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CHAPTER 4.0
REACTOR
4.1 SUMMARY DESCRIPTION

This chapter describes: 1) the mechanical components of the reactor and reactor
core, including the fuel rods and fuel assemblies, 2) the nuclear design, and
3) the thermal-hydraulic design.

The reactor core is composed of an array of fuel assemblies that are similar in
mechanical design, but different in fuel enrichment. Within each fuel
assembly, all rods are of the same enrichment. Three different enrichments
were employed in the first core. The enrichments for Cycle 1 at Wolf Creek
were 2.10 (Region 1), 2.60 (Region 2), and 3.10 (Region 3) weight percent. The
average enrichments were increased in subsequent reloads in order to achieve an
eighteen month cycle. This began in Cycle 2 and Cycle 4 was the first eighteen
month cycle. Enrichments up to 5.0 weight percent may be used for reload fuel
when credit is taken for integral fuel burnable absorbers (IFBA) or 4.6 weight
percent without credit of IFBA.

The Westinghouse 17x17 low-parasitic (LOPAR) fuel design was used during cycle
1 and for the fresh fuel loaded in Cycles 2 and 3 as well. Cycle 4 fresh fuel
incorporated the anti-snag grid design into the LOPAR fuel design. Cycle 5
fresh fuel added the reconstitutable top nozzle (RTN) and debris filter bottom
nozzle (DFBN) features to the WCGS fuel design. Cycle 6 fresh fuel
incorporated the low pressure drop Zircaloy mid grid feature as described in
Reference 1. With the incorporation of the Zircaloy mid grids, the WCGS fuel
design changed from the LOPAR design to the Westinghouse VANTAGE 5H (V5H) fuel
design. Cycle 7 fresh fuel incorporated the Zircaloy Intermediate Mixing Vane
Grids (IFM), as described in Reference 1, to provide additional coolant mixing
in the upper fuel regions. An Inconel Protective Bottom Grid (PBG) was added
to Cycle 8 fresh fuel to provide an additional debris barrier and increased

fretting resistance. Cycle 9 fresh fuel incorporated the Integral Fuel
Burnable Absorber (IFBA) design, as described in Reference 1, as an alternative
to discrete burnable absorbers. Cycle 10 fresh fuel incorporated fully

enriched annular axial blankets and the use of Zirlo™ as the material for the
manufacture of the fuel clad, guide thimble and instrumentation tubes, mid

grids, and IFM grids. With the incorporation of the Zirlo™ material, the WCGS
fuel design changed to the Westinghouse VANTAGE 5H with Performance + features
(V5H P+) fuel design. The V5H P+ design is the .374” outside diameter rod
equivalent to the VANTAGE+ design discussed in Reference 2. The Cycle 10 fresh
fuel also included 8 demonstration assemblies of the Robust Fuel Assembly (RFA)
design. The differences between the V5H P+ design and the RFA design are
discussed in Reference 4. The Cycle 12 fresh fuel incorporated a revised rod
design that increases the void volume available in the fuel rod and is referred
to as the low rod internal pressure fuel rod design. The low rod internal
pressure fuel rod design is discussed in Reference 5. With the incorporation
of the low rod internal pressure fuel rod design the WCGS fuel design changed
to the Westinghouse VANTAGE 5H with Performance + features, Zirlo +2

(V5H P+2*?) fuel design.

The Cycle 13 fresh fuel incorporated the features of the Robust Fuel Assembly
design, including modified mid-grids, modified IFM grids, and thicker wall
guide thimble and instrument tubes, into the V5H p+7*? design. With the
incorporation of these features the WCGS fuel design changed to the
Westinghouse Standard Fuel Rod Robust Fuel Assembly Zirlo'” (STD RFA Z*? or RFA
z*?) design. The Cycle 13 fresh fuel also included 4 demonstration assemblies
that incorporated the RFA-2 mid-grid design and the Integral Clamp Top Nozzle
(ICTN) design. The RFA-2 mid-grid is an improved mid-grid that provides
increased margin for fretting wear, while maintaining the RFA mid-grids

4.1-1 Rev. 16




WOLF CREEK

performance in other areas such as DNB and pressure drop. The key difference
between the RFA and RFA-2 mid-grid design is the increased spring and dimple
contact area with the fuel rod. The complete discussion of the differences
between the modified mid-grid used in the RFA Z*2 design and RFA-2 mid-grid is
contained in Reference 6. The ICTN includes a modified top nozzle casting that
includes the spring clamps. The springs are located with pins that are welded
in place (to the integral clamp) but do not react to the spring force. The
ICTN design eliminates the potential for the fracture of the hold down spring
screws by the removal of the spring screws in the ICTIN design. The
modification increases the fuel assembly integrity and eliminates the potential
for loose parts from fractured spring screws entering the RCS during normal
operations or during fuel movement during refueling outages. The features of
the Integral Clamp Top Nozzle are discussed in Reference 7.

The Cycle 14 fresh fuel incorporated the features of the 17x17 RFA-2 (second
generation Robust Fuel Assembly) design, including modified mid-grids, modified
IFM grids, and thicker wall guide thimble and instrument tubes. The RFA-2
design is identical to the RFA design except for the mid-grid. The key
difference between the RFA and RFA-2 mid-grid design is the increased spring
and dimple contact area with the fuel rod. There is no change to the fuel
assembly length, envelope or fuel rod design relative to the RFA design. The
RFA-2 mid-grid is an improved mid-grid that provides increased margin for
fretting wear while maintaining the RFA mid-grids performance in others areas
such as DNB and pressure drop. The complete discussion of the differences
between the RFA-2 Z*? modified mid-grid design and the RFA-2 Z*? mid-grid design
is contained in Reference 6.

The Cycle 16 fresh fuel incorporates the Westinghouse Integral Nozzle (WIN) top
nozzle and a Performance+ feature of fuel rod oxide coating. The WIN top nozzle
was previously known as the Integral Clamp Top Nozzle (ICTN) and was introduced
in four demonstration assemblies in Cycle 13. The features of the WIN top
nozzle are discussed in Reference 8. The fuel rod has an oxide coating at the
bottom end of the fuel rod. The extra layer of oxide coating provides
additional debris induced rod fretting wear protection. The features of the
fuel rod oxide coating are discussed in Reference 9.

The Cycle 21 fresh fuel incorporates a Standardized Debris Filter Bottom Nozzle
(SDFBN) and a Robust Protective Grid. The Robust Protective Grid is provided
as part of the Combination Grid which also included the bottom grid. This
change will impact the location of the Protective Grid centerline in relation
to the bottom of the fuel stack and the elevation of the Protective Grid to the
bottom of the bottom nozzle. The SDFBN evaluation is discussed in Reference 10
and later in Section 4.2.2.2.1. The Robust Protective Grid is discussed in
Reference 11 and Section 4.2.2.2.4.

Starting with Cycle 23 ZIRLO™ High Performance Fuel Optimized Cladding
material will be utilized to contain the slightly enriched uranium dioxide
fuel. The Optimized ZIRLO Cladding material is further described in Reference
12.

The core may consist of any combination of LOPAR, VS5SH, V5H P+, RFA, VSH P+ Z*2,
RFA Z*2 and RFA-2 Z*? fuel assemblies as described in Subsection 4.2.2. The
fuel is arranged in a checkered low-leakage pattern.

A fuel assembly is composed of 264 fuel rods in a 17 x 17 square array, except
that limited substitution of filler rods for fuel rods may be made (Reference

3). The center position in the fuel assembly is reserved for incore
instrumentation. The additional 24 positions in the fuel assembly have guide
thimbles for the rod cluster control assemblies (RCCAs). The guide thimbles

are joined to the bottom nozzles of the fuel assembly and also serve to support
the fuel grids. The fuel grids consist of an "egg-crate" arrangement of
interlocked straps that maintain lateral spacing between the rods. The straps
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have spring fingers and dimples which grip and support the fuel rods. The
grids also have coolant-mixing vanes. The fuel rods consist of slightly
enriched uranium, in the form of cylindrical pellets of uranium dioxide,

contained in Zircaloy-4/Zirlo™ tubing. The tubing is plugged and seal-welded
at the ends to encapsulate the fuel. All fuel rods are pressurized internally
with helium during fabrication to reduce clad creepdown during operation and
thereby to increase fatigue life.

Depending on the position of the assembly in the core, the guide thimbles are
used for rod cluster control assemblies (RCCAs), neutron source assemblies, or
burnable absorber assemblies. If none of these are required, the guide
thimbles may be fitted with plugging devices to limit bypass flow.

The bottom nozzle is a box-like structure which serves as the lower structural
element of the fuel assembly and directs the coolant flow distribution to the
assembly. The top nozzle assembly serves as the upper structural element of
the fuel assembly and provides a partial protective housing for the RCCA or
other components.

The RCCAs consist of 24 absorber rods fastened at the top end to a common hub
or spider assembly. Each absorber rod consists of either all hafnium or an
alloy of silver-indium-cadmium clad in stainless steel. The RCCAs are used to
control relatively rapid changes in reactivity and to control the axial power
distribution.

The reactor core is cooled and moderated by light water at a pressure of 2250
psia. Soluble boron in the moderator/coolant serves as a neutron absorber.
The concentration of boron is varied to control reactivity changes that occur
relatively slowly, including the effects of fuel burnup and transient xenon.
Burnable absorber rods were also employed in the first core and subsequent
reloads to limit the amount of soluble boron regquired and thereby maintain the
desired range of reactivity coefficients. Either the borosilicate glass
burnable absorber, the Wet Annular Burnable Absorber (WABA), or the Integral
Fuel Burnable Absorber (IFBA) are included in subsequent reloads.

The nuclear design analyses established the core locations for control rods and
burnable absorbers and define design parameters, such as fuel enrichments and
boron concentration in the coolant. The nuclear design analyses established
that the reactor core and the reactor control system satisfy all design
criteria, even if the highest reactivity worth RCCA is in the fully withdrawn
position. The core has inherent stability against diametral and azimuthal
power oscillations. Axial power oscillations which may be induced by load
changes and resultant transient xenon may be suppressed by the use of the
control rods (RCCAs).

The thermal-hydraulic design analyses established that adequate heat transfer
is provided between the fuel clad and the reactor coolant. The thermal design
takes into account local variations in dimensions, power generation, flow
distribution, and mixing. The mixing vanes incorporated in the fuel assembly
spacer grid design induce additional flow-mixing between the various flow
channels within a fuel assembly as well as between adjacent assemblies.

The performance of the core is monitored by fixed neutron detectors outside of
the core, movable neutron detectors within the core, and thermocouples at the
outlet of selected fuel assemblies. The ex-core nuclear instrumentation
provides input to automatic control functions.

Table 4.1-1 presents the principal nuclear, thermal-hydraulic, and mechanical
design parameters of WCGS.

The analytical techniques employed in the core design are tabulated in Table
4.1-2. The mechanical loading conditions considered for the core internals and
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components are tabulated in Table 4.1-3. Specific or limiting loads considered
for design purposes of the various components are listed as follows: fuel
assemblies in Section 4.2.1.5 and neutron absorber rods, burnable absorber
rods, neutron source rods, and thimble plug devices in Section 4.2.1.6. The
dynamic analyses, input forcing functions, and response loadings are presented
in Section 3.9 (N).
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TABLE 4.1-1

REACTOR DESIGN TABLE

Thermal and Hydraulic Design Parameters

Reactor core heat output, MWt
Reactor core heat output, 10 Btu/hr
Heat generated in fuel, %
System pressure, nominal, psia

System pressure, minimum steady state, psia

Minimum departure from nucleate boiling ratio for
design transients

DNB correlation

Coolant Flow

8.

9.

Total thermal flow rate, gpm

Effective flow rate for heat transfer, gpm
(6.61% bypass flow assumed)

WCGS

3,565
12,480
97.4
2,250
2,220

1.76 (WRB-2)
1.30 (W-3)

WRB-2 or W-3

361,296

337,414

Rev. 10
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TABLE 4.1-1 (Sheet 2)

Thermal and Hydraulic Design Parameters WCGS

Coolant Flow (Continued)

10.

11.

12.

13.

14.

15.

16.

17.

Heat

18.

19.

20.

21.

Effective flow area for heat transfer, ft2 51.3
Average velocity along fuel rods, ft/sec 14.7
Average mass velocity, 100 lbm/hr—ft2 2.31
Nominal inlet, F 553.7
Average rise in vessel, F 65.6
Average rise in core, F 68.6
Average in core, F 588.0
Average in vessel, F 586.5
Transfer

Active heat transfer, surface area, ft2 59,742
Average heat flux, Btu/hr-ft? 198,340
Maximum heat flux for normal operation,

Btu/hr-ft2 460,100
Average linear power, kW/ft 5.68

Rev.
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TABLE 4.1-1 (Sheet 3)

Thermal and Hydraulic Design Parameters WCGS

Heat Transfer (Continued)

22. Peak linear power for normal operation, kW/ft 14.48
23. Peak linear power resulting from overpower

transients/operator errors, assuming a maxi-

mum overpower of 118%, kW/ft 21.8°
24. Heat flux hot channel factor, FQ 2.50"
25. Peak fuel control temperature at peak linear

power for prevention of centerline melt, F 4,700

Core Mechanical Design Parameters

26. Number of fuel assemblies 193
27. Designs RCC RCC RCC RCC RCC RCC RCC
canless canless canless canless canless canless canless
17 X 17 17 X 17 17 X 17 17 X 17 17 x 17 17 x 17 17 x 17
LOPAR V5H V5H V5H V5H P+ V5H P+ RFA z*?
w/IFM w/IFM & z*? and RFA-2
PBG z*?
28_ UO2 rods per assembly 264 264 264 264 264 264 264
29, Rod pitch, in. 0.496 0.496 0.496 0.496 0.496 0.496 0.496
30. Overall dimensions, in. 8.426 x  8.426 x  8.426 x  8.426 x  8.426 x  8.426 x 8.426 x
8.426 8.426 8.426 8.426 8.426 8.426 8.426
31_ Fuel welght, as UOZ’ lb per assembly 1154 1154 1154 1149 1132 1138 1138
(typical)

Rev. 21



TABLE 4.1-1 (Sheet 4)
Core Mechanical Design Parameters
32. Zircaloy-4, Zirlo, or Optimized 264 270 275 278 275 274
ZIRLO cladding weight, 1lb per
assembly (Approx.)
33. Number of grids per assembly See Note 1 See Note 2 See Note 3 See Note 4 See Note 5 See Note 5
34 Loading technique 3 3 3 3 3 3
Region Region Region Region Region Region
Nonuniform Nonuniform Nonuniform Nonuniform Nonuniform Nonuniform
Note 1 8 Total Grids, 1 Inconel Top Grid, 6 Inconel Mid Grids, 1 Inconel Bottom Grid
Note 2 8 Total Grids, 1 Inconel Top Grid, 6 Zircaloy Mid Grids, 1 Inconel Bottom Grid
Note 3 11 Total Grids, 1 Inconel Top Grid, 6 Zircaloy Mid Grids, 3 Zircaloy IFM Grids, 1 Inconel Bottom
Note 4 12 Total Grids, 1 Inconel Top Grid, 6 Zircaloy Mid Grids, 3 Zircaloy IFM Grids, 1 Inconel Bottom
1 Inconel Protective Bottom Grid
Note 5 12 Total, 1 Inconel Top Grid, 6 Zirlo™ Mid Grids, 3 Zirlo™ Intermediate Flow Mixing Grids,
1 Inconel Bottom Grid, 1 Inconel Protective Bottom Grid or 1 Robust Protective Bottom Grid
Fuel Rods
35. Total Number of Fuel Rods in the core 50,952
36. Outside diameter, in. 0.374 0.374 0.374 0.374 0.374 0.374
37. Diametral gap, in. 0.0065 0.0065 0.0065 0.0065 0.0065 0.0065
38. Clad thickness, in. 0.0225 0.0225 0.0225 0.0225 0.0225 0.0225
39. Clad material Zircaloy-4 Zircaloy-4 Zircaloy-4 Zircaloy-4 gzirlo™ Zirlo™
Fuel Pellets
40. Material U0,
sintered
41. Density % of theoretical 95
42, Diameter, in. 0.3225

WOLF CREEK

Rev.
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See Note 5
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Region
Nonuniform

Grid
Grid,

0.374
0.0065
0.0225

Zirlo or

Optimized
ZIRLO
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TABLE 4.1-1 (Sheet 5)

Core Mechanical Design Parameters WCGS

Fuel Pellets
43. Length, in (range) 0.372 - 0.530
44, Fuel Enrichment, Weight Percent (range) 2.1 - 5.0
45. Deleted

Rod Cluster Control Assemblies

46. Number of clusters,

full length / part length 53 / -
47. Neutron absorber
Full length, Hafnium
48. Cladding Material Type 304
SS-cold worked
49. Clad thicknesses, in 0.0185
50. Number of absorber rods per cluster 24

Ag-In-Cd

Type 304
SS-cold worked

0.0185

24

Rev. 14



Core Mechanical Design Parameters

Core structure
51. Core barrel, I.D./0.D., in.

52. Thermal shield

WOLF CREEK

TABLE 4.1-1 (Sheet 6)

WCGS

148.0/152.5

Neutron pad

design
53. Baffle thickness, in. 0.88
Structure Characteristics
54, Core diameter, equivalent, in. 132.7
55. Core height, active fuel, in. 143.7
Reflector Thickness and Composition
56. Top, water plus steel, in. ~10
57. Bottom, water plus steel, in. ~10
58. Side, water plus steel, in. ~15
59. Hp0/U molecular ratio core, 2.41
lattice, cold
Notes:
(a) See Section 4.3.2.2.6.
(b) This is the value of F? for normal operation.
(c) Limited substitution of filler rods for fuel rods is allowed.

Rev.
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10.

11.

12.

13.

14.

15.

16.

WOLF CREEK

TABLE 4.1-3

DESIGN LOADING CONDITIONS FOR REACTOR CORE COMPONENTS

Fuel assembly weight

Fuel assembly spring forces

Internals weight

Control rod trip (equivalent static load)
Differential pressure

Spring preloads

Coolant flow forces (static)

Temperature gradients

Differences in thermal expansion

a. Due to temperature differences

b. Due to expansion of different materials
Interference between components

Vibration (mechanically or hydraulically induced)
One or more loops out of service

All operational transients listed in Table 3.9(N)-1
Pump overspeed

Seismic loads (Operating Basis Earthquake and Safe Shutdown
Earthquake)

Blowdown forces (due to cold and hot leg break)

Rev.
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4.2 FUEL SYSTEM DESIGN

The plant design conditions are divided into four categories in accordance with
their anticipated frequency of occurrence and risk to the public: Condition I
- Normal Operation; Condition II - Incidents of Moderate Frequency; Condition
IIT - Infrequent Incidents; and Condition IV - Limiting Faults. Chapter 15.0
describes bases and plant operation and events involving each condition.

The reactor is designed so that its components meet the following performance
and safety criteria:

a. The mechanical design of the reactor core components and
their physical arrangement, together with corrective
actions of the reactor control, protection, and emergency
cooling systems (when applicable) ensure that:

1. Fuel damage* is not expected during Condition I and
Condition II events. It is not possible, however, to
preclude a very small number of rod failures. These
are within the capability of the plant cleanup system
and are consistent with plant design bases.

2. The reactor can be brought to a safe state following
a Condition III event with only a small fraction of
fuel rods damaged** although sufficient fuel damage
might occur to preclude immediate resumption of
operation.

3. The reactor can be brought to a safe state and the
core can be kept subcritical with acceptable heat
transfer geometry following transients arising from
Condition IV events.

b. The fuel assemblies are designed to withstand loads
induced during shipping, handling, and core loading
without exceeding the criteria of Section 4.2.1.5.

c. The fuel assemblies are designed to accept control rod
insertions in order to provide the required reactivity
control for power operations and reactivity shutdown
conditions (if in such locations).

* Fuel damage as used here is defined as penetration of the
fission product barrier (i.e., the fuel rod clad).

** In any case, the fraction of fuel rods damaged must be
limited so as to meet the dose guideline of 10 CFR 100.

4.2-1 Rev. 12
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All fuel assemblies have provisions for the insertion of
incore instrumentation necessary for plant operation.

The reactor internals, in conjunction with the fuel
assemblies and incore control components, direct reactor
coolant through the core. This achieves acceptable flow
distribution and restricts bypass flow so that the heat
transfer performance requirements can be met for all
modes of operation.

DESIGN BASES

The fuel rod and fuel assembly design bases are established to satisfy the

general

performance and safety criteria presented in this section.

Design values for the properties of the materials which comprise the fuel rod,
fuel assembly, and incore control components are given in Reference 2 for
Zircaloy clad fuel, Reference 20 for ZIRLO clad fuel, and Reference 28 for
Optimized ZIRLO clad fuel. Other supplementary fuel design criteria/limits are
given in References 21, 27 and 28.

4.2.1.1

a.

Cladding
Material and Mechanical Properties

Zircaloy-4, ZIRLO cladding, and Optimized ZIRLO cladding combines
neutron economy (low absorption cross-section); high corrosion
resistance to coolant, fuel, and fission products; and high strength
and ductility at operating temperatures. Reference 1, 20, and 29
document documents the operating experience with Zircaloy-4 Zirlo
cladding, and Optimized ZIRLO cladding as a clad material.
Information on the mechanical properties of the cladding is given in
References 2, 20 and 28 with due consideration of temperature and
irradiation effects.

Stress-strain limits
1. Clad stress

The von Mises criterion is used to calculate the effective
stresses. The cladding stresses under Condition I and II events
are less than the Zircaloy 0.2% offset yield stress, with due
consideration of temperature and irradiation effects. While the
cladding has some capability for accommodating plastic strain,
the yield stress has been accepted as a conservative design
basis.

2. Clad tensile strain
The total tensile creep strain is less than 1% from the
unirradiated condition. The elastic tensile strain during a

transient is less than 1% from the pretransient value. This
limit is consistent with proven practice.

4.2-2 Rev. 32
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c.Vibration and fatigue
1. Strain fatigue

The cumulative strain fatigue cycles are less than
the design strain fatigue life. This basis is
consistent with proven practice. (Ref. 1).

2. Vibration

Potential fretting wear due to vibration is
prevented, ensuring that the stress-strain limits are
not exceeded during design life. Fretting of the
clad surface can occur due to flow-induced vibration
between the fuel rods and fuel assembly grid

springs. Vibration and fretting forces vary during
the fuel life due to clad diameter creepdown combined
with grid spring relaxation.

d. Chemical properties
Chemical properties of the cladding are discussed in
Reference 2 for Zircaloy, Reference 20 for ZIRLO

cladding, and Reference 28 for Optimized ZIRLO cladding.

4.2.1.2 Fuel Material

a. Thermal-physical properties

The thermal-physical properties of U0, are described in Reference 2
with due consideration of temperature and irradiation effects.

Fuel pellet temperatures - The center temperature of the
hottest pellet is below the melting temperature of the
UO; [melting point of 5080 °F (Ref. 3) unirradiated and
decreasing by 58°F per 10,000 MWD/MTU]. While a limited
amount of center melting can be tolerated, the design
conservatively precludes center melting. A calculated
fuel centerline temperature of 4700°F has been selected
as an overpower limit to ensure no fuel melting. This
provides sufficient margin for uncertainties, as
described in Section 4.4.2.9.

The normal design density of the fuel is 95 percent of
theoretical. Additional information on fuel properties
is given in Reference 2.

b. Fuel densification and fission product swelling

The design bases and models used for fuel densification
and swelling are provided in Reference 18.

c. Chemical properties
Reference 2 provides the justification that no adverse

chemical interactions occur between the fuel and its
adjacent material.

4.2-3 Rev. 32
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4.2.1.3 Fuel Rod Performance

The detailed fuel rod design establishes such parameters as pellet size and
density, cladding-pellet diametral gap, gas plenum size, and helium pre-
pressurization level. The design also considers the effects such as fuel
density changes, fission gas release, cladding creep, and other physical
properties which vary with burnup. The integrity of the fuel rods is ensured
by designing to prevent excessive fuel temperatures, excessive internal rod gas
pressures due to fission gas releases, and excessive cladding stresses and

strains. This is achieved by designing the fuel rods to satisfy the
conservative design bases in the following subsections during Condition I and
Condition II events over the fuel lifetime. For each design basis, the

performance of the limiting fuel rod must not exceed the limits specified.
a. Fuel rod models

The basic fuel rod models and the ability to predict
operating characteristics are given in References 17, 18, 27,
and Section 4.2.3.

b. Mechanical design limits

Fuel rod design methodology has been introduced that reduces the
densification power spike factor to 1.0 and Reference 19 demonstrates
that clad flattening will not occur in Westinghouse fuel designs.

The rod internal gas pressure remains below the value

which causes the fuel/clad diametral gap to increase due

to outward cladding creep during steady state operation.

Rod pressure is also limited so that extensive departure

from nucleate boiling (DNB) propagation does not occur

during normal operation and any accident event. (Reference 7).

4.2.1.4 Spacer Grids

a. Mechanical limits and material properties

The grid component strength criteria are based on

experimental tests. The limit is established at the lower
95%confidence on the true mean crush strength.

This limit is sufficient to ensure that under worst-case
combined seismic and blowdown loads from a Condition III and IV,
loss-of-coolant accident, the core will maintain a geometry
amenable to cooling. As an integral part of the fuel

assembly structure, the grids satisfy the applicable fuel
assembly design bases and limits defined in Section

4.2.1.5.

The grid material and chemical properties are given in
Reference 2 for Zircaloy-4 and Reference 20 for Zirlo™.

4.2-4 Rev. 18
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Vibration and fatigue
The grids provide sufficient fuel rod support to limit
fuel rod vibration and maintain clad fretting wear to

within acceptable limits (defined in Section 4.2.1.1).

Fuel Assembly

Structural design

Integrity of the fuel assembly structure is ensured by setting design
limits on potential stresses and deformations due to various loads and
by preventing the assembly structure from interfering with the

functioning of other components. Three types of loads are considered.

1. Non-operational loads such as those due to shipping and handling.

2. Normal and abnormal loads which are defined for Conditions I and
IT.

3. Abnormal loads which are defined for Conditions III and IV.

These limits are applied to the design and evaluation of the top and
bottom nozzles, guide thimbles, grids, and the thimble joints.

The design bases for evaluating the structural integrity
of the fuel assemblies are:

1. Nonoperational - 4 g axial and 6 g lateral loading
with dimensional stability.

2. For the normal operating and upset conditions, the
fuel assembly component structural design criteria
are established for the two primary material
categories, namely austenitic steels and Zirconium Alloys.
The stress categories and strength theory presented
in the ASME Boiler and Pressure Vessel Code, Section
ITI, are used as a general guide. The maximum shear-
theory (Tresca criterion) for combined stresses is
used to determine the stress intensities for the
austenitic steel components. The stress intensity is
defined as the numerically largest difference between
the various principal stresses in a three-dimensional
field. The allowable stress intensity value for
austenitic steels, such as nickel-chromium-iron
alloys, is given by the lowest of the following:

(a) One-third of the specified minimum tensile
strength or 2/3 of the specified minimum yield
strength at room temperature;

(b) One-third of the tensile strength or 90 percent
of the yield strength at temperature but not to
exceed 2/3 of the specified minimum yield
strength at room temperature.

4.2-5 Rev. 15
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The stress limits for the austenitic steel
components are given below. All stress
nomenclature is per the ASME Code, Section III.

Stress Intensity Limits

Categories Limit

General primary membrane Sm
stress intensity

Local primary membrane 1.5 Sm
stress intensity

Primary membrane plus bending 1.5 Sm
stress intensity

Total primary plus secondary 3.0 Sm
stress intensity

The Zircaloy, Zirlo, and Optimized ZIRLO structural components,
which consist of guide thimbles, fuel tubes, and mixing grids
are in turn subdivided into two categories because of material
differences and functional requirements. The fuel tube design
criteria are covered separately in Section 4.2.1.1. The
maximum shear theory is used to evaluate the guide thimble

design. For conservative purposes, the Zircaloy and Zirlo™
unirradiated properties are used to define the stress limits.

(c) Abnormal loads during Condition III or IV -
worst cases represented by combined seismic and
blowdown loads.

1. Deflections or failures of components cannot
interfere with the reactor shutdown or
emergency cooling of the fuel rods.

2. The fuel assembly structural component
stresses under faulted conditions are
evaluated using primarily the methods
outlined in Appendix F of the ASME Code,
Section III. Since the current analytical
methods utilize elastic analysis, the stress
allowables are defined as the smaller value
of 2.4 Sm or 0.70 Su for primary membrane and
3.6 Sm or 1.05 Su for primary membrane, plus
primary bending. For the austenitic steel
fuel assembly components, the stress
intensity is defined in accordance with the
rules described in the previous section for
normal operating conditions. For the
Zircaloy and Zirlo™ components, the stress intensity,
Sm, 1s set as the smaller value of 2/3 of the material
yield strength, Sy, or 1/3 of the ultimate strength, Su,
at reactor operating temperature. This results in Zircaloy

and Zirlo™ gtress limits being the smaller of 1.6 Sy or 0.70
Su for primary membrane and 2.4 Sy or 1.05 Su for primary

membrane plus bending. For conservative purposes, the

Zircaloy and Zirlo™ unirradiated properties are used to
define the stress limits.

4.2-6 Rev. 32
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The material and chemical properties of the
fuel assembly components are given in
Reference 2 for Zircaloy-4 and Reference 20 for

Zirlo™,
3. Thermal-hydraulic design

This topic is discussed in Section 4.4.

4.2.1.6 1Incore Control Components

The control components are subdivided into permanent and temporary devices.

The permanent type components are the rod cluster control assemblies, secondary
neutron source assemblies, and thimble plug devices. The temporary components

are the burnable absorber assemblies and the primary neutron source assemblies,
which are normally used only in the initial core.

Materials are selected for compatibility in a pressurized water reactor
environment, for adequate mechanical properties at room and operating
temperature, for resistance to adverse property changes in a radioactive
environment, and for compatibility with interfacing components. Material
properties are given in Reference 2.

The design bases for each of the mentioned components are given in the
following subsections.

a. Control (neutron absorber) rods

Design conditions which are considered under Article NB-
3000 of the ASME Code, Section III are as follows:

1. External pressure equal to the reactor coolant system
operating pressure with appropriate allowance for

overpressure transients

2. Wear allowance equivalent to 1,000 reactor trips

3. Bending of the rod due to a misalignment in the guide
tube

4. Forces imposed on the rods during rod drop

5. Loads imposed by the control rod drive mechanism

6. Radiation exposure during maximum core life

The control rod cladding is cold drawn Type 304
stainless steel tubing. The stress intensity limit,
Sm, for this material is defined as 2/3 of the 0.2
percent offset yield stress.

The absorber materigl temperature does not exceed its
melting temperature
7. Temperature effects at operating conditions
*

The melting point basis is determined by the nominal material
melting point minus uncertainty.

4.2-7 Rev. 18
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Burnable absorber rods (standard and WABA)

The cladding for burnable absorber rods is designed as a

Class 1 component under Article NB-3000 of the ASME Code,
Section III, 1973 for Conditions I and II. For abnormal

loads during Conditions III and IV, code stresses are not
considered limiting. Failures of the burnable absorber

rods during conditions III and IV do not interfere with reactor
shutdown or cooling of the fuel rods.

The burnable absorber material is nonstructural. The
structural elements of the burnable absorber rod are
designed to maintain the absorber geometry even if the
absorber material is fractured. In addition, the
structural elements are designed to prevent excessive
slumping. The standard burnable absorber material is
borosilicate glass and is designed so that the absorber
material is below its softening temperature (1510 °F

+ 18 °F for reference 12.5 w/o boron rod). The

softening temperature for borosilicate glass is defined
in ASTM C 338.

The wet annular burnable absorber (WABA) material is B,C
contained in an Alumina matrix. Thermal-physical and gas
release properties of Al;,03-B4C are described in
reference 8. The WABA rods are designed so that the
absorber temperature does not exceed 1200 °F during

normal operation or an overpower transient. The 1200 °F
maximum temperature He gas release in a WABA rod
will not exceed 30% (reference 8).

Neutron source rods

The neutron source rods are designed to withstand the
following:

1. The external pressure equal to the reactor coolant
system operating pressure with appropriate allowance

for overpressure transients, and

2. An internal pressure equal to the pressure generated
by released gases over the source rod life

4.2-8 Rev. 18
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d.Thimble plug device
The thimble plug device may be used to restrict bypass
flow through those thimbles not occupied by absorber,

source, or burnable absorber rods.

The thimble plug devices satisfy the following
criteria:

1. Accommodate the differential thermal expansion
between the fuel assembly and the core internals

2. Maintain positive contact with the fuel assembly and
the core internals

3. Limit the flow through each occupied thimble to an
acceptable design value

4.2.1.7 Surveillance Program

Section 4.2.4.5 and Sections 8 and 23 of Reference 9 discuss the testing and
fuel surveillance operational experience program that has been and is being
conducted to verify the adequacy of the fuel performance and design bases.
Fuel surveillance and testing results, as they become available, are used to
improve fuel rod design and manufacturing processes and ensure that the design
bases and safety criteria are satisfied.

4.2.2 DESIGN DESCRIPTION

The fuel assembly, fuel rod, and incore control component design data are given
in Table 4.3-1.

Each fuel assembly consists of 264 fuel rods, 24 guide thimble tubes, and one
instrumentation thimble tube arranged within a supporting structure. Limited
substitution of filler rods for fuel rods may be made. The instrumentation
thimble is located in the center position and provides a channel for insertion
of an incore neutron detector, if the fuel assembly is located in an
instrumented core position. The guide thimbles provide channels for insertion
of either a rod cluster control assembly, a neutron source assembly, a burnable
absorber assembly, or a thimble plug device, depending on the position of the
particular fuel assembly in the core. Figures 4.2-1 and 4.2-1la show a cross-
section of typical fuel assembly arrays, and Figures 4.2-2, 4.2-2a, 4.2-2Db,
4.2-2c, 4.2-2d, 4.2-2e and 4.2-2f show a fuel assembly full-length view. The
fuel rods are loaded into the fuel assembly structure so that there is
clearance between the fuel rod ends and the top and bottom nozzles.

Fuel assemblies are installed vertically in the reactor vessel and stand
upright on the lower core plate, which is fitted with alignment pins to locate
and orient each assembly. After all fuel assemblies are set in place, the
upper support structure is installed. Alignment pins, built into the upper
core plate, engage and locate the upper ends of the fuel assemblies. The upper
core plate then bears downward against the holddown springs on the top nozzle
of each fuel assembly to hold the fuel assemblies in place.
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The V5H P+ assembly skeleton is identical to V5H except for those modifications
necessary to accommodate the intended fuel operation to higher burnups. The

modifications consist of the use of Zirlo™ guide thimbles and small skeleton
dimensional alterations to provide additional fuel assembly and rod growth
space at the extended burnup levels. The V5H P+ fuel assembly is shorter than
the V5H fuel assembly. The grid centerline elevations of the V5H P+ are
identical to those of the V5H fuel assembly, except for the top grid. The V5H
P+ top grid has been lowered. However, since the V5H P+ fuel is intended to
replace the V5H fuel, the V5H P+ exterior assembly envelope is equivalent in
design dimensions, and the functional interface with the reactor internals is
also equivalent to those of previous Westinghouse fuel designs. Also, the V5H
P+ fuel assembly is designed to be mechanically and hydraulically compatible
with the V5H fuel assembly. The same functional requirements and design
criteria as previously established for the Westinghouse V5H fuel assembly
remains valid for the V5H P+ fuel assembly. Figure 4.2-2c shows a full-length
view of the V5H P+ fuel assembly design. A comparison between Figure 4.2-2Db
and Figure 4.2-2c details the small skeleton dimensional alterations mentioned
above.

The V5H P+Z*2 assembly skeleton is similar to that previously described for V5H
P+ except for those modifications necessary to accommodate the low rod internal
pressure design and incorporation of a “cast” top nozzle design. The
modifications consist of the use of longer Zirlo™ guide thimbles and
instrument tube and repositioning of the top grid. The V5H P+Z*2 fuel assembly
is taller than the V5H P+ fuel assembly and the same height as the V5H fuel
assembly. Operational experience with the ZIRLO™ material has shown that the
growth characteristics of ZIRLO™ do not require the shorter skeleton design
used with the V5H P+ fuel assembly. The additional height of the VSH P+Z*?
fuel assembly skeleton allows the incorporation of fuel rod design
modifications to accrue rod internal pressure benefits (low rod internal
pressure rod design). The grid centerline elevations of the VSH P+Z*2? are
identical to those of the V5H fuel assembly (all grids) and V5H P+ fuel
assembly except for the top grid. Since the V5H P+Z*? fuel is intended to
replace the V5H and VSH P+ fuel, the V5H P+Z*? exterior assembly envelope is
equivalent in design dimensions, and the functional interface with the reactor
internals is also equivalent to those of previous Westinghouse fuel designs.
Also, the V5H P+Z*? fuel assembly is designed to be mechanically and
hydraulically compatible with the V5H and V5H P+ fuel assembly. The same
functional requirements and design criteria as previously established for the
Westinghouse VS5H and V5H P+ fuel assemblies remains valid for the V5H P+Z*2
fuel assembly. Figure 4.2-2d shows a full-length view of the V5H P+Z*? fuel
assembly design. A comparison between Figure 4.2-2c and Figure 4.2-2d details
the alterations mentioned above.

The RFA Z*? assembly skeleton is similar to that previously described for the
V5H P* Z*2 except for those modifications made to accommodate a modified mixing
vane LPD mid-grid, a modified mixing vane IFM grid, and thicker guide thimble
and instrument tubes. The grid changes are designed to improve thermal-
hydraulic performance and the addition of thicker thimble and instrument tubes
reduce the potential for fuel assembly bow and subsequently incomplete rod
insertion (IRI) concerns. The same functional requirements and design criteria
as previously established for the Westinghouse V5H P+Z*? fuel assembly design
remains valid for the RFA Z*2? design. Figure 4.2-2d shows a full-length view
of the RFA Z*? fuel assembly design.

The RFA-2 Z*? assembly skeleton is similar to that previously described for the
RFA Z*? except for the mid-grids. The differences between the RFA and RFA-2
mid-grids are the increased spring and dimple contact area with the fuel rod in
the RFA-2 design. The same functional requirements and design criteria as
previously established for the Westinghouse RFA Z*? fuel assembly design
remains valid for the RFA-2 Z*?2 design. Figure 4.2-2d shows a full-length view
of the RFA-2 Z*? fuel assembly design.
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The RFA-2 Z+2 assembly skeleton was modified in Cycle 21 to include a
combination bottom grid and Robust Protective Grid as well as a Standardized
Debris Filter Bottom Nozzle. The grid change impacts the location of the
Protective Grid centerline in relation to the bottom of the fuel stack and the
elevation of the Protective Grid to the bottom of the bottom nozzle. Figure
4.2-2f shows a full-length view of the RFA-2 Z" (+2) with Combo Grid and DFBN
fuel assembly design.

Improper orientation of fuel assemblies within the core is prevented by the use
of an indexing hole in one corner of the top nozzle top plate. The assembly is
oriented with respect to the handling tool and the core by means of a pin which
is inserted into this indexing hole. Visual confirmation of proper orientation
is also provided by an engraved identification number on the opposite corner
clamp.

4.2.2.1 Fuel Rods

Two types of fuel rod designs may be used in the V5H, V5H P+, V5H P+Z*2, RFA Z*2
and RFA-2 Z*? fuel assemblies. The fuel rod designs are referred to as
Integral Fuel Burnable Absorber (IFBA) fuel rods and Non-IFBA fuel rods. The
IFBA and Non-IFBA fuel rod designs are identical with the exception of the
items noted in Section 4.2.2.1.2. A reference to fuel rods encompasses both
designs. The fuel rod structure consists of bottom end plug, a fuel tube
(clad), uranium dioxide ceramic pellets, a plenum spring and top end plug. A
schematic of the fuel rod is shown in Figure 4.2-3, Figure 4.2-3a, Figure 4.2-
3b, Figure 4.2-3c, and Figure 4.2-3d.

4.2.2.1.1 Non-IFBA Fuel Rods

The LOPAR and V5H fuel rods consist of uranium dioxide ceramic pellets
contained in slightly cold worked Zircaloy-4 tubing, which is plugged, and seal
welded at the ends to encapsulate the fuel. The fuel pellets are right
circular cylinders consisting of slightly enriched uranium dioxide powder,
which has been compacted by cold pressing and then sintered to the required
density. The ends of each pellet are dished slightly to allow greater axial
expansion at the center of the pellets.

Void volume and clearances are provided within the rods to accommodate fission
gases released from the fuel, differential thermal expansion between the clad
and the fuel, and fuel density changes during irradiation. Shifting of the
fuel within the clad during handling or shipping prior to core loading is
prevented by a stainless steel helical spring (plenum spring) which bears on
top of the fuel. At assembly, the bottom plug is inserted and welded and the
pellets are stacked in the clad to the required fuel height. The spring is
then inserted into the top end of the fuel tube and the top end plug is pressed
into the end of the tube and welded. All fuel rods are internally pressurized
with helium during the top end plug welding process in order to minimize
compressive clad stresses and prevent clad flattening under coolant operating
pressures. A schematic of the fuel rod is shown in Figure 4.2-3.

The fuel rods are prepressurized and designed so that: 1) the internal gas
pressure mechanical design limit given in Section 4.2.1.3 is not exceeded, 2)
the cladding stress-strain limits (see Section 4.2.1.1) are not exceeded for
Condition I and II events, and 3) clad flattening will not occur during the
fuel core life.

Cycle 2 fresh fuel incorporated a small chamfer on the end of each pellet at
the outer cylindrical surface and an internal gripper bottom end plug. The
internal gripper feature facilitates fuel rod loading and provides appropriate
lead-in for the removable top nozzle reconstitution feature.

Cycle 5 fresh fuel incorporated the high burnup short top and bottom end plug
design with a slightly longer fuel tube. A schematic of the fuel rod is shown
in Figure 4.2-3a.
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Cycle 8 fresh fuel incorporated the Performance+ top end plug, Performance+
extended bottom end plug, and variable pitch plenum spring. The extended
bottom end plug is used in conjunction with the protective bottom grid
discussed in Section 4.2.2.2.4. The variable pitch plenum spring has a smaller
wire diameter, coil diameter and shorter free length. The variable pitch
plenum spring provides the same support as the regular V5H plenum spring but
with fewer turns, which translates into less spring volume and increased void
volume in the rod. A schematic of the fuel rod is shown in Figure 4.2-3b.

Cycle 10 fresh fuel incorporates the V5H P+ fuel rod. The V5H P+ fuel rod
represents a modification to the V5H fuel rod intended to support extended

burnup operation for the fuel clad by using Zirlo™ in place of the Zircaloy-4

clad. The Zirlo™ alloy is a zirconium alloy similar to Zircaloy-4, which has
been specifically developed to enhance corrosion resistance. The V5H P+ fuel
rod has the same clad wall thickness as the V5H design. The V5H P+ fuel tube
is shorter to provide room for the required rod growth at extended burnups.
The V5H P+ fuel rods contain, as in the V5H design, enriched uranium dioxide
fuel pellets. Schematics of the V5H P+ fuel rods are shown in Figure 4.2-3c.

Cycle 10 fresh fuel (V5H P+) incorporates the use of axial blankets in the fuel
rod. The axial blankets are a nominal 6 inches of unenriched fuel pellets or
fully enriched annular fuel pellets at each end of the fuel rod pellet stack.
Axial blankets reduce neutron leakage and improve fuel utilization. The use of
fully enriched annular fuel pellets in the axial blankets also provides
additional void volume. The axial blankets utilize chamfered pellets which are
physically different in length from the enriched pellets used in the rest of
the pellet stack to help prevent accidental mixing during manufacturing. Axial
blankets continue to be utilized in subsequent fresh fuel designs.

Cycle 12 fresh fuel incorporates the low rod internal pressure fuel rod design
associated with the V5H P+Z*? fuel assembly design. Operational experience has
shown that the ZIRLO™ material growth characteristics will accommodate a
taller fuel assembly skeleton and a longer fuel rod than the V5H P+ design,
while still allowing extended burnup operation. The V5H P+Z*? fuel rod
represents a modification to the V5H P+ fuel rod intended to provide additional
rod internal void volume to achieve rod internal pressure relief. The
additional void volume is created by the following configuration changes:

1) the V5H P+Z*? fuel rod top end plug does not include the external gripper
feature of the Performance+ top end plug, resulting in a shorter top end
plug,

2) the V5H P+Z*? fuel tube is longer than the V5H P+ fuel tube, and

3) the variable pitch plenum spring is longer to accommodate the increased rod
length.

The V5H P+Z*? fuel rods contain, as in the V5H P+ design, enriched uranium
dioxide fuel pellets. Schematics of the V5H P+Z*? fuel rods are shown in
Figure 4.2-3d.

Cycle 13 fresh fuel, RFA Z*? design, utilizes the same fuel rod design as the
V5H P+Z*? design.

Cycle 14 fresh fuel, RFA-2 Z*? design, utilizes the same fuel rod design as the
V5H P+Z*2 and RFA Z*? design.

Cycle 16 fresh fuel incorporates the use of a fuel rod oxide coating on the RFA
Z*? design. The fuel rod has a very thin oxide coating at the bottom end of

the fuel rod. The extra layer of oxide coating provides additional debris
induced rod fretting wear protection.

Starting with cycle 23, Optimized ZIRLO cladding material will be utilized to
contain the slightly enriched uranium dioxide fuel. The Optimized ZIRLO

cladding material is further described in References 28 and 29.
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4.2.2.1.2 Integral Fuel Burnable Absorber Fuel Rods

The Integral Fuel Burnable Absorber (IFBA) fuel rod design for the V5H, VS5H P+,
V5H P+Z*2, RFA Z*2? and RFA-2 Z*2 designs are identical to the Non-IFBA fuel rod
design for the V5H, V5H P+, VS5H P+Z*?, RFA Z*? and RFA-2 Z*2 designs,
respectively, with the following exceptions:

a) Some of the fuel pellets are coated with a thin layer of zirconium diboride
(ZrB;) on the pellet cylindrical surface.

b) The helium back fill pressure for the IFBA fuel rod is lower than the Non-
IFBA fuel rod.

The zirconium diboride coating is referred to as the Integral Fuel Burnable
Absorber design or IFBA. Other than the zirconium diboride coating, the fuel
pellets for an IFBA rod are identical to the enriched uranium dioxide pellets
described for the Non-IFBA fuel rod. The IFBA pellets are placed in the
central portion of the fuel pellet stack (up to 134 incheg). The lower back
fill pressure for the IFBA rod offsets the increased rod pressure at end of
life due to the production and release of helium from the zirconium diboride
coating on the IFBA fuel pellets.

The number and pattern of IFBA rods loaded within an assembly may vary
depending on the specific application. The IFBA design provides an alternate
means of reactivity control as opposed to the discrete burnable absorber
designs discussed in Section 4.2.2.3. An evaluation and test program for the
IFBA design features is given in section 2.5 of Reference 19. Cycle 9 fresh
fuel incorporated the use of the IFBA rod design.

4.2.2.2 Fuel Assembly Structure

The fuel assembly structure consists of a bottom nozzle, thimble screws, top
nozzle, guide thimbles, inserts, lock tubes, and grids, as shown in Figures
4.2-2, 4.2-2a, 4.2-2b, 4.2-2c, 4.2-2d, 4.2-2e and 4.2-2f.

4.2.2.2.1 Bottom Nozzle

The bottom nozzle serves as the bottom structural element of the fuel assembly
and distributes the coolant flow to the assembly. The bottom nozzle is
fabricated from Type 304 stainless steel. The standard bottom nozzle design
consists of a perforated plate and four angle legs with bearing plates, as
shown in Figure 4.2-2. The plate prevents accidental downward ejection of the
fuel rods from the fuel assembly. The bottom nozzle is fastened to the fuel
assembly guide tubes by locked thimble screws which penetrate through the
nozzle and mate with a threaded plug in each guide tube.

The Cycle 5 fresh fuel design incorporated the Debris Filter Bottom Nozzle
(DFBN) to reduce the possibility of fuel rod damage due to debris-induced
fretting. The relatively large flow holes in a conventional nozzle are
replaced with a new pattern of smaller flow holes. The holes are sized to
minimize passage of debris particles large enough to cause damage while
providing sufficient flow area, comparable pressure drop, and continued
structural integrity of the nozzle. The Cycle 6 fresh fuel added a reinforcing
skirt to the DFBN design, as shown in Figures 4.2-2a, 4.2-2b, 4.2-2c, 4.2-2d
and 4.2-2e. The reinforcing skirt is located between the angle legs around the
perimeter of the bottom nozzle and contains five holes on each face to allow
lateral fluid flow. The legs and skirt form a plenum for the inlet coolant
flow to the fuel assembly and enhance reliability during postulated adverse
handling conditions while refueling. Tests to measure pressure drop and
demonstrate structural integrity verified that the 304 stainless steel DFBN is
totally compatible with the current design.

The Cycle 21 fresh fuel incorporates a Standardized Debris Filter Bottom Nozzle
(SDFBN) . The SDFBN has eliminated the side skirt communication flow holes
(shown in Figure 4.2-2f) as a means of improving the debris mitigation
performance of the bottom nozzle.
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This nozzle has been evaluated and meets all of the applicable mechanical
design criteria. In addition, there is no adverse effect on the thermal
hydraulic performance of the SDFBN either with respect to the pressure drop or
with respect to Departure from Nucleate Boiling (DNB) .

Coolant flows from the plenum in the bottom nozzle upward through the
penetrations in the plate to the channels between the fuel rods. The
penetrations in the plate are positioned between the rows of the fuel rods.

Axial loads (holddown) imposed on the fuel assembly and the weight of the fuel
assembly are transmitted through the bottom nozzle to the lower core plate.
Indexing and positioning of the fuel assembly are provided by alignment holes
in two diagonally opposite bearing plates which mate with locating pins in the
lower core plate. Lateral loads on the fuel assembly are transmitted to the
lower core plate through the locating pins.

4.2.2.2.2 Top Nozzle

The top nozzle functions as the upper structural element of the fuel assembly
and provides a partial protective housing for the rod cluster control assembly
or other components that are installed in the guide thimble tubes. The top
nozzle consists of an adapter plate, enclosure, top plate, and pads. The top
nozzle assembly consists of holddown springs mounted on the top nozzle as shown
in Figures 4.2-2, 4.2-2a, 4.2-2b, 4.2-2c, 4.2-2d, 4.2-2e and 4.2-2f. The
springs and spring screws are made of Inconel-718 and Inconel-600 respectively,
whereas other components are made of Type 304 stainless steel.

The standard top nozzle adapter plate is provided with round penetrations and
semicircular ended slots to permit the flow of coolant upward through the top
nozzle. Other round holes are provided to accept sleeves which are welded to
the adapter plate at their upper ends and mechanically attached to the thimble
tubes at the lower end. The ligaments in the plate cover the tops of the fuel
rods and prevent their upward ejection from the fuel assembly. The enclosure
is a box-like structure which sets the distance between the adapter plate and
the top plate. The top nozzle has a large square hole in the center to permit
access to the thimble tubes for the control rods and provide a partial
protective housing for the control rod spiders. Holddown springs are mounted
on the standard top nozzle and are retained by spring screws and clamps located
at two diagonally opposite corners. On the other two corners, integral pads
are positioned, which contain alignment holes for locating the upper end of the
fuel assembly. Figure 4.2-6 shows the top nozzle attachment to the thimble
tubes for the standard top nozzle assembly.

Cycle 5 fresh fuel incorporated the reconstitutable top nozzle (RTN) design.
The RTN design for the V5H and V5H P+ fuel assembly differs from the standard
top nozzle design in two ways: a groove is provided in each thimble
throughhole in the nozzle adapter plate to facilitate attachment and removal;
and the nozzle plate thickness is reduced to provide additional axial space for
fuel rod growth.

Cycle 12 fresh fuel incorporates a cast RTN design and shot-peened Inconel-600
spring screws into the top nozzle design. The top nozzle enclosure, top plate
and pads are cast as a single unit and joined with the adapter plate to make
the cast RTN.

Cycle 13 fresh fuel incorporates shot-peened Inconel-718 spring screws into the
cast RTN top nozzle design.

Cycle 14 fresh fuel, RFA-2 Z*?, utilizes the same top nozzle design as the
Cycle 13 fresh fuel, RFA Z*2.

In the RTN design, a stainless steel nozzle insert is mechanically connected to
the top nozzle adapter plate by means of a preformed circumferential bulge near
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the top of the insert. The insert engages a mating groove in the wall of the
adapter plate thimble tube throughhole. The insert has four equally spaced
axial slots which allow the insert to deflect inwardly at the elevation of the
bulge, thus permitting the installation or removal of the top nozzle. The
insert bulge is positively held in the adapter plate mating groove by placing a
lock tube with a uniform ID identical to that of the thimble tube into the
insert. The inserts are mechanically attached to the thimble tubes at the
lower end with three bulge joints. Figure 4.2-6a shows the top nozzle
attachment to the thimble tubes for the RTN assembly.

Cycle 16 fresh fuel incorporates the Westinghouse Integral Nozzle (WIN) top
nozzle. The WIN design differs from the RTN design in the attachment method
for the hold down springs. The WIN top nozzle includes a modified top nozzle
casting that includes the spring clamps. The springs are located with pins
that are welded in place but do not react to the spring force. The WIN top
nozzle design eliminates the potential for the fracture of the hold down spring
screws by the replacing the spring screws with the spring pins. The
modification increases the fuel assembly integrity and eliminates the potential
for loose parts from fractured spring screws entering the RCS during normal
operations or during fuel movement during refueling outages.

To remove the top nozzle, a tool is first inserted through the lock tube and

expanded radially to engage the bottom edge of the lock tube. An axial force
is then exerted on the tool which overrides the local lock tube deformations

and withdraws the lock tube from the insert. After the lock tubes have been

withdrawn, the top nozzle is removed by raising it off the upper slotted ends
of the nozzle inserts which deflect inwardly under the axial 1lift load. With
the top nozzle removed, direct access is provided for fuel rod examination or
replacement. Reconstitution is completed by the remounting of the top nozzle
and the insertion of the lock tubes. The design bases and evaluation of the

RTN are given in Section 2.3.2 of Reference 19.

4.2.2.2.3 Guide Thimble and Instrument Tubes

The guide thimbles are structural members which also provide channels for the
neutron absorber rods, burnable absorber rods, neutron source rods, or thimble

plug devices. Each thimble is fabricated from Zircaloy-4 or Zirlo™ tubing
having two different diameters.

The Cycle 6 fresh fuel incorporation of the Zircaloy-4 mid grids required a
concurrent incorporation of the VANTAGE 5 (V5) reduced diameter thimble tubes.
The VANTAGE 5 guide thimbles are also referred to as the VANTAGE 5H (V5H) guide
thimble tubes. With the exception of a reduction in the guide thimble diameter
above the dashpot, the V5H and V5H P+ guide thimbles are identical to those in
the LOPAR design. A 0.008 inch reduction to the guide thimble OD and ID is

required due to the thicker Zircaloy/Zirlo™ grid straps. The V5H and V5H P+
guide thimble tube ID provides an adequate nominal diametral clearance of 0.061
inch for the control rods. The scram time to the dashpot for accident analyses
is 2.7 seconds. The reduced V5H and V5H P+ thimble tube ID provides sufficient
diametral clearance for burnable absorber rods, source rods, and any dually

compatible thimble plugs. Cycle 10 fresh fuel incorporated the use of Zirlo™
material for the guide thimble and instrumentation tubes. The V5H P+ assembly
design uses guide thimble and instrument tubes which are slightly shorter than
those used in the V5H assembly design. Cycle 12 fresh fuel incorporated
slightly longer guide thimble and instrumentation tubes as part of the V5H
P+z*? fuel assembly design (same length as the V5H design).

Cycle 13 fresh fuel incorporated thicker guide thimble and instrumentation
tubes with a larger outer diameter as part of the RFA z*? fuel assembly design.
The RFA 27 guide thimble tube wall thickness is increased approximately 25% to
improve stiffness and address incomplete rod insertion (IRI) considerations.
The major and minor (dashpot) OD of the guide thimble tube are increased while
maintaining the same major and minor (dashpot) ID to accommodate the increased
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wall thickness. There is no change to the dashpot flow hole diameters or the
dashpot transition elevation.

Cycle 14 fresh fuel, RFA-2 z'? fuel assembly design, utilizes the same guide
thimble tube design included in the RFA 7% fuel assembly design.

The guide thimble diameter at the top section provides the annular area
necessary to permit rapid control rod insertion during a reactor trip. The
lower portion of the guide thimble reduces to a smaller diameter to produce a
dashpot action near the end of the control rod travel during trip operation.
The dashpot is provided with a calibrated flow port to decelerate the rod at
the end of the travel. The top end of the guide thimble is fastened to an
insert (RTN) or top Inconel grid sleeve (Standard Top Nozzle) by three
expansion swages. When attaching to a RTN, the insert fits into and is locked
into the top nozzle adapter plate using a lock tube. When attaching to a
standard top nozzle, the top Inconel grid sleeve is welded to the top nozzle
adapter plate. The lower end of the guide thimble is fitted with an end plug
which is then fastened to the bottom nozzle by a crimp-locked thimble screw.

Fuel rod support grids are fastened to the guide thimble assemblies to create
an integrated structure. Attachment of the Inconel and Zircaloy or Zirlo™
grids to the Zircaloy or Zirlo™ thimbles is performed using the mechanical
fastening technique as depicted in Figures 4.2-4 and 4.2-5 except for the
bottom grid which is retained by clamping between the thimble end plug and the
bottom nozzle.

An expanding tool is inserted into the inner diameter of the Zircaloy or
Zirlo™ thimble tube at the elevation of the grid sleeves that have been
previously attached into the grid assembly. The four-lobed tool forces the
thimble and sleeve outward to a predetermined diameter, thus joining the
twocomponents.

When attaching to a standard top nozzle, the top inconel grid sleeve and
thimble tube are joined together using three bulge joint mechanical attachments
as shown in Figure 4.2-6. The sleeve is then welded to the top nozzle adapter
plate. When attaching to a RTN, the thimble tube is joined together with the
top nozzle insert and top Inconel grid sleeve using three bulge joint
mechanical attachments as shown in Figure 4.2-6a. This bulge joint connection
was mechanically tested and found to meet all applicable design criteria.

The intermediate mixing vane Zircaloy grids, incorporated with Cycle 7 fresh
fuel, employ a single bulge connection to the sleeve and thimble as compared to
a three bulge connection used in the top Inconel grid (Figure 4.2-5).
Mechanical testing of this bulge joint connection was also found to be
acceptable. Cycle 10 fresh fuel incorporated the use of Zirlo™ material for
the intermediate mixing vane grids.

The bottom grid assembly is joined to the assembly by crimp lock screw, as
shown in Figure 4.2-7. The stainless steel insert is spot-welded to the bottom
grid and later captured between the guide thimble end plug and the bottom
nozzle by means of a stainless steel thimble screw.

The described methods of grid fastening are standard and have been used
successfully since the introduction of Zircaloy guide thimbles in 1969.

The central instrumentation tube of each fuel assembly is constrained by
seating in a counterbore in the bottom nozzle at its lower end and is expanded
at the top and mid grids in the same manner as the previously discussed
expansion of the guide thimbles to the grids. This tube has a constant
diameter and guides the incore neutron detectors.

The V5H, V5H P+, and V5H P+2'? instrumentation tube designs have a 0.008 inch
diametral decrease compared to the LOPAR assembly instrumentation tube. This
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decrease still allows sufficient diametral clearance for the incore neutron
detector (max. OD = 0.397 inch) to traverse the tube without binding. The RFA
Z*2 and RFA-2 Z*? instrumentation tube design includes an increased wall
thickness consistant with the RFA Z*? and RFA-2 Z*2 guide thimble tubes. The OD
of the tube is increased while maintaining the same ID to accommodate the
increased wall thickness.

4.2.2.2.4 Grid Assemblies

The fuel rods, as shown in Figures 4.2-2, 4.2-2a, 4.2-2b, 4.2-2c, 4.2-24d, 4.2-
2e and 4.2-2f are supported at intervals along their length by grid assemblies
which maintain the lateral spacing between the rods. Each fuel rod is
supported within each grid by the combination of support dimples and springs.
The grid assembly consists of individual slotted straps assembled and
interlocked into an "egg-crate" arrangement with the straps permanently joined
at their points of intersection.

The top and bottom Inconel (non-mixing vane) grids of the LOPAR, V5H, V5H P+,
V5H P+Z*2, RFA Z*? and RFA-2 Z*? assemblies are nearly identical in design. The
only differences are: 1) VSH, V5H P+, V5H P+Z*2, RFA Z*? and RFA-2 Z*2 top and
bottom grids have a snag-resistant design which minimizes assembly interactions
during core loading/unloading, 2) V5H, VS5H P+, V5H P+Z*?, RFA Z*? and RFA-2 Z*2
top and bottom grids have dimples which are rotated 90 degrees to minimize fuel
rod fretting and dimple cocking, 3) V5H, VS5H P+, V5H P+Z*2 and RFA Z” (+2) and
RFA-2 Z™ (+2) top and bottom grid heights have been increased to 1.522 inches,
4) the V5H, V5H P+, V5H P+Z*2, RFA Z*? and RFA-2 Z*? top grid spring force has
been reduced to minimize rod bow, and 5) the V5H, V5H P+, V5H P+Z*?, RFA Z*? and
RFA-2 Z*2 top grid uses 304L stainless steel sleeves.

Cycle 4 fresh fuel incorporated the snag-resistant top and bottom grid design
mentioned above into the fuel design for Wolf Creek.

The LOPAR fuel design utilizes six intermediate (mixing vane) grids made of
Inconel. The snag-resistant design described for the top and bottom grid was

incorporated into the six intermediate grids with Cycle 4 fresh fuel. Cycle 6
fresh fuel incorporated intermediate (mixing vane) grids made of Zircaloy
material rather than Inconel. Cycle 10 fresh fuel incorporated six

intermediate (mixing vane) grids made of Zirlo™ rather than Zircaloy. These
Zircaloy and Zirlo™ grids (known as the V5H Zircaloy grid and VS5H P+ Zirlo™
grid) are designed to give the same pressure drop as the Inconel grid.
Relative to the Inconel grid, the V5H Zircaloy and VS5H P+ Zirlo™ grid strap
thickness and strap height are increased for structural performance. In
addition to the snag-resistant design noted above, the upstream strap edges of

the V5H Zircaloy grid and VS5H P+ Zirlo™ grid are chamfered and a diagonal grid
spring is employed to reduce pressure drop. The V5H Zircaloy grids and V5H P+

Zirlo™ grids incorporate the same grid cell support configuration as the
Inconel grids (six support locations per cell: four dimples, and two springs).
The Zircaloy and Zirlo™ grid interlocking strap joints and grid/sleeve joints
are fabricated by laser welding, whereas the Inconel grid joints are brazed.

The V5H Zircaloy, V5H P+ Zirlo™, RFA Zirlo™ and RFA-2 Zirlo™ grid have
superior dynamic structural performance relative to the Inconel grid.
Structural testing was performed and analyses have shown the V5H Zircaloy grid,
VSH P+ Zirlo™, RFA Zirlo™ and RFA-2 Zirlo™ seismic/LOCA grid load margin is
superior to that of the Inconel grid.

The Intermediate Flow Mixer (IFM) grid in the VANTAGE 5H assembly is an
adaptation of the existing VANTAGE 5 IFM grid design to a 0.374 inch OD
standard fuel rod. As shown in Figures 4.2-2a, 4.2-2b, 4.2-2c, 4.2-2d, 4.2-2e
and 4.2-2f. IFMs are located in the three uppermost spans between the mid-
grids but are not intended to be structural members. The IFM grid envelope is
slightly smaller than the mid grid. Each IFM grid cell provides four (4) point
fuel rod
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support. The simplified cell arrangement allows the IFM to accomplish its flow
mixing objective with minimal pressure drop. Cycle 7 fresh fuel incorporated
the Zircaloy Intermediate Flow Mixer grid. Cycle 10 fresh fuel incorporated

the use of Zirlo™ material in the manufacture of the IFM grids.

The Protective Bottom Grid (PBG) is a partial height grid similar in
configuration to the IFM Grid, but fabricated of Inconel without mixing vanes.
The PBG is positioned directly above the bottom nozzle. As shown in Figures
4.2-2b, 4.2-2c, 4.2-2d, 4.2-2e, 4.2-2f and 4.2-3b, 4.2-3c, and 4.2-3d, the fuel
rods are positioned close to the bottom nozzle and are modified with a
slightly longer bottom end plug. The PBG provides added protection against
debris induced fretting by trapping debris below this grid where it can wear
against the solid end plug. In addition, the PBG provides improved resistance
to grid-rod fretting by means of additional support at the bottom of the fuel
rod. Cycle 8 fresh fuel incorporated the protective bottom grid.

Cycle 13 fresh fuel incorporated the RFA Z*? fuel assembly design. RFA Z*?
changes made to the mid-grid include a modified vane pattern (which is now
symmetrical), longer vane geometry, modified spring and dimple geometry, a
narrower spring window cut-out, a longer intersect slot length, opposite hand
spring and the incorporation of the anti-snag outer grid strap design. IFM
modifications include a symmetric vane pattern, longer vane geometry, and a
change to the dimple profile. The Inconel top, bottom, and protective grids
are not changed in the RFA Z*? design except for new insert tubing for the
bottom and protective grids to accommodate the increase in thimble and
instrument tube diameters.

Cycle 14 fresh fuel is the RFA-2 Z*? fuel assembly design. The RFA-2 Z*? design
changes the mid-grid to include a modified spring and dimple geometry that
increases the line-contact length of the rod-spring and rod-dimple interface.
The RFA-2 Z*2 IFM grid design is not changed relative to the RFA Z*2? IFM grid
design. The RFA-2 Z*? Inconel top, bottom and protective grid designs are not
changed relative to the RFA Z*? Inconel top, bottom and protective grid
designs.

The Cycle 21 fresh fuel implemented a combination bottom grid and Robust
Protective Grid (RPG). Westinghouse has developed the RPG as a result of
observed failures in the field as noted in Post Irradiation Exams (PIE)
performed at several different plants. It was determined that observed
failures were the result of two primary issues; 1) fatigue failure within the
protective grid itself at the top of the end strap and 2) stress corrosion
cracking (SCC) primarily within the rod support dimples. The RPG implemented
design changes such as increasing the maximum nominal height of the grid,
increasing te ligament length and the radii of the ligament cutouts, and the
use of four additional spacers or inserts to help strengthen the grid. The
nominal height of the grid was increased to allow “V-notch” window cutouts to
be added to help minimize flow-induced vibration caused by vortex shedding at
the trailing edge of the inner grid straps. The design changes incorporated
into the RPG design helped address the issues of fatigue failures and failures
due to SCC. It was determined that the above changes do not impact the thermal
hydraulic performance of the RPG as there is no change to the loss coefficient.
In addition, the RPG retains the original protective grid function as a debris
mitigation feature.

The magnitude of the grid-restraining force on the fuel rod is set high enough
to minimize possible fretting without overstressing the cladding at the points
of contact between the grids and fuel rods. The grid assemblies also allow
axial thermal expansion of the fuel rods without imposing restraint sufficient
to develop buckling or distortion of the fuel rods.

4.2.2.2.5 Fuel Assemblies - LOPAR, V5H, and V5H P+, VS5H P+Z*?, RFA Z*? and
RFA-2 Z*? designs
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The initial fuel assembly design used at Wolf Creek was the Westinghouse 17x17
low-parasitic (LOPAR) fuel design. The original LOPAR fuel assembly design is
shown in Figure 4.2-1, Figure 4.2-2, and Figure 4.2-3. Westinghouse developed
several fuel performance enchancing features which were added to the LOPAR
design over a period of several reloads. The major enhancements included:

e Chamfered pellet design

e High burnup top and bottom end plug designs
e Anti-snag grid design

e Debris Filter Bottom Nozzle (DFBN) design

e Reconstitutable Top Nozzle (RTN) design

These features were gradually added to the base LOPAR design for Cycle 2
through 5 fresh fuel. The actual point that the particular enhancement was
incorporated is specified in the appropriate section of the USAR.

The Westinghouse VANTAGE 5H fuel design is a variation of the LOPAR design that
includes all of the fuel performance enhancements listed above along with the
following:

e VANTAGE 5H (V5H) Zircaloy-4 Mid Grid design
e VANTAGE 5 Guide Tube design

Cycle 6 fresh fuel incorporated the V5H Zircaloy mid grids and the V5 guide
tube designs. This marked the point at which the fuel design for Wolf Creek
became the Westinghouse VANTAGE 5H fuel design. The V5H fuel assembly design
is shown in Figures 4.2-la, 4.2-2a, 4.2-2b, 4.2-3a, and 4.2-3b. Westinghouse
has continued to developed fuel performance enhancing features which were added
to the base V5H design over a period of several reloads. The major
enhancements include:

e Zircaloy-4 Intermediate Flow Mixer (IFM) grid design
e TInconel Protective Bottom Grid (PBG) design

e Performance+ Extended Bottom End Plug design

e Performance+ Top End Plug design

e Variable Pitch Plenum Spring design

(] Integral Fuel Burnable Absorber (IFBA) design

These features were gradually added to the base V5H design for Cycle 7 through
9 fresh fuel. The actual point that the particular enhancement was
incorporated is specified in the appropriate section of the USAR.

Westinghouse VANTAGE 5H with Performance+ features (V5H P+) fuel design is a
variation of the V5H design that includes all of the fuel performance
enhancements listed above along with the following:

e Zirlo™ Clad fuel rod design

e 7irlo™ guide thimble and instrumentation tube design
e Zirlo™ mid grid design

e Zirlo™ IFM grid design

e Zirlo™Fully enriched annular axial blankets

Cycle 10 fresh fuel incorporated the performance enhancement features listed
above. This marked the point at which the fuel design became the Westinghouse
VANTAGE 5H with Performance+ features (V5H P+) fuel design. The V5H P+ fuel
assembly design is shown in Figures 4.2-1la, 4.2-2c and 4.2-3c.

Westinghouse VANTAGE 5H with Performance+ features, Zirlo™ (VS5H P+2z'%) fuel
design is a variation of the V5H P+ design that includes all of the fuel
performance enhancements listed above along with the following:
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e Low pressure fuel rod design
e Cast Reconstitutable Top Nozzle design
e Shot-peened spring screw design

To implement the low rod internal pressure fuel rod design, the following
changes were required to the fuel rod and skeleton designs:

e Performance + Top End Plug design replaced by a shorter top end plug (with
no external gripper) design

e Extended length Zirlo™ fuel rod tube design
e Extended length Variable Pitch Plenum Spring design
e Extended length Zirlo™ guide thimble tubes and instrument tubes

Cycle 12 fresh fuel incorporated the performance enhancement features listed
above. This marked the point at which the fuel design became the Westinghouse
VANTAGE 5H with Performance+ features, Zirlo™ (V5H P+z*?) fuel design. The V5H
P+7% fuel assembly design is shown in Figures 4.2-1la, 4.2-2d and 4.2-3d.

Westinghouse Robust Fuel Assembly zirlo™ (RFA z'%) fuel design is a variation
of the, VSH P+z*? design that includes the fuel performance features of the V5H
p+7*? design along with the following:

e Shot-peened Inconel-718 spring screw design,

e ZIRLO™ thicker thimble and instrument tube design (0.020 in. wall vs. 0.016
in.),

e Modified Zirlo™ Low Pressure Drop (LPD) structural mid-grid design,

e Modified Zirlo™ Intermediate Flow Mixing (IFM) grid design.

Cycle 13 fresh fuel incorporated the performance enhancement features listed
above. This marked the point at which the fuel design became the Westinghouse
Robust Fuel Assembly Zirlo™ (RFA z'°) design. The RFA Z'? fuel assembly design
is shown in Figures 4.2-2d and 4.2-3d.

The Westinghouse second-generation Robust Fuel Assembly Zirlo'? (RFA-2 z'%) fuel
design is a variation of the RFA A design that includes the fuel performance
features of the RFA 27 design along with the following:

e Modified Zirlo Low Pressure Drop (LPD) structural mid-grid design with
increased spring and dimple contact area (RFA-2 mid-grid).

There is no change to the fuel assembly length, envelope or fuel rod design
relative to the RFA z'? design.

Cycle 14 fresh fuel incorporated the performance enhancement features listed
above. This marked the point at which the fuel design became the Westinghouse
second-generation Robust Fuel Assembly Zirlo'® (RFA-2 Z'?) design. The RFA-2 Z'*?
fuel assembly design is shown in Figures 4.2-2d and 4.2-3d.

Cycle 16 fresh fuel incorporated the performance enhancement features of the
WIN top nozzle and fuel rod oxide coating. The fuel design continues to be the
Westinghouse second-generation Robust Fuel Assembly Zirlo'’ (RFA-2 z*°) design.
The RFA-2 22 fuel assembly design with the WIN top nozzle is shown in Figures
4.2-2e and 4.2-3d.

The Cycle 21 fresh fuel incorporated a Standardized Debris Filter Bottom Nozzle
(SDFBN) and a combination bottom grid and Robust Protective Grid (RPG). The
fuel design continues to be the Westinghouse second-generation Robust Fuel
Assembly Zirlo+2 (RFA-2 Z+2) design. The RFA-2 Z+2 fuel assembly design with
the SDFBN and the RPG is shown in Figure 4.2-2f.

Table 4.3-1 provides a comparison of the LOPAR, V5H, V5H P+, V5H P+z*?, RFA z*?
and RFA-2 7% fuel assembly design parameters.
4.2-20 Rev. 29




WOLF CREEK

4.2.2.3 1Incore Control Components

Reactivity control is provided by neutron absorbing rods and a soluble chemical
neutron absorber (boric acid). The boric acid concentration is varied to
control long-term reactivity changes, such as:

a. Fuel depletion and fission product buildup
b. Cold to hot, zero power reactivity change

c. Reactivity change produced by intermediate-term
fission products, such as xenon and samarium

d. Burnable absorber depletion
The chemical and volume control system is discussed in Chapter 9.0.

The rod cluster control assemblies provide reactivity control for:
a. Shutdown
b. Reactivity changes resulting from coolant temperature
changes in the power range
c. Reactivity changes associated with the power coefficient
of reactivity
d. Reactivity changes resulting from void formation

It is desirable to have a negative moderator temperature coefficient at power
levels exceeding 70% rated thermal power (RTP) throughout the entire cycle in
order to reduce possible deleterious effects caused by a positive coefficient
during loss-of-coolant or loss-of-flow accidents. Since soluble boron alone is
insufficient to ensure a negative moderator coefficient, burnable absorber
assemblies and/or IFBAs are also used. Burnable absorbers such as WABAs and
IFBAs are used to achieve a better power peaking control and a flatter power
distribution.

Although a negative moderator coefficient is desirable, it is acceptable and in
some cases essential to have the coefficient be slightly positive in an attempt
to extend cycle length. Current WCGS reload cycles are designed to have a

small positive moderator temperature coefficient (<3 pcm/°F) at low thermal
power (<30% RTP) during the first 25% of the cycle. The addition of excess
reactivity to extend cycle length necessitates a greater amount of boric acid,
which results in an increase of the moderator temperature coefficient.

The rod cluster control assemblies and their control rod drive mechanisms are
the only moving parts in the reactor. Figure 4.2-8 illustrates the rod cluster
control and control rod drive mechanism assembly, in addition to the
arrangement of these components in the reactor, relative to the interfacing
fuel assembly and guide tubes. In the following paragraphs, each reactivity
control component is described in detail. The control rod drive mechanism
assembly is described in Section 3.9(N) .4.

The neutron source assemblies provide a means of monitoring the core during
periods of low neutron level. The thimble plug may be used to limit bypass
flow through those fuel assembly thimbles, which do not contain control rods,
burnable absorber rods, or neutron source rods.

4.2.2.3.1 Rod Cluster Control Assembly

The rod cluster control assemblies are divided into two categories: control
and shutdown. The control groups compensate for reactivity changes associated
with variations in operating conditions of the reactor, i.e., power and
temperature variations. Two nuclear design criteria have been employed for
selection of the control group. First, the total reactivity worth must be
adequate to meet the nuclear requirements of the reactor. Second in view of
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the fact that these rods may be partially inserted at power operation, the
total power peaking factor should be low enough to ensure that the power
capability is met. The control and shutdown group provides adequate shutdown
margin.

A rod cluster control assembly is composed of 24 neutron absorber rods fastened
at the top end to a common spider assembly, as illustrated in Figure 4.2-9.

The absorber material used in the control rods is a solid hafnium or Silver-
Indium-Cadmium (Ag-In-Cd) bar which is essentially "black" to thermal neutrons
and has sufficient additional resonance absorption to significantly increase
its worth. The absorber material is sealed in cold worked stainless steel
tubes (see Figure 4.2-10). Sufficient diametral and end clearances are
provided to accommodate relative thermal expansions.

The bottom plugs are bullet-nosed to reduce the hydraulic drag during reactor
trip and to guide smoothly into the dashpot section of the fuel assembly guide
thimbles.

The absorber rod end plugs are Type 308 stainless steel. The design stresses
used for the Type 308 material are the same as those defined in the ASME Code,
Section III, for Type 304 stainless steel. At room temperature, the yield and
ultimate stresses per ASTM 580 are the same for the two alloys. In view of the
similarity of the alloy composition, the temperature dependence of strength for
the two materials is also assumed to be the same.

The allowable stresses used as a function of temperature are listed in Table 1-
1.2 of Section III of the ASME Code. The fatigue strength for the Type 308
material is based on the S-N curve for austenitic stainless steels in Figure 1-
9.2 of Section III.

The spider assembly is in the form of a central hub with radial vanes
containing cylindrical fingers from which the absorber rods are suspended.
Handling detents and detents for connection to the drive rod assembly are
machined into the upper end of the hub. Two coil springs inside the spider
body absorbs the impact energy at the end of a trip insertion. The radial
vanes are joined to the hub by tack welding and brazing, and the fingers are
joined to the wvanes by brazing. A centerpost, which holds the spring and its
retainer, is threaded into the hub within the skirt and welded to prevent
loosening in service. All components of the spider assembly are made from
Types 304 and 308 stainless steel except for the retainer, which is of 17-4 PH
material, and the springs, which are Inconel-718 alloy.

The absorber rods are fastened securely to the spider. The rods are first
threaded into the spider fingers and then pinned to maintain joint tightness,
after which the pins are welded in place. The end plug below the pin position

is designed with a reduced section to permit flexing of the rods to correct for
small misalignments.

The overall length is such that when the assembly is withdrawn through its full
travel the tips of the absorber rods remain engaged in the guide thimbles so
that alignment between rods and thimbles is always maintained. Since the rods
are long and slender, they are relatively free to conform to any small
misalignments with the guide thimble.

4.2.2.3.2 Burnable Absorber Assembly
(Standard Borosilicate Glass and WABA)

Each burnable absorber assembly consists of burnable absorber rods attached to
a holddown assembly. A burnable absorber assembly is shown in Figure 4.2-11
for the WABA rod and in Figure 4.2-1la for the borosilicate glass absorber rod.
When needed for nuclear considerations, burnable absorber assemblies may be
inserted into selected thimbles within fuel assemblies.
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The discrete burnable absorber rods are the wet annular burnable absorber
(WABA) rod design and the borosilicate glass rod design. Integral Fuel
Burnable Absorber (IFBA) rods, described in Section 4.2.2.1.2, are an
alternative burnable absorber that may be used. The borosilicate glass
burnable absorber design was used in Cycles 1 and 2 and the WABA design was
introduced in Cycle 3. Cycle 9 fresh fuel incorporated the IFBA design.

The WABA rod design consists of annular pellets of aluminum oxide-boron carbide
(A1,03-B4C) burnable absorber material contained within two concentric Zircaloy
tubes. These Zircaloy tubes, which form the inner and outer clad for the
annular burnable absorber rod, are plugged, pressurized with helium, and seal
welded at the ends to encapsulate the annular stack of absorber material. A
Zircaloy spacer tube is placed at the bottom of the pellet stack to position
the absorber stack within the WABA rod, and a C-shape Zircaloy spring clip is
placed on top of the absorber stack to keep it in position and accommodate
absorber stack growth. An annular plenum is provided within the rod to
accommodate the helium gas released from the absorber material during boron
depletion. The reactor coolant flows inside the inner tubing and outside the
outer tubing of the annular rod. A typical WABA rod is shown in a longitudinal
cross-section in Figure 4.2-12.

The borosilicate glass absorber rods consist of borosilicate glass tubes
contained within Type 304 stainless steel tubular cladding which is plugged and
seal welded at the ends to encapsulate the glass. The glass is also supported
along the length of its inside diameter by a thin-wall tubular inner liner.

The top end of the liner is open to permit the diffused helium to pass into the
void volume, and the liner overhangs the glass. The liner has an outward
flange at the bottom end to maintain the position of the liner with the glass.
A typical borosilicate glass burnable absorber rod is shown in longitudinal and
transverse cross-sections in Figure 4.2-12a.

The absorber rods in each burnable absorber assembly are grouped and attached
together at the top end of the rods to a hold-down assembly by a flat
perforated retaining plate which fits within the fuel assembly top nozzle and
rests on the adapter plate.

The retaining plate and the absorber rods are held down and restrained against
vertical motion through a spring pack which is attached to the plate and is
compressed by the upper core plate when the reactor upper internals assembly is
lowered into the reactor. This arrangement ensures that the absorber rods
cannot be ejected from the core by flow forces. Each rod is permanently
attached to the baseplate by a nut which is crimped or lock-welded into place.

The cladding of the WABA rods is Zircaloy. The cladding of the borosilicate
glass rods is slightly cold worked Type 304 stainless steel. All other
structural materials in the assembly are Type 304 or 308 stainless steel except
for the springs, which are Inconel-718. The aluminum oxide-boron carbide
pellets or the borosilicate glass tubes provide sufficient boron content to
meet the criteria discussed in Section 4.3.1.

4.2.2.3.3 Neutron Source Assembly

The purpose of the neutron source assembly is to provide base neutron level to
ensure that the neutron detectors are operational and responding to core
multiplication neutrons. For the first core, a neutron source is placed in the
reactor to provide a positive neutron count of at least 2 counts per second on
the source range detectors attributable to core neutrons. The detectors,
called source range detectors, are used primarily when the core is subcritical
and during special subcritical modes of operations.

The source assembly permits detection of changes in the core multiplication
factor during core loading and approach to criticality. This can be done since
the multiplication factor is related to an inverse function of the detector
count rate. Changes in the multiplication factor can be detected during
addition of fuel assemblies while loading the core, changes in control rod
positions, and changes in boron concentration.
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The primary source rod, containing a radioactive material, spontaneously emits
neutrons during initial core loading, reactor startup, and initial operation of
the first core. After the primary source rod decays beyond the desired neutron
flux level, neutrons are then supplied by the secondary source rod. The
secondary source rod contains a stable material, which is activated during
reactor operation. The activation results in the subsequent release of
neutrons.

Four source assemblies were installed in the initial reactor core: two primary
source assemblies and two secondary source assemblies. Subsequent cycles (2-
10) utilize only the secondary source assemblies. Each primary source assembly
contains one primary source rod and a number of burnable absorber rods. Each
secondary source assembly contains four secondary source rods and a number of
thimble plugs. A secondary source assembly is shown in Figure 4.2-14 and a
primary source assembly is shown in Figure 4.2-14a.

“Double encapsulated” secondary source assemblies are available for use
beginning with Cycle 11. Each of the double encapsulated secondary source
assemblies contains six double encapsulated secondary source rods and a number
of thimble plugs. A double encapsulated secondary source assembly is shown in
Figure 4.2-14Db.

Neutron source assemblies are positioned at opposite sides of the core. The
source assemblies are inserted into the guide thimble tubes in fuel assemblies
at selected unrodded core locations. As shown in Figure 4.2-14 and Figure 4.2-
14b, the secondary source assembly contains a holddown assembly identical to
that of the burnable absorber assembly. The primary and secondary source rods
have the same cladding material as the absorber rods. The secondary source
rods contain Sb-Be pellets stacked to a height of approximately 88 inches. A
secondary source rod assembly is shown in Figure 4.2-13. The double
encapsulated secondary source rods also contain Sb-Be pellets stacked to a
height of approximately 88 inches. A double encapsulated secondary source rod
assembly is shown in Figure 4.2-13a. The primary source rods contain capsules
of californium source material and alumina spacer to position the source
material within the cladding. The rods in each source assembly are permanently
fastened at the top end to a holddown assembly.

The other structural members are constructed of Type 304 or Type 308 stainless
steel, except for the springs. The springs exposed to the reactor coolant are
Inconel-718.

4.2.2.3.4 Thimble Plug Device

Thimble plug devices may be used to limit bypass flow through the rod cluster
control guide thimbles in fuel assemblies which do not contain either control
rods, source rods, or burnable absorber rods. A typical thimble plug device is
shown in Figures 4.2-15 and 4.2-15a.

The thimble plug devices consist of a flat baseplate with short rods suspended
from the bottom surface and a spring pack assembly. The 24 short rods, called
thimble plugs, project into the upper ends of the guide thimbles to reduce the
bypass flow.

Each thimble plug is permanently attached to the baseplate by a nut which is
crimped or lock-welded to the threaded end of the plug. Similar short rods are
also used on the source assemblies and burnable absorber assemblies to plug the
ends of all vacant fuel assembly guide thimbles. When in the core, the thimble
plug devices interface with both the upper core plate and with the fuel
assembly top nozzles by resting on the adapter plate. The spring pack is
compressed by the upper core plate when the upper internals assembly is lowered
into place.

All components in the thimble plug device, except for the springs, are
constructed from Type 304 or Type 308 stainless steel. The springs are
Inconel-718.
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4.2.3 DESIGN EVALUATION

The fuel assemblies, fuel rods, and incore control components are designed to
satisfy the performance and safety criteria of the introduction to Section 4.2,
the mechanical design bases of Section 4.2.1, and other interfacing nuclear and
thermal-hydraulic design bases specified in Sections 4.3 and 4.4.

Effects of Conditions II, III, IV or anticipated transients without trip on
fuel integrity are presented in Chapter 15.0 or supporting topical reports.

The initial step in fuel rod design evaluation for a region of fuel is to
determine the limiting rod(s). Limiting rods are defined as those rod(s) whose
predicted performance provides the minimum margin to each of the design
criteria. For a number of design criteria, the limiting rod is the highest
burnup rod of a fuel region. In other instances, it may be the maximum power
or the minimum burnup rod. For the most part, no single rod is limiting with
respect to all design criteria.

After identifying the limiting rod(s), a worst-case performance analysis is
performed which considers the effects of rod operating history, model
uncertainties, and dimensional variations. To verify adherence to the design
criteria, the evaluation considers the effects of postulated transient power
changes during operation consistent with Conditions I and II. These transient
power increases can affect both rod average and local power levels. Parameters
considered include rod internal pressure, fuel temperature, clad stress, and
clad strain. In fuel rod design analyses, these performance parameters provide
the basis for comparison between expected fuel rod behavior and the
corresponding design criteria limits.

Fuel rod and fuel assembly models used for the performance evaluations are
documented and maintained under an appropriate control system. Materials
properties used in the design evaluations are given in Reference 2.

4.2.3.1 Cladding
a. Vibration and wear

Fuel rod vibrations are flow induced. The effect of the
vibration on the fuel assembly and individual fuel rods
is minimal. The cyclic stress range associated with
deflections of such small magnitude is insignificant and
has no effect on the structural integrity of the fuel
rod.

The reaction force on the grid supports due to rod
vibration motions is also small and is much less than the
spring preload. No significant wear of the clad or grid
supports is expected during the life of the fuel assembly.

Clad fretting and fuel vibration have been experimentally
investigated, as shown in Reference 10. Hydraulic flow
test results of the RFA-2 fuel assembly are discussed in
Reference 26.

b. Fuel rod internal pressure and cladding stresses

A burnup dependent fission gas release model (References 18
and 27) is used to determine the internal gas pressures as a
function of irradiation time. The plenum height of the
fuel rod has been designed to ensure that the maximum
internal pressure of the fuel rod will not exceed the
value which would cause the fuel/clad diametral gap to
increase and extensive DNB propagation during steady state
operation.
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The clad stresses at a constant local fuel rod power are
low. Compressive stresses are created by the pressure
differential between the coolant pressure and the rod
internal gas pressure. Because of the prepressurization
with helium, the volume average effective stresses are
always less than approximately 10,000 psi at the
pressurization level used in this fuel rod design.
Stresses due to the temperature gradient are not included
in this average effective stress because thermal stresses
are, in general, negative at the clad inside diameter and
positive at the clad outside diameter, and their
contribution to the clad volume average stress is small.

Furthermore, the thermal stress decreases with time
during steady state operation due to stress relaxation.
The stress due to pressure differential is highest in the
minimum power rod at the beginning-of-life due to low
internal gas pressure, and the thermal stress is highest
in the maximum power rod due to steep temperature
gradient.

Tensile stresses can occur once the clad has come into
contact with the pellet. These stresses are induced by
the fuel pellet swelling during irradiation. Swelling of
the fuel pellet can result in small clad strains (<1
percent) for expected discharge burnups, but the
associated clad stresses are very low because of clad
creep (thermal and irradiation-induced creep). The 1-
percent strain criterion is extremely conservative for
fuel-swelling driven clad strain because the strain rate
associated with solid fission products swelling is very
slow. A detailed discussion on fuel rod performance is
given in Section 4.2.3.3.

Materials and chemical evaluation

Zircaloy-4 and Zirlo clad, and Optimized ZIRLO clad has a high
corrosion resistance to the coolant, fuel, and fission
products. As shown in Reference 1, there is pressurized water
reactor operating experience on the capability of Zircaloy and
Zirlo™ as a clad material. Optimized ZIRLO cladding further
enhances the corrosion resistance of ZIRLO cladding.
References 28 and 29 document the material properties and
operating experience for the Optimized ZIRLO cladding.
Controls on fuel fabrication specify maximum moisture levels
to preclude clad hydriding.

Metallographic examination of irradiated commercial fuel
rods has shown occurrences of fuel/clad chemical
interaction. Reaction layers of <1 mil in thickness have
been observed between fuel and clad at limited points
around the circumference. Metallographic data indicates
that this interface layer remains very thin, even at high
burnup. Thus, there is no indication of propagation of
the layer and eventual clad penetration.

Stress Corrosion
Stress corrosion cracking is another postulated phenomenon

related to fuel/clad chemical interaction. Out-of-pile tests
have shown that in the presence of high cladding tensile
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stresses, large concentrations of selected fission products
(such as iodine) can chemically attack the Zircaloy, Zirlo,
and Optimized ZIRLO tubing and can lead to eventual cladding
cracking. Extensive post-irradiation examination has
produced no in-pile evidence that this mechanism is operative
in commercial fuel.

Cycling and Fatigue

A comprehensive review of the available strain fatigue models was
conducted by Westinghouse as early as 1968. This review included the
Langer-0'Donnell model (Reference 12), the Yao-Munse model and the
Manson-Halford model. Upon completion of this review and using the
results of the Westinghouse experimental programs discussed below, it
was concluded that the approach defined by Langer-0’Donnell would be
retained and the empirical factors of their correlation modified in
order to conservatively bound the results of the Westinghouse testing
program.

The Westinghouse testing program was subdivided into the following
subprograms:

1. A rotating bend fatigue experiment on unirradiated Zircaloy-4

specimens at room temperature and at 725°F. Both hydrided and
nonhydrided Zircaloy-4 cladding were tested.

2. A biaxial fatigue experiment in gas autoclave on unirradiated
Zircaloy-4 cladding, both hydrided and unhydrided.

3. A fatigue test program on irradiated cladding from the Carolina-
Virginia Tube Reactor and Yankee Core V conducted at Battelle
Memorial Institute.

The results of these test programs provided information on different
cladding conditions including the effects of irradiation, of hydrogen
levels and of temperature.

The design equations followed the concept for the fatigue design
criterion according to the ASME Boiler and Pressure Vessel Code,
Section III.

It is recognized that a possible limitation to the satisfactory
behavior of the fuel rods in a reactor which is subjected to daily
load follow is the failure of the cladding by low cycle strain
fatigue. During their normal residence time in a reactor, the fuel
rods may be subjected to ~1000 cycles with typical changes in power
level from 50% to 100% of their steady-state values.

The assessment of the fatigue life of the fuel rod cladding is subject
to a considerable uncertainty due to the difficulty of evaluating the
strain range which results from the cyclic interaction of the fuel
pellets and cladding. This difficulty arises, for example, from such
highly unpredictable phenomena as pellet cracking, fragmentation, and
relocation. Nevertheless, since early 1968, this particular
phenomenon has been investigated analytically and experimentally (Ref
12). Strain fatigue tests on irradiated and nonirradiated hydrided
Zr-4 claddings were performed, which permitted a definition of a
conservative fatigue life limit and recommendation on a methodology to
treat the strain fatigue evaluation of the Westinghouse reference fuel
rod designs.

It is believed that the final proof of the adequacy of a given fuel
rod design to meet the load follow requirements can only come from
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incore experiments performed on actual reactors. Experience in load
follow operation dates back to early 1970 with the load follow
operation of the Saxton reactor. Successful load follow operation has
been performed on reactor A (>400 load follow cycles) and reactor B
(>500 load follow cycles). 1In both casesg, there was no significant
coolant activity increase that could be associated with the load
follow mode of operation.

f. Rod bowing

Reference 11 presents the NRC-approved model used for
evaluation of fuel rod bowing. The effects of rod bowing
on DNBR are described in Section 4.4.2.2.5. Also refer
to item e in Section 4.2.3.3.

g. Consequences of power-coolant mismatch
This subject is discussed in Chapter 15.0.

h. Irradiation stability of the cladding
As shown in References 1, 20, and 29, there is considerable PWR
operating experience to date on the capabilities of Zircaloy-4, ZIRLO,
and Optimized ZIRLO alloy as cladding materials. Extensive experience
with irradiated Zircaloy-4 is summarized in Reference 2, Appendices A
through E in Reference 20 for ZIRLO cladding, and Reference 29 for
Optimized ZIRLO cladding.

i. Creep collapse and creepdown
This subject and the associated irradiation stability of
cladding have been evaluated, using the models described in

Reference 19.

4.2.3.2 Fuel Materials Considerations

Sintered, high density uranium dioxide fuel reacts only slightly with the clad
at core operating temperatures and pressures. In the event of clad defects,
the high resistance of uranium dioxide to attack by water protects against fuel
deterioration, although limited fuel erosion can occur. As has been shown by
operating experience and extensive experimental work, the thermal design
parameters conservatively account for changes in the thermal performance of the
fuel elements due to pellet fracture which may occur during power operation.
The consequences of defects in the clad are greatly reduced by the ability of
uranium dioxide to retain fission products, including those which are gaseous
or highly volatile. Observations from several operating Westinghouse
pressurized water reactors (Ref. 9) have shown that fuel pellets can densify
under irradiation to a density higher than the manufactured values. Fuel
densification and subsequent settling of the fuel pellets can result in local
and distributed gaps in the fuel rods. Fuel densification has been minimized
by improvements in the fuel manufacturing process and by specifying a nominal
95-percent initial fuel density.

The evaluation of fuel densification effects and their consideration in fuel
design are described in References 18 and 27. The treatment of fuel swelling
and fission gas release are described in Reference 18.

The effects of waterlogging on fuel behavior are discussed in Section 4.2.3.3.

4.2.3.3 Fuel Rod Performance

In the calculation of the steady state performance of a nuclear fuel rod, the
following interacting factors must be considered.
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a. Clad creep and elastic deflection

b. Pellet density changes, thermal expansion, gas release,
and thermal properties as a function of temperature and
fuel burnup

c. Internal pressure as a function of fission gas release,
rod geometry, and temperature distribution

These effects are evaluated using fuel rod design models (References 18 and 27)
which include appropriate models for time-dependent fuel densification. With
the above interacting factors considered, the model determines the fuel rod
performance characteristics for a given rod geometry, power history, and axial
power shape. In particular, internal gas pressure, fuel and clad temperatures,
and clad deflections are calculated. The fuel rod is divided into several
axial sections and radially into a number of annular zones. Fuel density
changes are calculated separately for each segment. The effects are integrated
to obtain the internal rod pressure.

The initial rod internal pressure is selected to delay fuel/clad mechanical
interaction and to avoid the potential for flattened rod formation. It is
limited, however, by the design criteria for the rod internal pressure (see
Section 4.2.1.3).

The gap conductance between the pellet surface and the clad inner diameter is
calculated as a function of the composition, temperature, and pressure of the
gas mixture and the gap size or contact pressure between clad and pellet.
After computing the fuel temperature for each pellet annular zone, the
fractional fission gas release is assessed, using an empirical model derived
from experimental data (References 18 and 27). The total amount of gas
released is based on the average fractional release within each axial and
radial zone and the gas generation rate which, in turn, is a function of
burnup. Finally, the gas released is summed over all zones, and the pressure
is calculated.

The model shows good agreement with a variety of published and proprietary data
on fission gas release, fuel temperatures, and clad deflections (References 18
and 27). These data include variations in power, time, fuel density, and
geometry.

a. Fuel/cladding mechanical interaction

One factor in fuel element duty is potential mechanical
interaction of fuel and clad. This fuel/clad interaction
produces cyclic stresses and strains in the clad, and
these, in turn, consume clad fatigue life. The reduction
of fuel/clad interaction is therefore a goal of design.
The technology of using prepressurized fuel rods has been
developed to further this objective.

The gap between the fuel and clad is initially sufficient
to prevent hard contact between the two. However, during
power operation a gradual compressive creep of the clad
onto the fuel pellet occurs due to the external pressure
exerted on the rod by the coolant. Clad compressive
creep eventually results in fuel/clad contact. Once
fuel/clad contact occurs, changes in power level result
in changes in clad stresses and strains. By using
prepressurized fuel rods to partially offset the effect
of the coolant external pressure, the rate of clad creep
toward the surface of the fuel is reduced. Fuel rod
prepressurization delays the time at which fuel/clad
contact occurs and hence significantly reduces the extent
of cyclic stresses and strains experienced by the clad
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both before and after fuel/clad contact. These factors
result in an increase in the fatigue life margin of the
clad and lead to greater clad reliability. If gaps
should form in the fuel stacks, clad flattening will be
prevented by the rod prepressurization so that the
flattening time will be greater than the fuel core life.

A two-dimensional (r,®) finite element model has been
developed to investigate the effects of radial pellet
cracks on stress concentrations in the clad. Stress
concentration, herein, is defined as the difference

between the maximum clad stress in the O-direction and
the mean clad stress. The first case has the fuel and
clad in mechanical equilibrium and, as a result, the
stress in the clad is close to zero. In subsequent
cases, the pellet power is increased in steps, and the
resultant fuel thermal expansion imposes tensile stress
in the clad. In addition to uniform clad stresses,
stress concentrations develop in the clad adjacent to
radial cracks in the pellet. These radial cracks have a
tendency to open during a power increase but the
frictional forces between fuel and clad oppose the
opening of these cracks and result in localized increases
in clad stress. As the power is further increased, large
tensile stresses exceed the ultimate tensile strength of
UO,, and additional cracks in the fuel are created which
limits the magnitude of the stress concentration in the
clad.

As part of the standard fuel rod design analysis, the
maximum stress concentration evaluated from finite
element calculations 1is added to the volume-averaged
effective stress in the clad, as determined from one-
dimensional stress/strain calculations. The resultant
clad stress is then compared to the temperature-dependent
Zircaloy/Zirlo/Optimized ZIRLO yield stress in order to
assure that the stress/strain criteria are satisfied.

Transient Evaluation Method

Pellet thermal expansion due to power increases is
considered the only mechanism by which significant
stresses and strains can be imposed on the clad. Such
increases are a consequence of fuel shuffling , reactor
power escalation following extended reduced power
operation, and full-length control rod movement. In the
mechanical design model, lead rod burnup values are
obtained using best estimate power histories, as
determined by core physics calculations. During burnup,
the amount of diametral gap closure is evaluated, based
upon the pellet expansion cracking model, clad creep
model, and fuel swelling model. At various times during
the depletion, the power is increased locally on the rod
to the burnup-dependent attainable power density, as
determined by core physics calculations. The radial,
tangential, and axial clad stresses resulting from the
power increase are combined into a volume average
effective clad stress.

The Von Mises criterion is used to determine if the clad
yield stress has been exceeded. This criterion states

that an isotropic material in multiaxial stress will
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begin to yield plastically when the effective stress
exceeds the yield stress, as determined by an axial
tensile test. The yield stress correlation is that for
irradiated cladding, fuel/clad interaction occurs at high
burnup. In applying this criterion, the effective stress
is increased by an allowance which accounts for stress
concentrations in the clad adjacent to radial cracks in
the pellet, prior to the comparison with the yield
stress. This allowance was evaluated using a two-

dimensional (r, ©) finite element model.

Slow transient power increases can result in large clad
strains without exceeding the clad yield stress because
of clad creep and stress relaxation. Therefore, in
addition to the yield stress criterion, a criterion on
allowable clad strain is necessary. Based upon high
strain rate burst and tensile test data on irradiated
tubing, 1l-percent strain was determined to be a
conservative lower limit on irradiated clad deformation
and was thus adopted as a design criterion.

A comprehensive review of the available strain-fatigue
models was conducted by Westinghouse as early as 1968.
This included the Langer-0O'Donnell model (Ref. 12), the
Yao-Munse model, and the Manson-Halford model. Upon
completion of this review and using the results of the
Westinghouse experimental programs discussed below, it
was concluded that the approach defined by Langer-
O'Donnell would be retained and the empirical factors of
their correlation modified in order to conservatively
bound the results of the Westinghouse testing program.

The Langer-0O'Donnell empirical correlation has the
following form:

/N, (100 — RA)
where:
Sy = 1/2 E Agt = pseudo-stress amplitude which
causes failure in N cycles (1lb/in.?)
f
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Aet = total strain range (in./in.)

E = Young's Modulus (1b/in.2)

N¢ = number of cycles to failure

RA = reduction in area at fracture in a

uniaxial tensile test (%)
Se - endurance limit (lb/in.?2)

Both RA and S, are empirical constants which depend on
the type of material, the temperature, and irradiation.

The Westinghouse testing program is described in section
4.2.3.1.e.

The design equations followed the concept for the fatigue
design criterion according to the ASME Code, Section
ITIT. Namely,

1. The calculated pseudo-stress amplitude (S;) has to be
multiplied by a factor of 2 in order to obtain the
allowable number of cycles (Ng)

2. The allowable cycles for a given S5 is 5 percent of
Ng, maintaining a safety factor of 20 on cycles.

The lesser of the two allowable number of cycles is

selected. The cumulative fatigue life fraction is then
computed as:

K n
2: —k < 1
7 Nex
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where:
ny = number of diurnal cycles of mode k
Nfyp = number of allowable cycles

It is recognized that a possible limitation to the
satisfactory behavior of the fuel rods in a reactor which
is subjected to daily load follow is the failure of the
clad by low-cycle strain fatigue. During their normal
residence time in the reactor, the fuel rods may be
subjected to 1,000 cycles or more with typical

changes in power level from 50 to 100 percent of their
steady state values.

The assessment of the fatigue life of the fuel rod clad
is subject to a considerable uncertainty due to the
difficulty of evaluating the strain range which results
from the cyclic interaction of the fuel pellets and

clad. This difficulty arises, for example, from such
highly unpredictable phenomena as pellet cracking,
fragmentation, and relocation. Nevertheless, since early
1968, this particular phenomenon has been investigated
analytically and experimentally (Ref. 12). Strain
fatigue tests on irradiated and nonirradiated hydrided
Zircaloy-4 claddings were performed which permitted a
definition of a conservative fatigue life limit and
recommendation on a methodology to treat the strain
fatigue evaluation of the Westinghouse reference fuel rod
designs.

It is believed that the final proof of the adequacy of a
given fuel rod design to meet the load follow
requirements can come only from incore experiments
performed on actual reactors. Experience in load follow
operation dates back to early 1970 with the load follow
operation of the Saxton reactor. Successful load follow
operation has been performed on reactor A (~400 load
follow cycles) and reactor B (~500 load follow cycles).
In both cases, there was no significant coolant activity
increase that could be associated with the load follow
mode of operation.

Irradiation experience

Westinghouse fuel operational experience is presented in
Reference 1. Additional test assembly and test rod
experiences are given in Sections 8 and 23 of Reference
9.
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c. Fuel and cladding temperature

The methods used for evaluation of fuel rod temperatures
are presented in Section 4.4.2.11.

d. Waterlogging

Local cladding deformations typical for waterlogging*
bursts have never been observed in commercial
Westinghouse fuel. Experience has shown that the small
number of rods which have acquired clad defects,
regardless of primary mechanism, remain intact and do not
progressively distort or restrict coolant flow. In fact,
such small defects are normally observed through
reductions in coolant activity to be progressively closed
upon further operation due to the buildup of zirconium
oxide and other substances. Secondary failures which
have been observed in defected rods are attributed to
hydrogen embrittlement of the cladding. Post-irradiation
examinations point to the hydriding failure mechanism
rather than a waterlogging mechanism; the secondary
failures occur as axial cracks in the cladding and are
similar regardless of the primary failure mechanism.

Such cracks do not result in flow blockage or increase
the effects of any postulated transients.

More information is provided in References 15 and 16.

e. Potentially damaging temperature effects during
transients

The fuel rod experiences many operational transients
(intentional maneuvers) during its residence in the
core. A number of thermal effects must be considered
when analyzing the fuel rod performance.

The clad can be in contact with the fuel pellet at some
time in the fuel lifetime. Clad/pellet interaction
occurs if the fuel pellet temperature is increased after
the clad is in contact with the pellet. Clad/pellet
interaction is discussed earlier in the section.

Waterlogging damage of a previously defected fuel rod has
occasionally been postulated as a mechanism for subsequent
rupture of the cladding. Such damage has been postulated as
a consequence of a power increase on a rod after water has
entered such a rod through a clad defect of appropriate
size. Rupture is postulated upon power increase if the rod
internal pressure increase is excessive due to insufficient
venting of water to the reactor coolant.
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The potential effects of operation with waterlogged fuel
discussed above concluded that waterlogging is not a
concern during operational transients.

Clad flattening, as shown in Reference 6 and 19, has been
observed in some operating power reactors. Thermal
expansion (axial) of the fuel rod stack against a
flattened section of the clad could cause failure of the
clad. This is no longer a concern because clad
flattening is precluded during the fuel residence in the
core (see Section 4.2.3.1).

Potential differential thermal expansion between the fuel
rods and the guide thimbles during a transient is
considered in the design. Excessive bowing of the fuel
rods i1s precluded because the grid assemblies allow axial
movement of the fuel rods relative to the grids.
Specifically, thermal expansion of the fuel rods is
considered in the grid design so that axial loads imposed
on the fuel rods during a thermal transient will not
result in excessively bowed fuel rods.

Fuel element burnout and potential energy release

As discussed in Section 4.4.2.2, the core is protected
from DNB over the full range of possible operating
conditions. In the extremely unlikely event that DNB
should occur, the clad temperature will rise due to the
steam blanketing at the rod surface and the consequent
degradation in heat transfer. During this time, there is
a potential for chemical reaction between the cladding
and the coolant. However, because of the relatively good
film boiling heat transfer following DNB, the energy
release resulting from this reaction is insignificant
compared to the power produced by the fuel.

Coolant flow blockage effects on fuel rods

This evaluation is presented in Section 4.4.4.6.
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4.2.3.4 Spacer Grids

The coolant flow channels are established and maintained by the structure
composed of grids and guide thimbles. The lateral spacing between fuel rods is
provided and controlled by the support dimples of adjacent grid cells. Contact
of the fuel rods on the dimples is maintained through the clamping force of the
grid springs. Lateral motion of the fuel rods is opposed by the spring force
and the internal moments generated between the spring and the support dimples.
Grid testing is discussed in Reference 13 (LOPAR), Reference 22 (V5H),
References 20 and 23 (V5H P+), and References 24 and 25 (RFA and RFA-2).

As shown in Reference 13 (LOPAR), Reference 22 (V5H), and References 20 and 23
(V5H P+), and References 24 and 25 (RFA and RFA-2) grid crushing tests and
seismic and loss-of-coolant accident evaluations demonstrate that the grids
will maintain a geometry that is capable of being cooled under the worst-case
accident Condition III & IV event.

4.2.3.5 Fuel Assembly

4.2.3.5.1 Stresses and Deflections

The fuel assembly component stress levels are limited by the design. For
example, stresses in the fuel rod due to axial thermal expansion and Zircaloy,
ZIRLO clad, or Optimized ZIRLO clad irradiation growth are limited by the
relative motion of the rod as it slips over the grid spring and dimple
surfaces. Clearances between the fuel rod ends and nozzles are provided so
that Zircaloy, ZIRLO clad, or Optimized ZIRLO clad irradiation growth does not
result in rod end interferences. Stresses in the fuel assembly caused by
tripping of the rod cluster control assembly have little influence on fatigue
because of the small number of events during the life of an assembly. Assembly
components and prototype fuel assemblies made from production parts have been
subjected to structural tests to verify that the design bases requirements are
met.

The fuel assembly design loads for shipping have been established at 4 g axial
and 6 g lateral directions. Accelerometers are permanently placed into the
shipping cask to monitor and detect fuel assembly accelerations that would
exceed the criteria. Past history and experience have indicated that loads
which exceed the allowable limits rarely occur. Exceeding the limits requires
reinspection of the fuel assembly for damage. Tests on various fuel assembly
components, such as the grid assembly, sleeves, inserts, and structure joints,
have been performed to assure that the shipping design limits do not result in
impairment of fuel assembly function. Seismic analysis of the fuel assembly is
presented in Reference 13 (LOPAR), Reference 22 (V5H), References 20 and 23
(VBH P+), and Reference 24 (RFA). Since the RFA-2 mid-grid change has no
impact on the seismic/LOCA analysis, the conclusion for the RFA Z*? design in
Reference 24 remains valid for the RFA-2 Z*2? design.
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4.2.3.5.2 Dimensional Stability

A prototype fuel assembly has been subjected to column loads in excess of those
expected in normal service and faulted conditions (Ref. 13).

No interference between control rods and thimble tubes will occur during
insertion of the rods following a postulated loss-of-coolant accident transient
due to fuel rod swelling, thermal expansion, or bowing. In the early phase of
the transient following the coolant break, the high axial loads, which could be
generated by the difference in thermal expansion between fuel clad and
thimbles, are relieved by slippage of the fuel rods through the grids. The
relatively low drag force restraint on the fuel rods will induce only minor
thermal bowing, which is insufficient to close the fuel rod-to-thimble tube
gap.

Reference 13 (LOPAR), Reference 22 (V5H), References 20 and 23 (V5H P+), and
Reference 24 (RFA) shows that the fuel assemblies will maintain a geometry
amenable to cooling during a combined seismic and double-ended loss-of-coolant
accident. Reference 25 shows that the grid crush strength and seismic factor
P/K? improved with the RFA-2 design relative to the RFA design. Since the
contact length change has no impact on the fuel assembly models used in the
seismic and LOCA evaluation, the seismic and LOCA evaluation for the RFA design
is applicable for the RFA-2 design.

4.2.3.6 Reactivity Control Assembly and Burnable Absorber Rods

a. Internal pressure and cladding stresses during normal,
transient and accident conditions

The designs of the standard burnable absorber, WABA, and
source rods provide a sufficient cold void volume to
accommodate the internal pressure increase during
operation. This is not a concern for the standard
absorber rod because no gas is released by the absorber
material.

For the standard absorber rod, the use of glass in
tubular form provides a central void volume along the
length of the rods (see Figure 4.2-12a). For the WABRA
rods, an annular plenum is provided within the rod to
accommodate the helium gas released from the absorber
material during boron depletion (see Figure 4.2-12).

For the source rods, a void volume is provided within the
rod in order to limit the internal pressure increase
until end of life (see Figures 4.2-13 and 4.2-13a).

The stress analysis of the standard absorber and source
rods assumes 100-percent gas release to the rod void
volume, in addition to the initial pressure within the
rod. The stress analysis of the WABA rods assumes a
helium release rate of 30% due to the design of the rod.
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During normal transient and accident conditions the void
volume limits the internal pressures to values which
satisfy the criteria in Section 4.2.1.6. These limits
are established not only to ensure that peak stresses do
not reach unacceptable values, but also to limit the
amplitude of the oscillatory stress component in
consideration of the fatigue characteristics of the
materials.

Rod, guide thimble, and dashpot flow analyses indicate
that the flow is sufficient to prevent coolant boiling
within the guide thimble. Therefore, clad temperatures
at which the clad material has adequate strength to
resist coolant operating pressures and rod internal
pressures are maintained.

Thermal stability of the absorber material, including
phase changes and thermal expansion

The radial and axial temperature profiles within the
source and burnable absorber rods have been determined by
considering gap conductance, thermal expansion, neutron
or gamma heating of the contained material as well as
gamma heating of the clad.

The maximum temperature of the silver-indium-cadmium
alloy or hafnium control rod absorber material was
calculated and found to be significantly less than the
material melting point, and occurs axially at only the
highest flux region. The thermal expansion properties of
the absorber material and the phase changes are discussed
in Reference 3.

The maximum temperature of the borosilicate glass was

calculated to be about 1300°F and takes place following
the initial rise to power. As the operating cycle
proceeds, the glass temperature decreases for the
following reasons: 1) reduction in power generation due
to boron-10 depletion, 2) better gap conductance as the
helium produced diffuses to the gap, and 3) external gap
reduction due to borosilicate glass creep.

The maximum temperature of the aluminum oxide-boron
carbide burnable absorber pellet is calculated to be less

than 1200°F which takes place following the initial rise
to power. As the operating cycle proceeds, the burnable
absorber pellet temperature decreases for the following
reasons: (1) reduction in heat generation due to Bqj
depletion, (2) better gap conductance as the helium
produced diffuses to the gap.
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Sufficient diametral and end clearances have been
provided in the neutron absorber, burnable absorber, and
source rods to accommodate the relative thermal
expansions between the enclosed material and the
surrounding clad and end plug.

Irradiation stability of the absorber material, taking
into consideration gas release and swelling

The irradiation stability of the absorber material is
discussed in Reference 3 for the Ag-In-Cd and hafnium
material. Irradiation produces no deleterious effects in
the absorber material.

Gas release is not a concern for the control rod material
because no gas is released by the absorber material.
Sufficient diametral and end clearances are provided to
accommodate swelling of the absorber material.

Based on experience with borosilicate glass and on
nuclear and thermal calculations, gross swelling or
cracking of the glass tubing is not expected during
operation. Some minor creep of the glass at the hot
spot, on the inner surface of the tube, could occur but
would continue only until the glass came in contact with
the inner liner. The wall thickness of the inner liner
is sized to provide adequate support in the event of
slumping and to collapse locally before rupture of the
exterior cladding if unexpected large volume changes, due
to swelling or cracking, should occur. The ends of the
inner liner are open to allow helium, which diffuses out
of the glass, to occupy the central void.

The Al,03-B4C WABA pellets are designed such that gross
swelling or crumbling of the pellets is not expected
during reactor operation. Although some minor cracking
of the pellets may occur due to temperature cycles during
startup and shutdown, this cracking should not affect the
overall absorber stack integrity.

Potential for chemical interaction, including possible
waterlogging rupture

The structural materials selected have good resistance to
irradiation damage and are compatible with the reactor
environment.

Corrosion of the materials exposed to the coolant is
quite low, and proper control of chloride and oxygen in
the coolant will prevent the occurrence of stress
corrosion. The potential for the interference with rod
cluster control movement due to possible corrosion
phenomena is very low.
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Waterlogging rupture is not a failure mechanism
associated with Westinghouse-designed control rods.
However, a breach of the cladding for any postulated
reason does not result in serious consequences. The
Ag-In-Cd and hafnium absorber material are relatively
inert and would still remain remote from high coolant
velocity regions. Rapid loss of material resulting in
significant loss of reactivity control material would not
occur. There is extensive U.S. Naval reactor experience
with unclad hafnium as an absorber material, and its
corrosion resistance has been excellent, in fact it has
been reported to be superior to Zircaloy-2, with respect
to corrosion resistance (Ref. 3).

4.2.4 TESTING AND INSPECTION PLAN

4.2.4.1 Quality Assurance Program

The quality assurance program plan of the Westinghouse Nuclear Fuel Division is
summarized in Reference 14.

The program provides for control over all activities affecting product quality,
commencing with design and development and continuing through procurement,
materials handling, fabrication, testing and inspection, storage, and
transportation. The program also provides for the indoctrination and training
of personnel and for the auditing of activities affecting product quality
through a formal auditing program.

Westinghouse drawings and product, process, and material specifications
identify the inspections to be performed.

4.2.4.2 Quality Control

Quality control philosophy is generally based on the following inspections
being performed to a 95-percent confidence that at least 95 percent of the
product meets specification, unless otherwise noted.

a. Fuel system components and parts
The characteristics inspected depend upon the component
parts and includes dimensional, wvisual check, audits of
test reports, material certification and nondestructive

examination such as X-ray and ultrasonic.

All material used in this core is accepted and released
by Quality Control.

b. Pellets
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Inspection is performed for dimensional characteristics
such as diameter, density, length, and squareness of
ends. Additional wvisual inspections are performed for
cracks, chips, and surface conditions, according to
approved standards.

Density is determined in terms of weight per unit length
and is plotted on zone charts used in controlling the
process. Chemical analyses are taken on a specified
sample basis throughout pellet production.

Rod inspection

Fuel rod, control rod, burnable absorber, and source rod

inspections consist of the following nondestructive

examination techniques and methods, as applicable.

1. Leak testing
Each fuel, WABA, and secondary source rod is tested,
using a calibrated mass spectrometer, with helium
being the detectable gas.

2. Enclosure welds
All weld enclosures are nondestructively examined by
a qualified volumetric nondestructive examination
method (e.g., per ASME 142, x-ray or ultrasonics) in
accordance with Westinghouse specifications.

3. Dimensional
All rods are dimensionally inspected prior to final
release. The requirements include such items as
length, camber, and visual appearance.

4. Plenum dimensions
All of the fuel rods and burnable absorber rods are
inspected by X-ray, gamma scanning, or other approved
methods to ensure proper plenum dimensions.

5. Pellet-to-pellet gaps
All of the fuel rods are inspected by gamma scanning
or other methods to ensure that no significant gaps exist
between pellets.

6. Enrichment Deviation
All of the fuel rods are gamma scanned to

verify enrichment control prior to acceptance for
assembly loading.
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7. Traceability

Traceability of rods and associated rod components is
established by Quality Control.

Assemblies

Each fuel, control, burnable absorber and source rod
assembly is inspected for compliance with drawing and/or
specification requirements. Other incore control
component inspection and specification requirements are
given in Section 4.2.4.3.

Other inspections

The following inspections are performed as part of the
routine inspection operation:

1. Tool and gage inspection and control, including
standardization to primary and/or secondary working
standards. Tool inspection is performed at
prescribed intervals on all serialized tools.
Complete records of calibration and conditions of
tools are kept.

2. Audits of inspection activities and records are
performed to ensure that prescribed methods are
followed and that records are correct and properly
maintained.

3. Surveillance inspection, where appropriate, and
audits of outside contractors are performed to ensure
conformance with specified requirements.

Process control

To prevent the possibility of mixing enrichments during
fuel manufacture and assembly, strict enrichment
segregation and other process controls are exercised.

The UO, powder is kept in sealed containers. The
contents are fully identified both by descriptive tagging
and preselected color coding. A Westinghouse
identification tag completely describing the contents is
affixed to the containers before transfer to powder
storage. Isotopic content is confirmed by analysis.

Powder withdrawal from storage can be made by only one
authorized group, which directs the powder to the correct
pellet production line. All pellet production lines are
physically separated from each other, and pellets of only
a single nominal enrichment and density are produced in a
given production line at any given time.
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Finished pellets are placed on trays and transferred to
segregated storage racks within the confines of the
pelleting area. Samples from each pellet lot are tested
for isotopic content and impurity levels prior to
acceptance by Quality Control. Physical barriers prevent
mixing of pellets of different enrichments in this
storage area. Unused powder and substandard pellets are
returned to storage in the original color-coded
containers.

Loading of pellets into the clad is performed in isolated
production lines, and again only one enrichment is loaded
on a line at a time.

A serialized traceability code is laser marked on each
fuel tube, which identifies the contract and enrichment.
The end plugs are inserted and the end plugs are then
inert welded to seal the tube. The code provides a
reference to the fuel contained in the fuel rods.

At the time of installation into an assembly, the

rod codes are placed into a matrix to identify each rod
in its position within a given assembly. Before a fuel
assembly is Quality Control released, the traceability
codes on the described matrix are checked to ensure that
the fuel rods in the assembly are from the correct
region. Traceability of all fuel assembly components in
an assembly are permanently maintained and identified
with a unique identification number engraved on the fuel
assembly top nozzle.

Similar traceability is provided for burnable absorber rods,
source rods, and control rods, as required.

4.2.4.3 1Incore Control Component Testing and Inspection

Tests and inspections are performed on each reactivity control component to
verify the mechanical characteristics. In the case of the rod cluster control
assembly, prototype testing has been conducted, and both manufacturing
tests/inspections and functional testing at the plant site are performed.

During the component manufacturing phase, the following requirements apply to
the reactivity control components to ensure proper functioning during reactor

operation:

a. All materials are procured to specifications to attain
the desired standard of quality.
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b. All spider assemblies are proof tested by applying
a load to the spider body so that a specified load with
a given tolerance is applied to each vane. This
proof load applied to each vane provides a bending
moment at the spider body greater than the load caused by
the acceleration imposed by the control rod drive
mechanism.

c. All rods are checked for integrity by the methods
described in Section 4.2.4.2, item c.

d. To ensure proper fitup with the fuel assembly, the rod
cluster control, burnable absorber, and source assemblies
are installed in the fuel assembly without restriction or
binding in the dry condition. 1In addition, each rod
assembly must meet a straightness requirement over the
entire inserted length of each rod assembly. Following
core loading, but prior to initial criticality, the rod
cluster control assemblies were tested to demonstrate
reliable operation in accordance with Regulatory
Guide 1.68, Appendix A, Section 2.b. This testing
is further discussed in Section 14.2.12.3.27.

In order to demonstrate continuous free movement of the RCCAs and to ensure
acceptable core power distributions during operations, partial movement checks
are performed on every rod cluster control assembly, as required by the
technical specifications. In addition, periodic drop tests of the rod cluster
control assemblies are performed at each refueling shutdown to demonstrate
continued ability to meet trip time requirements.

If a RCCA cannot be moved by its mechanism, adjustments in the boron
concentration ensure that adequate shutdown margin would be achieved following
a trip. Thus inability to move one rod cluster control assembly can be
tolerated. More than one inoperable rod cluster control assembly could be
tolerated, but would impose additional demands on the plant operator.
Therefore, the number of inoperable rod cluster control assemblies has been
limited to one.

4.2.4.4 Tests and Inspections by Others

If any tests and inspections are to be performed on behalf of Westinghouse,
Westinghouse will review and approve the quality control procedures, inspection
plans, etc. to be utilized to ensure that they are equivalent to the
description provided in Sections 4.2.4.1 through 4.2.4.3 and are performed to
meet all Westinghouse requirements.
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4.2.4.5 1Inservice Surveillance

Westinghouse has conducted a program to examine detailed aspects of the 17 x 17
fuel assembly. This program is described in Section 23 of Reference 9.
Reference 1 is periodically updated in order to provide recent results of
operating experience with Westinghouse fuel and incore control components.

4.2.4.6 Onsite Inspection

Written procedures are used by the station staff for the post-shipment
inspection of all new fuel and associated components, such as control rods,
plugs, and inserts. Fuel handling procedures specify the sequence in which
handling and inspection take place.

Loaded fuel containers, when received onsite, are externally inspected to
ensure that labels and markings are intact and seals are unbroken. After the
containers are opened, the shock indicators attached to the suspended internals
are inspected to determine if movement during transit exceeded design
limitations.

Following removal of the fuel assembly from the container in accordance with
detailed procedures, the fuel assembly plastic wrapper is examined for evidence
of damage. The polyethylene wrapper is then removed, and a visual inspection
of the entire bundle is performed.

Control rod, source and burnable absorber assemblies usually are shipped in
fuel assemblies and are inspected after removal of the fuel assembly from the
container. The control rod assembly is withdrawn a few inches from the fuel
assembly to ensure free and unrestricted movement, and the exposed section is
visually inspected for mechanical integrity, replaced in the fuel assembly and
stored with the fuel assembly. Control rod, source or burnable poison
assemblies may be stored separately or within fuel assemblies.
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