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1 SUMMARY AND CONCLUSIONS
1.1 SUMMARY

WCAP-15942-P-A, “Fuel Assembly Mechanical Design Methodology for Boiling Water Reactors
Supplement 1 to CENP-287” (Reference 1.0) and WCAP-15942-P Supplement 1, “Material Changes for
SVEA-96 Optima2 Fuel Assemblies” Reference 4.3 describe the Westinghouse methodology for
conducting fuel assembly and fuel rod mechanical evaluations that are identified in Section 4.2 of the
Standard Review Plan (SRP), NUREG-0800 (Reference 1.4) and WCAP-15836-P-A, “Fuel Rod Design
Methods for Boiling Water Reactors — Supplement 1” (Reference 1.2) describes the fuel rod design
methods. This Licensing Topical Report (LTR) describes the application of these methods and
methodologies to the Westinghouse SVEA-96 Optima3 fuel assembly and it also includes some minor
improvements to the methodology.

In conjunction with an expanded fuel rod and assembly inspection database and test basis, this sample
application demonstrates that the SVEA-96 Optima3 assembly satisfies the Westinghouse design criteria
to a rod-average burnup of [ ] for the sample plant application. As discussed in

Reference 1.0 and Reference 4.3, satisfaction of the Westinghouse design criteria assures compliance with
the objectives of Section 4.2 of the SRP and, therefore, assures compliance with General Design

Criteria 10, 27, and 35 of 10 CFR 50, Appendix A, “General Design Criteria for Nuclear Power Plants”
(Reference 1.5). Similar information, supporting the thermal-hydraulic, nuclear, and safety analyses
evaluations, is provided in CENPD-300-P-A, “Reference Safety Report for Boiling Water Reactor Reload
Fuel” (Reference 1.1).

The SVEA-96 Optima3 fuel assembly contains, as does its predecessor SVEA-96 Optima2, part-length
rods in addition to full-length rods.

Design criteria and methods in References 1.0, 1.1 and 4.3 have not been changed and will continue to be
used for the reference fuel design for SVEA-96 Optima3. Reference 4.3 is currently under NRC review.
Any SER required changes will be implemented for SVEA-96 Optima3 with Low Tin ZIRLO™
channels. Therefore, this LTR relies on References 1.0, 1.1 and 4.3 for design criteria and methodology.
In Sections 2 through 10 of this report, in order to clearly discriminate text already presented in
References 1.0, 1.1, 4.3 regarding such subjects as design criteria, methodology, and sample analyses,
these texts are given in italics.

The numbering of sections in this document basically follows that of Reference 1.0 in order to assist the
reader in relating this LTR to Reference 1.0. However, equation, table, figure, and reference numbering in
this LTR is independent of the numbering in Reference 1.0.

The contents of this report can be summarized as follows:

1. A description of the Westinghouse SVEA-96 Optima3 boiling water reactor (BWR) fuel assembly
design,

2. A modified stress analysis using the ANSYS code,
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3. A sample application of the Westinghouse design evaluation methodology demonstrating
compliance of the SVEA-96 Optima3 assembly with the design criteria for normal operations and
anticipated operational occurrences (AOOs) to a fuel rod burnup of [ 1,

4. An applicability demonstration of the Westinghouse LOCA methodology for SVEA-96 Optima3,

5. A summary of the computer codes used in the Westinghouse methodology described in
References 1.0 and 1.1,

6. A description of the manufacturing inspection measures which assure that the assembly is
constructed as required by the design specifications described in References 1.0 and 1.1,

7. A summary of the operating experience with the SVEA-96 Optima3 design and similar
Westinghouse designs,

8. A summary of the ex-core prototype test programs relative to the methodology described in
References 1.0 and 1.1,

9. An updated summary discussion of ongoing testing, inspection, and surveillance plans relative to
the methodology described in References 1.0 and 1.1.

Therefore, in conjunction with References 1.0 and 1.1, general design criteria as well as the design criteria
for the fuel rods and other assembly components are clearly stated. The mechanical design methods used
to evaluate assembly and component performance against these design criteria for normal operations and
AOQO:s are then systematically addressed. An illustrative evaluation of the SVEA-96 Optima3 design
relative to the design criteria using the methodology described is also provided. This evaluation is
described in conjunction with the methodology description to assist the reader in understanding
compliance with the requirements of Reference 1.4.

1.2 CONCLUSION

The information contained in this report in conjunction with References 1.0, 1.1, and 4.3 supports the
following conclusions:

1. The design bases identified in Reference 1.0 are sufficient to assure that the requirements and
guidelines identified in Section 4.2 of NUREG-0800 (Reference 1.4), 10 CFR 50, Appendix A
(Reference 1.5), and Section III of the American Society of Mechanical Engineers (ASME)
Boiler and Pressure Vessel Code, “Rules for Construction of Nuclear Facility Components”
(Reference 1.3) will be satisfied.

2. The methodology for evaluating fuel assembly and fuel rod mechanical behavior relative to the
design basis remains acceptable for design and licensing applications to a rod-average burnup of
[ J*° (References 1.0, 1.1, and 4.3).

3. The evaluation of the SVEA-96 Optima3 fuel assembly applying Westinghouse methodology

demonstrates the capability of this fuel assembly to satisfy the fuel performance, mechanical, and
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materials design bases under normal operation and AOOs to a peak rod-average burnup of

[ ]a‘C‘

4. Westinghouse LOCA methodology is applicable for the SVEA-96 Optima3 fuel design.”
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2 GENERAL DESCRIPTION

The SVEA-96 Optima3 fuel with its 4x(5x5-1) lattice with three part-length rods in each subbundle is an
evolution of the SVEA-96 Optima2 fuel and a new generation of Westinghouse 10x10 fuel.

The SVEA-96 Optima3 fuel has, compared to SVEA-96 Optima2:

Simplified mechanical design
Increased fuel rod plenum volume
Reduced pressure drop

Reduced parasitic neutron absorption
Improved fuel reliability

These improvements have been achieved by:

. The subbundle top tie plate is replaced with a top spacer and the bottom tie plate is simplified. All
fuel rods, except the tie fuel rods, which also have the spacer capture function, rest freely on the
bottom tie plate,

. The modified design in the subbundle ends allows shorter end plugs and correspondingly longer
cladding tube, where the starting point of the pellet stack is lowered by [ T

e A new spacer design (sleeve type), where a simplified version without mixing vanes is used at
[ J*“. This, in combination with the simplified bottom tie plate,

leads to reduced pressure drop,

. The new spacer design leads to a reduced amount of parasitic neutron absorption material in the
active fuel region,

. The spacer is designed to minimize the risk of debris getting caught in the spacer and thus
reduces the risk of debris fretting damage to the fuel,

. The TripleWave+™ debris filter is introduced with improved debris catching efficiency.
2.1 ASSEMBLY DESCRIPTION

The SVEA-96 Optima3 fuel is based on the same general principles as SVEA-96 Optima2 and previous
SVEA-96 fuel types which have been delivered to several plants in the U.S. including Columbia
Generating Station, Hope Creek, Dresden 2&3, Quad Cities 1&2, and Hatch-1. This section contains a
general description of the SVEA-96 Optima3 fuel and a discussion of the main differences between
SVEA-96 Optima3 and SVEA-96 Optima2 (Reference 1.0).

As with previous SVEA-96 fuel designs, the SVEA-96 Optima3 fuel assembly consists of one fuel
bundle, arranged in four subbundles, one fuel channel and one handle with spring. The subbundles are
separated by a cruciform internal structure (water cross) in the channel. The subbundles are inserted into
the channel from the top and are supported at the bottom end by a stainless steel inlet piece (transition
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piece and bottom support), which is bolted to the channel. This design principle eliminates any leakage
flow uncertainties at the bottom end of the channel. Since the handling load is carried by the channel via
the bottom support and the four screws, stresses in the tie rods are also avoided during normal fuel
handling. The bottom support is equipped with a TripleWave+™ debris filter, which is designed to
prevent potentially harmful debris from entering the fuel bundle. The fuel assembly is lifted by the
handle, which is connected to the top end of the channel, and supported against adjacent assemblies in the
core module by a double leaf spring. A schematic overview of the SVEA-96 Optima3 assembly with its
main components is shown in Figure 2-1a and the fuel assembly design is shown in Figure 2-1b.

As with previous SVEA-96 fuel designs, the fuel bundle consists of 96 fuel rods arranged in

four 5x5-1 subbundles. The outer channel forms, together with the water cross structure, four subchannels
for the subbundles. The water cross has a square central canal and smaller water channels in each of the
four wings for non-boiling water during operation. As with SVEA-96 Optima2, there are eight part-length
fuel rods with about 2/3" active length (two in each subbundle) and four part-length fuel rods with about
1/3 active length (one in each subbundle) in the fuel bundle. Consequently, the lower part of the fuel
bundle (zone 1) consists of 96 fuel rods, the middle part (zone 2) consists of 92 fuel rods and the upper
part (zone 3) consists of 84 fuel rods. The cross section of the fuel assembly is shown in Figure 2-2.

The fuel assembly outer dimensions are maintained from previous SVEA-96 fuels, including SVEA-96
Optima2. The control rod gap, and the gap that does not contain a control rod, depends on the plant lattice
geometry. Typical values for SVEA-96 Optima3 fuel assemblies in a C-lattice plant are shown in

Figures 2-3a and 2-3b. These gap widths provide adequate clearances to the control blades and
pads/rollers. The SVEA-96 Optima3 assemblies also provide adequate clearances to instrument guide
tubes. The excellent resistance of the SVEA channel to bulge and bow assures that these conclusions
based on beginning of life dimensions continue to apply throughout the lifetime of the bundle. As with the
previous SVEA-96 fuel designs, the SVEA-96 Optima3 transition piece (bottom nozzle) can be modified
to offset the assembly toward the control rod gap in a D-lattice configuration as discussed in Section 2.5.

The number of spacers is increased and the SVEA-96 Optima3 fuel is equipped with 40 (10x4) sleeve
type spacers. [

I

The SVEA-96 Optima3 subbundle has no top tie plate and has a simplified bottom tie plate. The normal
rods and the part-length rods rest freely on the bottom tie plate. [

]a.C
The lengths of the part-length rods are increased compared to the SVEA-96 Optima2 design.
As with SVEA-96 Optima?2, all rods in the SVEA-96 Optima3 design have the [

]** These dimensions were optimized to achieve optimum uranium
content while preserving acceptable fuel rod thermal-mechanical performance.

The SVEA-96 Optima3 assembly for the U.S. contains about [ ' J*° than SVEA-96
Optima2.
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The M8 nuts and the external compression springs in the subbundle top end of previous SVEA-96 fuel
designs have been excluded as a consequence of the replacement of the top tie plate by a spacer.

As with SVEA-96 Optima2, the top end plugs are equipped with a notch for a more safe lift of a single
rod as well as a subbundle. The top end plugs for SVEA-96 Optima3 are shortened and simplified due to
the replacement of the top tie plate by a spacer.

Since only the tie rods are fastened to the simplified bottom tie plate, the number of M6 nuts in the
subbundle is reduced to two.

The bottom end plug design for normal and part-length rods is shortened and simplified since these rods
rest freely on the simplified bottom tie plate upper surface. The threaded bottom end plug for the tie rods
is shortened due to the simplified bottom tie plate with reduced height.

The starting point of the pellet stack is [ 1** due to the simplified bottom tie plate. This
allows the possibility to increase the pellet stack and thereof increasing the amount of Uranium in the
fuel.

Both tie rods in the subbundle also carry the spacer capture function, which hence is doubled for
redundancy. The previous separate Spacer capture rod is then replaced by a normal fuel rod.

The fuel assembly individual identification number and subbundle identification previously engraved on
the top tie plate is moved to the bottom tie plate.

The bottom tie plate is resting on the flat surface of the fuel channel bottom support. The lateral guiding
of the subbundle bottom end in the fuel channel is provided by the lowermost spacer, positioned adjacent
to the bottom tie plate.

2.1.1 Lattice and Fuel Rod Types

The fuel bundle has four mechanically different types of fuel rods, namely:

76 normal fuel rods

8 tie fuel rods (with spacer capture function)
8 part-length fuel rods with 2/3" active length
4 part-length fuel rods with 1/3" active length

The pitch between the central rods is [
1*° The lattice configuration is shown in Figure 2-4.

2.2  FUEL SUB-BUNDLE DESCRIPTION

The subbundle consists of 24 fuel rods arranged in a 5x5-1 lattice. Each subbundle is assembled as a
separate unit with free standing rods, resting on a bottom tie plate. Two tie fuel rods are guided by their
end plugs in the bottom tie plates, fastened by nuts, and keep, together with the ten spacers, the subbundle
together as one unit. The tie fuel rods also secure the axial positions of the spacers.
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The fuel bundle is shown in Figure 2-5.

The fuel rods consist of a Zircaloy cladding tube sealed by end plugs and containing a stack of fuel
pellets. In the upper end of the fuel rod there is a space for axial expansion of the fuel pellet stack and for
fission gases released from the fuel pellets. The fuel pellet stack is prevented from moving up into this
space during transport by means of a plenum spring. The cladding and the end plugs are made of low
corrosion material and the cladding tubes are provided with liner on the inside. The fuel pellet stack
consists of sintered and ground uranium dioxide pellets. A few rods also contain pellets with burnable
absorber in the form of gadolinium oxide mixed with uranium dioxide. The fuel rods are prepressurized
with helium and sealed by welding. E

The tie fuel rods are connected to the bottom tie plate by threaded end plugs, extending through the plate,
and nuts. They are placed next to the central position and are locked against rotation by slits in the bottom
tie plate, which engage the bottom end plugs. Above each spacer position, the tie fuel rods have small
heads welded to the cladding tube. These heads provide the spacer capture function. The tie fuel rods
permit small movements of the spacer to avoid strong axial forces on the spacer. A typical tie fuel rod is
shown in Figure 2-6.

Twelve part-length rods are included in the fuel bundle. Eight part-length rods (two in each subbundle)
are placed adjacent to the central water channel. They end about { 1€ above the seventh spacer and
are about 2/3™ in active length. Four more part-length rods (one in each subbundle) are placed in the outer
corners. They end about [ T** above the fourth spacer and are about 1/3" in active length. The part-
length rods have in principle the same design as full-length rods, with plenum spring in the upper end.
The part-length rods have the same type of end plugs as the normal fuel rods. The positions of the part-
length rods are chosen for shut down margin improvement and, at the same time, to optimize the critical
power performance. These part length rods are in the same location as for SVEA-96 Optima?2. Typical
normal full-length and part-length rods are shown in Figure 2-7 and typical plenum springs for full-length
and part-length rods are shown in Figure 2-8.

The fuel pellet design of SVEA-96 Optima3 is identical to that of SVEA-96 Optima2. The fuel pellet
design is also the same for uranium oxide pellets and pellets with burnable absorber (BA) containing
Gd,O0;. The fuel pellet design is shown in Figure 2-9.

2.2.1 Bottom Tie Plate

The bottom tie plate is machined from stainless steel bar, type American Iron and Steel Institute (AISI)
304 L, and has the fuel assembly individual identification number and subbundle identification engraved
in the side. The number is used for administrative control of the correct positioning of the subbundle, with
respect to subchannel position. The bottom tie plate rests on the flat surface of the fuel channel bottom
support.

"¢ The bottom tie plate is shown in Figure 2-10.
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2.2.2 Spacers

The SVEA-96 Optima3 fuel is equipped with a new, sleeve type spacer design. The material, Aerospace
Material Specification (AMS) 5542 (Inconel® X-750), is the same as in previous SVEA and 8x8 spacers.
Each spacer consists of 24 cells (sleeves) welded to each other and to 3 frames. The cells are fabricated
from Nickel Base Alloy strip, punched, stamped and coiled to form octagonal cells. Every cell has four
lines for contact with the fuel rod. The sides of the cell provide the deflection necessary to maintain
contact with the rod. [

1%¢ The wall thickness is | J*° in the cells and [ 1 in the frames. Spacer levels [
J** have a simplified spacer design [ 1*¢. The
simplified spacer is shown in Figure 2-11a and the spacer [ J*¢ is shown in Figure 2-11b.

The basic element in the spacer is the sleeve type cell. [

1" has
shown superior properties with a minimum risk for grid-to-rod fretting as well as a reduced risk for debris
hang-up and ensuing fretting. The cells are welded together to form a structure resembling honeycomb.

The vanes are almost identical with the vane in SVEA-96 Optima2 but slightly larger. This vane design is
well protected at handling, both at assemblage and during service and inspections.

The cells have “waists” at the attachment to the neighbors. The cell helght is [ ]*€ and the height
at the waist is [ ]*°. The waists have several purposes:

[

]a,c
The frame has been designed with the same basic criteria as for SVEA-96 Optima?2.
2.3 FUEL CHANNEL

The fuel channel design is basically identical with the SVEA-96 Optima2 fuel channel (Reference 1.0).
Only minor changes have been introduced:

o Introduction of a further optimized TripleWave™ debris filter, the TripleWave+™ debris filter.

. Adaptation of the bottom support for the new bottom tie plate and the TripleWave+™ debris
filter.

. Slight modification of outer channel-water cross connection dimensions (embossing) for

improved manufacturability.

. Including the possibility of using Low Tin ZIRLO™ channel material as alternative material
instead of Zircaloy-2 channel material.
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The bottom support, which is machined from stainless steel bar material, type AISI 304 L, is on its inlet
side equipped with four TripleWave+™ debris filter units. The bottom support is designed with grooves
for fitting the TripleWave+™ debris filter units below each subbundle. The TripleWave+™ debris filter
1s an evolution of the previous TripleWave™ debris filter. The legacy from the previous model is
obvious; the same design with the three waves, the same material, and the same manufacturing processes.
The filter units are secured to the bottom support by lock welds. The filter is built from corrugated or
wavy plates, formed from stainless steel sheet metal, type AISI 316 L, which is a well-known and proven
material. The filter plates are joined at a large number of weld points, which gives a robust and redundant
design.

The TripleWave+™ debris filter is aimed at catching all debris with length [ "¢ as those
are regarded to pose the largest risk for fretting on the fuel rods.

The plates have a wavy shape across the flow in the inlet, a wavy shape along the flow in the center, and
then again a wavy shape across the flow in the outlet, hence the name TripleWave™. The wavy shape of
the inlet and the outlet edge serves several purposes. It functions as support points where the plates can be
welded together. It also forms a grid that provides a first filter for large objects. In the inlet it reorients
medium size objects parallel to the flow that are subsequently trapped at their head-on entrance into the
filter. Finally, the design of the plates forms a flow path with a smooth and vertical outward flow from the
filter outlet.

The channel dimple design is slightly modified (reduced width and depth) compared to SVEA-96
Optima?2 for improved manufacturing margins. The cross edge is also modified to maintain the hydraulic
communication area between subchannels when dimple depth is reduced.

The fuel channel is shown in Figure 2-13 and the bottom support with TripleWave+™ debris filter is
shown in Figure 2-14.

24  HANDLE WITH SPRING

The handle, which is identical to the SVEA-96/-96+/-96 Optima2 handle, is made from stainless steel bar
material, type AISI 304 L, and has a double leaf spring of AMS 5542 (Inconel X-750).

After insertion of the four subbundles into the channel, the handle is fastened to the central lifting screw
with a nut. The nut is locked in position by deforming an integral washer. For redundancy the handle is
also connected to the channel in two corners. Two spring-loaded plungers that extend through openings in
the channel wall achieve this connection.

The handle with spring and the mounting to the fuel channel is shown in Figure 2-15.

The handle is designed for lifting with the ordinary handling equipment of the reactor. An individual
identification number for the fuel assembly is engraved in the handle.

The top end of the channel and the handle are designed in such a way that the handle can be mounted in
only one way, thus assuring correct orientation of the handle relative to the fuel assembly.
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The leaf spring has the same function as the leaf springs in other fuel assembly designs, i.e., to interact
with the corresponding springs on adjacent fuel assemblies and press the fuel assembly into the corner of
the core grid module.

2.5 PLANT DEPENDENT FEATURES

Sections 2.1 to 2.4 provide, in combination with Reference 1.0, a complete specification of the
mechanical design features of the fuel product and most of these will be common for each plant specific
application. However, some of the mechanical design parameters are determined to accommodate the
reactor internals dimensions and co-resident fuel dimensions and may vary with each plant specific
implementation. These are identified as compatibility features and are listed below:

[

]a.C

2.5.1 Channel Length & Mechanical Compatibility with Co-resident Fuel

Different generations of BWR plant designs have adopted different active fuel lengths. The range of
active fuel lengths for SVEA-96 Optima3 in approved U.S. BWR plant designs is typically between

[ I

The length of the channel may be adjusted to accommodate the active fuel length and the co-resident fuel
length to ensure worst case differential channel growth between different fuel types. Minimum
engagement of the channel springs along with locations and size of channel dimples ensure that proper
lateral spacing at the top of the fuel is maintained throughout the life of the fuel. The evaluation is
performed as defined in Section 4.2.1.

2.5.2 Fuel Rod/Bundle Length

The active fuel rod length and fuel bundle length varies according to the plant design as described above.
The overall length of the fuel rod may be changed for plant specific applications according to the plant
specific active fuel length to a length that ensures the fuel rod design criteria described in Section 3.3 are
met. The methodology that will be used to assess the design criteria is presented in Section 4.

2.5.3 Channel Bypass Flow Hole Size

Hydraulic compatibility of the fuel bundles is required per the design criterion identified in Section 3.2.4
of CENPD-287-P-A, “Fuel Assembly Mechanical Design Methodology for Boiling Water Reactors”
(Reference 2.0) for assembly lift and implicitly in critical power ratio (CPR) assessment of the fuel

!
]a,c
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2.5.4 Channel Alignment and Offset

For some plant applications, [

]a,c

2.5.5 Adaptations of Handle Dimensions

Handle dimensions such as lifting beam height and control rod gap fixed support/spacer button
dimensions may be adjusted to ensure geometrical compatibility at all conditions with other fuel types as
well as core internals, handling equipment, and storage facilities. Handle leaf spring dimensions may also
be adjusted to ensure minimum engagement with channel springs as well as matching the spring force of
adjacent fuel.

2.5.6 Bottom Tie Plate Flow Hole Size

]a,c
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Figure 2-1a SVEA-96 Optima3 Fuel Assembly Overview
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Figure 2-1b SVEA-96 Optima3 Fuel Assembly
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Figure 2-2 SVEA-96 Optima3 Fuel Assembly Cross Section
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Figure 2-3a SVEA-96 Optima3 Assembly and Control Rod Orientation in a C-lattice Plant
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— ac
Figure 2-3b Typical Control Rod Gap Dimensions with SVEA-96 Optima3 Fuel in a C-lattice
Plant
November 2013
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Figure 2-4 SVEA-96 Optima3 Fuel Assembly Lattice
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Figure 2-5 SVEA-96 Optima3 Fuel Bundle
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Figure 2-6 SVEA-96 Optima3 Tie Fuel Rod
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Figure 2-7 SVEA-96 Optima3 Normal- and Part-length Rods
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Figure 2-8 Typical Internal Compression Springs Used for the Various Rod Lengths
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a,c
—
| _
Figure 2-9 UQO; and UO,+Gd,0; Pellet Dimensions
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Figure 2-10 SVEA-96 Optima3 Bottom Tie Plate
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Figure 2-11a SVEA-96 Optima3 Spacer [ |l
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Figure 2-11b SVEA-96 Optima3 Spacer | 1*
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Figure 2-12 SVEA-96 Optima3 Spacer Cell | 1™
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Figure 2-13 SVEA-96 Optima3 Fuel Channel
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Figure 2-14 Bottom Support with TripleWave+™ Debris Filter
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Figure 2-15 Mounting of Handle with Spring

WCAP-17769-NP November 2013
Revision 0



3-1

3 DESIGN CRITERIA

The design criteria described in WCAP-15942-P-A/CENPD-287-P-A (References 1.0 and 2.0) were
applied to the reference fuel SVEA-96 Optima3 design without change, but are repeated below to
facilitate the reading of this topical report.

The principal objective of the fuel assembly mechanical design is to meet the acceptable fuel design limits
of General Design Criteria (GDC) 10, the rod insertability requirements of GDC 27, and the core
coolability requirements of GDC 35 (Reference 1.5). To accomplish these objectives the fuel is designed to
meet the acceptance requirements outlined in SRP, Section 4.2 (Reference 1.4), relative to:

1. No calculated fuel system damage for normal operation and anticipated operational transients,
which includes no predicted fuel rod failure (defined as a breach of fuel rod cladding), fuel system
dimensions remaining within operational tolerances, and fuel system functional capabilities not
reduced below those assumed in the safety analysis; and

2. Retention of fuel coolability and control rod insertion when required during postulated accidents
which includes retention of rod-bundle geometry with adequate coolant channels to permit
removal of residual heat considering the potential for cladding embrittlement, violent expulsion
of fuel, generalized cladding melting, gross structural deformation, and extreme co-planar fuel
rod ballooning.

The mechanical integrity design criteria below are provided in three categories:

1. General design criteria to assure that all required fuel system damage, fuel rod failure, and fuel
coolability issues are addressed for new assembly designs and design changes,

2. Specific design criteria for the assembly components other than fuel rods to assure that the
general design criteria are satisfied, and

3. Specific design criteria for the fuel rods to assure that the general design criteria are satisfied.

Discussions of the design criteria are provided in those cases for which clarification is considered
necessary.

3.1 DESIGN CRITERIA, GENERAL

3.1.1 Normal Operations and AOOs

Criterion

The fuel assembly shall be designed to avoid fuel damage during normal operation including anticipated
transients. The term “fuel damage” refers to fuel rod failure leading to release of radioactive material,

mechanical failure of fuel assembly components, or gross geometric distortions which make the assembly
unsuitable for continued operation.
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Discussion

The goal is zero failures. The design approach to achieve zero failures is to identify and eliminate to the
greatest extent possible all causes of failure by establishing conservative design criteria and confirming
that these criteria are satisfied. Sections 3.2 and 3.3 provide fuel assembly mechanical design criteria for
assembly components other than fuel rods and for the fuel rods, respectively. These design criteria are
provided for normal operations and Anticipated Operational Occurrences (AOOs) to assure that this
general criterion is satisfied.

3.1.2 Accident Conditions

The fuel assembly shall be designed to avoid unacceptable damage and maintain coolability during
design basis accidents. This general criterion is satisfied by meeting the following specific criteria:

3.1.2.1 Fuel Rod Mechanical Failure
Criterion

Mechanical fracture refers to fuel rod failure caused by external loads such as hydraulic loads and
earthquakes. The fuel assemblies must withstand these external loads without fracturing the fuel cladding
or causing unacceptable distortions.

Discussion

The methodology for evaluating fuel assembly performance and in illustration the performance of the fuel
assembly for mechanical fracture under seismic/loss-of-coolant accident (LOCA) external loads are
described in CENPD-288-P-A, “ABB Seismic/LOCA Evaluation Methodology for Boiling Water Fuel”’
(Reference 3.0).

3.1.2.2 Fuel Coolability
Criterion

The fuel assembly design must be such that the fuel assembly retains its rod-bundle geometry with
adequate clearances to permit removal of residual heat. In order to meet this general criterion, the
Jfollowing specific criteria are established:

1. Cladding embrittlement is limited by requiring that the peak clad temperature (PCT) during a
postulated LOCA be less than 1204 °C (2200 °F), and the calculated local oxidation of the
cladding shall nowhere exceed 0.17 times the local cladding thickness before oxidation.

2. The fuel assembly design must be such that unacceptable melting, fragmentation, and dispersal of
the fuel do not occur during a postulated control rod drop accident (CRDA). Specifically, limits
on the peak fuel enthalpy must be in compliance with U.S. Nuclear Regulatory Commission
(NRC) requirements.
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3. Fuel rod ballooning must be limited such that unacceptable flow blockage does not occur during
a postulated LOCA.
4. The spacer grids must be such that large distortion or failure does not occur under a postulated

seismic plus LOCA event.
Discussion

During normal operation and AOOs the maintenance of a coolable geometry is assured by the
conformance with the design criteria in Sections 3.2 and 3.3.

The Westinghouse methodology for evaluating fuel coolability during postulated LOCAs is described in
References 3.1 through 3.6.

The Westinghouse methodology for evaluating the consequences of a BWR CRDA and an illustrative
application for a core loaded with Westinghouse fuel during a CRDA is described in CENPD-284-P-A,
“Control Rod Drop Accident Analysis Methodology for Boiling Water Reactors: Summary and
Qualification” (Reference 3.7).

The Westinghouse methodology for evaluation of the consequences during a seismic plus LOCA event is
given in Reference 3.0.

3.1.2.3 Clad Bursting

Criterion

Unacceptable rupture of the cladding shall not occur during a postulated LOCA.
Discussion

The Westinghouse methodology for evaluating fuel rupture during postulated LOCAs is described in
References 3.1 through 3.6.

3.1.2.4 Excessive Fuel Enthalpy
Criterion

The number of fuel rods predicted to reach assumed fuel failure thresholds during a CRDA shall be input
to a radiological evaluation. The assumed failure threshold(s) must be in compliance with NRC
requirements.

Discussion

The Westinghouse methodology for evaluating the consequences of a BWR CRDA and an illustration of
the application methodology are described in Reference 3.7.
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3.1.3 Evaluation Methodology
Criterion

The methodology utilized for evaluation of the fuel assembly and fuel rod mechanical performance of the
assembly relative to the design bases will be provided to the NRC for review and approval.

Discussion

The policy of NRC review of design bases and evaluation methodology is identified in the SRP and is
consistent with past practice.

3.1.4 New Design Features

Criterion

All new designs and design features will be evaluated with the methodology accepted by the NRC relative
to the approved design bases.

Significant new design features will be tested prior to full reload application.

The NRC will be notified of the first application of new fuel designs prior to loading into a reactor. New
Juel designs and design features will be provided to the NRC for information as supplements to a topical

report.
Discussion

New design features will be tested with out-of-reactor prototype testing, with Lead Fuel Assemblies, or
with a combination of both approaches. As illustrated in Section 7, Westinghouse practice is to utilize
Lead Fuel Assembly programs extensively to confirm satisfactory performance of new designs and design
Sfeatures.

3.1.5 Post-Irradiation Fuel Examination
Criterion

Sufficient post-irradiation fuel examination will be performed to confirm that the fuel, including fuel
assemblies with new design features, are operating as expected.

Discussion

The post-irradiation surveillance program described in Section 9 has been fashioned to meet the
guidance provided in the SRP. As illustrated by the extensive inspections of the various 10x10 SVEA
designs to date discussed in Section 7, the primary thrust has been on a generic post-irradiation

inspection program.
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3.1.6 New Safety Issues

Criterion

Each new safety issue identified by Westinghouse or the NRC, which is related to fuel, will be evaluated
relative to the existing Westinghouse design criteria and methodology to confirm that it is properly
addressed. If the new issue is not properly addressed, new criteria or revised methodology will be
submitted to the NRC for review.

3.1.7 Failure to Satisfy Criteria
Criterion

Any new fuel design feature which does not meet the approved design criteria will be submitted to the
NRC for review.

Discussion

Any additional information required for the review of the non-conforming feature will be submitted to
assist NRC staff review.

3.1.8 Burnup
Criterion

Assembly and fuel rod burnups shall be limited. Burnup limits are based on operational experience or
experimental data which are sufficient to demonstrate the satisfactory performance of the assemblies to
those burnups or confirm the satisfactory application of the analytical models to those burnups.

Discussion

An important aspect of the Westinghouse mechanical design evaluation methodology is the use of
experimental and plant operating data to support analytical modeling and direct confirmation of
adequate performance of the design to specific burnup values. Westinghouse design burnup limits are
established based on in-plant experience typically utilizing Lead Fuel Assemblies. Prototype ex-core
testing is utilized to augment the in-reactor program in supporting analytical predictions with a firm
experimental database.

3.2 DESIGN CRITERIA, FUELASSEMBLY COMPONENTS

This section provides design criteria for fuel assembly components and combinations of components.
Design criteria for the fuel rods themselves are provided in Section 3.3.
\
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3.2.1 Compatibility with Other Fuel Types and Reactor Internals

Criterion

The external envelope and positioning of the fuel assembly shall be mechanically compatible with other
Juel types as well as core components such as control rods, the fuel support piece, and the core grid.

“Mechanical compatibility” is defined as that characteristic of the assembly which assures that the other
Jfuel assembly types and the core components shall not damage or be damaged by the presence of the
assembly. Compatibility must be maintained for the design life of the fuel.

The fuel assembly must also be compatible with plant fuel storage facilities and handling equipment.
3.2.2 Geometric Changes in the Assembly during Operation

Criterion

Changes in the geometry of the fuel assembly components must not cause unacceptable interferences or
impair the performance of the assembly. Dimensional changes of the assembly and its components as a
Junction of burnup must be included in the design analysis. The effects of irradiation induced growth of
Juel rods and channels, growth resulting from loads, bowing, spring relaxation, and creep are included.
The mechanical and thermal-hydraulic functions of the bundle must not be impaired by geometrical
distortions. The design shall provide sufficient space for unrestricted growth to occur.

The design shall provide sufficient clearances to accommodate differential axial growth of the fuel rods
Jor the design life of the assembly.

3.2.3 Transport and Handling Loads

Criterion

The assembly design shall be such that shipping and handling loads, including acceleration loads, do not
cause damage 1o the fuel assembly. The spacer grids and fuel pellets shall not be significantly affected
when transport and handling procedures are complied with.

3.2.4 Hydraulic Lifting Loads during Normal Operation and AOOs

Criterion

The maximum hydraulic lift loads on the assembly during normal operations and AOOs shall not exceed
the hold down capability of the fuel assembly.

Discussion

Assembly lifting loads resulting from accident conditions are addressed in Reference 3.0.
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3.2.5 Stress and Strain during Normal Operation and AOOs
Criterion

Mechanical failure of assembly components shall not occur. Assembly component dimensions must be
maintained within operational tolerances, and functional capabilities shall not be reduced below those
assumed in the safety analysis. This criterion is implemented by establishing design limits for stresses,
alternatively using collapse load analysis criteria, in accordance with Reference 1.3 to assure that failure
does not occur and that component dimensions and functional capabilities remain within acceptable
limits. '

Discussion

Specific stress limits and collapse load analysis criteria are based on Reference 1.3. Strain limits are not
identified specifically for components other than the fuel rod cladding but are implicit in the stress limits
as well as the functional design requirements on compatibility and dimensional changes stated in
Sections 3.2.1 and 3.2.2.

3.2.6 Fatigue of Assembly Components during Normal Operation and AOQOs

Criterion

The design criterion on assembly component fatigue is that fatigue failure of assembly components shall
not occur during normal operation and AOOs.

3.2.7 Fretting Wear of Assembly Components
Criterion

Fretting wear at contact points on the structural members of the assembly should be limited in an
environment free of foreign material such that the function of the assembly is not impaired. No specific
design limit is applied, but any significant component wear must be accounted for in evaluating the
component relative to stress and fatigue limits.

Fuel rod failure due to fretting in an environment free of foreign material shall not occur.

Discussion

The primary fretting wear concern is fuel rod wear. However, this design criterion is also applied to the
other assembly components to assure that this aspect is addressed in evaluating new designs and design

changes.

This design criterion is primarily intended to provide that the design of the fuel rods and spacer grids
shall be such that damaging wear is avoided and failures due to fretting wear between fuel assembly
components is precluded.
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This design criterion does not address fretting wear due to foreign material in the reactor.
3.2.8 Corrosion of Assembly Components
Criterion

Corrosion of structural assembly components must be accounted for when evaluating the functionality,
stress, and dimensional design criteria.

The impact of corrosion products (crud) on assembly components should be limited to avoid undue
radioactive contamination of the primary system.

Discussion

The impact of crud formation on the assembly components must also be addressed in the thermal-
hydraulic evaluation. This effect is addressed in Reference 1.1.

3.2.9 Hydriding of Zircaloy Assembly Components other than Fuel Rods
Criterion

Hydriding of Zircaloy structural components should be limited to avoid unacceptable strength losses. The
impact of hydriding on evaluated stresses in structural components shall be addressed.

33 DESIGN CRITERIA, FUEL RODS
3.3.1 Rod Internal Pressure
Criterion

The design criterion for fuel rod internal pressure requires that the internal pressure of the fuel rod shall
not exceed a value which would cause the outward cladding creep to increase the diametrical fuel pellet-
cladding gap. This value of fuel rod internal pressure is defined to be that internal pressure which causes
the outward cladding creep rate to exceed the fuel effective swelling rate. This requirement is referred to

as “the lift-off criterion”.

Discussion

This criterion is based on the recognition that the physical phenomenon to be avoided is an increase in
the pellet-to-cladding gap at high burnups which could cause a rapid fuel pellet temperature increase and
fission gas release resulting from the thermal feedback mechanism associated with an increasing gap.
This criterion is believed to meet the intent of the SRP guidance. The fuel rod internal pressure must be
limited to avoid an increase in gap size which could cause positive thermal feedback and rapidly
increasing pellet temperatures. The Westinghouse criterion is considered to more directly address this
issue than the requirement suggested in the SRP that fuel and burnable poison rod internal gas pressure
remain below the nominal system pressure during normal operation.
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3.3.2 Cladding Stresses

Criterion

Fuel rod stresses must be maintained within acceptable limits. This criterion is implemented by
establishing design limits for stresses in accordance with Reference 1.3 to assure that failure does not
occur and that stresses on the fuel rod remain within acceptable limits.

3.3.3 Cladding Strain

Criterion

The total transient induced elastic and plastic cladding circumferential strain should not exceed 1%. In
this context, total transient induced strain is the elastic and plastic strain which can occur during normal
operation and AOOs excluding the effects of steady-state creep down and irradiation growth.

Discussion

These criteria result from the requirements that the fuel rods shall not be damaged due to excessive fuel
cladding strains. The 1% limit on cladding strain is in compliance with Reference 1.4, SRP Section 4.2.

3.34 Hydriding
Criterion

Clad hydriding from waterside corrosion and internal sources shall be maintained sufficiently low that
premature cladding failure shall not occur due to hydrogen embrittlement.

Discussion

This design criterion augments the 1% transient strain criterion by providing a limitation on the loss of
ductility at high burnups. Excessive loss of ductility at high burnups could in principal allow fuel rod
Jailure without exceeding the 1% uniform strain criterion. Limitation of the cladding oxidation will limit
clad hydriding and, concomitantly, limits the loss of ductili