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INFORMATION NOTICE

Proprietary information of GNF has been removed from this non—proprietary version of
GESTAR II. The information removed was contained between opening double brackets ( [[ )
and closing double brackets ( ]] ).

Change bars in the margin indicate the latest revision.

IMPORTANT NOTICE REGARDING CONTENTS OF THIS REPORT

PLEASE READ CAREFULLY

The information contained in this document is furnished for the purpose of obtaining NRC
approval of the Licensing Topical Report General Electric Standard Application for Reactor
Fuel (GESTAR). The only undertakings of Global Nuclear Fuel — Americas, LLC (GNF)
with respect to information in this document are contained in contracts between GNF and
participating utilities, and nothing contained in this document shall be construed as changing
those contracts. The use of this information by anyone other than that for which it is intended
is not authorized; and with respect to any unauthorized use, GNF makes no representation or
warranty, and assumes no liability as to the completeness, accuracy, or usefulness of the
information contained in this document.
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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.

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 11
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 been shown
to meet the fuel licensing acceptance criteria are documented in References 1-1 and 1-2.
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.

The fuel licensing acceptance criteria are as follows.

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).

1-1



Non-Proprietary Information

GESTARIII Class I (Public) NEDO-24011-A-18

D.

1.1.2

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.

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.

Thermal-Mechanical

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.

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.

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

vii. 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—
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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.

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

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

X. 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. These bases 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.
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.

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.

1-3
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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.

i1 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
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.

14
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1.1.6 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.

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.

A new correlation may be established if significant new data exists for a fuel
design(s).

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).

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
ocl=—— — ECPR.)?
N_lg,(ﬂ )



Non-Proprietary Information
GESTARIII Class I (Public) NEDO-24011-A-18

where:

o = standard deviation.
1 N
= —>» ECPR
7 v Z:, ,

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 satisty 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.

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.
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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 AOO, 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.

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

B. New design features will be included in lead use assemblies.
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1.2.2

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 satisfy 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).

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

1v.

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
Stress Limit Strain Limit

Design Ratio =

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.1i, 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.

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.
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Vi.

Vii.

Viil.

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.

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

1l
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]]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.

1l
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/5 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.

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

G. 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
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1.2.4

1.2.5

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.

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

1. Analysis shall be performed for the specific plant.
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1.2.6

il.  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 (A00).

vii. 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 Table 3-3 of Reference 1-2. The uncertainty associated with
the critical power correlation shall be determined as documented in Subsection 1.1.7.

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.

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

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 fuel design
information report.

A new correlation may be established if significant new data exists for a fuel
design(s).

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
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actual plant operation. These coefficients will be determined generically and
documented in the fuel design information report.

C. The criteria for establishing the new correlation are as follows:
1. 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 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:

1 N
ol=—— — ECPR.)?
N_lg,(ﬂ )

o = standard deviation.

1 N
uo= WZECPRi

i=1

=
[

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
correlation coefficients and uncertainties will be determined as approved by the NRC
for the current correlations.
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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.

1.2.9

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.

Overpressure Protection Analysis

Adherence to the ASME overpressure protection criteria shall be demonstrated on
plant cycle specific analysis.
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1.2.10

B.

1.2.11
A.

B.

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
design information report.
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1.2.12 Refueling Accident Analysis

A. 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.

1.2.13 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.

B. [fcriterion 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.

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.
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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 10CFRI100, 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 core
lattice descriptions and a definition of the specific type of lattice used for each plant are
contained in Reference 1-2.

1-20
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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. These bases were used to analyze the fuel bundles described in Reference 2-2.
A description of the previous analyses bases and a detailed description of the 8x8 and 8x8R
fuel designs are given in Reference 2—3. The analyses bases described in Reference 2—3 are
also used in those countries whose regulatory bodies have not yet accepted the fuel design
bases presented in this section.

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
Reference 2-2. The design evaluations for each of the fuel system damage, failure, and
coolability criteria identified in SRP Section I1.C are also provided in Subsection 2.2. Fuel
assembly testing, inspection, and surveillance plans (SRP Section I1.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. These fuel designs meet the
criteria in Subsection 1.1.2 or are separately approved by the NRC.

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
restrictions on the exposure for a specific fuel product will be documented in the GESTAR 1I
compliance report for that product.

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
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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

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 oF Effective Strain

Stress Limit Strain Limit

Design Ratio =

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
([
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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.
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2.2.1.2.2 Limits
Il

2.2.1.2.3 Evaluations
[l

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
Il

2.2.1.3.3 Evaluations
([

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
([

1l

2.2.1.4.1.2 Limits
Il

2.2.1.4.1.3 Evaluations
([

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.



Non-Proprietary Information
GESTARIII Class I (Public) NEDO-24011-A-18

2.2.1.4.2.2 Limits
1l
1l

2.2.1.4.2.3 Evaluations
[l

11

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
1l

1l

2.2.1.5.3 Evaluations
([

1l

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
1l
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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

11

2.2.1.7.3 Evaluations
([

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.
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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
([

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.
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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

1l

2.2.2.5.3 Evaluations
([

1l

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

1] The strain
criteria is defined for two exposure ranges:

Range 1 —[[

Range 2 —[[
1]
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2.2.2.7.3 Evaluations
[l

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

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
[l
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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

1l

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.
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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:

AN S

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.

Pre—operational and startup testing.

The reference further describes that these quality control plans are implemented using the
following document types:

1.

D A T R e B

I T S e e S e
N SN D B~ WD = O

Acceptance standards.

Audit plans and procedures.

Calibration procedures.

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.
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18. Quality assurance document control procedures.
19. Quality assurance records specifications and instructions.
20. Quality control standards instructions.
21. Receiving inspection plans.
22. Shipment release control procedures.
23. Supplier evaluation and selection procedures.
24. Test instructions.
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 core design basis and the models used to analyze the fuel
detailed in References 3—2 and 3—3. All 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.

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
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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, 35, 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.

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
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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
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.
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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 ke at BOC and
the maximum calculated strongest rod out kes at any exposure point. The strongest rod out
kefr at any exposure point in the cycle is equal to or less than:

ke = keg (Strongest rod withdrawn)goc + R,

where

R is always greater than or equal to 0. The value of R includes equilibrium Sm.

The calculated values of kg 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.

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.

34
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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.

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.
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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.

3.4.2.1 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.

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.
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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. Ifthe 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.

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.
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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 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 AOO.)

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

8. Safety Limit MCPR.

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

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

Examples:
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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 associated with the storage of both irradiated (spent) and new fuel is that
the effective multiplication factor of fuel stored under normal conditions will be < 0.90 for the
regular density rack and < 0.95 for the high—density racks. Abnormal storage conditions are
limited to a kegr < 0.95 for both high and regular density designs. A list of normal and
abnormal storage conditions is presented in Chapter 9 of Reference 3—13. These storage
criteria will be satisfied if the uncontrolled lattice k., calculated in the normal reactor core

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

(a) k,, <1.31 for 20°C to 100°C for regular spent fuel storage racks with an interrack
spacing > 11.875 inches.

(b) k., < 1.30 for 20°C to 100°C for regular spent fuel storage racks with an interrack
spacing > 11.71 inches.

(¢) k, <1.33 for 20°C to 100°C for high density fuel storage racks.

(d) k,, < 1.31 for 20°C to 100°C for regular new fuel vault storage racks with an interrack
spacing > 10.50 inches.

These criteria apply to the storage racks designed by General Electric at all plants.

The peak uncontrolled k, values show that the fuel storage criteria will be satisfied for the
Type a and Type b rack spacing and for the Type c high density fuel storage rack

(Reference 3—14) designed by the General Electric Company. They also show that the storage
criteria will be satisfied for the new fuel vault storage racks (Type d).
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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.
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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
AP, :E?¢;PL

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:

APE = ,BALE
8.

p=p(l-a)+pa

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

_ ‘2
O, = .
A, initial flow area

44
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where

AP, -~ = acceleration pressure drop

por = 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
w p
AP =(1-02) B0
ace ! 2gcp[2<EA22
where
1 x 1-x .
— =—+——, homogeneous density,
Pu Pq Py

L2 ()
> T a2 T,
Pxe P& Py (1_05)

-, kinetic energy density,

a = 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  Piv

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

L ()
= +
py  pa pl-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
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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 413, 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—13, 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 plants is increased at reduced core flow rates by a flow factor, K such that:

Required MCPR Operating Limit = K, x MCPR Operating Limit at 100% core flow

The flow factor, K5 is given in Reference 4-13 as a function of the core flow rate for
BWR/2-5 reactors.

For BWR/6 the required flow—dependent operating limit MCPR is defined as MCPRand is a

function of the core flow rate. This limit is the MCPR transient limit that has been modified
to take the flow factor, K; into account. An example of this flow—dependent operating limit

MCPR is given in Reference 4-13.
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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,
MCPRy 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. A typical example MCPR, versus flow curve is shown in

Reference 4-13. 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 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. An example of the power
distribution limits for BWR/6 plants is given in Reference 4—13.

4.3.1.2.8 End-of-Cycle Coastdown Considerations

AOO 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.
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.
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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.

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 II 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. 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.

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.
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A.4.2.2 Description and Design Drawings

The fuel assembly is described in References A—3 or A—4. 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.

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.

A4
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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.

NEDO-24011-A-18

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.

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.
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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.

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.

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
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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.

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.
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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.

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.
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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 10CFR50.46.
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
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 I0CFR50.46. 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.
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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.

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.
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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.

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).
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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
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.
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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 ldentification 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
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-13
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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.

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.
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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).

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
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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:

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 10CFR100 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.
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Table A.15.0-1

NEDO-24011-A-18

Input Parameters and Initial Conditions for Anticipated Operational Occurrences

(To be provided by Applicant)

Parameters and Conditions

Thermal Power Level (MWt)
License Value

Analysis Value

Steam Flow (Ib/hr)
License Value

Analysis Value

Core Flow (Ib/hr)

Feedwater Flow Rate (Ib/sec)
License Value

Analysis Value

Feedwater Temperature (°F)

Vessel Dome Pressure (psig)

Vessel Core Pressure (psig)

Turbine Bypass Capacity (% NBR)

Core Coolant Inlet Enthalpy (Btu/Ib)

. Turbine Inlet Pressure (psig)

. Fuel Lattice

. Core Leakage Flow (%)

. 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)?

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

A-17
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Parameters and Conditions

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)

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)
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Parameters and Conditions

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

Failed Fuel Rods
Title 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 ¢
Cask drop accident. None. None.
ATWS. Fuel product line dependent. See Section 1.

b The inertia time constant is defined by the expression:
_ 27)yn
g7,

t

where:

= Inertia time constant (sec);

Ok -
|

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

0q
|

Ty

pump shaft torque (Ib—ft).

¢ To be supplied by applicant.
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