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1. Introduction

This report presents generic information relative to the fuel design and analyses of General
Electric Boiling Water Reactor plants for which General Electric provides fuel. The report
consists of a description of the fuel licensing criteria and fuel thermal-mechanical, nuclear,
and thermal-hydraulic analyses bases. This report provides information and methods used to
determine reactor limits that are independent of a plant—specific application. Plant—specific
information and the transient and accident methods used are given in the country—specific
supplement accompanying this base document.

The generic information contained in this report is supplemented by plant cycle—unique
information and analytical results. This cycle—unique information includes a listing of the
fuel to be loaded in the core and safety analysis results. This information is documented in
the plant FSAR for initial core loadings and in a separate plant—unique cycle—dependent
report for each reload. The format for this Supplemental Reload Licensing Report is given in
Appendix A of the country—specific supplement to this document. Fuel bundle design
information for the specific fuel bundles used for each cycle is given in the Fuel Bundle
Information Report (FBIR). The format for the FBIR is given in Appendix A of the
country—specific supplement to this document.

Proposed changes to this document are submitted to the appropriate regulatory body for
review and approval. A listing of NRC approved amendments is given in the GESTAR II
Revision Status Sheet located in the front of this document. The latest approved changes are
incorporated as a revision into the text and indicated by change bars in the margin.

1.1 Fuel Licensing Acceptance Criteria

A set of fuel licensing acceptance criteria have been established for evaluating new fuel
designs and for determining the applicability of generic analyses to these new designs. Fuel
design compliance with the fuel licensing acceptance criteria constitutes USNRC acceptance
and approval of the fuel design without specific USNRC review. The fuel licensing
acceptance criteria are presented in the subsections that follow.

Fuel designs that have received specific USNRC review and approval or that has-have been
shown to meet the fuel licensing acceptance criteria are documented in References 1-1
and 1-2. Referencest+—tand 12 A detailed description of the 8x8 and 8x8R fuel designs is
given in Reference 1-1 while the newer designs are described in Reference 1-2. Since the
approval of GESTAR Il Amendment 22 in 1990, a compliance report, sometimes called
Compliance with Amendment 22 of GESTAR 11, has been produced for each fuel
product line. Section 1.4 provides the compliance reports for each fuel product line.
Fuel bundle design information for bundles more recent than those included in
Reference 1-2 is found in the plant-cycle specific FBIR.

The fuel licensing acceptance criteria are as follows.

1-1
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1.1.1 General Criteria

A. NRC-approved analytical models and analysis procedures will be applied.

B. New design features will be included in lead use assemblies.

C. The generic post—irradiation fuel examination program approved by the NRC will be
maintained (References 1-3 and 1-4).

D. New fuel related licensing issues identified by the NRC will be evaluated to determine
if the current criteria properly address the concern; if necessary, new criteria will be
proposed to the NRC for approval.

E. Ifany of the criteria in Subsection 1.1 are not met for a new fuel design, that aspect
will be submitted for review by the NRC separately.

1.1.2 Thermal-Mechanical

A. The fuel design thermal-mechanical analyses are performed for the following
conditions:

i.  Either worst tolerance assumptions are applied or probabilistic analyses are
performed to determine statistically bounding results (i.e. upper 95% confidence).

i1 Operating conditions are taken to bound the conditions anticipated during normal
steady—state operation and anticipated operational occurrences.

B. The fuel design evaluations are performed against the following criteria.

i.  The fuel rod and fuel assembly component stresses, strains, and fatigue life usage
shall not exceed the material ultimate stress or strain and the material fatigue
capability.

ii. Mechanical testing will be performed to ensure that loss of fuel rod and assembly
component mechanical integrity will not occur due to fretting wear when
operating in an environment free of foreign material.

iii. The fuel rod and assembly component evaluations include consideration of metal
thinning and any associated temperature increase due to oxidation and the buildup
of corrosion products to the extent that these effects influence the material
properties and structural strength of the components.

iv. The fuel rod internal hydrogen content is controlled during manufacture of the
fuel rod consistent with ASTM standards C776—83 and C934—85 to assure that
loss of fuel rod mechanical integrity will not occur due to internal cladding
hydriding.

v. The fuel rod is evaluated to ensure that fuel rod or channel bowing does not result
in loss of fuel rod mechanical integrity due to boiling transition.
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V.

Vii.

viil.

1X.

Loss of fuel rod mechanical integrity will not occur due to excessive cladding
pressure loading.

The fuel assembly (including channel box), control rod and control rod drive are
evaluated to assure control rods can be inserted when required. These evaluations
are performed in accordance with NUREG—0800 (Appendix A to SRP Section
4.2) where the effect of combined Safe Shutdown Earthquake (SSE) and Loss—
of—Coolant Accident (LOCA) loads (which conservatively bound the worst case
hydraulic loads possible during normal conditions) are evaluated to assure
component deformation is not severe enough to prevent control rod insertion and
vertical liftoff forces will not unseat the lower tie—plate such that the resulting
loss of lateral fuel bundle positioning would prevent control rod insertion.

Loss of fuel rod mechanical integrity will not occur due to cladding collapse into
a fuel column axial gap.

Loss of fuel rod mechanical integrity will not occur due to fuel melting.

Loss of fuel rod mechanical integrity will not occur due to pellet—cladding
mechanical interaction.

A detailed description of the thermal-mechanical bases currently in use in the US is given in
Section 2. There were significant changes to the thermal-mechanical design bases in
GESTAR II Revision 17. Therefore, the thermal-mechanical design bases for older fuel
products are as defined in versions of GESTAR II prior to Revision 17. These bases for
older fuel products are applicable to the bundle designs described in Reference 1-2.
Reference 1-1 provides a description of the thermal-mechanical bases used for the 8x8 and
8x8R fuel designs. The compliance reports included in Section 1.4 reference the relevant
GESTAR II revision for each respective product line.

1.1.3 Nuclear

A. A negative Doppler reactivity coefficient shall be maintained for any operating
conditions.

B. A negative core moderator void reactivity coefficient resulting from boiling in the
active flow channels shall be maintained for any operating conditions.

C. A negative moderator temperature coefficient shall be maintained for temperatures
equal to or greater than hot standby.

D. For a super prompt critical reactivity insertion accident (e.g., control rod drop
accident) originating from any operating condition, the net prompt reactivity feedback
due to prompt heating of the moderator and fuel shall be negative.
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E. A negative power coefficient, as determined by calculating the reactivity change due
to an incremental power change from a steady—state base power level, shall be
maintained for all operating power levels above hot standby.

F. The plant shall be calculated to meet the cold shutdown margin requirement for each
plant cycle specific analysis.

G. The effective multiplication factor for new fuel designs stored under normal and
abnormal conditions shall be shown to meet fuel storage limits by demonstrating that
the peak uncontrolled lattice k—infinity calculated in a normal reactor core
configuration meets the limits provided in Section 3 for GE designed regular or high
density storage racks.

Nuclear analyses that are performed for each individual fuel project are documented in
Section 3.

1.1.4 Hydraulic

A. Flow pressure drop characteristics shall be included in plant cycle specific analyses for
the calculation of the Operating Limit MCPR.

Thermal-hydraulic analyses that are performed for each individual fuel project are
documented in Section 4.

1.1.5 Safety Limit MCPR

A. A cycle—specific Safety Limit MCPR will be calculated on a cycle—specific basis
following the steps in 1.1.5.B.

B. Cycle—specific Safety Limit MCPR calculations will be performed under the
following conditions.

i.  Analysis shall be performed for the specific plant.

ii.  Analysis shall be performed for the specific core loading and the specific bundle
design.

iii  Core radial power distributions shall be selected to reasonably bound the number
of bundles at or near thermal limits.

iv. Local fuel pin power distribution shall be based on specific bundle design.

v. Ninety—nine point nine percent (99.9%) of the rods in the core must be expected
to avoid boiling transition.

vi. Uncertainties used in the analysis shall be the same as documented in Section 4
including the uncertainty associated with the appropriate critical power
correlation. The critical power correlation uncertainty used in the Safety Limit

14
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MCPR determination shall be that uncertainty associated with the operating
regions that can be obtained during normal operation or during Anticipated
Operational Occurrences (AOO).

vii. Analyses are performed for multiple exposure points throughout the cycle.
Typically the most limiting value is applied over the entire cycle, but exposure—
dependent values may be applied.

A discussion of the statistical analyses used to derive the cycle—specific Safety Limit MCPR
is presented in Section 4.

1.1.6

A.

Operating Limit MCPR

Plant Operating Limit MCPR is established by considering the limiting anticipated
operational occurrences for each operating cycle. This may be calculated as a function
of exposure.

For each new fuel design the applicability of generic MCPR analyses described in
Section 4 or in the country—specific supplement to this base document shall be
confirmed for each operating cycle or a plant specific analysis will be performed.

AOO descriptions and evaluation methodologies and procedures used to derive the Operating
Limit MCPR are presented in Section 4 and in the country—specific supplement to the base

document.
1.1.7 Critical Power Correlation
A. The currently approved critical power correlations will be confirmed or a new
correlation will be established when there is a change in wetted parameters of the flow
geometry; this specifically includes fuel and water rod diameter, channel sizing and
spacer design.
B. A new correlation may be established if significant new data exists for a fuel
design(s).
C. The criteria for establishing the new correlation are as follows.

i.  The new correlation shall be based on full-scale prototypical test assemblies.

ii. Tests shall be performed on assemblies with typical rod—to—rod peaking factors.
iii. The functional form of the currently approved correlations shall be maintained.
iv. Correlation fit to data shall be best fit.

v. One or more additional assemblies will be tested to verify correlation accuracy
(i.e., test data not used to determine the new correlation coefficients).
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vi. Coefficients in the correlation shall be determined as described in References 1-5
or 1-6.

vii. The uncertainty of the resulting correlation shall be determined by:

1 N
cl=—— — ECPR.)?
N_lg(ﬂ )

where:

6 = standard deviation.

1 N
= — » ECPR
’Ll Nz C 4

i=1
N = Total number of data in both the data set used to determine the
coefficients and the set used for verification.

ECPR = Calculated bundle critical power divided by experimentally
determined bundle critical power.

1.1.8 Stability
New fuel designs must satisfy either criterion A or B below:

A. The stability behavior, as indicated by core and limiting channel decay ratios, must be
equal to or better than a previously approved GE BWR fuel design.

B. Ifthe core and limiting channel decay ratios are not equal to or better than a
previously approved GE fuel design, it must be demonstrated that there is no change to
the exclusion zone.

1.1.9 Overpressure Protection Analysis

A. Adherence to the ASME overpressure protection criteria shall be demonstrated on
plant cycle specific analysis.

A discussion of evaluations performed to demonstrate compliance with overpressure limits is
presented in the country—specific supplement to this document.

1.1.10 Loss—of—Coolant Accident Analysis Methods
A. The criteria in I0CFR50.46 shall be met on plant specific or bounding analyses.

B. Plant MAPLHGR adjustment factors must be confirmed when a new fuel design is
introduced.

Specific LOCA evaluation methodologies are discussed in the country—specific supplement to
this base document.
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1.1.11 Rod Drop Accident Analysis

A. Plant cycle specific analysis results shall not exceed the licensing limit described in
the country specific supplement to this base document.

B. Applicability of the bounding BPWS analysis must be confirmed.

Discussions of plant specific and generic rod drop accident evaluation methodologies are
presented in the country—specific supplement to this base document.

1.1.12 Refueling Accident Analysis

A. The consequences of a refueling accident as presented in the country—specific
supplement to this base document or the plant FSAR shall be confirmed as bounding
or a new analysis shall be performed (using the methods and assumptions described in
the country supplement) and documented when a new fuel design is introduced.

1.1.13 Anticipated Transient Without Scram
The fuel must meet either criteria A or B below:

A. A negative core moderator void reactivity coefficient, consistent with the analyzed
range of void coefficients provided in References 1-7 and 1-8, shall be maintained for
any operating conditions above the startup critical condition.

B. [Ifcriterion 1.1.13.A is not satisfied, the limiting events (as described in
References 1-7 and 1-8) will be evaluated to demonstrate that the plant response is
within the ATWS criteria specified in References 1-7 and 1-8.

1.1.14 Fuel Loading Error (FLE) Event Analysis

Section S.5.3 of the country—specific supplement presents the requirements for analyzing the
FLE (misloaded or misoriented fuel bundle) as an Infrequent Incident. Should a plant not
meet the requirements in Section S.5.3, the event will be analyzed as an AOO.

A. As an Infrequent Incident, the FLE events are subject to the radiological limits of
10% of 10CFR100, or 10% of 10CFR50.67 for Alternate Source Term plants.
Bounding radiological analysis of these events is referenced in the country—specific
supplement to this base document.

B. Asan AOQ, the FLE events are subject to the MCPR criteria. (See Section 1.1.5 and
1.1.6)

1.2 Basis for Fuel Licensing Criteria
The following provides the basis for the criteria documented in Subsection 1.1.

1.2.1 General Criteria
A. NRC-approved analytical models and analysis procedures will be applied.

1-7



Non-Proprietary Information

GESTARIII Class I (Public) NEDO-24011-Draft

1.2.2

Consistent with current practice, NRC—approved procedures and methods are used to
evaluate new fuel designs.

New design features will be included in lead use assemblies.

GE’s “test before use” fuel design philosophy includes irradiation experience with
new fuel design features in full-scale fuel assemblies (Lead Use Assemblies) in
operating reactors prior to standard reload application. A method for licensing LUAs
and the NRC acceptance of this method are documented in References 1-9 and 1-10,
respectively.

The generic post—irradiation fuel examination program approved by the NRC will be
maintained.

Section 4.2.11.D.3 of the SRP requires each plant to implement a post—irradiation fuel
surveillance program to detect anomalies or to confirm expected fuel performance.
The NRC has found (Reference 1-3) that the GE fuel surveillance program
(Reference 1-4) is an acceptable means for licensees to satisty the post—irradiation
surveillance requirement of the SRP. The GE program includes examination of LUAs
and selected discharge bundles with the results reported to the NRC in a yearly
operating experience report.

New fuel related licensing issues identified by the NRC will be evaluated to determine
if the current criteria properly address the concern; if necessary, new criteria will be
proposed to the NRC for approval.

New licensing concerns related to fuel design and performance may arise after the
establishment of approved fuel licensing acceptance criteria. Upon identification of a
new issue by the NRC, GE will evaluate the concern against the established criteria to
determine if this issue can be resolved through the application of approved criteria. If
the current criteria does not adequately address the identified concern, GE will
propose a new criterion (criteria) to the NRC for review and approval.

If any of the criteria in Subsection 1.1 are not met for a new fuel design, that aspect
will be submitted for review by the NRC separately.

If a new fuel design does not meet one of the criteria in Subsection 1.1, it does not
mean this design is unacceptable. It simply means the design has gone beyond the
generic approval and must be reviewed.

Thermal-Mechanical

The fuel design thermal-mechanical analyses are preformed for the following
conditions:

1. Either worst tolerance assumptions are applied or probabilistic analyses are
performed to determine statistically bounding results (i.e. upper 95% confidence).
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ii.

Operating conditions are taken to bound the conditions anticipated during normal
steady—state operation and anticipated operational occurrences.

These analyses are performed generically for each new fuel design or previous
analyses are determined to be applicable.

B. The fuel design evaluations are performed against the following criteria:

1.

ii.

1il.

The fuel rod and fuel assembly component stresses, strains, and fatigue life usage
shall not exceed the material ultimate stress or strain and the material fatigue
capability.

The fuel rod and assembly components are evaluated to ensure that the fuel will
not fail due to stresses or strains exceeding the fuel assembly component
mechanical capability. The limit is patterned after ANSI/ANS—57.5-1981. The
figure of merit employed is the Design Ratio where:

Effective Stress or Effective Strain

Design Ratio =
Stress Limit Strain Limit

The material capability limit is taken as the material ultimate stress or strain. The
limit used is that the Design Ratio must be less than or equal to one (Design Ratio
< 1.0). Fatigue is addressed in a similar manner where the calculated fatigue duty
must be less than the material fatigue capability (Fatigue Life Usage < 1.0). A
more detailed discussion of the stress/strain and fatigue bases, limits, and
evaluations is presented in Subsections 2.2.1.1 and 2.2.1.2.

Mechanical testing will be performed to ensure that loss of fuel rod and assembly
component mechanical integrity will not occur due to fretting wear when
operating in an environment free of foreign material.

Evaluations of the fuel assembly for fretting wear are based on mechanical testing
and extensive reactor operating experience. A more detailed discussion of the
fretting wear evaluation methodology is presented in Subsection 2.2.1.3.

The fuel rod and assembly component evaluations include consideration of metal
thinning and any associated temperature increase due to oxidation and the
buildup of corrosion products to the extent that these effects influence the
material properties and structural strength of the components.

The effects of cladding oxidation and corrosion product buildup on the fuel rod
surface (i.e., increased calculated temperatures, material property changes and
cladding thinning) are explicitly included in the evaluations performed relative to
criteria 1.1.2.B.i, 1.1.2.B.vi, 1.1.2.B.vii, 1.1.2.B.viii, 1.1.2.B.ix and 1.1.2.B.x.

1-9
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1v.

Vi.

Vii.

The fuel rod internal hydrogen content is controlled during manufacture of the
fuel rod consistent with ASTM standards C776—83 and C934-85 to assure that
loss of fuel rod mechanical integrity will not occur due to internal cladding
hydriding.

Internal cladding hydriding is controlled during fuel manufacture by restricting
the level of moisture and other hydrogenous impurities within limits consistent
with SRP 4.2. Extensive operating experience with fuel designs manufactured to
the hydrogen content limits specified in the SRP demonstrate that hydriding is not
an active failure mechanism for normal operation or AOOs.

The fuel rod is evaluated to ensure that fuel rod or channel bowing does not result
in loss of fuel rod mechanical integrity due to boiling transition.

As part of the GE Fuel Surveillance Program and other inspections, the peripheral
row of fuel rods is visually inspected to determine the extent of fuel rod—to—fuel
rod gap closure due to rod bowing caused by fuel rod growth. Observations of
gap closure greater than 50% are reported to the NRC. Any changes to the 50%
closure requirement will be based on thermal-hydraulic testing to assure that the
criterion is satisfied.

The effect of potential channel bow on fuel rod/bundle performance and critical
power margins is accounted for by adjusting R—factor values in the plant process
computer databank.

Loss of fuel rod mechanical integrity will not occur due to excessive cladding
pressure loading.

1l

]] A more detailed discussion of the fuel rod
internal pressure evaluation is presented in Subsection 2.2.1.6.

The fuel assembly (including channel box), control rod and control rod drive are
evaluated to assure control rods can be inserted when required. These
evaluations are performed in accordance with NUREG—-0800 (Appendix A to SRP
Section 4.2) where the effect of combined Safe Shutdown Earthquake (SSE) and
Loss—of—Coolant Accident (LOCA) loads (which conservatively bound the worst
case hydraulic loads possible during normal conditions) are evaluated to assure
component deformation is not severe enough to prevent control rod insertion and
vertical liftoff forces will not unseat the lower tie—plate such that the resulting
loss of lateral fuel bundle positioning would prevent control rod insertion.

A more detailed description of this evaluation is provided in Subsection 2.2.2.9.
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viii. Loss of fuel rod mechanical integrity will not occur due to cladding collapse into
a fuel column axial gap.

1l

1] Subsection 2.2.2.2 provides further discussion of the cladding
collapse analysis.

iX. Loss of fuel rod mechanical integrity will not occur due to fuel melting.

[l
1l

X. Loss of fuel rod mechanical integrity will not occur due to pellet—cladding
mechanical interaction.

1l

1l

1.2.3 Nuclear

Generic analyses are performed to assure that the following criteria A through E are satisfied.
These analyses are performed as follows:

1. A large BWR/4 or BWR/S plant shall be used to perform the generic analyses.

2. The analyses shall be performed for an equilibrium core loading of the new fuel
design.

3. The analyses shall be performed at the limiting points of the cycle and will cover all
expected modes of operation.

Criterion F is demonstrated on a cycle specific basis for each plant. Criterion G is calculated
generically for each bundle nuclear design.

A. A negative Doppler reactivity coefficient shall be maintained for any operating
conditions.

The Doppler reactivity coefficient is of high importance in reactor safety. The
Doppler coefficient of the core is a measure of the reactivity change associated with an
increase in the absorption of resonance—energy neutrons caused by a change in the
temperature of the material and is a function of the average of the bundle Doppler
coefficients. A negative Doppler coefficient provides instantaneous negative
reactivity feedback to any rise in fuel temperature, on a gross or local basis and thus
assures the tendency of self—control for the BWR.
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B. A negative core moderator void reactivity coefficient resulting from boiling in the
active flow channels shall be maintained for any operating conditions.

The core moderator void coefficient resulting from boiling in the active flow channels
is maintained negative over the complete range of BWR operation. This flattens the
radial power distribution and provides ease of reactor control due to the negative void
feedback mechanism.

C. A negative moderator temperature coefficient shall be maintained for temperatures
equal to or greater than hot standby.

The moderator temperature coefficient is associated with a change in the moderating
capability of the water. Once the reactor reaches the power producing range, boiling
begins and the moderator temperature remains essentially constant. The moderator
temperature coefficient is negative during power operation.

D. For a super prompt critical reactivity insertion accident (e.g., control rod drop
accident) originating from any operating condition, the net prompt reactivity feedback
due to prompt heating of the moderator and fuel shall be negative.

The mechanical and nuclear design of the fuel shall be such that the prompt reactivity
feedback (requiring no conductive or convective heat transfer and no operator action)
provides an automatic shutdown mechanism in the event of a super prompt reactivity
incident such as a control rod drop accident. This characteristic will assure rapid
termination of super prompt critical accidents with additional long—term shutdown
capability provided by Criterion 1.1.3.B for those cases where conductive heat transfer
from the fuel to the water results in boiling in the active channel region.

E. A negative power coefficient, as determined by calculating the reactivity change, due
to an incremental power change from a steady—state base power level, shall be
maintained for all operating power levels above hot standby.

A negative power coefficient provides an inherent negative feedback mechanism to
provide more reliable control of the plant as the operator performs power maneuvers.
It is particularly effective in preventing xenon initiated power oscillations in the core.
The power coefficient is effectively the combination of Doppler, void and moderator
temperature reactivity coefficients. For fast system transients, these three individual
reactivity components are explicitly considered to determine the core transient
response.

F. The plant shall be calculated to meet the cold shutdown margin requirement for each
plant cycle specific analysis.

The core must be capable for being made subcritical with margin in the most reactive
condition throughout an operating cycle with the most reactive control rod in its full
out position and all other rods fully inserted. This parameter is dependent upon the
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1.2.4

1.2.5

core loading and is calculated for each plant cycle prior to plant operation of that
cycle.

The effective multiplication factor for new fuel stored under normal and abnormal
conditions shall be shown to meet fuel storage limits by demonstrating that the peak
uncontrolled lattice k—infinity calculated in a normal reactor core configuration meets
the limits provided in Section 3 for GE designed regular or high density storage racks.

The basic criterion associated with the storage of both irradiated and new fuel is that
the effective multiplication factor of fuel stored under normal conditions will be less
than or equal to 0.90 for regular density racks and less than or equal to 0.95 for high
density racks. Abnormal storage conditions are limited to a ks of less than or equal to
0.95 for both high and regular density designs. For GE designed fuel storage racks,
these storage criteria are satisfied if the uncontrolled lattice k—infinity calculated in the
normal reactor core configuration meets the conditions documented in Subsection 3.5.

Hydraulic

Flow pressure drop characteristics shall be included in plant cycle specific analyses
for the calculation of the Operating Limit MCPR.

Because of the channeled configuration of BWR fuel assemblies, there is no bundle to
bundle cross flow inside the core and the only issue of hydraulic compatibility of
various bundle types in a core is the bundle inlet flow rate variation and its impact on
margin to thermal limits (i.e., MCPR and MAPLHGR and/or LHGR). The coupled
thermal-hydraulic—nuclear analyses performed each cycle for each plant to determine
fuel bundle flow and power distribution uses the various bundle pressure loss
coefficients to determine the flow distribution required to maintain total core pressure
drop boundary conditions to be applied to all fuel bundles. The margin to the thermal
limits of each fuel bundle is determined using this consistent set of calculated bundle
flow and power.

Safety Limit MCPR

A cycle—specific Safety Limit MCPR will be calculated on a cycle—specific basis
following the steps in 1.1.5.B.

The Safety Limit MCPR is sensitive to bundle design parameters and associated
GEXL or GEXL-PLUS critical power correlations. Bundle design parameters of
particular importance are the rod diameter, thermal time constant, spacer design and
bundle R—factor. Therefore, any change in the bundle design or thermal analysis
correlation requires that the Safety Limit MCPR be reassessed and revised as required.
The Safety Limit MCPR is recalculated or is reconfirmed each operating cycle for
each plant following the steps in Subsection 1.1.5.B and is documented in the cycle—
specific supplemental reload licensing report.
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B. Cycle—specific Safety Limit MCPR calculations will be performed under the following
conditions.

1. Analysis shall be performed for the specific plant.

1.  Analysis shall be performed for the specific core loading and the specific bundle
design.

iii.  Core radial power distributions shall be selected to reasonably bound the number
of bundles at or near thermal limits.

iv. Local fuel pin power distributions shall be based on specific bundle design.

v. Ninety—nine point nine percent (99.9%) of the rods in the core must be expected
to avoid boiling transition.

vi. Uncertainties used in the analysis shall be the same as documented in Section 4
including the uncertainty associated with a new critical power correlation. The
critical power correlation uncertainty used in the Safety Limit MCPR
determination, shall be that uncertainty associated with the operating regions

that can be obtained during normal operation or during anticipated operational
occurrences (AOO).

vil. Analyses are preformed for multiple exposure points throughout the cycle.
Typically the most limiting value is applied over the entire cycle, but exposure—
dependent values can be applied.

The cycle—specific Safety Limit MCPR is performed for each plant in accordance with
commitments made to the NRC (Reference 1-11). Because the Safety Limit MCPR is
highly dependent upon the core loading pattern and the actual fuel bundle design
parameters, this limit is cycle dependent for each plant and may vary through the
cycle. Typically, the most limiting value is applied over the entire cycle, but
exposure—dependent Safety Limit MCPR values are technically correct and may be
applied if necessary. The criterion that 99.9% of the rods in the core must be expected
to avoid boiling transition and the uncertainties used in the analysis (except the critical
power correlation uncertainty) have been approved by the NRC and are documented in
Subsection 4.3.1.1-and-Fable 3-3-of Reference+—2. The uncertainty associated with |
the critical power correlation shall be determined as documented in Subsection 1.1.7.

1.2.6 Operating Limit MCPR

A. Plant Operating Limit MCPR is established by considering the limiting anticipated
operational occurrences for each operating cycle. This may be calculated as a
function of exposure.

The operating limit MCPR 1is determined by adding the change in the CPR for the
limiting analyzed anticipated operational occurrence to the Safety Limit MCPR. The
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1.2.7

MCPR operating limit calculational procedure and descriptions of the limiting AOO
events are documented, respectively, in Subsection 4.3.1.2 and in the country—specific
supplement. These limiting events were established based on sensitivity studies of
bundle and plant parameters. Because the operating limit MCPR is dependent upon
the core loading pattern, this limit is cycle dependent for each plant and is calculated
just prior to operation of the cycle.

For each new fuel design the applicability of generic MCPR analyses described in
Section 4 or in the country—specific supplement to this base document shall be
confirmed for each operating cycle or a plant—specific analysis will be performed.

Generic event analysis results have been calculated for the Rod Withdrawal Error.
These analyses are dependent upon the fuel design for BWR 3-5 plants without ARTS
and the analytical methods, and must be reconfirmed whenever there is a change in
either. Currently the generic analysis for these plants is approved for fuel designs
through P8x8R and BP8x8R with both GENESIS and GEMINI methods and the
GEXL and GEXL-PLUS critical power correlation. Analysis for these plants with
GES8x8E/EB and GE8x8NB fuel must be performed on a cycle—specific basis. The
generic analyses for plants with ARTS and BWR/6 plants with enrichments less than
3.25 weight percent enrichment are applicable to fuel designs through GES8Xx8E/EB
with GENESIS and GEMINI methods and GEXL critical power correlation. A plant
cycle specific evaluation must be performed for the GES8Xx8E/EB fuel design with
GEXL-PLUS and the GE8x8NB fuel designs until a sufficient database exists to
determine the applicability of the generic analyses. Similar cycle specific analyses
will be performed for new fuel designs until an adequate database exists to perform
generic analyses using methods previously approved by the NRC.

For plants analyzing FLE events as an AOO, the event is performed for initial cores
and reload cores where the resultant CPR response may establish the operating limit
MCPR (OLMCPR).

Critical Power Correlation

The currently approved critical power correlations will be confirmed or a new
correlation will be established when there is a change in wetted parameters of the
flow geometry, this specifically includes fuel and water rod diameter, channel sizing
and spacer design.

The coefficients for the critical power correlation of a fuel design will be determined
generically based on the criteria documented in Subsection 1.1.7. The fuel design
parameters given in these criteria are those that have the primary effect on determining
the need for a new critical power correlation when there is a change in the fuel design.
New coefficients for the critical power correlation will be provided in the critical

power correlation report for each fuel product linefuel-design-informationrepeort.

A new correlation may be established if significant new data exists for a fuel
design(s).
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When significant new data have been taken for a fuel design, a better fit to the data
may be achieved by adjusting the coefficients in the critical power correlation. The
resulting new critical power correlation would be a more accurate representation of
actual plant operation. These coefficients will be determined generically and
documented in the critical power correlation report for each fuel product linefuel

choden el e pac oy

C. The criteria for establishing the new correlation are as follows:
1. The new correlation shall be based on full-scale prototypical test assemblies.
il. Tests shall be performed on assemblies with typical rod—to—rod peaking factors.
iii.  The functional form of the currently approved correlations shall be maintained.
iv. Correlation fit to data shall be best fit.

v. One or more additional assemblies must be tested to verify correlation accuracy
(i.e. test data not used to determine the new correlation coefficients).

vi. Coefficients in the correlation shall be determined as described in References 1-5
or 1-6.

vii. The uncertainty of the resulting correlation shall be determined by:

2 1 & 2
0’ =——> (u-ECPR))

CN-1&
where:
o = standard deviation.
H = iﬁ: ECPR,
N & i
N = Total number of data in both the data set used to determine the

coefficients and the set used for verification.

ECPR = Calculated bundle critical power divided by experimentally
determined bundle critical power.

The criteria for establishing a new correlation are those which were used in
establishing the current GEXL and GEXL-PLUS correlations approved by the NRC.
The basis of the correlation is a best fit of data taken of prototypical test assemblies
with typical rod—to—rod peaking factors. To assure that no unreviewed safety question
exists, the functional form of the current correlations must be maintained. A
correlation with a different form must be approved by the NRC prior to use. The
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correlation coefficients and uncertainties will be determined as approved by the NRC
for the current correlations.

1.2.8 Stability
New fuel designs must meet either criterion A or B as specified below:

These evaluations will be performed generically as specified below:

A.

B.

The stability behavior, as indicated by core and limiting channel decay ratios, must be
equal to or better than a previously approved GE BWR fuel design.

Previous fuel designs have demonstrated acceptable stability performance thereby
assuring that the new fuel design also has acceptable performance. The fuel design
comparative evaluation will be performed as follows:

1. ABWR 4 or BWR 5 shall be used as the plant in which the generic comparison
is to be performed.

2. The comparison shall assume that the core is first fueled with an equilibrium
loading of a previous fuel design approved by the NRC or which meets
criterion 1.1.8.A and then with an equilibrium loading of the new fuel design.

3. Both core and limiting channel decay ratios will be calculated at the beginning,
middle, and end of the equilibrium cycle.

4. The core and channel decay ratios for both fuel designs shall be calculated
using identical operating state conditions for power, flow, inlet subcooling, and
core pressure. The axial and radial core power shapes will correspond to the
actual operating conditions at these state points, in accordance with the
ODYSY procedure outlined in Reference 1-12 or Reference 1-13.

5. The power—flow condition selected shall be on the rated power control rod line
and near the point of minimum recirculation pump speed.

6. The methods and procedures used to analyze both fuel designs shall be
identical.

If the core and limiting channel decay ratios are not equal to or better than a
previously approved GE fuel design, it must be demonstrated that there is no change
to the exclusion zone.

Maintaining the current exclusion zone is an alternate method of demonstrating
acceptable fuel stability performance. The evaluations performed to demonstrate
compliance with this criterion shall use the same plant and operating conditions as
those used to demonstrate compliance with criterion 1.1.8.A.
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1.2.9
A.

1.2.10

1.2.11

Overpressure Protection Analysis

Adherence to the ASME overpressure protection criteria shall be demonstrated on
plant cycle specific analysis.

The demonstration of the adequacy of the plant overpressure protection system is
dependent upon the plant core loading pattern and must be demonstrated each plant
cycle. This cycle specific analysis is performed prior to operation of that core.

Loss—of—Coolant Accident Analysis Methods
The criteria in I0CFR50.46 shall be met on plant—specific or bounding analyses.

The criteria are currently met by plant exposure dependent, bundle/lattice specific
MAPLHGR values that must be met during plant operation. In the future, other
criteria or bounding analyses may be approved by the NRC.

Plant MAPLHGR adjustment factors must be confirmed when a new fuel design is
introduced.

Plant MAPLHGR adjustment factors for operation in a configuration or region
requiring revised MAPLHGR values such as single recirculation loop operation must
be confirmed for each new fuel design. This will be done for each plant prior to the
cycle of operation of the new fuel design in that plant.

Rod Drop Accident Analysis
Plant cycle specific analysis results shall not exceed the licensing limit in GESTAR-II.

The current licensing limit of the control rod drop accident analysis is 280 cal/gm.
This limit is based on a large amount of margin to reactivity—induced dispersal of the
core and the demonstrated conservatism of current models. New models may result in
a revision of the licensing limit. The results of this analysis are dependent upon the
plant control rod pattern and the fuel loaded in the core. Plants with BPWS rod
sequence control currently are covered by a generic analysis for all fuel types up to
GE8x8NB. Plants with group notch rod sequence control must be analyzed each cycle
to assure compliance with the licensing criteria. This analysis is performed prior to
plant startup each cycle.

Applicability of the bounding BPWS analysis must be confirmed.

The bounding rod drop accident analysis for plants with BPWS control rod withdrawal
sequences is dependent upon the fuel design and must be confirmed generically for
each new design. The applicability of the bounding analysis for a new fuel design is
determined by comparing the local peaking, Doppler coefficient, and rod worths of the
new fuel design with those used for the bounding analyses. The values of the local
peaking and Doppler coefficient are obtained from the generic nuclear analyses
documented in Subsection 1.2.3. This confirmation will be documented in the fuel
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1.2.12

1.2.13

design information report for older fuel products (Reference 1-2) and in the
compliance reports for GE14 and newer fuel products (See Section 1.4).

Refueling Accident Analysis

The consequences of a refueling accident as presented in the country—specific
supplement or the plant FSAR shall be confirmed as bounding or a new analysis shall
be performed (using the methods and assumptions described in the country
supplement) and documented when a new fuel design is introduced.

The consequences of the refueling accident are primarily dependent upon the number
of fuel rods in a bundle. When the number of fuel rods changes, the effect on the
refueling accident must be generically determined based on approved NRC methods.
The results of this analysis will be documented in the fuel design information report
for older fuel products (Reference 1-2) and in the compliance reports for GE14
and newer fuel products (See Section 1.4).

Anticipated Transient Without Scram

The fuel must meet either criteria A or B below.

This evaluation will assure compliance to the generic ATWS approval. Nuclear inputs used
in the evaluation will be obtained from the generic nuclear analyses documented in
Subsection 1.2.3.

A.

A negative core moderator void reactivity coefficient, consistent with the analyzed
range of void coefficients provided in References 1-7 and 1-8 shall be maintained for
any operating conditions above the startup critical condition.

In response to the requirements of Alternate 3, set forth in NUREG-0460,

References 1-7 and 1-8 present assessments of the capabilities of representative BWR
plants to mitigate the consequences of a postulated ATWS event. Sensitivity studies
are provided for the key parameters affecting plant response during the most limiting
events requiring ATWS consideration. Values of parameters that fall within the range
of characteristics studied have been shown to satisfy the ATWS acceptance criteria.

In terms of core response to an ATWS event, the core moderator void reactivity
coefficient is the key parameter. Maintaining this coefficient within the range of point
model void coefficients (or equivalent one—dimensional void coefficients) assumed in
the sensitivity studies presented in References 1-7 and 1-8 when loading new fuel
designs, assures that the conclusions reached regarding BWR mitigation of an

ATWS event are still valid.

If criterion 1.1.13 is not satisfied, the limiting events (as described in References 1-7
and 1-8) will be evaluated to demonstrate that the plant response is within the ATWS
criteria specified in References 1-7 and 1-8.
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For new fuel designs that have core moderator void reactivity coefficients outside the
range of void coefficients assumed in the sensitivity studies presented in

References 1-7 and 1-8, a specific evaluation will be performed. The most limiting
events identified in References 1-7 and 1-8 will be evaluated to assure that core and
plant response is within the documented ATWS acceptance criteria.

1.2.14 Fuel Loading Error (FLE) Event Analysis

Section S.5.3 of the country—specific supplement presents the requirements for analyzing the
FLE (misloaded or misoriented fuel bundle) as an Infrequent Incident. Should a plant not
meet the requirements in Section S.5.3, the event will be analyzed as an AOO.

A. As an Infrequent Incident, the FLE events are subject to the radiological limits of
10% of 10CFR100, or of 10% of 10CFR50.67 for Alternate Source Term plants. A
bounding radiological analysis of the fuel loading error events is referenced in the
country—specific supplement to this base document. Individual plants confirm site
meteorological and off-gas system parameters such that the bounding analysis is
applicable.

The consequences of the FLE events are primarily dependent upon each plant’s long—
term meteorological parameters. As described in Section S.5.3 of the country—specific
supplement, the results of the confirmation of meteorological conditions will be
included for each plant during each reload analysis.

B. As an AOO option, the FLE events are subject to the MCPR criteria. (See Section
1.2.5and 1.2.6)

The results for A or B will be reported in the supplemental reload licensing report.

1.3 Core Configuration

Each BWR reactor core is comprised of core cells. Each core cell consists of a control rod
and four fuel assemblies that immediately surround it (Figure 1-1). Each core cell is
associated with a four—lobed fuel support piece. Around the outer edge of the core, certain
fuel assemblies are not immediately adjacent to a control rod and are supported by individual
peripheral fuel support pieces. The four fuel assemblies are lowered into the core cell and,
when seated, springs mounted at the tops of the channels force the channels into the corners of
the cell such that the sides of the channels contact the grid beams (Figure 1-2).

Core lattice designations are based upon relative water gap size between adjacent fuel
assemblies and dimensional characteristics of the basic fuel assembly and channel. The eore

lattice-deseriptions-and-a-definition-of the-specific type of core lattice used for each plant are
is contained inReference1—2 in Table 1-1.

1-20
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1.4 Fuel Product Line GESTAR Il Compliance Reports

The following list documents the GESTAR II compliance reports for recent fuel product
line, including revisions. Note that there will generally be a time delay between the
publication of a compliance report and its inclusion in this list. The applicable
compliance report for a fuel product line is always the most recent revision even when it

is not yet included in this list.

GE11 Compliance with Amendment 22 of NEDE-24011-P-A (GESTAR 1I),
NEDE-31917P, April 1991
NEDE-31917P, E&A No.1, May 1991

GE13 Compliance with Amendment 22 of NEDE-24011-P-A (GESTAR 1I),
NEDE-32198P, December 1993

GE12 Compliance with Amendment 22 of NEDE-24011-P-A (GESTAR 1I),
NEDE-32417P, December 1994

GE14 Compliance with Amendment 22 of NEDE-24011-P-A (GESTAR II),
NEDC-32868P, December 1998
NEDC-32868P, Revision 1, September 2000
NEDC-32868P, Revision 2, September 2007
NEDC-32868P, Revision 3, April 2009
NEDC-32868P, Revision 4, January 2012

GNF2 Advantage Generic Compliance with NEDE-24011-P-A (GESTAR II),
NEDC-33270P, March 2007
NEDC-33270P, Revision 1, August 2008
NEDC-33270P, Revision 2, June 2009
NEDC-33270P, Revision 3, March 2010
NEDC-33270P, Revision 4, October 2011

1-21
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1.45 References
1-1  General Electric Fuel Bundle Designs Evaluated with TEXICO/CLAM Analyses Bases,

1-2

1-3

1-4

1-5

1-6

1-7

1-8

1-9

1-10

1-11

1-12

1-13

NEDE-31151P, Revision 0, April 1986.

Global Nuclear FuelsGeneralElectrie Fuel Bundle Designs, NEDE-31152P, Revision
9, May 2007, including Supplement 1, June 2000, through Supplement 6,
May 2007.

Letter, J. S. Charnley (GE) to C. H. Berlinger (NRC), Post—Irradiation Fuel
Surveillance Programs, November 23, 1983.

Letter, L. S. Rubenstein (NRC) to R. L. Gridley (GE), Acceptance of GE Proposed
Fuel Surveillance Program, June 27, 1984.

General Electric BWR Thermal Analysis Basis (GETAB): Data, Correlation and
Design Application, January 1977 (NEDE-10958—PA and NEDO-10958-A).

Letter, J. S. Charnley (GE) to C. 0. Thomas (NRC), Amendment 15 to General Electric
Licensing Topical Report NEDE—24011-P-A, January 25, 1986.

Assessment of BWR Mitigation of ATWS, Volume I and Il (NUREG—0460 Alternate
No. 3), December 1979, NEDE-24222.

Assessment of BWR/3 Mitigation of ATWS (Alternate 3), December 1979,
NEDE-24223.

Letter from R. E. Engel (GE) to T. A. Ippolito (NRC), Lead Test Assembly Licensing,
August 24, 1981.

Letter from T. A. Ippolito (NRC) to R. E. Engel (GE), Lead Test Assembly Licensing,
September 23, 1981.

Letter, M. A. Smith to Document Control Desk, /0CFR Part 21, Reportable Condition,
Safety Limit MCPR Evaluations, May 24, 1996.

ODYSY Application for Stability Licensing Calculations, NEDC-32992P-A,
July 2001.

ODYSY Application for Stability Licensing Calculations Including Option I-D and 11
Long Term Solutions, NEDE-33213P—-A, April 2009.
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Table 1-1 Domestic Plant Information

Domestic Plants Number of Fuel Lattice Type
Bundles
BWR/2
Nine Mile Point 1 532 D
Oyster Creek 560 D
BWR/3
Monticello 484 D
Pilgrim 580 D
Dresden 2, 3 724 D
Quad Cities 1, 2 724 D
BWR/4
Vermont Yankee 368 D
Duane Arnold 368 D
Cooper 548 D
Fitzpatrick 560 D
Hatch 1, 2 560 D
Brunswick 1, 2 560 D
Peach Bottom 2, 3 764 D
Browns Ferry 1, 2, 3 764 D
Fermi 2 764 C
Hope Creek 1 764 C
Limerick 1, 2 764 C
Susquehanna 1, 2 764 C
BWR/5
Columbia 764 C
LaSalle 1, 2 764 C
Nine Mile Point 2 764 C
BWR/6
Clinton 1 624 S
Grand Gulf 1 800 S
Perry 1 748 S
River Bend 1 624 S

1-23
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Figure 1-1. Typical Core Cell
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2. Fuel Mechanical Design

This section contains a description of the fuel thermal-mechanical analyses bases currently in
use in the U.S. There were significant changes to the thermal-mechanical design bases in
GESTAR II Revision 17. Therefore, the fuel thermal-mechanical design bases for older
fuel products are as defined in versions of GESTAR II prior to Revision 17. The bases
for older fuel products are applicable to the bundle designs described in Reference 2-2.
Reference 2-3 provides a detailed description and the thermal-mechanical bases used
for the 8x8 and 8x8R fuel designs. The compliance reports included in Section 1.4
reference the relevant GESTAR II for each respective product line. Fhese-baseswere

The format of this section corresponds to Standard Review Plan 4.2 in NUREG—-0800. The
design bases for each of the fuel system damage, failure, and coolability criteria identified in
SRP Section II.A are provided in Subsection 2.2. A description of the fuel assembly (SRP
Section I1.B) appears in the fuel product specific GESTAR II Compliance Report and in
References 2-2 and 2-3. The design evaluations for each of the fuel system damage, failure, |
and coolability criteria identified in SRP Section II.C are also provided in Subsection 2.2.

Fuel assembly testing, inspection, and surveillance plans (SRP Section II1.D) are documented

in Subsection 2.3.

2.1 Fuel Assembly Description

Descriptions of the fuel assemblies (including fuel rods, water rods, other fuel assembly
components and channels) to which the fuel thermal-mechanical (T-M) design bases
described in this section apply are given in Reference 2—2 for older fuel product lines.
Reference 2-3 provides a detailed description and the thermal-mechanical bases used
for the 8x8 and 8x8R fuel designs. The compliance reports included in Section 1.4
reference the relevant GESTAR II revision for each respective product line. Thesefuel

2.2 Design Bases, Limits, and Evaluations

Operating limits are established to ensure that actual fuel operation is maintained within the
fuel rod thermal-mechanical design and safety analysis bases. These operating limits define
the maximum allowable fuel pellet operating power level as a function of fuel pellet exposure.
Lattice local power and exposure peaking factors may be applied to transform the maximum
allowable fuel pellet power level into Maximum Average Planar Linear Heat Generation Rate
(MAPLHGR) limits for individual fuel bundle designs. Otherwise, the LHGR limit is
monitored directly. Peak pellet exposure (PPE) for any fuel design is limited to [[

1] or less, if necessary, to meet the fuel design criteria. Any specific
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restrictions on the exposure for a specific fuel product will be documented in the GESTAR 1I
compliance report for that product (See Section 1.4).

For the near future, there are two NRC approved Global Nuclear Fuel (GNF) T-M design
methodologies that may be used in GNF fuel designs: the older GESTR-MECHANICAL
(GESTR-M), and the recently approved PRIME methodology (Reference 2-19). Both
methodologies are valid, subject to their specific limitations. GNF will transition from the
GESTR-M to the PRIME T-M methodology basis as quickly as practical. Beginning with the
GNF?2 fuel product line, the fuel T-M design will use the PRIME methodology. The GESTR-
M basis for the GNF2 fuel product as defined in Amendment 32 (Reference 2-20) continues
to be a valid basis for GNF2 for the limited lifetime as it is the current basis for some first
cycle GNF2 reloads. Fuel products preceding GE14 (e.g., GE11 and 12), which are currently
operating, may continue to use the GESTR-M basis. GNF is no longer loading these older
fuel products, but some may remain in operating plants for several more cycles. GNF will
implement the PRIME T-M basis for the GE14 fuel product line, including GE14 currently in
operation, in the reload workscope for new fuel cycle designs initiated following the
completion of the downstream codes implementation activities as described in Supplement 4
to NEDC-33173P, Applicability of GE Methods to Expanded Operating Domains. (Reference
2-21)

1l

2.2.1 Fuel System Damage

This subsection applies to normal operation and anticipated operational occurrences except
for Subsections 2.2.1.3, 2.2.1.6 and 2.2.1.7, which apply to normal operation only.

2.2.1.1 Stress/Strain

2.2.1.1.1 Bases

The fuel assembly components are evaluated to ensure that the fuel will not fail due to
stresses or strains exceeding the fuel assembly component mechanical capability.

2.21.1.2 Limits

The limit is patterned after ANSI/ANS-57.5-1981 (Reference 2—5). The figure of merit
employed is the Design Ratio, where:

Effective Stress or Effective Strain

Design Ratio = — - —
Stress Limit Strain Limit
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The effective stress or strain is determined by applying the distortion energy theory. The limit
is the material ultimate stress or strain. The limit used is that the Design Ratio must be less
than or equal to one:

Design Ratio < 1.0

2.2.1.1.3 Evaluations
([

1l

2-3
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2.2.1.2 Fatigue

2.2.1.2.1 Bases

The fuel assembly and the fuel rod cladding are evaluated to ensure that strains due to cyclic
loadings will not exceed the fatigue capability.

2.2.1.2.2 Limits
1l

2.2.1.2.3 Evaluations
([

11

2.2.1.3 Fretting Wear

2.2.1.3.1 Bases

The fuel assembly is evaluated to ensure that fuel will not fail due to fretting wear of the
assembly components.

2.2.1.3.2 Limits
1l

2.2.1.3.3 Evaluations
(L

24
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1l

2.2.1.4 Oxidation, Hydriding and Corrosion Products
2.2.1.4.1 Oxidation and Corrosion Products

2.2.1.4.1.1 Bases
([

2.2.1.4.1.2 Limits
Il

11

2.2.1.4.1.3 Evaluations
([

1l
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2.2.1.4.2 Hydriding

2.2.1.4.2.1 Bases

The fuel rod is evaluated to ensure that failure will not occur due to internal cladding
hydriding.

2.2.1.4.2.2 Limits
1l

1l

2.2.1.4.2.3 Evaluations
([

1l

2.2.1.5 Dimensional Changes

2.2.1.5.1 Bases

The fuel rod is evaluated to ensure that fuel rod bowing does not result in fuel failure due to
boiling transition.

2.2.1.5.2 Limits
[

2.2.1.5.3 Evaluations
([
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2.2.1.6 Internal Gas Pressure

2.2.1.6.1 Bases

The fuel rod is evaluated to ensure that the effects of fuel rod internal pressure during normal
steady—state operation will not result in fuel failure due to excessive cladding pressure
loading.

2.2.1.6.2 Limits
Il

2.2.1.6.3 Evaluations
([

2.2.1.7 Hydraulic Loads

2.2.1.7.1 Bases

The fuel assembly is evaluated to ensure that interference sufficient to prevent control blade
insertion will not occur.

2.2.1.7.2 Limits
Il

1l

2.2.1.7.3 Evaluations
([



Non-Proprietary Information
GESTARIII Class I (Public) NEDO-24011-Draft

1l

Two separate aspects of channel box deflection are considered: channel bulge and channel
bow. Channel bulge is addressed in Reference 2—4. In response to an NRC question on initial
cores, Reference 2—12 provides supplementary information to Reference 2—4, and also
contains a discussion of the program GE recommends to utilities obtaining an operating
license after May 1982. Channel bow effects on thermal margins are included in Reference 2—
16. References 2—4, 2—12 and 2—-16 apply only to channels supplied by General Electric.

2.2.1.8 Control Rod Reactivity
Control rod reactivity limits are discussed in Subsections 3.1 and 3.2.4.

2.2.2 Fuel Rod Failure

Subsections 2.2.2.1 through 2.2.2.3 apply to normal operation; Subsections 2.2.2.4,2.2.2.5
and 2.2.2.7 apply to anticipated operational occurrences; and Subsections 2.2.2.6, 2.2.2.8 and
2.2.2.9 apply to postulated accidents.

2.2.2.1 Hydriding
Hydriding is discussed in Subsection 2.2.1.4.2 of this document.

2.2.2.2 Cladding Collapse

2.2.2.2.1 Bases

The fuel rod is evaluated to ensure that fuel rod failure due to cladding collapse into a fuel
column axial gap will not occur.

2.2.2.2.2 Limits
[

2.2.2.2.3 Evaluations
([
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1l

2.2.2.3 Fretting Wear
Fretting wear is discussed in Subsection 2.2.1.3 of this document.

2.2.2.4 Overheating of Cladding
Overheating of the cladding is addressed in Subsection 4.3.1 of this document.

2.2.2.5 Overheating of Pellets

2.2.2.5.1 Bases
The fuel rod is evaluated to ensure that fuel rod failure due to fuel melting will not occur.

2.2.2.5.2 Limits
Il

2.2.2.5.3 Evaluations
([

2.2.2.6 Excessive Fuel Enthalpy
Excessive fuel enthalpy is discussed in the country—specific supplement to this document.

2.2.2.7 Pellet—-Cladding Interaction

2.2.2.7.1 Bases

The fuel rods are evaluated to ensure that fuel rod failure due to pellet—clad mechanical
interaction will not occur.

2.2.2.7.2 Limits
Il
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]] For fuel
product lines prior to PRIME implementation, as defined by the compliance reports in
Section 1.4, [[

1] For fuel product lines which
have implemented PRIME, as defined by the compliance reports in Section 1.4, The-the
strain- criteria is defined for two exposure ranges:

Range 1 —[[

Range 2 —[[
1]

1l

2.2.2.7.3 Evaluations
(L

2.2.2.8 Bursting
Bursting is addressed in the country—specific supplement to this document.
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2.2.2.9 Mechanical Fracturing

2.2.2.9.1 Bases

The fuel assembly is evaluated under Safe Shutdown Earthquake and Loss—of—Coolant
Accident loading conditions to ensure that loss of fuel assembly coolability, and interference
to the degree that control blade insertion is prevented, will not occur.

2.2.2.9.2 Limits

The limits used for this evaluation are described in Reference 2—7 and Subsections 2.2.1.1.2
and 2.2.1.2.2.

2.2.2.9.3 Evaluations
([

11

2.2.2.9.3.1 Dynamic Analysis and Component Seismic Loads

1l

2.2.2.9.3.2 LOCA Loads

The pressure differentials on the BWR/4—6 lower tieplates, upper tieplates, and spacers
resulting from a recirculation line break or from a steam line break are greater than or equal to
the corresponding pressure differentials for BWR/2, 3 fuel assembly components. Water rod
pressure differentials are insignificantly small. The methodology for evaluating LOCA
pressure differentials for BWR/2, 3 fuel is similar to that used for BWR/4—6 fuel assemblies.

2.2.2.9.3.3 Component Evaluations
[l

11
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2.2.3 Fuel Coolability
This subsection applies to postulated accidents.

2.2.3.1 Cladding Embrittlement
Cladding embrittlement is addressed in the country—specific supplement to this document.

2.2.3.2 Violent Expulsion of Fuel
Violent expulsion of fuel is addressed in the country—specific supplement to this document.

2.2.3.3 Generalized Cladding Melting

Generalized cladding melting is bounded by the cladding embrittlement criteria of
Subsection 2.2.3.1.

2.2.3.4 Fuel Rod Ballooning
Fuel rod ballooning is addressed in the country—specific supplement to this document.

2.2.3.5 Structural Deformation
Structural deformation is addressed in Subsection 2.2.2.9 of this document.

2.3 Testing, Inspection and Surveillance Plans

2.3.1 Testing and Inspection of New Fuel

The General Electric quality assurance program is documented in Reference 2—15. The
reference covers the quality control areas associated with the manufacture and inspection of
new fuel for the areas of:

Material and component procurement.

Fabrication and assembly of components and systems.
Inspection and testing.

Cleaning, packaging, and shipping.

Installation and erection of systems and components.

AN S

Pre—operational and startup testing.
The reference further describes that these quality control plans are implemented using the
following document types:

1. Acceptance standards.

2. Audit plans and procedures.

3. Calibration procedures.
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10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.

Corrective action procedures.

Design control procedures.

Engineering drawings and specifications.
Handling, storage, packing and shipping procedures.
Inspection instructions.

Inspection and tester stamp control procedures.
Material identification and control procedures.
Measuring and test equipment control procedures.
Nonconforming material control procedures.
Pre—production quality evaluation procedures.
Process and personnel qualification procedures.
Process control procedures.

Product/process quality plans.

Purchased material quality control plans.

Quality assurance document control procedures.

Quality assurance records specifications and instructions.

Quality control standards instructions.
Receiving inspection plans.

Shipment release control procedures.
Supplier evaluation and selection procedures.

Test instructions.

NEDO-24011-Draft

The quality assurance program described in Reference 2—15 applies explicitly to the
Wilmington manufacturing site; however, similar quality assurance programs are
implemented in the overseas manufacturing facilities.

2.3.2 On-Line Fuel System Monitoring
Provided by Applicant.

2.3.3 Post-Irradiation Surveillance

General Electric has an active program of interim and post—irradiation surveillance of both
lead use assemblies and developmental BWR fuel. The schedule of inspection is contingent
on both the availability of the fuel as influenced by plant operation and the expected value of
the information to be obtained.

1l
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3. Nuclear Design

This section describes the nuclear eere-design basis and the models used to analyze the core
and fuel-detatled-inReferences 3—2-and 3—2. The nuclear design bases for older fuel
product lines are given in Reference 3—2. Reference 3-3 provides a detailed description
and the nuclear bases used for the 8x8 and 8x8R fuel designs. The compliance reports
included in Section 1.4 reference the relevant GESTAR II revision for each respective
product line. All GE or GNF fuel designs either meet the criteria of Subsection 1.1.3 or are
separately approved by the NRC.

3.1 Design Bases

The design bases are those that are required for the plant to operate, meeting all safety
requirements. Safety design bases fall into two categories: (1) the reactivity basis, which
prevents an uncontrolled positive reactivity excursion, and (2) the overpower bases, which
prevent the core from operating beyond the fuel integrity limits.

3.1.1 Reactivity Basis

The nuclear design shall meet the following basis: The core shall be capable of being made
subcritical at any time or at any core condition with the highest worth control rod fully
withdrawn.

3.1.2 Overpower Bases

The Technical Specification limits on Minimum Critical Power Ratio (MCPR), the Maximum
Average Planar Linear Heat Generation Rate (MAPLHGR) and the Linear Heat Generation
Rate (LHGR) are determined such that the fuel will not exceed required licensing limits
during abnormal operational occurrences or accidents.

3.2 Description

The BWR core design consists of a light—-water moderated reactor, fueled with slightly
enriched uranium—dioxide. The use of water as a moderator produces a neutron energy
spectrum in which fissions are caused principally by thermal neutrons. At normal operating
conditions, the moderator boils, producing a spatially variable distribution of steam voids in
the core. The BWR design provides a system for which reactivity is reduced by an increase in
the steam void content in the moderator. This void feedback effect is one of the inherent
safety features of the BWR system. Any system input that increases reactor power, either in a
local or gross sense, produces additional steam voids that reduce reactivity and thereby reduce
the power.

3.2.1 Nuclear Design Description

The reference loading pattern for each cycle is documented in the FSAR or in the
Supplemental Reload Licensing Report.

3-1
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The reference loading pattern is the basis for all fuel licensing. It is designed with the intent
that it will represent, as closely as possible, the actual core loading pattern; however, there
will be occurrences where the number and/or types of bundles in the reference design and the
actual core loading do not agree exactly.

Any differences between the reference loading pattern and the actual loading pattern are
evaluated as described in Section 3.4.

3.2.2 Power Distribution

The core power distribution is a function of fuel bundle design, core loading, control rod
pattern, core exposure distributions and core coolant flow rate. The thermal performance
parameters, MAPLHGR, LHGR operating limit and MCPR (defined in Table 3—1), limit
unacceptable core power distributions.

3.2.2.1 Power Distribution Measurements

The techniques for measurement of the power distribution within the reactor core, together
with instrumentation correlations and operation limits, are discussed in Reference 3—1.

3.2.2.2 Power Distribution Accuracy

The accuracy of the calculated power distributions is discussed in References 3—4, 3—-5, 3—16,
3-17 and 3-18.

3.2.2.3 Power Distribution Anomalies

The power distribution anomaly resulting from a fuel loading error does not generally result
in the limiting delta-CPR compared to the other events analyzed for each reload cycle. As
such, the event has a very remote likelihood of resulting in fuel failures. The fuel loading
error is analyzed as an Infrequent Incident when appropriate core verification procedures are
utilized to ensure the correct arrangement of the core following fuel loading. Fuel loading
error is discussed further in the country—specific supplement to this document.

The inherent design characteristics of the BWR are well suited to limit gross power tilting.
The stabilizing nature of the large moderator void coefficient effectively reduces the effect of
perturbations on the power distribution. In addition, the in—core instrumentation system,
together with the on—line computer, provides the operator with prompt information on the
power distribution so that he can readily use control rods or other means to limit the
undesirable effects of power tilting. Because of these design characteristics, it is not
necessary to allocate a specific margin in the peaking factor to account for power tilt. If, for
some reason, the power distribution could not be maintained within normal limits using
control rods and flow, then the total core power would have to be reduced.
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3.2.3 Reactivity Coefficients

Reactivity coefficients, the differential changes in reactivity produced by differential changes
in core conditions, are useful in calculating stability and evaluating the response of the core to
external disturbances. The base initial condition of the system and the postulated initiating
event determine which of the several defined coefficients are significant in evaluating the
response of the reactor. The coefficients of interest, relative to BWR systems, are discussed
here individually.

There are two primary reactivity coefficients that characterize the dynamic behavior of
boiling water reactors; these are the Doppler reactivity coefficient and the moderator void
reactivity coefficient. Also associated with the BWR are a power reactivity coefficient and a
temperature coefficient. The power coefficient is a combination of the Doppler and void
reactivity coefficients in the power operating range, and the temperature coefficient is merely
a combination of the Doppler and moderator temperature coefficients. Power and temperature
coefficients are not specifically calculated for reload cores.

3.2.3.1 Doppler Reactivity Coefficient

The Doppler coefficient is of prime importance in reactor safety. The Doppler coefficient is a
measure of the reactivity change associated with an increase in the absorption of resonance—
energy neutrons caused by a change in the temperature of the material in question. The
Doppler reactivity coefficient provides instantaneous negative reactivity feedback to any rise
in fuel temperature, on either a gross or local basis. The magnitude of the Doppler coefficient
is inherent in the fuel design and does not vary significantly among BWR designs. For most
structural and moderator materials, resonance absorption is not significant, but in U-238 and
Pu-240 an increase in temperature produces a comparatively large increase in the effective
absorption cross—section. The resulting parasitic absorption of neutrons causes a significant
loss in reactivity. In BWR fuel, in which approximately 97% of the uranium in UO; is U-238,
the Doppler coefficient provides an immediate negative reactivity response that opposes
increased fuel fission rate changes.

Although the reactivity change caused by the Doppler effect is small compared to other
power—related reactivity changes during normal operation, it becomes very important during
postulated rapid power excursions in which large fuel temperature changes occur. The most
severe power excursions are those associated with rod drop accidents. A local Doppler
feedback associated with a 3000°F to 5000°F temperature rise is available for terminating the
initial excursion.

The Doppler coefficient is determined using the theory and methods described in
Reference 3-6.

3.2.3.2 Moderator Void Coefficient

The moderator void coefficient should be large enough to prevent power oscillation due to
spatial xenon changes yet small enough that pressurization transients do not unduly limit plant
operation. In addition, the void coefficient in a BWR has the ability to flatten the radial

3-3
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power distribution and to provide ease of reactor control due to the void feedback mechanism.
The overall void coefficient is always negative over the complete operating range since the
BWR design is undermoderated.

A detailed discussion of the methods used to calculate void reactivity coefficients, their
accuracy and their application to plant transient analyses, is presented in Reference 3—6.

3.2.4 Control Requirements

The General Electric BWR control rod system is designed to provide adequate control of the
maximum excess reactivity anticipated during the plant operation. The shutdown capability is
evaluated assuming a cold, xenon—free core.

3.2.4.1 Shutdown Reactivity

The core must be capable of being made subcritical, with margin, in the most reactive
condition throughout the operating cycle with the most reactive control rod fully withdrawn
and all other rods fully inserted. The shutdown margin is determined by using the

BWR simulator code (see Section 3.3) to calculate the core multiplication at selected
exposure points with the strongest rod fully withdrawn. The shutdown margin is calculated
based on the carryover of the minimum expected exposure at the end of the previous cycle.
The core is assumed to be in the cold, xenon—free condition in order to ensure that the
calculated values are conservative. Further discussion of the uncertainty of these calculations
is given in References 3—7 and 3-8.

As exposure accumulates and burnable poison depletes in the lower exposure fuel bundles, an
increase in core reactivity may occur. The nature of this increase depends on specifics of fuel
loading and control state.

The cold ke is calculated with the strongest control rod out at various exposures through the
cycle. A value R is defined as the difference between the strongest rod out ks at BOC and
the maximum calculated strongest rod out ks at any exposure point. The strongest rod out
kefr at any exposure point in the cycle is equal to or less than:

ke = kegy (Strongest rod withdrawn)poc + R,

where

R is always greater than or equal to 0. The value of R includes equilibrium Sm.
The calculated values of ke with the strongest rod withdrawn at BOC and of R are reported in
the FSAR or in the supplemental reload licensing report. For completeness, the uncontrolled

kegrand fully controlled kg values are also reported in the FSAR or in the supplemental reload
licensing report.
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3.2.4.2 Reactivity Variations

The excess reactivity designed into the core is controlled by the control rod system
supplemented by gadolinia—urania fuel rods. Control rods are used during the cycle partly to
compensate for burnup and partly to control the power distribution.

3.2.4.3 Standby Liquid Control System

The Standby Liquid Control System (SLCS) is designed to provide the capability of bringing
the reactor, at any time in a cycle, to a subcritical condition with the reactor in the most
reactive xenon—free state with all of the control rods in the full-out condition. The
requirements of this system are dependent primarily on the reactor power level and on the
reactivity effects of voids and temperature between full-power and cold, xenon—free
condition. The shutdown capability of the SLCS is given in the FSAR or the supplemental
reload licensing report.

3.2.5 Criticality of Reactor During Refueling
The core is subcritical at all times.

3.2.6 Stability

3.2.6.1 Xenon Transients

Boiling water reactors do not have instability problems due to xenon. This has been
demonstrated by: (1) never having observed xenon instabilities in operating BWRs,

(2) special tests which have been conducted on operating BWRs in an attempt to force the
reactor into xenon instability, and (3) calculations. All of these indicators have proven that
xenon transients are highly damped in a BWR due to the large negative power coefficient.

Analysis and experiments conducted in this area are reported in Reference 3-9.

3.2.6.2 Thermal Hydraulic Stability
This subject is covered in the country—specific supplement to this document.

3.3 Analytical Methods

The nuclear evaluations of all General Electric BWR cores are performed using the analytical
tools and methods described in this section. There are two sets of procedures available for
fuel design and licensing analysis: GENESIS and GEMINI. The nuclear physics methods
described in References 3—4, 3—7, 3—10 and 3—11 are utilized as part of the GENESIS group.
The advanced physics methods described in References 3—5 and 3—16 are utilized as part of
the GEMINI group. The particular procedure that can be utilized is optional. In either case,
the nuclear evaluation procedure is best addressed as two parts: lattice analysis and core
analysis.
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The lattice analyses are performed during the bundle design process. The results of these
single bundle calculations are reduced to “libraries” of lattice reactivities, relative rod powers,
and few group cross—sections as functions of instantaneous void, exposure, exposure—void
history, exposure—control history, control state, and fuel and moderator temperature, for use in
the core analysis. These analyses are dependent upon fuel lattice parameters only and are,
therefore, valid for all plants and cycles to which they are applied.

The core analysis is unique for each cycle. It is performed in the months preceding the cycle
loading to demonstrate that the core meets all applicable safety limits. The principal tool used
in the core analysis is the three—dimensional Boiling Water Reactor Simulator code, which
computes power distributions, exposure, and reactor thermal-hydraulic characteristics, with
spatially varying voids, control rods, burnable poisons and other variables.

3.4 Final Loading Pattern Comparison
(Reload Cores)

3.4.1 Introduction and Bases

Because the reload licensing process requires an assumption as to the condition of the core at
the end of the previous cycle, it is possible that the as—loaded core may not be identical to the
reference core. To assure that licensing calculations performed on the reference core are
applicable to the as—loaded core, certain key parameters, which affect the licensing
calculations, are examined to assure that there is no adverse impact; only when this
examination has been completed and it has been established that the as—loaded core satisfies
the licensing basis will the core be operated.

3.4.2 Acceptable Deviation from Reference Core Design

The parameters that measure the deviation between the reference core and the actual core
have been identified and are discussed in this section. Sensitivity studies have been
conducted to accurately determine how these parameters may be allowed to vary without
adversely affecting the licensing analysis.

The parameters discussed in the following sections are routinely checked for every reload.

3.4.21 Core Average EOC Exposure

The reference core is designed and licensed on the assumption of a specific value for the core
average exposure at the end of the previous cycle. Significant deviation from the assumed
value requires that the impact on all licensing calculations be determined.

3.4.2.2 Core Average EOC Axial Exposure Distribution

An evaluation is made between the previous cycle EOC axial exposure distribution assumed
for the reference core and the final EOC axial exposure distribution of the previous cycle
core.
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3.4.2.3 Number of Reload Bundles

The number of new bundles actually loaded cannot be greater than the corresponding number
in the reference core, without specific evaluations of the impact on licensing results.

3.4.2.4 Type and Number of Exposed Bundles

The most reactive available bundles of the types and numbers specified in the reference core
are used. If the number of available bundles of a given type is less than specified in the
reference core, bundles of a different type but of lower reactivity may be substituted without
re—analysis. The core is then reviewed to ascertain that the new core nuclear parameters are
equal to or conservative relative to the reference core values.

3.4.2.5 Locations of Reload Bundles

A fresh bundle may be loaded only into a location that has been designated in the reference
core to receive a fresh bundle or a new analysis is required. When reload batch size is
decreased, deletions may be made only of fresh bundles scheduled to be loaded in peripheral,
control-rod—centered four—bundle cells. The number of fresh bundles deleted shall not
exceed the smallest of either 10% of the reload batch or 2% of the total core without
reanalysis.

3.4.2.6 Locations of Exposed Bundles

Bundles remaining in the core should preferentially be loaded into locations designated for
that bundle type in the reference core, except for changes necessitated by changes in available
inventory. Such changes are made in the regions of least importance. Individual bundle
locations are assigned by matching individual bundle exposures and burn histories as closely
as possible to those designated in the reference core.

3.4.2.7 Shuffling of Edge Bundles

The reflector distorts the flux within those bundles that are located on the core edge. The
effect of this distortion is to introduce a small-added uncertainty in the bundle nuclear
characteristics. To avoid concentrating these bundles, the following principle is used: A given
control cell should, if practical, contain no more than one bundle which saw duty in a location
on the core edge during the previous cycle.

3.4.2.8 Symmetry

Calculation of the Fuel Cladding Integrity Safety Limit MCPR by the GETAB analysis
assumes core quadrant fuel bundle type symmetry. No such assumption is necessary in the
other areas of the safety analysis. It should be noted that the Fuel Cladding Integrity Safety
Limit MCPR was derived for a reasonably bounding power distribution and should also apply
for the case of asymmetric reactor power. This is discussed further in Reference 3—12.
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When the reactor core is being operated with a mirror or rotationally symmetric control rod
pattern, the neutron flux at similarly symmetric narrow—narrow gap locations in the four
quadrants is considered to be equal. This fact is used to reflect the readings of the real strings
into their symmetric counterpart locations where no real strings exist. This reflection is done
prior to the commencement of the power distribution calculations.

In the few instances where fuel bundles near the edge are quadrant—loaded asymmetrically,
the error induced by reflecting real readings is partially negated by the fuel type dependent
correlations. Any remaining error is considered to be of negligible second order. Further,
because such bundles are in low power regions, it is highly unlikely that one of them is a
limiting bundle.

In the rare case of the reactor being operated with an asymmetric control rod pattern, the
reflection of real string readings is not utilized. In this instance, readings at locations without
strings are inferred by interpolation of the real string values in the immediate vicinity.

3.4.2.9 Shutdown Margin

The cold shutdown margin is always recalculated for the final core loading. Adequate
shutdown margin is verified experimentally during the startup.

3.4.2.10 Stability

The stability analysis for the reference core is applicable to the actual core if the core loading
remains within the GESTAR 3.4.2 allowable criteria and the exposure remains within the
specified window.

3.4.3 Re-Examination of Bases

If the final loading plan does not meet the criteria of Subsection 3.4.2, a re—examination of the
parameters that determine the operating limits is performed. Based on results of the
sensitivity studies of the operating limits to these parameters, conservative bounds have been
set on the allowable change from the reference. These parameters are:

1. Scram reactivity insertion.

2. Dynamic void coefficient.

3. Peak fuel enthalpy during rod drop accident.

4. Cold shutdown margin.

5. Standby liquid control system shutdown margin.

6. Change in critical power ratio due to a misloaded fuel assembly.
(When analyzed as an AOQ.)

7. Rod block monitor response to a rod withdrawal error.

8. Safety Limit MCPR.

3-8
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These parameters were chosen by one of the following two criteria:

(1) TItis a parameter whose magnitude or behavior is explicitly reported in the
supplemental reload licensing report.
Examples:

Cold shutdown margin, peak fuel enthalpy in Rod Drop Accident, change in CPR
due to a misloaded assembly, and Rod Block Monitor response.

(2) Itis a parameter important to the quantification of an operating limit.

Examples:

Scram reactivity insertion and dynamic void coefficient affect the operating limit
MCPR.

The Doppler coefficient and delayed neutron fraction were excluded because these are slowly
varying functions of exposure that do not change significantly over the expected range of
exposure deviations.

3.5 Reactivity of Fuel in Storage

The basic criterion in 10CFR50.68 associated with the storage of both irradiated (spent) and
new fuel is that the effective multiplication factor of fuel stored under normal and abnormal
conditions will be < 0.956 for theGE lowregular--densityraek and <0-95forthe-high—

den51ty racks over a temperature range of 4°C to 100°C —A:bﬂfoHﬁl—St@ﬁ%g%G@ﬂd—tﬁeﬂs—are

: A 0 : : For cases where
optimum moderatlon is a credible event for the storage of fresh fuel in GE low-density
racks, the maximum k-effective corresponding to the optimum moderation condition
will be <0.98 per 10CFR50.68. These storage criteria will be satisfied if the cold
uncontrolled lattiee-in-core k_, for a lattice calculated in the normal reactor core

configuration meets the following condition for General Electric designed fuel storage racks.

(a) k., < 1.31 for20°C+o-+00°C-for low-densityregular spent fuel storage racks with an
interrack spacing > 11.70875 inches.

by k. <130 for 20°Cto-100°C for regular spent fuel storage racks-with-an-interrack-spacing

(be) ko, < 1.33 for20°C+0-100°C-for high--density spent fuel storage racks with an interrack
spacing > 6.563 inches.

(cd) kop < 1.31 for20°to-100°C-for low-densityregular new fuel vault storage racks with an
interrack spacing > 10.50 inches.

If the new fuel vault storage racks are in use and there are no administrative controls
and/or design features to prevent optimum moderation from occurring, a checkerboard
array must be employed where only one out of every three storage locations in either
linear direction contains a fuel bundle.
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August 1999.

3—18 Power Distribution Uncertainties for Safety Limit MCPR Evaluations,
NEDC-32694P-A, August 1999.
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Table 3-1
Definition of Fuel Design Limits

Linear Heat Generation Rate (LHGR) Operating Limit

The LHGR operating limit is the maximum linear heat generation rate expressed in kW/ft for the fuel
rod with the highest surface heat flux at a given nodal plane in the bundle. The LHGR operating limit
is bundle type dependent. The LHGR operating limit can be monitored to assure that all mechanical
design requirements will be met.

Maximum Average Planar Linear Heat Generation Rate (MAPLHGR)

The MAPLHGR is the maximum average linear heat generation rate (expressed in kW/ft) in any plane
of a fuel bundle allowed by the plant Technical Specifications for that fuel type. This parameter is
obtained by averaging the linear heat generation rate over each fuel rod in the plane, and its limiting
value is selected such that

(a) the peak clad temperature during the design basis loss—of—coolant accident will not exceed
2200°F in the plane of interest, and

(b) all fuel rod thermal-mechanical design limits specified in Section 2 will be met if the
exposure—dependent LHGR operating limit is not monitored for that purpose.

Minimum Critical Power Ratio (MCPR)

The critical power ratio is defined as the ratio of the critical power (bundle power at which some point
within the assembly experiences onset of boiling transition) to the operating bundle power. The
critical power is determined at the same mass flux, inlet temperature, and pressure that exists at the
specified reactor condition. Thermal margin is stated in terms of the minimum value of the critical
power ratio, MCPR, which corresponds to the most limiting fuel assembly in the core.

Operating Limit MCPR

The MCPR operating limit is the minimum CPR allowed by the plant Technical Specifications for a
given bundle type. The minimum CPR is a function of several parameters, the most important of
which are bundle power, bundle flow and bundle R—factor. The R—factor is dependent upon the local
power distribution and details of the bundle mechanical design (Reference 3—15). The limiting value
of CPR is selected for each bundle type such that, during the most limiting event of moderate
frequency, the calculated CPR in that bundle is not less than the safety limit CPR. The MCPR
operating limit is attained when the bundle power, R—factor, flow, and other relevant parameters
combine to yield the technical specification value.
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4. Thermal-Hydraulic Design

4.1 Design Basis

4.1.1 Safety Design Bases

Thermal-hydraulic design of the core shall establish the thermal-hydraulic safety limits for
use in evaluating the safety margin relating the consequences of fuel cladding failure to public
safety.

4.1.2 Requirements for Steady—State Conditions

For purposes of maintaining adequate fuel performance margin during normal steady—state
operation, the MCPR must not be less than the required MCPR operating limit, the APLHGR
must be maintained below the required APLHGR limit (MAPLHGR) and the LHGR must be
maintained below the required LHGR limit. The steady—state MCPR, MAPLHGR and
LHGR limits are determined by analysis of the most severe moderate frequency anticipated
operational occurrences (AOOQOs) to accommodate uncertainties and provide reasonable
assurance that no fuel damage results during moderate frequency AOOs at any time in life.

4.1.3 Requirements for Anticipated Operational Occurrences (AOOs)

The MCPR, MAPLHGR and LHGR limits are established such that no safety limit is
expected to be exceeded during the most severe moderate frequency AOO event as defined in
the country—specific supplement to this document.

4.1.4 Summary of Design Bases

In summary, the steady—state operating limits have been established to assure that the design
bases are satisfied for the most severe moderate frequency AOO. Demonstration that the
steady—state MCPR, MAPLHGR and LHGR limits are not exceeded is sufficient to conclude

that the design bases are satisfied.

4.2 Description of Thermal-Hydraulic Design of the Reactor Core

4.2.1 Critical Power Ratio

A description of the critical power ratio is provided in Subsection 4.3.1. Criteria used to
calculate the critical power ratio safety limit are given in Subsection 1.1.5.

4.2.2 Average Planar Linear Heat Generation Rate (APLHGR)

Models used to calculate the APLHGR limit are given in Section 2 as pertaining to the fuel
mechanical design limits and in the country—specific supplement to this document as
pertaining to 10CFR50 Appendix K limits.



Non-Proprietary Information
GESTARIII Class I (Public) NEDO-24011-Draft

4.2.3 Core Coolant Flow Distribution and Orificing Pattern

The flow distribution to the fuel assemblies and bypass flow paths is calculated on the
assumption that the pressure drop across all fuel assemblies and bypass flow paths is the
same. This assumption has been confirmed by measuring the flow distribution in boiling
water reactors (References 4—1, 4-2, 4-3). The components of bundle pressure drop
considered are friction, local, elevation, and acceleration (Subsections 4.2.4.1 through 4.2.4.4,
respectively). Pressure drop measurements made in operating reactors confirm that the total
measured core pressure drop and calculated core pressure drop are in good agreement. There
is reasonable assurance, therefore, that the calculated flow distribution throughout the core is
in close agreement with the actual flow distribution of an operating reactor.

An iteration is performed on flow through each flow path (fuel assemblies and bypass flow
paths), which equates the total differential pressure (plenum to plenum) across each path and
matches the sum of the flows through each path to the total core flow. The total core flow
less the control rod cooling flow enters the lower plenum. A fraction of this passes through
various bypass flow paths. The remainder passes through the orifice in the fuel support plate
(experiencing a pressure loss) where some of the flow exits through the fit-up between the
fuel support and the lower tieplate and through the lower tieplate holes into the bypass flow
region. All initial and reload core fuel bundles have lower tieplate holes. The majority of the
flow continues through the lower tieplate (experiencing a pressure loss) where some flow
exits through the flow path defined by the fuel channel and lower tieplate into the bypass
region. This bypass flow is lower for those fuel assemblies with finger springs. The bypass
flow paths considered in the analysis and typical values of the fraction of bypass flow through
each flow path are given in Reference 4—4.

Within the fuel assembly, heat balances on the active coolant are performed nodally. Fluid
properties are expressed as the bundle average at the particular node of interest and are based
on 1967 or later International Standard Steam—Water Properties. In evaluating fluid
properties a constant pressure model is used.

The relative radial and axial power distributions documented in the country—specific
supplement are used with the bundle flow to determine the axial coolant property distribution,
which gives sufficient information to calculate the pressure drop components within each fuel
assembly type. When the equal pressure drop criterion described above is satisfied, the flow
distributions are established.

4.2.4 Core Pressure Drop and Hydraulic Loads

The components of bundle pressure drop considered are friction, local, elevation and
acceleration pressure drops. Pressure drop measurements made in operating reactors confirm
that the total measured core pressure drop and calculated core pressure drop are in good
agreement.

4.2.4.1 Friction Pressure Drop
Friction pressure drop is calculated with a basic model as follows:
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where

AP, = friction pressure drop

w = mass flow rate
g. = gravitational conversion factor
p = average nodal liquid density

D, = channel hydraulic diameter
A,, = channel flow area

L = incremental length

f = friction factor

@rpr = two—phase friction multiplier

The formulation for the two—phase multiplier is similar to that presented in References 4—5
and 4-6, and is based on data that is taken from prototypical BWR fuel bundles.

4.2.4.2 Local Pressure Drop

The local pressure drop is defined as the irreversible pressure loss associated with an area
change, such as the orifice, lower tieplate, and spacers of a fuel assembly.

The general local pressure drop model is similar to the friction pressure drop and is

2
w K
L= — Py

g p A

AP, = local pressure drop

~
!

= local pressure drop loss coefficient
A = reference area for local loss coefficient

@rp; = two—phase local multiplier

and w, g, and p are defined above. The formulation for the two—phase multiplier is similar to
that reported in Reference 4-6. For advanced spacer designs a quality modifier has been
incorporated in the two—phase multiplier to better fit the data. Empirical constants were added
to fit the results to data taken for the specific designs of the BWR fuel assembly. These data
were obtained from tests performed in single—phase water to calibrate the orifice, the lower
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tieplate, and the holes in the lower tieplate, and in both single— and two—phase flow, to derive
the best fit design values for spacer and upper tieplate pressure drop. The range of test
variables was specified to include the range of interest for boiling water reactors. New test
data are obtained whenever there is a significant design change to ensure the most applicable
methods are used.

4.2.4.3 Elevation Pressure Drop
The elevation pressure drop is based on the relation:

AP, =pAL-E
g

p=p,(1-a)+p,a

where
AP, = elevation pressure drop
A, = incremental length
o = average mixture density
g = acceleration of gravity
g = gravitational conversion factor
o = nodal average void fraction

Ps Py = liquid and saturated vapor density, respectively

The void fraction model used is an extension of the Zuber—Findlay model (Reference 4-7),
and uses an empirically fit constant to predict a large block of steam void fraction data.
Checks against new data are made on a continuing basis to ensure the best models are used
over the full range of interest of boiling water reactors.

4.2.4.4 Acceleration Pressure Drop

A reversible pressure change occurs when an area change is encountered, and an irreversible
loss occurs when the fluid is accelerated through the boiling process. The basic formulation
for the reversible pressure change resulting from a flow area change in the case of single—phase
flow is given by:

A,  final flow area

G, =—t="—
A, initial flow area

44
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where

AP -~ = acceleration pressure drop

Pr = liquid density

gc = gravitational conversion factor
A4, = final flow area

A4, = initial flow area

w = mass flow rate

In the case of two—phase flow, the liquid density is replaced by a density ratio so that the
reversible pressure change is given by:

2
AP, = (1 —o? )&
e 28, pie s
where
1 x 1-x .
—— =—+——, homogeneous density,
Pu  Pg Py
1 x’ (1- )c)3 o .
=5 5t -, kinetic energy density,
Pxe P& ,Of(l—(l)
o = void fraction at 4,
X = steam quality at 4,

and other terms are as previously defined. The basic formulation for the acceleration pressure
change due to density change is:
2
w 1 1
APcc = { }

gcAczh Pour Pw

where p is either the homogeneous density, py;, or the momentum density, py

1 x’ (1- x)2
= +
Py P p,l-a)

and is evaluated at the inlet and outlet of each axial node. Other terms are as previously
defined. The total acceleration pressure drop in boiling water reactors is on the order of a few
percent of the total pressure drop.

4-5



Non-Proprietary Information
GESTARIII Class I (Public) NEDO-24011-Draft

4.2.5 Correlation and Physical Data

General Electric Company has obtained substantial amounts of physical data in support of the
pressure drop and thermal-hydraulic loads discussed in Subsection 4.2.4. Correlations have
been developed to fit these data to the formulations discussed.

4.2.5.1 Pressure Drop Correlations

General Electric Company has taken significant amounts of friction pressure drop data in
multi—rod geometries representative of BWR plant fuel bundles and correlated both the
friction factor and two—phase multipliers on a best fit basis using the pressure drop
formulations reported in Subsections 4.2.4.1 and 4.2.4.3. Tests are performed in single—phase
water to calibrate the orifice and the lower tie—plate, and in both single— and two—phase flow
to arrive at best fit design values for spacer and upper tie—plate pressure drop. The range of
test variables is specified to include the range of interest to boiling water reactors. New data
are taken whenever there is a significant design change to ensure the most applicable methods
are in use at all times.

Applicability of the single—phase and two—phase hydraulic models discussed in
Subsections 4.2.4.1 and 4.2.4.2 for fuel designs as described in Reference-4—3Section 1.4,
was confirmed by full scale prototype flow tests.

4.2.5.2 Void Fraction Correlation

The void fraction correlation includes effects of pressure, flow direction, mass velocity,
quality, and subcooled boiling.

4.2.5.3 Heat Transfer Correlation

The Jens—Lottes (Reference 4—8) heat transfer correlation is used in fuel design to determine
the cladding—to—coolant heat transfer coefficients for nucleate boiling.

4.2.6 Thermal Effects of Anticipated Operational Occurrences

The evaluation of the core’s capability to withstand the thermal effects resulting from
anticipated operational occurrences is covered in Chapter 15 (Accident Analysis) of the
plant FSAR.

4.2.7 Uncertainties in Estimates

Uncertainties in thermal-hydraulic parameters are considered in the statistical analysis that is
performed to establish the fuel cladding integrity safety limit documented in
Subsection 4.3.1.1.

4.2.8 Flux Tilt Considerations
For flux tilt considerations, refer to Subsection 3.2.2.
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4.3 Evaluation

The thermal-hydraulic design of the reactor core and reactor coolant system is based upon an
objective of no fuel damage during normal operation or during anticipated operational
occurrences. This design objective is demonstrated by analysis as described in the following
sections.

4.3.1 Critical Power

The objective for normal operation and AOOs is to maintain nucleate boiling and thus avoid a
transition to film boiling. Operating limits are specified to maintain adequate margin to the
onset of the boiling transition. The figure of merit utilized for plant operation is the critical
power ratio. This is defined as the ratio of the critical power (bundle power at which some
point within the assembly experiences onset of boiling transition) to the operating bundle
power. The critical power is determined at the same mass flux, inlet temperature, and
pressure that exist at the specified reactor condition. Thermal margin is stated in terms of the
minimum value of the critical power ratio, MCPR, which corresponds to the most limiting
fuel assembly in the core. To ensure that adequate margin is maintained, a design
requirement based on a statistical analysis was selected as follows.

Moderate frequency AOOs caused by a single operator error or equipment malfunction shall
be limited such that, considering uncertainties in manufacturing and monitoring the core
operating state, at least 99.9% of the fuel rods would be expected to avoid boiling transition
(Reference 4-9).

Both the transient (safety) and normal operating thermal limits in terms of MCPR are derived
from this basis. A discussion of these limits follows.

4.3.1.1 Fuel Cladding Integrity Safety Limit

The generation of the Minimum Critical Power Ratio (MCPR) limit requires a statistical
analysis of each reload core near the limiting MCPR condition. The statistical analysis is
used to determine the MCPR corresponding to the transient design requirement given in the
United States supplement. The MCPR Fuel Cladding Integrity Safety Limit applies not only
for core wide AOOs, but is also applied to the localized rod withdrawal error AOO. The
cycle—specific Safety Limit MCPR is derived based on the criteria of Subsection 1.1.5.

4.3.1.1.1 Statistical Model

The statistical analysis utilizes a model of the BWR core that simulates the process computer
function. This code produces a critical power ratio (CPR) map of the core based on inputs of
power distribution, flow and heat balance information. Details of the procedure are
documented in Appendix IV of Reference 4-9 and Section 4 of Reference 4-36. Random
Monte Carlo selections of all operating parameters based on the uncertainty ranges of
manufacturing tolerances, uncertainties in measurement of core operating parameters,
calculational uncertainties, and statistical uncertainty associated with the critical power
correlations are imposed upon the analytical representation of the core and the resulting

47
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bundle critical power ratios are calculated. Uncertainties used in the cycle—specific statistical
analysis is presented in References 4—+3-4-36 and 4-37. Although some of the plant—unique
uncertainties may be greater for some plants, other uncertainties for these plants are smaller
and the analysis is applicable.

The minimum allowable critical power ratio is set to correspond to the criterion that 99.9% of
the rods are expected to avoid boiling transition by interpolation among the means of the
distributions formed by all the trials.

4.3.1.1.2 BWR Statistical Analysis

Statistical analyses are performed for each operating cycle that provides the fuel cladding
integrity safety limit MCPR. This Safety Limit MCPR is derived based on the criteria in
Subsection 1.1.5.

4.3.1.2 MCPR Operating Limit Calculational Procedure

A plant—unique MCPR operating limit is established to provide adequate assurance that the
cycle—specific fuel cladding integrity safety limit for that plant is not exceeded for any
moderate frequency AOO. This operating requirement is obtained by addition of the
maximum ACPR value for the most limiting AOO (including any imposed adjustment factors)
from conditions postulated to occur at the plant to the cycle—specific fuel cladding integrity
safety limit.

4.3.1.2.1 Calculational Procedure for AOO Pressurization Events

Core—wide rapid pressurization events (turbine trip w/o bypass, load rejection w/o bypass,
feedwater controller failure) are analyzed using the system model (ODYN) documented in
References 4-16 and 4-17. Improvements made in ODYN using the physics methods of
Reference 4-18 are documented in References 4-19 and 4-20. An updated version of ODYN
using the advanced physics methods of Reference 4-21 is described in Reference 4-22. As
described in Reference 4-22, this creates two integrated, self—consistent sets of methods,
referred to as GENESIS and GEMINI, for analyzing core—wide rapid pressurization events.
For GE11 and later fuel products, the time varying axial power shape is calculated by ODYN
(Reference 4-34). TRACG has been approved for application to AOO transients. TRACG
uses a multi—-dimensional two—fluid model and a three—dimensional kinetics model consistent
with the GEMINI method. The application of TRACG is described in Reference 4-40. The
set of methods used (GENESIS, GEMINI or TRACG) will be identified in the supplemental
reload licensing report; however, application of a different approved method set may be used
subsequently for the same cycle.

4.3.1.2.2 Calculational Procedure for AOO Slow Events

The slower core—wide anticipated operational occurrence, loss of feedwater heating, is
analyzed using either the steady—state 3—D BWR Simulator Code (Reference 4-18 for
GENESIS methods or Reference 4-21 for GEMINI methods), the REDY transient model
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(References 4-23, 4-24 and 4-25) as described in Reference 4-26, the ODYN system model
documented in Reference 4-39, or the TRACG model as described in Reference 4—40.
Inadvertent HPCI startup may be bounded by that of the loss of feedwater heating event
(Reference 4-35). When necessary, it is analyzed using the REDY transient model, the
ODYN system model or the TRACG system model. The scram reactivity used for slow
events is shown in Figure 4-1.

4.3.1.2.3 Rod Withdrawal Error Calculational Procedure

The reactor core behavior during the rod withdrawal error transient is calculated by doing a
series of steady—state three—dimensional coupled nuclear—thermal-hydraulic calculations
using the 3—D BWR Simulator (Reference 4—18 for GENESIS methods or Reference 4-21 for
GEMINI methods).

4.3.1.2.4 Event Descriptions

Descriptions of the limiting AOO events are given in the country—specific supplement to this
document. The AOO descriptions given in the country—specific supplement to this document
are used as a basis for the typical analyses performed. Some plant—unique analyses will differ
in certain aspects from the typical calculational procedure. These differences arise because of
utility—selected margin improvement options.

4.3.1.2.5 MCPR Operating Limit Calculation

The operating limit MCPR for rapid AOOs is calculated by using the TASC computer
program (References 4-28 and 4—41) or TRACG (Reference 4-40). The country—specific
supplement to this document lists the plant initial conditions for the MCPR operating limit
analysis. Values used in reload analyses may be different from those given in the country—
specific supplement to this document. In these cases, the values used appear in the
supplemental reload licensing report. Cycle—dependent plant initial conditions for the MCPR
operating limit analysis and the resulting parameters are given in the FSAR or in the
supplemental reload licensing report.

4.3.1.2.6 MCPR Uncertainty Considerations

The deterministic ACPR value that results from ODYN/TASC evaluations (for all rapid
pressurization AOQOs) must be adjusted such that a 95/95 ACPR/ICPR licensing basis is
calculated (i.e., 95% probability with 95% confidence that the safety limit will not be

violated). The SER, which describes these requirements and procedures, is given in
Reference 4-29.

Each utility has the choice of operating under either Option A or Option B.

Option A — For plants operating under Option A with the GENESIS set of methods, an
NRC-imposed factor of 1.044 is applied to the MCPR for each event to account for code
uncertainties.
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With the GEMINI set of methods, the MCPR for each event is determined using statistically
evaluated scram times. Plants that do not demonstrate compliance with the statistically
evaluated scram times must operate using a higher limit that does not take credit for these
scram times. The higher limit will also be referred to as Option A. Details are provided in
Reference 4-29.

Option B — Under Option B, the ACPR/ICPR ratio for the pressurization events is evaluated
on either a plant—unique or generic statistical basis per the methodology and procedures of
References 4-29 and 4-30 for GENESIS, and Reference 4-31 for GEMINI. The generic
basis utilizes adjustment factors that are dependent on plant and event type. Reference 4-29
summarizes these factors for the GENESIS set of methods. For the GEMINI set of methods,
the adjustment factors and their application are described in References 4-31 and 4-38. Since
both the GENESIS and GEMINI adjustment factors take credit for conservatism in the scram
speed assumed for the transient analyses, each plant operating under Option B must
demonstrate that their actual scram speeds are within the distribution assumed in the
derivation of the adjustment factors. This conformance procedure is described in

Reference 4-29.

The adjusted MCPR values for all rapid pressurization events are given in the FSAR or in the
supplemental reload licensing report.

If the ACPR is calculated by TRACG (Reference 4-40), the ACPR and the OLMCPR are
calculated such that less than 0.1% of the fuel rods will be subject to boiling transition during
the transient.

4.3.1.2.7 Low Flow and Low Power Effects on MCPR

The operating limit MCPR must be increased at low flow conditions, and the operating limit
MCPR must be increased for BWR/6 plants and plants with ARTS at low flow and low power
conditions. For low flow conditions this is because, in the BWR, power increases as core
flow increases, which results in a corresponding lower MCPR. If the MCPR at a reduced
flow condition were at the 100% power and flow MCPR operating limit, a sufficiently large
inadvertent flow increase could cause the MCPR to decrease below the Fuel Cladding
Integrity Safety Limit MCPR.

Therefore, the required operating limit MCPR for the BWR/2—5-6 plants is increased at
reduced core flow. This is accomplished by specifying an absolute MCPR as a function of
core flow (MCPR)) or as a multiplier (K, on the rated OLMCPR.rates-by-aHewfactor;
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Plants licensed for the Average Power Range Monitor, Rod Block Monitor and Technical
Specification (ARTS) Improvement Program have both power— and flow—dependent limits
imposed on the operating limit MCPR (OLMCPR). The flow—dependent required OLMCPR,
MCPR;; is defined as a function of the core flow rate and positioning of the scoop tube on the

recirculation pump motor or the maximum core flow runout for plants with the recirculation
flow control valves or adjustable speed drives. The flow-dependent MCPR limits are
provided in the cycle-specific Supplemental Reload Licensing Report. A-typieal

For powers between 100% of rated and the bypass point for the turbine stop valve/turbine
control valve fast closure scram signal (about 30% of rated), the power—dependent OLMCPR,
MCPR,,, is determined from the product of the OLMCPR at 100% of rated and a power—

dependent multiplier, K,,. For powers between threshold for thermal limits monitoring (e.g.,
25% of rated) and the bypass point, the MCPR,, limits are absolute values and are defined

separately for high core flows (e.g., >50% of rated flow) and for low core flows (e.g., <50%
of rated flow) conditions. Thermal limits monitoring is not required below approximately
25% of rated power. The power-dependent MCPR limits are provided in the cycle-
specific Supplemental Reload Licensing Report. The OLMCPR to be used at powers less
than 100% becomes the most limiting value of either MCPR,or MCPR,,.

Plants with a Rod Withdrawal Limiter (RWL) system also require power distribution limits.
The RWL system restricts control rod motions as a function of power rather than the local

neutron flux used by the Rod Block Monitor (RBM) system.—A#n-example-of-the-pewer
ictribution Limits for BWR /S olants is eiven in Ref

4.3.1.2.8 End-of-Cycle Coastdown Considerations

AOQO analyses are performed at the rated core power, rated core flow, all-rods—out condition
referred to as End-of-Rated (EOR). Once an individual plant reaches this condition, it may
shutdown for refueling or it may be placed in a coastdown mode of operation. In the end—of—
cycle coastdown type of operation the control rods are normally held in the all-rods—out
position and the plant is allowed to coastdown to a lower percent of rated core power while
maintaining rated core flow. The power profile during this period is assumed to be a linear
function with respect to exposure. It is expected that the actual profile will be a slow,
exponential curve. An analysis to the linear approximation, however, will be conservative,
since it over predicts the core power level for any given exposure.

In Reference 4-32, evaluations were made at 90%, 80%, and 70% core power level points on
the linear curve. The results show that the pressure and MCPR from the limiting
pressurization AOO exhibit a larger margin for each of these points than the EOR condition.
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LHGR limits for the EOR condition are conservative for the coastdown period, since the core
power will be decreasing and rated core flow will be maintained. Therefore, it can be
concluded that the coastdown operation beyond the EOR condition is conservatively bounded
by the analysis at the EOR conditions. In Reference 4-33, this conclusion is confirmed for
coastdown operation down to 40% power and is shown to hold for analyses performed with
ODYN. Analyses with TRACG show the same trends as the evaluation in Reference 4-
33, therefore, the same conclusion applies for TRACG based analyses.

4.3.2 Core Hydraulics
Core hydraulics models and correlations are discussed in Section 4.2.

4.3.3 Influence of Power Distributions

The influence of power distributions on the thermal-hydraulic design is discussed in
Reference 4-9.

4.3.4 Core Thermal Response

The thermal response of the core for accidents and expected AOO conditions is given in
Chapter 15 (Accident Analysis) of the plant FSAR or in the supplemental reload licensing
report.

4.3.5 Analytical Methods

The analytical methods, thermodynamic data, and hydrodynamic data used in determining the
thermal and hydraulic characteristics of the core are documented in Subsection 4.3.1.2 of this
document and the country—specific supplement to this document.
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A. Summary

The purpose of this appendix is to provide a road map for incorporating the nuclear fuel
design and analysis characteristics described in this document into the standard Final Safety
Analysis Report (FSAR) format. This format is consistent with that specified by the Nuclear
Regulatory Commission (NRC) in References A—1 and A-2.

Only those subsections that pertain to fuel design and analysis are addressed. For each of
those subsections either an approved document or a particular reference to the GESTAR 11
document (or its country—specific supplement) is given.

Fuel designs that have received specific USNRC review and approval or that have been
shown to meet the fuel licensing acceptance criteria are documented in References A-3
and A-4. A detailed description of the 8x8 and 8x8R fuel designs is given in Reference
A-4 while the newer designs are described in Reference A-3. Since the approval of
GESTAR II Amendment 22 in 1990, a compliance report, sometimes called Compliance
with Amendment 22 of GESTAR II, has been produced for each fuel product line.
Section 1.4 provides the compliance reports for each fuel product line. Fuel bundle
design information for bundles more recent than those included in Reference A-3 is
found in the plant-cycle specific Fuel Bundle Information Report (FBIR).

Utilities that follow the standard FSAR format need only reference the appropriate section in
this appendix in the corresponding section of their FSAR. This minimizes the approval effort,
since GESTAR 1I has been generically approved for use with GE—designed BWRs in the
United States and many foreign countries.

Only the specific sections in the plant FSAR related to fuel design or analysis are listed in this
appendix. All other sections are provided by the applicant.

A.1.2 General Plant Description

A.1.2.2.3.1 Reactor Core and Control Rods

The reactor fuel and core designs are described in References A-3 or A—4. Fuel bundle
design information for bundles more recent than those included in Reference A-3 is
found in the compliance report for each fuel product line (See Section 1.4) and in the

plant-cycle specific FBIR. The design of the control rods is described in the plant—specific
FSAR.

A.1.3 Comparison Tables

A.1.3.1 Comparison with Similar Facility Designs

A comparison of plant—specific fuel information is usually documented in Table 1.3—1 of the
FSAR. The fuel information for this table is taken from References A-3 or A—4. Fuel bundle
design information for bundles more recent than those included in Reference A-3 is
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found in the compliance report for each fuel product line (See Section 1.4) and in the
plant-cycle specific FBIR.

A.4.2 Fuel System Design

The content of this section corresponds to Regulatory Guide 1.70 and Standard Review Plan
4.2 (References A—1 and A-2). Most of the information presented will be by reference to the
approved subsections of this document.

A.4.2.1 Design Bases

The design bases for each of the fuel system damage, failure, and coolability criteria
identified in Section II.A of Standard Review Plan 4.2, except control rod reactivity, are
provided in Subsection 2.2 of this document. Control rod reactivity is discussed in
Reference A—5. Additional information required by Reference A—1 is to be provided by the
Applicant.

A.4.2.2 Description and Design Drawings

The fuel assembly is described in References A—3 or A—4. Fuel assembly design
information for bundles more recent than those included in Reference A-3 is found in
the compliance report for each fuel product line (See Section 1.4) and in the plant-cycle
specific FBIR. The reactivity control assembly description is to be provided by the applicant.

A.4.2.3 Design Evaluation

The design evaluations for each of the fuel system damage, failure, and coolability criteria
identified in Section II.C of Standard Review Plan 4.2, except control rod reactivity, are
provided in Subsection 2.2. Control rod reactivity is discussed in Reference A—5. Additional
information to be provided by the Applicant.

A.4.2.4 Testing Inspection and Surveillance Plans

Fuel assembly testing, inspection and surveillance plans are documented in Subsection 2.3 of
this document.

A.4.3 Nuclear Design

The content of this section corresponds to Regulatory Guide 1.70 and Standard Review Plan
4.3 (References A—1 and A-2). Most of the information presented will be by reference to the
approved subsections of this document.

A.4.3.1 Design Bases
See Section 3.1.

A.4.3.1.1 Reactivity Basis
See Section 3.1.1.

A4
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A.4.3.1.2 Overpower Bases
See Section 3.1.2.

A.4.3.2 Description
See Section 3.2.

A.4.3.2.1 Nuclear Design Description

See Section 3.2.1. The reference core loading pattern is to be provided by the applicant in the
format shown in Appendix A of the country—specific supplement.

A.4.3.2.2 Power Distribution
See Section 3.2.2.

A.4.3.2.2.1 Power Distribution Calculations
To be provided by Applicant.

A.4.3.2.2.2 Power Distribution Measurements
See Section 3.2.2.1.

A.4.3.2.2.3 Power Distribution Accuracy
See Section 3.2.2.2.

A.4.3.2.2.4 Power Distribution Anomalies
See Section 3.2.2.3.

A.4.3.2.3 Reactivity Coefficients
See Section 3.2.3.

A.4.3.2.4 Control Requirements
See Section 3.2.4.

A.4.3.2.4.1 Shutdown Reactivity
See Section 3.2.4.1.

The cold shutdown margin for the reference core loading pattern is to be supplied by the
applicant in the format shown in Appendix A of the country—specific supplement.

A.4.3.2.4.2 Reactivity Variations
See Section 3.2.4.2.
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A.4.3.2.5 Control Rod Patterns and Reactivity Worths
To be provided by Applicant.

A.4.3.2.6 Criticality of Reactor During Refueling
See Section 3.2.5.

A.4.3.2.7 Stability

A.4.3.2.7.1 Xenon Transients
See Section 3.2.6.1.

A.4.3.2.7.2 Thermal Hydraulic Stability
See Section S4.

A.4.3.2.8 Vessel Irradiations
To be provided by Applicant.

A.4.3.3 Analytical Methods
See Section 3.3.

A.4.3.4 Changes

General Electric fuel design philosophy is based on three principles: (1) standardization;

(2) evolution, and (3) test before use. This process has resulted in a series of fuel designs.
Details of these designs are provided in References A—3 or A—4. . Fuel bundle design
information for bundles more recent than those included in Reference A-3 is found in
the compliance report for each fuel product line (See Section 1.4) and in the plant-cycle
specific FBIR.

A.4.4 Thermal-Hydraulic Design
A.4.4.1 Design Basis

A.4.4.1.1 Safety Design Bases
See Subsection 4.1.1.

A.4.4.1.2 Requirements for Steady—State Conditions

See Subsection 4.1.2. The design steady—state operating limit MCPR and the peak
MAPLHGR are provided by the Applicant in the format shown in Appendix A of the
country—specific supplement.

A.4.4.1.3 Requirements for Anticipated Operational Occurrences (AOOs)
See Section 4.1.3.
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A.4.4.1.4 Summary of Design Bases
See Section 4.1.4.

A.4.4.2 Description of Thermal-Hydraulic Design of the Reactor Core

A.4.4.2.1 Summary Comparison

A tabulation of thermal and hydraulic parameters of the core is provided by the Applicant in
the plant FSAR. Any changes for reload cores will be indicated in the Supplemental Reload
Licensing Report.

A.4.4.2.2 Critical Power Ratio
See Subsections 4.2.1 and 4.3.1.

A.4.4.2.3 Average Planar Linear Heat Generation Rate (APLHGR)
See Subsection 4.2.2.

A.4.4.2.4 Void Fraction Distribution

The core average and maximum exit void fractions in the core at rated condition are provided
by the Applicant. The axial distribution of core void fractions for the average radial channel
and the maximum radial channel (end of node value) for the core are provided by the
Applicant. The core average and maximum exit value are also provided by the Applicant.
Similar distributions for steam quality are provided by the Applicant. The core average axial
power distribution used to produce the above results is provided by the Applicant.

A.4.4.2.5 Core Coolant Flow Distribution and Orificing Pattern
See Subsection 4.2.3.

A.4.4.2.6 Core Pressure Drop and Hydraulic Loads
See Subsection 4.2.4.

A.4.4.2.7 Correlation and Physical Data
See Subsection 4.2.5.

A.4.4.2.8 Thermal Effects of Operational Transients
See Subsection 4.2.6.

A.4.4.2.9 Uncertainties in Estimates
See Subsections 4.2.7 and 4.3.1.1.

A.4.4.2.10 Flux Tilt Considerations
See Subsection 3.2.2.
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A.4.4.3 Description of the Thermal and Hydraulic Design of the Reactor Coolant
System

A.4.4.3.1 Plant Configuration Data

The Applicant is to provide reactor coolant system geometric data as well as other
information required by Reference A—1.

A.4.4.3.2 Operating Restrictions on Pumps
To be provided by Applicant.

A.4.4.3.3 Power-Flow Operating Map
To be provided by Applicant.

A.4.4.3.4 Temperature—Power Operating Map (PWR)
Not applicable.

A.4.4.3.5 Load-Following Characteristics
To be provided by Applicant.

A.4.4.3.6 Thermal and Hydraulic Characteristics Summary Table
The thermal-hydraulic characteristics are to be provided by the Applicant.

A.4.4.4 Evaluation
See Subsection 4.3.

A.4.4.4.1 Critical Power
See Subsection 4.3.1.

A.4.4.4.2 Core Hydraulics
See Subsection 4.2.

A.4.4.4.3 Influence of Power Distributions
See Subsection 4.3.1.

A.4.4.4.4 Core Thermal Response
See Subsection 4.3.4.

A.4.4.4.5 Analytical Methods
See Subsection 4.3.1.2 and the country—specific supplement to this document.
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A.4.4.4.6 Thermal-Hydraulic Stability Analysis
See the country—specific supplement to this document.

A.4.4.5 Testing and Verification

The testing and verification techniques to be used to assure that the planned thermal and
hydraulic design characteristics of the core have been provided, and will remain within
required limits throughout core lifetime, are discussed in Chapter 14 (Initial Test Program) of
the plant FSAR.

A.4.4.6 Instrumentation Requirements

The reactor vessel instrumentation monitors the key reactor vessel operating parameters,
during planned operations. This ensures sufficient control of the parameters. The reactor
vessel sensors are discussed in Subsections 7.6 and 7.7 of the plant FSAR.

A.4.4.6.1 Loose Parts
To be provided by Applicant.

A.5.2.2.2 Design Evaluation

A.5.2.2.2.1 Method of Analysis

The model used to analyze overpressurization is provided in the country—specific supplement
to this document.

A.5.2.2.2.2 Transients

The overpressure protection system must accommodate the most severe pressurization event
described in the country—specific supplement to this document.

A.5.2.2.2.3 Evaluation of Results

A.5.2.2.2.3.1 Safety/Relief Valve Capacity

The required SRV capacity is determined by analyzing the pressure rise from an MSIV
closure with flux scram transient as documented in the country—specific supplement to this
document. Results of this analysis are to be provided by the Applicant.

A.6.3.3 ECCS Performance Evaluation

The performance of the ECCS is determined through application of the 10CFR50 Appendix K
evaluation models and then showing conformance to the acceptance criteria of I0CFR50.46.
Analytical models are described in the country—specific supplement to this document.

The accidents, as listed in Chapter 15 of the plant FSAR, for which ECCS operation is
required are:

FSAR Title
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Subsection
15.2.8 Feedwater Piping Break.
15.6.4 Spectrum of BWR Steam System Piping Failures
Outside of Containment.
15.6.5 Loss—of—Coolant Accidents.

Radiological consequences of the above listed events are provided by the Applicant in
Chapter 15 of the plant FSAR.

A.6.3.3.1 ECCS Bases for Technical Specifications

The maximum average planar linear heat generation rates (MAPLHGR) calculated in this
performance analysis provide the basis for Technical Specifications designed to ensure
conformance with the acceptance criteria of 10CFR50.46. Minimum ECCS functional
requirements are specified in Subsections A.6.3.3.4 and A.6.3.3.5, and testing requirements
are discussed in Subsection 6.3 of the plant FSAR. Limits on minimum suppression pool
water level are to be provided by the Applicant.

A.6.3.3.2 Acceptance Criteria for ECCS Performance

The applicable acceptance criteria are extracted from 10CFR50.46. Conformance to each
criterion is to be demonstrated by the Applicant. A detailed description of the methods used
to show compliance is provided in the country—specific supplement to this document.

A.6.3.3.3 Single-Failure Considerations
To be provided by the Applicant.

A.6.3.3.4 System Performance During the Accident
To be provided by the Applicant.

A.6.3.3.5 Use of Dual Function Components for ECCS
To be provided by the Applicant.

A.6.3.3.6 Limits on ECCS System Parameters
The limits on the ECCS parameters are discussed in Subsections A.6.3.3.1 and A.6.3.3.7.1.

Any number of components in any given system may be out of service, up to and including
the entire system. The maximum allowable out—of—service time is a function of the level of
redundancy and the specified test intervals.
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A.6.3.3.7 ECCS Analyses for LOCA

A.6.3.3.7.1 LOCA Analysis Procedures and Input Variables

The procedures approved for LOCA analysis conformance calculations are described in detail
in the country—specific supplement. These procedures were used in the calculations
documented in Subsection A.6.3.3.

A.6.3.3.7.2 Accident Description

A detailed description of the LOCA calculation is provided in the country—specific
supplement.

A.6.3.3.7.3 Break Spectrum Calculations
To be provided by the Applicant.

A.6.3.3.7.4 Large Recirculation Line Break Calculations
To be provided by the Applicant.

A.6.3.3.7.5 Transition Recirculation Line Break Calculations
To be provided by Applicant.

A.6.3.3.7.6 Small Recirculation Line Break Calculations
To be provided by Applicant.

A.6.3.3.7.7 Calculations for Other Break Locations
To be provided by Applicant.

A.6.3.3.8 LOCA Analysis Conclusions
To be provided by Applicant.

A.9.1.2.3 Safety Evaluation

A.9.1.2.3.1 Criticality Control
To be provided by Applicant.

A spent fuel storage area provided by General Electric will accommodate all fuel types
designed by General Electric, as noted in Subsection 3.5 of this document.

A.15.0 Accident Analysis

In this chapter the effects of anticipated process disturbances and postulated component
failures are examined to determine their consequences and to evaluate the capability built into
the plant to control or accommodate such failures and events.
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General Electric has developed a unique systematic approach to plant safety consistent with
the General Electric Boiling Water Reactor technology base. The key to the General Electric
approach to plant safety is the Nuclear Safety Operational Analysis. A generic nuclear safety
operational analysis (NSOA) has been developed for each of the recent General Electric
Boiling Water Reactor product lines. It has then been modified to be compatible with the
specific plant configuration being evaluated. Key inputs into the nuclear safety operational
analysis are derived from the applicable regulations and through industry codes and standards.

The nuclear safety operational analysis (NSOA) is provided by the Applicant.

General Electric evaluates the entire spectrum of events in the NSOA in order to establish the
most limiting or design basis events in a meaningful manner. It is the design basis events that
are quantified in this chapter.

The scope of the situations analyzed includes anticipated (expected) operational occurrences
(e.g., loss of electrical load), off—design abnormal (unexpected) transients that induce system
operations condition disturbances, postulated accidents of low probability (e.g., the sudden
loss of integrity of a major component), and, finally, hypothetical events of extremely low
probability (e.g., an anticipated transient without the operation of the entire control rod drive
system).

A.15.0.1 Nuclear Safety Operational Analysis

In the nuclear safety operational analyses (NSOA) given in each FSAR, all unacceptable
safety results and all required safety actions are identified. In addition, an evaluation of the
entire spectrum of events is consistently carried out for all plant designs to demonstrate that a
consistent level of safety has been attained.

The NSOA acceptance criteria are based on event probability. This means that events more
likely to occur are tested against more restrictive limits. This is consistent with industry
practice and the applicable regulatory requirements.

The starting point for the NSOA is the establishment of unacceptable safety results. This
concept enables the results of any safety analysis to be compared to applicable criteria.
Unacceptable safety results represent an extension of the nuclear design criteria for plant
systems and components that are used as the basis for system design. The unacceptable safety
results have been selected so that they are consistent with applicable regulations and industry
code and standards.

The focal point of the NSOA is the event analysis. In the event analysis, all essential
protection sequences are evaluated until all required safety actions are successfully
completed. The event analysis identifies all required frontline safety systems and their
essential auxiliaries.

The full spectrum of initial conditions limited by the constraints placed on planned operation
for AOOs, accidents, and plant capability demonstrations are evaluated. All events are
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analyzed until a stable condition is obtained. This assures that the event being evaluated does
not have a characteristic for long—term consideration that is important.

In the event analysis all essential system, operator actions, and limits to satisfy the required
safety actions are identified. Limits are derived only for those parameters continuously
available to the operator. Credit for operator action is taken only when an operator can be
reasonably expected to perform the required action based on the information available to him.

In the NSOA a complete and consistent set of safety actions has been developed. These
safety actions are those required to prevent unacceptable results. For transients and accidents,
a single failure proof path to plant shutdown must be shown. The application of a single
failure criterion to these events is imposed as an additional measure of conservatism in the
nuclear safety operational analysis process.

A.15.0.2 Event Analytical Objective

The spectrum of postulated initiating events developed from the NSOA is divided into
categories based upon the type of disturbance and the expected frequency of the initiating
occurrence; the limiting events in each combination of category and frequency are
quantitatively analyzed. The plant safety analysis evaluates the ability of the plant to operate
without unacceptable safety results within regulatory guidelines.

A.15.0.3 Analytical Categories

Transient and accident events are discussed in individual categories as required by Reference
A-1. Documentation of each event appears in References A—7, A—8, A-9 and A—10; however,
documentation of the following events is to be provided by the Applicant: Failure of Small
Lines Carrying Primary Coolant Outside Containment, Radioactive Gas Waste System Leak
or Failure, Liquid Radioactive System Failure, and Postulated Radioactive Release Due to
Liquid Radwaste Tank Failure. Each event evaluated is assigned to one of the eight
categories listed in Chapter 15 of Regulatory Guide 1.70 (Reference A—1).

A.15.0.4 Event Evaluation

A.15.0.4.1 Identification of Causes and Frequency Classification

Situations and causes which lead to the initiating event analyzed are described within the
categories designated above. The frequency of occurrence of each event is summarized based
upon the nuclear safety operational analysis and currently available operating plant history for
the transient event. Events for which inconclusive data exist are discussed separately within
each event section.

Each initiating event within the major groups is assigned to one of three frequency groups
defined in Regulatory Guide 1.70 (Reference A—1).

A.15.0.4.2 Identified Unacceptable Results

The unacceptable results for each frequency group are defined for the U.S. plants in
Subsection S.2.1 of the GESTAR 1II U.S. Supplement (Reference A—6). For the foreign

A-13
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plants, the customer must supply this information if the applicable licensing authority requires
it.

A.15.0.4.3 Sequence of Events and Systems Operations

Each transient or accident (except those to be provided by the Applicant as discussed in
Subsection A.15.0.3) is discussed and evaluated in terms of:

—

a step—by—step sequence of events from initiation to final stabilized condition;

2. the extent to which normally operating plant instrumentation and controls are assumed
to function;

3. the extent to which plant and reactor protection systems are required to function;
4. the credit taken for the functioning of normally operating plant systems; and
5. the operation of engineered safety systems that is required.

This sequence of events is supported by the NSOA for the transient or accident. The effect of
a single equipment failure or malfunction or an operator error on the event is shown in the
NSOA provided in each FSAR.

A.15.0.4.4 Analysis Basis

The analyses documented in this chapter are for the plant core used for the nuclear evaluations
given in Section A.4.3 of this document.

A.15.0.4.4.1 Evaluation Models

The models used to analyze the core and system performance during AOO events are given in
Subsection 4.4.1.2 of this document. Models for accident analyses and dose calculations are
given in the documentation for the applicable event in the country—specific supplement.

A.15.0.4.4.2 Input Parameters and Initial Conditions for Analyzed Events

In general, the events analyzed have values for input parameters and initial conditions as
specified in the format shown in Table A.15.0—1 (to be provided by Applicant). Analyses that
assume data inputs different than these values are designated accordingly in the appropriate
event discussion.

The dynamic parameters assumed in Chapter 15 of the FSAR are much more conservative
than the normal operating values. The scram reactivity presents a conservative lower bound
on the minimum scram reactivity and also defines the minimum scram characteristics for
permissible operation.

The analytical values for some system characteristics, like SRV delay/stroke time,
recirculation pump trip coastdown time constant, etc., bound the design specification for that
system.
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In conclusion, the values used in FSAR Chapter 15 analyses are conservative values and
bound the operating band. Therefore, Chapter 15 analyses will cover all operating conditions
and cycle points.

A.15.0.4.4.3 Initial Power/Flow Operating Constants

The analyses basis for most of the transient safety analyses is the thermal power at rated core
flow (100%) corresponding to the power designated in the FSAR. This operating point is the
apex of a bounded operating power/flow map that, in response to any classified AOOs, will
yield the minimum pressure and thermal margins of any operating point within the bounded
map.

Any other constraint that may truncate the bounded power/flow map must be observed, such
as the recirculation valve and pump cavitation regions, the licensed power limit and other
restrictions based on pressure and thermal margin criteria.

The upper operating power/flow limit of a reactor is predicated on the operating basis of the
analysis and the corresponding constant rod pattern line. This boundary may be truncated by
the licensed power and the MCPR operating limit.

Certain localized events are evaluated at other than the above mentioned conditions. These
conditions are discussed pertinent to the appropriate event in References A—7, A—8, A-9 and
A-10.

A.15.0.4.5 Evaluation of Results

For each event, the results of standard transient analyses are presented in References A—7, A—
8, A—9 and A—10. Results of the transient analyses for individual plants may differ from these
results; however, the relative results between events will not change. Therefore, based on
these transient results, the limiting events have been identified. Only the results of the
limiting events are provided in the format shown in Appendix A of the country—specific
supplement to this document. This information should be provided in the FSAR.

The limiting events are listed below and descriptions of the typical analyses performed for
these events are given in the country—specific supplement to this document. Reasons why the
other events are not limiting are provided in the event documentation in References A—7
through A—10 and supported by the analytical results in these references.

1. Limiting Pressurization Events: Pressure Controller Downscale Failure (BWR/6 only),
Generator Load Rejection without Bypass, and Turbine Trip Without Bypass,

2. Limiting Decrease in Core Coolant Temperature event: Loss of Feedwater Heating
(manual control), and

3. Limiting Temperature Decrease/Pressurization event: Feedwater Controller Failure
(maximum demand).

A-15
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The Load Rejection and Turbine Trip without Bypass events are categorized as infrequent
events but are still included in this list.

A.15.0.4.5.1 Effect of Single Failures and Operator Errors

The effect of a single equipment failure or malfunction, or operator error is provided in the
NSOA of each FSAR.

A.15.0.4.5.2 Analysis Uncertainties
Model uncertainties are documented in Subsection 4.3.1.2.6 of this document.

In Table A.15.0-2, a summary of applicable accidents is provided. This table compares the
GE calculated amount of failed fuel to that used in worst—case radiological calculations.
Most of these results are applicable to all core configurations and can be referenced by the
Applicant. Applicability is given in the event documentation.

The Applicant is to provide results for the following events: Failure of Small Lines Carrying
Primary Coolant Outside Containment, Radioactive Gas Waste System Leak or Failure,
Liquid Radioactive System Failure, and Postulated Radioactive Release Due to Liquid
Radwaste Tank Failure.

A.15.0.4.5.3 Barrier Performance

The significant areas of interest for internal pressure damage are the high pressure portions of
the reactor coolant pressure boundary (the reactor vessel and the high pressure pipelines
attached to the reactor vessel). The overpressure criteria are identified in the country—specific
supplement to this document. The limiting overpressurization event analysis is described in
the country—specific supplement to this document.

A.15.0.4.5.4 Radiological Consequences

In this chapter, the consequences of radioactivity release during the three types of events:

(a) incidents of moderate frequency (anticipated operational occurrences); (b) infrequent
incidents (abnormal operational occurrences); and (c) limiting faults (design basis accidents),
are considered. For all events whose consequences are limiting, a detailed quantitative
evaluation is presented. For nonlimiting events, a qualitative evaluation is presented or results
are referenced from a more limiting or enveloping case or event.

The Applicant is to provide results for the following events: Failure of Small Lines Carrying
Primary Coolant Outside Containment, Radioactive Gas Waste System Leak or Failure,
Liquid Radioactive System Failure, and Postulated Radioactive Release Due to Liquid
Radwaste Tank Failure.

For limiting faults (design basis accidents), two quantitative analyses are considered:
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The first is based on conservative assumptions considered to be acceptable to the NRC for the
purposes of worst—case bounding the event and determining the adequacy of the plant design
to meet I0CFR100 guidelines. This analysis is referred to as the “design basis analysis.”

The second is based on realistic assumptions considered to reflect expected radiological
consequences. This analysis is referred to as the “realistic analysis.”

Results for both are shown to be within NRC guidelines.

A.15.1 through A.15.8

Event descriptions are provided in Sections 15.1 through 15.8 of References A—7, A—8, A-9
and A—10. Results of limiting events are given in Section 15.0 of the FSAR.

Description and results of the following events are to be provided by the Applicant: Failure
of Small Lines Carrying Primary Coolant Outside Containment, Radioactive Gas Waste
System Leak or Failure, Liquid Radioactive System Failure, and Postulated Radioactive
Release Due to Liquid Radwaste Tank Failure.

Table A.15.0-1

Input Parameters and Initial Conditions for Anticipated Operational Occurrences
(To be provided by Applicant)

Parameters and Conditions

1. Thermal Power Level (MWt)

License Value

Analysis Value
2. Steam Flow (Ib/hr)

License Value

Analysis Value
. Core Flow (lb/hr)
4. Feedwater Flow Rate (Ib/sec)

License Value

Analysis Value

Feedwater Temperature (°F)

Vessel Dome Pressure (psig)

Vessel Core Pressure (psig)
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Parameters and Conditions

Turbine Bypass Capacity (% NBR)

Core Coolant Inlet Enthalpy (Btu/Ib)

10.

Turbine Inlet Pressure (psig)

11.

Fuel Lattice

12.

Core Leakage Flow (%)

13.

Required MCPR Operating Limit
First Core
Reload Core

14.

MCPR Safety Limit
First Core
Reload Core

15.

Doppler Coefficient (—¢/°F T,,)
Analysis Data (REDY only)

16.

Void Coefficient (—¢/% rated voids)
Analysis Data for Power
Increase Events (REDY only)?

17.

Analysis Data for Power Decrease Events (REDY only)? Core
Average Rated Void Fraction (%) (REDY only)?

18.

Scram Reactivity, $AK
Analysis Data (REDY only)?

19.

Control Rod Drive Position versus time

20.

Nuclear characteristics used in ODYN simulations

21.

Jet Pump Ratio (M)

22.

Safety/Relief Valve Capacity (% NBR) at 1210 psig
Manufacturer
Quantity Installed

23.

Relief Function Delay (sec)

24.

Relief Function Response Time Constant (sec)

25.

Safety Function Delay (sec)

26.

Safety Function Response Time Constant (sec)

27.

Setpoints for Safety/Relief Valves
Safety Function (psig)

2 For transients simulated on the ODYN computer model, this input is calculated by ODYN.
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Parameters and Conditions

28. Relief Function (psig) Number of Valve Groupings Simulated
Safety Function (No.)
Relief Function (No.)

29. S/R Valve Reclosure Setpoint — Both Modes (% of setpoint)

— Maximum Safety Limit (used in analysis

— Minimum Operational Limit
30. High Flux Trip (% NBR) Analysis setpoint
31. High Pressure Scram Setpoint (psig)

32. Vessel Level Trips (ft above bottom of separate skirt bottom)
Level 8 — (L8) (ft)
Level 4 — (L4) (ft)
Level 3 — (L3) (ft)
Level 2 — (L2) (ft)

33. APRM Simulated Thermal Power Trip Scram (% NBR)
Analysis Setpoint

Time Constant (sec)

34. Recirculation Pump Trip Delay (sec)

35. Recirculation Pump Trip Inertia Time Constant for Analysis (sec)P
36. Total Steamline Volume (ft3)
37. Set pressure of Recirculation pump trip (psig) (Nominal)

Table A.15.0-2
Summary of Accidents

Title Failed Fuel Rods

b The inertia time constant is defined by the expression:
21 yn
g7,

t

where:

= Inertia time constant (sec);

O& =
|

= pump motor inertia (Ib—ft);
n = rated pump speed (rps);
= gravitational constant (ft/sec?); and

oﬁ%
I I

= pump shaft torque (Ib—ft).
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GE Calculated NRC Worst—Case
Value Assumption
Seizure of one recirculation pump. None.
Recirculation pump shaft break. None.
Rod drop accident. c ¢
Instrument line break. None. None.
Steam system pipe break outside None. None.
containment.
LOCA within RCPB. None. 100%.
Feedwater line break. None. None.
Main condenser gas treatment system failure. | N/A. N/A.
Liquid radwaste tank failure. N/A. N/A.
Fuel-handling accident. c c
Cask drop accident. None. None.
ATWS. Fuel product line dependent. See Section 1.

A.16 References

A-1

United States Nuclear Regulatory Commission, Regulatory Guide 1.70, Revision 3,
Standard Format and Content of Safety Analysis Reports for Nuclear Power Plants
(LWR Edition), November 1978.
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Plants, LWR Edition, United States Nuclear Regulatory Commission, September 1975
(NUREG-75/087).

General-£lectrieGlobal Nuclear Fuels Fuel Bundle Designs, NEDE-31152-P,
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¢ To be supplied by applicant.
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S.1 Introduction

This supplement to the GESTAR 1II base document (Reference S—1) provides the safety
analyses methodology and 1nformatlon spe01ﬁc to the GE boiling water reactor plants in the
Umted States A :

Cycle—specific information for each plant reload is provided to the utility using the format
given in Appendix A. No other plant—unique information is provided unless a portion of the
reload does not conform to the generic document. Any deviation from the generic document
will be designated in the supplemental reload licensing report and detailed in an Appendix or
in a separate, referenced report to the submittal. The supplemental reload licensing report
documents the number and designation of new and irradiated bundles. Fuel bundle design
information for the specific fuel bundles used for each cycle is given in the Fuel Bundle
Information Report (FBIR). The format for the FBIR is given in Appendix A. Plant—and
cycle—specific information for initial cores is provided in the plant—specific FSAR.

Limits on plant operation are established to assure that the plant can be operated safely and
not pose any undue risk to the health and safety of the public. This is accomplished by
demonstrating that radioactive release from plants for normal operation, anticipated
operational occurrences (AOOQOs) and postulated accidents meet applicable regulations in
which conservative limits are documented. This conservatism is augmented by using
conservative evaluation models and observing limits that are more restrictive than those
documented in the applicable regulations.

Those AOOs which result in a significant reduction in MCPR or a large increase in the local
power and the limiting accidents are described in this supplement along with other U.S.
specific requirements as summarized in the following sections.

S.1.1 Analysis of Anticipated Operational Occurrences (AOOs) and Accidents

The effects of various postulated AOOs and accident events are investigated for a variety of
plant conditions in Section S.2. The events have been categorized into three groups according
to frequency of occurrence:

(1) Incidents of moderate frequency (anticipated operational occurrences).

(2) Infrequent incidents (unexpected operational occurrences).

(3) Accidents (limiting faults).
Only those events in category (1) are required to meet the design requirements for AOOs
specified in Sections 2 and 4 of the GESTAR II base document (Reference S—1). Details on
each of the three categories are discussed further in Section S.2.1. Descriptions of each of the

significant AOO and accident events are discussed in Section S.2.2. The initial conditions and
inputs to the analysis models for calculating the AOO events are discussed in Section S.2.3.
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S$.1.2 Vessel Pressure ASME Code Compliance

The ASME Boiler and Pressure Vessel Code and other codes and standards require that the
pressure relief system prevent excessive overpressurization of the primary system process
barrier and the pressure vessel. The allowable pressure and prescribed evaluations are
determined by these requirements. The analysis performed to demonstrate conformance to the
requirements is documented in Section S.3.

S.1.3 Stability Analysis

Stability requirements are set forth in I0OCFR50 Appendix A, General Design Criterion
(GDC). GDC 10 states that the reactor core and associated coolant, control, and protection
systems shall be designed with appropriate margin to assure that specified acceptable fuel
design limits are not exceeded during any condition of normal operation, including the effects
of anticipated occurrences. GDC 12 states that power oscillations that can result in conditions
exceeding specified acceptable fuel design limits either should not be possible, or can be
reliably and readily detected and suppressed.

All US BWRs including BWRs 2-6 and the ABWR have selected one of the NRC approved
BWROG long—term stability solutions described in References S—792, S—863, and S-164-4 to
meet the GDC criteria. Long—term solutions are of the prevention type (i.e., power
oscillations are not possible), the detect and suppress type (i.e., power oscillations can be
reliably and readily detected and suppressed), or are a combination of the two types. Stability
compliance with GDC 10 and GDC 12 must be demonstrated on a plant and cycle—specific
basis for each of the long—term solutions.

If the long—term solution is declared inoperable due to Part 21 issues or hardware failures, the
Interim Corrective Action (ICA) as outlined in Reference S—94-5 or an equivalent solution
(e.g., the Backup Stability Protection (BSP) as outlined in Reference S—906) can be used on
an interim basis. These are described in Section S.4.2.

The plant and cycle—specific calculations required for each long—term stability solution are
described in Section S.4.1.

S.1.4 Analysis Options

Several analysis options are available, on a commercial basis, to all owners of BWRs fueled
by GE. As these options are selected by the BWR owners, plant—specific and/or generic—
bounding analyses will be submitted for NRC approval. The first set of options provides
MCPR margin improvement. The second set of options provides additional operating
flexibility for BWRs. In some cases, these options are included only to describe their impact
on the reload license, and separate approval must be obtained before they can be used on a
specific plant. The currently available options are discussed in Section S.5.

S.2 AOO and Accident Analysis

AQOOs and accident events are divided among eight individual categories in the FSARs as
required by Reference S—47. The categories are as follows.
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(M

2

3)

“

)

(6)

(7

®)

Decrease in Core Coolant Temperature: Reactor vessel water (moderator)
temperature reduction results in an increase in core reactivity. This could lead to
fuel-cladding damage.

Increase in Reactor Pressure: Nuclear system pressure increases threaten to
rupture the reactor coolant pressure boundary (RCPB). Increasing pressure also
collapses the voids in the core—moderator, thereby increasing core reactivity. This
could lead to fuel cladding damage.

Decrease in Reactor Core Coolant Flow Rate: A reduction in the core coolant
flow rate threatens to overheat the cladding as the coolant becomes unable to
adequately remove the heat generated by the fuel.

Reactivity and Power Distribution Anomalies: AOO events included in this
category are those which cause rapid increases in power that are due to increased
core flow disturbance events. Increased core flow reduces the void content of the
moderator, thereby increasing core reactivity and power level.

Increase in Reactor Coolant Inventory: Increasing coolant inventory could result
in excessive moisture carryover to the main turbine, feedwater turbines, etc.

Decrease in Reactor Coolant Inventory: Reductions in coolant inventory could
threaten the fuel as the coolant becomes less able to remove the heat generated in
the core.

Radioactive Release from a Subsystem or Component: Loss of integrity of a
radioactive containment component is postulated.

Anticipated Transients Without Scram: In order to determine the capability of
plant design to accommodate an extremely low probability event, a multi—system
mal—operation situation is postulated.

All of the AOO and accident descriptions and analyses for initial cores are given in the plant
FSAR. The purpose of this section is to discuss the significant AOOs and accidents for both
initial and reload cores and classify them according to expected frequency of occurrence.

S.2.1 Frequency Classification

Each of the significant accidents and AOOs is assigned to one of the frequency groups
outlined below. The frequency of occurrence of each event is summarized based upon the
nuclear safety operational analysis and currently available operating plant history. The
frequency classifications are as follows:

(1

Incidents of moderate frequency — These are incidents that may occur with a
frequency greater than once per 20 years for a particular plant. This event is
referred to as an “anticipated (expected) operational occurrence.”
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)

3)

Infrequent incidents — These are incidents that may occur during the life of the
particular plant (spanning once in 20 years to once in 100 years). This event is
referred to as an “abnormal (unexpected) operational occurrence.”

Limiting faults — These are incidents that are not expected to occur but are
postulated because their consequences may result in the release of significant
amounts of radioactive material. This event is referred to as a “design basis
(postulated) accident.”

S.2.1.1 Unacceptable Results for Incidents of Moderate Frequency

The following are considered to be unacceptable safety results for core—wide incidents of
moderate frequency (AOOs):

(1

2
3)

4)

a release of radioactive material to the environs that exceeds the limits of
10CFR20;

a reactor operation induced fuel cladding failure;

nuclear system stresses in excess of that allowed for the transient classification by
applicable industry codes; and

containment stresses in excess of that allowed for the AOO classification by
applicable industry codes.

Compliance to the above related fuel criteria (1) and (2) is conservatively demonstrated by
conformance to the fuel design limits specified in Section 2 of the base document and by
maintaining the MCPR above the Fuel Cladding Integrity Safety Limit MCPR. identified-in
beberecen o

S$.2.1.2 Unacceptable Results for Infrequent Incidents (Unexpected Operational

Occurrences)

The following are considered to be unacceptable safety results for infrequent incidents
(unexpected operational occurrences).

(M

2

3)

release of radioactivity which results in dose consequences that exceed a small
fraction (10%) of 10CFR100 (or 10% of 10CFR50.67 for Alternate Source Term
plants);

failure of fuel cladding which could cause changes in core geometry such that core
cooling would be inhibited;

generation of a condition that results in consequential loss of function of the reactor
coolant system;
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(4) generation of a condition that results in a consequential loss of function of a
necessary containment barrier; and

(5) nuclear system stresses in excess of those allowed for the accident classification by
applicable industry codes.

S$.2.1.3 Unacceptable Results for Limiting Fault (Design Basis Accidents)

The following are considered to be unacceptable safety results for limiting faults (design basis
accidents):

(1) radioactive material release which results in dose consequences that exceed the
guideline values of 10CFR100;

(2) failure of fuel cladding which could cause changes in core geometry such that core
cooling would be inhibited;

(3) nuclear system stresses in excess of those allowed for the accident classification by
applicable industry codes;

(4) containment stresses in excess of those allowed for the accident classification by
applicable industry codes when containment is required; and

(5) radiation exposure to plant operations personnel in the main control room in excess
of 5 Rem whole body, 30 Rem inhalation and 75 Rem skin.

S.2.2 Descriptions and Frequency Categorization of Significant AOOs, Infrequent
Incidents, and Accidents

S$.2.2.1 Anticipated Operational Occurrences (Moderate Frequency Events)

To determine the limiting AOO events, the relative dependency of CPR upon various
thermal-hydraulic parameters was examined. A sensitivity study was performed to determine
the effect of changes in bundle power, bundle flow, subcooling, R—factor and pressure on
CPR for fuel designs.

Results of the study are given in Table S—1. As can be seen from this table, CPR is most
dependent on the R—factor and bundle power. A slight sensitivity to pressure and flow
changes and relative independence to changes in inlet subcooling was also shown. The
R—factor is a function of bundle geometry and local power distribution and is assumed to be
constant throughout a transient. Therefore, AOOs that would be limiting because of MCPR
would primarily involve significant changes in power. Based on this, the AOOs most likely to
limit operation because of MCPR considerations are:

(1) generator load rejection without bypass or turbine trip without bypass;

(2) loss of feedwater heating or inadvertent HPCI startup;
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(3) control rod withdrawal error;
(4) feedwater controller failure (maximum demand); and
(5) pressure regulator downscale failure (BWR/6 only).

Subsequent AOO analyses verified the results of the above sensitivity study. Descriptions of
the typical analyses performed for the above limiting events are given below. For reloads, the
potentially limiting events are evaluated to determine the required operating limits. The
analytical results for the limiting AOOs and the required operating limits are provided in the
plant supplemental reload licensing report.

Two additional fuel loading error conditions, the mislocated bundle and the misoriented
bundle event, are evaluated as infrequent incidents. If the applicability requirements in
Section S.5.3 for treating the fuel loading error as an infrequent incident cannot be met, then it
will be evaluated to meet the fuel cladding integrity safety limit MCPR. Descriptions of these
events are given in S.2.2.2.1 for the Infrequent Incident, and S.2.2.1.8 and .9 for the AOO.

Some plant—unique analyses will differ in certain aspects from the typical calculational
procedure. These differences arise because of utility—selected margin improvement options. A
description of these options and their effect upon the AOO analysis is given in Section S.5.
ATWS pump trip is assumed in the analysis of those plants listed in Table S—2.

The initial MCPR assumed for AOO analyses is usually greater than or equal to the GETAB
operating limit. Figure 5.2—1 in Appendix B illustrates the effect of the initial MCPR on
transient ACPR for a typical BWR core. This figure indicates that the change in ACPR is
approximately 0.01 for a 0.05 change in initial MCPR. Therefore, nonlimiting GETAB AOO
analyses may be initiated from an MCPR below the operating limit because the higher
operating limit MCPR more than offsets the increase in ACPR for the event. This may also be
applied to limiting AOOs if the difference between the operating limit and the initial MCPR is
small (0.01 or 0.02).

S$.2.21.1 Generator Load Rejection Without Bypass

Fast closure of the turbine control valves is initiated whenever electrical grid disturbances
occur which result in significant loss of load on the generator. The turbine control valves are
required to close as rapidly as possible to prevent overspeed of the turbine generator rotor.
The closing causes a sudden reduction of steam flow, which results in a nuclear system
pressure increase. The reactor is scrammed by the fast closure of the turbine control valves.

Starting Conditions and Assumptions. The following plant operating conditions and
assumptions form the principal bases for which reactor behavior is analyzed during a load
rejection:

(1) The reactor and turbine generator are initially operating at full power when the load
rejection occurs.
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(2) All of the plant control systems continue normal operation.

(3) Auxiliary power is continuously supplied at rated frequency.

(4) The reactor is operating in the manual flow control mode when load rejection
occurs, although the results do not differ significantly for operation in the
automatic flow control mode.

(5) The turbine bypass valve system is failed in the closed position.

Event Description. Complete loss of the generator load produces the following sequence of
events:

(1) The power/load unbalance device steps the load reference signal to zero and closes
the turbine control valves at the earliest possible time. The turbine accelerates at a
maximum rate until the valves start to close. The turbine control valves on plants
with electrical hydraulic turbine control (EHC) will close at a full stroke rate of
approximately 0.150 sec. The turbine control valve on plants with a mechanical
hydraulic turbine control (MHC) system will have a nonlinear closure signature
that is a function of the MHC settings.

(2) Reactor scram is initiated upon sensing control valve fast closure.

(3) If'the pressure rises to the pressure relief setpoint, part or all of the relief valves
open, discharging steam to the suppression pool.

(4) On some plants, if the pressure rises above approximately 1135 psig, a trip of the

recirculation pump drive motors occurs.

Identification of Operator Actions. No restart is assumed and the reactor is to be cooled

down.

The operator should take the following actions:

(1
)
3)

4
)
(6)
(7

Control the reactor pressure.
Ascertain that all control rods are in and that recirculation flow is at minimum.

Put the reactor mode switch in the startup position before the reactor pressure
decays to < 850 psig.

Secure the RCIC or emergency condenser if feedwater pumps are available.
Check the necessity of starting the residual heat removal (RHR) system.
Maintain turbine seals and steam jet air ejector (SJAE) operation.

Check the turbine coastdown.
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(8) When the reactor pressure decays to less than 300 psig, maintain the reactor water
level using the condensate pump only, and continue steaming to the seals and SJAE
until the shutdown cooling system is put into service.

(9) When the reactor is depressurized, close the main steam isolation valves (MSIVs)
for maintenance on the bypass valves.

(10) Monitor torus temperature and take appropriate actions as described in the
Technical Specifications.

Results and Consequences. For initial cores, the generator load rejection without bypass
event is calculated and the ACPR results reported in the plant FSAR. For reload cores, an
evaluation is performed to determine if this AOO could potentially alter the previous cycle
MCPR operating limit. If it does, the results will be reported in the supplemental reload
licensing report. Plant/cycle—specific results are determined using either the GENESIS,
GEMINI or TRACG methods described in Subsection 4.3.1 of the GESTAR base document
(Reference S—1) for reload cores.

S$.2.21.2 Turbine Trip Without Bypass

A variety of turbine or nuclear system malfunctions will initiate a turbine trip. Some examples
are: moisture separator and heater drain tank high levels, large vibrations, loss of control fluid
pressure, low condenser vacuum and reactor high water level. The turbine stop valve closes,
causing a sudden reduction in steam flow that results in a nuclear system pressure increase
and the shutdown of the reactor.

Starting Conditions and Assumptions. The plant operating conditions and assumptions are
identical to those of the generator load rejection.

Event Description. The sequence of events for a turbine trip is similar to those for a
generator load rejection. Stop valve closure occurs over a typical period of 0.10 second.

Position switches at the stop valves sense the turbine trip and initiate reactor scram. If the
pressure rises to the pressure relief setpoint, relief valves open, discharging steam to the
suppression pool.

Identification of Operator Actions. Key operator actions required following the turbine trip
without bypass are the same as required following a generator load rejection without bypass.

Results and Consequences. For initial cores, the turbine trip without bypass event is
calculated and the ACPR results reported in the plant FSAR. For reload cores, an evaluation is
performed to determine if this AOO could potentially alter the previous cycle MCPR
operating limit. If it does, the results will be reported in the supplemental reload licensing
report. Plant/cycle—specific results are determined using either the GENESIS, GEMINI or
TRACG methods described in Subsection 4.3.1 of the GESTAR base document

(Reference S—1).
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S$.2.2.1.3 Loss of Feedwater Heating

A loss of feedwater heating event results in a core power increase due to the increase in core
inlet subcooling.

Starting Conditions and Assumptions. The following plant operating conditions and
assumptions form the principal basis for which reactor behavior is analyzed during the loss of
feedwater heating transient:

(1) The plant is operating at full power.

(2) The plant is operating in the manual flow control mode. The transient is moderated
by the runback in core flow if operation is in the automatic flow control mode.

Event Description. Feedwater heating can be lost in at least two ways:
(1) Steam extraction line to heater is closed.
(2) Feedwater is bypassed around heater.

The first case produces a gradual cooling of the feedwater due to the stored heat capacity of
the heater. In the second case, the feedwater bypasses the heater and the change in heating
occurs during the stroke time of the bypass valve (about one minute, similar to the heater time
constant). In either case, the reactor vessel receives cooler feedwater. The maximum number
of feedwater heaters that can be tripped or bypassed by a single event represents the most
severe transient for analysis considerations and the feedwater heaters are assumed to trip
instantaneously. This event causes an increase in core inlet subcooling, which increases core
power due to the negative void reactivity coefficient. In automatic recirculation flow control,
some compensation of core power is realized by automatic reduction of core flow.

Identification of Operator Actions. For either case, power would increase at a very
moderate rate. If power exceeded the normal power flow control line, the operator would be
expected to reduce recirculation flow to return the power below its initial value, and
subsequently insert control rods to return to operation within the normal power/flow range.
If these steps were not done, the neutron flux could exceed the scram setpoint where a scram
would occur.

Results and Consequences. For initial cores, the loss of feedwater heating event is calculated
and the ACPR results reported in the plant FSAR. For reload cores, an evaluation is performed
to determine if this AOO could potentially alter the previous cycle MCPR operating limit.

If it does, the results will be reported in the supplemental reload licensing report. Plant/cycle—
specific results are determined using the REDY, TRACG or 3—D Simulator model.

S$.2.2.1.4 Inadvertent Start of HPCI Pump (Plants with HPCI only)

This AOQ is similar to the loss of feedwater heater event. The high pressure coolant injection
pump is inadvertently started and the cold water injection results in an increase in inlet
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subcooling and a consequent increase in power. In most cases this event is bounded by the
loss of feedwater heater event (Reference S—788).

Starting Conditions and Assumptions. The plant operating conditions and assumptions are
identical to those of the loss of feedwater heater.

Event Description. The HPCI introduces cold water through the feedwater sparger. The
normal feedwater flow is correspondingly reduced by the water level controls. The increase in
inlet subcooling due to the inadvertent HPCI start is slightly less than that produced by the
loss of feedwater heater event.

Identification of Operator Actions. The operator actions would be similar to those
performed for the loss of feedwater heating event. In addition, the operator should determine
the reason why the HPCI flow was initiated and follow proper procedures to shut off the
pumps.

Results and Consequences. For initial cores, the inadvertent start of HPCI Pump event is
calculated and the ACPR results reported in the plant FSAR. For reload cores, an evaluation is
performed to determine if this AOO could potentially alter the previous cycle MCPR
operating limit. If it does, the results will be reported in the supplemental reload licensing
report. The REDY, ODYN system model or the TRACG system model may also be used to
simulate this event. These models are described in Subsection 4.3.1 of the GESTAR base
document (Reference S—1).

S.2.2.1.5 Rod Withdrawal Error

Starting Conditions and Assumptions. The reactor is operating at a power level above 75%
of rated power at the time the control rod withdrawal error occurs. The reactor operator has
followed procedures and up to the point of the withdrawal error is in a normal mode of
operation (i.e., the control rod pattern, flow setpoints, etc. are all within normal operating
limits). For these conditions, it is assumed that the withdrawal error occurs with the maximum
worth control rod. Therefore, the maximum positive reactivity insertion will occur.

Event Description. While operating in the power range in a normal mode of operation, the
reactor operator makes a procedural error and withdraws the maximum worth control rod to
its rod block position. Due to the positive reactivity insertion, the core average power
increases. More importantly, the local power in the vicinity of the withdrawn control rod
increases and could potentially cause cladding damage due to overheating, which may
accompany the occurrence of boiling transition, which is an assumed AOO failure threshold.
The following list depicts the sequence of events for this AOO.

(1) Event begins, operator selects the maximum worth control rod, acknowledges any
alarms and withdraws the rod at the maximum rod speed.

(2) Core average power and local power increase causing LPRM alarm.
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(3) Event ends — rod block by RBM or RWL or for some plants a full withdrawal
occurs.

Identification of Operator Actions. Under most normal operating conditions, no operator
action will be required, since the transient that occurs will be mild. If licensing limits are
exceeded, the nearest local power range monitors (LPRMs) will detect this phenomenon and
sound an alarm. The operator must acknowledge this alarm and take appropriate action to
rectify the situation.

If the rod withdrawal error is severe enough, the rod block monitor (RBM) system will sound
alarms, at which time the operator must acknowledge the alarms and take corrective action.
Even for extremely severe conditions (i.e., for highly abnormal control rod patterns, operating
conditions and assuming that the operator ignores all alarms and warnings and continues to
withdraw the control rod), the RBM system will block further withdrawal of the control rod
before the fuel cladding integrity safety limit is exceeded.

Results and Consequences. For BWR/32-4-and-56 plants, the ACPR from a rod withdrawal
error is-can be reported for each fuel type or a bounding value for all fuel in the core. The
value reported in the Ssupplemental Rreload Elicensing Rreport for a particular fuel type
may be from either a plant/cycle—specific analysis or the applicable plant/cycle-independent
generic bounding analysis. The plant/cycle-independent generic bounding analysis for
ARTS based systems will be developed for the first application of anthe ARTS based
system for the specific plant. The plant/cycle-lndependent generic boundlng analys1s for
BWR/6’s was analyzed inred-

i Reference Sé—9or—may—b%&nalffzed—on—a—pl-aﬁt—speekﬁc—b&srs %&aﬁphe&b&ﬁy—of—these
epepe b s e D el e b e

‘ | ” s

If the plant/cycle-independentin-eases-where-the generic bounding analysis results in a
ACPR that is the limiting value for a particular fuel lattice type, a plant/cycle-specific
analysis may be performed for that fuel type.

The specific evaluation of an RWE event is specific to the analysis type: non-ARTS,
ARTS or BWR/6.F91LB§¥RL2—513{aﬂtsrﬂmea¥e4wo4ypes%plaﬂ#eyealee}ﬁe

All plant/cycle—speciﬁc a&al—ysis—analyses considers the continuous withdrawal of the
maximum worth control rod, or group of rods, -at #s-maximuma limiting drive speed from
the reactor. For non-ARTS based plants, the core ~which-isis assumed operating at rated
power with a control rod pattern which placesresults-in the core beingplaced-on thermal
design limits—Fhis, a condition is-analyzed-towhich ensures that-theresults-obtained-are
conservative results; this approach also serves-to-demonstrates the function of the RBM
system. For ARTS basis and BWR/6 plants, the core is assumed operating at rated
power with a control rod pattern that is adjusted to be-a-high-werth-neminal;
maximizinge the worth of the targeted error rod, or group of rods. The ARTS based
RWE is a statistical basis that determineswhere the initial MCPR necessary to provide
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95% confidence that the SLMCPR will not be violated in 95% of the RWEs initiated-is
determined. Statistical ARTS based limits for blocked and unblocked RWE events are
evaluated for each reload. The BWR/6 RWE result is calculated based on the worst
RWL-distance limited withdrawal segment occurring during a full withdrawal. Fhe

Results for this-the worst—case condition for the specific analysis typethe+eload will be
given in the supplemental reload licensing report. Results for late in cycle reactivity limited
control rod pattern based rod withdrawal error analyses may also be reported to provide
appropriate late in cycle ACPRs.

S.2.21.6 Feedwater Controller Failure — Maximum Demand

This event is postulated on the basis of a single failure of a control device; specifically, one
that can directly cause an increase in coolant inventory by increasing the feedwater flow. The
most severe applicable event is a feedwater controller failure during maximum flow demand.
The feedwater controller is forced to its upper limit at the beginning of the event.

Starting Conditions and Assumptions. The starting conditions and assumptions considered
in this analysis are as follows:

a. Feedwater controller fails during maximum flow demand.
b. Maximum feedwater pump runout is assumed.

c.  The reactor is operating in a manual flow control mode, which provides for the
most severe transient.

Event Description. A feedwater controller failure during maximum demand produces the
following sequence of events:

a. The reactor vessel receives an excess of feedwater flow.
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b.  This excess flow results in an increase in core subcooling, which results in a rise in
both core power and reactor vessel water level.

c.  Therise in the reactor vessel water level eventually leads to high water level
turbine trip, feedwater pump trip and reactor scram trip.

Identification of Operator Actions. Under most conditions, no operator action will be
required. The reactor will scram on high water level and end the transient.

Results and Consequences. The influx of excess feedwater flow results in an increase in core
subcooling that reduces the void fraction and thus induces an increase in reactor power. The
excess feedwater flow also results in a rise in the reactor water level, which eventually leads
to high water level, reactor scram, main turbine and feedwater turbine trip and turbine bypass
valves being actuated. Reactor scram trip is actuated from the main stop valve position
switches for plants without high water level trip. Relief valves open as steamline pressures
reach relief valve setpoints.

For initial cores, the feedwater controller failure event is calculated and the ACPR results
reported in the plant FSAR. For reload cores, an evaluation is performed to determine if this
AOO could potentially alter the previous cycle MCPR operating limit. If it does, the results
are reported in the supplemental reload licensing report. Plant/cycle—specific results are
determined using either the GENESIS, GEMINI or TRACG methods described in Subsection
4.3.1 of the GESTAR base document (Reference S—1).

S.2.2.1.7 Pressure Regulator Downscale Failure (BWR/6 Plants Only)

Two identical pressure regulators are provided to maintain primary system pressure control.
They independently sense pressure just upstream of the main turbine stop valves and compare
it to two separate setpoints to create proportional error signals that produce each regulator
output. The output of both regulators feeds into a high value gate. The regulator with the
highest output controls the main turbine control valves. The lowest pressure setpoint gives the
largest pressure error and, thereby, largest regulator output. The backup regulator is set 5 psi
higher, giving a slightly smaller error and a slightly smaller effective output of the controller.

It is assumed, for the purpose of this AOO analysis, that a single failure occurs which causes a
downscale failure of the pressure regulation demand to zero (e.g., high value gate downscale
failure). Should this occur, it could cause full closure of turbine control valves, as well as
inhibit steam bypass flow and thereby increase reactor power and pressure. When this occurs,
reactor scram will be initiated when the high neutron flux scram setpoint is reached.

This AOO is not applicable to plants with the MEOD flexibility option (see Section S.5.2.7).
The MEOD evaluation concluded that the single failure initiating this AOO was very remote
and did not meet the probability requirements. The pressure control of each applicable plant
is reviewed to insure that it is consistent with the MEOD basis.

Starting Conditions and Assumptions. The following plant operating conditions and
assumptions form the principal bases for which reactor behavior is analyzed for this event:
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(1) The reactor and turbine generator are initially operating at full power when
downscale failure of the pressure regulator occurs.
(2) All of the plant control systems function normal.
(3) The reactor is operating in the manual flow control mode when load rejection

occurs, although the results do not differ significantly for operation in the
automatic flow control mode.

Event Description. Pressure regulation downscale failure produces the following sequence

of events:

(M

)
3)

“4)
)

A failure occurs such that the high value gate receives a zero demand signal, which
Initiates a turbine control valve closure.

Neutron flux reaches high flux scram setpoint and initiates a reactor scram.

Recirculation pump drive motors are tripped due to high dome pressure.
Safety/relief valves also open due to high pressure.

Vessel water level trip initiates main turbine and feedwater turbine trips.

Group 1 safety/relief valves open again to relieve decay heat and then reclose.

Identification of Operator Action. The operator should:

(M
2
3)

4
)

monitor that all control rods are inserted;
monitor reactor water level and pressure;

observe turbine coastdown and break vacuum before the loss of steam seals (check
turbine auxiliaries);

observe that the reactor pressure relief valves open at their setpoint; and

monitor reactor water level and continue cooldown per the normal procedure.

Results and Consequences. For initial cores, the pressure regulator downscale failure event
is calculated and the ACPR results reported in the plant FSAR. For reload cores, an
evaluation is performed to determine if this AOO could potentially alter the previous cycle
MCPR operating limit. If it does, the results will be reported in the supplemental reload
licensing report. Plant/ cycle—specific results are determined using either the GENESIS,
GEMINI or TRACG methods described in Subsection 4.3.1 of the GESTAR base document
(Reference S—1).
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S.2.2.1.8 Mislocated Bundle Event

If the mislocated bundle event cannot be evaluated as an Infrequent Incident per Section
S.5.3, then the event is evaluated as an AOO for initial cores and reload cores where the
resultant CPR response may establish the operating limit MCPR (OLMCPR). The evaluation
of the mislocated bundle as an infrequent incident is discussed in Section S.2.2.2.1.

Starting Conditions and Assumptions. Proper location of the fuel assembly in the reactor
core is monitored during fuel movements and verified by procedures during core loading.
Verification procedures include inventory checks, current bundle location logs, serial number
verifications and visual or photographic inspection of the loaded core. The verification
procedures are designed to minimize the possibility of the occurrence of the mislocated
bundle accident. Plant operation with a mislocated fuel bundle is a result of a failure in the
core verification process following core fueling.

Event Description.

For Initial Cores. The initial core consists of bundle types with average enrichments in the
high, medium or low range with correspondingly different gadolinia concentrations. The fuel
bundle loading error involves interchanging a bundle of one enrichment with another bundle
of a different enrichment. The following fuel loading errors are possible in an initial core:

(1) A high—enrichment bundle is misloaded into low—enrichment bundle location.

(2) A medium—enrichment bundle is misloaded into a low—enrichment bundle location.
(3) A low—enrichment bundle is misloaded into a high—enrichment bundle location.

(4) A low—enrichment bundle is misloaded into a medium—enrichment bundle location.

(5) A medium—enrichment bundle is misloaded into a high—enrichment bundle
location.

(6) A high—enrichment bundle is misloaded into a medium—enrichment bundle
location.

Because all low—enrichment bundles are located on the core periphery, the misloading of
high— or medium—enrichment bundles into a low—enrichment bundle location [misloading
errors (1) or (2)] is not significant. In these cases, the higher reactivity bundles are moved to
a region of low reactivity and power resulting in an overall improvement in performance and
no impact on thermal margin.

The third type of fuel loading error results in the largest enrichment mismatch. For initial
cores using thermal traversing in—core probes (TIPs), this loading error does not result in an
unacceptable operating consequence. Consider a fuel bundle loading error at beginning—of—
cycle (BOC) and the low—enrichment bundle interchanged with a high—enrichment bundle
located adjacent to the Local Power Range Monitor (LPRM) and predicted to be closest to
technical specification limits. After the loading error has occurred and has gone undetected,
assume, for purposes of conservatism, that the operator uses a control pattern that places the
limiting bundle in the four—bundle array containing the misplaced bundle on thermal limits as
recorded by the LPRM. As a result of loading the low—enrichment bundle in an improper
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location, the average power of the four bundles decreases. Normally, the reading of the
LPRM will show a decrease in thermal flux due to the decreased power; however, in this case,
an increase in the thermal flux occurs due to decreased neutron absorption in the low—
enrichment bundle. The effect of the decreased thermal absorption is larger than the effect of
power depression resulting in a net increase in the instrument reading. Thus, detected
reductions in thermal margins during power operations will indicate a fuel loading error of
this kind.

The fourth and fifth types of fuel loading errors are similar to the third type and also result in
conservative operating errors.

The fuel bundle loading error with greatest impact on thermal margin is of the sixth type,
which occurs when a high—enrichment bundle is interchanged with a medium—enrichment
bundle located away from an LPRM. Since the medium— and high—enrichment bundles have
corresponding medium and high gadolinia contents, the maximum reactivity difference occurs
at the end of cycle (EOC) when the gadolinia has burned out.

For Reload Cores. The loading error involves the mislocation of at least two fuel bundles.
One location is loaded with a bundle that would potentially operate at a lower critical power
than it would otherwise. The other location would operate at a higher critical power. The low
critical power location could have less margin to boiling transition than other bundles in the
core; therefore, the MCPR operating limit is set to protect against this occurrence.

Identification of Operator Actions. There is a possibility that core monitoring will provide
information that allows the operator or reactor engineer to recognize that an error exists and
determine appropriate mitigating actions. Where the high radial power mislocated bundle is
adjacent to an instrument, the power adjustment in radially TIP or LPRM adapting monitoring
systems will cause higher monitored bundle power. The reactor will be operated such that the
most limiting of the bundles near the mislocation will be maintained below the operating limit
MCPR. Where the mislocated bundle has a bundle between it and the instrument, the core
monitoring may not recognize the mislocation.

If loading errors were made and have gone undetected, the operator would assume that the
mislocated bundle would operate at the same power as the instrumented bundle in the mirror—
image location and would operate the plant until EOC. For the purpose of conservatism, it is
assumed that the mirror—image bundle is on thermal limits as recorded by the LPRM. As a
result of placing the instrumented bundle on limits, the mislocated bundle may violate the
Tech Spec operating limit MCPR.

Results and Consequences. Assuming the mislocated bundle is not identified, it is possible
that the fuel bundle operates through the cycle close to or above the fuel thermal mechanical
limit. Therefore, the MCPR operating limit is set to protect against this occurrence.

Further discussion on the analysis methods for the mislocated bundle accident is given in
References S—45-10 and S—4611.
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S.2.2.1.9 Misoriented Bundle Event

If the misoriented bundle event cannot be evaluated as an Infrequent Incident per Section
S.5.3, then the event is evaluated as an AOO for initial cores and reload cores where the
resultant CPR response may establish the operating limit MCPR (OLMCPR). The evaluation
of the misoriented bundle as an infrequent incident is discussed in Section S.2.2.2.1.

Starting Conditions and Assumptions. Proper orientation of the fuel assembly in the
reactor core is monitored during fuel movements and verified by procedures during core
loading. Five separate visual indications of proper fuel assembly orientation exist:

(1) The channel fastener assemblies, including the spring and guard used to maintain
clearances between channels, are located at one corner of each fuel assembly
adjacent to the center of the control rod.

(2) The identification boss on the fuel assembly handle points toward the adjacent
control rod.

(3) The channel spacing buttons are adjacent to the control rod passage area.

(4) The assembly identification numbers that are located on the fuel assembly handles
are all readable from the direction of the center of the cell.

(5) There is cell-to—cell replication.

Event Description. This fuel loading error involves the misorientation of a single fuel
bundle. The power distribution in the misoriented bundle would be affected as well as its
neighbors. The resulting power distribution could reduce the margin to boiling transition.

Identification of Operator Actions. There is a possibility that core monitoring will provide
information that allows the operator or reactor engineer to recognize that an error exists and
determine appropriate mitigating actions. If loading errors were made and have gone
undetected, the plant would continue to operate until EOC.

Results and Consequences. Assuming the mislocated bundle is not identified, it is possible
that the fuel bundle operates through the cycle close to or above the fuel thermal mechanical
limit. Therefore, the MCPR operating limit is set to protect against this occurrence.

Analysis methods for the misoriented fuel assembly are discussed in detail in Reference S—
4611. Approval of these methods is given in Reference S—47-12 under the stipulation thata |
ACPR penalty of 0.02 be added for the tilted misoriented bundle. This 0.02 is added on to the
calculated ACPR used in determining the operating limit when utilizing this method. GE
applies the Fuel Cladding Integrity Safety Limit discussed in Section 4 of the base

GESTAR II document (Reference S—1) and-presented-inReference-S—2-to the accident results |

reported in the plant FSAR or the supplemental reload licensing report. Individual utilities
may elect to substitute an alternative approach as noted in Reference S—47-12 for this limit.

S.2.2.2  Unexpected Operational Occurrences (Infrequent Incidents)
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S$.2.2.21 Fuel Loading Error (Mislocated or Misoriented Bundle Event)

A generic bounding analysis of the fuel loading error (mislocated or misoriented bundle
event) is provided in Reference S-9913. The plant must meet the requirements of Section
S.5.3 in order to apply this generic analysis. If the plant cannot meet the requirements of
S.5.3, then the mislocated or misoriented bundle is evaluated as discussed in Sections
S.2.2.1.8 and .9.

Starting Conditions and Assumptions. Proper location and orientation of the fuel
assemblies in the reactor core is monitored during fuel movements and verified by procedures
during core loading. Verification procedures address location, orientation, and seating
through visual examinations of the loaded core. The verification procedures are designed to
minimize the possibility of the occurrence of the mislocated or misoriented bundle event.
Plant operation with a mislocated or misoriented fuel bundle is a result of a failure in the core
verification process following core fueling.

Event Description. The description of the mislocated or misoriented fuel bundle event is the
same as in Sections S.2.2.1.8 and .9 except that for the infrequent incident it is assumed that
the event proceeds to cause fuel failures.

Identification of Operator Actions. The initial core power distribution indications and
possible operator actions are the same as in Sections S.2.2.1.8 and .9. Should fuel failures
occur, the offgas activity quickly increases. At that point, the operator would take steps to
reduce power or scram the reactor to reduce or terminate the release.

Results and Consequences. Reference S-99-13 provides a bounding analysis based on a
very conservative assumption of all of the fuel rods failing in five fuel bundles. Two
scenarios for the fuel loading error were considered. The first assumed that the fission
product activity is airborne in the turbine and condenser following Main Steam Isolation
Valve (MSIV) closure and leaks directly from the condenser to the atmosphere. In the second
scenario, it was assumed that no automatic MSIV closure occurred and that the activity was
transported to an augmented offgas system. Calculations of post—accident doses for the
Exclusion Area Boundary (EAB) were performed for each scenario to compare radiological
consequences with the applicable exposure limits. EAB doses were also calculated for both
scenarios utilizing the alternate source term methodology.

The plant specific offgas system parameters and site atmospheric dispersion parameters are
used to confirm the applicability of the EAB generic analysis. A conservative analysis for the
control room dose was also established such that plant specific atmospheric dispersion
parameters can also be used to confirm its applicability. Section S.5.3 defines the items that
must be confirmed and documented with the reload design documentation to support
application of the Infrequent Incident analysis option.

S.2.2.3 Design Basis Accidents (Limiting Faults)

In this category, evaluations of less frequent postulated events are made to assure an even
greater depth of safety. Accidents are events that have a projected frequency of occurrence of
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less than once in every one hundred years for every operating BWR. The broad spectrum of
postulated accidents is covered by five categories of design basis events. These events are the
control rod drop, loss—of—coolant, main steam line break, one recirculation pump seizure, and
refueling accident.

S$.2.2.3.1 Control Rod Drop Accident Evaluation

There are many ways of inserting reactivity into a boiling water reactor; however, most of
them result in a relatively slow rate of reactivity insertion and therefore pose no threat to the
system. It is possible, however, that a rapid removal of a high worth control rod could result
in a potentially significant excursion; therefore, the accident that has been chosen to
encompass the consequences of a reactivity excursion is the control rod drop accident
(CRDA). The dropping of the rod results in a high local reactivity in a small region of the core
and for large, loosely coupled cores, significant shifts in the spatial power generation during
the course of the excursion.

S.2.2.3.1.1 Sequence of Events

The sequence of events and approximate time of occurrence for this accident are described
below:

Approximate

Banked Position Withdrawal Sequence (BPWS) Plants — Event Elapsed Time

(a) Reactor is at a control rod pattern corresponding to maximum -
increment rod worth.

(b) Rod pattern control systems (Rod Worth Minimizer, Rod Sequence -
Control System, or Rod Pattern Controller) or operators are
functioning within constraints of BPWS. The control rod that will
result in the maximum incremental reactivity worth addition at any
time in core life under any operating condition while employing the
BPWS becomes decoupled from the control rod drive.

(¢) Operator selects and withdraws the drive of the decoupled rod along -
with the other required control rods assigned to the Banked—
position group such that the proper core geometry for the maximum
incremental rod worth exists.

(d) Decoupled control rod sticks in the fully inserted position. -

(e) Control rod becomes unstuck and drops at the maximum velocity 0
determined from experimental data (3.11 fps).

(f) Reactor goes on a positive period and initial power burst is <1 sec.
terminated by the Doppler reactivity feedback.

(g) APRM 120% power signal scrams reactor (conservative; in startup -
mode APRM scram would be operative + IRM).

(h) Scram terminates accident. <5 sec.
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(1) Banked Position Withdrawal Sequence (BPWS) Plants:

All plants except those listed in Table S—4 utilize the BPWS. Those Group Notch
plants in Table S—4 that have modified their Rod Worth Minimizer (RWM) and
have provided a separate submittal to the NRC, which enforces the BPWS as
described in Reference S—914, are included in this group.

Those plants listed in Table S—4 that have implemented the modifications described
in Reference S—6-15 are also included in this group. Plants that implement the
modifications described in Reference S—6-15 must modify their technical
specifications to assure high operability of their rod pattern control system, review
procedures and quality control for second operator substitution, and provide a
discussion of this review to the NRC.

To limit the worth of the rod that would be dropped in a BPWS plant, the rod
pattern control systems are used below the plant—specific low power setpoint to
enforce the rod withdrawal sequence. These systems are programmed to follow the
bank position withdrawal sequences (BPWS), which are generically defined in
Reference S—16. GEH has generically analyzed BPWS using the bank notch
positions 0-4-8-12-48 (where 48 coincides with full withdrawal). In order to
use startup sequences which do not conform to these bank positions, a plant
must analyze the sequences as described in Reference S-H16. Plants that have
implemented the BPWS in accordance with Reference S-+H-16 may also implement

the Improved BPWS Control Rod Insertion Process as defined in Reference S-

10017.

Group Notch Plants — Event

Approximate
Elapsed Time

(a)

Reactor is at a control rod pattern corresponding to maximum
increment rod worth.

(b)

Rod worth minimizer is not functioning. Maximum worth control
blade that can be developed at any time in core life under any
operating conditions with the group notch RSCS operational becomes
decoupled from the control rod drive.

(©)

Operator selects and withdraws the control rod drive of the decoupled
maximum worth rod along with the other required control rods
assigned to its Rod Sequence Control System group such that the
proper core geometry for the maximum incremental rod worth exists.

(d)

Decoupled control rod sticks in the fully inserted position.

(©)

Blade becomes unstuck and drops at the maximum velocity
determined from experimental data (3.11 fps).

9]

Reactor goes prompt critical and initial power burst is terminated by
the Doppler reactivity feedback.

<1 sec.

(2

APRM 120% power signal scrams reactor (conservative; in startup
mode APRM scram would be operative + IRM).
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(h) Scram terminates accident. <5 sec.

(2) Group Notch Plants

Plants listed in Table S—4 are Group Notch plants. Those Group Notch plants that
enforce the BPWS as described in Reference S—914, are not included in this group. |
In addition, those plants that have implemented the modifications of Reference S—
1+06-15 are also not included in this group.

To limit the worth of the rod that could be dropped in a group notch plant that has

not implemented the modifications of Reference S—615, a group notch rod |
sequence control system (RSCS) is installed to control the sequence of rod
withdrawal. This system prevents the movement of an out—of—sequence rod before
the 50% rod density configuration is achieved (except for plants operating in the
BPWS mode described in Reference S—914), and prevents high—control rod worth |
beyond the 50% rod density configuration by enforcing a group notch mode of rod
withdrawal. The 50% rod density configuration occurs during each reactor startup
and corresponds to a “checkerboard” rod pattern in which 50% of the rods are fully
inserted in the core and 50% are fully withdrawn. The rod drop accident design

limit restricts peak enthalpies in excess of 280 cal/gm for any possible plant

operation or core exposure.

S$.2.2.3.1.2 Analytical Methods.

Techniques and models used to analyze the control rod drop accident (CRDA) are
documented in References S—218, S—319, S—4-20 and S—914. The information in these
documents has been used for the development of design approaches to make the consequences
of CRDA acceptable.

(1) Banked Position Withdrawal Sequence (BPWS) Plants

Control rod drop accident (CRDA) results from BPWS plants have been

statistically analyzed and documented in Reference S—-521. The results show that, |
in all cases, the peak fuel enthalpy in an RDA would be much less than the 280—
cal/gm design limit even with a maximum incremental rod worth corresponding to
95% probability at the 95% confidence level. Based on these results, it was

proposed to the NRC, and subsequently found acceptable, to delete the CRDA from
the standard GE BWR reload package for the BPWS plants.

Because of the large margin available to CRDA design limits for BPWS plants,
implementation of the advanced physics methods (Reference S—622) does not |
result in challenging the 280—cal/gm limit. Therefore, the impact of using the
advanced physics methods of Reference S—6-22 as compared to the physics

methods described in Reference S—723 on the generic BPWS analysis, is
considered negligible. Applicability of the generic BPWS analysis to GE fuel
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designs is given-provided in Reference-S—2the GESTAR II compliance report
for each fuel product line.

(2) Group Notch Plants

For group notch plants not operating in the BPWS mode described in
Reference S—9-14 or that have not implemented the modifications described in |
Reference S—901S5, the highest control rod worth in the cold condition is

determined for a series of rod drop states. Hot—standby cases are also run for any
cold case that is not subcritical. The resultant peak fuel enthalpy for cold and, if
applicable, hot—standby is then determined. This enthalpy value is then compared
to the 280 cal/gm RDA design limit. The CRDA calculational procedures are
independent of whether the physics models of either Reference S—+723 or
Reference S—6-22 are used.

Group notch plants operating in the BPWS mode described in Reference S—9-14 or
those plants that have implemented the modifications of Reference S—6-15 can
reference the statistical CRDA analysis documented in Reference S—521. This will
allow these plants to delete the CRDA analysis from the standard GE-BWR reload
package.

Results of the analysis for reload cores are supplied in the specific plant

supplemental reload licensing report. For those group notch plants not operating in
the BPWS mode described in Reference S—914, these results include the resultant |
peak enthalpy in the cold and, if applicable, the hot—standby condition.

S.2.2.3.1.3 Effect of Fuel Densification

The effect of axial gap formation due to fuel densification on the rod drop accident results is
discussed in Reference S—+824. Based on this evaluation, it has been established that there is |
a 99% probability that increased local peaking in any fuel rod due to the formation of axial

gaps will be less than 5%. This effect has been accommodated by adjusting the local peaking
factor.

S$.2.2.3.1.4 Results and Consequences

Results of radiological analyses for initial cores are reported in the FSAR. For reloads, based
on a bounding analysis, it was conservatively determined that 850! fuel rods would reach a
fuel enthalpy of 170 cal/gm, which is the enthalpy limit for eventual cladding perforation.
Safety analysis reports written prior to the development of the model and techniques reported
previously, and those used to predict the 850 failures, resulted in the failure of approximately
330 fuel rods for the 7x7 fuel. Based on these new models and assumptions, the resultant
number of failures for a 7x7 core would be 660 fuel rods. If the conservative assumption is

I Includes a 10% allowance for uncertainties in the calculation.
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made that the fractional plenum activity for 8x8, 8x8R, P8x8R, and BP8x8R fuel is the same
as for the 7x7 fuel, the resultant increase in activity released from the 8x8 fuel and the
subsequent radiological exposures relative to 7x7 analysis for the failure of 330 rods is
(850/330) (49/63) = 2 times the 7x7 analysis. As noted in the FSAR, even if the radiological
exposures are increased by a factor of two, the effects are still orders of magnitude below
those identified in I0CFR100. The radiological consequences of the CRDA, assuming a full
core of more recent GE fuel designs, are discussed in Reference S—225. -Beginning with
tFor the GE14 and GNF2 product lines, and for future fuel products, the number of fuel
rods that would reach 170 cal/gm is provided in the GESTAR II compliance report for
the fuel product line.

Results of the enthalpy analysis for initial cores are reported in the FSAR.

Results of the analysis for reload cores are supplied in the specific plant supplemental reload
licensing report. For group notch plants that are not operating in the BPWS mode described in
Reference S—9-14 or that have not implemented the modifications of Reference S—-615, these |
results include the resultant peak enthalpy in the cold and, if applicable, the hot—standby
condition.

S.2.2.3.2 Loss-of-Coolant Accident

Historically, there were Fwe-two separate emergency core cooling system (ECCS) ‘

evaluation methodologies are-available to determine the effects of the loss—of—coolant

accident (LOCA) in accordance with the requirements of 10CFR50.46 and Appendix K.

E1ther methodology can be used to calculate the LOCA results. fl"—h%p&ftw&l-ar—method—&sed—}s ‘
: —The method

used w1ll be indicated in the FSAR for 1n1t1al cores or the supplemental reload licensing report

for each cycle (see Appendix A of country—specific supplement).

The first methodology, (which was designated SAFE/REFLOOD,);identitied-in-Seetions

been replaced by the SAFER/GESTR or SAFER/PRIME methodology in all U.S. plants
utilizing GEH LOCA evaluation methodology. The content in the subsequent portions
of Section 2.2.3.2.1 pertaining to SAFE/REFLOOD have been deleted and the sections
marked as not used.

The second methodology (SAFER/GESTR), identified in Sections S.2.2.3.2.4 and S.2.2.3.2.5,
utilizes improved ECCS evaluation models (References S—26-26 and S—2127) along with a
realistic application approach (Reference S—2228) to calculate a licensing PCT with margin
substantiated by statistical considerations. Nominal values are used for most inputs, and
Appendix K required inputs are utilized only for the limiting break in order to establish a
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licensing margin to 10CFR50.46 limits. This methodology was revised in Reference S—74-29
to extend the apphcatlon to non—jet pump plants —Gsee%mptm%edﬂﬂethedelegy—ts

The SAFER/GESTR methodology has been updated to include the fuel and gap
properties from the PRIME fuel performance methodology which was approved by the
NRC (Reference S-30). This methodology is being designated as SAFER/PRIME. All
other aspects of the SAFER/GESTR methodology which was reviewed and approved by
the NRC remain unchanged.

S.2.2.3.2.1 SAFE/REFLOOD LOCA Model Descriptions (Not Used / Reserved)

S$.2.2.3.21.1 Short-Term Thermal-Hydraulic Model (LAMB) (Not Used / Reserved)

S$.2.2.3.21.2 Transient Boiling Transition Model (SCAT) (Not Used / Reserved)

$.2.23.21.3 Long-Term Thermal-Hydraulic Model (SAFE/REFLOOD) (Not Used / Reserved)
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S.2.2.3.2.3.1 Lead Plant Selection (Not Used / Reserved)
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aewThe thermal-hydraulic model (SAFER) and a-new-fuel rod thermal-mechanical model
(GESTR-LOCA) have been developed to provide more realistic calculations for LOCA
analyses. The SAFER and GESTR-LOCA models are summarized below and discussed in
detail in References S—2626, S—2127, S—7429, S-92-31 (as reviewed by the NRC in the letter
specified in Reference S—9231) and S—9332. The SAFER/GESTR methodology has been
updated to include the fuel and gap properties from the PRIME fuel performance
methodology which was approved by the NRC (Reference S-30). This methodology is
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designated as SAFER/PRIME. All other aspects of the SAFER/GESTR methodology
which was reviewed and approved by the NRC remain unchanged.

and SAFER/PRIME is-are also applicable to prepressurized fuel. Non-—prepressunzed fuel
calculations result in conservative limits with respect to prepressurized fuel. The MAPLHGR
values calculated by the codes are applicable to both nonbarrier and barrier fuel.

S$.2.2.3.2.41 Realistic Thermal-Hydraulics Model (SAFER)

The SAFER code employs a heatup model with a simplified radiation heat transfer correlation

to calculate PCT and local maximum ox1dat10n—wh&eh—repl—aees—th%GPLA:S¥E—heafe&p

SAFER can be used directly.

S.2.2.3.2.4.2 Best Estimate Fuel Rod Thermal Mechanical Model (GESTR-LOCA)

The GESTR-LOCA model has been developed to provide best—estimate predictions of the
thermal performance of GE nuclear fuel rods experiencing variable power histories. For
ECCS analyses, the GESTR-LOCA model is used to initialize the fuel stored energy and fuel
rod fission gas inventory at the onset of a postulated LOCA. Details of the GESTR-LOCA
models are provided in Reference S—2626.

The fuel and gap properties have been updated based on the PRIME fuel performance
methodology which was approved by the NRC (Reference S-30). This methodology is
designated as SAFER/PRIME. All other aspects of the SAFER/GESTR methodology
which was reviewed and approved by the NRC remain unchanged.

S$.2.2.3.2.4.3 Transient Boiling Transition Model (TASC)

The TASC model is used to evaluate the short—term thermal-hydraulic response of the
coolant in the core during a postulated loss—of—coolant accident. In particular, the convective
heat transfer response in the thermally limiting fuel bundle is analyzed during the transient.
For a detailed description of the model and a discussion regarding sources of input to the
model, refer to Reference S—9433.

S$.2.2.3.2.5 SAFER/GESTR-LOCA Model Application Methodology

Using the SAFER/GESTR-LOCA or SAFER/PRIME models, the LOCA events are
analyzed with nominal values of inputs and correlations. A calculation is performed in
conformance to Appendix K and checked for consistency with generic statistical upper bound
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analyses that encompass modeling uncertainties in SAFER/GESTR-LOCA or
SAFER/PRIME and uncertainties related to plant parameters.

%h%The effects of power spiking due to 1n—reactor densification are con51dered negligible for
SAFER/GESTR-LOCA and SAFER/PRIME analyses.fersimtlarreasons:

The details of the application methodology are summarized below and discussed in detail in

References S—2228, S—92-31 and S—9332.—Fheplantspeeifie FOCA-analysisreportforeach
e

S$.2.2.3.2.5.1 Appendix K Conformance
The SAFER/GESTR-LOCA or SAFER/PRIME Appendix K conformance calculation will
be performed only for the limiting break of a nominally calculated break spectrum with a

range of break flow multipliers between 0.6 and 1.0. The licensing PCT is obtained as
described in Reference S—2228.

S.2.2.3.25.2 BWR/2

BWR/2s have all been analyzed using SAFER/CORECOOL/GESTR-LOCA or
SAFER/CORECOOL/PRIME on a plant—specific basis. The analysis methodology is
described in Reference S—7429.

S.2.2.3.2.6 Total LOCA Analysis

Reference-S—9-The total LOCA analy51s based on the use of the SAFER/GESTR-LOCA or
SAFER/PRIME codes (Sections S.2.2.3.2.4 and S.2.2.3.2.5), is performed using the
procedures outlined in Reference S—2228. The total LOCA analysis is generally provided for
each plant independent of the supplemental reload licensing report. The supplemental reload
licensing report will contain either the MAPLHGR and PCT as a function of exposure for fuel
not previously licensed to operate in the specific reactor, or a reference to the analysis results.
For multiple lattice fuel designs, each lattice has an associated MAPLHGR value. The
MAPLHGR limit is determined by the LOCA analyses described in the preceding
subsections. For each multiple lattice fuel bundle type, the supplemental reload licensing
report will include a plot or table of the limiting value of MAPLHGR for the most limiting
enriched lattice as a function of average planar exposure. Additional information is provided
in Reference S—4434.

S$.2.2.3.3 Main Steam Line Break Accident Analysis
The analysis of the main steam line break accident depends on the operating thermal—
hydraulic parameters of the overall reactor (such as pressure) and overall factors affecting the

consequences (such as primary coolant activity). Results for initial cores are documented in
the individual plant FSAR. The initial SAFER/GESTR analysis for each plant included a
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re-analysis of the main steam line break, which establishes the non-limiting response of
this break as compared to the other analyzed breaks. There is a large margin between
the main steam line break and the limiting break. During the introduction of a new fuel
product line, the differences in fuel design are evaluated with respect to the previous
break spectrum and the response of the main steam line break.Jnsertion-efthereload-fuel

S.2.2.3.4 One Recirculation Pump Seizure Accident Analysis

This accident is assumed to occur as a consequence of an unspecified, instantaneous stoppage
of one recirculation pump shaft while the reactor is operating at full power.

The pump seizure event is a very mild accident in relation to other accidents such as the
LOCA. This is easily verified by consideration of the two events. In both accidents, the
recirculation driving loop flow is lost extremely rapidly. In the case of the seizure, stoppage of
the pump occurs; for the LOCA, the severance of the line has a similar, but more rapid and
severe influence. Following a pump seizure event, flow continues, water level is maintained,
the core remains submerged and this provides a continuous core cooling mechanism.
However, for the LOCA, complete flow stoppage occurs and the water level decreases due to
loss of coolant, resulting in uncovery of the reactor core and subsequent overheating of the
fuel rod cladding. In addition, for the pump seizure accident, reactor pressure does not
significantly decrease, whereas complete depressurization occurs for the LOCA. Clearly, the
increased temperature of the cladding and reduced reactor pressure for the LOCA both
combine to yield a much more severe stress and potential for cladding perforation for the
LOCA than for the pump seizure. Therefore, it can be concluded that the potential effects of
the hypothetical pump seizure accident are very conservatively bounded by the effects of a
LOCA and specific analyses of the pump seizure accident are not required.

S.2.2.3.5 Refueling Accident Analysis

Identification of Causes. Accidents that result in the release of radioactive materials directly
to the containment can occur when the drywell is open. A survey of the various conditions
that could exist when the drywell is open reveals that the greatest potential for the release of
radioactive material occurs when the drywell head and reactor vessel head have been
removed. In this case, radioactive material released as a result of fuel failure is available for
transport directly to the containment.

Various mechanisms for fuel failure under this condition have been investigated. With the
current fuel design the refueling interlocks, which impose restrictions on the movement of
refueling equipment and control rods, prevent an inadvertent criticality during refueling
operations. In addition, the reactor protection system can initiate a reactor scram in time to
prevent fuel damage for errors or malfunctions occurring during planned criticality tests with
the reactor vessel head off. It is concluded that the only accident that could result in the
release of significant quantities of fission products to the containment during this mode of
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operation is one resulting from the accidental dropping of a fuel bundle onto the top of the
core.

This event occurs under non—operating conditions for the fuel. The key assumption of this
postulated occurrence is the inadvertent mechanical damage to the fuel rod cladding as a
consequence of the fuel bundle being dropped on the core while in the cold condition.
Therefore, fuel densification considerations do not enter into or affect the accident results.

Methods, Assumptions and Conditions. The assumptions and analyses applicable to this
type of fuel handling accident are described below.

(1) GE is now manufacturing a new design of the refueling mast with grapple head
(NF-500). The new design weighs more—619 pounds compared to 350 pounds.
For plants not having employed the new NF-500 refueling mast, the following
analysis is bounding.

(2) The number of fuel rods in a fuel bundle has gone from the initial 7x7 array, to the
8x8 array, and more recently to the 9x9 array and the 10x10 array with
corresponding dimensional changes.

(3) During a refueling operation a fuel assembly is moved over the top of the core.
While the fuel grapple is in the overhoist condition with the bottom of the assembly
34 feet above the top of the core (the maximum height allowed by the fuel handling
equipment), a main hoist cable fails allowing the assembly, the fuel grapple mast
and head to fall on top of the core impacting a group of four assemblies. The
grapple head and mast are fixed vertically to the dropped assembly such that all the
kinetic energy is transferred through the dropped assembly to the group of
impacted assemblies. The dropped assembly impacts the core at a slight angle and
the rods in this assembly are subjected to bending. After the assembly impacts the
core, the assembly, grapple head and mast fall onto the core horizontally without
contacting the side of the pressure vessel.

(4) The entire amount of potential energy, including the energy of the entire
assemblage falling to its side from a vertical position (referenced to the top of the
reactor core), is available for application to the fuel assemblies involved in the
accident. This assumption neglects the dissipation of some of the mechanical
energy of the falling fuel assembly in the water above the core and requires that the
grapple cable break, allowing the grapple head and three sections of the telescoping
mast to remain attached to the falling assembly.

(5) None of the energy associated with the dropped fuel assembly is absorbed by the
fuel material (uranium dioxide).

(6) All fuel rods, including tie rods, were assumed to fail by 1% strain in compression,
the same mode as ordinary fuel rods. For the fuel designs considered here, there is
no propensity for preferential failure of tie rods.
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The following analysis is provided for the GE11 (Reference S—7635) and GE13 fuel bundles |
(the 9x9 array). The radiological consequences are provided for all fuel designs.

Analysis and Results. Because of the complex nature of the impact and the resulting damage
to fuel assembly components, a rigorous prediction of the number of failed rods is not
possible. For this reason a simplified energy approach is taken and numerous conservative
assumptions are made to assure a conservative estimate of the number of failed rods.

The number of failed fuel rods is determined by balancing the energy of the dropped
assemblage against the energy required to fail a rod. The wet weight of the dropped bundle is
562 pounds for the 9x9 fuel rod array bundle (617 pounds for the 7x7 fuel rod array bundle)
and wet weight of the grapple mast and head is 619 pounds. The drop distance is 34 feet. The
total energy to be dissipated by the first impact is

E, = (562+619) (34) =40,154 fi-Ib

One half of the energy is considered to be absorbed by the falling assembly and one half by
the four impacted assemblies.

No energy is considered to be absorbed by the fuel pellets (i.e., the energy is absorbed entirely
by the non—fuel components of the assemblies).

The energy available for clad deformation is considered to be proportional to the mass ratio:

mass of cladding

(mass of assembly) — (mass of fuel pellets)

and is equal to a maximum of 0.510 for the fuel designs considered here.
The energy absorbed by the cladding of the four impacted assemblies is:
(20,077 fi—Ib) (0.510) = 10,239 fi-Ib.

Each rod that fails is expected to absorb approximately 200 ft—Ib before cladding failure,
based on uniform 1% plastic deformation of the cladding.

The number of rods failed in the impacted assemblies is:

N, = (10,239 fi —1b) =51 rods.
(200 fi — Ib)

The dropped assembly is assumed to impact at a small angle from vertical, subjecting all the
fuel rods in the dropped assembly to bending moments. The fuel rods are expected to absorb
little energy prior to failure as a result of bending. For this reason it is assumed that all the
rods in the dropped assembly fail. The total number of failed rods on initial impact is

74 + 51 =125.
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The assembly is assumed to tip over and impact horizontally on the top of the core from a
height of one bundle length, approximately 160 inches. The remaining available energy is
calculated by assuming a linear weight distribution in the assembly with a point load at the
top of the assembly to represent the fuel grapple weight.

H
P W, 1
E,=W.H, + ! H—”ydy =W,H, +5WBHB

B
160) 1 160
E,=(6190D)| — [+—=(562)| — | =12,000 f#—Ib.
=191+ s62) 1] =12000 1

As before, the energy is considered to be absorbed equally by the falling assembly and the
impacted assemblies. The fraction available for clad deformation is 0.510. The energy
available to deform the unfailed cladding in the impacted assemblies is one—half the energy
resulting from the second impact:

E.=(0.5) (12,000 fi—Ib) (0.510) = 3,060 fi—Ib
and the number of failures in the impacted assemblies is:

(23000 s s,
200 fi —Ib

Since the rods in the dropped 9x9 assembly are considered to have failed in the initial impact,
the total failed rods resulting from both impacts is 125 + 15 = 140.

The above analysis was completed using the GE12 and GE14 10x10 fuel rod arrays
(References S—77-36 and S—9537). The analysis resulted in 172 failed rods from both impacts.

This compares with 111 failed rods from the analysis for the 7x7 fuel rod array bundle
presented in the individual plant FSAR.

Radiological Consequences Comparisons. For the purposes of this evaluation, it is
conservatively assumed that the fractional plenum activity for any 9x9 rod will be 49/74, or
0.66 times the activity in a 7x7 rod. Based on the assumption that 140 9x9 rods fail compared
to 111 for a 7x7 core, the relative amount of activity released for the 9x9 fuel is

(140/111) (0.66) = 0.83 times the activity released for a 7x7 core. The activity released to the
environment and the radiological exposures for all GE 9x9 fuel designs will therefore be less
than 83% of those values presented in the FSAR for a 7x7 core. As identified in the FSAR,
the radiological exposures for the 7x7 fuel are well below those guidelines set forth in
10CFR100; therefore, it can be concluded that the consequences of this accident with the new
NF-500 mast and the 9x9 fuel will also be well below these guidelines.

A fuel bundle damage analysis and the resulting radiological consequences for the new NF-500
mast and the 8x8 fuel shows that the activity released to the environment and the radiological
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exposures will be less than 84% of those values presented in the FSAR for a 7x7 core. Similar
to the above evaluation, the activity released to the environment and the radiological
exposures for all GE 10x10 fuel designs will therefore be less than (172/111)(49/87.33) = 0.87
or 87% of those values presented in the FSAR for a 7x7 core.

S$.2.3 Analysis Initial Conditions and Inputs

Inputs to the models utilized to analyze the AOO events discussed in Section S.2.2 are plant
unique. The specific inputs related to the plant pressure relief systems (i.e., safety valves,
safety/relief valves, etc.) are listed in the supplemental reload licensing report for each plant.
Inputs such as thermal power, dome pressure, etc. are given in the individual plant
supplemental reload licensing report. The initial conditions for the GETAB analysis are listed
in the supplemental reload licensing report for each specific plant. Because the AOO model
establishes operating conditions, only licensing basis values are given in the supplemental
reload licensing report.

Cycle—dependent initial conditions for the GETAB analysis and the resulting reload
parameters are given in the plant FSAR or the supplemental reload licensing report.

S.3 Vessel Pressure ASME Code Compliance Model

The pressure relief system was designed to prevent excessive overpressurization of the
primary system process barrier and the pressure vessel and thereby precludes an uncontrolled
release of fission products.

Prior to 1967, the design capacities of the safety valves for BWRs were determined according
to the requirements of Section I, Power Boilers, of the ASME Boiler and Pressure Vessel
Code. Under the provisions of this code, safety valve capacities were established to prevent
either a vessel or pressure rise greater than 6% above the maximum allowable working
pressure. At least one safety valve was to be set at or below the maximum allowable working
pressure; the highest safety valve setting could not exceed 103% of the maximum allowable
working pressure. No credit was allowed for reactor scram as a complementary pressure
protection device. Thus, the required safety valve capacities were sized assuming essentially
instantaneous isolation of the pressure vessel with no pressure relief other than that from the
safety valves. Nine Mile Point—1 and Oyster Creek are the only plants that were designed to
these criteria.

In 1991 Oyster Creek updated its overpressurization analysis (Reference S—838) to ASME
Boiler and Pressure Code, Section III to be consistent with later BWRs and reducing the
number of safety valves.

In 1995 Nine Mile Point Unit 1 updated its overpressurization analysis (reference-Reference
S—8939) to ASME Boiler and Pressure Code, Section III to be consistent with later BWRs and
reduced the number of safety valves.

The vessel overpressure protection system for the other plants was designed to satisfy the
requirements of Section III, Nuclear Vessels, of the ASME Boiler and Pressure Vessel Code.
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The ASME Boiler and Pressure Vessel Code, Section 11, Class I, permits pressure transients
up to 10% over design pressure, and requires that the lowest qualified valve setpoint be at or
below the vessel design pressure and the highest setpoint is not greater than 105% of the
vessel design pressure. Section III of the code allows credit to be taken for the scram
protection system as a pressure protection device when determining the required safety valve
capacities for nuclear vessels. As required by the Code of Federal Regulations 10CFR50.55a,
paragraph C1, applicable Section III code cases and addenda to which the above plants were
designed vary from the 1963 edition, including addenda through summer 1964, to the 1965
edition including addenda through summer 1967. These editions and addenda to Section III of
the code required the reactor pressure vessel to be designed to accommodate the normal
operating loads and transient startup/shutdown and test cyclic loads expected during the
40—year life of the plant.

In 1968, GE went beyond the code requirements by establishing new design criteria in
response to a NRC question. With these criteria, two categories of events (normal and
accident) were analyzed for plants that had not received an operating license. The normal
category of events included the design and operating loads as well as upset conditions
previously analyzed. These loadings were required to meet the criteria documented in
Section III of the code. The accident category included low probability of occurrence
accidents or faulted conditions that were required to meet a set of limits developed by GE.

The Summer 1968 Addenda to the 1968 Edition of Section III to the ASME code revised the
conditions to be considered when performing pressure vessel stress analyses. Loads were to

be considered from four categories of conditions: (1) normal; (2) upset; (3) emergency; and
(4) faulted.

The Addenda defines an upset condition as any deviation from normal operating conditions
caused by any single error, malfunction or a transient which does not result in a forced outage.
These events are anticipated to occur frequently enough that design should include the
capability to withstand the upsets without operational impairment. Emergency conditions are
stated as having “. . . a low probability of occurrence . . .” and require shutdown for correction
but cause no gross damage to the system. Additionally, faulted conditions are . . . those
combinations of conditions associated with extremely low probability postulated events . . .”
which may impair the integrity and operability of the nuclear system to the point where public
safety is involved.

As documented in later FSARs and accepted by the NRC, GE has defined an upset event as

one which has a 40—year encounter probability of occurrence of 10-! through 1; an emergency
event has a 40—year encounter probability of 10-3 though <10-!; and a faulted event has a
40—year encounter probability of 10-¢ through <10-3. GE analyses have determined the
probability of occurrence of MSIV closure is 1 event/plant—year (Reference S—4840). Failure |
probability of the direct MSIV position switch scram failure such that scram occurs on

neutron monitoring system signal is 1 X 10-3/demand. Using the above probabilities, this

event should be considered an “emergency” condition. Therefore, application of the
“emergency”’ limit under these assumed failure conditions would be considered appropriate.
However, in addition to conservatively assuming failure of the direct safety grade position
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scram signals in its licensing analysis, and conservatively relying upon indirectly derived
signals (high neutron flux) from the Reactor Protection System, GE further conservatively
applies the upset code requirements, and required pressure safety limits, rather than the more
appropriate emergency limits. Application of the direct position scrams in the design basis
could be used since they qualify as acceptable pressure protection devices when determining
the required safety/relief valve capacity of nuclear vessels under the provisions of the ASME
safety code.

As described in the Summer 1968 Addenda of Section III, the following pressure limits are
applied to the operating limit category:

(1) Under upset conditions, the code requires that reactor pressures are not to exceed
110% of design pressure (1.1 x 1250 = 1375 psig).

(2) For emergency conditions, it allows up to 120% of design pressure
(1.2 x 1250 = 1500 psig).

(3) For faulted conditions, it allows up to 150% of design pressure
(1.5 % 1250 = 1875 psig).

GE sensitivity studies (Reference S—4941) show the effect of safety/relief valve failures on
peak pressure for the MSIV closure event expectedly results in a peak pressure increase of
less than 20 psi and depends on the plant total pressure relief capacity.

If an MSIV closure analysis which considers the failure of a safety/relief valve is performed,
the following events are considered: (1) MSIV closure followed by indirect flux scram
(estimated probability = 1 X 10-3/demand), and (2) failure of one safety/relief valve. In
addition, many conservatisms discussed previously would also be employed. According to the
interpretation of the code, MSIV closure with indirect flux scram would be considered an
emergency event. Therefore, the occurrence of failures in addition to the extremely low
probability of this event constitutes emergency, if not faulted, conditions. Analysis of MSIV
closure, flux scram and SRV failure under emergency conditions (1500 psi pressure limit)
would be far less restrictive than the present analysis of MSIV closure followed by flux scram
under upset conditions (1375 psi pressure limit), especially when considering the minimal
effect of a failed SRV.

Overpressurization protection analysis is performed using the ODYN transient code
(References S—56-42 and S—5143). In accordance with Reference S—4840, no addition of
uncertainty to the calculations of pressure is needed. Results for this analysis are given in the
FSAR or in the supplemental reload licensing report.

S.4 Stability Analysis Methods

Several types of stability analyses are performed to ensure continued acceptable plant—
specific implementation of NRC approved long—term stability solutions:

e Core and channel decay ratio calculations are performed to ensure that the fuel is as
stable as previously licensed GE fuel designs. If the fuel is not as stable as
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previously existing fuel designs, then the stability exclusion region must be revised
to provide the same level of protection. This is a generic calculation that is
applicable to all long-term stability solutions.

e (PR response calculations are performed to demonstrate the SLMCPR protection
against a thermal hydraulic instability event using the detect and suppress
methodology outlined in Reference S-8544. The plant and cycle-specific core-wide
mode DIVOM (Delta CPR over Initial CPR Vs. Oscillation Magnitude) data is
required for Option I-D plant stability analysis and must be calculated in accordance
with the BWROG plant-specific core-wide mode DIVOM procedure guideline
specified in Reference S-+6245. The plant and cycle-specific regional mode
DIVOM data is required for Option II and Option III plant stability analyses and
must be calculated in accordance with the BWROG plant-specific regional mode
DIVOM procedure guideline specified in Reference S-+8346. This is applicable to
Option I-D, Option II and Option III.

e CPR margins calculations are performed to demonstrate the SLMCPR protection
against a thermal hydraulic instability event using the integrated TRACG
methodology outlined in Reference S-+0844. The demonstration of new fuel types
beyond the currently approved fuel designs (up to GE14) and the BWR product line
(up to BWR/6) must be demonstrated in accordance with the integrated TRACG
methodology outlined in Section 6 of Reference S-+844. This is applicable to DSS-

CD.

The core and channel decay ratios are calculated with a NRC approved frequency domain
model. The ODYSY code (References S—1+06-and-S-9647 and S-48) is used in the frequency
domain evaluations, even though the older FABLE code may be used in some legacy
calculations (e.g., the E1A Standard Cycle). This calculation provides assurance that plants
with prevention based long—term stability solutions will not have to unreasonably increase the

size of their stability—based regions for the evaluated fuel design.

The continued applicability of the interim/backup stability solution is based on exclusion
regions and reload validation of these exclusion regions is required to ensure full stability

protection.

The applicability of the plant and cycle-specific DIVOM curve is demonstrated with a best—
estimate coupled neutronic — thermal hydraulic model using TRACG. This is the same model
that was used to generate the plant and cycle-specific DIVOM data. The DIVOM data is
required for plants with a detect and suppress solution to demonstrate safety limit MCPR

compliance.

The plant-specific CPR margins demonstration based on integrated TRACG model is required
of all plants implementing the DSS-CD solution for the first time to ensure the safety limit

MCPR compliance.
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S$.4.1 Long-Term Stability Solutions

S.4.1.1 Enhanced Option I-A

The BWROG Enhanced Option [-A (EIA) is a prevention solution. EIA was reviewed and
approved by the USNRC as documented in References S—86-3 and S-49 through S—4-52 and
Reference S—96-47 for operation up to and including the Maximum Extended Load Line

Limit Analysis (MELLLA) domain. For plants implementing EIA, the prescribed reload
validation (Reference S—8903) is performed each cycle and the results documented in the |
supplemental reload licensing report. The validation confirms that the existing E1A stability
regions provide adequate stability margin. If E1A reload validation criteria are not met, new
E1A stability regions must be defined and implemented.

S.4.1.2 Option I

The BWROG Option II is a combination prevention and detect and suppress solution. Option

IT was reviewed and approved by the USNRC as documented in Reference S—79-2 for |
operation up to and including the MELLLA domain. Option II is only applicable to BWR 2
plants. A reload review criterion has been defined for Option II to ensure that the existing
exclusion region is acceptable for each fuel cycle. If reload criteria are not met, the exclusion
region must be recalculated. In addition, continued safety limit MCPR protection is
demonstrated for each fuel cycle using the methodology documented in References S—85-44

and S-+03-46 and in plant—specific Option II licensing topical reports. The results of the

reload review and safety limit MCPR protection calculation are documented in the

supplemental reload licensing report.

S.4.1.3 Option I-D

The BWROG Option I-D is a combination prevention and detect and suppress solution.

Option [-D was reviewed and approved by the USNRC as documented in Reference S—79-2 |
for operation up to and including the MELLLA domain. Option I-D is only applicable to

plants which can demonstrate that the core wide is the dominant oscillation mode for

anticipated reactor instabilities. A reload review criterion has been defined for Option I-D to
ensure that the existing exclusion region is acceptable and that the safety limit MCPR is
protected for each fuel cycle. If reload criteria are not met, the exclusion region must be
recalculated. In addition, continued safety limit MCPR protection is demonstrated for each

fuel cycle using the methodology documented in References S—85-44 and S-102-45 and in |
plant—specific Option I-D licensing topical reports. The dominance of the core-wide mode of
reactor oscillation is demonstrated at the most limiting power/flow point using the NRC—
approved frequency stability code (e.g., Reference S—96-47 or S-10648). The results of the |
reload review and safety limit MCPR protection calculation are documented in the

supplemental reload licensing report.

S.4.1.4 Option lll

The BWROG Option III is a detect and suppress solution. Option III was reviewed and
approved by the USNRC as documented in Reference S—79-2 for operation up to and |
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including the MELLLA domain. Continued safety limit MCPR protection is demonstrated
for each fuel cycle using the methodology documented in References S—85-44 and S-19346.

The results of the safety limit MCPR protection calculation are documented in the
supplemental reload licensing report.

S.4.1.5 DSS-CD

The GEH Detect and Suppress Solution — Confirmation Density (DSS-CD) is a detect and
suppress solution. DSS-CD was reviewed and approved by the USNRC as documented in
Reference S—04-4 for operation up to and including the Maximum Extended Load Line
Limit Analysis Plus (MELLLA+) domain. Continued safety limit MCPR protection is
demonstrated for each fuel cycle using the methodology documented in Reference S-1044.

The results of the safety limit MCPR protection calculation are documented in the
supplemental reload licensing report.

S$.4.2 Interim/Backup Stability Solution

S$.4.2.1 Interim Corrective Action (ICA)

The ICA is an interim prevention solution based on exclusion regions for EIA, Option I-D,
Option II and Option III. The currently used ICA regions were established in Reference S—9+
5 based on original licensed thermal power, generally shorter fuel cycles, and more stable
core designs. These regions are defined based on relative core flow and rod line points and
not on specific stability criteria. New aggressive core design changes may have reduced
stability margins. GE recommends that the impact of core design changes be included in
plant/cycle—specific evaluations to assess the continued applicability of the ICA regions. The
results of the ICA analysis are documented in the supplemental reload licensing report.

S$.4.2.2 Backup Stability Protection (BSP) for Option lli

The BSP for Option III is an alternative interim prevention solution based on exclusion
regions. The currently used BSP regions were established in Reference S—96-6 based on
revised ICA regions. These regions are defined based on relative core flow and rod line
points and not on specific stability criteria. New aggressive core design changes may have
reduced stability margins. GEH recommends that the impact of core design changes be
included in plant/cycle—specific evaluations of the BSP regions.

The BSP for Option III is generated in accordance with Reference S-966. The BSP for
Option III methodology is applied in the fuel cycle reload stability analysis. To calculate the
BSP Scram and Controlled Entry Region boundaries, ODYSY decay ratio calculations are
performed on the High Flow Control Line (HFCL) and on the Natural Circulation Line
(NCL). Rated feedwater temperature and rated xenon concentrations are assumed for
calculating the BSP Scram Region boundary endpoints. The two endpoints (Al and B1 in
Figure S-3), where the ODYSY acceptance criteria are met, are connected using either the
Generic or Modified Shape Function to define the Scram Region boundary. The BSP
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Controlled Entry Region is calculated in a similar manner, also using the ODYSY acceptance
criteria to define the two endpoints (A2 and B2), with either the Generic or Modified Shape
Function as the connecting curve. Off-rated equilibrium feedwater temperature is assumed
for calculating the Controlled Entry Region endpoints (A2 and B2). Equilibrium xenon
condition is assumed for the HFCL endpoint (A2) while xenon-free condition is assumed for
the NCL endpoint (B2).

If the MSF is used, each calculated BSP region boundary must be validated at a mid-point
against the DR acceptance criterion, respectively. This mid-point MSF validation should be
performed based on the calculated BSP boundaries. A mid-point can be defined as a state
point that its flow is the average flow of the two corresponding bounding state points, i.e., Al
and B1 or A2 and B2 or another power/state point close to the mid-point on the MSF. The
MSF validation point should be based corresponding to the HFCL conditions and its
associated limiting exposure.

The typical calculated stability region boundaries are illustrated in Figure S-3 where the four
calculated endpoints A1, A2, B1, B2 are based on a core decay ratio criterion of 0.80. Please
note that the actual implemented BSP boundaries might be larger due to the Base BSP region
definitions. The Base BSP regions for Option III are defined in Reference S-996.

According to Reference S-966, deliberate entry into the BSP Controlled Entry Region
requires compliance with at least one of the stability controls outlined below:

1. Maintain core average Boiling Boundary (BB) > 4.0 feet,

2. Maintain core average BB > Reference value (demonstrated to produce stable operation)
and > 3.0 feet,

Maintain radial peaking factor < Reference value (demonstrated to produce stable
operation),

3. Maintain core decay ratio (DR) < 0.6 as calculated by an on-line core stability monitor,

4.  The individual owner will determine appropriate limits for core DR (< 0.60) as
calculated by a core stability monitor, or by pre-analysis of a reactor state trajectory
through the Controlled Entry Region, or

5. Continuous dedicated monitoring of real time control room neutron monitoring
instrumentation with manual scram required upon indication of a reactor instability
induced power oscillation.

Usually, two sets of BSP regions may be generated for different rated feedwater temperature
ranges. The results of the BSP for Option III analysis are documented in the supplemental
reload licensing report.
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S.4.2.3 Backup Stability Protection (BSP) for DSS-CD

The BSP for DSS-CD is a backup solution based on exclusion regions in case the DSS-CD
solution is not operational.

The BSP for DSS-CD is generated in accordance with Reference S-+034. The BSP for DSS- |
CD methodology is applied in the fuel cycle reload stability analysis. To calculate the BSP
Scram and Controlled Entry Region boundaries, ODYSY decay ratio calculations are
performed on the HFCL and on the NCL. Rated feedwater temperature and rated xenon
concentrations are assumed for calculating the BSP Scram Region boundary endpoints. The
two endpoints (A1l and B1 in Figure S-4), where the ODYSY acceptance criteria are met, are
connected using the Generic Shape Function to define the Scram Region boundary. The BSP
Controlled Entry Region is calculated in a similar manner, also using the ODYSY acceptance
criteria to define the two endpoints (A2 and B2), with the Generic Shape Function as the
connecting curve. Off-rated equilibrium feedwater temperature is assumed for calculating the
Controlled Entry Region endpoints (A2 and B2). Equilibrium xenon condition is assumed for
the HFCL endpoint (A2) while xenon-free condition is assumed for the NCL endpoint (B2).

Please note that there are several differences between the BSP for DSS-CD and BSP for
Option III:

a) The ODYSY core decay ratio (DR) acceptance criterion used for the Controlled Entry
Region boundary intercept (A2) along the HFCL is different between the
methodologies. The BSP for Option III uses a core DR acceptance criterion of 0.80
while the BSP for DSS-CD uses a core DR acceptance criterion of 0.60.

b) For BSP for Option III, the HFCL is defined as the highest licensed load line, up to the
MELLLA boundary. For BSP for DSS-CD, the HFCL is defined as the MELLLA+
boundary.

c) The BSP for DSS-CD solution imposes the BSP Boundary restriction on the DSS-CD
solution for short-term manual operation if the OPRM system is inoperable.

d) The Generic Shape Function is used in the BSP for DSS-CD.

The typical calculated stability region boundaries and the BSP Boundary are illustrated in
Figure S-4; the three endpoints A1, B1 and B2 are calculated based on a core DR criterion of
0.80 while the A2 endpoint is calculated based on a core DR criterion of 0.60. The 0.60
criterion for the A2 endpoint (as illustrated in Figure S-4) provides additional stability
margins for operation at off-rated conditions and for a two-pump trip to natural circulation
flow.

Please note that the actual implemented BSP boundaries might be larger due to the Base BSP
region definitions. The Base BSP regions for DSS-CD are defined in Reference S-1634. |

Deliberate entry into the Manual BSP Controlled Entry Region requires compliance with at
least one of the stability controls outlined in Section 7.2.3.2 of Reference S-1634. |
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Usually, two sets of BSP regions may be generated for different rated feedwater temperature
ranges. Only the Automated BSP option is approved for use as an extended backup solution
to DSS-CD. The results of the BSP for DSS-CD analysis are documented in the supplemental
reload licensing report.

S.5 Analysis Options

Three groups of analysis options are presented in the following sections. The first group
involves options that may be chosen to improve MCPR margin. The second group of
improvements represents a collection of possible operating flexibility options. Also noted in
the second group is the GE Licensing Topical Report, Applicability of GE Methods to
Expanded Operating Domains (Reference S-+0453), which may be part of the licensing basis |
for EPU and MELLLA+ plants. The third group includes the requirements for applying the
generic analysis in Reference S-99-13 for the Fuel Loading Error event. In some cases
separate plant specific reports are submitted for approval before the option is available. Other
options are supported by generic analyses that have been approved and only require that the
plant choose to activate the option. In each case, the plant options are selected for each cycle
and documented in the cycle design documentation and the plant supplemental reload
licensing report (SRLR).

S$.5.1 Available MCPR Margin Improvement Options
The following margin improvement options have been developed for operating BWRs:

(1) Recirculation Pump Trip
(2) Rod Withdrawal Limiter
(3) Thermal Power Monitor
(4) Exposure—Dependent Limits

(5) Improved Scram Times
(a) Measured Scram Time
(b)  Generic Statistical Scram Time (ODYN Option B or TRACG Option B)

These margin improvement options will be made available, on a commercial basis, to all
owners of operating BWRs.

As these options are selected by the BWR owners, plant—specific and/or generic bounding
analyses will be submitted for approval. The plant supplemental reload licensing report will
designate the options selected by that BWR owner.
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S$.5.1.1 Recirculation Pump Trip

For many of the plant operating cycles, the limiting AOOs are the turbine trip, generator load
rejection, or other AOOs that result in a turbine trip. A significant improvement in thermal
margin can be realized if the severity of these transients is reduced. The Recirculation Pump
Trip (RPT) feature accomplishes this by cutting off power to the recirculation pump motors
anytime that the turbine control valve or turbine stop valve fast closure occurs. This rapid
reduction in recirculation flow increases the core void content during the AOO, thereby
reducing the peak AOO power and heat flux.

Basically, the RPT consists of switches installed in both the turbine control valves and the
turbine stop valves. When these valves close, breakers are tripped between the MG sets and
the recirculation pump motors; this releases the recirculation pumps to coast down under their
own inertia.

Recirculation pump trip is standard equipment in all later plants.

S.5.1.2 Rod Withdrawal Limiter System

The Rod Withdrawal Error (RWE) has become the limiting transient for some plants. A new
Rod Withdrawal Limiter System (RWLS) concept has been developed. This new system will
restrict control rod movement such that the Rod Withdrawal Error will be eliminated as a
limiting AOO.

The RWLS functions by providing a rod withdrawal block as a function of rod distance
traveled per rod selection. Core physics calculations performed for the RWE analysis, provide
the decrease in CPR as a function of rod travel. After choosing an acceptable ACPR, an
allowable rod movement is determined. This sets the RWLS trip point. Any attempt to
withdraw the rod by more than the trip point results in a rod block. Thus, an upper bound is
established on the CPR decrease that can result from any single rod withdrawal error.

This system is standard on all BWR/6 plants.

S.5.1.3 Thermal Power Monitor

The APRM simulated thermal power trip (APRM thermal power monitor) is a minor
modification to the APRM system. The modified APRM system generates two upscale trips.
On one, the APRM signal (which is proportional to the thermal neutron flux) is compared
with a reference that is not dependent on flow rate.

During normal reactor operations, neutron flux spikes may occur due to conditions such as
transients in the recirculation system, transients during large flow control load maneuvers,
transients during turbine stop valve tests and transients in plants with equalizer lines when the
recirculation equalizer lines are opened. The neutron flux leads the heat flux during transients
because of the fuel time constant. And the neutron flux for these transients trips upscale
before the heat flux increases significantly. (High heat flux is the precursor of fuel damage.)
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Thus, increased availability can be achieved without fuel jeopardy by adding a trip dependent
on heat flux (thermal power).

For this trip, the APRM signal is passed through a low pass RC filter. It is compared with a
recirculation flow rate dependent reference that decreases approximately parallel to the flow
control lines.

In addition to increased availability, another benefit is that with the minor operational spikes
filtered out, the heat flux trip setpoint is lower than the neutron flux trip setpoint. For long,
slow AOOs such as the loss—of—feedwater heater, the heat flux and neutron flux are almost in
equilibrium. For these AOOs, the lower trip setpoint results in an earlier scram with a smaller
increase in heat flux and a corresponding reduction in the consequences.

The APRM Simulated Thermal Power Trip is standard equipment in some BWR/4 plants and
all BWR/5 and BWR/6 plants.

S$.5.1.4 Exposure-Dependent Limits

The severity of any plant AOO pressurization event is worst at the End-Of-Rated (EOR)
condition (rated core power, rated core flow, all-rods-out) because the EOR scram curve gives
the worst possible scram response. It follows that some limits relief may be obtained by
analyzing the AOOs at other interim points in the cycle and administering the resulting limits
on an “exposure dependent” basis.

This technique is straightforward and consists merely of repeating certain elements of the
AQQO analyses for selected mid—cycle exposures. Because the scram reactivity function
monotonically deteriorates with exposure (after the reactivity peak), the limit determined for
an exposure E, is administered for all exposures in the interval E, |, <E <E, where E, | is the

next lower exposure point for which a limit was determined. This results in a table of MCPR
limits to be applied through different exposure intervals of the cycle.

S$.5.1.5 Improved Scram Times

S$.5.1.5.1 Measured Scram Time

Control rod scram time data from two operating BWR/4 plants have been used to derive a
more realistic scram insertion time specification to be used in plant AOO analyses. The total
database exceeds 1600 rod scram times. The primary impact of measured scram time is in the
plant pressure/power increase AOQOs and feedwater controller failure. To use this option, a
plant must show that the actual plant control rod insertion time (plus three standard
deviations) is within the above more realistic specification or another derived scram time
specification. Operating limits for plants taking credit for measured scram time are
determined using either GENESIS, GEMINI or TRACG methods and procedures.
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S$.5.1.5.2 Generic Statistical Scram Time (ODYN Option B or TRACG Option B)

GE has developed a generic statistical scram time distribution for the purposes of generating
the AOO ACPR adjustment factors required for ODYN Option B or TRACG Option B (see
Section 4.0 of Reference S—1). Those plants operating under Option B MCPR operating limits
will be taking advantage of the improved scram time benefits on the AOO performance, by
demonstrating that actual scram speeds conform with the generic statistical scram times
assumed. Operating limits for plants taking credit for the generic statistical scram time are
determined using either GENESIS, GEMINI or TRACG methods and procedures.

S$.5.2 Operating Flexibility Options
The following operating flexibility options have been developed for BWRs:

(1) Single—Loop Operation.

(2) Load Line Limit.

(3) Extended Load Line Limit.

(4) Increased Core Flow.

(5) Feedwater Temperature Reduction.
(6) ARTS Program (BWR/3-5).

(7) Maximum Extended Operating Domain for BWR/6 and Maximum Extended Load
Line Limit Analysis for BWR/3-5.

(8) Turbine Bypass Out of Service.

(9) Safety/Relief Valves Out of Service.

(10) ADS Valve Out of Service.

(11) End—of—Cycle Recirculation Pump Trip Out of Service.
(12) Main Steam Isolation Valves Out of Service.

(13) Maximum Extended Load Line Limit Analysis Plus.

Figure S-5 provides a general illustration of the history of power-flow domain changes.
The supplemental reload licensing report indicates if an option has been chosen.

Some plants referencing GESTAR 1I as the applied reload methodology may include the GE
Licensing Topical Report, Applicability of GE Methods to Expanded Operating Domains
(Reference S-16153), as part of their licensing basis. For such a plant, the limitations,
conditions, and requirements of Reference S-161-53 are included in the analysis and licensing
basis for the reload. The applicability of Reference S-+64-53 has been expanded to include
GNF?2 fuel by Reference S-10854. Reference S-+04-53 has been updated to NEDC-33173P-A
Revision 3 reflecting NRC approval of Supplement 2 (Reference S-+0955). This approval
allows a reduction of the additional margin applied to the Safety Limit Minimum Critical

Power Ratio (SLMCPR) in Revision 1. The limitations and conditions included in the NRC
Safety Evaluation in Reference S-+04-55 modify the SLMCPR margin to be applied to plants |
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referencing NEDC-33173P, Applicability of GE Methods to Expanded Operating Domains
(Reference S-+8453), as part of their licensing basis. The plan for the implementation of

PRIME in downstream methods has been reviewed and approved by the NRC (Reference S-
H656).

S$.5.2.1 Single—Loop Operation

Technical Specifications for a plant without a Single—Loop Operation (SLO) analysis do not
allow operation beyond a relatively short period of time if an idle recirculation loop cannot be
returned to service. Typically, the plant shall not be operated for a period in excess of

24 hours with one recirculation loop out of service.

The capability of operating at reduced power with a single recirculation loop is highly
desirable, from a plant availability/outage planning standpoint, in the event maintenance of a
recirculation pump or other components renders one loop inoperative. The SLO analysis
evaluates the plant for continuous operation at a maximum expected power output that is 20%
to 30% below that which is attainable for two—pump operation.

To justify SLO, safety analyses have to be reviewed for one—pump operation. The MCPR fuel
cladding integrity safety limit, AOO analyses, operating limit MCPR, and non—-LOCA
accidents are evaluated. Increased uncertainties in the total core flow and traversing in—core
probe (TIP) readings result in a small increase in the fuel cladding integrity safety limit
MCPR.

SLO can also result in changes to plant response during a LOCA. These changes are
accommodated by the application of reduction factors to the two—loop operation MAPLHGRSs
if required. MAPLHGR reduction factors are evaluated on a plant-by—plant and fuel type
dependent basis. In each subsequent reload, reduction factors are checked for validity and, if
new fuel types are added, new reduction factors may be needed in order to maintain the
validity of the SLO analysis.

S.5.2.2 Load Line Limit (BWR/2—4 Only)

For non—barrier fuel, fuel pellet-cladding interaction considerations inhibit withdrawal of
control rods at high power levels. In order to attain rated power and not exceed rated core
flow without control rod withdrawals at high power when using non—barrier fuel, operation
above the rated load line is required during power ascension. Consequently, an analysis
referred to as the Load Line Limit Analysis (LLLA) is performed to determine if the safety
consequences of operation above the rated load line, but within a defined region of the power
flow map, are bounded by the respective consequences of operation at the licensing basis
conditions.

The region above the rated load line is known as the extended operating region and is defined
by the locus of power/flow points bounded by:
(1) the rated load line;

(2) the APRM rod block line; and
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(3) the rod block intercept line (BWR/2 and 3), or the rod block intercept line and the
rated power line (BWR/4).

LLLA is performed on a plant/cycle—specific basis. However, after the LLLA is initially
performed for a plant and cycle, on subsequent cycles only the following checks need to be
made in addition to the standard reload analyses to support operation in the extended
operation region:

(1) LOCA — The applicability of previous LOCA analyses to the extended operating
region must be verified for each plant during each cycle.

(2) AOOs — The consequences of AOOs are evaluated to determine if operating limit
adjustments are necessary for operation in the extended operating range.

BWR/5 and 6 are designed with expanded operating flexibility that supports plant operation in
an extended region above the rated load line up to rated power. This expanded flexibility is
validated whenever a fuel design with different transient response characteristics is
introduced.

S$.5.2.3 Extended Load Line Limit (BWR/2—6)

The Extended Load Line Limit Analysis (ELLLA) is similar to the LLLA described in
Subsection S.5.2.2. However, the extended operating domain for ELLLA, instead, has an
upper bound of the APRM rod block line to rated power for BWR/2-6.

Once ELLLA has been performed for a specific plant and cycle, it is reverified for
applicability to subsequent cycles as described in Sub—section S.5.2.2. Because of the
different extended operating regions for ELLLA and LLLA, the power/flow points chosen for
analysis may be different.

Some plants have, in plant specific submittals, relaxed the APRM rod block setpoints. For
these plants, the ELLLA region no longer corresponds to the APRM rod block line. The
APRM setpoints and the analyzed operating domain are defined in the plant specific licensing
documentation.

S.5.2.4 Increased Core Flow (ICF) Operation

Analyses are performed in order to justify operation at core flow rates in excess of the 100%
rated flow condition. The analyses are done for application through the cycle or for
application at the end of cycle only.

The limiting AOOs that are analyzed at rated flow as part of the supplemental reload licensing
report are reanalyzed for increased core flow operation. In addition, the loss—of—coolant
accident (LOCA), fuel loading error evaluated as an AOO only, rod drop accident, and rod
withdrawal error are also re—evaluated for increased flow operation to assure that the higher
flow and exposure capability does not significantly impact these analyses.
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The effects of the increased pressure differences on the reactor internal components, fuel
channels, and fuel bundles as a result of the increased flow are analyzed in order to ensure
that the design limits will not be exceeded.

The thermal-hydraulic stability is re—evaluated for increased core flow operation, and the
effects of flow—induced vibration are also evaluated to assure that the vibration criteria will
not be exceeded.

S$.5.2.5 Feedwater Temperature Reduction (FWTR)

Analyses are performed in order to justify operation at a reduced feedwater temperature at
rated thermal power. Usually, the analyses are performed for end—of—cycle operation with the
last—stage feedwater heaters valved out in order to increase the core rated power exposure
capability. However, throughout cycle operation, some feedwater temperature reduction can
be justified by analyses at the appropriate operating conditions for accommodating the
potential of a feedwater heater being out of service.

The limiting AOOs are reanalyzed for operation at a reduced feedwater temperature. In
addition, the loss—of—coolant accident (LOCA), fuel loading error evaluated as an AOO only,
rod drop accident, and rod withdrawal error are also re—evaluated for operation at a reduced
feedwater temperature to assure that the higher subcooling and exposure capability does not
significantly impact these analyses.

The reactor core and thermal-hydraulic stability are re—evaluated, along with the increase in
the feedwater nozzle fatigue usage factor, for operation at a reduced feedwater temperature
throughout the cycle.

S$.5.2.6 ARTS Program (BWR/3-5)

The ARTS program is a comprehensive project involving the Average Power Range Monitor
(APRM), the Rod Block Monitor (RBM), and Technical Specification improvements.

Implementing the ARTS program provides for the following improvements that enhance the
flexibility of the BWR during power level monitoring.

(1) The average power range monitor (APRM) trip setdown requirement is replaced by
a power—dependent MCPR operating limit similar to that used in the BWR/6, and a
flow—dependent MCPR operating limit to reduce the need for manual setpoint
adjustments. In addition, another set of LHGR power— and flow—dependent limits
will also be specified for more rigorous fuel thermal protection during postulated
transients at off—rated conditions. These power— and flow—dependent limits are
verified-defined for plant—specific application during the initial ARTS licensing
implementation and are applicable to subsequent cycles provided that there are no
changes to the plant configuration as assumed in the licensing analyses. A plant
may also include the power— and flow—dependent limits for MAPLHGR.
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(2) The RBM system may be modified from flow—biased to power—dependent trips to
allow the use of a new generic non—limiting analysis for the rod withdrawal error
(RWE) and to improve response predictability to reduce the frequency of
nonessential alarms. The applicability of the generic RWE analysis te-GEfuel

designs-is-diseussed-inReference-S—2is eonfirmedevaluated in the plant/cycle-
specific analysis and reported in the SRLR.

The resulting improvements in the flexibility of the BWR provided by ARTS are designed to
significantly minimize the time to achieve full power from startup conditions.

$.5.2.7 Maximum Extended Operating Domain for BWR/6 and Maximum Extended
Load Line Limit Analysis for BWR/3-5
The modified operating envelope termed Maximum Extended Operating Domain (MEOD) for
BWR/6 plants permits extension of operation into higher load line power/flow areas, provides
improved power ascension capability to full power and additional flow range at rated power,
and includes an increased flow region to compensate for reactivity reduction due to exposure
during an operating cycle. Overall, MEOD can be utilized to increase operating flexibility
and plant capacity factor. The higher load line aspect of MEOD is also applied to BWR/3-5
plants as a Maximum Extended Load Line Limit Analysis (MELLLA). The higher core flow
aspect of MEOD is also applied to BWR/3-5 plants as an Increased Core Flow (ICF) Analysis
(see Section S.5.2.4).

The extended load line region boundary of MEOD is typically limited to 75% core flow at
100% of the original plant licensed thermal power and the corresponding power/flow constant
rod line. The increased—core—flow region is defined on a plant-specific basis (typically
between 105 and 110% of rated core flow)and is limited by plant recirculation system
capability, acceptable flow—induced vibration, fuel lift considerations, and force impact on the
vessel internal components.

Evaluations performed for MEOD conditions include normal and AOOs, LOCA analysis,
containment responses, stability, flow—induced vibration, and the effects of increased flow—
induced loads on reactor internal components and fuel channels. The limiting AOOs
applicable to each plant basis are evaluated for the normal range of operating power and flow
conditions. The AOQO analyses results are used to establish power and flow dependent
MAPLHGR (or LHGR) limits to replace the APRM trip setdown requirement for protection
at off—rated power and flow conditions. Also, the power and flow dependent MCPR limits
are revised to incorporate the results of the AOO analyses. The MEOD power and flow
dependent limits are evaluated for application to follow—on cycles.

S$.5.2.8 Turbine Bypass Out of Service (TBOOS)

Some plant technical specifications require surveillance testing of the turbine bypass system
response time. Operation of the turbine bypass system is assumed in the analysis of the
feedwater controller failure—maximum demand event (see Section S.2.2.1.6). If this event is
limiting or near limiting, the operating limit MCPR basis may be invalid if the bypass system
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cannot be demonstrated to meet response time requirements. Reload evaluations may
incorporate a FWCF without credit for bypass operation calculation as a provision when
required bypass surveillance cannot be performed, or other temporary factors render the
system unavailable. Additionally, for extended operation with degraded bypass system
operation, evaluations in support of this condition are augmented with the appropriate limiting
events, such as the FWCEF, for the applicable cycle.

S$.5.2.9 Safety/Relief Valves Out of Service.

This option provides support to operate the plant with one or more safety and/or relief valves
declared out of service and is normally included with the SRV setpoint tolerance increase
(References S—97-57 and S—9858). The analysis shall include the vessel overpressure, fuel
thermal limits, fuel performance during ECCS-LOCA events, high pressure systems
performance (HPCS, RCIC, SLCS) and responses to Anticipated Transients Without Scram.

S.5.2.10 ADS Valve Out of Service.

This option provides justification for continuous operation with the automatic
depressurization function of one automatic depressurization valve declared out of service.
This contingency analysis shall allow flexibility when complying with the technical
specification for continuous operation at full power with one ADS valve declared out of
service.

S.5.2.11 End-of-Cycle Recirculation Pump Trip Out of Service.

In the event that the end—of—cycle recirculation pump trip becomes inoperable and is therefore
not capable of performing its intended function (a recirculation pump trip during specific
AQOQOs), operation can continue at full power when this option is included. Specific AOOs
that are terminated by scram due to turbine control valve or turbine stop valve closure will be
analyzed without credit to having the recirculation pumps trip system operable.

S.5.2.12 Main Steam Isolation Valves Out of Service.

This option provides justification for continuous operation with a main steam isolation valve
out of service when there is not compliance with the requirements of the technical
specifications for the main steam isolation valves closure characteristics. The analyses
include: fuel thermal limits analysis, vessel overpressure, fuel performance during events of
ECCS-LOCA, and analysis of operational aspects, such as margin or adjustment to main
steam high flow.

S.5.2.13 Maximum Extended Load Line Limit Analysis Plus

This option is based on the expanded operating range described in Reference S-+67-59 as the
Maximum Extended Load Line Limit Analysis Plus (MELLLA+). MELLLA+ extends the
licensed operating ranges identified as Extended Load Line Limit Analysis (ELLLA),
Maximum Extended Load Line Limit Analysis (MELLLA), and Maximum Extended
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Operating Domain (MEOD), which includes MELLLA with increased core flow (ICF). The
MELLLA/MEOD operating range boundary is characterized by the statepoint of 100% OLTP
at 75% of rated core flow. Uprated BWRs have restricted their operation consistent with the
MELLLA boundary, which reduces the core flow range available for operation at uprated
power. For plants that are uprated to 120% OLTP, the MELLLA boundary restricts the
minimum core flow to 99% of rated core flow at full power operation. Figure S-5 provides a
general illustration of the history of power-flow domain changes.

The MELLLA+ operating range expansion is applied as an incremental change to previously
approved licensed power uprates. This option supports operation up to 120% OLTP with core
flow as low as 80% of rated. For plants that have the MELLL A+ operating domain as part of
their licensing basis, the limitations, conditions, and requirements of Reference S-1+67-59 are |
included in the analysis and licensing basis for the reload.

S.5.3 Fuel Loading Error Analysis Requirements

Since 1978, the fuel loading error (FLE) has been analyzed as an AOO and, as such, the

change in CPR for the event has been factored into the determination of the MCPR operating
limit for each cycle. Section 6.3 of the GESTAR Rev 0 SER May 12, 1978 (Appendix C, Pg.
US.C-4) describes the basis for this treatment of the FLE, which includes fuel-loading
experience in that time period. In 1981, utilities began improving the procedures used for

core verification following refueling. As shown in Reference S-9913, the fuel loading error |
rate for the recent 25-year period and the trend for the most recent 10 years of refueling

outages support the classification of the FLE event as an “Infrequent Incident.” Section S.2.1
provides the basis for categorizing the FLE as an Infrequent Incident and the analysis limits.

The FLE will be analyzed as an Infrequent Incident provided that the plant confirms the
requirements for application of the generic analysis. Should the plant be unable to confirm
the requirements, the FLE will be evaluated to meet the fuel cladding integrity safety limit
MCPR. Several items must be confirmed and documented through the reload design
documentation. The first confirmation involves the core verification procedures applied
following refueling, and the second involves the basis for the dose analyses and plant off-gas
system bases used to perform the generic radiological analysis. The requirements apply for
plants with either I0CFR100 or 10CFR50.67 radiological licensing bases.

Core Verification

The application of the Reference S-99-13 basis for the FLE requires that plant’s core |
verification procedures must be consistent with those generally used during the recent

historical period forming the basis for the Amendment 28 analysis of the event frequency.
Therefore, the plant must confirm that their core verification procedures have the following
characteristics:

1. During fuel movement, each move (location, orientation, and seating) is observed and
checked at the time of completion by the operator and a spotter.

2. After completion of the core load, the core is verified by video recording the core
using an underwater camera. The recording may involve two or more records made at
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different ranges to: provide clear resolution of the bundle serial number, illustrate the
orientation in four bundle clusters, and illustrate the proper seating of the bundles.
The core verification may take place during the recording process, by viewing after
recording, or a combination.

3. Two independent reviewers perform the verification of the bundle serial number
(location) and orientation. Each independent review records the bundle serial numbers
on a core map, which is verified with the planned as loaded core.

Offsite Radiological Analysis

The plant Chi/Q values used in the applicability confirmation should represent limiting design
basis accident Chi/Q values calculated using NRC guidance such as Regulatory Guide (RG)
1.145, "Atmospheric Dispersion Models for Potential Accident Consequence Assessments at
Nuclear Power Plants, or other methods specifically approved by the NRC for offsite dose
analysis at the plant site. The offsite radiological analysis depends on the plant configuration:

Scenario 1 - Plants that have a main steam line high radiation isolation trip.

For plants with a 10CFR100 radiological basis, the limiting 2-hour Chi/Q value at the
exclusion area boundary (EAB) is 1.67x10” s/m’. Therefore, the plant must confirm that the
2-hour Chi/Q value at the EAB is less than or equal to this value. Any dispersion coefficient
less than this value will result in a dose less than the Thyroid 30 Rem limit.

For plants with a 10CFR50.67 radiological basis, the limiting 2-hour Chi/Q value at the
exclusion area boundary (EAB) is 5.04x10” s/m’. Therefore, the plant must confirm that the
2-hour Chi/Q value at the EAB is less than or equal to this value. Any dispersion coefficient
less than this value will result in a dose less than the TEDE 2.5 Rem limit.

Scenario 2 - Plants that do not have a main steam line high radiation isolation trip.

Scenario 2 requires that the plant have an augmented offgas system with the capability to
remove iodine indefinitely. The design capability of the augmented offgas system must be
confirmed by Scenario 2 plants.

For plants with a 10CFR100 radiological basis, Figures S-6 and S-7 will be used to confirm
the applicability of the generic analysis. Three parameters are needed to use these figures: the
2-hour Chi/Q value at the EAB and the hold-up time for krypton and xenon.

The following is an example of determining the dose to be compared to the limit:

Low temperature offgas systems supplied by GE provide minimum decay times of 46 hours
for krypton and 42 days for xenon, at the design basis air in-leakage rate of 30 cubic feet per
minute. For these decay times, the doses from Figures S-6 and S-7 for the 2-hour Chi/Q at the
EAB value of 3 x 10™* are approximately 1.6 x 10> and 7.9 x 10~ for the krypton and xenon,
respectively. Summing these results in an approximate total of 9.5 x 10-3 Rem, which is much
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less than the 2.5 Rem whole body dose limit. Using the plant specific parameters, the plant
must confirm that the plant specific result is less than the 2.5 Rem whole body dose limit.

In a similar fashion, plants with a 10CFR50.67 radiological basis will use Figures S-8 and S-9
to confirm the applicability of the generic analysis. Using the plant specific parameters, the
plant must confirm that the plant specific result is less than the 2.5 Rem TEDE dose limit.

Control Room Radiological Analysis

The control room Chi/Q values reported for use in the applicability confirmation should
represent limiting design basis accident Chi/Q values calculated using NRC guidance such as
Regulatory Guide 1.194, “Atmospheric Relative Concentrations for Control Room
Radiological Habitability Assessments at Nuclear Power Plants,” or other methods
specifically approved by the NRC for control room dose analysis at the plant site.

For plants with a 10CFR100 radiological basis, the maximum allowable control room Chi/Q
value is 1.81 x 107 s/m’. Therefore, the plant must confirm that the maximum control room
Chi/Q value is less than or equal to this value. Any dispersion coefficient less than this value
will result in a dose less than the 30 Rem Thyroid limit.

For plants with a 10CFR50.67 radiological basis, the maximum allowable control room Chi/Q
value is 1.25 x 10% s/m’. Therefore, the plant must confirm that the maximum control room
Chi/Q value is less than or equal to this value. Any dispersion coefficient less than this value
will result in a dose less than the 5.0 Rem TEDE limit.
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Table S—1
Sensitivity of CPR to Various Thermal-Hydraulic Parameters
Parameter Approximate Nominal ACPR/Nominal CPR

Value (AParameter/Nominal Parameter)

Bundle Power (or Relative 6—6.7 MWt 0to-1.0

Bundle Power)

Bundle Coolant Flow G = 1.1 x 10° Ibm/hr—ft? +0.2 (BWR/4)

Core Coolant Inlet Subcooling 20-27 Btu/lbm +0.1

R—factor 1.04-1.10 2.1

Core Pressure (with constant 1,035-1,055 psia -0.6

coolant subcooling)

Table S—2

Plants for which ATWS Pump Trip is Assumed in Transient Analyses
Duane Arnold Cooper Fitzpatrick Hatch 1 & 2
Brunswick 1 & 2 Peach Bottom 2 & 3 Browns Ferry 1, 2, & 3 | Vermont Yankee
Pilgrim Millstone Dresden 2 & 3 Quad Cities 1 & 2
Monticello Fermi 2 Hope Creek 1 & 2 Limerick 1 & 2
Shoreham Susquehanna 1 & 2 Hanford 2 LaSalle 1 & 2
Nine Mile Point 1 & 2 | Clinton 1 Grand Gulf 1 & 2 Perry 1 & 2
River Bend 1 Oyster Creek
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Table S—3

Table S—4
Group Notch Plants?
Browns Ferry 1,2, & 3 Peach Bottom 2 & 3
Fitzpatrick Cooper
Duane Arnold Hatch 1 & 2
Brunswick 1 & 2 Fermi 2

2 Plants that have implemented the requirements described in Reference S—9-14 or S—0-15 are no longer
classified as Group Notch plants.
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Figure S-2. Loss—of—Coolant Accident Evaluation Model
(SAFER/GESTR or SAFER/PRIME Analysis Methods)
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OLTP = Original Licensed Thermal Power ELLLA = Extended Load Line Limit Analysis

MELLLA = Maximum Extended ICF = Increased Core Flow
Load Line Limit

SPU = Stretch Power

Uprate (5% OLTP) EPU = Extended Power
Uprate (20% OLTP)

MELLLA+ = MELLLA Plus

Figure S-5. Power-Flow Operating Domain Illustration
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Figure S-6. Scenario 2 Krypton Whole Body Dose with Respect to Charcoal Hold Up
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Figure S-7. Scenario 2 Xenon Whole Body Dose with Respect to Charcoal Hold Up
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Figure S-8. Scenario 2 Krypton TEDE with Respect to Charcoal Hold Up
Utilizing AST Methodology
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APPENDIX A
STANDARD SUPPLEMENTAL RELOAD LICENSING REPORT

The following template provides the standard format to be used for an individual plant supplemental
reload licensing report (SRLR) with end-of-cycle (EOC) limits reported. For plants that have
chosen to use TRACG methods for analyzing pressurization transients, some adjustment of the
information and format will be necessary. For plants that have met the requirements necessary to
support the recatagorization of the fuel loading error, the ACPR results for the FLE events will not
be provided, rather a statement regarding the recatagorization will be included.

Additional appendices and figures can be added as necessary to address plant and cycle specific
issues. The following are typical lists of appendices and figures.

LIST OF APPENDICES

Analysis Conditions (will normally appear as the first appendix)
Decrease in Core Coolant Temperature Events

Pump Seizure

Partial Arc Condition

Thermal-Mechanical Compliance

Safety/Relief Valve Setpoint Tolerance Relaxation

Expanded Operating Domain Analyses

Equipment Out Of Service Analyses

Off-Rated Power and Flow Limits

List of Acronyms (will normally appear as the last appendix)

LIST OF FIGURES

Reference Core Loading Pattern
Plant response to Overpressurization Event (if required, multiple).
Plant response to Limiting Power and Pressure Increase Event (if required)

The template includes symbols (denoted in blue) which represent plant/cycle specific information to
be inserted at these locations. The following is the key to these symbols.
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TEMPLATE SYMBOL KEYS:

[a] Insert plant/cycle specific wording

[n] Insert plant/cycle specific numbers

{} Replace with plant/cycle applicable description
( ) Explanative description

Provided below is a tabulation of typical examples for each of the various types of plant/cycle
applicable descriptions.

Description Category Example
{Appropriate Operating Domain} ICF
{Appropriate Exposure Range} BOC to MOC
{Appropriate Fuel Design(s)} GE14C

Maximum Extended Load Line
A jate Extended O ting D in D Dt L. .
{Appropriate Extended Operating Domain Description} Limit Analysis

Turbine B Valve Out of
{Appropriate EOOS Condition Description} Hrbie Bypass vave but o

Service
{Appropriate Transient Name} Load Rejection w/o Bypass
{Appropriate Application Condition Name} Equipment in Service
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[nnnn] — [nnnn] - [nnnn] - SRLR
Revision [n]

Class I

{Issue Date}

Supplemental Reload Licensing Report
for
{Plant Name}
Reload [n] Cycle [n]
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Important Notice Regarding Contents of This Report

Please Read Carefully

This report was prepared by Global Nuclear Fuel - Americas, LLC (GNF-A) solely for use by {Utility
Name} ("Recipient") in support of the operating license for {Plant Name} (the "Nuclear Plant"). The
information contained in this report (the "Information") is believed by GNF-A to be an accurate and true
representation of the facts known by, obtained by or provided to GNF-A at the time this report was prepared.

The only undertakings of GNF-A respecting the Information are contained in the contract between Recipient
and GNF-A for nuclear fuel and related services for the Nuclear Plant (the "Fuel Contract") and nothing
contained in this document shall be construed as amending or modifying the Fuel Contract. The use of the
Information for any purpose other than that for which it was intended under the Fuel Contract, is not
authorized by GNF-A. In the event of any such unauthorized use, GNF-A neither (a) makes any
representation or warranty (either expressed or implied) as to the completeness, accuracy or usefulness of the
Information or that such unauthorized use may not infringe privately owned rights, nor (b) assumes any
responsibility for liability or damage of any kind which may result from such use of such information.
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Acknowledgement

{Appropriate acknowledgement description}
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The basis for this report is General Electric Standard Application for Reactor Fuel, NEDE-24011-P-A-
{Rev}, {Issue Date}; and U.S. Supplement, NEDE-24011-P-A-{Rev}, {Issue Date}.

1. Plant-unique Items

Appendix A: Analysis Conditions
Appendix [a]: List of Acronyms

2. Reload Fuel Bundles

Fuel Type L(;Z;lee d Number
Irradiated:
{Appropriate Fuel Design(s)} [n] [nnn]
New:
{dppropriate Fuel Design(s)} [n] [nnn]
Total: [nnn]
3. Reference Core Loading Pattern
Core Average Cycle Exposure
Exposure
Nominal previous end-of-cycle exposure: [nnnnn} MWA/MT | [nnnnn] MWd/MT
([nnnnn] MWd/ST) | ([nnnnn] MWd/ST)
Minimum previous end-of-cycle exposure (for cold [Mnnnn]MWdA/MT [nnnnn] MWd/MT

shutdown considerations):

([nnnnn] MWd/ST)

([nnnnn] MWd/ST)

Assumed reload beginning-of-cycle exposure: [nnnnn] MWd/MT 0 MWdMT

4 ginning-ol-cycle exposure: ([nnnnn] MWd/ST) (0 MWd/ST)
Assumed reload end-of-cycle exposure (rated [nnnnn] MWA/MT | [nnnnn] MWd/MT
conditions): ([nnnnn] MWJ/ST) | ([nnnnn] MWd/ST)
Reference core loading pattern: Figure 1
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4. Calculated Core Effective Multiplication and Control System Worth - No Voids, 20°C

Beginning of Cycle, Keffective
Uncontrolled [n.nnn]
Fully controlled [n.nnn]
Strongest control rod out [n.nnn]
R, Maximum increase in strongest rod out reactivity during the cycle (Ak) [n.nnn]
. [nnnnn] MWd/MT
Cycle exposure at which R occurs ([nnnnn]MWd/ST)
5. Standby Liquid Control System Shutdown Capability
B Shutdown Margin (AK)
(Zr(t);éf(pj;n) (at 160°C, Xenon Free)
a
Analytical Requirement Achieved
[nnn] > [n.nnn] [n.nnn]

6. Reload Unique GETAB

Initial Condition Parameters '

Anticipated Operational

Occurrences (AOO) Analysis

Operating domain: {Appropriate Operating Domain}
Exposure range : {Appropriate Exposure Range}

( Application Condition: {Appropriate

Application Condition} )

Peaking Factors
Fuel Bundle Bundle Initial
Desien Local | Radial | Axial | R-Factor | Power Flow MCPR
8 (MWt) (1000 1Ib/hr)
{Appropriate
Fuel Design(s)} [n.nn] | [non] | [n.on] | [n.nnn] [n.nnn] [nnn.n] [n.nn]

! Exposure range designation is defined in Table 7-1. Application condition number is defined in Section 11.
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7. Selected Margin Improvement Options 2

Recirculation pump trip: [a]
Rod withdrawal limiter: [a]
Thermal power monitor: [a]
Improved scram time: [a]
Measured scram time: [a]
Exposure dependent limits: [a]
Exposure points analyzed: [a]

Table 7-1 Cycle Exposure Range Designation

Name Exposure Range 3
BOC to MOC BOC|n] to EOR[n] - [nnnnn] MWd/MT ( [nnnnn] MWd/ST)
MOC to EOC EOR|[n] - [nnnnn] MWd/MT ( [nnnnn] MWd/ST) to EOC[n]
BOC to EOC BOC|[n] to EOC|n]

? Refer to the GESTAR basis document identified at the beginning of this report for the margin improvement
options currently supported therein.

? End of Rated (EOR) is defined as the cycle exposure corresponding to all rods out, 100% power/100%
flow, and normal feedwater temperature. For plants without mid-cycle OLMCPR points, EOR is not
applicable.
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8. Operating Flexibility Options 4

The following information presents the operational domains and flexibility options which are supported by
the reload licensing analysis.

Extended Operating Domain (EOD): [a]

EOD type: {A4ppropriate Extended Operating Domain Description}

Minimum core flow at rated power: [nn.n] %
Increased Core Flow: [a]
Flow point analyzed throughout cycle: [nnn.n] %
Feedwater Temperature Reduction: [a]
Feedwater temperature reduction during cycle: [nnn.n] °F
Final feedwater temperature reduction: [nnn.n] °F
ARTS Program: [a]
Single Loop Operation: [a]

Equipment Out of Service:

{Appropriate EOOS Condition Description(s)} [a]

9. Core-wide AOO Analysis Results *

Methods used: [a]

Operating domain: {Appropriate Operating Domain}
Exposure range : {Appropriated Exposure Range} ( Application Condition: {Appropriate
Application Condition} )

Uncorrected ACPR

Flux Q/A

(% rated) | (% rated) {Appropriate Fuel Design(s)} Fig.

Event

{Appropriate Limiting Pressure and

Power Increase Transient} [nnn] [nnn] [n.nn] [n]

* Refer to the GESTAR basis document identified at the beginning of this report for the operating flexibility
options currently supported therein.
> Exposure range designation is defined in Table 7-1. Application condition number is defined in Section 11.
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10. Local Rod Withdrawal Error (With Limiting Instrument Failure) AOO Summary

{Appropriate cycle-specific results discussion}

11. Cycle MCPR Values °’

Two loop operation safety limit: [n.nn]

Single loop operation safety limit: [n.nn]

Stability MCPR Design Basis: See Section 15
ECCS MCPR Design Basis: See Section 16 (Initial MCPR)
SLO Pump Seizure OLMCPR: See Pump Seizure Appendix (line included if applicable)

Non-pressurization Events:

Exposure range: BOC to EOC

{Appropriate Fuel Design(s)}
Control Rod Withdrawal Error (RBM setpoint at [nnn] %) [n.nn]
Loss of Feedwater Heating (See Appendix [a]) [n.nn]
Fuel Loading Error (misoriented) [n.nn]
Fuel Loading Error (mislocated) [n.nn] (or, “Not Limiting”)

Limiting Pressurization Events OLMCPR Summary Table: 3

Appl.

Cond. Exposure Range Option A Option B

{Appropriate {Appropriate
Fuel Design(s)} | Fuel Design(s)}

[n] | {Appropriate Application Condition Name}
{Applicable Exposure Range, e.g. “BOC to MOC”} [n.nn] [n.nn]
{Applicable Exposure Range, e.g. “MOC to EOC”} [n.nn] [n.nn]

% Exposure range designation is defined in Table 7-1.

” For single loop operation, the MCPR operating limit is [n.nn] greater than the two loop value.

¥ Each application condition (Appl. Cond.) covers the entire range of licensed flow and feedwater
temperature unless specified otherwise. The OLMCPR values presented apply to rated power operation
based on the two loop operation safety limit MCPR.
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Pressurization Events: °

Operating domain: {Appropriate Operating Domain}
Exposure range : {Appropriate Exposure Range}  ( Application Condition: {Appropriate
Application Condition})

Option A Option B
{Appropriate Fuel | {Appropriate Fuel
Design(s)} Design(s)}
{dppropriate Transient Name} [n.nn] [n.nn]
12. Overpressurization Analysis Summary
Event Psl Pdome Pv Plant
(psig) (psig) (psig) Response
MSIV Closure (Flux Scram) — i
[nnnn] [nnnn] [nnnn] Figure [n]
{Appropriate Operating Domain}
13. Loading Error Results
Variable water gap misoriented bundle analysis: [a] "°
Misoriented Fuel Bundle ACPR
{Appropriate Bundle Design(s)} [n.nn]

14. Control Rod Drop Analysis Results

{Appropriate Rod Drop Accident analysis description}

15. Stability Analysis Results

{Appropriate Stability results description}

? Application condition numbers shown for each of the following pressurization events represent the
application conditions for which this event contributed in the determination of the limiting OLMCPR value.
' Includes a [n.nn] penalty due to variable water gap R-factor uncertainty.
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16. Loss-of-Coolant Accident Results

16.1 10CFR50.46 Licensing Results

{Appropriate ECCS methodology and results description}

Table 16.1-1 Licensing Results

) ] Core-Wide
Licensing Local Metal-Water
Fuel Type Basis PCT Oxidation Reaction
(°F) (%) (%)
{Appropriate Fuel
e [nnnn] < [n.nn] < [n.nn]

The {Appropriate methodology} analysis results are documented in Reference [n] for {Appropriate Fuel
Design(s)} in Section 16.4.

16.2 10CFR50.46 Error Evaluation

All reported errors have been corrected in the evaluation documented in Reference [n] for {Appropriate Fuel
Design(s)} in Section 16.4.

OR (if reporting errors are applicable for this cycle)

The 10CFR50.46 errors applicable to the Licensing Basis PCT are show in the table below.

Table 16.2-1 Impact on Licensing Basis Peak
Cladding Temperature for {Appropriate Fuel Design(s)}

10CFR50.46 Error Notifications

. PCT Impact
Number Subject °F)
[n] {Appropriate Error Description} [nnn]
Total PCT Adder (°F) [nnn]

The {Appropriate Fuel Design(s)} Licensing Basis PCT remains below the 10CFR50.46 limit of [nnn] °F.
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16.3 ECCS-LOCA Operating Limits

The ECCS MAPLHGR operating limits for new fuel bundles in this cycle are shown in the tables below.

Table 16.3-1 MAPLHGR Limits

Bundle Type: {Appropriate Bundle Design(s)}

Average Planar Exposure MAPLHGR Limit
GWd/MT GWd/ST kW/ft
0.00 0.00 [nn.nn]
[nn.nn] [nn.nn] [nn.nn]

The single-loop operation multiplier on LHGR and MAPLHGR, and the ECCS analytical initial MCPR
values applicable to each fuel type in the new cycle core are shown in the table below.

Table 16.3-[n] Initial MCPR and Single Loop Operation LHGR and MAPLHGR Multiplier

... Single Loop Operation LHGR
Fuel Type Initial MCPR | *. 4 MAPLHGR Multiplier
Appropriate Fuel
t4p. ]Igeslz?gn (5)1 [n.nnn] [n.nn]

16.4 References

The SAFER/GESTR-LOCA analysis base report applicable to the new cycle core is listed below.

References for {Appropriate Fuel Design(s)}

1. {Appropriate Reference(s) for this fuel design}
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Fuel Type

A= {Appropriate Bundle Design(s)}

({Appropriate cycle}) =

Figure 1 Reference Core Loading Pattern
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Analysis Conditions

The reactor operating conditions used in the reload licensing analysis for this plant and cycle are presented in
Table A-1. The pressure relief and safety valve configuration for this plant are presented in Table A-2.
Additionally, the operating flexibility options listed in Section 8 are supported by the reload licensing

analysis.

Table A-1 Reactor Operating Conditions

Analysis Value

Parameter

{4ppropriate Core Flow
and Feedwater
Temperature Condition(s)}

Thermal power, MWt [nnnn.n]
Core flow, Mlb/hr [nnn.n]
Reactor pressure (core mid-plane), psia [nnnn.n]
Inlet enthalpy, Btu/lb [nnn.n]
Non-fuel power fraction [n.nnn]
Steam flow, Mlb/hr [nn.nn]
Dome pressure, psig [nnnn.n]
Turbine pressure, psig [nnn.n]

Table A-2 Pressure Relief and Safety Valve Configuration

Number of Lowest Setpoint
Valve Type Valves (psig)
{dppropriate Valve Description} [n] [nnnn.n]
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Appendix [a]
List of Acronyms
Acronym Description
{Acronym} {Acronym description}
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STANDARD FUEL BUNDLE INFORMATION REPORT

The following template provides the standard format to be used for an individual plant Fuel Bundle
Information Report (FBIR). This report, which supplements the Supplemental Reload Licensing
Report, contains thermal-mechanical linear heat generation rate (LHGR) limits fuel designs to be
loaded into the plant for the specific for cycle. These LHGR limits are obtained from thermal-
mechanical considerations only.

LHGR limits as a function of exposure for each bundle of the core design are given in Appendix A to
the FBIR. Appendix A may reference the GESTAR II Compliance Report for the fuel product line as
a submitted reference providing the LHGR limits.

Appendix B contains a description of the fuel bundles. Table B-1 contains a summary of bundle-
specific information, and the figures provide the enrichment distribution and gadolinium distribution
for the fuel bundles included in this appendix.
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[nnnn] — [nnnn] - [nnnn] -FBIR-P
Revision [n]

Class 111

{Issue Date}

GNF-A Proprietary Information
- Class I1I (Confidential)

Fuel Bundle Information Report
for
{Plant Name}

Reload [n] Cycle [n]
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Important Notice Regarding Contents of This Report

Please Read Carefully

This report was prepared by Global Nuclear Fuel - Americas, LLC (GNF-A) solely for use by {Utility
Name} (""Recipient') in support of the operating license for {Plant Name} (the "Nuclear Plant"). The
information contained in this report (the "Information") is believed by GNF-A to be an accurate and
true representation of the facts known by, obtained by or provided to GNF-A at the time this report
was prepared.

The only undertakings of GNF-A respecting the Information are contained in the contract between
Recipient and GNF-A for nuclear fuel and related services for the Nuclear Plant (the "Fuel Contract'")
and nothing contained in this document shall be construed as amending or modifying the Fuel
Contract. The use of the Information for any purpose other than that for which it was intended under
the Fuel Contract, is not authorized by GNF-A. In the event of any such unauthorized use, GNF-A
neither (a) makes any representation or warranty (either expressed or implied) as to the completeness,
accuracy or usefulness of the Information or that such unauthorized use may not infringe privately
owned rights, nor (b) assumes any responsibility for liability or damage of any kind which may result
from such use of such information.

Proprietary Information Notice

This report contains information that is proprietary to GNF-A and is furnished to Recipient under the
confidentiality provisions of the Fuel Contract. No other use, direct or indirect, of the document or the
information it contains is authorized. The recipient shall not publish or otherwise disclose this
document or the information therein to others without consent of Global Nuclear Fuel-Americas, LLC,
and shall return the document at the request of the GNF.

The header of each page in this document carries the notation “GNF-A Proprietary Information —
Class III (Confidential).” Proprietary information of GNF-A is indicated as the content contained
between opening double brackets ( [[ ) and closing double brackets ( ]] ), and the text is underlined

{3}]] Figures and large equation objects are identified with
{33

double square brackets before and after the object. In each case, the superscript notation *** refers to
Paragraph (3) of the enclosed affidavit, which provides the basis for the proprietary determination.
Specific information that is not so marked is not GNF-A proprietary.
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1. Introduction and Summary

This report, which supplements the Supplemental Reload Licensing Report, contains thermal-
mechanical linear heat generation rate (LHGR) limits for the GNF-A fuel designs to be loaded into
{Plant Name} for Cycle [n]. These LHGR limits are obtained from thermal-mechanical considerations
only. Approved GNF-A calculation models documented in Reference 1 were used in performing this
analysis.

LHGR limits as a function of exposure for each bundle of the core design are given in Appendix A.
The LHGR values provided in Appendix A provide upper and lower exposure dependent LHGR
boundaries which envelope the actual gadolinia dependent LHGR limits. The LHGRs reported have
been rounded to two places past the decimal.

Appendix B contains a description of the fuel bundles. Table B-1 contains a summary of bundle-
specific information, and the figures provide the enrichment distribution and gadolinium distribution
for the fuel bundles included in this appendix. These bundles have been approved for use under the
fuel licensing acceptance criteria of Reference 1.
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2. References

1. General Electric Standard Application for Reactor Fuel, NEDE-24011-P-A-{Rev}, {Issue Date}; and
the U.S. Supplement, NEDE-24011-P-A-{Rev}, {Issue Date}.
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Appendix A
UO,/Gd Thermal-Mechanical LHGR Limits

Bundle Type: {Appropriate Fuel Design(s)}

Bundle Number: [nnnn]

Peak Pellet Exposure UO, LHGR Limit

GWd/MT (GWd/ST) kW/ft
[n.nn] ([n.nn]) [nn.nn]
[n.nn] ([n.nn]) [nn.nn]
[n.nn] ([n.nn]) [nn.nn]
[n.nn] ([n.nn]) [nn.nn]
[n.nn] ([n.nn]) [nn.nn]

Peak Pellet Exposure Most Limiting Gadolinia

LHGR Limit "
GWd/MT (GWd/ST) kW/ft
[n.nn] ([n.nn]) [nn.nn]
[n.nn] (|[n.nn]) [nn.nn]
[n.nn] ([n.nn]) [nn.nn]
[n.nn] (|[n.nn]) [nn.nn]
[n.nn] ([n.nn]) [nn.nn]

Note: Suitable references to other documents may also be used to define the applicable
LHGR limits

" Bounding gadolinia LHGR limit for all gadolinium concentrations occurring in this bundle design
([n.n]% Gd).
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Appendix B
Fuel Bundle Information

Table B-1
Bundle Specific Information
Exposure
. . M
Fuel Bundle | Enrichment ?;%g(l)lt “;?%ht K a:t at Max k,
Bundle Number | (wt% U-235) | © )2 (ke) s0oc | GWAMT
g g (GWA/ST)

[n.nnn

{Appropriate Fuel Design(s)} [nnnn] [n.nn] [nnn.n] | [nnn.n] [nn.n]([nn.n])
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Figure B-[n] Enrichment and Gadolinium Distribution for EDB No. [nnnn]
Fuel Bundle {Appropriate Fuel Design(s)}
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