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1.0 BACKGROUND,

| By letter dated March 8,1996, (Reference 1) Commonwealth Edison Company
: (Comed) requested the review of the submittal EMF-96-021(P), Revision 1. The

'

; submittal describes the application of the ANFB Critical Power Correlation to
j the coresident GE9 fuel for LaSalle County Station, Unit 2, cycle 8. In the
j upcoming cycle (cycle 8), Comed will utilize previously exposed GE9 fuel as
: well as fresh ANFB fuel assemblies at LaSalle, Unit 2. Comed will use the

NRC-approved ANFB critical power correlation to establish and monitor the,

Minimum Critical Power Ratio (MCPR) limits for both the Siemens Powerj

|
Corporation (SPC) fuel and the coresident GE9 fuel. )

i-

! The ANFB correlation is based on assembly hydraulic conditions and on local
i peaking factors around each rod. The local power peaking relies heavily on

the local peaking function (F,,, tant.") parameters which include a component SPCrefers to as the " Additive Cons The additive constant addresses the
|

{ effects on the critical power ratio due to different fuel design features
i (primarily steel spacers) between assembly types. The constants are
: determined based on fuel test data according to procedures described in

(Reference 2). The calculational uncertainties associated with these additive
j constants are, in turn, used in the NRC-approved methodology for calculating
! the MCPR safety limit as described in (Reference 3).

The ANFB critical power correlation includes test results for many different
i fuel designs in its data base, including fuel test data from various other

vendors. In a transition cycle, the licensee is typically switching from one
,

fuel design to another fuel design manufactured by a different vendor. In,

j such cases when the coresident fuel in a transient cycle is not part of the
'

' existing database, the ANFB critical power correlation utilizes an alternative
process to establish the additive constants and their associated uncertainty. ..

This alternate process for determining the additive constants for coresident *

;

fuel that is not included in the ANFB database is described in Reference 4,'

and is currently being reviewed by the staff. In the alternative process, the
additive constants for the coresident fuel types are established using4

critical. power ratio (CPR) data provided by the utility. This conservative ,

j method of developing additive constants and additive constants uncertainties
for the coresident fuel, is intended to ensure that the coresident fuel will
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! be nonlimiting relative to the SPC fuel (i.e., the coresident GE fuel will
| have more margin to boiling transition during potential transients). This

safety evaluation only covers the staff's review of the Comed submittal for
LaSalle, Unit 2, upcoming cycle 8 reload.

,

2.0 TECHNICAL EVALUATION

i 2.1 Additive Constan11

) The additive constants pertaining to the ANF8 database are determined by
comparing ANFB correlation predictions to actual ANFB fuel test data. The

,

i
additive constants for the coresident fuel that are not part of the ANFB
database are developed based on calculated critical power data provided by the'

utility.-

: Some early critical power data for GE9 designs already exists in the ANFB
1 database, however, SPC does not consider this data to be sufficient to justify
| additive constants appropriate for the current GE9 fuel design. Consequently, ,

: adriitive constants were developed for the GE9 fuel based on calculated
j critical power data provided by Comed.
1

! 2.2 Development of Coresident (GE9) Additive Constants for LaSalle. Unit 2.
I Cycle 8
:

| Additive constants specifically for LaSalle coresident (GE9) fuel were |
: developed based on comparisons between the ANFB and the GEXL correlations CPR '

| predictions. The process involved comparing analytical results for the CPR
i performance of the coresident fuel to establish the ANFB CPR additive
. constants, and associated uncertainties for use in the safety limit analyses
1 for the coresident fuel. The SPC safety limit methodology uses these additive j
i constants and associated uncertainties for the coresident fuel along with the !

'

CPR uncertainties for the SPC fuel to determine the number of rods in each
i bundle that could go through boiling transition for specific cycle design.

The initial set of additive constants were used to determine the nodal F,i

values fcr use with the ANFB correlation. Single assembly CPR calculations-

using the SPC plant simulator code NICBURN-B were performed for fuel
assemblies with power, exposure, inlet enthalpy, pressure, and active channel.

flow conditions consistent with the calculated data provided by the licensee.
The results of the analyses indicate that the ANFB calculated CPR is lower

' than the coresident fuel calculated CPR, which indicates that applying the |

ANF8 correlation is conservative since the ANFB ccrrelation would put the fuel
assembly closer to the MCPR limit.

,

The ANFB method for defining additive constants for the GE9 coresident feel is,

described in Reference 2. Two constraints were imposed on the analyses: (1)
the same set of additive constants were used for each of the GE9 neutronic4

designs analyzed, and (2) within the same additive constant domain, the same
| additive constant was used at the various rod positions that are in similar
i locations relative to the channel wall, water rod, and other fuel rods.
:
4
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l Results of the analyses showed that several of the characteristic rod groups
were never limiting. Consequently, adjustments were made in the nonlimiting ,

rod groups to ensure that future coresident fuel (such as GE9) neutronic
designs do not reduce the conservative nature of the additive constants
selected. The licensee developed the additive constants for the nonlimiting i

rod positions to force the rods in the nonlimiting rod positions to the point
where they are nearly limiting. This has the effect of insuring that the
resulting F will be conservative in nuclear design / analyses that have
different 11Niting rod positions.'

The above stated analyses were conducted for fuel assemblies with a wide range 1

of operating conditions. The calculations included length of exposure, power,,

and flow conditions. The initial input conditions used in the analyses by the
4 licensee covered the entire range of expected operating and accident

conditions.j

Tabulated data provided by the licensee summarizes the ANFB additive constants
i and uncertainty developed for the GE9 fuel. The GE9 additive constants were
i calculated at rated conditions and over an exposure range where the coresident

fuel had the potential to be limiting or near limiting. The tabulated results
also showed that the use of additive constants in conjunction with the ANFB
critical power correlation, will result in a conservative CPR prediction for

i the coresident (GE9) fuel assemblies relative to the CPR predicted by the
GEXL.

2.3 The UncertaintL Associated with the Additive Constant

The calculation of the additive constants leads to an associated standard
deviation or uncertainty. This uncertainty is required to establish the MCPR
limits. For the resident fuel, the additive constant uncertainty is
determined directly by comparing ANFB correlation predictions to ANFB fueli

j test data.

The additive constants used by SPC for the coresident fuel are based on the
: approved correlation for the coresident fuel; in this case the GEXL
! correlation. However, because measured data is not always available for use
| in establishing these additive constants, an additional conservatism is added
! to the calculated additive constant uncertainty to assure that the CPR
; performance of the coresident fuel is conservatively restrictive for the

safety limit determination. This restriction provides additional margin for
the coresident fuel between the safety limit and the actual boiling transition

,

that would occur if the measured data were used to establish the additive
constants uncertainties. The procedure for determining the additional
uncertainty is described in Reference 3.

1

The total ANFB additive constant uncertainty for use with the coresident fuel
(GE9) is determined by converting the total CPR standard deviation into the
additive constant standard deviation for use in the approved safety limit
methodology as described in Reference 3. For the ANFB, the CPR standard
deviation is described and calculated in Reference 4.

4
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The determination of the standard deviation uncertainty in this way will lead
4 to an uncertainty value larger than would be obtained if the ANFB correlation

were compared directly to the critical power fuel test data for the coresident
' GE9 fuel. Consequently, standard deviation when used as described in
.

Reference 4, will result in the coresident fuel treated in a manner that
: results in a conservative prediction of the safety margin to actual boiling

'transition.
i

3.0 IMPACT OF THE ADDITIVE CONSTANT ON THE MCPR SAFETY LIMIT
d

The licensee will use the additive constants described above to perform the
safety analyses to establish the MCPR operating limit for the GE9 coresident

i fuel present in the LaSalle, Unit 2, transition cycle.

The MCPR operating limit for the coresident fuel is established by adding the'

. delta CPR for the limiting event to the MCPR safety limit for the given cycle.
The licensee indicated that the delta CPR is relatively insensitive to the
value of the additive constants, and that the additive constant is considered

, in the MCPR safety limit even though it does not effect the delta CPR
| calculation methodology.
4

When performing the MCPR safety limit analysis, the core power is typically
1 increased until the MCPR safety limit is reached for the limiting fuel i

assembly. Next, Monte Carlo calculations are performed to assess the impact i

'

j of the uncertainties of various plant and analysis parameters. The Monte
Carlo calculations establish the MCPR safety limit at which 99.9 percent of>

the fuel rods are expected to avoid boiling transition. Analyses by the
licensee shows that because the limiting fuel assembly is forced to the safety'

i limit, the contribution of the additive constant is relatively insignificant
in the overall determination of the safety limit.

;

The licensee pointed out in its submittal that the determined additive
.

| constants will be applied to the coresident fuel (GE9) that is or will be in
j its second cycle of exposure. Also, the MCPR safety limit will be performed i

at various exposures through out the cycle to ensure a bounding safety limit j
,

for the cycle. Analysis shows that the MCPR safety limit is primarily i

controlled by high power first cycle fuel (especially at the end-of-cycle j*

conditions where the safety limit is normally limiting). The analysis j,

indicated that the LaSalle, Unit 2, cycle 8 core design safety limit, isi i

i expected to be relatively insensitive to the additive constant uncertainty
used for GE9 fuel, and that in many cases the additive constants will not have

3 any effect on the safety limit. That is, the coresident fuel (GE9) in its
second or higher cycle of operation will not contribute to the number of rods

; in boiling transition. Preliminary safety analysis performed by the licensee
for LaSalle, Unit 2, cycle 8 indicated that at the limiting exposure, the GE9
fuel does not contribute to the number of rods calculated to be in boiling
transition.

.
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$ 4.0 MCPR MARGIN FOR GE9 FUEL AT THE LASALLE. UNIT 2. CYCLE 8

I Analyses by the licensee shows that, the coresident fuel (GE9) will have
' significant MCPR margin when compared to the fresh SPC fuel due to the lower

power of. the once or twice burned GE fuel. This is particularly true at end-
;

of-cycle (EOC) where the transients are expected to 3e most limiting.4

i Preliminary core loading data shows that significant steady-state MCPR
1 differences between SPC and GE9 fuel based on the approved correlation for

each fuel type. MCPR differences (GE9 fuel MCPR/SPC fuel MCPR) range from :
'

approximately 12 percent (at the beginning-of-cycle) to approximately'

; 31 percent (it EOC) of the expected delta CPR for the fresh SPC fuel.

! Submitted data also indicates that through out the cycle and especially at
i EOC, the coresident GE9 fuel will have significantly greater initial MCPR
' margin to the safety limit than for the SPC fuel. Consequently, the fact that

- the coresident fuel has undergone at least one cycle of burning, combined with
the conservative method of developing additive constant uncertainties, ensures

,

i that the coresident GE9 fuel will be nonlimiting relative to the SPC fuel. |
The staff agrees with the licensee's submitted analyses and responses to the !;

requested additional infor1 nation conclusion. !
!

{ 5.0 CONCLUSION
!

Based on the above evaluation, the NRC staff has concluded that the licensee's
cycle 8 core reload design submittal regarding application of the ANFB-

Critical Power Correlation to coresident GE9 fuel is acceptable. The staff
: has concluded that (1) the application to cycle 8 of the method of developing

additive constants for ANFB correlation application to GE9 fuel is'

conservative, and (2) analyses, based on this application, show a-

substantially greater CPR margin for the coresident GE9 fuel in the cycle 8
reload core with fresh SPC fuel. Consequently, the NRC staff has concluded
that the greater MCPR margin combined with the conservative method of'

j developing additive constants and additive constants uncertainties for the
coresident fuel, ensures that the coresident fuel will be nonlimiting relative,

: to SPC fuel and is, thus, acceptable.

Principal Contributor: A. Attard

Dated: September 26, 1996
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