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November 8, 2016

U.S. Nuclear Regulatory Commission
ATTN: Document Control Desk
Washington, DC 20555-0001

LaSalle County Station, Units 1 and 2
Renewed Facility Operating License Nos. NPF-11 and NPF-18
NRC Docket Nos. 50-373 and 50-374

Subject: Revised Request for License Amendment Regarding High Burnup Atrium-10
Partial Length Fuel Rods and Request for Exigent Review

References: 1. Letter from D. M. Gullott (Exelon Generation Company, LLC) to U.S. NRC,
"Request for License Amendment Regarding High Burnup Atrium-10 Partial
Length Fuel Rods," dated September 30, 2016

2. Letter from B. K. Vaidya (U.S. NRC) to B. C. Hanson (Exelon Generation
Company, LLC), "LaSalle County Station, Units 1 and 2, — Supplemental
Information Needed for Acceptance of Requested Licensing Action
Regarding High Burnup Atrium-10 Partial Length Fuel Rods (CAC Nos.
MF8442 and MF8443)," dated October 31, 2016

In Reference 1, Exelon Generation Company, LLC (EGC) requested an amendment to Facility
Operating License Nos. NPF-11 and NPF-18 for LaSalle County Station (LSCS), Units 1 and 2,
respectively. The proposed change would revise the LSCS licensing basis to address
Atrium-10 fuel bundles containing part length rods that exceed the burnup limit of 62,000
MWD/MTU, which is specified in NRC Regulatory Guide (RG) 1.183, "Alternative Radiological
Source Terms for Evaluating Design Basis Accidents at Nuclear Power Reactors."

In Reference 2, the NRC requested additional information that is needed to support the
acceptance review of the license amendment request. In response to this request, EGC is
providing the attached information.

As discussed with the NRC during a conference call on October 27, 2016, EGC's interpretation
of the RG 1.183 release fractions and associated footnotes was that release fractions for the
loss-of-coolant accident (LOCA), listed in Table 1 of RG 1.183, could be used if individual fuel
rods exceed a peak burnup of 62,000 MWD/MTU. This interpretation was based, in part, on the
fact that EGC's LOCA dose consequence analysis applies release fractions uniformly to the
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entire core and the core average exposure is not projected to exceed the 62,000 MWD/MTU
burnup limit. However, in Reference 2, the NRC clarified that this limit is established in

RG 1.183 as an upper boundary to the applicability of the release fractions provided in Tables 1
and 3. Specifically, Reference 2 states that the footnote to Table 1 of RG 1.183 indicates that
the limit is for peak burnups rather than average burnups.

As a result, EGC is revising the Evaluation of Proposed Change that was submitted to the NRC
as Attachment 1 of Reference 1 to also request NRC approval to exceed the burnup limit
specified in Footnote 10 of RG 1.183. The attached information completely supersedes the
information previously provided to the NRC in Reference 1.

Current projections show that at the end of the current operating cycle for LSCS Unit 2,

12 Atrium-10 part length rods will have exceeded the 62,000 MWD/MTU burnup limit. To date,
none of the part length rods have exceeded the burnup limit. However, projections show that
the limit will be exceeded on November 22, 2016.

As a result, EGC requests that further NRC review of the proposed change proceed on an
exigent basis in accordance with 10 CFR 50.91, "Notice for public comment; State consultation,'
paragraph (a)(6) because time does not permit the NRC to publish a Federal Register notice
allowing 30 days for prior public comment. The basis for exigency is provided in Attachment 1.

This request is subdivided as follows.

e Attachment 1 provides a description and evaluation of the proposed change.

e Attachment 2 provides Design Analysis L-003067, "Re-Analysis of Fuel Handling
Accident (FHA) Using Alternative Source Terms," Revision 2D.

e Attachment 3 provides Technical Evaluation EC407055, "Evaluation of LaSalle
Alternative Source Term Loss of Coolant Accident Dose for L2C16 and Impact of Part
Length Rods with Burnup > 62 GWd/MTUs," Revision 0.

The proposed change has been reviewed by the LSCS Plant Operations Review Committee in
accordance with the requirements of the EGC Quality Assurance Program.

EGC requests approval of the proposed change by November 21, 2016, to support continued
plant operation following the date that the burnup limit will be exceeded. Once approved, the
amendment will be implemented immediately.

In accordance with 10 CFR 50.91, "Notice for public comment; State consultation,"
paragraph (b), EGC is notifying the State of lllinois of this application for license amendment by
transmitting a copy of this letter and its attachments to the designated State Official.

There are no regulatory commitments contained in this letter. Should you have any questions
concerning this letter, please contact Mr. Kenneth M. Nicely at (630) 657-2803.
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| declare under penalty of perjury that the foregoing is true and correct. Executed on the 8th
day of November 2016.

Resgectfully, Q -
Patrick R. Simpson %{_\

Manager — Licensing

Attachments:
1. Evaluation of Proposed Change
2. Design Analysis L-003067, "Re-Analysis of Fuel Handling Accident (FHA) Using
Alternative Source Terms," Revision 2D
3. Technical Evaluation EC407055, "Evaluation of LaSalle Alternative Source Term Loss of
Coolant Accident Dose for L2C16 and Impact of Part Length Rods with Burnup > 62
GWd/MTUs," Revision 0

cc: NRC Regional Administrator, Region Il
NRC Senior Resident Inspector — LaSalle County Station
lllinois Emergency Management Agency — Division of Nuclear Safety
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ATTACHMENT 1
Evaluation of Proposed Change

1.0 SUMMARY DESCRIPTION

In accordance with 10 CFR 50.90, "Application for amendment of license, construction permit,
or early site permit," Exelon Generation Company, LLC (EGC) requests an amendment to
Renewed Facility Operating License Nos. NPF-11 and NPF-18 for LaSalle County Station
(LSCS), Units 1 and 2, respectively. The proposed change revises the LSCS licensing basis to
allow movement of irradiated Atrium-10 fuel bundles containing part length rods that have been
in operation above 62,000 MWD/MTU, which is the current rod average burnup limit specified in
Footnote 11 of NRC Regulatory Guide 1.183, "Alternative Radiological Source Terms for
Evaluating Design Basis Accidents at Nuclear Power Reactors" (i.e., Reference 1, to which
LSCS is committed). In addition, the proposed change allows use of the release fractions listed
in Table 1 of RG 1.183 for these Atrium-10 part length rods that are currently in the Unit 2
Cycle 16 reactor core for the remainder of the current operating cycle.

EGC requests NRC approval of the proposed change on an exigent basis in accordance with
10 CFR 50.91, "Notice for public comment; State consultation," paragraph (a)(6) because time
does not permit the NRC to publish a Federal Register notice allowing 30 days for prior public
comment, as discussed below.

As discussed with the NRC during a conference call on October 27, 2016, EGC's interpretation
of the Reference 1 release fractions and associated footnotes was that release fractions for the
loss-of-coolant accident (LOCA), listed in Table 1 of Reference 1, could be used if individual fuel
rods exceed a peak burnup of 62,000 MWD/MTU. This interpretation was based, in part, on the
fact that EGC's LOCA dose consequence analysis applies release fractions uniformly to the
entire core and the core average exposure is not projected to exceed the 62,000 MWD/MTU
burnup limit. However, during the conference call, the NRC clarified that this limit is established
in Reference 1 as an upper boundary to the applicability of the release fractions provided in
Tables 1 and 3, and the limit applied to peak rod exposures regardless of the core average
exposure. As a result, EGC determined that the Unit 2 Cycle 16 core design was based on a
misinterpretation of Footnote 10, and the core design was nonconforming with the LSCS
licensing basis. This nonconforming condition was entered into EGC's Corrective Action
Program. EGC evaluated the nonconforming condition and its impact on continued plant
operation in accordance with EGC procedures that implement guidance contained in NRC
Inspection Manual Chapter 0326, "Operability Determinations & Functionality Assessments for
Conditions Adverse to Quality or Safety," and determined operability was supported. However,
based on additional discussions with the NRC on November 8, 2016, the NRC expressed that
evaluation of the nonconforming condition under EGC's operability determination process could
not be used for this situation and that NRC approval of the proposed change described herein
was needed prior to exceeding the burnup limit of 62,000 MWD/MTU.

Current projections show that at the end of the current operating cycle for LSCS Unit 2,

12 Atrium-10 part length rods will exceed the 62,000 MWD/MTU burnup limit. To date, none of
the part length rods have exceeded the burnup limit. However, projections show that the limit
will be exceeded on November 22, 2016. Therefore, EGC is requesting NRC approval of the
proposed change by November 21, 2016, to support continued plant operation for LSCS Unit 2.
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ATTACHMENT 1
Evaluation of Proposed Change

2.0 DETAILED DESCRIPTION

In Reference 2, the NRC issued amendments 197 and 184 to the facility operating licenses for
LSCS, Units 1 and 2, respectively. The amendments support the application of alternative
source term (AST) methodology with respect to the loss-of-coolant accident (LOCA) and the fuel
handling accident (FHA). EGC's AST analyses for LSCS were performed following the
guidance in NRC Regulatory Guide 1.183; Standard Review Plan 15.0.1, "Radiological
Consequence Analyses Using Alternative Source Terms" (i.e., Reference 3); and 10 CFR 50.67,
"Accident source term."

Section 3 of Reference 1 provides an AST that is acceptable to the NRC, and states that once
approved, the AST assumptions or parameters specified in these positions become part of the
facility's design basis. After the NRC has approved an implementation of an AST, subsequent
changes to the AST require NRC review under 10 CFR 50.67.

LSCS's AST analyses used the core inventory release fractions for the gap release and early in-
vessel damage phases for the design basis accident (DBA) LOCA that are listed in Table 1 of
Reference 1. For the FHA event, LSCS's analyses used the fractions of the core inventory
assumed to be in the gap for the various radionuclides in Table 3 of Reference 1. These
release fractions were used in conjunction with the fission product inventory calculated with the
maximum core radial peaking factor.

The discussion of release fractions in Reference 1 is annotated with the following footnote:

'"“The release fractions listed here have been determined to be acceptable for use with
currently approved LWR fuel with a peak burnup of 62,000 MWD/MTU. The data in this
section may not be applicable to cores containing mixed oxide (MOX) fuel.

Table 3 is annotated with the following footnote:

""The release fractions listed here have been determined to be acceptable for use with
currently approved LWR fuel with a peak burnup up to 62,000 MWD/MTU provided that
the maximum linear heat generation rate does not exceed 6.3 kw/ft peak rod average
power for burnups exceeding 54 GWD/MTU. As an alternative, fission gas release
calculations performed using NRC-approved methodologies may be considered on a
case-by-case basis. To be acceptable, these calculations must use a projected power
history that will bound the limiting projected plant-specific power history for the specific
fuel load. For the BWR rod drop accident and the PWR rod ejection accident, the gap
fractions are assumed to be 10% for iodines and noble gases.

On April 14, 2014, Issue Report 1647125 was initiated under EGC's Corrective Action Program
to document a concern that 19 fuel bundles in the Unit 1 Cycle 16 reactor core contain at least
one part length rod that exceeds the 62,000 MWD/MTU burnup limit specified in Table 3 of
Reference 1. At that time, it was projected that the burnup limit would be reached in
September 2015. The fuel bundles containing part length rods were removed from the reactor
core during the refueling outage in the first quarter of 2016.
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ATTACHMENT 1
Evaluation of Proposed Change

Subsequent reviews identified that some part length rods in the Unit 2 Cycle 16 reactor core
were also expected to exceed the 62,000 MWD/MTU burnup limit. The impact of this issue on
Unit 2 was documented in Issue Report 2537519. The affected fuel bundles in the Unit 2
Cycle 16 reactor core are currently expected to reach the burnup limit on November 22, 2016.

The NRC's review of these Issue Reports is discussed in Reference 4. In summary, the NRC's
review identified a Green finding and a Severity Level IV non-cited violation of 10 CFR 50.59.
The NRC concluded that a change to the plant as described in the UFSAR was made, pursuant
to 10 CFR 50.59(c), and EGC did not perform an accurate written evaluation which provided the
bases for determining that these changes did not require a license amendment. Specifically,
EGC did not provide an accurate written evaluation supporting the determination that exceeding
the peak burnup limit of 62,000 MWD/MTU for fuel, provided that the maximum linear heat
generation rate did not exceed 6.3 kw/ft peak rod average power for burnups exceeding

54,000 MWD/MTU, did not require a license amendment.

The proposed change resolves the Green finding and Severity Level IV non-cited violation by
requesting NRC approval to revise the LSCS licensing basis to allow movement of irradiated
Atrium-10 fuel bundles containing part length rods that have been in operation above

62,000 MWD/MTU. In addition, the proposed change allows use of the release fractions listed
in Table 1 of RG 1.183 for these Atrium-10 part length rods that are currently in the Unit 2
Cycle 16 reactor core for the remainder of the current operating cycle.

For Unit 1, the fuel bundles containing part length rods were removed from the reactor core and
placed in the spent fuel storage pool in the first quarter of 2016. However, approval of the
proposed change would support future movement of those fuel bundles in the spent fuel storage
pool since a fuel handling accident involving fuel bundles containing high burnup part length
rods could occur. Administrative controls have been put in place to prevent movement of the
affected Unit 1 fuel bundles, and these controls will remain in place until NRC approval of the
proposed change is received.

For Unit 2, the affected fuel bundles are currently expected to exceed the burnup limit on
November 22, 2016. The proposed change would allow continued plant operation past this
date, for the remainder of the current operating cycle. In addition, approval of the proposed
change would support movement of the affected Unit 2 fuel bundles.

3.0 TECHNICAL EVALUATION

The fuel bundles containing part length rods that have exceeded, or are projected to exceed,
the 62,000 MWD/MTU burnup limit are Atrium-10 fuel bundles. There are 12 part length rods
that are projected to exceed this limit by the end the current operating cycle for LSCS Unit 2
(i.e., Cycle 16) by a maximum of 849 MWD/MTU. In addition, another eight part length rods are
projected to come within 110 MWD/MTU of exceeding the limit.

The Atrium-10 part length rod is a fuel rod that is shorter than a full length rod, and is located in
the bottom portion of the reactor core. It has less uranium content and, as a result of the axial
power distribution due to voiding in the top of the core, it experiences higher rod-average
exposure. However, it is very similar to the corresponding segment of the full length rod.
Essentially the segment is the same as a full length rod, except it has the top portion of uranium
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ATTACHMENT 1
Evaluation of Proposed Change

removed. Using this equivalence aspect and the gap fraction calculation procedure, a
comparative analysis was performed to determine the impact on the FHA analysis and to
demonstrate that a part length rod is bounded by a full length rod.

The associated design analysis is provided in Attachment 2. The scope of the design analysis
is limited to the Atrium-10 fuel design at LSCS. The methodology associated with this design
analysis is the AST as defined in Reference 1. Reference 1 provides gap release fractions for
non-LOCA events in Table 3. These gap release fractions were developed prior to July 2000
and do not explicitly address part length rods. For LSCS, the fuel handling accident is the only
non-LOCA event that uses AST methodology in the radiological consequence analyses.

A calculation procedure available to assess the gap inventory is specified in
ANSI/ANS-5.4-2011, "Method for Calculating the Fractional Release of Volatile Fission Products
from Oxide Fuel," (i.e., Reference 5) to assess the gap inventory. In that calculation procedure,
the fractional release of fission gases is computed in a radial and axial (nodal) domain that
represents the uranium oxide fuel pellet stack. The effective release fraction is then computed
by a volume and power weighted average of the spatial dependent release fractions. The
design analysis used this approach to demonstrate that the gap release fraction of the part
length rod is bounded by the full length rod, given operational characteristics inherent to the part
length rods.

The design analysis demonstrates that the power and burnup for an Atrium-10 part length rod is
bounded by the power and burnup in the same axial portion of several neighboring full length
rods. Therefore, since the full length rod operating characteristics bound the part length rod,
and since the power and burnup of the full length rods comply with the limits specified in
Footnote 11 of Reference 1, the Atrium-10 part length rods may operate beyond the

62,000 MWD/MTU burnup limit and meet the intent of Reference 1 (i.e., there is no increase in
the non-LOCA gap release fraction required), with an adjustment to the Atrium-10 core damage
fraction.

The core damage fraction was adjusted to provide conservatism and to make the Atrium-10
portion of the current analysis of record consistent with this approach. The Atrium-10 fuel
assembly at LSCS has eight part length rods that have 90-inch active fuel length and 83 full
length rods that have 149-inch active fuel length. Therefore, a part length rod is equivalent to
60.4 percent of the fueled mass of a full length rod. Using this basis, the total equivalent full
length rods in the bundle is 87.83 and the revised core damage fraction is 0.002325 versus the
current analysis value of 0.002244. This increase of 3.6 percent effectively assumes that the
part length rods contain the same source term inventory as the full length rods. However, the
limiting GE14 core damage fraction of 0.002578 remains bounding over Atrium-10. Therefore,
there is no change in the dose consequences of the analysis of record. With a radial peaking
factor of 1.7, the release fraction becomes 0.00395. The margin between the Atrium-10 and
limiting dose consequences is therefore approximately 10 percent.

EGC has also performed an evaluation to assess the impact of considering the Unit 2 Cycle 16
specific core design on the AST LOCA dose analysis, and to further show that the
consequences of a small number of part length rods in the Atrium-10 batch exceeding the
62,000 MWD/MTU peak rod average limit in Footnote 10 of Reference 1 will not cause LOCA
doses to exceed the current analysis of record results. This evaluation, which was prepared to
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Evaluation of Proposed Change

address the supplemental information requested by the NRC in Reference 6, is provided in
Attachment 3. The impact of part length rods exceeding 62,000 MWD/MTU was determined
using the same method of substituting full length rod activity for part length rod activity
developed in Attachment 2. That analysis demonstrated that every full length rod in Atrium-10
fuel that meets the 62,000 MWD/MTU limit has an axial section equivalent to the part length rod
that exceeds the limit by more than the part length rods. Since the full length rod power and
burnup is more limiting, it can be used to satisfy the Reference 1 Footnote 10 burnup
restrictions, and the LOCA release fractions can be applied unchanged provided full length rods
are analytically substituted for part length rods which exceed 62,000 MWD/MTU. The results of
this evaluation conclude that the small number of Unit 2 Cycle 16 Atrium-10 part length rods that
will exceed or come close to exceeding the 62,000 MWD/MTU limit by the end of the current
operating cycle would not result in doses from a LOCA exceeding the current licensing basis
results.

4.0 REGULATORY EVALUATION
4.1 Applicable Regulatory Requirements/Criteria

In accordance with 10 CFR 50.67, a licensee may revise its current accident source term
by re-evaluating the consequences of DBAs with the AST. In Reference 2, the NRC
approved the allocation of AST methodology at LSCS with respect to the LOCA and
FHA. The guidance associated with the implementation of an AST is provided in NRC
Regulatory Guide 1.183 (i.e., Reference 1), which states that subsequent changes to the
AST require NRC review under 10 CFR 50.67.

Fundamental to the definition of an AST according to Reference 1 are the release
fractions. Table 1 of Reference 1 provides core inventory release fractions, by
radionuclide groups, for the gap release and early in-vessel damage phases for DBA
LOCAs. These fractions are applied to the equilibrium core inventory developed for
LSCS. Footnote 10 limits the peak burnup to 62,000 MWD/MTU. Table 3 of

Reference 1 provides gap release fractions for various volatile fission product isotopes
and isotope groups, to be applied to non-LOCA accidents. Footnote 11 of Table 3 limits
the peak burnup to 62,000 MWD/MTU provided that the maximum linear heat generation
rate does not exceed 6.3 kw/ft peak rod average power for burnups exceeding 54,000
MWD/MTU. As an alternative, fission gas release calculations performed using NRC-
approved methodologies may be considered on a case-by-case basis. To be
acceptable, these calculations must use a projected power history that will bound the
limiting projected plant-specific power history for the specific fuel load. For the BWR rod
drop accident and the PWR rod ejection accident, the gap fractions are assumed to be
10% for iodines and noble gases.

EGC's analyses demonstrate that the radiological consequences of a FHA and LOCA
are not affected by the proposed change.
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ATTACHMENT 1
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4.2 No Significant Hazards Consideration

In accordance with 10 CFR 50.90, "Application for amendment of license, construction
permit, or early site permit," Exelon Generation Company, LLC (EGC) requests an
amendment to Renewed Facility Operating License Nos. NPF-11 and NPF-18 for
LaSalle County Station (LSCS), Units 1 and 2, respectively. The proposed change
revises the LSCS licensing basis to allow movement of irradiated Atrium-10 fuel bundles
containing part length rods that have been in operation above 62,000 MWD/MTU, which
is the current rod average burnup limit specified in Footnote 11 of NRC Regulatory
Guide 1.183, "Alternative Radiological Source Terms for Evaluating Design Basis
Accidents at Nuclear Power Reactors." In addition, the proposed change allows use of
the release fractions listed in Table 1 of NRC Regulatory Guide 1.183 for these Atrium-
10 part length rods that are currently in the Unit 2 Cycle 16 reactor core for the
remainder of the current operating cycle.

According to 10 CFR 50.92, "Issuance of amendment," paragraph (c), a proposed
amendment to an operating license involves no significant hazards consideration if
operation of the facility in accordance with the proposed amendment would not:

(1) Involve a significant increase in the probability or consequences of any accident
previously evaluated; or

(2) Create the possibility of a new or different kind of accident from any accident
previously evaluated; or

(3) Involve a significant reduction in a margin of safety.

EGC has evaluated the proposed change, using the criteria in 10 CFR 50.92, and has
determined that the proposed change does not involve a significant hazards
consideration. The following information is provided to support a finding of no significant
hazards consideration.

1. Does the proposed change involve a significant increase in the probability or
consequences of an accident previously evaluated?

Response: No

The proposed change revises the LSCS licensing basis to allow movement of
irradiated Atrium-10 fuel bundles containing part length rods that have been in
operation above 62,000 MWD/MTU. In addition, the proposed change allows
use of the release fractions listed in Table 1 of NRC Regulatory Guide 1.183 for
these Atrium-10 part length rods that are currently in the Unit 2 Cycle 16 reactor
core for the remainder of the current operating cycle. The proposed change
does not involve any physical changes to the plant design and is not an initiator
of an accident. The proposed change does not adversely affect accident
initiators or precursors, and does not alter the design assumptions, conditions, or
configuration of the plant or the manner in which the plant is operated or
maintained. Therefore, the proposed change does not affect the probability of a
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loss-of-coolant accident. In addition, the proposed change does not affect the
probability of a fuel handling accident because the method and frequency of fuel
movement activities are not changing.

Analyses have been performed that demonstrate that the power and burnup for
an Atrium-10 part length rod is bounded by the power and burnup in the same
axial portion of neighboring full length rods. Therefore, since the full length rod
operating characteristics bound the part length rod, and since the power and
burnup of the full length rods comply with the limits specified in Footnotes 10

and 11 of NRC Regulatory Guide 1.183, the Atrium-10 part length rods may
operate beyond the 62,000 MWD/MTU burnup limit and meet the intent of NRC
Regulatory Guide 1.183. There are no changes in the dose consequences of the
analyses of record for the fuel handling accident and loss-of-coolant accident.

Therefore, the proposed change does not involve a significant increase in the
probability or consequences of an accident previously evaluated.

Does the proposed change create the possibility of a new or different kind of
accident from any accident previously evaluated?

Response: No

The proposed change revises the LSCS licensing basis to allow movement of
irradiated Atrium-10 fuel bundles containing part length rods that have been in
operation above 62,000 MWD/MTU. In addition, the proposed change allows
use of the release fractions listed in Table 1 of NRC Regulatory Guide 1.183 for
these Atrium-10 part length rods that are currently in the Unit 2 Cycle 16 reactor
core for the remainder of the current operating cycle. The proposed change
does not introduce any changes or mechanisms that create the possibility of a
new or different kind of accident. The proposed change does not install any new
or different type of equipment, and installed equipment is not being operated in a
new or different manner. No new effects on existing equipment are created nor
are any new malfunctions introduced.

Therefore, the proposed change does not create the possibility of a new or
different kind of accident from any accident previously evaluated.

Does the proposed change involve a significant reduction in a margin of safety?
Response: No

The proposed change revises the LSCS licensing basis to allow movement of
irradiated Atrium-10 fuel bundles containing part length rods that have been in
operation above 62,000 MWD/MTU. In addition, the proposed change allows
use of the release fractions listed in Table 1 of NRC Regulatory Guide 1.183 for
these Atrium-10 part length rods that are currently in the Unit 2 Cycle 16 reactor
core for the remainder of the current operating cycle. Analyses have been
performed that demonstrate that the power and burnup for an Atrium-10 part
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ATTACHMENT 1
Evaluation of Proposed Change

length rod is bounded by the power and burnup in the same axial portion of
neighboring full length rods. There is no change in the dose consequences of
the fuel handling accident or loss-of-coolant accident analyses of record. The
margin of safety, as defined by 10 CFR 50.67 and NRC Regulatory Guide 1.183,
has been maintained.

Therefore, the proposed change does not involve a significant reduction in a
margin of safety.

Based on the above evaluation, EGC concludes that the proposed amendment presents
no significant hazards consideration under the standards set forth in 10 CFR 50.92,
paragraph (c), and accordingly, a finding of no significant hazards consideration is
justified.

4.3 Conclusions

In conclusion, based on the considerations discussed above, (1) there is reasonable
assurance that the health and safety of the public will not be endangered by operation in
the proposed manner, (2) such activities will be conducted in compliance with the
Commission's regulations, and (3) the issuance of the amendment will not be inimical to
the common defense and security or the health and safety of the public.

5.0 ENVIRONMENTAL CONSIDERATION

EGC has determined that the proposed amendment would change a requirement with respect
to installation or use of a facility component located within the restricted area, as defined in

10 CFR 20, "Standards for Protection Against Radiation." However, the proposed amendment
does not involve: (i) a significant hazards consideration, (ii) a significant change in the types or
significant increase in the amounts of any effluent that may be released offsite, or (iii) a
significant increase in individual or cumulative occupational radiation exposure. Accordingly,
the proposed amendment meets the eligibility criterion for categorical exclusion set forth in

10 CFR 51.22, "Criterion for categorical exclusion; identification of licensing and regulatory
actions eligible for categorical exclusion or otherwise not requiring environmental review,"
paragraph (c)(9). Therefore, pursuant to 10 CFR 51.22, paragraph (b), no environmental impact
statement or environmental assessment needs to be prepared in connection with the proposed
amendment.

6.0 REFERENCES

1. NRC Regulatory Guide 1.183, "Alternative Radiological Source Terms for Evaluating
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Station, Units 1 and 2 — Issuance of Amendments Re: Application of Alternative Source
Term (TAC Nos. ME0O068 and ME0069)," dated September 6, 2010

3. NRC Standard Review Plan 15.0.1, "Radiological Consequence Analyses Using
Alternative Source Terms," Revision 0, dated July 2000
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values wtilized, and an evaluation of the acceptability of consideration of am additionat
Secondary Containment penetration being left open {consideration of any such penetrations ks
removed in this Revision 2).

Revigion 2 of this calculation:

+ removed the definition of racently irradiated fuel,

+« pdded the requirement for Secondary Containment Infegrity and Standby Gas Treatment
System aparability, with filtration availability follawing an assumed Secondary
Contalinment drawdown perod,

» removed paint and diffuse area pathways associated with not having Secondary
Contalnment Integrity
applied revised ¥g values,
added CRAF operability with intake filter credd after 20 minutes and recircutation filter
credit after 4 hours (in the same manner as is used for the AST Loas of Cooling
Accidant), and

+ added seversl minor clarifications.

2 METHOD OF ANALYSIS AND ACCEPTANCE CRITERIA

Analyses of radiclagical consequences resulting from a design basis FHA are performed wsing
the guidance for application of AST to this event in RG 1.183, and the approved AST Yalues for
FHA provided In tha Ref. 13 “Transmittal of Design Information”.

Analyses of radiafion transport and dosae essessment are performed using RADTRAD v, 3.03,
RADTRAD is a simplified model of RAQionuclide Transpart and Removal And Dose Estimation
daveloped for the NRC and endorsed by the NRE a3 an acceplable methodatogy for reanglysis
of the radiological consequences of design basis accldents. The technlcal basis for the
RADTRAD code is docurnantad in NUREG/CR-8604 (Ref. 3). The methadologias significant to
this analysis are the dose consaquence snalysis (NUREG Sectiom 2.3) and the Radioactive
Decay Calculalions (NURES Section 2.4).  This varsion of RADTRAD has basn pre-gualified
for safety refated design analyals by URS par its 10CFRS50 Appendix B Quallty Assurance
program.

2.1, Fuel Source Term Wodel

Ag per Ref, 13, the fuel source term is based on the reactor core source terms described in
Attachment A. These source terms ans bounding for LSCS fuel cycle designs as documented in
Attachmeant A, which repeats the ralevant source term Information from Ref. 20 for convenience.

The fraction of the core fuat {in the 764 fusl bundle core) damaged is per the Ref. 9, Ref. 10,
and Ref, 11 GESTAR Il limiting case of damaging 172 fuel pins (based on & "Heavy Mast"
design; i.e., the “NF500 mast” in Rel. 10) from GE12 or GE14 10x10 fuel bundie arrays with tha
equivalent of 87.33 pins par bundie. and with all of the damaged fuel essumed bo have a limiting
Radial Peaking Factor (PF) of 1.7 (per Ref. 13}, This analysis is for an assembly and mast drop
fram & 34 feet maximum height from the refueling platform over the reactor wall onlo the reactor
core, baunding in terms of fual damage potential. Based on fuel damage assasements in
references 11, 14, and 15 as shown in Table 1 befow, this bounds all cumantiy usad amd
histarical fuel types {inelu any Tx7 array fuel that may have been used garly in the reacior
fife, now sufficiently decayed any releases will be bounded by the other fuel types
censiderad below),

and Attachment H
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Table 1: Bounding Fuel Bundis Typa Evaluation
Fuel Assumad Damaged Pﬁﬂﬂg Damaged
Bundie Type Array Pins in Falled Core Factor Core Fractlon
| Bundie Pins Fraction (PF) with PF
GE-Varigus 8x8 ‘ 62 124 0.002618 1.5 0.003327
FANP Atrium-98 Sl ‘ 72 131 | 0.002381 1.5 0.003572
Atrium-10 | 10x1i0 87.83 156 0.002325 1.7 0.003952 |
E118GE13 | 9x9 74 140 | 0.002476 1.5 0002714
E128GE14’ 10x90 87.33 172 0.002578 1.7 0.004382
L@oundlng Assembly type, with Radial Peaking Factor commensurate with full core application,

With a 1.7 radigl peaking fector, the associated power of the damaged fuel = 3559 MWWV *
0.002578 * 1.7 = 15.597 MWth.

This accident analysis evaluaies the movemnent of fugl that has decayed a minimum aof 24 hours
since it coccupied part of a critical reactor core.

2.2, Gap Activity

This caloulation is applicable to fusl whnw burnup and power limits are boundead by those
spacified in RG 1.183, fooinote 11: lpws application of the gap activity fractions for Non-
Lozs of Coolam Accident {LOCA) evenls pe of RG 1.183, which are as follows:

(Atrium-10 part-

5% of the noble gases (excluding Kr-85)

10% of the Kr-85 length rods are
5% of the lodine inventory (excluding 1131} evaluated in
8% of the 1-131 Attachment H)

12% af the Alka’i matal inventcry

The noble gas and icding inventanies are provided for RADTRAD use in tha Refaase Fraction
amd Tarnireg (“rft") fle “tasalle ast tha ff file mcluded as &ttachment D. Because RADTRAD
does mot allow for application of Isotope specific release fractions, the Nuclide Information File
{"nif") file “iscs ast source 1erms for tha.nil®, included as Attachment C, Is modified o
actommodate the differential gap activities ameng the halegen {1-131) and noble gas (Kr-85)
gap fractions dictated by RG 1.183 (Ref. 2) shown above. Tharefore, the initial activity of
isotope =131 and Kr-85 are muitiplied by 1.5 and 2.0, respectively, in this “nif” flle in order to
accommodate the respeclive 10%. and 8% release fractions directed by reguiatory guidance
{Ref, 2.

2.3. Pool Decontamination Factor (DF)

Attachment E provides assassmants of worsl-ease watal coverage and fuel damage far FHAS
aver the reactor well and the spent fuel pool, and demonstrates that the drop over the reactor
well is more limiting angd therefore the bounding case. Thes is due to the greater number of fual
rods damaged for the reactor well drop (117 for the spent fuel poal drop vs. 172 for fhe reactor
wall drop for tha bounding 10x10 fuel array, or a rato of 88.0%), and 1ha fact that the lower than
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PURPOSE/OVERVIEW

IR 1647125 identified a concern with excessive exposure in part-length rods for LaSalle 1
Cycle 16. Subsequently IR 2537519 was written to document the condition as it relates to
Alternative Source Terms (AST) Regulatory Guide (RG) 1.183 footnote limitation of 62
GWD/MTU for non-LOCA gap release fractions specified in Table 3 of the RG. The other RG
1.183 footnote limitation of 6.3 kW/ft for rod average burnup exceeding 54 GWD/MTU is not a
concern for part-length rods as documented in Reference 1. Therefore, a minor revision is
necessary to resolve the impact of a few part-length rods that exceed 62 GWD/MTU rod
average burnup. This minor revision can be incorporated into future major revision of the
design analysis by inserting this attachment in its entirety as a new attachment.

SCOPE

The scope of this design analysis is limited to LaSalle station. The results and limitations of
this design analysis revision are not applicable to other stations. The data evaluated supports
LaSalle 1 Cycle 16, but this analysis can be utilized for other operating cycles, including at
LaSalle 2, provided the fuel rod characteristics used to support the conclusions herein remain
bounding.

CONCLUSIONS

The impact on the AST FHA analysis of record due to operation of Atrium-10 part-length rods
in excess of 62 GWD/MTU has been evaluated. A comparative analysis was performed to
understand how the part-length rod compares to the full-length rod, which are co-located in the
fuel bundle and experience similar nuclear operating characteristics. It was concluded that
power and burnup for an Atrium-10 part-length rod is bounded by the power and burnup in the
same axial portion of several neighboring full-length rods. Therefore, since the full-length rod
operating characteristics bound the part-length rod, and since the power and burnup of the full-
length rods comply with the RG 1.183 footnote 11 limits, it can be concluded that Atrium-10
part-length rods may operate beyond 62 GWD/MTU burnup and meet the intent of RG 1.183
(i.e. there is no increase in the non-LOCA gap release fraction required). This conclusion
required an adjustment to the Atrium-10 core damage fraction. The discussion in the original
analysis of record and the UFSAR (Table 15.7-21) should be updated to reflect that Atrium-10
part-length rods are treated separately with respect to the RG 1.183 footnote 11 limits.

METHODOLOGY

The methodology associated with this design analysis is the Alternative Source Term (AST) as
defined in RG 1.183. A part of this methodology is the gap release fractions for non-LOCA
events like FHA as specified in Table 3 of RG 1.183. These fractions were developed prior to
July 2000 and do not explicitly address part-length rods.

A calculation procedure available to assess the gap inventory is specified in ANSI/ANS-5.4-
2011, “Method for Calculating the Fractional Release of Volatile Fission Products from Oxide
Fuel.” In that calculation procedure the fractional release of fission gases is computed in a
radial and axial (nodal) domain that represents the uranium oxide fuel pellet stack. The
effective release fraction is then computed by a volume and power weighted average of the
spatial dependent release fractions. This design analysis revision will rely on this approach to
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demonstrate that the gap release fraction of the part-length rod is bounded by the full-length
rod, given operational characteristics inherent to the part-length rods.

The Atrium-10 part-length rod is a fuel rod that is shorter than a full-length rod and is located in
the bottom portion of the core. It has less uranium content and, as a result of the axial power
distribution due to voiding in the top of the core, it experiences higher rod-average exposure.
However, it is very similar to the corresponding segment of the full-length rod. Essentially the
segment is the same as a full-length rod, except it has the top portion of uranium removed.
Using this equivalence aspect and the gap fraction calculation procedure a comparative
analysis is performed to demonstrate that a part-length rod is bounded by a full-length rod.

Consider the following depiction of a full and part-length rod in Figure H-1.
Figure H-1 — Diagram of Full and Part-Length Fuel Rod

(Not to scale; Example burnup profile from LaSalle data)
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Figure H-1 shows a depiction of the Atrium-10 full and part-length rods in use at LaSalle. The
burnup profile shows a typical comparison of the two rods. The part-length rod has a slightly

lower burnup than the corresponding portion of the full-length rod. This behavior is partly due
to the decrease in neutron multiplication in the upper portion of the part-length rod as a result
of the missing fueled region above node 16. This behavior forms the basis for this evaluation.

Actual plant fuel rod power and exposure data will be evaluated to confirm this behavior exists.
Once it is concluded that the part-length rod is bounded by the corresponding section of the
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full-length rod then it can be concluded that the corresponding full-length rod gap fission
product release fraction also bounds the part-length rod. Again, as stated above, this
approach can be taken because the overall fission gas release fraction is a power and spatial
average over the entire rod. In other words, based on the physical process of fission gas
release, if the power and burnup of the portion of fuel in the full length rod is higher than the
part-length rod it is reasonable to expect that the fission gas release from that portion of fuel is
larger than part-length rod.

Should the evaluation of the fuel rod data indicate that part-length rods are not bounded by the
full-length rods, then the dose consequence analysis would require modification accordingly.
Since the current analysis considers an Atrium-10 core damage fraction of 0.002244 based on
156 failed rods and 91 rods per bundle an adjustment will be made to be more consistent with
this full-length rod equivalency methodology used in this minor revision. The damage of 156
rods is not affected by this revision.

INPUTS

Inputs to this analysis are taken from References 1, 2, and 3 and generally correspond to
Atrium-10 fuel design and operating data. The inputs are referenced throughout this minor
revision.

ASSUMPTIONS

1. Itis assumed that the data provided Reference 1 is a bounding representation of all
part-length rods in LaSalle Cycles 14 through 16. This assumption is justified by
Reference 1, which states the data was extracted from the bundle (34C217) projected
to host the part-length rod with the highest average exposure at end of cycle 16.

NUMERIC ANALYSIS AND RESULTS

LaSalle fuel rod data was provided in Reference 1. This data corresponds to the rod histories
for the LaSalle 1 Cycle 16 fuel bundle with the highest part-length rod exposure at end of
cycle. This bundle was chosen to be representative of and bounding over all Atrium-10 part-
length rods through LaSalle 1 Cycle 16. This bundle can also apply to other cycles and
LaSalle 2, provided the fuel rod characteristics remain bounding.

The data provided in Reference 1 was reformatted and plotted to allow for comparisons of
part-length rods to full-length rods, which is shown in the Appendix to this minor revision. Fuel
rod design layout and axial distributions are taken from Reference 2. A review of the data
shows that each part-length rod is bounded by several full-length rods for the average of nodes
2 through 16. It was determined that for all cycle depletion steps each part-length rod has at
least one neighbor that is more limiting in exposure, while in most situations a part-length rod
will be bounded by several neighboring rods. With respect to power, part-length rods (9,2) and
(2,2) have a few instances where the part-length rod has a slightly higher power. However, the
difference is between approximately 0.2 and 0.3 kW/ft, which is small and not expected to
have an adverse effect on the fission gas release fraction. Note, the observation that the part-
length rods are bounded by some neighboring full-length rods applies to both burnup and
power. The data shows that the part-length rod is not the leading rod in terms of power and
burnup in the assembly.
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Based on the analysis of the fuel rod data the following conclusions are made:

1. Full-length rod power and burnup in the axial region corresponding to the part-length
rod (i.e. nodes 2 through 16) is typically higher than part-length rods.

2. Since the full-length rod power and burnup is more limiting, it can be used to satisfy the
Regulatory Guide 1.183 footnote 11 rod power and burnup restrictions.

3. Since the fuel rod power and burnup restrictions in Regulatory Guide 1.183 footnote 11
are controlled by core design (Reference 3) and since full-length rods have been shown
to bound the part-length rods, it can be concluded that this FHA analysis meets the
intent of Regulatory Guide 1.183. No increase in the Regulatory Guide 1.183 Table 3
non-LOCA gap release fractions is required for part-length rods provided they are
bounded by a full length rod as described above.

To provide conservatism and make the Atrium-10 portion of the current analysis of record
consistent with this approach, the core damage fraction will be modified. The Atrium-10 fuel
assembly at LaSalle has 8 part-length rods that have 90 inch active fuel length and 83 full-
length rods that have 149 inch active fuel length (Reference 2). Therefore, a part-length rod is
equivalent to 60.4% of the fueled mass of a full-length rod. Using this basis, the total
equivalent full length rods in the bundle is 87.83 (8*0.604+83) and the revised core damage
fraction is 0.002325 (156/87.83/764) vs. the current analysis value of 0.002244. This increase
of 3.6% effectively assumes that the PLRs contain the same source term inventory as the
FLRs. However, the limiting GE14 core damage fraction of 0.002578 remains bounding over
Atrium-10. Therefore, there is no change in the final dose consequences of the analysis of
record. With the radial peaking factor of 1.7, the release fraction becomes 0.00395. The
margin between the Atrium-10 and limiting dose consequences is therefore now about 10%
(0.004382/0.003952-1).

IDENTIFICATION OF COMPUTER PROGRAMS

There are no computer programs utilized in this design analysis. Only Personal Productivity
Software (PPS) Excel was used for data manipulation, reformatting and display.

REFERENCES

1. NF TODI NF151446, Rev. 0, “LaSalle Unit 1 Cycle 16 Limiting Bundle Edits Supporting
AST Evaluation.”
2. LaSalle UFSAR
a. Section 4.2.2.3, Rev. 21, “Fuel Bundle.”
b. Table 4.2-4(d), Rev. 17, “Data for the AREVA Atrium-10 Fuel Design.”
c. Figure 4.2-3d, Rev. 15, “Fuel Bundle FANP Atrium-10 Type.”.
3. NF-AB-110-2210, Rev 16, “Core Loading Pattern Development.”
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APPENDIX — FUEL ROD DATA

The following figures show data corresponding to the LaSalle 1 Cycle 16 bundle with the
limiting part-length rods. This bundle is evaluated as being representative and bounding with
respect to all the LaSalle 1 Cycle 16 part-length rods that are projected to exceed a rod-
average burnup of 62 GWD/MTU. This data was provided in Reference 1. A pin map is
provided in Figure H-10 and a description of the burnup steps is provided in Figure H-11.

Note that all burnup information is presented in the figures below in GWD/ST. A burnup of 62
GWD/MTU is equal to 56.245 GWD/ST.

In the pin exposure/power plots, the part-length rods are indicated by thick solid outline. The
pin exposure/power plots are showing the behavior of the rods at approximately the beginning,
middle and end of the cycle. Pin powers are expressed in kW/ft.

Figure H-2 — LaSalle 1 Cycle 14 Pin Exposure Plots

Step 4 = ~BOC, Step 8 = ~MOC, Step 16 = ~EOC

STEP: 4 NODE: 2-16 AVE STEP: 8 NODE: 2-16 AVE STEP: 16 NODE: 2-16 AVE
1 2 3 4 5 6 7 8 9 10

1 232 244 252 25.7 255 249 256 26.5 26.4 256

6 249 215 214

1.02 1.02 0.98 1

0.81 1.02 2
0.81 1.03 3

1.02 1.01 0.97 1

0.84 1.01 2
0.84 1.03 3

0.97 0.97 0.94

0.90 1.04

1.03 0.81 0.87 0.96 0.96 0.89 0.96 0.96

1.00 0.96

8 1.02 0.81
9 1.02 0.81

10 0.98 1.02 1.03

1.01 1.01

8 1.02 0.84 d
9 1.01 0.84 0.89 1.03

10 0.97 1.01 1.03

1.06 1.05 1.01 1.16 1.06 1.03 0.98 10 0.94 1.00 1.04 1.04 1.00 0.95

8 0.97 0.86 0.81 1.04 1.02
9 097 0.90 0.96 I 0.82 0.93 1.00
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Step 17 = ~BOC, Step 24 = ~MOC, Step 33 = ~EOC
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STEP: 17
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Figure H-4 — LaSalle 1 Cycle 16 Pin Exposure Plots

Step 34 = ~BOC, Step 41 = ~MOC, Step 50 = ~EOC

STEP: 34 NODE: 2-16 AVE STEP: 41 NODE: 2-16 AVE STEP: 50 NODE: 2-16 AVE

1 2 3 4 5 6 7 8 9 10 1 2 3 4 5 6 7 8 9 10 1
1 [39.9 41.6 43.6 449 447 438 45.0 459 451 438 1 453 47.1 49.4 51.0 50.7 49.7 50.8 51.5 50.3 48.8 1 495
2 2 471 45.5 2 513
3 39.1 40.0 40.0 . 3 494 44.6 45.5 455 3 537
4 . .8 44.1 45.8 403 a y 4 51.0 453 49.6 51.4 46.0 4 555 49.4 53.8 55.6 503
5 5 507 .6 49.6 5 552 53.8
6 6 49.7 51.4 6 54.1 55.6
7 7 508 46.0 7 552 50.3
8 8 515 47.8 47.8 8 55.7 52.1 521
9 9 45.0 50.2 47.5 9 542 54.1 49.2 54.3
10 10 48.8 51.0 50.9 10 52.7 54.8 54.6
7 8 9 10 1 2 3 4 5 6 7 8 9 10 1 2 3 4 5 6 7 8 9 10
0.97 0.95 0.92 1 0.98 0.95 0.93

0.91 m 1.01 0.93 m 0.96

3 0.96 0.99 1.02 0.96 0.99 1.01 0.96 0.99 1.01 0.95 1.02
4

5

6

7

8 0.94 1.03 1.02

9 0.98 0.93 0.98

10 0.92 097 1.03 1.03 0.98 0.94 10 0.92 0.97 1.02 1.03 0.98 0.94 10 1.03 0.98 0.94
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Figure H-5 — LaSalle 1 Cycle 14 Pin Power Plots

Step 4 = ~BOC, Step 8 = ~MOC, Step 16 =~EOC

STEP: 4 NODE: 2-16 AVE STEP: 8 NODE: 2-16 AVE STEP: 16 NODE: 2-16 AVE

1 2 3 4 5 6 7 8 9 10 1 2 3 4 5 6 7 8 9 10 1 2 3 4 5 6 7 8 9 10

1.03 1.03 1.00 1

0.84 1.03 2

1.02 0.99 0.94 1 1.03 1.02 1.05 1.05 1.00 0.94

0.98 2 0.90 m 1.01 0.95 M 0.96

0.90

3 0.89 0.95 0.96 0.85 1.04 3 0.92 0.95 0.97 0.91 1.02 3 0.94 0.95 0.98 0.95 1.00
4 4 4

5 S 5

6 6 6 1.01 0.98

7 7 7

8 0.89 1.07 8 0.86 1.04 1.02 0.96 1.04 8 096 1.04 1.03 0.91 1.00 1.04
9 0.89 1.05 9 0.97 0.87 0.96 0.99 9 0.99 0.93 1400 0.97
10 1.00 1.02 1.04 1.06 1.04 1.02 10 0.94 0.98 1.02 1.04 0.99 0.95 10 0.93 0.95 1.00 1.05 1.06 1.04 1.02 0.97 0.93
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Figure H-6 — LaSalle 1 Cycle 15 Pin Power Plots

Step 17 = ~BOC, Step 24 = ~MOC, Step 33 = ~EOC

STEP: 17 NODE: 2-16 AVE STEP: 24 NODE: 2-16 AVE STEP: 33 NODE: 2-16 AVE
1 2 3 4 5 6 7 8 9 10 1 2 3 4 5 6 7 8 9 10 1 2 3 4 5 6 7 8 9 10

1 ESHESISE 5.7 B5198 5.8 5.8 NSI9NNSION 5.7 MG

58 . 5.6 5.6

538 5.5 SN 5.8 NGO

5.6 58 54

10 5.5

1 2 3 4 5 6 7

1 097 0.98 1.02 1 1.01 0.98
2 2 1.01 M 0.95
3 0.97 0.96 0.98 3 0.98 0.97 0.98 0.94 0.99 0.98
4 4

5 5 1.00 1.01
6 6 1.00) 1.01
7 7 0.99
8 0.96 1.03 1.02 0.96 1.03 1.01 8 0.96 1.03 1.03 0.97 1.03 1.02
9 1.00 - 1.03 . 9 1.00 1.03 0.98
10 1.04 1.05 1.03 1.03 0.96 10 0.93 0.94 0.98 1.02 1.02 1.00 1.02 0.96 0.94 10 0.98 0.96 0.99 1.01 1.01 1.00 1.02 0.98 0.99
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Figure H-7 — LaSalle 1 Cycle 16 Pin Power Plots

Step 34 = ~BOC, Step 41 = ~MOC, Step 50 = ~EOC

STEP: 34 NODE: 2-16 AVE STEP: 41 NODE: 2-16 AVE STEP: 50 NODE: 2-16 AVE

1 2 3 4 5 6 7 8 9 10 1 2 3 4 5 6 7 8 9 10

1.01 5 1.00

6 1.02 098 1.00 6 097 098 1.01 0.97 1.02

8 1.05 1.05 1.02

0.97

10 1.03
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Figure H-8 — LaSalle 1 Cycles 14 thru 16 Representative Exposure Histories
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Figure H-9 — LaSalle 1 Cycles 14 thru 16 Representative Power Histories
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Figure H-10 — LaSalle Atrium-10 Pin Layout

This geometry in this figure is derived from Reference 2.c

10

Moderate fuel rod burnup

Leading FLR burnup

10
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Figure H-11 Burnup Step Map to Cycle Exposure

CYCLE CYCLE CYCLE
BURNUP EXPOSURE BURNUP EXPOSURE BURNUP EXPOSURE
STEP CYCLE | (GWD/ST) STEP CYCLE | (GWD/ST) STEP CYCLE | (GWD/ST)
1 14 0.06 17 15 0.057 34 16 0.036
2 14 1.78 18 15 1.826 35 16 1.732
3 14 1.801 19 15 1.846 36 16 1.775
4 14 4.381 20 15 4.129 37 16 4.299
5 14 4.402 21 15 4.149 38 16 4.342
6 14 6.504 22 15 6.388 39 16 6.33
7 14 6.549 23 15 6.432 40 16 6.373
8 14 8.77 24 15 8.831 41 16 8.735
9 14 8.792 25 15 8.874 42 16 8.778
10 14 10.07 26 15 9.971 43 16 10.178
11 14 10.115 27 15 9.99 44 16 10.221
12 14 12.552 28 15 12.436 45 16 12.7
13 14 12.597 29 15 12.478 46 16 12.701
14 14 15.057 30 15 14.714 a7 16 14.05
15 14 15.078 31 15 14.779 48 16 14.051
16 14 16.393 32 15 15.866 49 16 15.53
33 15 16.012 50 16 16.369
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