, it is very probable that this type of misloading will be
detected early in the cycle before these maximum pin peaks are attained by means
of the in-core instrument' system or the monitoring of tilts by the ex-core

instrumentation.

Unlike Calvert Cliffs Unit 2 Cycle 4 or ANO-2 Cycle 1, fresh fuel in ANO-2 Cycle 2
does not contain shims. Thus, the worst case misloading event which can be postu-
lated for ANO-2 Cycle 1 or Calvert Cliffs-2 Cycle 4 cannot occur in ANO-2 Cycle 2.

,

The consequences of a fuel misloading in ANO-2 Cycle 2 are limited to the rotational
errors and interchanges of fuel within an exposure batch as identified in Table 1.
In addition, the symmetry checks performed at AN0-2 are more extensive than assumed
in the Calvert Cliffs evaluation (symmetry checks are performed on all CEAs at ANO-2
while the Calvert Cliffs analysis assumed that only the shutcown groups werE
employed) so that a larger number of postulated misloadings are likely to be
detectable. Consequently, it is concluded that the consequences of undetectable
misloadings in ANO-2 Cycle 2 will be less severe than those evaluated for either
Calvert Cliffs Unit 2 Cycle 4 or AN0-2 Cycle 1. Therefore, the fuel misloading

accident presented in the ANO-2 FSAR remains a conservative assessment of.the

consequences of fuel misloading in the Cycle 2 reload.
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TABLE 1

I '2Maximum Differential Increase in Power Peaking
for Undetectable Misloading

,

Maximum Increase in*

Type of Misicading Power Peaking at HFP, %

^>3(3)1. Interchange of Two Assemblies
Within an Exposure Batch

2. Misrotation of an Assembly 3.7

6.8(4)3. Interchange of a Fresh
Shimmed Assembly With an
Exposed Assembly

(1) Based on the Calvert Cliffs Unit 2 Cycle 4 analysis.

(2) The maximum differential increase in power peaking is the largest
increase in peaking calculated for affected assemblies (misloaded
or adjacent assemblies). The change in core peaking factor is
generally lower since the affected assemblies are not normally the
lead (limiting) assemblies in the core (see Table 2 for change in
core peaking factor).

!
I

(3) Calculation was performed at hot zero power shere a 6.1% increase
in peaking was observed. This increase in peaking is estimated to <

be reduced to ^>3% at full power due to fuel and moderator
temperature feedbacks.

(4) At end-of-cycle; increase in peaking at 80C is not significant.
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TABLE 2

Maximum Increase in Core Peaking Factors Due to
Undetectable Fuel Assembly Misloadings in Calvert Cliffs Unit 2 Cycle 4

i

Type of Misloading Maximum increase in Core Power
Peaking Factor at HFP,%.

1. Interchenge of Two Assemblies ^'<2(l)
Within an Exposure Batch

2. Misratation of an Assembly 2.6

3. Interchange of a Fresh Shimmed 4.8(2)
|

Assembly With an Exposed
Assembly

(1) Calculation was performed at hot zero power where a 2.5% ;i

increate in core peaking factor was observed. This increase -

in peaking is estimated to decrease to's 2% at full poweri

due to fuel and moderator temperature feedbacks.
i3 '(2) At end-of-cycle; increase in peaking at 80C is not significant.
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