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NON-PROPRIETARY INFORMATION NOTICE

This is a public version of NEDC-33240P-A, Revision 1, from which the proprietary information
has been removed. Portions of the document that have been removed are indicated by white
space within double square brackets, as shown here

IMPORTANT NOTICE REGARDING CONTENTS OF THIS REPORT

Please Read Carefully

The information contained in this document is furnished as reference material for GE14E Fuel
Assembly Mechanical Design. The only undertakings of Global Nuclear Fuel-Americas, LLC
respecting information in this document are contained in the contracts between Global Nuclear
Fuel-Americas, LLC and the participating utilities in effect at the time this report is issued, 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, Global Nuclear Fuel-Americas, LLC 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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ABSTRACT

This document provides the results of the mechanical analyses for GE14E fuel assemblies that
are designed for use in GE ESBWR reactors. These results demonstrate the mechanical integrity
of the fuel bundle components under various mechanical loading conditions and the adequacy for
withstanding limiting structural stresses, fretting wear, and dimensional changes. The GE14E
design is based on the GE14 fuel for use in BWR 4-6 reactors. The primary difference between
the GE14E and GE14 designs is the reduction in length of the GE14E design relative to the
GE14 design. The BWR 4-6 GEl4 design is [[ mm active fuel length and the GE14E
design is [[ ]] mm active fuel length.
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0 Initial Issue
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1. INTRODUCTION AND SUMMARY

This report provides the results of the mechanical analyses for GE14E fuel assemblies that are
designed for use in GE ESBWR reactors. These results demonstrate the mechanical integrity of
the fuel bundle components under various mechanical loading conditions and the adequacy for
withstanding limiting structural stresses, fretting wear, and dimensional changes. The GE14E
design is based on the GE 14 fuel for use in BWR 4-6 reactors. The primary difference between
the GE I 4E and GE 14 designs is the reduction in length of the GE I 4E design relative to the
GE14 design. The BWR 4-6 GE14 design is mm active fuel length and the GE14E
design is [[ 1] mm, active fuel length.
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2. FUEL ASSEMBLY DESCRIPTION

2.1 Fuel Bundle

The GE14E fuel assembly, Figure 2-1, consists of a fuel bundle (comprised of fuel rods, water
rods, spacers, and upper and lower tieplates), and a channel that surrounds the bundle. Several
significant fuel assembly parameters are given in Table 2-3. The GE14E design contains [[

]] Figure 2-4. The fuel and water rods are spaced and supported by the
upper and lower tieplates with intermediate spacing provided by [[ ]] spacers. The upper
and lower tieplates are connected by [[ ]] tie rods threaded into the lower tieplate and
attached by nuts at the upper tieplate. The upper tieplate has a handle for transferring the fuel
bundle from one location to another. The fuel assemblies in the reactor are supported and
positioned by the fuel-support casting and core plate at their lower end and positioned
horizontally by the top guide at their upper end. The fuel channel provides the structural lateral
stiffness to the fuel assembly. A detailed description of the specific fuel assembly components is
provided in the following subsections.

2.1.1 Fuel Rods

Each fuel rod consists of high-density ceramic uranium dioxide fuel pellets stacked within fuel
rod cladding that is evacuated, backfilled with helium to [[ ]] bar and sealed with
Zircaloy end plugs welded on each end. The fuel rod cladding consists of a Zircaloy outer shell
with a zirconium barrier liner that is metallurgically bonded to the base Zircaloy material during
manufacture.

Adequate free volume is provided within each fuel rod in the form of a pellet-to-cladding gap
and a plenum region at the top of the fuel rod to accommodate thermal and irradiation expansion
of the U0 2 and the internal pressures resulting from the helium fill gas, impurities, and gaseous
fission products liberated over the design life of the fuel. A compression spring is provided in
the plenum space to minimize movement of the fuel column inside the fuel rod during shipping
and handling operations while permitting the fuel column to expand axially during operation.

Three types of fuel rods are used in the GE 14E fuel assembly: tie rods, standard rods, and partial
length rods (PLRs). The tie rods in each bundle have lower end plugs that thread into the lower
tieplate and threaded upper end plugs that extend through the upper tieplate. Nuts and locking
tab washers are installed on the upper end plug to hold the fuel bundle together. These tie rods
support the weight of the bundle during fuel handling operations when the assembly is lifted by
the handle. During operation, the fuel assembly is supported by the lower tieplate. The end
plugs of the standard fuel rods (Figure 2-2) have shanks that fit into bosses in the tieplates. An
expansion spring is located over the upper end plug shank of each standard and tie rod in the
assembly to keep the fuel rods seated in the lower tieplate while allowing independent axial
expansion of the fuel rods by allowing their upper end plug shanks to slide within the holes of
the upper tieplate. The GE14E fuel assembly also includes [[ ]] PLRs (Figure 2-4) that
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are selectively located in the lattice to maximize fuel weight, reduce two-phase pressure drop
and increase cold shutdown reactivity margins. The PLRs extend just past the top of the
[[E ]] spacer and have threaded lower end plugs for attaching to the lower tieplate.

2.1.2 Water Rods

The GE14E assembly is designed with [[ ]] large circular water rods that are centrally
located and occupy [[ ]] fuel rod lattice positions. A dimensional description of the water
rods is included in Table 2-3. Typical spacer-positioning water rod is shown in Figure 2-3. The
water rods are hollow Zircaloy tubes with several holes around the circumference near each end
to allow coolant to flow through. An orifice contained at the lower diameter transition or in the
lower reduced diameter tube controls the water rod flow. One of the [[ ]] water rods in
each bundle positions the [[ ]] fuel spacers axially. This spacer-positioning water rod is
designed with a square bottom end plug and with spacer positioning tabs that are welded to the
tube exterior above and below each spacer location. The second water rod has a round shank
lower end plug and no spacer-positioning tabs. The spacer-positioning water rod is prevented
from rotating by the engagement of its square lower end plug with a square hole in the lower
tieplate. An expansion spring is located over the upper end plug shank, between the water rod
shoulder and upper tieplate, to allow for differential axial expansion similar to the full-length
fuel rods.

2.1.3 Spacers

The primary function of the fuel spacer is to provide lateral support and spacing of the fuel rods.
The GE14E fuel bundle uses [[ ]] spacers that have a Zircaloy cell design with [[

]]springs. The Zircaloy spacers are shown in Figure 2-5 and Figure 2-6. Cells have been
removed from the [[ ]] spacers above the PLRs (Figure 2-6) in the Zircaloy spacer design to
minimize the two-phase pressure drop. The spacer spring forces in each design are established to
avoid fretting wear on the fuel rods due to fuel rod vibration.

2.1.4 Upper and Lower Tieplates

E[[ ]] stainless steel upper and lower tieplates carry the weight of the fuel and position
the rod ends laterally during operation and handling. The upper tieplate has an internally
threaded corner post, on one of the two posts that supports the channel. The threaded post
accepts the channel fastener bolt. The upper tieplate has been synergistically designed with the
E[ ]] large central water rods and the PLRs to maximize flow area and therefore minimize
two-phase pressure drop, (Figure 2-7).

The lower tieplate design (Figure 2-8) increases the single-phase pressure drop at the bottom of
the bundle (relative to earlier GNF fuel designs) while providing a uniform local bundle flow
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distribution and protection from debris. [[ ]] end plug hole locations are threaded
to accept [[ ]] tie rods and [[ ]] PLRs. The lower tieplate also features an
extended boss around each of the water rod lower end plugs. These extended bosses mitigate
flow-induced vibration, which could otherwise be caused by coolant impinging on the longer
water rod lower end plugs. Pockets are machined in all four sides of the lower tieplate to accept
finger springs. [[ ]] finger springs are employed to control the bypass flow
through the channel/lower tieplate flow path over a range of channel sidewall creep deflections
over lifetime. The lower tieplate casting body also has two flow holes drilled in two adjacent
sides of the transition region to augment flow in the bypass region.

2.2 Processing of Zircaloy-2

GE14E fuel assemblies are fabricated in accordance with materials and processing specifications
and assembly processes specifications current at the time of fabrication. The GE14E fuel
assembly contains water rods, spacer ferrules and channel box that are fabricated from Zircaloy-
2 with [[ ]] anneals. This combination of alloy and heat treatment has been
used by GNF since before the introduction of reload quantities of barrier fuel in the early 1980s.
The ASTM alloy composition for Zircaloy-2 is given in Table 2-1.

Table 2-1 ASTM Alloy Composition Specification for Zircaloy-2

Element Concentration (weight %)

Tin 1.20- 1.70

Iron 0.07 - 0.20

Chromium 0.05 - 0.15

Nickel 0.03 - 0.08

Currently, GE l4E water rods and spacer ferrules are produced by tube reduction processes and
are similar to the Zircaloy-2 portion of fuel tubing in terms of alloy composition, anneal, and
textures. The spacer band and channel box are produced from strip material. The channel strip is
machined to produce the required thick-thin cross-section for the finished channel box, bent to
produce channel halves and welded together to produce a channel box. The welded box is then
thermal-size annealed to produce the final channel box. Specifications for the crystallographic
texture for 2.5mm (0.100 inch) thick channel strip are given in Table 2-2.

4
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Table 2-2 2.5 mm (0.100 inch) Channel Strip Nominal Crystallographic
Texture

Direction Texture Factor

Longitudinal- 0.0323 < fL < 0.1103

Normal 0. 5 17 0 < fN•< 0.8030

Transverse 0.1100 < fT < 0.4260

Note: f, is the fraction of basal poles in the I-direction

Periodically, GNF revises the fabrication of the Zircaloy-2 fuel assembly components or the
bundle assembly process, primarily to (1) improve corrosion performance as fuel operating
strategies and plant water chemistries evolve, (2) to optimize in-reactor performance of the
assembly or (3) to improve the bundle assembly process. The impact of such changes on the
thermal-mechanical properties used in design and licensing analyses of Zircaloy-2 fuel assembly
components are assessed as follows.

The material properties of Zircaloy based fuel assembly components used in thermal-mechanical
design and licensing analyses of these components include:

(1) Elastic properties (elastic modulus and Poison's ratio)

(2) Thermal expansion coefficients

(3) Plastic properties (yield and ultimate stress and failure strain)

(4) Creep properties

(5) Fatigue properties

(6) Irradiation growth properties

(7) Corrosion properties

The elastic properties and thermal expansion coefficients are only weakly dependent upon alloy
composition and more dependent upon fabrication process, specifically the reduction process and
the resulting texture. Since GNF has maintained essentially unchanged texture specifications on
fuel assembly components, the periodic process changes will have negligible impact on these
properties.

Likewise, the plastic and creep properties are only weakly dependent upon alloy composition.
However, these properties are strongly dependent upon the fabrication process, specifically the
final heat treatment. Since GNF assembly components are ]] annealed at
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the end of the fabrication process, the periodic process changes will have negligible impact on
these properties.

Also, the fatigue and irradiation growth properties are only weakly dependent upon alloy
composition and strongly dependent upon the fabrication process, specifically the final heat
treatment and texture. Since GNF assembly components are [[ ]]annealed at
the end of the fabrication process, and the texture specifications are essentially unchanged, the
periodic process changes will have negligible impact on irradiation growth properties.

Finally, the corrosion properties have a strong dependency on fabrication process, and
specifically on the in-process heat treatments. GNF has recognized this dependency and
maintains an on-going program to measure and characterize corrosion performance for Zircaloy-
2 fuel assembly components for a variety of operating conditions and plant water chemistries.
These characterizations are used to determine corrosion statistical distributions for thermal-
mechanical analyses of GNF Zircaloy-2 fuel assembly components and are updated when the
data indicates an update is necessary. Thus the potential charges in corrosion performance of
GNF Zircaloy-2 fuel assembly components due to both periodic process changes and changing
water chemistries in the plants are directly addressed by the GNF design and licensing process.

In summary, the material properties used in GNF design and licensing analyses of Zircaloy-2
fuel assembly components adequately address periodic minor changes in the fabrication
processes for these components to improve the fuel assembly processes and optimize the in-
reactor performance of the GE14E fuel assemblies. If more significant process changes are
made, the applicability and adequacy of the properties will be confirmed. It will also be
confirmed that the impact on in-reactor performance and reliability of GEl 4E fuel assemblies
will be acceptable.

6



NEDO-33240-A Rev. 1

Table 2-3 GE14E

Component

Fuel Bundle

Fuel bundle length (top of handle to tip of bail)

Horizontal projection (in the channel region)

Horizontal projection (at the bottom)

Geometry

Number of full length fuel rods

Number of part length fuel rods

Rod-to-rod pitch

Number of spacers

Number of water rods

Fuel bundle weight

Heat transfer area

Upper and lower tieplate material

Maximum bundle exposure

Maximum bundle residence time

Fuel Bundle Data

Units Value

mm [[
mm

mm

mm

Kg
m2

GWd/MTU

Years

Spacers

Number of spacers

Thickness of structure (Outer/Inner)

Axial spacing (from Bottom)

Structural material

Spring material

Spring preload nominal

Water Rods

Quantity

Material

Diameter

Thickness

mm

mm

N

mm
mm

7
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Table 2-3 GE14 Fuel Bundle Data (Continued)

Component Units Value

Fuel Rod

Cladding material [[
Barrier material

Outside diameter mm

Cladding thickness mm
Barrier thickness mm
Length (bottom of conical seat to upper plug shoulder) mm

Length - part length rods mm
Active length - U0 2 rods mm
Active length - Gadolinium rods mm
Active length - part length rods mm

Fuel shape

Fuel pellet outside diameter mm
Density% theoretical (immersion)

Diametral gap mm
Relative pellet length (L/D)

Pellet material

Channel

Material

Length mm
Inside width mm

Wall thickness of comers mm
Wall thickness of sides mm

Inside radius mm 1]
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CHANNEL FASTENI

FUEL F
(TIE)

SPRINGS
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WATER ROD
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-WATER, ROD

-FUEL ROD
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Figure 2-1 GE14E Fuel Assembly
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[F1

Figure 2-2 GL14E Fuel Rods
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Figure 2-3 One-Piece Water Rod
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Figure 2-4 GE14E Lattice
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Figure 2-5 Zircaloy Spacer - Lower [[
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11
Figure 2-6 Zircaloy Spacer - Upper [[ ]] Positions
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Figure 2-7 Upper Tieplate
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11

Figure 2-8 Lower Tieplate
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Top of Active Fuel

362.6 mm

350.5 mm-4
347.5 mm

499.9 mm

499.9 mm

499.9 mm

487.8 mm

Bottom of Active Fuel

I\\\\\•

Figure 2-9 GE14E Spacer Pitch
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3. FUEL ASSEMBLY ANALYSIS

3.1 Compatibility/Dimensional Changes

The GE14E fuel assembly has been designed to be mechanically compatible with the reactor
core components, including the top guide, fuel supports, and control blades. In addition,
allowances are made for dimensional changes in the fuel assembly components throughout the
operating lifetime due to such considerations as irradiation growth and creep deformation. The
design limits for acceptable component dimensional changes are as follows:

The fuel rod upper end plug initial engagement into the upper tieplate must be large enough such
that at end-of-life the minimum growth fuel rod in the bundle will maintain cylindrical
engagement.

The initial expansion space between the top of the fuel rod and the upper tieplate must be large
enough such that at end-of-life the maximum growth fuel rod in the bundle will not compress an
expansion spring beyond the solid height.

The water rod upper end plug initial engagement into the upper tieplate must be large enough
such that at end-of-life the cylindrical engagement with the tieplate is maintained.

The water rod lower end plugs must be long enough to assure that they do not become
disengaged from the lower tieplate should the water rod be lifted such that solid contact with the
upper tieplate would occur at end-of-life.

This subsection discusses the impact of component dimensional changes on the functional
capability of the GE14E assembly. The GE14E fuel assembly is designed to accommodate the
differential irradiation growth that occurs between the various components of the fuel assembly.
Relative to earlier GNF fuel designs, the fuel rod and water rod end plugs have been lengthened,
the expansion space between the top of the rods and the upper tieplate has been increased, and
the fuel channel overlap with the lower tieplate has been increased to allow for the increased
differential growth which occurs at the higher discharge exposures associated with the GE 14E
design. The following subsections discuss the various differential growth of fuel assembly
components and present evaluation results to demonstrate that adequate margin exists in the
GE14E design to maintain the functional capability of the assembly when considering
component irradiation growth.

3.1.1 Fuel Rod UEP/UTP Engagement and Fuel Rod/UTP Expansion Space

The fuel rod upper end plug initial engagement into the upper tieplate must be large enough such
that at end-of- life the minimum growth fuel rod in the bundle will maintain engagement. This
is shown by the schematic drawing in Figure 3-1 where the minimum growth fuel rod in the
bundle maintains contact between the cylindrical portion of the upper tieplate hole and the
cylindrical portion of the rod upper end plug. The cylindrical engagement of the upper end plug

18
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into the upper tieplate is determined from the assembled space between the top of the fuel rod
and the upper tieplate, the end plug length, and the countersink depth of the hole in the upper
tieplate boss. From the dimensions given in Figure 3-1, the initial engagement of the fuel rod
upper end plug is determined as follows:

Initial Engagement = [[ ]]

which gives a minimum initial engagement length of [[]

The initial expansion space between the top of the fuel rod and the upper tieplate is determined
by the difference between fuel bundle assembly space and the length of a fully compressed
expansion spring. The expansion space is designed such that at end-of-life the maximum
growth fuel rod in the bundle will not compress an expansion spring beyond the solid height.
This is shown by the schematic drawing in Figure 3-2 where the fuel rod expansion space is
determined as:

which gives a minimum expansion space of [[

The bundle-to-fuel rod differential growth is determined from the field measurement data of
bundle growth and corresponding fuel rod growth. All rods in the bundle are measured such that
the true maximum and minimum rod growths are known. The maximum upper end plug
disengagement and spring compression are determined for each bundle of rods measured. The
data set of the worst-case rods in the bundles is plotted in Figure 3-3. Lines representing linear
fits to the data that pass through zero are also shown on Figure 3-3. The lines represent the
expected worst rod in a bundle for both upper end plug disengagement and fuel rod expansion
spring compression, as a function of exposure. The data in Figure 3-3 indicates that a fuel rod
with minimum upper end plug engagement of [[ ]]mm at the beginning-of-life is
expected to have greater than [[ ]]mm of remaining cylindrical engagement at the end-of-
life ([[ ]]). Also shown in Figure 3-3, a fuel rod having the minimum expansion
space of [[ ]]mm at the beginning-of-life is expected to have greater than [[ ]] mm
of remaining expansion space at the end-of-life. The data represented in Figure 3-3 is based on
measurements taken on previous GE fuel designs that typically had [[ ]] mm active fuel
length versus the [[ ]] mm fuel length of the GE14E design. The GE14E design is
expected to exhibit less growth than previous designs as a result of the shorter active length. The
projected end of life engagement is a conservative estimate of the expected performance.

3.1.2 Water Rod Upper/LEP Engagement with the Upper/LTPs

The water rod upper end plug initial engagement into the upper tieplate must be large enough
such that at end-of-life the cylindrical engagement with the tieplate is maintained. This is
shown by the schematic drawing in Figure 3-4. From the dimensions given in Figure 3-4, the
water rod upper end plug initial engagement with the upper tieplate is determined as follows:
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Initial Engagement = [[ ]]

which gives a minimum initial engagement length of [[ ]]mm.

Differential growth between the fuel rods and water rods can cause the water rods to be lifted
upward from their original seated positions in the lower tieplate. Thus, the water rod lower end
plugs must be long enough to assure that the water rods do not become disengaged from the
lower tieplate. Figure 3-5 shows a water rod at end-of-life in the fully lifted position such that
contact is maintained between the square lower end plug shank and the square portion of the
lower tieplate hole. As shown in Figure 3-5, the water rod can be lifted upward until the large
diameter portion of the upper end plug contacts the upper tieplate. The amount of lift possible is
determined as follows:

Lift = [[ ]]

which gives a maximum lift value of [[ mm.

The square-to-square contact initial engagement of the water rod lower end plug is determined
considering the end plug shank length, the tip chamfer on the end plug, the effective depth of the
square hole countersink and the seating depth of the end plug conical seat.

The water rod lower end plug initial engagement is determined from the dimensions on Figure
3-5 as follows:

Initial Engagement = EE ]

which gives a minimum engagement of [[ mm with the conservative assumption that
all calculated dimensions are independent of one another. The combination of a seated minimum
initial engagement of [[ ]] mm and a maximum possible lift of E[ ]] mm gives a
minimum effective engagement of [[ ]] mm.

The bundle-to-water rod differential growth is determined from the field measurement data of
bundle growth and water rod growth shown in Figure 3-6. The data points shown as open
squares represent bundle growth measurements determined by measuring the actual distance
between upper and lower tieplates of irradiated fuel assemblies. The data shown as closed
diamonds represent individual water rod growth measurements. Linear relations of bundle and
water rod growth as a function of exposure are determined with the results shown as the two
lines on Figure 3-6. The differential growth between fuel bundles and water rods is determined
as the difference between the two linear relations. This resulting linear relation for differential
growth as a function of exposure is given by the sloped line in Figure 3-7. The GE14E water rod
upper and lower end plug engagement lengths are shown for comparison to the predicted
bundle-to-water rod differential growth value. As indicated by Figure 3-7, a water rod with
minimum upper end plug or lower end plug engagement at the beginning-of-life is expected to
maintain at least [[ ]] mm of engagement throughout its design lifetime. The data represented
in Figure 3-6 is based on measurements taken on previous GE fuel designs that typically had

R ]] mm active fuel length versus the [[ ]] mm fuel length of the GE14E design.
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The GE14E design is expected to exhibit less growth than previous designs as a result of the
shorter active length. The projected end of life engagement is a conservative estimate of the
expected performance.

3.1.3 Fuel Channel Overlap with the Finger Spring

Since the fuel bundle growth is controlled by the fueled tie rods, which are under tension, the
fuel bundle irradiation growth will be greater than the fuel channel irradiation growth. The fuel
channel initial overlap with the finger springs on the lower tieplate must be large enough such
that at end-of-life sufficient overlap of the springs is maintained. Figure 3-8 is a schematic
drawing of the channel overlap with the lower tieplate and finger springs showing the channel
maintaining contact over the flat portion of the finger springs at the end-of-life condition. The
channel overlap of the finger springs is determined considering the dimensional stackup of the
fuel rod on the lower tieplate, the fuel rod expansion space, the upper tieplate, the channel
length, and the axial position of the finger spring flats relative to the lower tieplate. The amount
of overlap is determined as follows:

Overlap = Channel Length - (Rod Length + expansion space + upper tieplate) - Finger Spring

Channel Length = ]]mm.

Rod Length = [1

Expansion Space =

Upper Tieplate =[

(Rod Length + expansion space + upper tieplate) = Er ]]mm

Finger Spring = Er ]]mm

Overlap = [[ ]

Minimum Overlap E ]]mm

The bundle-to-channel differential growth is determined from the field measurement data of
bundle growth and channel growth shown in Figure 3-9. The data points shown as open squares
represent bundle growth measurements determined by measuring the actual distance between
upper and lower tieplates of irradiated fuel assemblies. The data shown as closed diamonds
represent individual channel growth measurements. Linear relations of bundle and channel
growth as a function of exposure are determined with the results shown as the two lines on
Figure 3-9. The differential growth between fuel bundles and channels is determined as the
difference between the two linear relations. This resulting linear relation for differential growth
as a function of exposure is given by the sloped line in Figure 3-10. The GEl4 channel-finger
spring overlap is shown for comparison to the predicted bundle-to-channel differential growth
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value. The comparison indicates that the GE14E channel overlap is expected to be at greater
than [[ ]]mm at the end-of-life ([[ ]] GWdiMTU). The data represented in Figure 3-9 is
based on measurements taken on previous GE fuel designs that typically had [[ ]] mm
active fuel length versus the [[ ]] mm fuel length of the GE14E design. The GE14E
design is expected to exhibit less growth than previous designs as a result of the shorter active
length. The projected end of life overlap is a conservative estimate of the expected performance.
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Figure 3-1 Fuel End Plug Disengagement

23



NEDO-33240-A Rev. 1

Figure 3-2 Fuel Rod Spring Compression
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FB

Figure 3-3 Maximum Rod to Bundle Differential Growth
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1]
Figure 3-4 Water Rod Upper End Plug Disengagement
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11

Figure 3-5 Water Rod Lower End Plug Disengagement
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[1

Figure 3-6 Bundle and Water Rod Growth

[1

Figure 3-7 Bundle to Water Rod Differential Growth
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1]

Figure 3-8 Channel!/Finger Spring Overlap
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Figure 3-9 Bundle and Channel Growth

11
Figure 3-10 Bundle/ Channel Differential Growth
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3.2 Design Loads

The structural adequacy of the fuel assembly components is demonstrated by evaluations
(analysis or testing) that specifically address the operational duty that results from the BWR
environment. This duty results from steady-state operation (including handling loads),
mechanical loads associated with anticipated transients, and accident loads due to external
conditions. The actual loading conditions used in the mechanical evaluations of the GE14E fuel
assembly are specified in the discussions presented in Section 3.4.

3.2.1 Upper Tieplate

The design loading for the upper tieplate is from bundle handling. Specifically a minimum load
equal to three times the bundle weight is applied at the tieplate handle to grapple attachment.
The load is reacted at the [[ ]]tie rod locations.

3.2.2 Lower Tieplate

The design loading for the lower tieplate is from bundle handling. Specifically a minimum load
equal to [[ ]] times bundle weight is applied uniformly to the lower tieplate grid boss
locations.

3.2.3 Fuel Rod End Plug

The design loading for the fuel rod end plugs is from bundle handling. Specifically a minimum
of [[ ]] times the bundle weight plus the sum of all the axial expansion spring forces is
applied to [[ ]] of the [[ ]] tie rods.

3.2.4 Plenum Spring

The plenum spring is designed to resist an acceleration of the fuel pellet column of E[ ]] g's
while being transported without deflecting the spring more than EE mm.

3.2.5 Expansion Spring

The expansion springs are designed to resist downward forces from grappling and the weight of
the suspended components (i.e., tieplate, channel, and channel fastener) while allowing
expansion from irradiation growth of the individual fuel rods and considering loss of load
carrying capacity resulting from irradiation induced stress relaxation.

3.2.6 Water Rod

The water rod tubing is evaluated for a steady state differential wall pressure of E[ ]] bar.
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The maximum load that a water rod tab can experience due to operating effects of spacer lift
forces from flow or differential irradiation/thermal expansion between the fuel rods and water
rods is the load required to simultaneously slide all fuel rods through a spacer.

3.2.7 Space

Tests are performed to demonstrate that the GE 14E spacer design can withstand significant
lateral loading before any significant deformation occurs.

3.2.8 Channel

The design loadings for the channel include steady state and transient operating pressure
differentials.

3.3 Design Criteria

3.3.1 Stress

The fuel assembly structural components are evaluated to ensure that the components will not
fail due to stresses exceeding the fuel assembly component mechanical capability. The limits are
typically applied to unirradiated material conditions because irradiation increases the material
strength properties. The stress limits are applicable to the combined effective stress.

For structural components, the combined effective stress may not exceed the material tensile
strength. These combined stress components include primary as well as secondary. If these
combined stresses exceed the material yield strength then justification must be made that the
resulting distortion is not significant to component performance and that cyclic loading will not
cause fatigue failure.

3.3.2 Fatigue

Fuel assembly components with significant cyclic loading are evaluated to ensure that the
material fatigue capability will not be exceeded. The strain-cycles diagram for Zircaloy is
shown in Figure 3 -11, Ref. 1.

3.3.3 Frettina Wear

Testing is performed to assure that the mechanical features of the design do not result in
significant vibration and consequent fretting wear. The vibration response of a new design is
compared to a design that has demonstrated satisfactory performance through discharge
exposure. Specifically the GE14 design vibration response was compared to the GE6 design for
this purpose. The GE14E design is essentially a shortened version of the GE14 design, utilizing
many of the same components. The strong design similarity between GE14 and GE14E will
produce very similar FIV characteristics.
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Er

3.4 Design Evaluation

3.4.1 Structural Results

3.4.1.1 Upper Tieplate

The material properties that are appropriate for the upper tieplate stress evaluations are:

Yield Strength = [ ]N/m2 at room temperature

Tensile Strength = ]] N/mm2 at room temperature

The limiting loading on the upper tieplate occurs during fuel handling when the fuel assembly is
lifted by the grapple that is attached to the upper tieplate handle. The loads that are evaluated are
conservatively established as equal to or greater than 3.0 times the assembly weight. The
GE14E fuel assembly weight, which includes the fuel bundle, channel and channel fastener
weights, is [[ ]] kg in air.

The upper tieplate was evaluated by a finite element analysis using the ANSYS code. The model
utilizes ¼ symmetry and consists of 411 elements. The finite element model is shown in Figure
3-12. Three-dimensional beam elements were used to model the upper tieplate structure. The
element cross-sectional properties were calculated from the nominal drawing dimensions.
Additional elements were used across the center of each boss to correctly model the boss
stiffness.
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An upward vertical load of [[ ]] N (a conservative value relative to the GE14E fuel
assembly weight from above) was applied at the edge of the grapple interface with the upper
tieplate handle ([[ ]] mm from the center of the handle). The downward load from the
channel of [[ ]] N was applied at the channel post location. The upward loading from the
expansion springs is also modeled ([[ ]] N per boss). The remainder of the upward vertical
load was reacted at the tie rod bosses, which were restrained by springs having a stiffness equal
to the stiffness of a GE I 4E tie rod. Additional restraints were applied along the lines of model
symmetry.

The maximum bending stress in the grid portion of the tieplate (corrected for minimum
dimensions) based on these loadings was determined to be [[ ]] N/mm 2. The stresses are
shown on Figure 3-13. The finite element analysis, using three dimensional beam elements the
same as for the grid, was also used to evaluate the stresses in the handle. The maximum stress in
the handle occurs at the center of the horizontal portion of the handle. Correcting the stresses for
minimum material results in a stress equal to [[ ]] N/mm 2.

Testing was also performed to assure that excessive deformation or fracture would not occur.
The test tieplate was mounted in a fixture with springs attached at each of the tie rod locations to
simulate the axial stiffness of the fuel rods. Loads in excess of requirements were applied to the
handle by a simulated grapple. Test results demonstrated that fracture or excessive deformation
would not occur.

These analyses and tests demonstrate that the GE14E upper tieplate will not experience
excessive deformation or failure during service.

3.4.1.2 Lower Tieplate

The material properties which are appropriate for the lower tieplate stress analysis are:

Yield Strength = [[ ]] N/mm2 at room temperature

Tensile Strength = [[ ]] N/mm2 at room temperature

The limiting loading condition on the lower tieplate is due to seating of the fuel assembly into
the core or into the fuel storage racks. The load that is evaluated is E[ ]] N which is
greater than [[ ]] times the force of the assembly weight, E[

1]]

The lower tieplate was evaluated by a finite element analysis using the ANSYS code. The model
utilizes 1/4 symmetry and consists of 666 elements. The finite element model is shown in Figure
3-14. Three-dimensional beam elements were used to model the tieplate structure. The element
cross-sectional properties were calculated from the nominal drawing dimensions.

The maximum bending stress in the grid portion of the tieplate (corrected for minimum
dimensions) based on these loadings was determined to be [[ ]] N/mm2 .
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This lower tieplate analysis result demonstrates that the lower tieplate stresses are well below the
strength values.

3.4.1.3 Fuel Rod End Plug

The fuel rod end plug stress analysis addresses the loads associated with fuel handling operations
that are the most severe loading conditions for the end plugs. The strength properties of Zircaloy
at room temperature are:

Yield Strength =

Tensile Strength

]] N/mm 2

21]N/mm

The design basis axial force acting on the end plugs is 3.0 times the bundle weight lift load plus
the axial spring forces of the fuel rod expansion springs. The total force exerted by the [[ ]]
fuel rod springs and [[ ]] water rod springs is [[ ]] N. It
is conservatively assumed that only [[ ]] tie rods carry this axial load. Therefore, the
resulting force on an end plug is:

Er

The tensile stresses in the end plug shanks due to the axial load are then calculated as:

Mc
The bending stress in the end plugs is given by: a = -M

I

where:

y = bending stress,

M = moment,

c = distance from neutral axis to outer fiber and

I = moment of inertia.
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The value of M is derived from the non-parallelism of the interfacing surfaces with the axis of
the end plug shank. Therefore,
E[

The effective stresses are:

The shear stress in the end plug threads is given by:

F
Td=- 7rdmL

where:

= shear stress

F = axial force

d. = minor bolt diameter

L = length of engaged threads

Therefore,

ER

The effective stresses are:

These results demonstrate that even with conservative analysis assumptions, the stresses are well
below the material strength values.
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3.4.1.4 Plenum Spring

The plenum spring is designed to resist an acceleration of the fuel pellet column of [[ ]] g's
while being transported without deflecting the spring more than [[ ]] mm. The spring is
also designed to exert a minimum preload on the pellet column of [[ ]] N.

The maximum plenum spring stress allowable is: cyeff < Yield Strength
The material properties for the [[ ]] stainless steel springs at room temperature are:

Yield Strength = [[ ]] N/mm
2

Figure 3-15, Figure 3-16 and Figure 3-17 show the important dimensions of the basic rod,
gadolinium rod and part length rod plenums. The plenum springs for the different rod types use
a common wire diameter and coil diameter. The plenum spring designs accommodate the
different plenum lengths by using different numbers of coils and free spring lengths.

The minimum spring preload is determined from:

Pmin = Kmin (Lf- La)

where the minimum spring constant, Kmin is specified by the plenum spring drawing.

Substituting the appropriate spring constants and spring lengths gives the minimum preload for
each rod type as follows:

Basic Rod Gadolinium
Rod

[[

Part Length Rod

Spring Constant,

Free length,

Kmin: [[

Lf:

Assembled length, La:

Minimum Preload, Pmin: 1] 1]

The minimum plenum spring preload for each rod type meets the [[ ]] N criteria.

To evaluate the maximum fuel column deflection of [[
loading criteria, the following equation is used:

]] mm under the [[

8 = 0if [[ ]] otherwise [[

where:

6 = the fuel column deflection
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F - the fuel column force

P the initial spring preload

K = the spring stiffness.

Substituting the appropriate values for fuel column weight, spring constant and preload for each
rod type gives the maximum fuel column deflection as follows:

Basic Rod Gadolinium Rod Part Length Rod

F: E[ E[ E[
Pmin:

Kmin:
6: 11]]1

The deflections are less than the [[ ]] mm maximum deflection criteria for the [[ ]] g
loading.

Stresses are evaluated for the condition of maximum spring preload, i.e., minimum plenum
length and maximum spring stiffness. The relations and values used to determine the maximum
plenum spring stresses are:

Pmax = KIax (Lfmax - Lamin)

8PD

rd3  W

where Kw = curvature correction factor.

d6 d

where for each fuel rod type:

d = spring wire dia. = mm

D = mean coil dia. = mm.

Substituting the appropriate values for the spring and plenum designs gives the maximum
plenum spring preload and stress for each rod type as follows:

Basic Rod Gadolinium Rod Part Length Rod

KX: [[
Lf:
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La:

Pmax:

Kw:

T:

O'eft

The stress limit for the plenum spring is [[
stresses are less than the limit.

3.4.1.5 Expansion Spring

]] N/mm2. The maximum plenum spring

The material properties for the Alloy [[ ]] expansion springs that are appropriate for this
analysis are:

Tensile strength =]] N/mm 2 at room temperature

Tensile strength = [] N/mm 2 at 288 'C

G=[[ ]] N/mm 2 at room temperature

G=[[ ]]N/mm2 at 288 'C

KwGd
D2 (Lf-La

itND2

4 (D)_4,dd~j 0.6 15

d d
where:

d= [

D=[

N=[

Kw =[

Lf =[

n]mm

11nu

]]mm

Min
]mm

]]1mm
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at room temperature t = [I ]] N/mm 2

,yoff = [[ ]]N/mm 2

at 288 °C tC = Er ]] N/mm
2

aY'ff =[[ ]]N/mm 2

The effective stress at room temperature, [[ ]] N/mm 2, and at operating temperature, [[
N/mm 2, are significantly below the corresponding tensile strengths of [[ ]] N/mM2 at room
temperature and [[ ]]N/mm 2 at operating temperature.

3.4.1.6 Water Rod

]]1

The water rod tubing was evaluated for a steady state differential wall pressure of [[ ]] bar.
The Zircaloy material properties for this operating condition, which are appropriate for this
analysis, are:

Yield Strength = [[

Tensile Strength = [[

]] N/mm 2

]] N/mm
2

The material properties shown are conservatively low because they are applicable to a
temperature of 343°C rather than the operating temperature of 288°C.

The water rod tube membrane stress was determined from:

S = Pr/t

where:

S = membrane stress

P = pressure differential

r = mean tubing radius

t = tubing wall thickness

The maximum stress occurs in the large diameter portion of the water rod. Therefore,

E[ r]

which is well below the material strength properties.

The shear strength of the welded water rod tabs is defined by the water rod drawing to be a
minimum of [[ ]] N. Because the strength specified is applicable at room temperature, a
load Scale Factor (SF) is used to account for the strength of the material at operating conditions.
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The Scale Factor used is the ratio of the tensile strengths of the Zircaloy material at room
temperature to that at 288 'C. These values are [[ ]] and [[ ]] N/mm 2.

The Scale Factor is conservatively high because the material properties used for operating
temperature are applicable to 3430C rather than 288°C. The minimum load capability of the
'welded water rod tab at operating temperatures is, therefore, [[ ]] N.

The maximum load that a water rod tab could experience due to operating effects of spacer lift
forces from flow or differential irradiation/thermal expansion between the fuel rods and water
rods is the load required to simultaneously slide all fuel rods through a spacer. The load required
to slide a spacer along all the fuel rods of a bundle was measured for a previous 8x8 lattice
design to be [[ ]] N. Because the GE14E spacer springs have the same preload as the
previous spacer design springs, the friction load per fuel rod will be similar for the two designs.
The GE14E spacer total load will be larger by the proportionally greater number of fuel rods in
the bundle making the GE14E spacer load approximately [[ ]] N. Therefore, the water rod
tab has a substantial margin to the maximum operating load.

3.4.1.7 Spacer

Tests have been performed to demonstrate that the two GE14E spacers can withstand significant
loading before any significant deformation occurs. The tests were performed by assembling a
test spacer onto a short section of a fuel bundle with empty fuel rods. The ends of the fuel rods
were held in place by fixed lower tieplates. The test spacer was loaded by a section of fuel
channel, which was attached and driven by the hydraulic piston of a tensile machine. Cyclic
loading at a rate of 10 to 20 cycles/minute was applied by the channel section to the spacer bands
with the load reacted onto the individual fuel rods in each spacer cell. Figure 3-20, Figure 3-21
and Figure 3-22 show the test configuration. This type of loading simulates the spacer reaction to
fuel rod inertial loading due to a side load being applied to the fuel bundle. Since the tests were
performed at room temperature, a load scale factor was used to account for the strength of the
material at operating conditions. The Scale Factor used was the ratio of the yield strength of the
Zircaloy at room temperature to that at 2880C.

The [[ ]]-cell spacer is the design used for the bottom [[ ]] spacers of the GE14E fuel
bundle. The [[ ]]-cell spacer is used for the top [[ ]] spacer locations where the absence
of the [[ ]] part length rods reduces the number of cells required to support the fuel
rods. The spacers tested were in the "as-built" nominal thickness condition of [[ ]] mm
cells and [[ ]] mm bands. Testing nominal thickness spacers is the standard practice for
deformation testing since the limiting conditions are at beginning-of-life before any material
strength benefits are gained from irradiation hardening of the Zircaloy material.
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Figure 3-18 shows a GE14E [[ ]] cell spacer that was tested to a load of [[ ]]N without
visible distortion. Figure 3-19 shows a GE14E [[ ]] cell spacer that was tested to a load of
E[ ]]N without visible distortion.

3.4.1.8 Channel Stress Analysis

The analysis condition for the channel is a channel wall differential pressure of [[ ]] bar.

The Zircaloy yield strength at 288°C that is appropriate for this analysis is:

Yield strength = [[ ]] N/mm 2

The channel stresses due to this pressure gradient were determined by a finite element analysis.
The model utilizes 1/8th symmetry and is shown in Figure 4-2.

The maximum bending stress occurs in the channel comer.

CB max = [[ ]] N/mm 2

The stress is tensile on the inside and compressive on the outside at this location.

The resulting effective stress is E[ ]] N/mm 2, which is well below the yield and ultimate
material strength values.

3.4.1.9 Channel Lateral Loading Capability

Thick corner thin sidewall channels were tested to determine the allowable transverse bending
load that could be sustained without buckling or collapsing the channel. The test configuration
is shown in Figure 3-23. The test channel was simply supported at each end in the fixture.
Three hydraulic actuators were used to produce the correct moment and shear in the middle
region of the channel where buckling would occur. Channels were tested in the lateral and
diagonal loading directions. Test results showed that the thick comer thin sidewall channel
design has a buckling capability that exceeds design basis loads.

3.4.1.10 Flow-Induced Vibration

The GEl4 fuel assembly was tested to assure that the new features do not result in a significant
increase in flow induced vibration (FIV) response and increase the potential for fretting wear.
This testing specifically addressed such features as the water rod and extended lower tieplate
boss, the part length rods, the spacer design and the lattice configuration. These features have
been used successfully in prior GNF lead use assemblies. The water rod lower end
plug/extended boss configuration for both round and square end plugs has been a production
feature of GNF fuel designs since 1983.

The method used to demonstrate the FIV acceptability of the GEl4 fuel assembly is to compare
the vibration response of the GE 14 design with the GE6 design. If the GE 14 response is not
significantly different from the GE6 response, then the FIV behavior of the GEl4 design is

42



NEDO-33240-A Rev. 1

acceptable. The GE6 fuel assembly's FIV performance is considered acceptable based upon its
performance in reactor operation. The GEl4 fuel rod response was measured at several
locations. The GE6 bundle was then inserted in the test loop and comparable locations were
evaluated at the same flow conditions and with the same instrumentation. The instrumentation
includes biaxial accelerometers that are mounted inside the fuel rods. The fuel rods were made
up of lead, tungsten and molybdenum pellets to properly simulate the mass. Data reduction
included peak acceleration and RMS displacement comparisons at a low pass filter setting of 300
Hz. The acceleration response was also double integrated to give an amplitude prediction.
Response spectrums were generated to assure that there were no significant differences in
response.

The results of the FIV tests show that there are no significant differences in the GEl4 fuel and
water rods compared to the performance of the GE6 fuel and water rods. The GE14 FIV test
results also demonstrate the acceptable performance of the part length fuel rods and the large
central water rods, including the water rod diameter transitions. The differences in fuel rod,
lower tieplate, spacer, and upper tieplate designs do not have a significant effect on FIV
performance. These data and conclusions are therefore directly applicable to the GEl4 design.
The GE14E design is essentially a shortened version of the GEl4 design, utilizing many of the
same components. The strong design similarity between GEl4 and GE14E will produce very
similar FIV characteristics.

3.4.1.11 Seismic/Dynamic Loading

The GE14E fuel assembly has been designed to comply with the loading envelope and methods
requirements stipulated in NEDE 21175-3-P-A, B WR Fuel Assembly Evaluation of Combined
SSE and LOCA Loadings (Amendment No. 3), Ref. 2.

The structural capability of the GE14E fuel assembly for withstanding seismic/dynamic loading
is primarily determined by the channel and spacer designs. The channel and spacer design have
been tested to assure adequate capability.

The horizontal dynamic response of the core is controlled primarily by the mass and stiffness of
the fuel assemblies. The mass and stiffness properties of the GE14E fuel assembly design are
improved over earlier GNF fuel designs with respect to horizontal seismic loading as a result of
the shorter overall length, and corresponding reduction in mass. This will result in improved
horizontal dynamic response versus previous GNF fuel designs.

The GE Nuclear Energy fuel lift procedure calculates the net vertical force acting on the fuel
assembly and the direction of that force, upward or downward. The vertical loads on the RPV
internals resulting from fuel lift are also calculated. The following loads act on the fuel
assembly for the normal condition and the accident condition:

1) Vertical and horizontal seismic inertia loads, obtained from the seismic analysis of the
primary structure analytical model, with a detailed representation of the RPV and internals.
These loads for ESBWR are expected to be comparable to other BWR vertical and horizontal
seismic loads.
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2) Vertical and horizontal dynamic inertia loads (SRV and LOCA loads), obtained from dynamic
analyses of the detailed RPV and internals portion of the primary structure seismic/dynamic
model. These loads for ESBWR are expected to be comparable to other BWR dynamic inertia
(SRV/LOCA) loads.

3) The fuel lift margin force acting downward (from thermal hydraulic analysis of the reactor
coolant flow through the reactor core). The fuel lift margin force will be less than other BWR
plants since fuel bundle weight for GE14E is reduced relative to previous GE fuel designs.

4) Control rod guide tube forces acting upward (from thermal hydraulic analysis of the reactor
coolant flow through the reactor core). This force for ESBWR is significantly less then other
BWR plants that will offset reduced fuel lift margin.

Based on above it is concluded that for ESBWR maximum fuel lift will be comparable to other
plants. The seismic and dynamic loads on the RPV internals due to fuel lift for ESBWR will be
comparable to other plants. Per GE procedure, application specific fuel lift and seismic load
evaluations will be performed before fuel release for application.
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[[

Figure 3-11 Zircaloy Fatigue Curve
(Ref. 1)
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[FF

Figure 3-12 Upper Tieplate Finite Element Model
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Figure 3-13 Upper Tieplate Bending Stress
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[FF

Figure 3-14 Lower Tieplate Finite Element Model
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Fc

Figure 3-15 Basic Fuel Rod Plenum
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Figure 3-16 Gadolinium Rod Plenum
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Figure 3-17 Part Length Fuel Rod Plenum

51



NEDO-33240-A Rev. I

[I

Figure 3-18 Tested Zircaloy Lower Spacer
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Figure 3-19 Tested Zircaloy Upper Spacer
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Figure 3-20 Spacer Test Fixture - Lateral Loading
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Figure 3-21 Spacer Test Fixture - Diagonal Loading
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Figure 3-22 Spacer Test Fixture - Dummy Bundle
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Figure 3-23 Channel Buckling Test Fixture
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4. FUEL CHANNEL AND CHANNEL FASTENER

4.1 Design Description

4.1.1 Fuel Channels

The GE14E Zircaloy-2 fuel channel performs the following functions:

1. forms the fuel bundle coolant flow path outer periphery,

2. provides a surface for control rod guidance in the reactor core,

3. provides structural lateral stiffness to the fuel bundle,

4. controls, in conjunction with the finger springs and lower tieplate, coolant bypass flow
at the channel/lower tieplate interface,

5. provides a heat sink during a loss-of-coolant accident, and

6. provides a stagnation envelope for in-core fuel sipping.

The channel is open at the bottom and makes a sliding seal fit on the lower tieplate surface. At
the top of the channel, two opposite comers have welded tabs, one with a hole to attach the
channel to the fuel bundle. These tabs support the weight of the channel on the upper tieplate
posts.

The channel design incorporates thick comers with thin side-walls to provide sufficient strength
in the regions of highest stress while minimizing material for neutron economy.

4.1.2 Channel Fastener

The GE 14E channel fastener assembly consists of a stainless-steel casting, a one piece Alloy
[[ ]] leaf spring with two active leaves at right-angles, a spring lock washer, and a
fastener bolt to attach the fuel channel to the upper tieplate. The channel fastener assembly is
illustrated in Figure 4-1.

The channel fastener casting fits over the top of the channel and bolts through the channel clip
into the upper tieplate. The casting serves as a reaction support for the leaf springs, provides a
captive housing and lead-in for the fastener spring, and protects the springs from being
overstressed.

The springs push the fuel assemblies apart and into the comers of the top guide cells. The spring
lock washer keeps the fastener bolt from working loose after torquing into the fuel bundle. The
fastener bolt is designed to attach the channel to the bundle and to remain captive in the casting.
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4.2 Fuel Channel Compatibility

Figure 4-4 provides dimensions for demonstrating channel compatibility with the control blades.
Operational deflections associated with channel creep and deflection (bulge) and bow will
influence the fitup between the channel and the control blades. The reduced side-wall thickness
in the GE14E channel design ([[ ]] mm), relative to a [[ ]] mm channel design, results
in greater channel bulge. However, the GE14E channel profile creates an additional [[ ]]
mm (Er ]] mm - [[ ]] mm) gap between the control blade and channel to accommodate
increased bulge in the controlling fit up region of the channel/control blade.

At end of life, the mid-span deflection is the sum of the elastic deflection and the creep
deflection. The elastic deflection varies with axial position according to the pressure difference
acting on the channel at each axial position. The creep deflection depends on both the pressure
difference and the fast fluence. Because the variation of fast fluence with axial position is not the
same as the variation of pressure difference, calculations were made at several axial locations to
find the maximum total deflection. Figure 4-3 shows the relation between the channel bulge
deflection and exposure for the GE 14 channels. The deformations are calculated by finite
element analyses using the 1/8 symmetry model shown in Figure 4-2. The axial location of
maximum deflection is analytically determined using an axial pressure profile which is
normalized to a constant lifetime pressure of [[ ]] bar at an axial location of approximately
one meter from the bottom of the channel and from a constant over lifetime flux which is
developed from an axial end of life fluence profile which yields a bundle average exposure of
Er ]] GWd/MTU.

The magnitude of fuel channel bow is primarily dependent on operational effects (e.g. fluence
gradients) and is independent of channel wall thickness variations. Tests have been performed
which show that significant interference between control blade and channels can be tolerated
without causing a failure of the control blade to settle and without significantly affecting scram
times.
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Fe]
Figure 4-1 Channel Fastener Assembly
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Figure 4-2 Channel Finite Element Model
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Figure 4-3 Channel Lateral Deformation
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Fitup of GE14E 120/75 Channel with ESBWR Control Blades

11

Figure 4-4 Channel Control Rod Compatibility
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UNITED STATES

0 NUCLEAR REGULATORY COMMISSION
WASHINGTON, D.C. 20555-0001

September 7, 2010

Mr. Jerald G. Head
Senior Vice President, Regulatory Affairs
GE Hitachi Nuclear Energy
3901 Castle Hayne Road MC A-18
Wilmington, NC 28401

02w

SUBJECT: FINAL SAFETY EVALUATION FOR GE HITACHI NUCLEAR ENERGY
LICENSING TOPICAL REPORTS NEDC-33240P, REVISION 01, "GE14E FUEL
ASSEMBLY MECHANICAL DESIGN REPORT" AND NEDC-33242P, REVISION
02, "GE14 FOR ECONOMIC SIMPLIFIED BOILING WATER REACTOR FUEL
ROD THERMAL-MECHANICAL DESIGN REPORT"

Dear Mr. Head:

On August 24, 2005, GE Hitachi (GEH) Nuclear Energy submitted the Economic Simplified
Boiling Water Reactor (ESBWR) design certification application to the staff of the U.S. Nuclear
Regulatory Commission. Subsequently, in support of the design certification, GEH submitted
the license topical reports (LTRs) NEDC-33240P, Revision 01, "GE14E Fuel Assembly
Mechanical Design Report" and NEDC-33242P, Revision 02, "GE14 for Economic Simplified
Boiling Water Reactor Fuel Rod Thermal-Mechanical Design Report." The staff has now
completed its review of NEDC-33240P, Revision 01 and NEDC-33242P, Revision 02.

The staff finds NEDC-33240P, Revision 01, "GE14E Fuel Assembly Mechanical Design Report"
and NEDC-33242P, Revision 02, "GE14 for Economic Simplified Boiling Water Reactor Fuel
Rod Thermal-Mechanical Design Report," acceptable for referencing for the ESBWR design
certification to the extent specified and under the limitations delineated in the LTRs and in the
associated safety evaluation (SE). The SE, which is enclosed, defines the basis for acceptance
of the LTR.

The staff requests that GEH publish the revised version of the LTRs listed above within 1 month
of receipt of this letter. The accepted version of NEDC-33240P and NEDC-33242P shall
incorporate this letter and the enclosed SE and add an "-A" (designated accepted) following the
report identification number.

If NRC's criteria or regulations change, so that its conclusion that the LTR is acceptable is
invalidated, GEH and/or the applicant referencing the LTR will be expected to revise and
resubmit its respective documentation, or submit justification for continued applicability of the
LTR without revision of the respective documentation.

Document transmitted herewith contains
sensitive unclassified information. When
separated from the enclosures, this
document is "DECONTROLLED."

OFFICIAL USE ONLY - ENCLOSURE 2 CONTAINS PROPRIETARY INFORMATION

NEDO-33240-A Revision 1
Attachment 1



OFFICIAL USE ONLY - ENCLOSURE 2 CONTAINS PROPRIETARY INFORMATION

J. Head -2-

Pursuant to 10 CFR 2.390, we have determined that the enclosed SE contains proprietary
information. We will delay placing the non-proprietary version of this document in the public
document room for a period of 10 working days from the date of this letter to provide you with
the opportunity to comment on the proprietary aspects only. If you believe that any additional
information in Enclosure 1 is proprietary, please identify such information line by line and define
the basis pursuant to the criteria of 10 CFR 2.390.

The Advisory Committee on Reactor Safeguards (ACRS) subcommittee, having reviewed the
subject LTR and supporting documentation, agreed with the staffs recommendation for
approval following the May 18, 2010, ACRS subcommittee meeting.

Since ly,

avid B. a N w Reac ors
Division of New React ice sing
Office of New Reactors

Docket No. 52-010

Enclosure:
1. Safety Evaluation (Non-Proprietary)
2. Safety Evaluation (Proprietary)

cc: See next page (w/o enclosure)
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DC GEH - ESBWR Mailing List (Revised 08/11/2010)

cc:

Ms. Michele Boyd
Legislative Director
Energy Program
Public Citizens Critical Mass Energy

and Environmental Program
215 Pennsylvania Avenue, SE
Washington, DC 20003

Mr. Tom Sliva
7207 IBM Drive
Charlotte, NC 28262
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DC GEH - ESBWR Mailing List

Email
aec@nrc.gov (Amy Cubbage)
APH@NEI.org (Adrian Heymer)
awc@nei.org (Anne W. Cottingham)
bevans@enercon.com (Bob Evans)
bgattoni@roe.com (William (Bill) Gattoni))
BrinkmCB@westinghouse.com (Charles Brinkman)
cberger@energetics.com (Carl Berger)
charles.bagnal@ge.com
charles@blackburncarter.com (Charles Irvine)
chris.maslak@ge.com (Chris Maslak)
CumminWE@Westinghouse.com (Edward W. Cummins)
cwaltman@roe.com (C. Waltman)
Daniel.Chalk@nuclear.energy.gov (Daniel Chalk
david.hinds@ge.com (David Hinds)
david.lewis@pillsburylaw.com (David Lewis)
David.piepmeyer@ge.com (David Piepmeyer)
donaldf.taylor@ge.com (Don Taylor)
erg-xl@cox.net (Eddie R. Grant)
gcesare@enercon.com (Guy Cesare)
GEH-NRC@hse.gsi.gov.uk (Geoff Grint)
GovePA@BV.com (Patrick Gove)
gzinke@entergy.com (George Alan Zinke)
hickste@earthlink.net (Thomas Hicks)
hugh.upton@ge.com (Hugh Upton)
james.beard@gene.ge.com (James Beard)
jerald.head@ge.com (Jerald G. Head)
Jerold.Marks@ge.com (Jerold Marks)
jgutierrez@morganlewis.com (Jay M. Gutierrez)
Jim.Kinsey@inl.gov (James Kinsey)
jim.riccio@wdc.greenpeace.org (James Riccio)
joel.Friday@ge.com (Joel Friday)
JosephHegner@dom.com (Joseph Hegner)
junichi uchiyama@mnes-us.com (Junichi Uchiyama)
kimberly.milchuck@ge.com (Kimberly Milchuck)
KSutton@morganlewis.com (Kathryn M. Sutton)
kwaugh@impact-net.org (Kenneth 0. Waugh)
Ichandler@morganlewis.com (Lawrence J. Chandler)
lee.dougherty@ge.com
Marc.Brooks@dhs.gov (Marc Brooks)
maria.webb@pillsburylaw.com (Maria Webb)
mark.beaumont@wsms.com (Mark Beaumont)
matias.travieso-diaz@pillsburylaw.com (Matias Travieso-Diaz)
media@nei.org (Scott Peterson)
mike_moran@fpl.com (Mike Moran)
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mwetterhahn@winston.com (M. Wetterhahn)
nirsnet@nirs.org (Michael Mariotte)
Nuclaw@mindspring.com (Robert Temple)
patriciaL.campbell@ge.com (Patricia L. Campbell)
Paul@beyondnuclear.org (Paul Gunter)
peter.yandow@ge.com (Peter Yandow)
pshastings@duke-energy.com (Peter Hastings)
rick.kingston@ge.com (Rick Kingston)
RJB@NEI.org (Russell Bell)
Russell.Wells@Areva.com (Russell Wells)
sabinski@suddenlink.net (Steve A. Bennett)
sandra.sloan@areva.com (Sandra Sloan)
sara.andersen@ge.com (Sara Anderson)
sfrantz@morganlewis.com (Stephen P. Frantz)
stephan.moen@ge.com (Stephan Moen)
steven.hucik@ge.com (Steven Hucik)
strambgb@westinghouse.com (George Stramback)
tdurkin@energetics.com (Tim Durkin)
timothyl.enfinger@ge.com (Tim Enfinger)
tom.miller@hq.doe.gov (Tom Miller)
trsmith@winston.com (Tyson Smith)
Vanessa.quinn@dhs.gov (Vanessa Quinn)
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wayne.marquino@ge.com (Wayne Marquino)
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SAFETY EVALUATION BY THE OFFICE OF NEW REACTORS
NEDC-33240P, REVISION 01, "GE14E FUEL ASSEMBLY MECHANICAL DESIGN REPORT"

AND
NEDC-33242P, REVISION 02, "GEl4 FOR ESBWR FUEL ROD THERMAL-MECHANICAL

DESIGN REPORT"
GLOBAL NUCLEAR FUEL

1.0 INTRODUCTION

By letters dated February 3, 2009 (Reference 1), and June 10, 2009 (Reference 2),
General Electric Hitachi (GEH), asked the U.S. Nuclear Regulatory Commission (NRC) to
review and approve NEDC-33240P, Revision 01, "GE14E Fuel Assembly Mechanical Design
Report," and NEDC-33242P, Revision 02, "GE14 for ESBWR Fuel Rod Thermal-Mechanical
Design Report." These licensing topical reports, provided by Global Nuclear Fuel (GNF) to
GEH, describe the GE14E fuel assembly and fuel rod design, including mechanical
specifications and performance aspects, which will serve as the initial fuel design for the
Economic Simplified Boiling-Water Reactor (ESBWR). The applicant provided supplemental
information in response to staff requests for additional information (RAIs) in letters dated
August 23, 2006 (Reference 3), January 21, 2007 (Reference 4), January 26, 2007
(Reference 5), January 4, 2008 (Reference 6), April 18, 2008 (Reference 7), May 9, 2008
(Reference 8), October 8, 2008 (Reference 9), October 24, 2008 (Reference 10), November 12,
2008 (Reference 11), March 30, 2009 (Reference 12), August 13, 2009 (Reference 13), and
August 17, 2009 (Reference 14).

NEDC-33240P, Revision 01, and NEDC-33242P, Revision 02, supersede earlier revisions of
these licensing topical reports, which did not receive NRC approval.

2.0 REGULATORY EVALUATION

Regulatory guidance for the review of fuel rod cladding materials and fuel system designs
appears in Section 4.2, "Fuel System Design," of NUREG-0800, "Standard Review Plan for the
Review of Safety Analysis Reports for Nuclear Power Plants: LWR Edition," issued March 2007
(hereafter referred to as the SRP). The SRP also provides guidance for adhering to
General Design Criterion (GDC) 10, "Reactor Design"; GDC 27, "Combined Reactivity Control
Systems Capability"; and GDC 35, "Emergency Core Cooling," in Appendix A, "General Design
Criteria for Nuclear Power Plants," to Title 10 of the Code of Federal Regulations
(10 CFR) Part 50, "Domestic Licensing of Production and Utilization Facilities." In accordance
with SRP Section 4.2, the objectives of the fuel system safety review are to provide assurance
of the following:

The fuel system is not damaged as a result of normal operation and anticipated
operational occurrences (AOOs).

Fuel system damage is never so severe as to prevent control rod insertion when it is
required.
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* The number of fuel rod failures is not underestimated for postulated accidents.

• Coolability is always maintained.

Using currently approved fuel design requirements and mechanical design methodology, GEH
provided the GE14E fuel assembly and fuel rod thermal-mechanical design analyses in
NEDC-33240P and NEDC-33242P, respectively. The staff is reviewing these licensing topical
reports to ensure that the fuel design criteria and mechanical design methodology remain valid
and that the GE14E design adequately addresses the regulatory requirements identified in
SRP Section 4.2.

3.0 TECHNICAL EVALUATION

In its review of NEDC-33240P and NEDC-33242P, the staff did the following:

Verified that the fuel assembly components and fuel rod design criteria are consistent
with the regulatory criteria identified in SRP Section 4.2.

Verified that the fuel mechanical design methodology is capable of accurately or
conservatively evaluating each component with respect to its applicable design criteria.

Verified that the reference GE14E fuel assembly design satisfies the regulatory
requirements.

Verified that the reference GE14E fuel assembly design satisfies all Tier 1, Tier 2, and
Tier 2* design requirements specified in the ESBWR design certification document
(DCD).

* Verified that the GEH experience database supports the requested operating limits.

In addition to reviewing the material presented in NEDC-33240P, NEDC-33242P, and
responses to staff RAIs, the staff conducted two separate audits at the GE-Wilmington offices
and performed independent calculations. The staff's audit reports (Reference 15) document the
scope of these audits which included reviewing GEH's finite element analysis (FEA) models and
methods as well as the GE14E fuel assembly component structural evaluations.

3.1 GE14E Fuel Assembly Design

Section 2 of NEDC-33240P provides a detailed description of the GE14E fuel rod and fuel
assembly design, illustrated in Figures 2-1 through 2-9. It is important to note that the GE14E
design pertains solely to the ESBWR design; hence, it does not include design variances that
would address the differences among the reactors in the boiling-water reactor (BWR) fleet.

In its response to RAI 4.8-1 (Reference 3), regarding the debris resistance of GE14E, GEH
provided further details about the debris filter lower tieplate and its effectiveness relative to
earlier assembly designs. Based on the applicant's response, RAI 4.8-1 was resolved.
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Section 2.2 of NEDC-33240P states, "GE14E fuel assemblies are fabricated in accordance with
materials and processing specifications and assembly processes specifications current at the
time of fabrication." Appendix B includes similar statements. Changes in component design,
materials, or processing specifications may alter the in-reactor behavior of the fuel assembly.
GEH currently does not have an approved fuel design change process (similar to GESTAR II)
applicable to the ESBWR design. As such, modifications to the fuel assembly design may
invalidate the staffs approval of the GE14E fuel design.

In its response to RAI 4.8-2 (Reference 3), regarding GEH's quality control procedures, GEH
provided details of the process and process control steps taken to ensure that mechanical
properties are not inadvertently altered. Based on the applicant's response, RAI 4.8-2 was
resolved.

Process changes must be limited to those that do not impact the physical or mechanical
properties of the assembly components or fuel rods. As defined in the Conditions and
Limitations (Section 5.0 of this safety evaluation), the staffs approval of GE14E is limited to the
detailed description, without deviation, provided in Section 2 of NEDC-33240P. Changes to
assembly component design or materials are not permitted without prior staff approval.

3.1.1 Dimensional Compatibility

Section 3.1 of NEDC-33240P describes design analyses performed to ensure that the GE14E
fuel assembly remains mechanically compatible with reactor core components, including the top
guide, fuel supports, and control blades. In addition, fuel rod and assembly design allowances
must address dimensional changes and differential growth throughout the operating lifetime
(e.g., irradiation growth and creep). These design requirements, which ensure mechanical
compatibility and sufficient design allowances, are consistent with SRP Section 4.2 and
therefore are acceptable for application to GE14E.

Relative to earlier GE designs, design allowances for GE14E have increased to accommodate
differential growth among assembly components. Figures 3-1 through 3-10 (Reference 1)
illustrate design allowances between assembly components and measured growth data from
previous poolside measurement campaigns. In its response to RAI 4.8-5 (Reference 3),
regarding the applicability of prior measurements and the assumed linearity of the data, GEH
stated that the materials and fabrication processes for the fuel rods, water rods, and channels
measurements are consistent with those for GE14. Based upon similarities in component
design, materials, and processing specifications, the staff accepts the applicability of these
growth measurements to the GE14E design. Based on the applicant's response, RAI 4.8-5 was
resolved.

GEH provided mechanical design analyses supporting the following design requirements related
to differential growth among assembly components:

Fuel rod upper end plug engagement into the upper tieplate must accommodate
differential fuel rod (and tie rod) growth.

The distance between the top of the fuel rod and the upper tieplate (expansion spring)
must accommodate differential fuel rod (and tie rod) growth.
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Water rod upper end plug engagement into the upper tieplate must accommodate
differential growth between tie rods and water rods.

Water rod lower end plug engagement into the lower tieplate must accommodate
differential growth between tie rods and water rods.

Fuel channel overlap with the finger springs must accommodate differential growth
between the tie rods and the fuel channel.

In its response to RAI 4.8-3 (Reference 3), regarding part-length fuel rod upper plug
engagement with grid spacers and differential growth between part-length fuel rods and water
rods, GEH provided a calculation demonstrating sufficient engagement for the part-length fuel
rods. Based on the applicant's response, RAI 4.8-3 was resolved.

In its response to RAI 4.8-4 (Reference 3), regarding channel spring engagement and
differential assembly growth, GEH provided a calculation demonstrating sufficient channel
fastener spring overlap. Based on the applicant's response, RAI 4.8-4 was resolved.

Based upon the staff's review of Section 3.1 and in response to RAIs, the staff finds that the
GE14E design satisfies design and regulatory criteria related to dimensional compatibility.

3.1.2 Assembly Component Structural Evaluation

Section 3.3 of NEDC-33240P describes the design criteria for the assembly component
structural evaluation. Specifically, for structural components, the combined effective stress may
not exceed the material tensile strength. Further, if the combined stresses exceed the material
yield strength, then the applicant must justify why the resulting distortion is not significant to
component performance and that cyclic loading will not cause fatigue failure. In addition to
stress, design criteria include limits on fatigue not exceeding material capability and vibration
not resulting in fretting wear. These design criteria are consistent with past GEH fuel designs.

Section 3.4 of NEDC-33240P describes the assembly component structural evaluations given
below.

Upper Tieplate

The maximum loading on the upper tieplate occurs during fuel handling when the grapple that is
attached to the upper tieplate handle lifts the fuel assembly. The structural evaluation included
both finite element analysis (FEA) using the ANSYS code and mechanical testing. ANSYS is an
industry-standard FEA code widely applied both within and outside of the nuclear industry. FEA
calculations identified that the limiting stress slightly exceeded the yield strength of the material.
Staff experienced with ANSYS and FEA conducted an onsite audit of the GEH engineering
calculations supporting the upper tieplate structural evaluation. [[

]] The staff reviewed
the engineering calculations and supporting tests and found them to be acceptable.
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Lower Tieplate

The maximum loading on the lower tieplate occurs during fuel handling when the fuel assembly
is seated into the core or into fuel storage racks. The structural evaluation, based upon FEA
using the ANSYS code, demonstrated that the maximum loads remained below the material
yield strength. The staff conducted an onsite audit of the GEH engineering calculations
supporting the lower tieplate structural evaluation and found these calculations acceptable.

Based upon an audit of the structural evaluation which demonstrated that the maximum loads
remain below the material yield strength, the staff finds the GE14E lower tieplate design
acceptable.

Fuel Rod End Plug

The maximum loading on the fuel rod end plugs occurs during fuel handling. Using
conservative assumptions (e.g., less than the full complement of tie rods carrying the weight of
the assembly), design calculations demonstrate that loads remain below the material yield
strength. Based upon review of the design calculations within Section 3.4 of NEDC-33240P
which demonstrate that the maximum loads remain below the material yield strength, the staff
finds the GE14E fuel rod end plug design acceptable.

Plenum Spring

The plenum spring is designed to (1) resist an acceleration load during transportation and
(2) exert a preload on the pellet column. The only safety function that the plenum spring serves
is to ensure that the pellet stack remains undisturbed during transportation. The GEH
calculations show that the plenum spring design is capable of performing this function up to the
design loads. Based upon review of the design calculations within Section 3.4 of NEDC-33240P
which demonstrate that the plenum spring design is capable of satisfying transportation design
requirements, the staff finds the GE14E plenum spring design acceptable.

Expansion Spring

The expansion spring is designed to exert a downward force on the fuel rods while allowing for
axial growth. The design calculations demonstrate that loads remain below the material tensile
strength. Based upon review of the design calculations within Section 3.4 of NEDC-33240P
which demonstrate that the maximum loads remain below the material tensile strength, the staff
finds the GE14E fuel rod expansion spring design acceptable.

Water Rod

The water rod design is evaluated to accommodate a differential wall pressure and the effects of
spacer lift forces from flow or differential component growth.

The GEH calculations show significant design margin for this structure. The staff has reviewed
these calculations and finds them acceptable. During an audit at the GE-Wilmington offices
(Reference 15), the staff identified a more limiting design requirement for the water rod involving
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handling loads during fuel movement. Upon review of the supporting GEH engineering
calculations, the staff identified that the combined loading calculations did not consider the
water holes (present at the top and bottom of the water rod). GEH postulated that conservative
analytical assumptions offset any stress concentration associated with the water holes. The
staff still had concerns and in RAI 4.2-33 requested that GEH perform more detailed
calculations. In response to RAI 4.2-33 (Reference 12), GEH provided more detailed FEA of
the GE14E water rod (including specific modeling of the water holes) which demonstrate that
the water rod will not buckle under handling loads. Based upon the results of the more recent
FEA calculations, the staff finds the GE14E water rod design acceptable. Based on the
applicant's response, RAI 4.2-33 was resolved.

Spacer

The grid spacer designs (including part-length fuel rod configurations) were mechanically tested
to measure lateral load before distortion. GEH relied upon testing and analyses previously
completed for the GE14 design. In its response to RAI 4.8-8 (Reference 3), regarding seismic
and dynamic loads, GEH stated that the GE14 fuel assemblies for BWR/4-6 have been
demonstrated to be acceptable for the following peak seismic and dynamic accelerations: [[

]] in the horizontal direction and [[ ]] in the vertical direction and would bound the shorter
GE14E design. ESBWR standard plant seismic analysis shows peak safe shutdown
earthquake (SSE) accelerations of [[ ]] in the horizontal direction and [[ ]] in the
vertical direction. These accelerations are less than the demonstrated capability of the GE14
fuel. The shorter ESBWR fuel assembly length results in additional margin to the seismic and
dynamic load criteria for GE14E fuel. It is concluded that GE14E fuel assemblies, including
spacers, are qualified for the seismic and dynamic loads defined by the ESBWR standard plant
seismic analysis. Based on the applicant's response, RAI 4.8-8 was resolved.

Consistent with past practice, testing was performed on unirradiated fuel assembly components
to simulate beginning-of-life conditions (i.e., before irradiation hardening). In its response to
RAI 4.8-6 (Reference 8), on the use of unirradiated material conditions, GEH discussed the
potential embrittlement of spacer grids as a result of hydrogen uptake. Testing on spacers
precharged with hydrogen was completed to simulate the effects of in-reactor corrosion. These
tests confirm that the spacers maintain fracture resistance up to very high hydrogen levels.
While these impact tests were completed to evaluate handling loads, they provide evidence of
end-of-life performance during postulated accidents. Based on the applicant's response,
RAI 4.8-6 was resolved.

Channel

In addition to its inclusion in the LOCA and seismic lateral load testing, the channel is designed
to withstand steady-state and transient differential pressure. The structural evaluation, based
upon FEA using the ANSYS code, demonstrated that the maximum loads remained below the
material yield strength. The staff conducted an onsite audit of the GEH engineering calculations
supporting the channel structural evaluation and found these calculations acceptable. Based
upon an audit of the structural evaluation which demonstrated that the maximum loads remain
below the material yield strength, the staff finds the GE14E channel design acceptable.
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3.1.3 Assembly Design Evaluation

Flow-Induced Vibration

Section 3.4.1.10 of NEDC-33240P describes flow-induced vibration (FIV) testing performed on
the GE14 assembly design. Based on a comparison of these results to earlier testing, GEH
concludes that assembly differences do not have a significant effect on FIV performance. The
staff was not entirely convinced by this qualitative argument and had concerns regarding which
aspects of GE14E (e.g., spacer elevations) necessitate FIV testing. In its response to RAI 4.8-7
(Reference 3), regarding FIV, GEH stated that FIV testing will be performed on GE14E before
fuel loading. While the staff strongly endorses validation by testing, the specifics of the
proposed FIV testing raised concerns.

During an audit at the GE-Wilmington offices (Reference 15), the staff reviewed several internal
GE documents comparing the response to RAI 4.8-7 to past detailed FIV test programs on
different legacy fuel bundle designs. Review of these FIV test reports revealed sensitivities in
measured acceleration and displacement that challenge the limited FIV testing proposed for
GE14E.

The older FIV tests were broader in scope-investigating a range of temperatures, flow rates,
and steam quality on Root Mean Squared (RMS) acceleration and displacement. Steam quality
refers to the proportion of saturated steam in a saturated water/steam mixture. A steam quality
of 0 indicates 100% water while a steam quality of 1 indicates 100% steam. Notable
observations from the staff's audit include the following (see Figure 3-1):

o
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Figure 3-1 RMS Acceleration versus Steam Quality

After several iterations (as documented in GEH's response to RAI 4.8-7, Supplements 1 and 2
(Refs. 3 and 8), the staff agreed to the required FIV testing for GE14E. GEH's response to
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RAI 4.8-7, Supplement 3 (Reference 11), documents the basis of the proposed FIV testing and
acceptance criteria. As requested by the staff, GEH also discussed past FIV test results in its
response to RAI 4.8-7.

Based on the proven in-reactor performance of GE14 and the lower flow rate of the ESBWR,
the staff found the limited-scope FIV testing (outlined in the response to RAI 4.8-7,
Supplement 3) for GE14E to be acceptable, with conservative penalties on the acceptance
criteria to account for known sensitivities to temperature and quality. However, the staff did not
accept this limited-scope FIV test program to justify more substantial fuel design changes and/or
new fuel design features that may influence the sensitivity of RMS acceleration to rod location,
flow rate, temperature, and steam quality.

The last sentence of the proposed FIV acceptance criteria stated, "Any GE14E locations that
exceed the adjusted peak GE14 value at the respective elevation will be dispositioned
individually." This acceptance criterion was too broad and was not in compliance with the level
of specificity expected within DCD Tier 1 inspections, tests, analyses, and acceptance criteria
(ITAAC). GEH retracted this statement in its response to RAI 4.8-7, Supplement 4
(Reference 15) and GEH proposed a revision to section 3.3.3 of NEDC-33240P to specify
testing requirements for GE14E to satisfy the ESBWR FIV ITAAC. The staff finds the proposed
acceptance criteria to be acceptable for inclusion in the approved version of the LTR. Based on
the applicant's response, RAI 4.8-7 was resolved.

Seismic/Dynamic Loading

Section 3.4.1.11 of NEDC-33240P (Reference 1) describes the structural capability of the
GE14E assembly and assembly components to withstand seismic/dynamic loading. GEH relied
upon testing and analyses previously completed for the GE14 design. As described in
section 3.1.2 of this report under the heading "Spacer" it was concluded in the response to
RAI 4.8-8 that GE14E fuel assemblies are qualified for the seismic and dynamic loads defined
by the ESBWR standard plant seismic analysis. Therefore, based on the applicant's response,
RAI 4.8-8 was resolved.

With respect to assembly lift, GEH has incorporated acceptance criteria in DCD Tier 1,
Table 2.1.1-3 stating the initial fuel to be loaded into the core will be able to withstand fuel lift
and seismic and dynamic loads under normal operation and design basis conditions.

Channel Bow and Control Blade Insertion

Section 4 of NEDC-33240P (Reference 1) describes the fuel assembly channel and
compatibility with the control blades. Figure 4-4 of NEDC-33240P provides dimensions,
including gaps between fuel channels and control blades. Compared with current designs, the
ESBWR N-lattice design includes a larger gap at both the corner and midwall relative to the
C-lattice and S-lattice plants. Operating experience has shown that control blade friction occurs
only at the C- and S-lattice plants. D-lattice plants (which have a larger gap than the N-lattice
design) have experienced minimal issues with control blade friction.

In its response to RAI 4.8-9 (Reference 3), regarding channel bow and control blade insertion,
GEH discussed margin to control blade interference relative to the current fleet. In addition to
physical differences, the ESBWR control rod drive system would actively detect any control
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blade hangup resulting from channel-to-blade friction. The same fuel management and
operating guidelines used to minimize control blade interference in the current fleet will be
applied to the ESBWR. The ESBWR will maintain the same technical specification surveillance
requirements and actions as the current fleet.

Based upon the improved design margins of the ESBWR N-lattice (relative to the C- and
S-lattice), along with fuel management guidance and surveillance, the staff finds that GEH has
adequately addressed control blade interference. Based on the applicant's response, RAI 4.8-9
was resolved.

3.2 GE14E Fuel Rod Design Evaluation

Section 2 of NEDC-33242P (Reference 2) describes in detail the GE14E fuel rod and fuel pellet
design. Section 3 of NEDC-33242P identifies the design criteria used to evaluate the adequacy
of the GE14E fuel rod design. The fuel rod thermal-mechanical design criteria are consistent
with past GE designs (e.g., GE14).

In its response to RAI 4.8-10 (Reference 3), regarding deviations from approved methodology,
GEH stated that the methodology, including the treatment of model uncertainties and
manufacturing tolerances, is identical to that used to confirm compliance of the GE14 design
with GESTAR for BWR/3-6 and the advanced BWR. Based on the applicant's response,
RAI 4.8-10 was resolved.

In its response to RAI 4.8-11 (Reference 3), regarding the continued applicability of approved
methods to ESBWR conditions, GEH demonstrated that the currently approved methods are
within the qualification database for the GE14E fuel rod design and ESBWR operating
conditions. Based on the applicant's response, RAI 4.8-11 was resolved.

Fuel Rod Internal Pressure

The design criterion for rod internal pressure, as defined in Section 3.1 of NEDC-33242P, is that
the outward creep rate of the cladding will not exceed the fuel pellet irradiation swelling rate.
This design requirement for no cladding liftoff is consistent with SRP Section 4.2 and therefore
acceptable for application to GE14E.

In addition to reviewing Sections 3 and 4 of NEDC-33242P, the NRC staff completed
independent calculations using the fuel rod thermal-mechanical performance code
FRAPCON-3. In support of the staff's calculations, GEH provided fuel specifications,
manufacturing tolerances, and limiting axial and nodal power histories. FRAPCON-3 is a best
estimate fuel rod performance code that is calibrated against a wide range of applicable
empirical data. In order to obtain design calculations with the best estimate FRAPCON-3 code,
manufacturing tolerances were deterministically modeled and rod power penalties were
employed in lieu of modeling uncertainties (e.g., cladding creep, cladding strain, fuel swelling).
Based upon engineering judgment, a 10-percent rod power penalty conservatively bounds the
modeling uncertainties related to fission gas release. With respect to cladding creep prediction
uncertainties, the cladding creep model in FRAPCON-3 (based upon Zry-4) was conservative
for modeling GE14E's Zry-2 cladding.
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The NRC staff performed FRAPCON-3 sensitivity studies to determine the worst set of initial
conditions (e.g., pellet diameter, stack height) to minimize plenum volume, maximize fission gas
release, and maximize rod internal pressure. Following these sensitivity studies, the staff
performed several FRAPCON-3 calculations to evaluate the GE14E fuel rod design with respect
to rod internal pressure and void volume. Table 3.2-1 lists the results of these calculations.

Table 3.2-1 FRAPCON-3 Calculations-Rod Internal Pressure
Case Description FRAPCON-3 Calculated Results

Fission Gas Rod Internal
Release (%) Pressure (psia)

1 U0 2-Worst case inputs along TMOL rod [[ I] [ ]]
power curve

2 U0 2-Worst case inputs along [[ ]
TMOL+10% rod power curve

3 U0 2-Worst case inputs along [[ ]] [
TMOL+10% with extended knee (at [[
]] GWd/MTU)

4 U0 2-Worst case inputs along [[ ]] [[
TMOL+10% with extended knee (at [[
]] GWd/MTU), power history more
aggressive to achieve licensed burnup in
shorter duration (i.e., extended power
uprate fuel usage)

5 U0 2-Worst case inputs along TMOL with [[ ]
three AOO excursions (1 hour
+25% power) at 10, 15, and
59 GWd/MTU exposure

6 UGdO 2-Worst case inputs along [[ ]] [ ]
TMOL+10% with extended knee

7 U0 2 PLR-Worst case inputs along [[ ]] [[ ]]
TMOL+10% with extended knee

The internal pressures calculated with FRAPCON-3 remain below the critical pressure that
would cause an outward creep of the cladding. Best estimate critical pressure is approximately
3,000 pounds-force per square inch absolute (psia). However, large modeling uncertainties
associated with cladding creep and fuel swelling rate conservatively set an upper tolerance
critical pressure at 2,050 psia (1,000 psia over system pressure). The maximum calculated rod
internal pressure (Case 3, uranium dioxide (UO2 )) remains below this conservative estimate of
critical pressure. Furthermore, none of the FRAPCON-3 cases predict a widening of the fuel-to-
cladding gap-indicative of cladding liftoff. The U0 2 Part Length Rod (PLR) (Case 7) is less
limiting because of a greater plenum volume, relative to the U0 2 rod. The UGdO 2 rod (Case 6)
is less limiting because of a greater plenum volume and a more benign power curve, relative to
the U0 2 rod.

-11 -

NEDO-33240-A Revision 1
Attachment 1



While performing these calculations, the staff identified a discrepancy between the fission gas
release calculated by GSTR-M and FRAPCON-3. Upon further investigation, including
benchmarking identical best estimate cases, the staff determined that the GSTR-M [[

]] In response to a staff request, GEH completed an evaluation (Reference 5) in
accordance with the provisions of 10 CFR Part 21, "Reporting of Defects and Noncompliance;"
of a potential nonconservatism in the GE thermal-mechanical methodology, GSTR-M. GEH
concluded that the error in GSTR-M was not reportable.

After reviewing the GEH evaluation (Reference 5), the staff continued to have concerns related
to fission gas release and rod internal pressure calculated with GSTR-M and proposed a
penalty to maintain a conservative cladding liftoff analysis. In an attempt to identify
compensating conservatism within the fuel performance methodology and negate the
application of a proposed critical pressure penalty, GEH issued a supplement to the
10 CFR Part 21 Notification (Reference 6). Upon further review, the staff maintained its
concerns with respect to the GSTR-M cladding liftoff analysis and concluded that a [[ ]]
penalty on critical pressure was required (Reference 16).

Although the staff's independent calculations show that the GE14E fuel design satisfies the rod
internal pressure design criterion, the accuracy of future reload analyses with GSTR-M may be
in question, especially with more aggressive rod power histories than those cited in
NEDC-33242P and used in staff calculations. For example, the [[ ]] penalty on critical
pressure was based on a maximum linear heat generation rate of [[ ]] kilowatts per foot. A
higher rod power may necessitate a larger penalty. The required penalty on critical pressure
relates to the use of GSTR-M in the cladding liftoff analysis. Migration to an NRC-approved,
up-to-date fuel rod thermal-mechanical code (e.g., PRIME) may eliminate the need for such a
penalty.

To resolve staff concerns regarding the use of GSTR-M for fuel rod design analysis, the staff
asked GEH to provide the final ESBWR Cycle 1 thermal-mechanical operating limits for all
Cycle 1 fuel rod designs. In its response to RAI 4.8-17 (Reference 15), GEH provided the final
thermal-mechanical operating limits and power suppression factors for ESBWR Cycle 1. GEH's
supporting rod internal pressure design calculations included the [[ ]] of critical
pressure.

Based upon GEH's design calculations, including the [[ ]], provided in response to RAI
4.8-17 as confirmed by the independent calculations, the staff finds the GE14E fuel rod design
acceptable for the rod power histories specified in Tables 1 and 2 of GEH's response to
RAI 4.8-17 (Reference 15). Section 5 of this safety evaluation cites a limitation on GE14E rod
power history. Based on the applicant's response, RAI 4.8-17 was resolved.

The NRC staff originally generated RAIs 4.8-15 and 4.8-16 to address the GSTR-M issues. The
GEH 10 CFR Part 21 evaluation and staff assessments supersede the information in the
responses to these RAIs. Hence, GEH responses to RAIs 4.8-15 and 4.8-16 (Reference 3)
were not a factor in the staff's approval.
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Fuel Pellet Temperature/Thermal Overpower Limit

Table 3-1 of NEDC-33242P specifies the design criteria, stating "The maximum fuel center
temperature (Tcenter) shall remain below the fuel melting point (Tmelt)." However, Section 3.2
of NEDC-33242P states the following:

To achieve this objective, the fuel rod is evaluated to ensure that fuel melting
during normal steady-state operation and core wide anticipated operational
occurrences is not expected to occur. This fuel temperature limit is specified to
ensure that sudden shifting of molten fuel in the interior of fuel rods, and
subsequent potential cladding damage, can be positively precluded..

During review of the ESBWR DCD Tier 2* fuel design criteria, the staff was concerned with
allowing fuel melting during any AOO-moderate or infrequent classification, local or core
wide-and identified this as an open item within the ESBWR DCD safety evaluation report with
open items (Reference 17). GEH subsequently revised the ESBWR DCD to reflect a more
restrictive requirement precluding fuel centerline melting during any AOO. Avoidance of fuel
melting during AOOs is consistent with SRP Section 4.2 and therefore acceptable for
application to GE14E.

In addition to reviewing Sections 3 and 4 of NEDC-33242P, the NRC staff completed
independent calculations using the fuel rod thermal-mechanical performance code
FRAPCON-3. As was done for the rod internal pressure cases, manufacturing tolerances were
deterministically modeled and rod power penalties were employed in lieu of modeling
uncertainties.

The staff performed FRAPCON-3 sensitivity studies to determine the worst set of initial
conditions (e.g., pellet diameter, cladding oxide thickness) to maximize fuel temperature.
Following this sensitivity study, the staff performed several FRAPCON-3 calculations to evaluate
the GE14E fuel rod design in combination with proposed thermal overpower (TOP) limits at
preventing centerline fuel melt. Table 3.2-2 lists the results of these calculations.
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Table 3.2-2 FRAPCON-3 Calculations-Fuel Temperature
Case Description FRAPCON-3 Calculated Results

Fuel Temp. Fuel Temp.
(OF) before (OF) at Spike

Spike
1 U0 2-Worst case inputs along TMOL with ]

[[ ]] TOP at knee
2 U0 2-Worst case inputs along ]

TMOL+10% with [[ ]] TOP at knee
3 U0 2-Worst case inputs along

TMOL+10% with [[ ]] TOP at extended
knee

4 UGdO 2-Worst case inputs along TMOL
with [[ ]] TOP at knee

5 UGdO 2-Worst case inputs along
TMOL+10% with [[ ]] TOP at knee

6 UGdO 2-Worst case inputs along [[
TMOL+10% with [[ ]] TOP at extended
knee

The fuel temperatures calculated with FRAPCON-3 remain below incipient centerline melting
conditions. Fuel melting temperature is defined as follows:

U0 2 Tmelt = 5,080 degrees F-58 degrees F per 10 GWd/MTU
(U,Gd)O 2 Tmelt = 5,080 degrees F-58 degrees F to 60 degrees F per 10 GWd/MTU

(based on 8 percent Gd)

The FRAPCON-3 calculations included a 10-percent increase in rod power (above Thermal
Mechanical Operating Limits (TMOL)) to cover modeling uncertainties and an extended knee to
cover more aggressive fuel management. The fuel temperatures calculated with FRAPCON-3
remained below melting temperatures for U0 2 fuel rods with a [[ ]]-percent TOP and UGdO 2
fuel rods with a [[ ]]-percent TOP. The UGdO 2 rod (Case 6; [[ ]] degrees F) is more
limiting because of reduced thermal conductivity of gadolinia fuel pellets, relative to U0 2 pellets
(Case 3; [[ ]] degrees F).

Based upon the material presented in NEDC-33242P and the staff's independent calculations,
the staff finds that the GE14E fuel rod design and prescribed TOP limits ([[ ]]-percent U0 2, [[
]]-percent UGdO 2) satisfy the fuel temperature design criteria.

Claddincq Strain/Mechanical Overpower Limit

The design criterion for fuel cladding strain (high-rate strain during AOOs), as defined in
Section 3.3 of NEDC-33242P, is that cladding permanent deformation (plastic plus creep)
remain below 1.0 percent. While SRP Section 4.2 defines an allowable total cladding strain limit
of 1.0 percent permanent (plastic plus creep), the fuel vendor is responsible for (1) defining the
total strain capability of its fuel rod design/cladding alloy, (2) providing evidence supporting this
strain capability, and (3) demonstrating that this design criterion is not exceeded during AOOs.
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Mechanical testing under prototypical loading on irradiated cladding specimens provides
acceptable evidence of a cladding alloy's strain capability. While irradiation damage under
normal operation promotes an increase in yield strength (and lower ductility), the formation of
zirconium hydrides within the cladding (resulting from the absorption of hydrogen during
cladding corrosion) limits the strain capability of the fuel rod cladding. As a result of this
relationship, fuel vendors need to specify a design limit on cladding hydrogen content
corresponding to the extent of the empirical database supporting the cladding strain specified
and acceptable fuel design limit (SAFDL) per 10 CFR 50 Appendix A, GDC-10.

During its review of the ESBWR DCD Tier 2* fuel design criteria, the staff raised issues with the
lack of any corrosion limits and the empirical database supporting the cladding strain design
limit. The staff identified these as open items in the ESBWR DCD safety evaluation with open
items (Reference 17). After several iterations (RAI 4.2-2 and 4.2-4, Refs. 3, 4, 9, and 11), GEH
proposed the following cladding strain design limit and cladding hydrogen design limit, along
with supporting empirical database:
* .cladding strain limit =

I]

cladding strain limit =

I]

* cladding hydrogen limit =

The applicant explained the basis of these design limits and the breakpoint in cladding strain in
its response to RAIs 4.2-2 S03 and 4.2-4 S02 (Reference 8). Although the applicant used
various information provided in response to RAIs 4.2-2 and 4.2-4 and during ESBWR audits
collectively to justify these design limits, only the above specified strain and hydrogen limits are
NRC reviewed and approved.

In addition to the material presented in NEDC-33242P, in response to the RAIs, and in
presentations during audits, the staff has access to proprietary mechanical test data on similar
BWR Zry-2 cladding (see RAI 4, Reference 18) that reinforce the GE14E cladding strain design
limit. Based upon the above review, the staff finds the GE14E cladding strain limits and
hydrogen limit acceptable.

In addition to reviewing Sections 3 and 4 of NEDC-33242P, the NRC staff completed
independent calculations using the fuel rod thermal-mechanical performance code
FRAPCON-3. As was done for the rod internal pressure cases, manufacturing tolerances were
deterministically modeled and rod power penalties were employed in lieu of modeling
uncertainties (e.g., fuel swelling).

The staff performed FRAPCON-3 sensitivity studies to determine the worst set of initial
conditions (e.g., pellet diameter, cladding thickness) to maximize cladding strain. Following this
sensitivity study, the staff performed several FRAPCON-3 calculations to evaluate the GE14E
fuel rod design in combination with proposed mechanical overpower (MOP) limits to ensure that
cladding strains were maintained below empirically based limits. The basis for GEH's specified
acceptable fuel design limit (SAFDL) on cladding strain is discussed further below. Table 3.2-3
lists the results of these calculations.
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Table 3.2-3 FRAPCON-3 Calculations-Fuel Cladding Strain

Case Description FRAPCON-3 Calculated Results
Plastic Strain Total Strain

1 U0 2-Worst case inputs along TMOL with [[ ]] [[ ]]
[[ ]J MOP at knee

2 U0 2-Worst case inputs along TMOL with [[ ]] [[ ]]
[[ ]] MOP at knee

3 UO 2-Worst case inputs along [[ ]] [[ ]]
TMOL+10% with [[ ]] MOP at knee

4 U0 2-Worst case inputs along [[ ]] [[ ]
TMOL+10% with [[ ]] MOP at extended
knee

5 UGdO 2-Worst case inputs along TMOL [[ ]] [[ ]]
with [[ ]] MOP at knee

6 UGdO 2-Worst case inputs along TMOL [[ ]] [[ ]]
with [[ 1] MOP at knee

The fuel cladding strain calculated with FRAPCON-3 remained below 1.0 percent total, as well
as below the GEH empirically based, hydrogen-dependent strain SAFDL. Since the calculated
strain remained below the more limiting 1.0-percent total strain, separate cases at varying levels
of hydrogen (based on burnup and corresponding to hydrogen-based strain SAFDLs) were not
necessary. Cases investigated the impact of a power penalty (to account for fuel swelling
modeling uncertainty) applied to the initial power and then separately applied to the power
excursion.

Based upon the material presented in NEDC-33242P and the staffs independent calculations,
the staff finds that the GE14E fuel rod design and prescribed MOP limits ([[ ]]-percent
U0 2,[[ ]]-percent UGdO 2) satisfy the fuel cladding strain design criteria.

SAFDLs on fuel rod cladding strain and fuel centerline melting are employed to preclude fuel
rod cladding failure because of pellet/cladding mechanical interaction during rapid overpower
AOOs. However, as described in SRP Section 4.2, these design limits may not provide
sufficient protection to preclude fuel cladding failure because of pellet/cladding interaction
stress-corrosion cracking (PCI/SCC) under certain sustained cladding loading conditions. In its
response to RAI 4.8-12 (Reference 3), regarding the PCI/SCC resistance of GE14E fuel, GEH
provided results from past and recent ramp test programs that are applicable to GE14E's barrier
design. This information shows that margin exists between current operating limits and an
empirically based lower failure threshold such that PCI/SCC failures would not occur during
power maneuvering. Furthermore, GE's barrier cladding design has been proven to reduce
PCI/SCC susceptibility during both power maneuvering and AOO-type scenarios. As a result,
PCI/SCC fuel cladding failure is unlikely during any AOO scenario that involves a sustained
power excursion and does not already predict fuel rod failure from violating other SAFDLs
(e.g., Minimum Critical Power Ratio (MCPR), cladding strain, centerline melt). Hence, there is
reasonable assurance that fuel cladding failure would not be underestimated. Based on the
applicant's response, RAI 4.8-12 was resolved.
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Cladding Oxidation and Corrosion Product Buildup

As described in Section 5.3 of NEDC-33242P, the fuel rod thermal-mechanical design
evaluations include the effects of cladding oxidation and corrosion product buildup (e.g., crud)
on the fuel rod surface. The statistical treatment of crud buildup and oxidation within the design
analyses is consistent with current fuel designs (e.g., GE14). This approach is consistent with
SRP Section 4.2 and therefore acceptable for application to GE14E.

In addition to explicitly accounting for the effects of cladding oxidation and crud, the staff
requires that fuel vendors establish a design limitation on cladding oxidation. This upper bound
on cladding oxidation defines (1) the limit of oxidation included in the design analyses and
(2) the limit of oxidation under which cladding oxide spallation and hydride blisters have not
been observed. Currently approved fuel performance models rely on uniform mechanical
properties along the axial and circumferential directions of the fuel rod cladding. Localized
cladding defects (e.g., spallation, hydride blisters) may significantly impact fuel rod stress and
strain calculations and ultimately the ability to accurately predict cladding failure.

Earlier versions of NEDC-33242P did not define a cladding oxidation limit that satisfied the staff
position. During its review of the ESBWR DCD Tier 2* fuel design criteria, the staff raised
issues with the lack of any corrosion limits. The staff identified this as an open item in the
ESBWR DCD safety evaluation with open items (Reference 17). In concert with its discussions
of hydrogen and cladding strain (responses to RAIs 4.2-2 and 4.2-4; Refs. 3, 4, 9, and 11), GEH
proposed a cladding oxidation limit of [[ ]] along with the supporting
empirical database.

GEH detailed the basis of the cladding oxide design limit in its response to RAIs 4.2-2 S03
and 4.2-4 S02 (Reference 8). For pressurized-water reactor fuel designs, cladding oxide limits
have been selected to minimize the possibility of spallation (in order to ensure uniform
mechanical properties). Attachment A of (Reference 8) describes the difficulty with
implementing a similar approach for BWRs. In its response, GEH provides hot cell
examinations on medium- and high-burnup fuel rods from Duane Arnold and Limerick Unit 1
that show no evidence of hydride localization at spalled locations. Figure A-3 of Reference 8
provides pool-side cladding liftoff measurements, and Figure A-4 gives confirmatory hot cell
metallography. Based upon the information provided in NEDC-33242P and in response to
RAIs, the staff finds the proposed cladding corrosion design limit of [[ ]] acceptable for
GE14E. Based on the applicant's responses, RAIs 4.2-2 and 4.2-4 were resolved.

GE14E fuel cladding corrosion shall be limited such that cladding oxidation thickness remains
less than [[ ]] and cladding hydrogen content remains less than [[

]]. In Reference 8 Figure A-5, GEH proposed an "action level"
on measured lift-off beyond the design limit of [[ ]]. This proposed "action level" is
not approved.

Cladding Hydrogen Content

Hydrogen trapped within the fuel rod as a result of manufacturing may be absorbed by the
cladding. The design criterion for fuel pellet hydrogen content is intended to prevent fuel rod
failure because of localized, internal hydriding. GEH relies on the manufacturing process and
controls to restrict hydrogenous contaminants from all sources during the manufacturing
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process. This design requirement is consistent with SRP Section 4.2 and therefore acceptable
for application to GE14E criterion.

In addition to internal hydrogen sources, a design limitation on absorbed hydrogen in the fuel
rod cladding from all possible sources has been established as discussed above.

Cladding Creep Collapse

The design criterion for cladding structural instability is that fuel cladding creep collapse will not
occur. This design requirement is consistent with SRP Section 4.2 and therefore acceptable for
application to GE14E criterion.

The finite element methods assume a maximum initial ovality, maximum delta-pressure
(e.g., minimum fill gas pressure and no fission gas release), and no support provided by fuel
pellets. In addition, the maximum overpressure AOO is applied at end-of-life conditions.
Because of an identical fuel rod design, the current GE14 creep collapse analysis bounds the
GE14E fuel rod design.

Based upon the material presented in NEDC-33242P, the staff finds that the GE14E fuel rod

design satisfies the fuel cladding creep collapse criterion.

Fuel Rod Stresses and Strain

The design criterion is that effective cladding stresses and strain will not result in fuel rod failure.
This design requirement is consistent with SRP Section 4.2 and therefore acceptable for
application to GE14E criterion.

The methods employed to calculate effective stress and strain are consistent with the currently
approved methods used for GE14. Relying on GE14 analyses, GEH stated that the large
design margins present in GE14 are applicable to GE14E.

In its response to RAI 4.8-14 (Reference 3), regarding the modeling of the barrier liner, GEH
noted that certain fuel rod thermal-mechanical analyses explicitly address the impact of the liner
on heat transfer and cladding strength. Other applications conservatively neglect the zirconium
barrier.

Based upon the material presented in NEDC-33242P, the staff finds that the GE14E fuel rod
design satisfies the fuel cladding stress and strain criterion. Based on the applicant's response,
RAI 4.8-14 was resolved.

Cladding Fatigue Analysis

The design criterion is that fatigue life usage will not exceed the material fatigue capability
resulting in fuel rod failure. This design requirement is consistent with SRP Section 4.2 and
therefore acceptable for application to GE14E criterion.

Section 4.2.3 of NEDC-33242P describes the cladding fatigue analysis methodology. The
conservative power cycles listed in Table 4-3 of NEDC-33242P as well as the statistical
methodology are consistent with current fuel designs. In its response to RAI 4.8-13
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(Reference 3), regarding Zircaloy fatigue data, GEH provided the empirical database used to
justify the upper and lower 95/95 fatigue curves. The RAI response further justifies the
conservatism of the fatigue analysis relative to the SRP guidelines.

Based upon the material presented in NEDC-33242P and the RAI response, the staff finds that
the GE14E fuel rod design satisfies the fuel cladding fatigue criterion. Based on the applicant's
response, RAI 4.8-13 was resolved.

3.3 Operating Experience

Historically, the staff has relied on lead test assembly programs to generate in-reactor operating
experience for new assembly design features or materials in order to validate performance and
model predictions. Since no ESBWR designs have been built and the current fleet is
incompatible with the 10-foot tall GE14E design, lead test assemblies are not possible.
However, since the GE14E assembly component designs and materials are consistent with
currently operating designs, insight into the anticipated in-reactor performance of GE14E is
achievable.

Section 6 of NEDC-33242P provides information related to GEH's extensive fuel operating
experience. GE14E shares the same fuel rod and spacer designs and materials as the GE14
design, with the exception of rod length and spacer pitch. No systematic failures have been
reported on the nearly 1.4 million GE14 fuel rods manufactured. This operating experience
provides reasonable assurance that normal operational failure modes such as cladding
collapse, grid-to-rod fretting, cladding liftoff, cladding stress and strain, excessive corrosion, and
cladding fatigue are unlikely for GE14E. In addition, the continued as-anticipated performance
of GE14 and ongoing surveillance programs has validated model predictions (e.g., growth,
creep, corrosion).

The fuel design limits, operating rod power limits, and projected rod burnups for GE14E are
identical to those for GE14. Based upon the information presented in NEDC-33240P and
NEDC-33242P, the staff finds the operating experience database supporting the GE14E fuel
assembly design review of sufficient breadth to cover the range of burnup and operating
conditions under consideration.

4.0 CONCLUSION

Based upon its review of NEDC-33240P and NEDC-33242P, the staff finds the application of
GEH's fuel thermal-mechanical design criteria and methodology acceptable for GE14E.
Furthermore, the staff finds the GE14E fuel assembly and fuel rod design acceptable for use in
the ESBWR. Licensees referencing this topical report will need to comply with the conditions
listed in Section 5.0. Furthermore, licensees will need to ensure that the GE14E fuel design
criteria are consistent with the final ESBWR Tier 2* fuel design criteria in DCD Section 4.2 and
Appendix 4B.

Since the GE14E fuel design meets the criteria and methodology defined in Section 2, the staff
has concluded that the GE14E fuel design is acceptable.
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5.0 CONDITIONS AND LIMITATIONS

Licensees referencing NEDC-33240P and NEDC-33242P must ensure compliance with the
following six conditions and limitations:

1) Following the fuel assembly and fuel rod mechanical design methodology described in
NEDC-33240P and NEDC-33242P, the licensee must ensure that all of the design
criteria are satisfied for each refueling cycle.

2) The GE14E fuel assembly design is restricted to the design specifications provided in
Section 2 of NEDC-33240P and the fuel rod cladding material processing specifications
provided in Appendix B to NEDC-33240P. Changes in component design, materials, or
processing specifications may alter the in-reactor behavior of the fuel assembly and
invalidate the staffs approval.

3) The GE14E fuel assembly design is approved up to a peak pellet exposure of [[ ]
and a maximum operating time of [[ I].

4) GE14E fuel cladding corrosion shall be limited such that cladding oxidation thickness
remains less than [[ ]] and cladding hydrogen content remains less
than [[

5) As described in Section 3.1.3, GE14E must complete the required FIV testing and satisfy
the acceptance criteria (e.g., measured GE14E RMS acceleration below adjusted,
measured GE14 RMS acceleration at every location) before loading into an ESBWR.

6) GE14E rod power history (peak linear heat generation rate versus peak pellet exposure)
must remain at or below the thermal-mechanical operating limits and power suppression
factors provided in Tables 1 and 2 of Reference 13.
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Enclosure 3

MFN 10-288

Affidavit



Global Nuclear Fuel - Americas LLC

AFFIDAVIT

I, Phillip D. Ollis, state as follows:

(1) I am the Licensing Engineer, Licensing and Liabilities, Global Nuclear Fuel - Americas,
LLC (GNF-A), and have been delegated the function of reviewing the information
described in paragraph (2) which is sought to be withheld, and have been authorized to
apply for its withholding.

(2) The information sought to be withheld is contained Enclosure I of GEH's letter, MFN 10-
288, Mr. Richard E. Kingston to U.S. Nuclear Regulatory Commission, entitled Submittal of
Accepted Versions of NEDC-33240P, "GE14E Fuel Assembly Mechanical Design Report,"
dated September 29, 2010. GNF-A text proprietary information in Enclosure 1, which is
entitled NEDC-33240P-A, Revision 1, "GE14E Fuel Assembly Mechanical Design Report"
is identified by a dark red dotted underline inside double square brackets. [[This..sentence.iA.
an...ex.a.mI ] Figures and large equation objects containing GNF-A proprietary
information are identified with double square brackets before and after the object. In each
case, the superscript notation (3} refers to Paragraph (3) of this affidavit that provides the
basis for the proprietary determination. Note that the GNF-A proprietary information in the
NRC's Final Safety Evaluation, which is enclosed in NEDC-33240P-A, Revision 1, is
identified with red text inside double square brackets. [[This sentence is anexample.]]

(3) In making this application for withholding of proprietary information of which it is the
owner or licensee, GNF-A relies upon the exemption from disclosure set forth in:the
Freedom of Information Act (FOIA), 5 USC Sec. 552(b)(4), and the Trade Secrets Act:, 18
USC Sec. 1905, and NRC regulations 10 CFR 9.17(a)(4), and 2.390(a)(4) for trade secrets
(Exemption 4). The material for which exemption from disclosure is here sought also
qualifies under the narrower definition of trade secret, within the meanings assigned to
those terms for purposes of FOIA Exemption 4 in, respectively, Critical Mass Energy
Proiect v. Nuclear Regulatory Commission, 975 F2d 871 (DC Cir. 1992), and Public
Citizen Health Research Group v. FDA, 704 F2d 1280 (DC Cir. 1983).

(4) The information sought to be withheld is considered to be proprietary for the reasons set
forth in paragraphs (4)a. and (4)b. Some examples of categories of information that fit into
the definition of proprietary information are:

a. Information that discloses a process, method, or apparatus, including supporting data
and analyses, where prevention of its use by GNF-A's competitors without license from
GNF-A constitutes a competitive economic advantage over GNF-A and/or other
companies.

b. Information that, if used by a competitor, would reduce their expenditure of resources
or improve their competitive position in the design, manufacture, shipment,
installation, assurance of quality, or licensing of a similar product.
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c. Information that reveals aspects of past, present, or future GNF-A customer-funded
development plans and programs, that may include potential products of GNF-A.

d. Information that discloses trade secret and/or potentially patentable subject matter for
which it may be desirable to obtain patent protection.

(5) To address 10 CFR 2.390(b)(4), the information sought to be withheld is being submitted to
the NRC in confidence. The information is of a sort customarily held in confidence by
GNF-A, and is in fact so held. The information sought to be withheld has, to the best of my
knowledge and belief, consistently been held in confidence by GNF-A, not been disclosed
publicly, and not been made available in public sources. All disclosures to third parties,
including any required transmittals to the NRC, have been made, or must be made, pursuant
to regulatory provisions or proprietary and/or confidentiality agreements that provide for
maintaining the information in confidence. The initial designation of this information as
proprietary information, and the subsequent steps taken to prevent its unauthorized
disclosure are as set forth in the following paragraphs (6) and (7).

(6) Initial approval of proprietary treatment of a document is made by the manager of the
originating component, who is the person most likely to be acquainted with the value and
sensitivity of the information in relation to industry knowledge, or who is the person most
likely to be subject to the terms under which it was licensed to GNF-A. Access to such
documents within GNF-A is limited to a "need to know" basis.

(7) The procedure for approval of external release of such a document typically requires review
by the staff manager, project manager, principal scientist, or other equivalent authority for
technical content, competitive effect, and determination of the accuracy of the proprietary
designation. Disclosures outside GNF-A are limited to regulatory bodies, customers, and
potential customers, and their agents, suppliers, and licensees, and others with a legitimate
need for the information, and then only in accordance with appropriate, regulatory
provisions or proprietary and/or confidentiality agreements.

(8) The information identified in paragraph (2) above is classified as proprietary because it
contains details of GNF-A's fuel design and licensing methodology.
The development of the methods used in these analyses, along with the testing,

development and approval of the supporting methodology was achieved at a significant
cost, on the order of several million dollars, to GNF-A or its licensor. The development of
the evaluation process along with the interpretation and application of the analytical results
is derived from the extensive experience database that constitutes a major GNF-A asset.

(9) Public disclosure of the information sought to be withheld is likely to cause substantial
harm to GNF-A's competitive position and foreclose or reduce the availability of profit-
making opportunities. The fuel design and licensing methodology is part of GNF-A's
comprehensive BWR safety and technology base, and its commercial value extends beyond
the original development cost. The value of the technology base goes beyond the extensive
physical database and analytical methodology and includes development of the expertise to
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determine and apply the appropriate evaluation process. In addition, the technology base
includes the value derived from providing analyses done with NRC-approved methods.

The research, development, engineering, analytical and NRC review costs comprise a
substantial investment of time and money by GNF-A. The precise value of the expertise to
devise an evaluation process and apply the correct analytical methodology is difficult to
quantify, but it clearly is substantial. GNF-A's competitive advantage will be lost if its
competitors are able to use the results of the GNF-A experience to normalize or verify their
own process or if they are able to claim an equivalent understanding by demonstrating that
they can arrive at the same or similar conclusions.

The value of this information to GNF-A would be lost if the information were disclosed to
the public. Making such information available to competitors without their having been
required to undertake a similar expenditure of resources would unfairly provide competitors
with a windfall, and deprive GNF-A of the opportunity to exercise its competitive
advantage to seek an adequate return on its large investment in developing and obtaining
these very valuable analytical tools.

I declare under penalty of perjury that the foregoing affidavit and the matters stated therein are
true and correct to the best of my knowledge, information, and belief.

Executed on this 2 9 th day of September, 2010.

Phillip D. Ollis
Licensing Engineer, Licensing and Liabilities
Global Nuclear Fuel - Americas LLC
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