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1.0 Introduction and Summary

The Fort Calhoun Station Unit 1 (FCS) is currently operating with a core
consisting of Combustion Engineering (CE) and Advanced Nuclear Fuel (ANF)
14x14 fueled assemblies. For Cycle 14, 52 Westinghouse 14x14 fuel assemblies
containing advanced features will be loaded into the FCS. The Westinghouse
fuel assembly is designed to be compatible with the current CE 14x14 design
and contains several of the Westinghouse advanced design features adapted from
the VANTAGE 5 fuel assembly design, Reference 1. The Westinghouse fuel is
designed to be compatibie with the CE-Fort Calhoun fuel from the stand point
of mechanical, hydraulic and nuclear characteristics,

A brief summary of the Westinghouse design features contained in the
Westinghouse-Fort Calhoun Batch R reload are given below, These features and
figures 11lustrating the Westinghouse-Fort Calhoun reload design are presented
in more detail in Section 2.0.

Reconstitutabie Top Nozzle (RTIN) - A mechanical disconnect feature facilitates

the top nozzle removal and reinstallation.

Extended Burnup Capability - The Westinghouse reload fuel design will be
capable of achieving burnups of ([ 1* MWD/MTU lead rod average)
consistent with typical Westinghouse design and licensing practice.

Integral Fuel Burnable Absorber (IFBA) - The IFBA features a thin boride

coating on the fuel pellet .rface in the central portion of the enriched
UO2 pellet stack to provide power peaking and moderator temperature
coefficient control.

Debris Filter Bottom Nozzle (DFBN) - The bottom nozzle is designed to reduce
the 1ikelihood of debris entering the active fuel region of the core (should
any exist) and thereby, improves fuel performance by minimizing debris related
fuel failures.

Zircaloy Mid-Grids - Westinghouse has adapted its 2ircaley grid technology and
experience, Reference 2, to the CE geometry, including the outer grid strap
anti-snag features.
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Evalyation - An evaluation of interfaces and geometry of
the Westinghouse-Fort Calhoun fuel assembly has been made
and found to be compatible with the mechanical interfacing
features of the Fort Calhoun plant and current fuel,

¢.1.3 Fuel Assembly Shipping and Handling Loads
Design Bases - The design acceleration for fuel assembly
handiing and shipping loads has been set at 6g lateral and
4g axial. Fuel handling acceleration at both the
manufacturing facility and reacter sites has been
determined to be well below the 4g value.
Evaluation - Analyses and tests of the fuel assembly have
been conducted to verify that the effect of 6g lateral
loads and 4g axial loads on the fuel assembly components
are acceptable.

2.1.4 Fuel Assembly Structural Integrity
Design Bases - The fuel assembly design shall ensure that
structural failure will not occur for the severity of
loading expected throughout the 1ife of the fuel. The main
structural concerns are the assurance that gross
distortions of the guide tubes and grids and other
structural components do not interfere with CEA insertion
for core shutdown and that A coolable geometry will be
maintained.
Evalyation - The strength of the guide tubes i1s sufficient
to preclude gross distortion of the guide tubes. The axial
and lateral load tests provide assurance that the
structural strength meets the design requirements.
Considering the distribution of grid impact loads, during a
LOCA, the top two grids were assumed to be deformed. The
flow blockage associated with the deformed grids was taken
into account in the LOCA analysis.
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2.1.5 Fuel Assembly Fluid Dynamics

Design Bases - The spring and dimple support of the fuel
rods must be sufficient to prevent large amplitude
vibration motion of the fuel rods, and therefore, the
potential for accelerated wear of the fuel rod induced by
fluid forces.

Evaluation - Flow testing has been performed to define the
hydraulic characteristics of the fuel assembly and its

respective components. This flow testing coupled with

in-core e«perience of similar grids in fuel assemblies with
greater span lengths and more flexible rods has

demonstrated that the fuel rod support system is sufficient

to assure that clad fretting wear will be within the

allowable design 1imits. The clad wear depth shall be

timited to less than the nominai Westinghouse guideline of

[ 1%% of the cladding wall thickness. (a,c)

2.2 Top Nozzle

Description -~ The top nozzle functions as the upper structura! and
alignment member of the fuel assembly. It is composed of a slotted flow
plate, a 1ifting plate, five guide posts and a 1ifting plate support
spring. The flow plate distributes the flow exiting the fuel assembly
and provides ligaments above each row of fuel rods that prevents upward
motion of the fuel rods above this elevation. The 1ifting plate which is
held in place by the support spring and guide posts, permits 1ifting and
handling of the fuel assembly. The guide posts, which are threaded and
lockwelded to the flow plate, provide alignment and positioning of the
nozzle and fuel assembly with the upper core alignment plate. An
illustration of the top nozzle is shown in Figure 2-2. An adaptation of
the Westinghouse (RTN) joint technology concept is provided to permit
removal of the top nozzle for fuel assembly reconstitution.

4501F/0684F910325:50 6
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Bottom Nozzle

Description - An 11lustration of the Debris Filter Bottom Nozzle
(DFBN) 15 shown on Figure 2-3. The nozzle s fabricated from Type
304 stainless steel.

The OFBN 1s composed of & flow plate upon which five cylindrica)
‘egs are fastened by welding. A coubineu fastening screw and
positioning pin clamps the guide tube ends to the flow plate. A
similar screw without an integral pin is utilized at the center
guide tube location. The fastening and the resulting pin fit-up 1s
shown in Figure 2-6, Because of the screw type fastening and
removal capability, reconstitution 1s also pussible via the bottom
nozzle.

The flow holes on the flow plate are of small diameter to limit the
$12¢ of debris particles flowing into the fuel array. This reduces
the potential for debris related fuel clad fallures.

Alignment pads are provided between the corner legs and the flow
plate allowing greater misalignment to be tolerated without hangup
during refueling operations.

As in the top nozzle, the dimensions and tolerances used in the
pottom nozzle design have been selected to assure satisfactory

alignment and fit with the positioning holes of the lower core

support plate.

Resign Bases - The nozzles must maintain structura) and dimensional
integrity during shipping, handling, and reactor events of
Conditions I, II, III, and IV. For shippi: g and handling, the
nozzles must maintain dimensional stability after experiencing 4g
axial and 6g lateral loads. For Conditions I, II, 111, and 1V, the
nozzles are designed using the ACME Code III a: a guideline for
acceptable stress values and structural integrity.

4501F/0684F910325:50 8
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Evaluation - Functional gaging and analysis has been performed to
demonstrate the precise fit of the bottom nozzle with the lower core
support plate. Prototype nozzles have oeen tested to verify that
the functional structural capabilities of the bottom nozzle have
been met. Analyses and test results have been found to be within
the design 1imits.

Fuel Assembly Grids

Description - Two types of grids are used in the Westinghouse-
Fort Calhoun fuel assembly to provide fuel rod and guide tube
positioning and retention. Incone! grids are used at the top and
bottom of the assembly. 2ircaloy grids are spaced between the
Incone! grids to maintain the lateral position of the fuel rods.
The grids are positioned to be compatible with the current Fort
Calhoun fuel.

Both types of grids are egg-crate type structures assembled from
metal straps. Geometric features are die stamped and formed on the
straps to produce the desired geometries such as springs and
dimples. An fllustration of the grid strap detat s 1s shown on
Figure 2-4. The Inconel straps are fastened together using a
furnace brazing process while the 2ircaloy straps are electron-beam
welded. The outer straps of the grids incorporate anti-snag
features to afd in fuel assembly handiing.

Design Bases - Position Control
The grid assemblies shal) accurately position the fuel rods guide
tubes and instrumentation tube in the fuel assembly.

Evaluation - Grid assemblies of the type used in the Westinghouse-
Fort Calhoun fuel assembly are designed and fabricated according to
well established methods and processes. They have shown by test and
years of in-core e«perience to meet the design requirements,

4501F/0684F910325:50 9
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Design Bases -~ Grid Impact Strength
The Westinghouse-Fort Calhoun grid assemblies must be able to
withstand sefsmic and handling, static and dynamic loads.

Evaluation « Both the Incone! and 2ircaloy~4 Westinghouse-Fort
Calhoun grid designs have been tested to obtain the 95 percent
confidence level on the true mean impact strength. The grid impact
strengths were determined in the unirradiated condition at operating
temperature. Load capability for static conditions were also
determined at room temperature for shipping and handling conditions.

Guide Tubes and Instrument Tube

Rescription ~ The guide tubes and instrument tube are structura)
members which aiso provide channels for the control rods and neutron
sources. The guide tubes in conjunction with the grids and nozzles
constitute the basic fuel assembly structure. They are mechanically
fastened to the grids by locally expanding the guide tube into the
grid sleeves. The top end 1s locally expanded to the top nozzle
Inserts that are retained 'n the top nozzle by lock tubes. The
bottom end fs welded to an internally threaded end plug that accepts
a screw that secures the bottom nozzle. For interface considerations
with control rods and neutron sources the guide tube inner diameter
is the same as the CE guide tube, as shown in Table 1-1,

Resign Bases ~ The guide tubes must maintain structural and
dimensional integrity during shipping and handling and Conditions I,
IT, 111 and IV events. For all loading conditions the guide tubes
are designed using the ASME Code Section III as a guideline for
acceptable stress values and structural integrity.

Evaluation - Analyses and tests have been performed which simulated
the guide tube loads under the defined conditions. The results
confirm that the Code stress criteria have been met.

4501F/0684F910325:50 10
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3.2

3.3

3.4

Rod Internal Pressure

Design Bases - The .nternal pressure of the lead rod in the reactor
will be 1imited to a value below that which could cause (1) the
diametral gap to increase due to outward cladding creep during
steady-state operation, and (2) extensive ONB propogation to occur
during accident conditions.

Evaluation - The rod internal pressure has been evaluated using the
Westinghouse fuel rod design codes, References 5, 6, and design

methodology, Reference 4, and meets the above requirements. Typica)

values for the end-of-11fe rod interna) pressure are [ 1% psi
for the I1FBA rods, and [ )% pst for the non-1FBA rods for lead
rod average burnups up to [ 1* MWD/MTU. Figure 3-) provides
the rod interna)l pressure histories for rod burnups up to

( 1* MKD/MTU.

Clag Strain

Design Ba.es - For steady-state operation, the total tensile creep
strain shall be less than ) percent from the unirradiated
condition. For each transient event the circumferential, elastic
plus plastic (inelastic) total strain shall not exceed a tensile
strain range of 1 percent from the existing steady-state condition.

Evaluation ~ The design has been evaluated using Westinghouse fuel
rod design codes, References 5, 6, and design methodology,
Reference 4, ard meets the above requirements. Typical design
values for the end-of-11fe steady state strains are [ 1%°* for
the IFBA rods and [ 1%' for the non-I1FBA rods. Maximum values
for the transient strain increment are less than [ 11* for both
IFBA and non-1FBA rods.

Clad Stress

Design Bases - The volume average effective stress calculated with
the Von Mises equation considering interference due to uniform

4501F/0684F910325:50 12
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cylindrical pellet-clad contact, caused by pellet thermal expansion,
pellet swelling and uniform clad creep, and pressure differences, is
less than the 0.2 percent offset yleld stress with due consideration
to temperature and irradiation effects under Condition 1 and 1!
events., MWhile the clad has tome capability for accommodating
plastic strain, the yleld stress has been accepted as a conservative
design 1imit,

Evaluation -« The design has been evaluated using Westinghouse fuel
rod design codes, References 5, 6, and design methodology,
Reference 4, and meets the above requirements. Typical clad steady

state and transient stresses are less than | 1% pst and (a,¢)
( 1* ps! respectively for both IFBA and non 1FBA fue! rods (a,¢)
with more than [ 1* pst margin to the design 1imit, (a.c)

3.5 Mad Corrosion

Design Bases - The c¢lad surface temperature (oxide-to-metal
interface) shall not exceed:

1**F for steady-state operation (a,¢)
1**F for short-term transient operation (a,¢)

o o
-

The hydrogen pickup in the Zircaloy-4 cladding and structural
components must not exceed [ 1* ppm at end of 1ife. (a,c)

Evaluation - The design has been evaluated using Westinghouse design
codes, References 5, 6, and design methodology, Reference 4, and

found to meet the design 1imits., For lead rod average burnups up to

( 1% MWD/MTU typical values for the Westinghouse-Fort Calhoun (a,c)
fuel design are: steady-state clad temperature less than [ J1%°F;  (a,¢)
transient clad temperature less than [ 1**F; ¢lad hydrogen pickup (a,c)

less than [ )% ppm; guide tube/grid hydrogen pickup less than (a,c)
(1% ppm and guide tube/grid metal wastage less than [ %%, (a,¢)
4501F/0684F910325:50 13
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Rod Growth

Design Bases - Considering the effects of fuel rod irradiation
growth, guide tube growth, creep and thermal expansion, the net fue)
rod growth must not result in rod contact with both nozzle plates at
the design rod burnup.

Evaluation - The design has been evaluated using Westinghouse fuel
rod design codes, References 5, 6, and design methodology, Reference
4, and found to meet this design requirement. The best estimate LOL
rod-to-nozzle gap value 1s [ 1* inches, for a lead rod burnup

of [ 1* MWD/MTU.

3.10 Fuel Rod Wear

Resign Bases - Fuel rod wear shall be limited to less than the
nominal Westinghouse guideline of [  1*% of the tubing wall
thickness.

Evaluation - Flow testing and in-core experience of fue! assemblies
with greater span lengths and more flexible rods have shown that the
fuel rod support system is sufficient to assure that the ¢lad
fretting wear is within the allowable design 1imit.

Fuel Rod Bow

The behavior of the Westinghouse Fort Calhoun fuel with respect to
rod bow can be projected from Westinghouse 15x15 fuel using the
formula:

2
©W(Fort Calhoun) / TW(Fort Calhoun) , o 3010

2
wasasy 7 wasas)
where.

L = span length

I =« cross sectional moment of inertia
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The current design predicted gap closure (95th percentile worst
span) at 33,000 MAD/MTU for Westinghouse 15x15 fuel is [ 1Y of
the gap between the rods. Burnups greater than 33,000 MWD/MTU need
not be considered, since the fuel is not capable of achieving
1imiting peaking factors due to the decrease in fissionable isotopes
and the buildup of fission product inventory. The reduction in
peaking factors beyond 33,000 MWD/MTU 1s greater than the increase
in the rod bow DNB penalty beyond 33,000 MWD/MTU. Therefore, the
rod bow DNB penalty at 33,000 MHD/MTU 1s the maximum value used in
design.

Thus, the predicted design value for the fraction of gap closure for
the Westinghouse-Fort Calhoun fuel 1s 0.3210 x [ 1Y,

4501F/0684F910325:50 16
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4.0

5.0

Mechanical Testing

The Westinghouse<Fort Calhoun Test Program was divided into fuel assembly
mechanical testing and grid mechanical testing. The fuel assembly and the
related core component mechanical testing was performed consistent with
those used to evaluate the structural fuel assembly features being changed
for Westinghouse to adapt to the Fort Calhoun design. The testing
confirmed that the mechanical design changes associated with the
Westinghouse designed Fort Calhoun fuel assemblies do not significantly
alter the fuel assemblies structural behavior. Grid mechanical testing
was also performed and resulted in grid crush strengths within the
allowable 1imits.

Hydraulic Testing

As part of the verification testing of the Westinghouse-Fort Calhoun fue!
assembly design, full-scale hydraulic flow tests were performed at the
Fuel Assembly Compatability Test System (FACTS) facility in Columbia, S.C.
Testing was conducted on both a Westinghouse-Fort Calhoun assembly and a
CE~Fort Calhoun fuel assembly. The test results indicated that the
overal)l fuel assembly pressure drop was within one-half of a percent of
the current CE fue!l design.

4501F/0684F910325:50 17



6.C Nuclear Design Evaluation

The mechanical design of the Westinghouse-Fort Calhoun fuel assembly has
been evaluated to assess the effect on core neutronic performance. The
mechanical design supports a level of fuel assembly nuclear performance
which will satisfy all appropriate design parameters and nuclear design
criteria.

The nuclear characteristics of the fuel usage within a core design has
been provided as key inputs to the overall mechanical fuel rod design.
Expected fuel rod power histories, bounding fast flux and fluence factors,
plant/cycle specific axial power profiles, peaking factor burndown
behavior and rod power transient 1imits have all been developed for the
Fort Calhoun-Westinghouse fuel assembly. These nuclear design inputs to
the mechanical fuel rod design are listed in the Core Design Addendum to
the Mixed Vendor Core Data List (MVCOL) in Section I1I1. The detailed
nuclear data used in the mechanical fuel rod cesign analysis was provided
to OPPD in W-CNFD letter 91CF*-G-0004 dated January 14, 1991, The nuclear
data was based on a typical equilibrium cycle for Fort Calhoun with
Westinghouse fuel features which bounds all transition cycles. This
“typical" cycle had an approximate cycle length of 13000 MWD/MTU and
loaded 40 fuel assemblies with a 3.60/4.00 w/o U-235 enrichment split

(26 and 14 assemblies respectively). Also, the fuel used enrichment
zoning and 1760 IFBA rods with a 3 mg/in 1inear B-10 loading. The typica)
equilibrium cycle containe? a full core of Westinghouse fuel and satisfied
a design radial peaking factor limit of 1.70.

4501F/0684F910325:50 18
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TABLE 1-1

COMPARISON OF WESTINGHOUSE-FORT CALHOUN FUEL DESIGN PARAMETERS

14x14

(W-Fort Calhoun)

Assembly Insp. envelope (in) 8.250

Assembly length (in)
No. Of fuel! rods/assy
Fuel rod pitch (in)

No. of guide tubes/assy
Guide tube 0D (in)
Guide tube ID (in)
Guide tube material

No. of instrumentation

tubes/assembly
Instru. tube OD (in)
Instru. tube ID (in)
Grid attachment to
skeleton

GRID MATERIAL

Mid grids structural
(7) material
End grids structural
(2) material

146.23

176

0.580

4

1.111

1.035
Annealed 2rd4

]

[
1.035
Bulge at

thimble/instru.

tubes

lr-4

Inconel

GRID INNER STRAP THICKNESS (in)

Mid-grid(s)
End grid(s)

( '
( ]*

GRID OUTER STRAP THICKNESS (in)

Mid grids
End grids

GRID HEIGHT INNER STPAPS (in)

Mid grids
g arie,

4501F/0684F910325:50

( b
( |
[ *
( i
20

ROD_ARRAY
CE

8.250
146,33
176
0.580
4

1.1158
1.035
Annealed 2rd

]

1.115
1.035
Spot
welded

Ir-4

Inconel-Bottom
Ir-4-Top

025
025

033
.033

1.37%
1.375

14x14

Millstone (M.

250
7.24

Yy N
&‘. 1§

[l

8
]
|
0.
4
1.111

1,035
Annealed Zrd

]

15144
1,035
Bulge at
thimble/instru.
tubes

Inconel

Inconel

( J*(a,c
( 1*(a,c)
( I* {§..0)
{ T T)
[ 1* (a,c)
( 1* (a,¢)
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