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1.0 INTRODUCIION

The 'Summary Report of Commercial Reactor Criticality Data for Catawba Unit 1 contains the
detailed information necessary to perform commercial reactor criticality (CRC) analyses for the
Catawba Unit I reactor.

1.1 Background

The United States Department of Energy (DOE) Office of Civili Radioactive Waste
Management (OCRWAM is developing a methodology for criticality analysis to support disposal
of commercial spent nuclear fuel in a geologic repository. A topical report on the disposal
criticality analysis methodology is scheduled to be submitted to the United States Nuclear
Regulatory Comision (N for formal review In October 1998. This summary report
provides data that will be used in analyses that will support the development of parts ofthe
diposal criticality analysis methodology.

1.2 Objective

The objective of this report is to present the data required for performing analytical CRC
evaluations for the Catawba Unit I reactor. Results from the CRC evaluations will support the
development and validation of the neutronics models used for criticality analyses involving
commercial spent nuclear fuel. These models and their validation will be discussed in the
Disposal Criticality Analysis MetIodology Topical Report.

13 Scope

The scope ofthis Summay Report is the prentation of data reuired to perform 3 statepoint
calculations from cycles I and S of Catawba Unit 1. Ihe only interfac for the development of
the information in this document is with Framatome Cogema Fuels (FCF). FCF is one of the
teammates of the Civilian Radioactive Waste Management System Management and Operating
Contractor (MO). FCF dpdly requested and received permission from Duke Power
Company, the owneroperator of Catawba Unit 1, to publish the information related to statepoint
measuremnts that is recorded in this document All the Information contained In this report is
documented in an FCF calculational file (Reference 5) The data provided in Reference 5 was
obtained fiom various other reports, calculations, and drawings developed under an NRC
accepted quality assurance program (Reference 1) and the data has supported prior licensing
submittals. The data therefore will be considered acceptable for quality afftg activities and
for use in analyses affecting procurement, construction, or fabrication.

1A Quality Assurance

The Quality Assurance (QA) program applies to the development of this report. he data
provided in this report will indirectly be used to develop the methodology for evaluating the
Monitored Geologic Repository (MOR) waste packge and engineered barier segment Ihe
QAP-2-3 (Classification ofPmenntftems) evaluation entitled Ckass&fiction of the
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Prelhinmy MGDS Repositoiy Design Rference 2, TBV-228) has identified the waste package
as an MOR (formerly MGDS) item hnportant to safety, waste isolation, and physical protection
of materials. The Waste Pacige responsible manager has evahad the technical doument
development activity in accordance with QAP-2A, Cnuct ofActvhles. mhe QAP-2-0 activity
evaluation, Develop Tedmica! Docments (Reference 3), has detemed that the preparation and
review of this technical docuent is subject to Qualty Assurance Requirements and Description

aference 4) requirements. As specified In NLP-3-18, Documa n of QlA Controls on
Draw1ngs, Specficafions, Design Analses, and Technical Documents, this activity Is subject to
QA controls. No scientific and engineetg software or co nal software was used in the
development of tifs repor

BOOOOOOOO-01717705-00067 REV 0O 2 APrn 17, 1998



2.0 REACTOR DESIGN INFORMATION

This section provides general material and geometry data for modeling the Catawba Unit 1
reactor. Figures 2-1 through 2-11 provide pictorial r ens of various components that
must be modeled. A horizontal view of the vessel internals is presented in Figu 2-1. This
includes the 193 fuel assemblies (FA) in the reactor core region. All dimensions in this figure
are measured from the cener ofthe reactor core A radial view of the fed assembly layout
(along the core flat) and e ending through the core liner Is provided in Figure 2-2. The core
liner, core barrel, neutron pad, and vessel weld ine are represented as stainless steel (SS304
from RefereceS orA240, Type 304 from 1997AnnalBooko fAS7Mandards,Vo. 01.03,
Section 1, Iron and Steel Products, p. 37, Table 1). The pressure vessel is carbon steel (CS508
from Reference S or A508, Grade 2, Class I fiom Annual Book ofASMStandards, Vol. 01.05,
Section 1, Iron and Steel Products, p. 281, Table 1). Table 2-1 provides dimensions from the
center of the core (along the core flat) to the outside surface of the pressure vessel.

Table 2-1. Dimensions from Core Center to Outside Surfaee of Pressure Vessel

Pesednilon
Core Center
W FA-1
Water
FA-2
Water
FA-3
Water
FA4
Water
FA-S
Water
FA-6
Water
FA-7
Water
FA-8
Water
Core Lie
Water
Core Barrel
Water
Vessel Liner
Pressue Vessel

ThIctss *)

10.70102
0.10160

21A.204
0.10160

21A0204
0.10160

21A.204
0.10160

21A0204
0.10160

21A0204
0.10160

21A0204
0.10160

21.40204
0.21350
2.85000

23.67
5.72

25A7
0.56

21.59

QaterRadins (cmn
00.00D00
10.70102
10.80262
32.20466
32.30626
53.70830
53.80990
7521194
75.31354
96.71558
96.81718

11821922
118.32082
139.72286
139.82446
161.22650
161A4
16429
187.96
193.68
219.15
219.71
241.30
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For Figure 2-1. the axial dimensions of the four symmetric neutron pads can be represented as
the same as the active height of the fuel In the core.

Table 2-2 summarizes fuel assembly and reactor core data used for modeling the Catawba Unit 1
reactor for cycles I through 5. Additional fuel cycle desi, core operations, and reactor
criticality statepoint Information will be provided in Sections 3 and 4.

Figure 2-3 presents a radial view of a single Westinghouse 17 x 17 optimized fuel assembly
(OFA) shwing the locations ofthe guide tubes, Instrument tube, and fuel pins. Axial
dimensions, by region, for the OFA fuel assembly are presented in Figure 2-4. Ibis assembly
contains 6 zircaloy iermediate spacer grids and two Inconel end spacer grids. The upper end
spacer grId Is above the active fuel reaon, whereas the lower end spacer grid and the 6
intermediate spacer grids are inside the active fuel region

DDOOOOOOO-C17-5705-006 REV 004Ari1,98 4 Apll 117, 11998



Figure 2-1. Horizontal View of Vessel Internals Along Core Midplane

comn 11er, core barre. netfmn
pact & veue!liKera SS304

ue. actorvwuel * CM5O
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Figure 2-2. Radial Vhew of Fuel Assembly Layout Along the Core Flat

FA f" J J A4 4 FA FA F

Along Core

VFWat"
-*-4-*-4-4-4.---4-4 4-4

&bbL111
Core Uner

16429 cm

161A4 cm

Fuel Assembly Pitch = 21.60364 cm
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Table 2-2. Catawba I Fuel Assembly/Core Data

Fuel Assembly Aray Size end Types 17 x 17 OFA
Number of Fue Pins (Ns) I Assembly 264
Number of Guide Tubes (NOT) I Assembly 24
Number of Instrument Tubes (Nrr) / Assembly 1
Number of Assemblies in Core 193
system Preure 22SO psia1.5
Core Heght ( 365.76 cm
Pin Pitch 1.25984 cm
Fuel Pin Cladding OD (outer diameter ODJ 0.91440m
Fuel Cladding Materl zircaloy
Guide Tube Upper Region

L~ength in Active Fuel Region (HI) 310.9722 cm
Guide Tube OD (ODuru) 120396 cm

Guide Tube Lower Region
Length in Active Fuel Region (i2) 54.7878 cm
Guide Tube OD (ODarj) 1.08966cm

Guide Tube Material zircaloy
Jnstnment Tube OD (ODff) 120396cm
Instrument Tube Materia rircaloy
Assembly Pitch (F) 21.50364 cm
Intmediate Spacer Grid Material zircaloy
Intermediate Spacer Grid Height 5.71500 cm
End Spacer Grid Materi Inconel
End SpaceraridHew 3.35788 cm
Spacer Grid Volumes for Active Fuel Region in Single Assembly:

5132 x 16'Pa

Six nfterediate Spacer Grids (iroy) Vz, = 1066.690 cms
One Lower End Spacer Grid (Inconel) Via = 95.2336cm'
One Set Lower End Grid Sleeves (Stainless Steel) Vgs - 11.3366 cm'

Vgf. = Volume of Moderoraplus Grid in Fuel Assembly (cluding Inside guide tubes
and instrument tube)

= P2 *- H - NH . 2 + N .NJ04 N r[H. 4 01)2 + HI JO'r-L
= 95,579.8799 cm

Assembly Volume Fraction of hiconel Grid
Assembly Volume Facion of Zcaloy Grids
Assembly Volume Frctions of Stainless Steel Sleeves

= VfVmo - 0.0009964
- VZWVU,+O0.0111602
- VxVw -0.0001186

(Note: Ike number of digits shown above for volumes and volume fiactions are an artifact of the
computational process and ae taken diretly fiom Reference 5).
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Figure 2-3. Radial View of a Single 17 v 17 OFA FueI Assembly

-- Assembly Pitch c 21.60364 cm i-!
, I

,Ja- Assembly Outer Dimensions 21 IA0204 cm-3p,

________ �1

0

0 IT

- - - 0 - - - -

-� Li�.I I

Pin Pitch c 125i984 cm
[E Fuel Pin Cell

@) Guide Tube

A Instument Tube

Note: Assembly outer dimension Is less than 17 times
the pin pitch. The outermost cells (except comers) are
rectangular and not square like the other cells
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Figure 2-4. Axial Dimensions by Region for 17 x 17 OFA Fuel Assembly

Region 1: 30.0 cm

RegIon 2: 1L606 cn

Region 3: 14656 cm

Regon 4:
Active Fuel
365.76 cm

RegvonS: 11m951a

RegIon 6: 30.0 cm

Upper Reactor Internals

Upper End Fifflng

Upper Fuel Plenum nd
Upper End SpacerGild

Intermedlate Spacer Grd

_
Intermediate Spacer Grid

.4
Intermediate Spacer Gid

Intermediate Spacer Grid

Intermedlate Spacer Odd

Intermediate Spacer GrOd

Lower End Spacer Grid

yc437173cm

y =407.673 cm

7.039.367can

Y a 377.711can

y w339A28 an

y c287.T31 an

y a235M54 an

y w183.33T7an

y . 131.140 cm

y w M43cm

y=I T5.23 cm

Y a1.U5lcan

YW.CA=

Y 4.O00cm

_ .~~~~~~~~~~~~~.

Lower Fuel Plenum
and End RFUlsw

Lower Reactor Internals
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Figures 2-5 through 2-7 provide axial dimensions for the guide tubes, Instrument tube, and fudl
pins shown in Figure 2-3 for the Westinghouse 17 x 17 optimized fiet assembly. Fgures 2-8

2 through 241 provide axial dimensons for rod cr control assemblies CAs) with rods at
0%/0 wihdawn, pyrex burnable poison rod assemblies (BPRAs), wet annular burnable absorber
(WABA) type BPRAs, and tiimble plugs that are attached to BPRAs at empty locations.

Regions 1 and 6, in Figures 2-5 through 2-1 1, are represented as homogenized regions of
stainless steel and water. Regions 2,3, and 5 contain various combinations of guide tubes,
instrument tube, and fiel rod assemblies (no fuel pellets), as well as other materials (stainless
steel, Inconel, and water). Te frcidon of guide tubes, Instrument tube, and fiel rod assemblies
will be represented explicitly in these regions. (Note: the fiel rod assemblies do not extend to
region 2.) The other m will be homogenized within the remaining portions of the regions.
The water Inside the guide tubes and instrument tube will be represented explicitly within the
respective tubes. The volume fractions of other materals, by region, for the Westinghouse 17 x
17 optimized fiel assembly are presented in Table 2-3.

Table 2-3. Volume Fractions for Non-Fuel Regions for Non-Control Assemblies (OFA)

Volume Fractions*
Reeion SS Inc Zr Water

1 0.1770 0.0 0.0 0.8230
2 0.1303 0.0178 0.0051 0.8469
3 0.0030 0.0249 0.0 0.9721
5 0.1439 0.0 0.0137 0.8424
6 0.1720 0.0 0.0 0.8280

* The volume fiactions presented exclude the guide tubes, instrument tube, and fuel rod
assembly portions ofthese regions.
Note: SS Stainless Steel

Inc - Inoonel
Zr =zircaloy

Thefuelrodsarecontained Iregions2,3,4, and 5. Region4ismodeledexplicily. Regions2,
3, and S contain various amounts of stainless steel and zircaloy in the fuel rod assembly which
represents plenum springs and end caps. In addition, these regions also contain helium and
fission gases, as well as the zircaloy cladding. The fuel rod assembly volume fractions for
materials in these regions for the Wesdngouse 17 x 17 optimized fuel assembly are presented in
Table 2-4.

BOODOOOOO-01717-67054MOO6 REV 00 1 pi1,19to April17, MS9



Table 24. OFA Fuel Rod Assembly Volume Fractions for Regions 2,3, and 5

Feel Rod Assembly Volume Fractions
Regon ESZ zasdding! Gas

2 0.0703 0.4268 0.1720 0.3309
3 0.1342 0.0 0.2344 0.6314
S - Solid (diameter=0.9144 cm) -

* Ihezcaoy cladding extends fiomY= 11.3157 cm to Y=394.2309 cm.Forall 264
rods, the 0524 cm length of claiddns included in on 2,14.656 cm in region 3, and
0.635 cm length is Included n regionS. Region S may be modeled as a solid zircaloy rod of
1.748 cm length and 0.9144 cm diameter.

BOOOoOO-01717-670-0067 REV pO11 April 17, 1998



Figure 2-5. Axial Dimensions for Guide Tubes for OFA Fuel Assembly

Y w437.73 cm - .

Y u4DT7A3can - .

YcM9.367cm -.

Yr. 377.7T1 an - -

Ya IIIAScm -.
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,I

Region I

Upper Reactor Internals.

Region I
Upper End Fuiing

Guide Tube
24 per Fuel Assembly

Y_397.327ni
_ _

-Region a
Upper Fuel Plenum
&End~pacerGfld

Region 4

Active Fuel

Region 6
Lowr Fuel Plenum
-and End Ruing

Region 6

Lower Reactor Internals

Y a66.T385 cm

~~----L Y c6.955 cm

ye0.D000Cm
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Figure 2-6. Instrument Tube Axial Dimensions for OFA Fuel Assembly

Y = 437T73 cm

Y * 40T783 cm

_ _ .

Region 1

Upper Reactor Internals
InstrumentTube

I per Fuel Assembly
_ _ I

Region 2
Upper End iting

Y z392.367 cm

Y a377.711 cmn
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Y . 0.8000cmn

Reglon 3
Upper Fuel Plenum

_ & End Spacer Grid

Reglon 4

Active Fuel

- - Y e 397A49 cn

- Yc6 54cm

Reglon 6
Lower Fuel Plenum

and End FMtting

Region 6

Lower Reactor Intenals

Y 40.000 cm
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I
Figure 2-7. Fuel Rod Assembly Axial Dimensions for OFA Fuel Assembly

Y * 4373 ancm --

YcO47.873cm -a

Y = 392367 cm --

Y'37T7.7cm -

Y. 11.951cm --

YC 0.000cm --
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I
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_ _
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Upper Fuel Plenum
& End Spacer Grld
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Active Fuel

Fuel Rod Assembly
264 per Fuel Assembly

_--- I_ - - Y c394.g07 cm
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. _ _ _ _9

Region 6
Lower Fuel Plin=m
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_
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Lower Reactor Internals

Y a .3OOcnc
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Figure 2-8 provides axial dimensions for a filly inserted (Y0% withdrawn) control rod for an OFA
fuel assembly.

Hybrid RCCA Materials/Dlmensions:

Lower cap - stainless steel (diameter - 0.96774 cm)

Cladding - stainless steel (Clad OD - 0.96774 cm, Clad ID 0.77216 cm,
where OD outer diamete, ID -inner diameter)

Top Absorber - B4C (diameter - 0.74676 cm)

Bottom Absorber - Ag-In-Cd (diamete - 0.76454 cm)

Spacer - staness steel (diamet - 0.7569 cm)

Upper plenmm/spring area - Volume Fractions: Clad - Stainless Steel - 0.3634
Spring - Inconel =02712
Gas P =0.3654

Upper cap - stainless steel (diameter = 0.96774 cm)

Upper stem - stainless steel (diameter - 0.5563 cm)

Hybrid RCCA Volume Fractions:

The control rods are represented explicitly in regions 2,3, and 4. The remainder of naterials
(excluding fuel rods. nstrument twbe, and guide tubes) are homogenized in regions 1,2, and 3.
he volume fractions of these materials (including non-RCCA materials) for RCCAs with rods at

0%/e withdrawn (WD) are given in Table 2-5.

Table 2-5. Volume Fractions for OFA Assemblies with Hybrid RCCAs (0% Withdraw)
for Regions 1 -3

Volume Fracffons (Rods 0% WI)
-IL. .. l._t_ Zr Water

1 0.1907 0.0035 0.0 0.8058
2 O.IS16 0.0232 0.0051 0.8201
3P 0.0030 0.0249 0.0 0.9721

* Region 3 volume fractions are the same as for non-control assemblies (table 2-3).

For fully withdrawn control rods (100% withdrawn) the volume fracidons presented in Table 2-3
(for OFA non-conrol assemblies) should be used.
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Figure 2-8. Axial Dimensions for Hybrid RCCAs (Rods 0% Withdrawn) for
OFA Fuel Assembly
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Figure 2-9 provides axial dimensions for the pyrex burnable absorber rod assembly. Figure 2-10
provides axial dimensions for the wet annular burnable absorber (WABA) rod assembly. These
dimensions are applicable for the OFA fuel assembly.

Pyrex BPRA MaterlaLsimensions:

Lower cap - stainless steel (diameter = 0.96774 cm)

Cladding - stainless steel Outer tabe - OD = 0.96774 cm, ID - 0.87376 cm
Innertube- OD =OA6101 cm, 1D- 0.42799 cm

Absorber - B 203-SiO2 Pyrex tube - OD 0.85344 cm, IID = OA8260 cm

Upper plenum region - stainless steel clad (outer tube), helimn gas in anmnulus

Upper cap - stainless steel (diameter = 0.96774 cm)

Upper stem - stainless steel (diameter - 0.4356 cm)

WABA MaterialslDimenslons:

Lower cap - zircaloy (OD - 0.96774 cm, ED -0.254 cm)
Water annulus (diameter 0.254 cm)

Cladding - zircaloy Outer tube - OD -0.96774 cm, ID - 0.8357cm
Innertube. OD-0.6782 cm, ID=0.5715cm

Absorber - B4C-A 203 WABA- OD - 0.8077 cm, ID = 0.7061 cm
Helium In gap between absorber and cladding

Water aimulus - diameter - 0.5715 cm

Upper plenum region - zicaloy clad OD = 0.96774 cm, Volume Fractions: zi oy = 0.3967
Water - 0.6033

Upper cap - ziraloy (diameter - 0.96774 cm)

Upper stem - zircaloy (diameter - 0.54356 cm)
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BPRA Volume Fractions:

The burnable poison and other materials inside the guide tubes are represented explicitly through
region 3 and into region 2. Tlis includes most ofthe upper end cap. The BPRA upper structure
(beyond the end cap) is homogenized with the other assembly components within region 2. The
volume fiacdons ofthese materials (including non-BPRA materials) are given in Table 2-6. For
OFA fuel assemblies the volume fractions are the same for both Pyrex and WABA. Thre are
24 locations (guide tubes) for rod insertion in the fuel assembly. The number of burnable poison
rods varies fiom 4 to 20 among the BPRAs for cycles I through 5 of Catawba 1. A thimble plug
(Figure 2-11) is used for any empty location where a burnable poison (BP) rod is not installed.

Table 2-6 Volume Fractions for OFA Fuel Assemblies with WABA or Pyrex BPRAs
for Regions 2 -3

Volume Fractions BPRAs
Reg;OD -S -Inc- Zr Water

2 0.1733 0.0242 0.0051 0.7974
3* 0.0030 0.0249 0.0 0.9721

* Region 3 vohune firations are the same as for non-control assemblies (Table 2-3).
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Figure 2-9. Axial Dimensions for Pyrex BPRAs for OFA Fuel Assembly
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Figure 2-10. Axial Dimensions for WABA BPRAs for OFA Fuel Assembly
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Figure 2-11. Axial Dimensions for Thimble Plug for OFA Fuel Assembly
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Thimble Plug MitdreflsDimenslons:

Thimble plug - stainless steel (diameter = 1.08204 cm)

Thimble neck - stainless steel (diameter - 0.4826 cm)

Upper head - stailess steel (diameter - 0.96774 cm)

Upper stem - stailess steel (diameter - 0.54356 cm)
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3.0 FUEL CYCLE DESIGN INORMATION

This section provides fuel assembly design data for cycles I through 5 ofthe Catawba Unit I
reactor. Material and geomety data for the fuel assembly components along with cycle length
data are presented In Section 3.1. The fuel assembly locations for each cycle, fuel enrichments
and number of burnable absorber rods for each assembly, and control rod bank locations are
presented in Section 32.

3.1 Fuel Batch Data

Material and geometty data for each fiesh fuel batch present In cycles 1-5 are given in Table 3-1.
This includes the cycle in which the fuel was first loaded, the fuel assembly type, the enrichment
and kilograms of uranim in each fiel assembly (by batch), the diameter ofthe fuel pellets, the
BPRA type, and the type of fuel assembly grid material. The radial dimensions of the fuel clad,

instrument tube, and guide tube are also presented. In addition, materia and radial dimensions
for RCCAs and BPRAs are provided. This data should be used in modeling each fuel aembly
type for bumup calclations and the reactor criticality calculations for the statepoints defined in
Table 3-2.

The length of each fueIl cycle, expressed as effective-full-power-days (EFP), is provided in
Table 3-2. The time during each cycle where statepoint criticality data was measured is also
presented.
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Table 3-1. Fuei AssembyllnFhCyle Description for Cgles 1-6

Fresh
Fuel

Cycle Batch
I 1

2
3

2 4A
4B

3 5
4 6
5 7

Asemoby w*t% W I Pellet
--Tyre Mn3 Assem OD3em)
OFA 1.610 423.782 0.7843S2
OFA 2A00 423.782 0.7843S2
OFA 3.100 423.782 0.784352
OFA 3.195 42S.368 0.784352
OFA 3AO6 42S368 - .784352
OFA 3.397 423.523 0.784352
OFA 3.279 424.893 0.7843S2
OFA 3A.11 426A07 0.784352

FPaad
PD (cm)
0.9144
0S144
0.9144'
0.9144
0.9144
0.9144
0.9144
0.9144

FP ad
IrD (m1
0.8001
0.8001
0.8001
0.8001
0.8001
0.8001
0.8001
0.8001

FA Grid

Mtertaly
zfrcaloy
rkcaloy
zhraloy

dfraloy

dfraloy
zhaloY

BPRA

None
WVABA
WABA
WABA

FP -Fuel Pi PA -Fuel Assembyr, BPRA - Burnable Poison Rod Assembly
OD -outer iameter; 1D.h Iner diameter

Deserlutlon
Instrumentabe

Gulde Tube (Upper Region)
(Lower Region)

Assembly

OFA

, OFA
OFA

Material QD (cmn ID mem
frcaloy 120396 1.12268

zircaloy 120396 1.12268
zircaloy 1.03966 1.00838

RCr~s
Pellet material
Fraction of Pellet Materials
PelletDcnsity
Pellet OD
Cad Material
Cad OD
CadID
Absorber Lcmgf

RBPRMs (Annlsr
Materal
Boron Lading

AbsorberOD
Absorber 3D
Clad Mhtera
OuterCladOD
OuterClad D
InnerCladOD
Inner Clad D

Mmpe Redlov
B4C

1.7715 gfcc
0.74676cm
SS304
0.96774cm
0.7716cm

259.08cm

BPA12.S wd/h BDA
0.0624 gcm (B-I0)
0.85344cm
0A2M0cm
SS304
0.96774 im
0.Q7376cm
0A6101cm
0A2799c m

loer Redon
Ag-IM-C4
A(80)A.I1S/.0). Cd(S.00/)
10.1587ghc
0.76454cm
SS304
0.96774cm
0.77216an
101.60 cm

WARA
B C- 1 0
14.0 wW% B3C
0.006165 gkfm (B-0)
0.8077cm
0.7061 cm
zhvcoy
0.96774 cm
0.83570cm
0.67820on
0.57150cm
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Table 3-2. Cycle Length and Time Daring Cycle Statepoint Data Measured for Cycles 1-6

End-of-Cycle Statepoint Time of Measurement
Cycle Number- EEP

1 327.2 SPS2 0.0

2 272.7 -

3 279.7 -

4 314.1

5 290.89 SP53 0.0
SP54 274.53

The unique statepoint numbers SP52, SP53, and SP54 ae assigned to Catawba Unit I data.

3.2 Fuel Assembly Data

The fuel assembly losdings for each cycle are presented In Figures 3-1 through 3-5. A one-elghth
core representation is used, where the fuel assembly at the center of te core Is in location HS.
Included In these gures are the location of the fuel assemblies in the current cycle, the location
in a previous cycle (if applicable), the cycle that the fuel was first Inserted, and the fue batch
number for each fuel assembly. Ihe enrichment of U-23S (by batch), the locations of BPRAs,
and number of burnable poison (BP) rods in each, and the location ofthe various control rod
banks are also presented. Te fuel assemblies with BPRAs may contain different number of BP
rods (Le., 4 to 20 BP rods). Ihe location oftthese BP rods in a fuel assembly along with the
orientation of the assembly In the reactor core are presented in Figure 3-6.

Each fuel assembly is gSien a unique alphanumeric designation which is then used in tracking
the fuel assembly through its entire period of operation. This includes both the time that each
fuel assembly was in the reactor during reactor operation (i.e., producing power) and the time
spent in a non-power producing mode (e.g., in the reactor during shutdown or In the spent fuel
pool).

Starting with the letter A for cycle 1, each subsequent cycle is assigned a unique letter
designation (B for cycle 2, C for cycle 3, to EB for cycle S). In addition, each one-eighth core
location is assigned a unique number. As noted in Table 2-2, the Catawba Unit 1 reactor
contains 193 fuel asemblies. Assuming eighth ore' symmetry reduces this number to 31 fiuel
assemblies reprsented. Thus, the assemblies are mnubered I through 31. Starting at the center
of the core, location H8 is number 1. Numbers 2 through 8 are assigned to locations (18 through
AS. Proceeding from leftto right (teown) number 9 Is assiged to location (19, number 1S
to location A9, number 16 to location PlO, number 22 to location El 1, etc., to number 31 being
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assigned to locationB13.

Using this nome the assemblies in cycle I are labeled Al (for KS) through A31 (for
B 13). For subsequent cycles, a complete set of labels Is not required since a combination of
burned and fiesh fuel is used. From Figue 34 it is seen that the first freish fuel assembly
encountered in cycle 2 is in location AS. Thus, the cycle 2 labeling for new fuel starts with
assembly BS. Figures 3-7 through 3-11 were constructed by applying this nomenclature to the
fuel assembly location data given in Figures 3-1 through 3-S. Note that the nomenat
accommodates the sdffling of symmetric components of fuel assemlies to two separate
locations in the one-eight core presentation. Tis is seen in Fgue 3-7 where assembly A21
from core location A10 (rerS 8 fiel assemblies in the core) In cycle 1 was shuffled for
cycle 2 to core locations ES and CS (each representing 4 fuel assemblies in the core). The
assembly re ted location CS was then given the identification A2la
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Figure 3-1. Cycle I One-Eighth Core Loading for Catawba Unit 1
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Fifgure 3-2. Ccle 2 One-Eighth Core Loading for Catawba Unit 1
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Fiure 3-3 Cycle 3 OneElghth Core Loading for Catawba Unit I
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Figure 3-4. Cycle 4 One-Eighth Core Loading for Catawba Unit 1
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Figre 3-& Ccde 5 One-Eighth Core Loading for Catawba Unit 1
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Figure 3-6. Burable Poison Rod Locations within a Fuel Assembly
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Figure 3-7. Cycle 1 Fuel Assembly Identification & Locations for Catawba I
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Fire 3-8. Cycle 2 fRel Assembly Identification & Locations for Catawba I
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Figure 3-9. CQde 3 Fuel Assembly Identfication & Locafons for Catawba 1
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Figure 3-10. Cyde 4 Fuel Assembly Identification & Locations for Catawba I
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Fige 3-11. Cycle S Fuel Assembly Identification & Locations for Catawba I
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To aid in the burup calculations, and tu the generation of Isotopic data for the staepoin
calculations, the information provided In Figur 3-1 through 3-11 was reduced to two tabls
Table 3-3 traces each fiel assembly (and subsequent split by dhufilig symmetric components to
more than one location, if applicable) by assembly identification and cycle from the time 1he
assembly was first Inserted in the reactor through cycle S. Those assemblies which split for a
subsequent cycle (Le., with an a a or Ib designator) cay a hyphen ( - ) designar in the cycle
column to Indicate those cycles where the assemblies are present pror to the split This wil aid
the burnup cacon process by indicating where redundant data generation is not required.
Note that only those fiel assemblies which contribute to the statepoint calculations in cycle S are
included in this table. Tbese are the fuel ssemblies that requre burnup calculations. The
location of each assembly Ia each cycle is indicated by the coordinates given in the figures (e.g..
H8, B 13).

Table 3-4 is a repeat of portions of Table 3-3 where control rod bank insertion and burnable
absorber (BA) loadings are given for those assemblies that conained control rods or burnable
absorber rods during cycle operation. Control rod insertion and burnable absorber rods must be
modeled in the burnup calculations for those assemblies and axial locations where either type of
rod are present. Mre data concerning control rod Insertion time by axial node is given in
Section 4.) The rod bank Indicator CD is given for those assemblies and cycles where rod bank
CD was inserted. (Ibis is the only bank Inserted during normal cycle operation.) The burnable
absorber loadings are given as the number of burnable absorber (or burnable poison) rods present
in the fuel assembly. For diose cycles where the rod bank or the burnable absorber rods are not
present, the assembly presence in the core is indicated with an 'X.
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Table 3-. Fuel Assembly Locations by Cycle for Burnup Calculations

Assembly Assembly Location In Cycle
Number / Batch 1 2 3 4 6 Comments

A4c13 BS9 69 Ha8 Cycle I
____________ _ 7Cycle 2

B1714A EIO B12 B13 Eg
B2314A DII All All D10

B25a = Bt1 B10 G9
Cycle 3

0816 AB 68 08
01415 B9 B10 Eli

C14aI _ D12
C17a I I EI1 C13 FID

02116 AIO AD C9
2516 I - B611 DII All

C2816 C12 B12 C1l
Cycle 4

D216 68 18
0816 AS C8
D1216 09 FS

D12a 1- _ C13
01416 69 613
D1716 EIO B10
D1916 C10 AD
D2116 AI CIO
D2516 611 FO
02816 C12 612

Cycle 6
E217 GS
E4I7 ES
E817 AS
E1217 D9
E1417 _9
E1717 EIO
E21 17 AIO
E2317 DI1
E2517 B611
E2817 =C12
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Table 3-4. Control Rod and BA Loading by Cycle for Burnup Calculations

Number elBA Rods or Rod Bank ID I
Assembly Assembly Location In Cycle

NumberlBatch 1 2 3 4 | 6 Comments
A14c3 201189 X CDcom Cycle I

___________ __ * Cycle 2
81714A SIEID X X X
B23 14A 121D11 X X X BAcPyrex

125al 41811 X X for Cycles I & 2
_____________ - - - Cycle 3

C1416 - 819 X X
C14a 816M . CDJDI2 BARWABA
C17a16 WElO X X

C2516 4)811 X X
02816 4)012 X X

=_ _ _._ _ _ _ _ _ _ qCycle 4
D216 8GB8 X
D1216 81S9 X BAoWASA

D12aI16 D9 X
D14 16 81B9 X
D1716 8E10 X
D1916 1C10 X
D2816 41C12 X

Cycle6
E217 =8GS
E417 88 BAc'WASA
E12 17 129
E14 17 8J88
E1717 81810
E23 17 81Dtl
E2817 2
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4.0 CORE OPERATIONS AND STATEPOINT INFORMATION

This section provides core operations data for the burnup calculations required to generate
isotopic conceons for the statepoint evaluations. The measured citical conditions for the
statepoints evaluated are also contained In this section.

4.1 Corc Follow Data

The use of commercial reactor criticality data for model validation requires detailed knowledge
of how the reactor was operated for the lifetime of every fiel assembly contributing to thce
criticality database. This is necessary in order to adequately model the conditions for burnup
calculafons at each axidal location of each fiel assembly represented In the reactor core for each
statepoint evaluation. Thus, core follow calculations based on core operation data are used to
provide local conditions as a funcion oftime to be used for all bumnup calculations performed in
support of the statepoint evaluations. In addition, measured global data such as rod insertions
and boron letdown data are also provided.

The core follow calculations provide three-dimensional thrmal-hydraulic (IH feedback and
burnup data. These data are presented at axial node locations. The nodd spacings for the axial
nodes are presented in Table 4-1, where node I represents the top axial node in the reactor core.
Tables 4-2 through 4-32 provide axial bumnp profiles for each assembly at each datapoint or
statepoint along with axial fuel temperature and moderator specific volume distributions used in
the burnup calculations between datapoints or statepoints. The statepoint evaluations for
Catawba I were performed at beginning-of-life (O EFPD of cycle 1), beginning-of-cycle for cycle
5 (O EFPD), and 2745 EFPD of cycle S. Some of the fuel assemblies present in cycle 5 for the
statepoint evaluations were initially inserted in the core in cycles 1, 2, 3, and 4. The modeling of
fuel assembly operating history for assemblies which were first inserted prior to cycle S reqwres
burnup, fueIl tempe, and moderator specific volume data for the cycles since the fuel was
first inserted into the core. These data are provided at datapoints for the cycles prior to cycle S
and at statepoints for cycle S. The data is also given by axial node location.

Control rod insertion time (by axial node) for each assembly with a control rod inserted during
core operaon Is provided In Tables 4-33 and 4-34. This data was also obtained from the core
follow calculations based on core operation data. In addition, boron letdown data for cycles I
through S are provided in Table 4-35. Ihe data provided In Table 4-3S are coefficients from a
linear regression fit of core operation data for each cycle.

soooooooo-01717-570500067 REV 00 41 Apra 17, 1998



Table 4-1. Axial Node Spacings for Catawba I Burnup Calculations

Axial Node
Node SpacIngs (em)

1 12.70
2 10.16
3 22.86
4 22.86
5 22.86
6 22.86
7 22.86
8 22.86
9 22.86

10 22.86
11 22.86
12 22.86
13 22.86
14 22.86
I5 22.86
16 22.86
17 10.16
18 12.70
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Table 4-2. Burnup and TI!Feedback Parameters by AxlsNode forAssembly Al4c

AIM

1
2
3
4
5
6
7
£
9

10
11
12
13
14
15
16
17

15

2
3
4
5
6
7
8
9

10
11
12
13
14
Is
16
17
1s

Durmup SF52 to DPI

2.058 774.1 0.024
3.255 859.5 0.0243
4.929 9765S 0.0243
6.754 1094.9 0.0241
8.124 1170.5 0.029
9.053 1216.1 0.0237
9.681 1240.5 0.023S

10.095 1250.6 0.0233
10.362 12511 0.0231
1 0 5 1 5 1 2 4 5.2 0.0 2 2
10.56D 1241.6 01)26
1I.A68 1231A4 0.022
10.164 1213.1 0.022
9.512 1177.7 0.021
5.303 1111.9 0.0219

6.280 995.5 0.0218
4.228 860.6 0.0217
2.579 746.6 0.0217

Bunup DP3 to SF53

12.875 918.5 0.024
18.546 980.9 0.0243
24.281 1011.7 0.0242
28.204 10151) 0.0239
295S47 998.5 0.0237
29.884 984A4 01)35
29SM0 976.3 0.0234
29 1S4 972.0 0.023
29121 969.3 0.0230
29 23 966.6 0.028
291963 963A4 0.0227
29.937 960 1 0.022
301)08 9601 0.0224
29.906 967.0 0O.022
29.09 981.0 O.022
251823 986.2 0.019
20.251 958.3 01)21
13.708 556.6 0.017

Burcup DPI to DP2
DP2
5.069
7.760
11200
14.390
16.137
1 71014

17A430
17A629
17.746
17.86
17.946
15.015
17.951
17.512
16194
13.109
9281
51830

T-Tue Sy~e
911.4 01)48

1023.3 01)48
1123.6 0.0246
11771) 01)244
11783 0.0241

11542 -0.0239
1125.9 0.0236
1102.2 0.0234
10851) 0.0232
107718 01)230
1078.3 0.0228
1088 1) 0.022
1106A4 0. 22
1129.1 0O )22
113819 0.021
1090.7 0.019
9941) 0.0215
86S52 0.0217

81923
13.098
17.115

22.923
23A422
23524
23.498
23.456
23.442
23.46
2350O9
23501I
23.24
22.116

118.83
14.158

9.22

Durnup

16.6S9
24.177
34.135
39.90
41.669
42.098
42.121
42.049
41.97
411)36
41.924
4 1.935
41.934
41.723
40.637
36.610
2950O6
2050O7

DPI toDP3
T-ftel Spee.Vol

990.7 0.0246
1087.9 0.024S
11522 0.0243
1145.7 0.0241
1105.1 0.0238

10 77 0.0236
1039.7 0.0234
1019.6 0.0232
100418 01)230
993.4 0.022
95418 0.UM2
979.8 0.0225
9 81.1 0.022
9915S 0.0222

101119 0.0220
10192 0.0219
973.5 0.0218
879.8 0.0217

DPS to SF54
TWOe I Symo
773.4 010242
827.6 010242
945.5 01)240
980.4 010238
978.6 0.0237
970.6 0.0235
9621 0.0233
956.6 0.0231
951.3 0.0229
948.3 0.0228
94610 0.0226
945A0 0022
945.3 0O022
946.3 0.O22
945.0 0.0220
925.1 0.0219
882.4 0.0215
8223 0.0217

Baiup, SFW3toMF

14.487
20.961
28.789
33.722
35.378
35136
35.598
351851
35.787
35.731
35.690
35.6S7
3559
3S5312
34.205
30A.45
24. 129
16.472

Modze Ivm~Yn
744.6 0.0242
784.4 0.0241
907.2 0.0240
970.7 0.029
990.7 0.037
99 5.7 01)23
995.0 0.0233
991.1 0.023
985.1. 0.0 29
977.3 0.022
967.9 0.0226
95619 0.0224
943.6 0.022
927.3 010221
904.7 0.0220
570.5 0.0215
927.3 0.0215
775.6 0.0217

Datapoint
or

statevolrt ~EM I Cycle
S F5 0.0 /Cy l
DPI I80.ICYI
DP2 01)ICy2
DP3 126.OCy2

SF5 0.ICyS
DP8 130.0ICy5
SF5 2745 CyS

Burnup -GWdWWT
M-udI O'F

Spec. VOL -1t'IEbm
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Table 4-3. Bamup and TH Feedback Parameters by Axial Node for Assembly B17

AiW

.
2
3
4
S
6
7
I
9

10
11
12
13
14
is
16
17

18

2
3
4
S
6
7
8
9

10
11
12
13
14
is
16
17
11

Burnup DP2 to DP3
MPL VFW pSgl
3A47 1016.1 0.0252
5.073 1171.7 0.0251
6.665 *1311.0 0.0249
7.SS9 1380.S 0.0246
7.634 13793 0.0243
7.4S6 13S8.0 0.0240
7.2S 1336.2 O0238
7.106 1319.0 0.0235
7.002 13065 0.0233
6.936 1297.5 0.0231
6.904 12913S 0.0228
6.910 12U8.9 0A226
6.963 1290.1 0.224
7.034 1292.6 0.0222
6961 1281A 0.0221
6.226 1209.8 0.0219
4.800 1074.0 0.0218
3.136 90.2 0.0217

Burnup DP5 to DP6
DP6 ,T-JF~ode S eI l
11543 7782 0.0234
16A87 t243 0.0234
21.115 851.9 0.0233
23.838 866A 0.0232
24.474 867.7 0.0230
24.483 865.1 0.0229
24393 161.9 0.0228
24339 8581 0.0227
24329 8563 00226
24350 854.S 0.0225
24393 153.5 0.0223
24A68 8532 0.022
245U2 853.2 0.0221
24.668 852.6 0.0220
24329 848.6 0.0219
22.118 832.0 0.021t
17.682 02.9 0.0218
12.035 750.7 0.0217

Buraup
DPL
7.647

10.940
14.047
IS.716
ISS06
IS.710
IS.S19
IS.417
15390
ISA10
ISA66
IS.575
IS.762
16.O02
16.006
14.677
11.669
7.8SI

Burnup

12A10
17.752
22.753
25.769
26S52
26.631
26.S66
26.S13
26A90
26A89
26305
26.S44
26.60S
26.610
26.135
23.677
18.918
W.87

DPi to DP4
T-Ead Spec.Vvl

992.6 0.0254
1088.8 0.0253
1164.0 OQ251
1199.9 0.0248
1201.6 0.0245
1198.1 0.0243
1196.6 0.0240
11972 0.0237
1198.7 0.0235
11999 0.0232
12005 0.0230
1201.1 0.0228
1203.1 0.0226
12073 0.023
1208. 0.0221
1174A 0.0219
1089.9 0.0218
962.1 0.0217

DP6toDP7
T-Fud Sn:Vol

6443 0.224
664.7 0.0224
680.2 00223
693.0 O.223
698.5 0.0223
7002 0.022
699.9 0.0222
698.6 0.0221
696.8 0.0221
69S.0 0.0220
693.1 0.02
690.9 00219
687.7 0.0219
682.5 0.0218
674.1 0.0218
660.1 0.0217
6445 0.0217
6241 0.0217

Burnup

g 6SS
13.871
17.881
20247
20.782
20.771
20.680
20.627
20.612
20.618
20.636
20.676
20.7SI
20.809
20A99
183S4
14.707
9.914

Bump

13.796
19.66
25.085
28332
29.171
29.248
29.169
29.102
293
29.074
29.100
29.1S8
29245
29272
28.7B2
26.157
21.012
14398

DP4 to DP5
T.-oe Svec.Vol

749.9 0.0233
799.0 0.233
839.8 0.232
866.9 0.0231
879.6 0.0230
88S5 0.0229
887A 0.0228
886.7 0.0226
884.6 0.0225
881.6 0C224
878.0 0023
8732 O.0222
866.0 0.0221
854.7 0.0220
B36.8 0.0219
B06.7 0.0218
766.0 0.0217
7132 0.0217

DP7toSP
T-Fuel yVol

674A O0.22
695.2 O.2S
709.1 OD22S
7143 00224
713.0 0.0223
7103 0O.23
707.7 0.0222
705A 0.0222
703.6 O0221
702.2 0.0221
701.3 0.20
700.3 0.0220
700.6 0.0219
700A 0.0219
699.3 0.0218
693.1 0.0218
6783 0.0217
656.5 0.0217

Datapolnt
or

Statevlnt EFPDICvcle
DP2 0.0 ICy2
DP3 126.I/Cy2
DP4 0.OICy3
DPS 159.0 I1Cy3
DF6 0.0 I 4
DP7 147 1 Cy4

F3 0.0I Cy

Burnup - GWd&KMTU
T-FUI -'F
Spec. VoL -tIlbzm
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Table 4.3. Burnup and THI Feedback Parameters by Asial Node for Assembly B17
(Cont'd)

Axial BDrnup 53 to DPS Burnup DPS to SP54
£ Pf. Lel SnDPV8l -Lj* 7jg SpVolVol
1 16.693 939.9 0.0242 20A75 367A 0.0242
2 23.619 387.5 00,241 28548 91S.9 0.0242
3 29-931 933.7 0.0240 35.713 9572 0.0240
4 33.792 96S. 0.0238 39.988 978.1 Q0238
S 34.911 982.0 0.0236 41.17S 976.6 0.0236
6 35.128 987.9 0.0234 41.372 99.7 02S
7 35.113 988A 0.0233 41.326 92.7 0.0233
£ 3S.62 98S5 0.0231 412SS 956.7 0.0231
9 35.017 980A 0.0229 41.205 952.0 0.0229

10 34.975 973.6 0.0227 41.177 948.5 0.0228
11 34.934 96S.3 0.0226 41.169 946A 0.0226
12 34.898 95S.1 0.0224 41.182 94.5 0.022
13 34.85S 942.5 0.222 41.201 94S.7 0.0223
14 34.697 925.8 0.0221 41.102 946.3 0.OM22
IS 33.920 901.7 0.0220 40.320 943.3 O.O20
16 30.746 t64.7 0M0218 36t36 921.3 0.0219
17 24.811 820.7 0.0218 30.115 876A 0.0218
I1 17.134 769.7 0.0217 21.126 816.6 0.0217

Table 4.4. Bumnup and TR Feedback Parameters by Axial Node for Assembly B23

Axial

I
2
3
4
5
6
7
8
9

10
11
12
13
14
Is
16
17
1I

Burnup DP2 to DP3
pP3 T-te SpmcVol
2.728 952.2 0.0249
4.12 11022 0.0248
5.692 12403 0.0247
6.742 13173 0.0244
6.977 1326.0 0.0241
6.919 1312.9 0.0239
6.806 1296.9 0.0236
6.711 1283.8 0.0234
6.648 1274.1 0.0232
6.612 12672 OA230
6.599 1262.5 0.0228
6.610 12602 0.0226
6.644 1259. 0.0224
6.661 1257S 0.0222
6.S00 12385 0.022Q
S.704 1160.7 0.0219
4.331 1028.8 0.0218
2.814 871.2 0.0217

Burnup DP3 to DP4
DP4
6261
9207

12A63
14.591
IS.088
15.064
14.976
14.939
14.957
1S.012
IS.096
1S218
1S392
IS.568
IS442
13.956
1093S
7297

VFW SomcViol
946.7 0.02S3

1049.6 02
1138.7 0.02S5
1192.1 0.0248
1201.6 0.0245
1199.8 0.0242
1198.4 0.0240
1198.8 0.0237
1200.1 0.0235
1201A 0.0232
1202A 0.0230
1203.7 0.0228
1206.6 0.022S
12113 0.0223
1211.0 0.0221
1171.2 0.0219
10835 0.0218
9512 0.0217

Burnup

7.750
IIA08
15339
17969
18.716
18.828
18.814
18.813
18.840
1.885
18.942
19.014
19.104
19.142
18.770
16.798
13.128
8.761

DP4 to DPS
TI fl g-_Vol

7054 0.0229
743.8 0.0228
775A 0.0228
794.1 0.0227
8024 0.0226
8062 0.0226
8072 O.225
806A 0.0224
804.S O.223
B02.1 0.0222
7992 0.0221
7954 0.0221
790.0 0.0220
781A 0.0219
767.8 0.021t
743.9 0.021t
711.1 0.0217
671.0 0.0217

Datapoint
or

Staeont Ep cycle
DP2 0.0 Cy2
DP3 126.0/Cy2
DP4 O.OICyS3
DPS 1S9.01Cy3

m4 274.5/CyS

Burnup "GWdlMT
. uad -' IF
Spec. Vol. -fPlbm

DPS 130.01CyS
SP53 CAOICyS
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Table 44. Burnup and TH Feedback Parameters by Axial Node for AssembVy B23

N

2
3
4
S
6
7
8
9

10
11
12
13
14
is
16
17
18

(Oont'd)
Burnup DPS to DP6
DP6 Iol SPMV0
9.164 729.1 0.0229

13395 767.1 0.0229
17.792 789.6 0.0228
20.671 795.7 O.=228
21A7 794.7 0.0227
21.597 792.1 0.0226
21.571 7893 0.022S
21.72 786.6 0.0224
21.600 7843 0.23
21.6S3 782.7 0.0
21.725 781.6 0.0222
21.822 781.1 0.0221
21940 7809 0.0220
21.998 7803 O.0219
21.598 7773 0.0219
19408 76S.8 0.0218
1527S 742.0 0.0217
10265 699.8 0.0217

Burnup DP6 to DP7
-ML T4vet SPeeVl
10337 675.8 0.0227
IS.127 706.6 0.0227
20.050 7292 0.0226
23.327 744.7 0.0226
24.329 7523 0.022S
24.S44 75s.0 0.0224
24.565 7543 0.0223
24.S67 7S35 0.0223
24.58S 751.5 0.222
24.618 749.S 0.021
24.661 747.5 0.0221
24.716 7443 0.0220
24.771 741.0 0.0219
24.722 734.3 0.0219
24.132 722.4 0.021S
21.S72 702.1 0.0218
163950 6783 0.0217
11389 647.1 0.0217

Burp DP7 to SPS3
SM - T-Fuel Sg~oi
12.133 708A4 .0228
17.627 738.6 00227
23.099 .7S33 0.0227
26.6S0 760.0 0.0226
27.702 7S79 00225
27307 7S4A 0022
27.09 7SI.1 0.0224
27.898 7483 0.0223
27313 746.2 0.0223
27.9SS 744.7 O.22
28.018 743.8 0.0221
28.106 7435 0.0220
28202 743.8 0.0220
28.193 744.3 0.0219
27593 743.5 0.0218
24.801 735.0 0.0218
19.644 71S3 0.0217
13299 684.1 0.0217

Axia
&Le

2
3

.4
S
6
7
8
9

10
1i
12
13
14
iS
16
17
18

Burnup SP53 to DP8
pP8L Tube! Spc.Vol
15.040 849.0 0.0243
21.630 900A 0.0242
28.049 947A 0M41
32.264 981.1 00 239
33.626 996A 0.0237
33387 10032 0.023S
34064 10043 0.0233
34.080 1002.0 0.0231
34.089 997A 0.0230
34.098 9912 0.0228
34.104 983A 00226
34.107 973.8 0.0224
34.081 91.6 0.0223
33.891 94S.2 O.0221
32398 921.8 O220
29.632 85S.0 0.0218
23.631 836.5 0.0218
16.152 782.6 0.0217

Burnup lP8 to 6PS4
.SEL T-Fftel 60Mp
18157 £79.t 0.0243
26.642 9283 0.42
33.954 967.0 0.0241
38.606 988.8 0.0239
40.040 987.1 0.0237
40378 979.8 0.023S
40A22 972 0.0233
40A16 966.1 0.0231
40A21 961.3 0.0230
40A46 9579 0.228
40A87 955.8 0.0226
40.544 95S.1 O.22S
40.590 95S.7 0.0223
40A73 957.0 0.0222
393593 955.0 0.0220
35923 933.6 0.0219
29.111 890.1 0.0218
20260 828.S 0.0217

Datapoint
or

Stenpoint EFPD I Cycle
DPS 1S9.0ICy3
DK 0.O/ICY4
DP7 147.1 ICY4
SS3 0.0ICYS
DP8 130.0 CyS
SP54 274.SICyS

BDrnup
T-FuCI
SpM VOL

-GWdTWrU
- 'F
-felibm
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Table 4-S Burnup and TH Feedback Parametern by Aal Node for Assembly B2Sa

Axial Burnup DP2 to DE3
No-de, P3n TL-usI gY2Vol
1 2.497 909.1 0.0247
2 3.780 10442 0.0246
3 5.142 1170.2 0.0244
4 6.099 1249.1 0.0242
5 6.398 1267.2 0.0240
6 6A31 12632. 0.0238
7 6393 1254A 0.0235
8 6356 1246.7 0.0233
9 6.339 124IA 0.0231

10 6.340 12382 0.0229
11 6.357 1236.7 0.0227
12 6.389 1236.6 0.022S
13 6.428 1237.0 0.0224
14 6.424 1233.3 00222
15 6218 1210.7 0.0220
16 3S36 1129.9 0.0219
17 4.043 999.6 0.0211
18 2.S91 8472 0.0217

Axial Bunup DPS to SMF3
P53t SM- T-Tue 6g Vol

1 12.101 893.6 0.024S
2 17349 9S8.8 0.0244
3 22.363 997.7 0.0242
4 252 1017.7 0.0240
5 26.738 1017.1 0.0238
6 27.107 1O11.S 0.0236
7 27269 100S.8 0.0234

. 27391 1001.1 0.0232
9 27.513 997.7 0.0231

10 27.637 99S.6 0.0229
l1 27.763 99S.0 0.0227
12 27.887 995S9 0.022
13 27.990 998.1 024
14 27.957 1000.6 0.0222
IS 27333 999.6 00220
16 24.609 977.7 0.0219
17 19.607 933.5 0.0218
1i 13.342 8S72 0.0217

Eurup DP3 to DP4
JUL meb speevol
S.789 911.8 0.0247
8A89 1015.8 0.0246

11.191 1087.1 0.0245
12.934 11202 0.0243
13A29 1124.0 0.0240.
13.501 - 1121.5 - 0.0238
13A95 1119.7 0.0236
13515 1119.5 0.0234
13.5 1120.0 0.0232
13.6SS 1120.5 0.0230
13.759 1120.8 0.0228
13.889 1121.5 0.0226
14.048 1123.5 0.0224
14.177 11272 0.0222
13.991 1127A 0.0221
12.562 1097.5 0.0219
9.809 1023A 0.0218
6SOS 903.6 0.0217

Burnup
SP-P
9.119

13290
17.41S
20213
21.224
213S87
21.756
21.878
21.987
22.081
22.158
22.21S
22234
22.118
21480
19.088
14.943
9.988

Buraup,
s-
18.624
26.192
33.1S8
37.565
39.000
39A26
39.560
39.627
39.683
39.738
39.792
39.841
39.8S9
39.708
38.836
35318
28.741
20.054

DP4 to DPS
Tel SipecVal

872.3 O.246
948.9 0.0245

1013A 0.0244
1054. 0.0242
10703 o0240
-1077.1 0.0237
1079.0 0.0235
1078.1 0.0233
1075.6 0.0231
10723 0.0229
10682 0.0227
1062.9 0.0225
1054.7 0.0223
1041.5 0.0222
1018.8 0.0220
973.7 0.0219
906.9 0.0218
819A 0.0217

DP8 to S4
T-el Snec.Vol

870.4 0.0242
919.9 0.0242
960.7 o0240
982.7 .O238
979.0 0.0236
970.0 0.0234
9613 O.0233
953.9 0.0231
9482 00229
9439 0.0228
940.9 0.0226
939.3 0.0225
939.2 0.0223
939.9 0.0222
938.3 0.0220
919.1 0.0219
376.9 0.0211
9202 O0217

Burnup
DPs

14.943
21313
27339
31291
32.676
33.152
33344
33452
33530
33586
33.622
33.634
33.597
33383
32493
29.245
23A41
16.084

SP53 to DPM
T-Fvd IncVol

843.6 0.0243
898.7 0.0242
9SO.9 Q0241
987.7 0.0239

1000.4 0.0237
1003.1 0.0235
1000.9 0.0233
995.7 0.0231
9885 0.0229
979.9 0.0227
969.9 O.Q226
9585 002224
94S.1 0.0222
928.8 0.0221
907.5 OM00
174. 0.0213
827.9 Q0218
7752 0.0217

Datapolnt
or

statevolt iZlvc
DPn 0.0ICy2
DP3 126.0ICy2
DP4 0.0 ICy3
DPS 159.0 CyS
SF53 0.O/CYS
DPS I30.OICyS
SP54 274.1 CyS

BDrnup - GWdMTU
T4Fud - "F
Spe. Val - /i bm
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Table 4-6. Bumup and TU Feedback Parameters by Axial Node for Assembly CB

Axial
No-de

1
2
3
4
S
6
7
t
9

10
11
12
13
14
1S
16
17
iS

Burnup DP4 to DPS
-DP5 TVFW 6nsVl
2.313 816.7 0.0238
3A82 912.6 0.0238
4.694 1003.8 0.0237
5.628 106S 0.0236
6.085 1090.0 0.0234
6.332 1099.1 0.0233
6A78 1102.0 0.0231
C.S67 1102A O229
6.617 1101.7 0A228
6.637 1100.5 0.0226
6.626 1099. 0.2
6.580 1096.6 O.O223
6A79 10915 002
6280 1080.4 0.0221
5.875 10539 0.0219
4.972 987.9 0.021
3.724 8902 Q0217
2.398 777A 0.0217

BuMp DPStoDP6
I)P6 T-ne SpmeVol
4.486 149.3 0.239
6580 933.5 0.0238
8.623 997.0 0.0237

10.033 1024.9 0.0236
10.611 1025.7 0.0234

- 10.877 1020.2 0.0232
11.023 1014.1 0.0231
11.117 1010.9 0.0229
11.186 1008S 0.0228
11.238 1007.7 0.0227
11.27 1008.6 0.022S
11298 1011.1 0.0224
11276 10153 0.0222
11.150 1019. .221
10.726 1019.9 0.0220
9A24 994.0 0.0218
7304 926.0 0.0218
4.831 123.6 0.0217

Burnup DrP to DP7
nDP T-Fued Speol

7.662 891.0 0.0249
11203 982.9 0.0248
14.706 1060.S 0.0247
17243 1116.5 0.0244
18.364 1139.6 0.0242
18.897 1146.9 0.0239
19.172 1147.3 0.0237
19324 114S.1 0.023S
19A09 1142.6 0.0232
19AS5 1140.8 0.0230
19A68 1139.6 0.0228
19A32 1138.0 0.0226
19302 1133.8 0.0224
18.961 1122.5 0.0222
18.084 1095.6 0.0220
15.761 1034.1 0.0219
12.208 949.1 0.0218
8.106 842.0 0.0217

Axial Dumrp DP7 to S3
No~de R&. T--Foel Sv~yp~l
1 12.130 9262 0.0248
2 17.286 997.1 0.0247
3 22.158 1043.7 0.0245
4 25A13 10622 0.0243
5 26.667 IOS9.8 0.0241
6 27.177 IOS.S 0.0238
7 27A17 1043.8 00236
8 273561 1038A 0.0234
9 27.674 10352 0.0232

10 27.781 1033.9 0.0230
11 27.888 1034.5 0.028
12 27.986 1037.4 0.0226
13 28.030 1042.7 0.0224
14 27.879 1050.1 0.0223
IS 27.087 IOS42 0.0221
16 24272 10362 0.0219
17 * 19.364 986.1 0.0218
is 13.224 8964 0.0217

Datapoint
or

Stgteolnt }EM/ Cycle
DP4 0.OICy3
DPS IS90 ICy3
DP6 0.OICY4
DP7 147.1/ Cy4
SF53 0.0ICyS
DP8 130.0 ICyS
SP54 274.S/CyS

Burnup

15246
2156S
27.453
31398
32.942
33582
33179
34.036
34.132
34.197
34.239
34244
34.164
33.837
32.762
29355
23.553
16.221

SM3 toDP8
T-Fbel SpetYo

868.4 0.024S
92S.0 0.0244
977.6 0.0243

1013.6 0.0241
1027.0 0.0239
10312 0.0236
10305 0.0234
1026.9 0.0232
10213 0.0230
10143 0.0228
1005.7 O0226
995A .02?5
983.0 0.0223
967.0 0.0221
944.0 0.0220
90S.0 0.0219
8525 0.0218
794A 0.0217

Bumup
RuA
19.293
26.866
33.712
38.109
39.701
40.295
40539
40.665
40.751
40.829
40.904
40.966
40.63
40.725
39.681
35S66
29303
20533

DP8 to SPS4
,.T-fel SUoL

394.8 0.0245
947.7 0.0244
990.7 0.0242

10132 0.0240
1010.3 0M38
1001. 0.0236
992.9 0.0234
985S.9 0.0232
980.6 0.0230
976.8 0.229
974.5 0.0227
973.8 0.0225
974.7 0.0224
976.7 0.0222
975.1 0.0220
9539 0.0219
9072 0.0218
140.7 0.0217

Burnup -GWdlMTU
T-ueI - F
Spec oL .ft/Ilbm
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Table 4-7. Burup and THI Feedback Parameters by Axial Node for Assembly C14

Node1
I
2
3
4
S
6
7
3
9

10
11
12
13
14
15
16
17
13

MIW

1
2
3
4
S
6
7
8
9

10
11
12
13
14
1S
16
17
18

8unup DP4 to DPS
JUL M SyMVYl
3.600 9432 0.02S0
5.02S IOS4.9 0.0249
6.647 1163.9 0.0248
7.911 1238.5 0.024S
8.529 1267.7 0.0243
8R7S 1279.7 0.0240.
9.089 12843 0.0238
9227 128S.7 0.03S
9.310 1285.6 0.0233
9350 1284.9 0.0231
9347 1283.7 0.0?2
9.293 1281.0 00226
9.165 127S.1 0.0224
8.911 1261.8 0.0222
8.391 1231.0 0.0220
7.194 II2 0.0219
5.S22 1033.8 0.0218
3.823 899.3 0.0217

Bunup DP7 to S63

13.930 9925 0.0245
19375 9585 0.0245
24.752 1001.7 00243
28.398 1023.9 0.0241
29.t18 1020.7 0.0239
30AIS 1011.8 0.0237
30.711 1003.8 0.0235
30.894 998.0 0.0?33
31.034 994.4 0M31
31.160 992.7 0.229
31.280 992.7 0.0227
31380 994.8 0. 6
31A14 999A 0224
31.233 10058 0.0222
30356 10093 0.0220
27.246 989.7 0.0219
21.357 938.1 0.0218
IS301 859.8 0.0217

Burcup DPS to DU6
-D6 T-Tod SDVVl
6.855 969.6 0.02S0
9392 10S56 0.0249

12.117 1126.1 0.0248
14.023 IISSA 0.A245
14.308 11612 0.0243

-IS.187 115.S 0.0240
ISA12 1149A 0.0238
15569 1144.9 O.023S
15.688 1142A 0.0233
15.784 1142.0 O.231
1S.8S9 1143.7 0.0229
15907 1147.6 0.0227
IS.900 IIS3.8 0.0225
IS.762 1160.6 O.0223
IS.248 11613 0.0221
13549 1127A 0.0219
10.724 1053.S 0.0218
7.S6S 943.7 0.0217

Burnup SF53 to DPS
DPL LEFtD yVo

16.781 338.0 0.0244
233S3 392.0 0.0243
29.766 94822 0.0242
34.1S6 928.9 0.0240
3S.891 1007.5 0.0238
36.620 10132 0.0236
36.96S 1012.5 0.0234
37.1S2 1008.6 0.0232
37.268 1002.7 0.0230
37.347 99S.5 O.0228
37397 986.8 006
37.406 976.7 O00224
37317 9643 0.0223
36.962 9482 0.0221
3S.801 924.1 0.0220
32.114 881.7 0.0218
25.370 833.0 0.0218
18.167 77s.6 0.0217

Burnup

9.773
13.672
17.7S9
20.725
22.020
22.643
22.978
23.176
23.299
23.376
23414
23398
23279
22.929
21.984
19342
15209
105S7

20.5S0
28.358
35.7S8
40.656
42.461
43.144
43A432
43580
43.681
43.767
43.847
43.907
43.892
43.620
42A484
38A494
31A424
22323

UP6 to DP7

852.0 0.0246
932.7 0.024S

1004.1 0.0244
1052.6 0.0242
10713 O.0240
1076.0 00237
1074.7 0.023S
1071.2 0.0233
1067.6 0.0231
1064.6 0.0229
10623 0.0227
IOS9.6 0.0225
1054.6 0.0223
1043.6 0.0222
10195 0.0220
966.9 00219
892.6 0.0215
300.0 0.0217

DP to S4
T--fiel SpeneVol

869.8 0.0244
925.7 O.0243
974.9 0.0242

1000.6 0.0239
998.0 0.0237
989.0 0.023s
980.0 0.0234
972.6 0.0232
967.0 0.0230
963.0 0.0228
960.6 O00227
959.7 6.022
960S 0.0223
962.4 0.0222
961.1 0.0220
939.7 0.0219
389.1 0.0218
321.9 0.0217

Datapoint
or

Ststwotnt EFPDRlve
DP4 0.0ICy3
DPS 159.0 ICy
DP6 0.0 ICy4
DUP 147.1 1Cy4
SF3 OICYS

DP8 130.0 ICyS
SF54 274.51 CyS

Bunup -GWd/MTU
T-feo -' F
Spec. VoL -fte/lbm
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Table 448. Bumup and TB Feedback Parameters by Axal Node for Assembly C14a

1
2
3
4
S
6
7
8
9

10
11
12
13
14
15
16
17
11

AxIal
Kode
1
2
3
4
S
6
7
3
9

10
11
12
13
14
1S
16
17
18

Brup DP4 to DPS
mPE T- I SpmVgl
3.00 943.2 0.02S0
S.0QS 1054S 0.0249
6.647 1163S 0.48
7.911 1238.5 0.0245
*3529 1267.7 0.0243
8.B75 1279.7 0.0240
9.089 12843 0.0238
9.227 1285.7 0.0235
9310 128S.6 0.0233
9.3S0 1284.9 0.0231
9.347 1283.7 0.0228
9.293 1281.0 0M26
9.165 1275.1 0O4
3.91 1261. 0222
t.391 1231.0 0.0220
7.194 IIS2 0.0219
S .52 1033.8 0.0218
3.823 899.3 0.0217

Burnup DP7 to Sl53
RI3 To S<:V0
13.928 192.S 0.0245
19373 95.S5 0.024S
24.749 1001.7 0.0243
28395 1023.9 0.0241
29.814 1020.7 0.0239
30A11 1011.8 0.0237
30.707 1003.8 0.0235
30.889 998.0 OQ233
31029 994A 0031
31.1SS 992.7 0.0229
31274 992.7 0.0227
31374 994.8 0.0226
31A08 999M 0.0224
31.227 100S.8 0.0222
30350 10093 o.220
27241 989.7 0.0219
21.833 938.1 0.0218
15298 3S9.3 0.0217

Burnup DPS to DP6

635
CMU
9392

12.117
14.023
14.808

- 1S.187
lS.412
15.569
1S.688
IS.784
IS.859
15.907
IS900
IS.762
IS248
13.549
10.724
7.565

Burnp

I5.428
21.665
29.124
33.t65
3S.664
36A13
36.767
36.963
37.089
37.180
37245
37.268
37.194
36.848
3S8
31.974
25.713
18.030

T-dfeI SpeVYl
969.6 0.0250

1056.5 0.0249
1126.1 0.0248
1158A 0.0245
11612 0.0243
-11SSS -0.0240
1149A 0.0238
1144.9 0.023S
1142.4 0.0233
1142.0 0.0231
1143.7 00229
1147.6 0.0227
1153.8 0.0225
1160.6 OA23
11613 0.021
1127. 0.0219
1053.5 0.0218
943.7 0.0217

S6i3 to DP8
TflL SpecVol

733.7 0.0242
773.8 0.0242
896.1 0.0241
9662 0.0239
990.6 0.0237
997.6 0.023S
997.6 0.0233
994A 0.0231
989A 0.0229
9832 0.0228
97S.7 0.0226
966.8 0.0224
95S.6 0.0223
940.4 0.0221
916.2 0.0220
872.3 .0218
822.8 0.0218
765S.9 0.0217

BuMUp
-DM
9.773

13.672
17.759
20.72S
22.02
22.643
22.978
23.176
23.299
23376
23.414
23398
23279
22.929
21.984
19342
15.209
10557

Borup
ra-

17.S09
24.791
34398
40.02S
41944
42653
42.952
43.109
43221
43320
43A1S
43.492
43.494
43.235
42.098
38.085
31.006
21.970

DK to DP7
T-Ftel SveVol

1520 0.0246
932.7 0.024S

1004.1 OM44
I1S2.6 0.0242
10713 0240
1076.0 0237
1074.7 0.023S
10712 O0233
1067.6 0.0231
1064.6 0.0229
1062.3 0.0227
1059.6 0.022S
10S4.6 0.0223
1043.6 0.0222
1019S 0.0220
966.9 0.0219
892.6 0.0218
800.0 0217

DP8 to SF54

764.8 0.0242
820.8 0.0241
9412 0.0240
9793 0.0238
977.9 0.0236
969.0 0.0234
960.1 0.0233
952.9 0231
947.S 0.0229
943.6 0.0228
9413 0.0226
940.6 0.022S
941.7 0M23
943.8 0.0
942.9 0.0220
921.7 0.0219
872.8 0.0218
309.1 0.0217

Datapoint
or

!tatevolat EFID I vcte
DP4 .OAICy3
DK 1S.0 ICy3
DP6 O./Cy4
DP7 147.1 /Cy4
6 3 0.OICYS
DPI 13(.O/CyS
SF54 274SICyS

Burnup - GWdlMTU
TVF I "F
Spec. VoL -ft 3 Ibm
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Table 4-9. Bmmup and T1 Feedback Parameters by Axial Node for Assembly C17a

1
2
3
4
5
6
7
9
9

10
11
12
13
14
Is
16
17
18

Axhi
Nod

I
2
3
4
5
6
7
8
9

10
I
12
13
14
Is
16
17
1S

EBnnp DPW to DP5
DML MC~L E6Vol
4.176 995.7 0.02S3
s.738 1111.7 00252
7443 1223.7 0.0250
8661 1293.6 0.0247
9.15S 131S.6 0.0244
9382 1320A 0.0242
9A99 1319.6 0.0239
9561 1317.0 00236
9580 1313.7 0.234
9563 1310.1 0.0231
9508 130539 0.0229
9.416 1300 0.0227
9280 12933 0.022S
9069 1282.3 0.0223
8.663 12S7.6 0.0221
7.621 1188.0 0.0219
6.004 10725 0.0218
4.231 935.7 0.0217

Burnup DP7 to Sl;3

12A82 7963 0.0236
17.292 850.6 0.0236
22.163 *85A 0.023S
2SA44 903A O3
26.621 901.5 0.0232
27.030 895. 0.0231
27.186 888.9 0.0229
272S9 8842 0.0228
27305 881.1 007
27.341 879A .0226
27.373 879.0 00224
27396 890.0 0.0223
2738S 8382.3 0.0222
27.240 38SA 0.0221
26583 88S.6 0.0219
24.070 8695 0.0218
19A83 835.2 0.0218
13.782 775.3 0.0217

Burnup DPS to DP6
J)P6 -Fuel 5ncVgl
7.8S9 10145 0.0254

10.619 1100.8 00253
13A86 11702 0.02SI
15342 1205.5 0.0248
1S.974 1205.0 0.024S

16.202 1197.0 OA242
16311 1169.7 0.0240
16383 1184.8 O.237
16A35 1182.3 0.0235
16A72 1182.1 0.0232
16A96 1184.0 0.0230
16.S07 11382 0.0225
16A98 1194.8 O.226
16A24 1202.8 0.0223
16.068 1205.8 0.0221
14.575 1174.0 0.0219
11.785 1096.7 0.0213
8A37 9822 0.0217

Burnup DK6 to DP7
I)P VEFWe Smy.Vol
9.702 750.8 0.0235

13386 807.8 0.0235
17241 861.9 0.0234
19313 898.9 0.0233
20.937 912.3 0.0231

-21.344 916A 0.0230
21.525 91S.2 0.0229
21.613 9122 0.0227
21.6S4 909.0 0.0226
21.63 906.1 002
21.646 903.5 0.0224
21.597 900.6 0.0222
21A92 595.6 C O.1
21.251 586.0 0.0220
20581 8673 0.0219
1844S 830.7 0.0218
14.782 750.7 0.0217
IQA43 718S 0.0217

Burnup

IS.476
21A48
2729S
31.20S
32.636
33.156
33352
33A2S
33A41
33A25
33384
33310
33.172
32.8S3
31923
28.88
23A21
16.571

SF53 to DPS
M-Fel SneVOI
854.7 0.0243
913.5 0.0243
9632 0.0241
99S.1 0.0239

1006.7 0.0237
10095 0.0235
1007.9 0.0233
1003.6 0.0231
997.5 0.0229
990.0 0.0228
981.1 0.0226
970.8 0.0224
958A 0.0223
942.9 0.0221
921.3 0.0220
184.7 0.0215
535.1 0.0213
776.4 0.0217

Burnup

19365
26.383
33336
37.640
39.099
39564
39.706
39.744
39.747
39.739
39.727
39.703
39.635
39393
38A86
35.132
28.g74
20.622

DPS to SP
T-Fuel TFDSVOl

881.7 0.0243
93S.8 0°
975. 0.0241
993.7 0.0239
989.3 0.0237
980.1 00235
971.5 0.0233
964A 0.0231
959.1 0.0230
9552 0.0228
952.8 0.0226
951.9 00225
952.6 0.0223
954.1 0.o22
952.8 020
932A 0.0219
888.9 0.0218
822.9 0.0217

Dstapolnt
or

Ststegoft EFlPD LQvc
DP4 0.0ICy3
DP5 1S9.OlCy3
DK6 0.0ICy4
DP7 147.1 ICy4
S3 0.0ICys
DP8 130.0/Cy$
SF54 2743 ICyS

BErnup .GWCdMTU
T-FOCd -OF
Spec. Vol .ILe/Ibm
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Table 4.10. Burnup and TU Feedback Parameters by Axal Node for Assembly C21

Aal

1
2
3
4
5
6
7
8
9

10
11
12
13
14
is
16
17
IS

2
3
4
5
6
7
9
9

10
.11
12
13
14
IS
16
17
It

Bumrup DP4 to DP5
pP5 -miel fymVOL
2.230 809.0 0.0238
3378 903A 0.0238
4.586 994.6 0.0237
SS31 1056.9 0.0235
5.994 1081.7 0.0234
6.243 1091.0 0.0232
6.389 1093.9 0.0231
6.476 1094.1 0.0229
6.S24 1093A 0028
6.542 10922 00226
6C331 1090. 0.0225
6A86 10883 0.23
6.387 1083A 00222
6.189 10722 0.0220
5.783 104S.6 0.0219
4.875 979A 0.0218
3.632 8821 0.0217
2.327 771.0 0.0217

Burnup DPM to SP53
T~1 SPm3L~

9.320 819.9 0.0237
13.S60 877.6 0.0237
17.643 918.0 0.0236
20A31 932.3 0.0234
21.S13 928.8 0.0233
21946 921.5 0.0231
22.142 91S.0 0.0230
22252 910A 0.0229
22.33S 907.6 00227
22A12 906.2 0.0226
22A88 906.3 0.022S
22.55S 908.0 022?3
22.570 911.7 0.0222
22.408 917.0 0.0221
21.672 920.3 0.0220
19.190 9059 0.0218
15.038 863.8 0.0218
10.079 793.6 0.0217

Burcup DPS to DP6
.. PZL T-Fel EcVo1
4.313 839.7 0.38
6.36S 922.8 0.0238
8.393 98S.9 0.0237
9.813 1013.8 0.023S

10.400 1014.6 0.0234
10.669 - 10093 0.0232
10.814 1003.8 0.0230
10.905 999.7 0.0229
10.970 9972 0.0228
11.019 996.4 0.0226
11.056 9972 0.022S
11.074 999.7 0.0224
11.051 1003.7 0.0222
10.921 10082 0.0221
1OA93 1007.8 0.0220
9.189 981.5 0.0218
7.089 9145 0.0218
4.668 114.1 0.0217

Burnup S653 to DP8
I)P8 MT-Fuel Svec.Vol
12AIS 882.8 0.0247
17.74 951.9 0.0246
23.057 10049 0.0244
26.598 1042.8 O0242
28.007 10572 0.0240
283596 10622 0.0238
28.869 1062.4 0.023S
29.012 1059.8 0M233
29.098 ISSA O 02i1
29.152 1049.4 009
29.182 1042.0 0.0227
29.173 1032.8 0.0225
29.077 1021.3 0.0223
28.744 1006.1 0.0222
27.712 984.0 0.0220
24.578 943.1 0.0219
19A18 888.8 0.021t
13.150 814.8 0.0217

Bumnup DP6 to DP7
_OM7 T-Yved gmyc.Vol
6.341 7782 0.0236
9390 845.0 0.0236

12441 904.8 0.023S
14.665 946.0 0.0234
15.636 962.9 0.0233
16.086 967 M0.0231
16312 967.6 0.0230
16A34 96.5 0.0228
16S03 9633 0.0227
I6.542 961A 00225
16356 960.0 0.0224
16.533 9582 0.0223
16A32 9S4A 0.0222
16.146 9455 0.0220
IS.385 924.8 0.0219
13.338 8792 0.0218
10232 815.1 0.0217
6.727 7393 0.0217

Burnup

16A38
23204
29.401
33A16
34.877
3SA21
35.646
35.763
3S.846
35.921
35.993
36.0SI
36.047
35.820
34838
31391
2S.302
17A96

DP8 to SP54
T-feI figmyeC l

909.3 024S
1.8 0.024S

1005.8 0.0243
I122.S 0.0241
10183 0239
10092 0.0237
1000.6 0.0235
993.7 0.0233
988.6 0.0231
98S2 0.0229
9832 OA227
983.0 0AM22
94.6 0.224
987.7 0.0222
988.5 0.0220
971.3 O019
926.0 0.0218
8S9.6 0.0217

Datapolot
or

StatevoInt EF£PDlCJSYe
DW C.O1Cy3
DP 159.0 ICy3
DP6 0.OICY4
DP7 147.1 1Cy4
Sm3 0.0CyS
DFS 130.0lCyS
S4 2745 ICyS

Barcup -GWdMTUr
T-Fue - 9F
Spec Vol. -ftlhbm
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Table 4-11. Burnup and THI Feedback Parameters by Axial Node for Assembly C25

1
2
3
4
S
6
7
t
9

10
11
12
13
14
IS
16
17
18

8ump DNM to DP5
&L T-Fuel SW-Vol
3.104 898.6 0246
4321 1012.3 0.0246
6.068 1120. 0.0244
7271 1191.6 .0242
7.950 1218. 0.0240

-8.159 -1228.6 - 0Q238
8.341 1231.7 o0236
IASI 12313 0.0233
8513 1231.0 0.0231
8337 1229.7 0.0229
852S 1228.0 0.0227
8A69 12252 0.0225
8.349 1219.6 0.0223
8.115 12075 o.222
7.634 11786 0.0220
6S2S 1104. 0.0219
439S9 990.7 0.0218
3.307 85S.8 0.0217

Bumrp

5.93S
8A39

11.013
12.813
13.546
13.S80
14.06S
14.185
1423
14.342
14.395
14.42S
14A09
14.274
13.794
12230
9.610
6S71

DKStoDP6

928.1 0.0246
1019.3 0.0245
1087.3 0.0244
1115A 0.0242
111S.7 0.0239
11092 0.0237
1102.7 0.023S
1097.9 0.0233
1095.1 0.0231
10942 0.0229
109SA 0.0228
1098.6 0.0226
1103.8 0.0224
1109* 0.C222
III A 0.0220
10823 0.0219
10122 0.0218
901A 0.0217

Burnup DP6 to DP7
DP7 l:Foet SwVvl

-8.960 972.0 0.0247
12.872 957.6 M06
16.957 10389 0.024S
19.908 1089.8 0.0243
21.143 11049 0.0240
21.690 - 11065 0.0238
21352 1102.7 0.0236
22.080 1097.1 0.0234
22.137 1091.6 0.0231
22.151 1086S 0.0229
22.130 1082.9 0.0227
22.062 1078.8 0.0225
2130S 1072.6 00224
21548 1061.6 0.0222
20.673 1040.0 0.0
18268 9935 0.0219
14A02 922.5 0.0218
983S 8292 0.0217

NodAil

2
3
4
S
6
7
8
9

10
11
12
13
14
15
16
17
1S

Burnup DP7 to SP
, Sp3 T el Sg 1

13.139 903.4 0.0246
18596 9725 0.024S
24.091 1021.9 0.0244
27.808 1044A OM242
29.176 1038A 0.0239
29.682 1027.7 0M37
29.886 1018.3 .023S
29.981 1011.7 00233
30.037 10073 0.0231
30.084 1004.8 0.0229
30.127 10042 0.0228
30.158 100SS 0.0226
30.137 10093 O.0224
29941 10153 0.0222
29.159 1019.7 0.0221
26387 1004S OM219
21356 959.7 0.0218
14.8S 8819 0.0217

Bump SF3 to DP8
DP8 T-Tvoel L
14.180 667.7 0.0226
20.103 691.7 0.0226
26.012 711.8 0.022S
30.016 7242 O.022S
31306 728.7 0.0224
32.063 729. 0.0223
32284 729.0 0.0223
32.380 7273 0.0222
32.428 725.0 0.0222
32A57 722.3 0.221
32A77 7193 OA220
32A75 715.7 0.0220
32A07 711A 0.0219
32.137 705.4 0.0219
31222 696.0 0.0218
28.177 680.1 0.0218
22.769 6S9.2 0.0217
IS.8S6 6363 0.0217

Bumap
6PIL

15.650
22.130
28AS1
32.644
34.147
34.674
34.864
34.939
34.976
35.004
35.032
35.047
35.005
34.761
33.838
30.623
24.824
17334

DP8 to S4
T-Yvel ESvY*!

691A on226
714.7 00226
7293 0.0226
734.3 0.0225
732 0.0224
728.3 0.0224
724.3 0.0223
721.1 0.222
718.5 0.02
716.6 0.0221
7152 0.0221
7143S 0.0220
714.3 0.0219
7143 0.0219
712.7 0.0218
703.1 0.0218
687.1 0.217
661.9 0.0217

Datapoint
or

Statenoint EFPD/CyPle
DP4 0.4 ICy3
DP5 1S9.0ACy3
DP6 0.0/Cy4
DP7 147.1 ICy4
SF 0.0 ICYS
DP8 130.0/CyS
S4 274.5 1CyS

Burmup - GWd/l'U
T-Fuel - T
Spec. Vol. -fellbm
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Table 4-12. Burnup and TH Feedback Parameters by AxIal Node for Assembly C28

Axial Burnup DP4 to DPS
Noe ML T-1FWel Smefol

1 3.128 9112 0.0249
2 4.643 1035.7 O.0249
3 6A71 1159.0 0.0247
4 7.884 1239.7 0.0245
5 S.08 1267.5 0.0242
6 8.817 1276.5 -0.0240
7 8.991 1278.6 0.0237
£ 9.093 1278.0 0.023S
9 9.149 1276.5 O033

10 9.165 1274.7 0.0230
11 9.146 1272.6 0.0228
12 9.083 12695 0.226
13 8.960 1263.9 0.0224
14 t.731 1252.0 00222
s 8.259 1224.0 0.0220

16 7.18 1149.2 0.0219
17 S.472 10312 0.0218
18 3.677 888.0 0.0217

Axial Bumiup DP7 to Sr53
Node M T.Fvel Sme-Vol

1 10.293 784.9 0.0234
2 14.1 835.1 0.0233
3 19.633 864.2 0.0233
4 22.934 871.3 0.0231
5 24.163 867.7 0.0230
6 24.630 861.1 0.0229
7 24.t32 85S.2 .028
8 24.938 850.8 0.0227
9 25.010 847.7 0.0226

10 25.070 34S.9 0.0224
11 25.123 84S.2 0.0223
12 25.162 84S.8 00
13 25.1S2 847.7 0.0221
14 24.980 850.5 O02
IS 24.268 851O 0.0219
16 21.767 838.6 0.0218
17 1737S 809.8 0.0218
is 11.975 753.0 0.0217

Burnup DPS to DP6
_UL T-Tvel 6Z;o
5.976 943.6 0.0249
8.647 1043A 0.0248

11.71S 1122.3 0.0247
13.884 1153 0.0244
14.698 IISS.7 0.0242
IS.03S -1148A 0.0240
IS.211 1141A 0.0237
IS326 1136A 0.023S
ISAII 1133.7 0.0233
ISA79 1133.1 0.0231
IS.S32 1134.6 0.0229
IS566 1138.2 00227
IS561 1144.1 0.022S
ISASI 1SIA. 0.0223
IS I 1152.S O.n221
13.12 1122. 0.0219
10.637 1050l 0.0218
7.326 936.3 0.0217

Burcup DP6toDP7
DP7 T-Ve ISpeeyol
7.700 742A 0.0233

11219 794. 0.0232
IS.13S 840.5 0.0232
17.969 S70.2 0.0231
19.101 881.1 0.0230
19583 883A. 0.0228
19.816 881.8 0.027
19.942 878.7 O0226
20.014 875.5 0on22
20.0S4 872.6 00224
20.068 870.0 O.223
20.046 867.1 0.0Q22
199S5 862.S 0.0221
19.698 8S4.0 0.0220
18.973 837.6 0.0219
16.811 804S 0.0218
132S4 757.7 0.0217
9.067 703.1 0.0217

Burnup DP8 to SF54
.0;P T-fe SlVgI
I.SS6 875.1 0.0243
23.510 926.0 0.0242
30393 969. O241
3S.003 98.8 0.0239
36.6S7 986.1 0.0237
37.247 977A 0235
37.477 968.9 0.0233
373S87 9623 0.0231
37.6S8 9573 0.0230
37.71S 954.0 0.0228
37.774 952.3 0.0226
37.814 952.1 005
37.793 953.8 0.0223
37SS8 956.5 0.0222
36382 9S6.1 0.0220
33.103 935.1 0.0219
26.846 892.4 0.0218
18.780 8285 O.Q217

Baup

12.979
18.682
24.S57
28.65S7
30.240
30.871
31.149
31287
31363
31A04
31A18
31393
31282
30.947
29.3S
26.776
21A08
14.782

SF53 to DPI
T-TveT S zVol

t40.1 0.0244
904.7 0.0243
955.8 0.0242
999.6 0.0240

1017. 0.0238
10233 0.0236
1023.7 0.0234
10213 0.0232
1017.2 0.0230
1011.8 0.0228
1005.2 o.226
997.1 0.0225
986.7 023
9723 0.0221
949A 0.0220
905S.9 0.0218
85O.0 0.0218
784.7 0Q217

Datapolnt
or

Statevolut EELT/Cycle
DP4 0.0I C3
DK 159.0 JCy3
DP6 0.0JCY4
DP7 147I IC4
55 0.0ICYS
DP8 130.ICyS
SP54 274SICyS

Buraup -GWdlMTU
T-fte! - 'F
Specm VoL tW3 IIbm
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Table 4-13. Burnup and TB Feedback Parameters by Axial Node for Assembly D2

I
2
3
4
S
6
7
8
9

10
11
12
13
14
is
16
17
18

Burnup DP6 to DP7
Dn Teu symyel
3.5S1 967A 0.02S2
SJ13 1093.7 0.0251
6.796 12293 0.0
8.146 1317.1 0.0247
8.683 1342.1 O.0244
8.885 134S.1 0.0241
8.946 1340.7 0.0239
8.940 1334.7 0.0236
8.896 1329A 0.0233
8.830 1325.7 0.0231
8.745 1323A On229
8.635 1321.1 0.0227
84A1 1316.1 00224
8.238 13035 0.0222
7.780 1271.2 0.0220
6728 1186A 0.0219
5217 10S9.1 0.0218
3.634 916.8 0.0217

Durnup DP7to S53
SJ T4FeI SpecVol

3.152 979.8 0.0252
11.230 1066.6 0151
14.722 1142.9 0.0249
17.059 1176.7 0.0246
17.796 1172. 00244
17.987-- 1162.9 0.0241
18019 IISS1. 0.0239
18.013 1150A 0.0236
1.006 1148.2 0.0234
18.012 11483 0.232
18033 I1S03 0.09
ISA04 IIS45 0.0227
188.09 11612 O.225
18034 1169.9 O023
17.643 1174.6 0.0221
15.979 1147A 00219
12.89 1072.5 0.0218
9.191 964.6 0.0217

Burnup
DP8
10.899
15.186
19.794
22S30
24.035
-24411
24.541
24586
24.599
24.599
24.589
24.560
24A81
24246
23.508
21.087
16.913
11.919

S3 to DP8
Ioel ,WVol
8S.6 0.0245
937.2 0.024S
995.6 0.0243

1032. 0.241
10485 0.0239

-1OS6.4 0.237
IOSS.5 0.023S
10S7.6 0.0233
10S4.7 0.0231
3050.2 0.0229
1044.1 O0227
10362 0.022S
102S3 0.0223
1009.1 0.0221
982.9 0.0220
9375 O018
t75.1 0.0218
789.6 0.0217

Axial Dump DP8 to P5
M& SM T4F SolM
1 14.522 886.9 0.0244
2 20.130 948.1 0.0243
3 25.778 98995 0.0242
4 29A35 10075 0.0240
S 30.632 1004.0 0.0238
6 30.989 996.1 00236
7 31.090 988.6 00234
8 31.122 988 0.0232
9 31.144 978.5 0.00

10 31.175 975.7 0.0228
11 31216 974A 0.0227
12 31.261 974.6 0.0225
13 31276 976A4 0.
14 31.135 9792 0.0222
15 30400 978.8 0.0220
16 27.560 9S8.0 0.0219
17 22366 906.1 0.0218
18 IS.825 937.0 0.0217

Datapolnt
or

S;tate~wnt EFPD Cvle
DP6 .OAJCy4
DP7 147.1 ICy4
Sg53 0.0I C's
DP8 130.0 CyS
S 4 274S 1 CyS

8uriup -GWdMT
T-Fud - F
Spec. YoL -ftlbm
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Table 4-14. Bumup and TB Feedback Parameten by Axial Node for Assembly DS

Ail

2
3
4
S
6
7

9
10
11
12
13
14
15
16
17
is

Bumrcp DP6 to DP7
DM T-Fbd BsVo!
2.131 315.7 0.0240
3.2S8 917.0 0.239
4A72 1019.6 0.023s
SAS2 1095A 0.0237
5929 1127.0 0023S
6.160 11382 0.0234
627 1141.1 0.0232
6.32S 1140S 00230
6.347 1140A O.225
63SI 1140.6 0.0227
6.339 1141A 025
6.30S 1141.7 00224
6.226 1139 om222
6.048 1127.3 0221
5.644 1095.2 0.0219
4.720 1013.7 0M2S
3A30 901.3 0.0217
2.209 779.3 0.0217

Burnup DP7 to S3
Sm T-Tutl Spco
S.2S4 860.7 0.0240
7.732 9462 0240

10.175 1009A O0238
I1W62 103S.8 o0237
12.S04 103S.9 o0235
-12.742 1029.4 o0233-
12.837 10233 o0232
12.891 1019.1 0.0230
12.941 1016.8 o.022
13.000 10163 OA227
13.070 1017. 0.0226
13.149 1020.6 0N224
13211 1026.0 0.0223
13.175 1032.8 0.0221
12.782 103S2 OQ220
11.290 1010.1 0.0219
8.759 944.2 0.0218
5.788 839.8 0.0217

Burnup S3 to DP8
DP8 T-:Fuel Bv
8A39 923A 0.02SO

12.251 2.22.2 0.0249
1594S 1083A 0.0247
18A93 11302 0M4S
19.514 1147.7 0.0242
19.938 IIS4.0 0.0240
20.130 1155. 0.0237
20.232 1153.0 0.023S
20296 1148.8 0.0232
20340 1142.9 0.0230
20367 113S.1 0.0228
20370 112S.3 0.0226
20314 11128 0.0224
20.091 1096.0 0.0222
19362 1070.8 0.0220
17.111 1022.1 0.0219
13A06 950.7 0.0218
1.g68 852.2 0.0217

Axial

2
3
4
S
6
7
8
9

10
11
12
13
14
Is
16
17
18

Burcup DP8 to SGM4
MEa TMel Spee.Vol
12.574 942.S 0.0248
17J23 1012.4 O00247
22.669 1057.0 0.0245
25.776 1073.0 0.4Q43
26.t79 1063 0.0241
27.269 105389 0.0238
27.421 1050.1 0.0236
27.504 1043.2 0.0234
27572 1038.1 0.0232
27.644 1034.6 0.0230
27.724 1032.8 0.0228
27.803 1032.7 0.0226
27.849 1034.6 0.0224
27.739 10382 0.0222
27.049 1039.6 0.0221
24A10 1022.6 0.0219
19.616 976.0 0.0218
13A57 892.6 0.0217

Datapoint
or

Statewlnt EFPD /Cvcle
DP6 0.OIy4
DP7 147.1 I y4

F3 0.OICyS
DP8 130AICyS
SPS4 274.51CyS

Burnup .GWd/MTU

V-FWud1
Sp=.Val. -Wi/Ibm
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Table 4-15. Burnup and THI Feedback Parameters Lby Aial Node for Assembly D12

Ail
1
2
3
4
S
6
7
t
9

10
11
12
13
14
is
16
17
18

Durnup DP6 to DP7
APM- T-nd SpcVl
3.653 973.1 C.0252
5.076 1093.6 0.0251
6.678 1214.9 0.0249
7.908 1299.8 0.0247
8471 13312 O.244
8.730 1340.0 0.0241
8.839 1339.7 0.0239
8.B70 1336A 00C236
8.857 13329 0.0233
3.817 1330.5 0.0231
8.754 1329.1 0.0229
8.661 13272 00227
8S14 1321.9 0.0224
82S9 13073 0.0Q22
7.766 1271.0 0.0"20
6.669 1181.S 0.0219
5.145 1052.6 0.0218
3.S76 910.8 0.0217

Burnup DP7 to S3
SM VFW BecDo
8.8 999.9 0 A25

11.677 1083.1 0.0252
14.861 11513 0.0250
16.9S6 1182.9 0.247
17.692 1180.S 0.0244

-17.943 1171A -0.0241
18.026 1163.5 0239
18.0S6 I1S82 0.0236
18.078 11SS.6 0.0234
18.109 11552 0.0232
18.153 1156.9 0.0230
18204 1161.0 0.0227
18239 1167.9 025
18.175 1176.7 0.0223
17.73S 11812 0.0221
IS.991 IIS2.7 0.0219
12.8SS 1076A 0.0218
9.153 967.0 0.0217

Bunup

11.697
16.070
20A44
23.3S7
24A35
24.834
24.980
2S.02S
25.027
2S.009
24.978
2432S
24.821
24.562
23.805
21379
17.193
12.140

Si53 toDP8
I:Ful ImVo

886A 0.247
970.3 0.0247

1033.7 0.0245
1072.1 0.0243
1087.1 0.0241
-1092. S .023
1092.1 .0Q236
1088A 0.0233
1082.6 0.0231
10743 0.0229
1065.5 0.0227
10542 0.022S
1040.5 OQ223
1023.0 0.0222
998.1 0.0220
958.5 0.0219
899.5 0.0218
8114 0.0217

AIM

2
3
4
5
6
7
8
9

10
11
12
13
14
is
16
17
18

Burmup DP8 to SF54
RHP Tl Epee-Vol
IS.678 912A 0.0246
21A41 9742 0.0246
26.913 1023.0 0.0244
30365 1041.8 0.0242
31.S22 1036.S 0.0239
31.886 1026.9 O.0237
31988 1018.0 0.0235
32.008 1011.1 0.0233
32.008 1006.0 0.0231
32.010 1002.5 0.0229
32.020 1000A 0.0227
32.031 1000.0 0.0226
32.010 10012 0.0224
31.U41 1003.8 0.022
31.105 10042 0.0221
28.311 9862 0.0219
23.118 934.1 O02S
16A38 862.1 0.0217

Datapolnt
or

6tatewlnrt EFP ECycle
DP6 0.0 ICy4
DP7 147.1 ICy4

F53 0.0/CyS
DP8 130.0ICyS
SF 274.5/CyS

Barnp GWdfiU
*T-Fuel .-
Spec. VoL *hfllbm
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Table 4-16. Burnup and TB Feedback Parameters by Axial Node for Assembly D12a

1
2
3
4
5
6
7
8
9

10
11
12
13
14
1S
16
17
18

Burnup DP6 to DP7
APPL T-Fuel Symogl
3.6S3 973.1 0.0252
S.076 1093.6 0.02S1
6.678 1214.9 0.0249
7.908 1299.8 0.0247
8.471 1331.2 0.0244
8.730 1340.0 0M41
8.839 1339.7 0.0239
8.870 1336. 0M36
8.357 1332.9 0.0233
8.817 1330.5 0.0231
8.754 1329.1 0.0229
6.661 1327.2 0.0227
3.514 1321.9 0.0224
3.2S9 13073 002
7.766 1271.0 0M20
6.669 1181.S 0.0219
5.145 1052.6 0.0218
3.576 910.8 00217

Burnup DP7 to SF3
,S T.V3elto Smy.Vol
3.607 9999 0.0252

11.676 1083.1 0.0252
14.861 11513 0.02SO
16.956 1182.9 0.0247
17.694 1130.S 0.0244

17.94S -- 1171A4 0.0241
18.023 11635 0.0239
18.059 11582 0.0236
18.081 1155.6 0.0234
18.112 11552 0.0232
18.156 1156.9 0.0230
18203 1161. 0.0227
18.243 1167.9 0.022S
18.178 1176.7 0.0223
17.738 11812 0.0221
lS993 1152.7 0.0219
12.8S6 1076A 0.0213
9.154 967.0 0.0217

Bornup

10.340
142S8
18321
21.101
22.144
22M27
22-66S
22.714
22.731
22.741
22.749
22.74S
22.C96
22A494
21.802
19.517
15.615
11.014

SP53 to DP8
T-Fuel SvMVol

753.9 OA23S
10S6 0.023S

8615 0.0234
897.1 00233
911.4 0.0232
916.1 0.0230
9162 0.0229
9140 0.0228
910.5 0.0226
90S9 0.0225
9003 0.0224
893.6 0.0222
849 OA221
873.1 0.0220
sss.0 0.0219
323.3 0.0218
778.6 0.0217
718.S 0.0217

MW
Ald

2
3
4
S
6
7
8
9

10
1I
12
13
14
15
16
17
18

Burnup DPI to SP54
g T-Tyd pSymof

12.796 795.4 0.0236
17.719 949.0 0.0235
22.671 333.6 0.0235
2S.957 901.7 0.0233
27.098 3989 0.0232
27A61 8915 0.0230
27564 3345 0.0229
27589 879.0 0.228
27.601 87s.0 0.0227
27.621 872.1 O.225
27.6S6 870.3 0.0224
27.696 369.7 0.0223
27.707 870A 0.0222
27566 372.0 0.0221
26.866 8712 0.0219
24251 SSA 0;0218
19.68 321.9 0.0218
13.817 765.5 0.0217

Datapoint
or

6tenolnt EFP lCvele
DE6 0.OICY4
DP7 147.1 ICy4
S3 0.0 1C7
DP8 130.O1CyS
SF54 2745ICyS

Buroup - GWd/MTU
T-Fuel - F
Spec VoL .fPIlbm
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Table 4-17. Bumup and THI Feedback Parameters by Axial Node for Assembly D14

No-de
1
2
3
4
S
6
7
t
9

10
11
12
13
14
IS
16
17
lS

Burnup DP6 to D
PIL T4ucl Svee.Vol
3.179 927.6 0.02SO
4A97 1043.7 0.0249
6.045 11643 0.0248
7312 12S5.1 0M46
7S36 12932 0Q243
8248 1307A 0.04O
8RAS 13112 00238
8A81 13113 0.0235
8514 1311.0 0.0233
8521 1311.5 0.0231
8.504 1312.8 0.0228
8AS6 13135 0.0226
8.348 13102 0.0224
8.114 1296.2 0.0222
7.599 1257.2 0.0220
6.42S 1160A 0.0219
4.858 1027.1 0.0218
3324 885.9 0.217

Bornup DP7 to GM53
--UM T-Fdel Snec.Vol
7696 971.8 OA2SI

10.598 1058.3 0.02SO
13.733 1126.8 0.0248
15.935 1162.4 00246
16.788 1163.0 .0243
17.123 IISS1 S 0.0241
17273 11483 0.0238
1736S 1143.6 0.0236
17A48 1141A 0.0234
17539 11413 0.0231
17.644 1143.4 0.0229
17.7S6 1147.9 0.27
17.847 11553 0.022
17.815 1164.6 0.0223
17342 1168.8 0.0221
ISAS7 1137.5 0.0219
12.229 1060.7 0.021S
8.597 950.6 0.0217

Burnup
pP8
8.611

11.962
IS.24
It.038
19.025
19413
19579
19.669
19.739
19.809
19.88S
19.960
19.999
19892
19292
17.147
13.5SO
9A83

aw3toDPs
TFubd Sone.Vl

66S.7 0.0225
696.1 0.0225
721.9 o.22s
737.9 0.224
743U 0.0224
744.6 0.0223
743.6 023
741A 0.0222
738.6 0.0221
73S3 0.0221
731.5 0.0220
727.1 0.0220
721.9 0.0219
7153 0.0218
706.2 0.0218
690.6 0.0218
668.3 0.0217
638.8 0.0217

1

2
3
4
S
6
7
9
9

10
it
12
13
14
IS
16
17
18

Burmnup DrB to SF54
-SPU Xi4WW SgMYp
9.957 694S 0.0226

13.877 7283 0.0226
17.94 7482 0.0226
20.660 752A 0.0225
21.681 748.9 0.0224
22.045 743.9 0.0224
22.180 739A DM23
22247 73S.7 0.0222
22.304 732.8 0.022
22369 7305 0.0221
22448 728.7 0.0221
2253 7275 0.0220
22593 727.0 0.0219
22.506 726.9 0.0219
21.990 725.9 0.0218
19563 719A 0.0218
IS549 702.1 0.0217
10880 668.1 0.0217

Datapoint
or

Stutewont EFZWl/Cck
DP6 0.0 Cy4
DP7 147.1 ICY4
SF 0.OICJS
DP8 130.0JCyS
S4 274.5ICyS

Burmup . GWd U
T-Faod -
Spec=VoL .ftellbm
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Table 4-18. Bumup and Tl Feedbalc Parameters by Aial Node for Assembly D17

1
2
3
4
S
6
7
8
9

10
11
12
13
14
1S
16
17
is

1
2
3
4
S
6
7
t
9

10
11
12
13
14
is
16
17
18

Burnp DP6 to DP7
L d SWVol

3.687 9773 0.02 2
5.129 1099.1 0.02SI
6.757 1222.2 002S0
8.001 1306.9 0.0247
Ss56 13365 0.0244
8.799 1343A- 0.0241
3.894 1341.6 0.0239
S.9H1 13372 O0236
3.886 1333.0 0.0233
383S 1330.0 0.0231

8.764 13282 0A29
8.664 1326.1 0.0227
83.13 1320.9 0.0224
8.261 13063 0.0222
7.777 1271.3 0220
6.690 1183.5 0.0219
5.166 1054.7 0.021t
3.S92 912.6 0.0217

Burnup DP7 to S3
-g T-fe apffxol
8.622 999.0 0.0252

11.710 10822 O.25I
14.922 1IS0.7 o02s0
17.031 1181.7 O0247
17.757 1178.6 O "244

--17.988 1169.0 0.0241.
18.052 1160.9 00239
18.067 1ISS16 0.0236
18.075 1153. 0.0234
18.094 1IS2.6 0.0232
18.127 11543 o.230
18.170 1158A 0.0227
18200 116S2 O00Z2
18.137 1174. O.223
17.711 11716 O221
S187 11503 0.M19

12-860 1074.7 0.0218
9.1s8 965.8 0.0217

Burnup
pP8M
11.152
15386
19.681
22.s77
23.660
24.063
24.215
24M
24296
24306
24308
24293
24.225
23.993
23.241
20.800
16.639
11.707

SPS3 to DP8
TLTl &oal

8342 0.0243
9093 0.0243
968S 0.0241

1006A 0.0240
1022.3 Q0238
10292 0.0236
1030.8 Q0234
10293 0.0232
10263 0.0230
1021.8 0.0Q22
IOIS.9 0.0226
10083 0.0224
998.0 O.223
982.9 0.0221
958SS 0.0220
916.1 0.0218
856.6 0.0218
775.0 0.0217

Sunup DPS to S 4
4- Tiel SvmVb1

14526 8659 0.0242
20.020 9253 0.0241
25327 966S 0.0240
28.734 9U4.6 0.0238
29.901 980.7 0.0236
30271 972A 0.0234
30395 964.7 0.0233
30.435 9586 0.0231
30A62 9S43 00229
30.97 9SIA 0028
30345 949.9 0226
30.S98. 949.9 O05
30.617 951. 010223
30476 9543 0.0222
29.733 954A 0.0220
26.903 93S5 0.219
21.772 8883 0.0218
IS370 8213S 00217

Datapoint
or

tDOin Et D IyCvcle
DP6 Q0ICy4
Dn7 147.1 /CY4
SF5 0.6 I CyS
DPI 130.0ICyS
SF 274.S CYS

Burmp -GWd/MTU
T-Fuel * IF
Spec. VoL *fe5 i~bm
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Table 4419. Burmup and THl Feedback Pameters by al Node for Assembly D19

AIS
1
2
3
4
S
6
7
9
9

10
11
12
13
14
IS
16
17
11

Buanup DP6 to D7
Dn L SecVol

3A01 951.5 0.0252
4.773 1071.1 0.02SI
6373 1194.1 .0249
7.673 121SA 0.0247
18307 1322A 0.0244
8.619 13352 0.0241
8.769 1337.7 0.0239
8133 1336.6 0.0236
8149 1335. 0S 4
8.836 13342 0.0231
1.798 13343 0.0229
1.726 1333.6 0.0227
8 S93 1329.0 0.0224
1.39 1314.0 .M22
7111 17. 0.0
6.660 11102 0.0219
5.091 10473 0.0218
3.517 904.5 0.0217

Bzurup DP7 to S3
J!i3 Ldel SpmVel
B.159 990.8 0.02S2

11.160 1076. 0.02S2
14379 1146.1 0.02SO
16.623 1111.7 0.0247
17A87 1111.0 0.0244
17t119 - -1172.S 0.0242
17S59 1164.8 0.0239
11.034 1159.7 0.0237
18.095 1157.1 0.0234
18.162 1156.9 0.0232
18239 1158.7 0.0230
18.321 1163.0 0.0227
11381 11702 0.022S
18323 11793 0.0223
17IS2 11139 0.0221
16.008 IIS4.1 0.0219
12.783 10762 0.021
9.057 965.5 0.0217

Burnup
DP8
91926

13.616
17.587
20380
21A86
.21D28
22.118
22.212
22.273
22324
22371
22AOS
22.388
22202
21A87
19.131
15.199
10.669

SP53 to D8

746A 0.0233
799.1 00233
842.0 0.0232
168.1 0.0231
177.7 0.0230
880A 0.0229
t802 0.0228
1783 0M26
1752 0.022S
B712 0.0224
1662 0.0223
160.1 0.02
152.2 0.0221
141.0 0.0220
£23.7 00219
793.6 0.0218
7521 0.0217
698.1 0.0217

Axhil
Node
I
2
3
4
S
6
7
9
9

10
11
12
13
14
Is
16
17
Is

Barnup DPS to S5
I;PS T4de lST.ol
12.117 7763 0.0234
16182S 125.1 0.0233
21.S47 £53.1 0.02
24.730 1649 0.0231
2S.903 162. 0.0230
26325 S559 0.0229
26A84 1S0.0 0.0228
26.5S9 14S3 0.0226
26.617 141.7 0.0225
26.679 139.1 0.0224
26.752 837.5 0.0223
26.126 136.9 0222
26.361 137A 0.0221
26.724 838A 00220
25.986 836.9 0.0219
23299 £21.1 0.0218
18.640 790S 0.0217
13.080 738.5 0.0217

Datapoint
or

Ftatevlnt LMDICvcle
DP6 0.01Cy4
DP7 147.11 Cy4
SPS3 0.0/Cys
DP8 130.0ICyS
SFS4 27455/CyS

Barnup *GWd/MTU
T-FueI - F
Spc. VoL -fe/Tbm
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Table 4-20. BDrup and TII 1eedback Parameters by Axial Node for Assembly D21

1
2
3
4
S
6
7
8
9

10
11
12
13
14
1S
16
17
18

Burnup DP6 to DP7
.W. TLFDl ipSeceot

1.848 783.2 0.0236
2.829 t72.2 O.236
3.879 9639 0.023S
4.720 1030.0 0.M34
5.128 1057.8 0M32
5324 - 1067.1 0.0231
SA14 1070.0 0.0229
SASO 1069.3 0.0228
SASS 1068.1 0.0227
SA50 10673 002S
SA28 1066.9 0.0224
5.386 1065.9 0.0223
5.304 1061.8 0.0221
5.137 1049.8 O.OQ20
4.782 1019.5 0.0219
3.95 948.8 0.0218
2.947 8S0.4 OM17
1.873 746.8 0.217

Burnup DP7 to S3
S- ITIe Sv
4.613 831.0 0.0237
6.806 911A 0.0237
8.9SS 971.7 0.0236

IOA24 996M 0.0234
10t978 995.9 0.0233
11.177 - 989.7 0.0231
11.249 983.8 On030
11282 979. 0.0228
11310 977A 0.0227
11344 976.8 0.0226
11388 977.7 0.0225
IA37 980A 0.0223
I1A69 985.1 0.0222
IIAIS 990.8 0.0221
11OS4 992.3 0.0220
9.750 968.9 0.0218
7SSS 905A 0.0218
4.987 807.9 O217

Burmup VW53 to DPI
PP8-
7.630

11.130
14MS28
16.890
17.847
18245
18.421
1t.507
1SS53
I.S77
18584
18S65
18A87
18.249
17.546
ISA67
12.087
3.066

VFWSL Vgl
9115 0.0249

1002.9 0.0248
1077.5 0.0247
11275 0.0244
1148.3 0.0242
11562 0.0239
1158.1 0.0237
1156.7 0.0234
1153.1 0.0232
1147.8 0.0230
1140.8 0.228
1131.7 00226
1119.9 004
1103.3 0.0
1077.1 0.0220
1025.7 0.0219
951.3 0.0218
848.9 0.0217

1
2
3
4
5
6
7
9
9

10
11
12
13
14
IS
16
17
18

BUp DP8 to SF54
JSUL Lei SinVOt
11595 9363 0.0247
16.508 1008. 0.0Q46
21.069 10S4.3 0.0245
24.014 1070.6 0.0242
25.067 1064.6 0.0240
2SA39 IOS4.8 0.0238
25578 1046. 0.0236
25.646 1039.1 O.234
2S.698 10342 o0232
25.754 1031.0 0.0230
2S.816 1029A 0.0228
25.877 1029.6 o226
25.903 1031. 0.0224
2S.779 103S. 0.0
2S.113 1038.0 0.0221
22.636 1022.7 0.0219
18.156 9763 0.0218
12.426 8903 0M0217

DatapoInt
or

StAtevoint EFPDLCId
DP6 OA ICY4
DP7 147.1 /Cy4
SF3 0ICys
DPI 13M.OICyS
SPS4 274.5/CyS

Bumrcp -GWd%=TU
TWuel 'F
Spec= VoL -felbm
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Table 4-21. Burnup amd TH redback Parameters by Axial-Node for Assembly D25

Axial Bumup DP6toDP7
&et PM T Fue SWVol
1 2.560 8663 0.0245
2 3.683 98SA 0.24S
3 5.310 1102.8 0.0243
4 6A462 1186.1 0.0241
5 7.033 1220A 0.0239
6 7316 1232.6 0.0237
7 7ASS 1235A 0.023S
8 7.517 1234.9 0.233
9 7539 1234.0 0.0231

10 7536 1233. 0.0229
11 7 S12 1234A 0.227
12 7AS8 1234.2 0.022
13 7349 1230A 0.0223
14 7.127 1216.9 0.0221
15 6.660 1180.9 00220
16 5.617 1093.S 0.0218
17 4.193 968.1 0.0218
18 2.689 S25.7 0.0217

DUrUaP DP7 to SF3
= Tiel SW-Val

6.290 914.8 0.0245
9.164 1008.1 0.0244

11.990 1072.2 0.0243
13.940 1098.0 0.0241
14.704 1096A 0.0239
15.003 1088A 0.0237
IS.129 10812 0.0235
15.198 1076A 0.0233
15254 1073S 0.0231
15314 10733 0.0229
15384 10745 0.0227
1SAS8 1077.9 0.0226
IS.S07 1083.7 0.0224
ISA47 10913 0.0222
15.010 1094.8 0.0220
13372 1070. 0.0219
10510 1004.5 0.0218
7.032 892.0 0.0217

Rurup

9389
13.536
17.514
20226
21299
21.730
21.909
21.984
22.014
22.021
22.012
21.979
21.889
21.639
20.901
13.623
14.753
9.971

SP53 to DP8
Mel Spec.VOl
903.1 0.0246
982.9 0.0246

1047.8 0.0244
1085.2 0.0242
1097.2 0.0240
1099.7 001237
1097.8 0.0235
10932 0.0233
1086.7 0.0231
1078.5 0.229
1068.7 0.0227
1057.1 O.022
1043A 0.0223
1026S 0.0222
10043 0.0220
966.0 0.0219
906.0 0.0218
822.1 0.0217

I
2

4
S
6
7
8
9

10
11
12
13
14
15
16
17
18

Burnup DP8 to S4
4W Tdge Smeol

13A00 92S.6 0.0246
18308 989.5 0.0245
23354 1029.0 0.0243
27.161 1044.8 0.0241
28.288 10383 0.0239
28.672 1028.0 0.0237
28.800 1018.7 0.023S
28.844 IOIIA 0.0233
28.865 100539 0.31
28186 1002.0 0.0229
28912 999.6 0.0227
28336 998.8 O.A22
28923 999.7 0.0224
28.759 1002.1 00222
28.048 1002.9 0.22o
2SA30 986.1 0.0219
20.58S 943.9 0.0218
14.221 870.9 0.0217

Datapoint
or

Statevoint E:F.I CvLt
DP6 0.O Iy4
DP7 147.1 ICy4
SF53 0.OICys
DP8 30.0 I CyS
S4 274.51 CyS

Burnup . GWdITU
T-Fuel . T
Spec VoL -ftllbm
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Table 4.22. Bumup and TH Feedback Parameters by Axial Node for Assembly D28

Astal
Node

1
2
3
4
S
6
7
t
9

10
11
12
13
14
IS
16
17
18

Brp DP6 to DP7
.Pl T-eil SpecTVol
2.517 170.1 0.0247
3.800 988.9 0.0247
5A20 1123.9 0.0245
6.797 1219.9 0.0243
7AS4 1256A 0.0241

-7.763 1268.6 0.0239
7.908 1270.9 0.0236
7.971 1269S 00234
7.990 12685 0.0232
7.982 1268.1 0.0230
73952 12685 0.0228
7.891 1268A Q0226
7.774 12645 0.0224
7542 1250.8 0.02
7.060 1214A 0.0220
5.980 1124.7 0.0219
4.505 997.3 0.0218
2.982 8S42 0.0217

BuMUp DP7 to SF5
" T-TOC SPVvl

6.17 919.6 0.0247
8.98S 1016.3 0.0247

12.248 1094A 0.0245
14.679 11282 0.0243
15.62S 1127.5 0.0241
15.97 t11192 0.0238
16.115 1111.7 0.0236
16.186 1106.7 0.0234
16.243 1104.1 0.0232
16305 1103.6 0.0230
16378 1105.1 0.0228
16A55 1108.9 0.0226
16508 IIIS.1 0.0224
16AS1 1123.0 O.222
16.006 1126.5 0.0221
14.301 10995 0.0219
11308 1030.8 0.021S
7.759 9203 0.0217

Banrup

7.792
11378
IS397
I.386
19.S77
20.036
20.221
20308
20361
20A04
20445
20.73
20AS2
20.274
19.604
17409
13.723
9374

SP53toDP8
T-ncl Spec-VaO

748.9 0233
801.2 0.0233
846.6 0.0232
874A 0.0231
884.6 0.0230
-887.5 0.0229
887.0 0.0227
884.7 0.0226
8813 O.22S
377.1 OOQ24
871.9 0.0223
86.8 0.0222
858.0 0.0221
847S 0.0220
8313 0.0219
801.1 0.218
757.6 0.0217
704.0 0.0217

AxIal Buroup DPS to SMP5
&&d S4 l-TV9 6mVol
I 10.OS3 784.2 0.0233
2 14354 83S.0 0.0233
3 19326 8633 0.0232
4 22.701 869.0 0.0231
S 23.951 864.6 0.0230
6 24381 8S7A 0.0229
7 243530 8S0.9 0.0227
8 24.593 845.8 011226
9 24.639 842.0 0.022S

10 24.690 393 0.0Q24
11 24.753 837.S .0223
12 24.819 836.8 0.0222
13 24.850 8373 00221
14 24.726 838.6 0.0220
15 24.048 838.0 0.0219
16 215S4 824.9 0.0218
17 17.161 79735 0.0217
I1 11.795 7433 0.0217

Datapoint
or

stotepolnt EMp /CMvck
DP6 U0.ICy4
DP7 147.1 ICy4
SP53 0.0 1Cy5
DP8 130.0 ICyS
SF54 274.SICyS

Sunup -GWd1MTU
T-Flael -"F
Spec.Vol. .fe/ibm

B}0000CCKK01717-670540067 REV 00 64 Akpril 17,1I998



Table 4-23. Bumup and TB Feedback Parameters by Axial Node for Assembly E2

1

2
3
4,
S
6
7
8
9

10
11
12
13
14
15
16
17
18

Bornup SM3 to DP8
. I)8Spec.VoI

3.122 96.7 0.0254
4.396 1090.9 0.02S3
5.989 12312 0.02S1
7.215 133S3 O0249
7.731 1375.5 0246
7.959 1389.7 0.0243
8.062 1392.8 0.240
8.101 13905 0.0237
8.098 1385.6 0.0234
8.062 1378.6 00232
7S94 1369.7 0.0229
7893 1357.7 007
7.748 1341.9 0022
7.S27 13193 0.02
7.126 1280.3 0.0220
6.195 1193.1 0.0219
4.831 1066.0 0.0218
3384 923.9 0.0217

BDnaup DP8 to 55
S4- T4Fde S~mol
7.194 994.9 0.0254
9.922 1088.9 0.0253

13.121 1172.6 0.02SI
1S314 1214.7 0.0248
MO8 1214.9 0.0245
16.304 -1206.1 0.0242
16.393 1197.3 0.0240
16A33 1190.7 0.0237
16AS7 1196.6 0.0235
16A74 1184.7 002
16A87 1184. 0.0230
16A92 1117A 0M28
16.477 11922 0.0225
16383 1198.1 0.0223
IS883 1198.7 0.0221
14A36 1165 0.0219
11.628 1028.1 0.0218

8.301 973.9 0.0217

Table 4.24. Burup and TB Feedback Parameters by Axial Node for Assembly FA

Axial

1
2
3
4

6
7
8
9

10
11
12
13
14
IS
16
17
18

Burnup SPS3o DP8
DP8 l:fte Sym;n
3IS 997.2 0.02S4
4.692 1119.0 O0S3
6.113 1243.6 O0.S1
7.177 1331.9 0.0249
7.659 1368.0 0.0245
7.895 1382A 0.0242
8.016 1387.0 0.0240
3.074 13862 0.0237
8.089 1382A 0.0234
8.071 1376.5 0.0232
.020 1368.6 0.0229

7.933 1357.7 0.07
7.796 1342.7 0.0225
7.S74 13202 0222
7.159 12802 011220
6.211 1192.1 0.0219
4.845 106S.4 0.0218
3399 924.2 O.M217

BDaVp DPI to lP54
SP4 LT-YeoL SvVol
7.862 1019.8 0.0254

10.603 11085S 0.02S4
13A60 1180.1 0.0252
IS34S 1213.1 0.0249
16.027 1219.0 0.0246
16287 1211.0 0.0243
16AO2 1202.7 0.0240
16A68 11965 0.0237
16.S16 1192.5 0.023S
16557 1190.7 0.0232
16.S92 1191.1 0.0230
16.618 1193.8 0.0228
16.616 1198.7 0.022S
16.520 1204.6 0.0223
16.094 1204.6 0.0221
14509 1169.6 0.0219
11.683 1091A 0.0218
8.348 976.7 0.0217

BDurup -GWdlMTU
T-}del . 6F
Spec. oL . f elbm

Datapoint
or

Statenoint EFPD/Orde
515.30.01I CYS
DP8 150.0 ICYS.
SP5 274.5 I CyS
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Table 4-25. Brmup andTH Feedback Parameters by Axial Node for Assembly ES

AilNMde
1
2
3
4
S
6
7
8
9

10
11
12
13
14
lS
16
17
18

Bumup SF53 to DPI
_ML T.Fjiel gm-,--Vg
1.891 916.7 0.0239
2.861 9165 0.0238
3.878 1015.3 0.0237
4.660 1086.3 0.0236
5.022 1116A 0.0234
5.196 1128.0 -0.0233
52B6 1131.8 0.0231
S.333 1132.1 0229
S.354 1130A 0.0228
5356 1127.3 0.0226
5.338 1122.9 0.022S
5296 1116.6 0.0223
521S 1107.1 0.0222
5.058 1090.3 0.0220
4.727 1056A 0.0219
3.979 982.1 0.0218
2.960 879 0.0217
1.89S 767.3 0.0217

Burcup D8 to SPU
SM MCI~ Snymyo
4.48S 8SI.9 0.0239
6.587 938.2 0.0238
tl;32 10032 0.0237

10.004 1031.5 0.0236
10.507 1031A 0.0234
10.689 1024.6 0.0232
10.764 1017.7 0.0231
10.807 10125 0.0229
10.843 1009.0 0.0228
10.871 10072 0.0226
10.912 1007.1 0.022S
10.942 1008.6 0.0224
10.948 1011.7 0.0222
10.866 IOIS.3 0.0221
IOA93 1015.3 0.0220
9.23S 9B79 O2IS
7.151 919A 0.021t
4.722 317.6 0.0217

Table 4-26. Burnup and TH1 Feedback Parameters by Axial Node for Assembly E12

Axial Bump SP53 to DP8
Kg& _PUE T-ftel ame.Vol

1 3AOS 994.5 0.02S3
2 4.5S9 11052 O.25
3 5923 1225.1 0.02SO
4 6.967 1312.0 0.0247
5 7A46 1348.0 0.0245
6 7.684 1362.8 0.0242
7 7.809 1367.3 0.0239
3 7.t72 1367.8 0.0236

9 7.895 1364.7 O0.234
10 7.885 1359A4 0.0231
11 7.844 13SI.9 0.0229
12 7.768 1341A8 0.0227
13 7.642 1327.6 0.0224
14 7.430 13053 0.0222
15 7.023 1266.7 0.220
16 6.087 1179.8 0.0219
17 4.762 1057.2 0.0218
18 3.436 927.5 0.0217

Datapolnt
or

StateIolnt EFIP.D.LCle
SF53 0.OICyS
DPI I30.0ICyS
S4 274.51 CyS

BEmrp DPI to SF54
S - T-ael Spec.Vov
7.862 1020.4 0.0254

10395 IIOSA 0.0253
13.192 1178.9 0.0

S1.077 12173 0.0249
IS.76S 1219.0 0.024S
16.030 1211A 0.0243
16.ISI 12032 0.0240
16.224 1197.0 0.0237
16.280 1193.1 0.0235
16.331 1191 0.0232
16.377 1191.8 0.0230
16A16 1194.S 0.0228
16A27 1199.6 OM
16344 120S.7 0.0223
15.92S 120S.6 0.0221
14.332 1168.8 0.0219
11.S46 100.0 0.0218

A.421 979.0 0.0217

BDu p -GWd drU
T.FUeI .l
Spec.VoL -ftlibm
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Table 4-27. Bumnup and THl Feedback Parameters by al Node for Assembly E14

1

2
3
4
S
6
7
I
9

10
11
32
13
14
1S
16
17
18

Burnup SFI to DP8
DPL8sul lmol
2.93S 943A 0.0250
4.112 1060.8 0.0249
5A62 1181A 0.0248
6513 1270.1 0.0246
7.004 1307.6 0.0243
7.251 13232 0.0240
7326 13292 0.0238
7A64 1330.5 0.023S
7.506 13292 0.0233
7520 1326.1 0.0230
7.506 13212 0.0228
7AS8 1313.8 0.0226
7358 13022 0.0224
7.160 1282.0 0.0222
6.739 1241.9 0220
5.755 1150.S 0.0219
4394 1023.7 0.0218
3.032 886.2 0.0217

Bump DPM to O4
_M T4Fvd Sggeflol
683S 973.9 0.0250
9373 10633 0.0249

12.08S 113S.5 0.0247
13.931 1167A 0.0245
14.614 1168.7 0.0242
14.880 11612 0.0240
IS.006 IIS33 0.0237
IS.092 1147.3 0.3S
IS.166 1143.5 0.233
IS237 1141.7 0.023
IS307 1141.9 O0.229
IS370 1144A 0M27
ISA04 11492 0.0225
IS332 IISS.0 o223
14195 IIS4.7 0.0221
13269 1121.5 0.0219
10.504 1047.0 0.0218
7AOS 936.8 0.0217

Table 4-28. Bumup and TB Feedback Parameters by Axlal Node for Assembly E17

1
I
2
3
4
S
6
7
8
9

10
11
12
13
14
1S
16
17
18

Burnup SF to DP8
BPS T-Fd SvVot
3.341 988A 0.0253
4.599 1109.1 0.0252
6.007 1232.9 O.2s5
7.077 1322.0 0a248
7.567 13S9.0 0.0245
7.306 1373S 0.0242
7.927 1378-. 0.0239
7.984 1377.9 0.0237
7.999 13742 0.0234
7.982 1368A 00231
7.935 1360.5 0.02
7.852 1349S 00227
7.721 13352 00224
7.502 1312.9 0.02
7.089 1273. 0M20
6.147 tSS.5 0.219
4.796 10602 O01t8
3367 920.4 OX17

Bump DP8 to SF
0 T-Yve SpemVol
7.732 1017.1 0.02S4

10.443 1106.1 0.02 3
13289 1178.6 O.OSI
15.191 12163 0.0248
151.87 12172 0.024S
16.150 1209.0 0.0242
16.262 1200.5 O.O40
16324 1194.1 0.0237
16370 1189.9 0.023S
16A11 1188.1 0.0232
16A48 1188A 0.0230
16479 1191.0 .02t8
16i82 1196.0 0.0225
16391 1202.0 0.0223
IS967 1202.0 0.0221
14390 166O9 0.0219
11.589 1089.S 0.021:
8.286 975.0 0.0217

Dumup O GWdthMU
T-Fud * or
Spec ol. -fiI Ibm

Datapoint
or

Statevofnt EED /Ecrle
SF53 0.OICJS
DPS 13UO ICyS
SP5 274SICyS
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Table 4-29. Burnup and TE Feedback Parameters by Axial Node for Assembly E21

1
2
3
4
S
6
7
I
9

10
11
12
13
14
IS
16
17
18

Buriup SP53 to DP8
8L TdA Yol
1681 7892 0.0236
2.553 8792 00235
346S 9702 0.0235
4.164 10342 0.0233
4A84 1061.0 0.0232
4.634 1071A 0.231
4.707 1074.6 00229
4.t43 1074A 0.0228
4.756 10724 0.0226
4.753 1069.1 0.0225
4.733 1064.7 0.0224
4.692 1058.6 0.0222
4.61S 1049.5 0.0221
4478 1034.0 0.220
4.185 1003.6 0.0219
3.523 9372 0.0218
2.611 843.6 0.0217
1.674 743.8 0.0217

Buraup DP8 to SP54

4.01S 8262 00236
5.920 9074 0.0236
7.767 969A 0.0235
8.99S 996.1 0.0233
9434 99S.7 0.0232
9,54 989.1 0021
9.638 982.S 0.0229
9.66S 977A 0.0228
9.6B6 974.0 0.0227
9.709 972.1 0.0225
9.732 971.8 00224
9.753 973.1 0.0223
9.754 976.1 0.022
9.679 979.7 0.0221
9.348 978.8 0.0219

.227 9S2.0 0.0215
6.362 888.0 0.0218
4.192 792.5 0.0217

Table 4-30. Burmup and TE Feedback Parameters by Axial Node for Assembly E23

1
2
3
4
5
6
7.-
8
9

10
1I
12
13
14
1S
16
17
18

Bump S3 to DP8
-DM TFuel B I
2.984 9513 O.QS4
4214 1072S 0.023
5.777 1210.8
7.030 13173
7.600 1361.8
7.872 13794
8.011 13853
8.082 1385.6
8.113 1382.8
8.113 13782
8.084 1371.9
8n20 13634
7.905 13503
7.694 1329.0
7.27 12883
6274 1196.6
4.863 10662
3.397 923.3

0.021
0.0249
0.0246
0.0243
0.0240
0.037
0.0234
0.0232
0Q229
00227
OQ225
O.22
0.0221
0.0219
00218
00217

Barnup DP8 to SP54
is - T-Fuel , O
6.976 990.4 OQ2S4
9.64S 108SA 0.02S3

12.813 1170.9 OSI
15.062 1213A 0.0248
IS.884 1214.7 0.0245
16.185 1206.0 0.0242
16314 1197.0 00240
16389 11902 0.0237
16ASO 11859 0.023S
16.509 1183.9 00232
163S68 11842 .D230
16623 1186.9 O022
16A52 1192.1 O0.2S
16382 1198.7 O.223
16.155 1199.S o0221
1452 116S.0 0.0219
11.64S 1087.1 0.0218
8.295 972.8 0.0217

BDrnUup GWdMTrU
T-Fuel * "F
Spec. Vol - 'bJm

Datapolnt
or

Statevolat zED I vjk
S53 0ICYS
DPM 130U0/CyS
SF4 2743ICyS
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Table 4-31. Bunlup and TR Feedback Parameters by Axial Node for Assembly E25

Axi1
Node
I
2
3
4
S
6
7
t
9

10
It
12
13
14
IS
16
17
18

Burnup S3 toDP8
I)P8 l:Foel SB~al
2.413 883.1 0.0246
3.632 1006.6 0M246
4.920 112S.6 0.0244
S.912 1210. O.242
6.373 124S.8 0 0240
6.598 12602 0.0238
6.715 12652 0.023S
6.780 1265.8 0.0233
6.313 1264.2 0.0231
6822 1261.1 0.0229
6.809 1256 0.0227
6.767 125O.1 0225
6.679 12393 0.0223
6503 12213 0.0222
6.121 11852 0.0220
5216 1100.6 0.0218
3.924 9773 0.0218
2.531 834.1 0.0217

Bunaup DP8 to SF4
_ Tel Spe.Vol

S.690 920.1 ON24S
1.283 1017.5 0.0244

10.80S 1085.8 0.0243
12.44 1111.5 0.0241
13097 1109.0 0.0238
13320 10993 0.0236
13A1S 1091.5 O.0234
13A74 10852 0.0232
1352S 1081.1 0.0231
13.S78 1079.0 0.0229
13.632 1078.7 027
13.683 1080.6 0.022S
13.712 1084.6 0.0224
13.6S0 1090.1 0.0222
13266 1091.6 0.0220
11.82S 1066.4 O0219
9.287 998.S 0.0218
6.204 884.2 0.0217

Table 4-32. Burnup and TR Feedback Parameters by Axial Node for Assembly E28

Node
1
2
3
4
S
6
7
8
9

10
11
12
13
14
1S
16
17
18

Barnup SPS3 to DPI
DP8 T-;ftel SDmCVgI
2A31 888.6 0.0249
3.630 1009.6 0.0249
5.126 1146.9 0.0247
6.344 1 0 0.0245
6300 12963 0.0242
7.161 1313.7 0.0240
7.293 1319.7 0.0237
7.364 1320.6 O0235
7.399 1318.1 0.0233
7.408 131SA 0.0230
7.392 1310A 0.0228
7.34S 13032 0.0226
7.250 1292.1 0.0224
7.060 1272.7 0.0222
6.649 1233.S O.0220
S.81 1143.5 0.0219
4314 IOIS.7 0.0218
2.877 870.0 0.0217

Burnup DP8 to SP54
M LMud S~EfYo1

5.780 93S.5 O0049
8.379 1037.1 0.0248

11385 1122.1 0.0246
13.537 1157.5 0.0244
14.322 1157.2 0.0241
14.603 11483 0.0239
14.719 1139.6 0.0237
14.789 1133.0 0.0234
14.849 1128.8 0.0232
14.910 1126.B 0.230
14.973 1126.8 00228
15.033 1129.1 0.0226
15.071 1133. 0.0224
IS.009 1139.8 00223
14.59S 1140.5 0.0221
13.027 1110.9 0.0219
10296 1038.6 0.0218
7.070 924.3 0.0217

Burnup -GWdlMTU
T-Fae -I
Spec. VoL .felbm

Datapoint
or

Statevolnt E L Iyfk
SF53 O.OICyS
DP8 130.0ICyS
SF54 274-5 1CyS
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Table 4-33. Rod Insertion Time by Axial Node for Assembly A14c

AIls Tme Rod sered (EFPD)
SPS3 to DP8 DP8 to SMs

1 130.0 144s
2 1269 1232
3 6.1 83
4 0.0 0.0
S 0.0 0.0
6 0.0 0.0
7 0.0 0.0
g 0.0 0.0
9 0.0 0.0

10 0.0 0.0
I I 0.0 0.0
12 0.0 0.0
13 0.0 0.0
14 0.0 0.0
Is 0.0 0.0
16 0.0 0.0
17 0.0 0.0
is 0.0 0.0

Table 4-34. Rod Insertion Time by Axal Node for Assembly Cl4a

Abal Time Rod Inserted (PD)
SP3Qg to DP8 pP8 to SM

1 130.0 1443S
2 126.9 123.1
3 6.1 B3
4 0.0 0.0
S 0.0 0.0
6 0.0 0.0
7 0.0 0.0
8 A0 0.0
9 0.0 0.0

10 0.0 0.0
II 0.0 0.0
12 0.0 0.0
13 0.0 0.0
14 0.0 0.0
,s 0.0 0.
16 0.0 0.0
17 0.0 0.0
Is 0.0 0.0

Statetnofat EFPD IMyelt
SF53 0.O1CYS
DP8 130.0 /CyS
SF54 2745/CyS
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Table 4-3 Critical Boron Data for Catawba I Burnup Calclations

ppmB = A + B EFPD

askle A. *pm]B) B ftnmBIEFPD)
1 706.80 .1.91
2 973.71 -336
3 1037.07 -3.29
4 1176.47 -3.54
5 1056.37 -3.28

4.2 Statepolnt Critical Condition Measurements

Measured critical conditions for 3 reactor startup (or statepobns) are provided in Table 4-36.
The data includes the nt startup of the reactor or beginning-of-life (BOL), the beginning-of-
cycle (BOC) of reload cycle 5, and one reactor restart during cycle 5 of Catawba Unit 1. The
cycle and statepoint number, along with the EFPDs during the cycle for which the tartup
occurred, is provided. The elapsed time Cn hours) since the reactor was shutdown (downtime)
prior to the startup is also given for each statepoint. Ia addition, Table 4-36 provides the
measured soluble boron concentration (ppmB), rod bank positions, and temperature of the
moderator or coolant in the reactr (for each statepoint) when criticality was achieved.

Table 4-37 provides shutdown and startup dates for each cycle and statepoint. The cycle
shutdown and startup dates can be used in determining the downtime for fuel assemblies that are
out of the reactor for one or more cycles and are then reinserted in a later cycle.
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Table 4-36. Statepolnt Data for Catawba Unit 1- Measured Critical Conditions

I(SP52)
E0.

o.o

Downtime

0 969

Rod Positions, cm above bottom olfueP T(coolbnt)
Bk CA Bk CB sk CD in

. WD WD WD 231 557

SPS3) 0.0 2016 14s3 WD WD WD 293 558.6

SPS4) 274.5 71.7 543 WID WD WD 258 557

Bk -Rod Bank
WID - Rod Withdrwn

* Measred from the bottom of active fuel region to bottom of control rod absober region (See Fgure 24).

Table 4-37. Statepoilnt Data for Catawba Uni I - Shutdown and Startup Dates

(mkm EFE5D Shutdown Date StsjptjDate

l(SPS2) 0.0 - 07 Jan 1985

2(-p* 0.0 08 Aug 1986 17 Nov 1986

3(-)* 0.0 03 Oct 1987 29Dec 1987

4(-)* 0.0 24 Nov 1988 07 Feb 1989

S(SP53) 0.0 28 Jan 1990 22 Apr 1990

5(SP54) 2745 27Feb 1991 02 Mar 1991

290.9 (BOO) 20Nar 1991

BOC = end-of-cycle

Shutdonw date is for previous cycle.
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5.0 CONCLUSIONS

The data reported herein is acceptable for quality affectg activities and for use in analyses
affecting procurement, construction, or fabication. Ihe classification andysis for the repository
(which includes the waste pacge) carries TBV.228 because of the preliminary status of the
basis for the MOR design. This report conservatively assumes that the resolution of TBV-228
will find the waste package to be quality affecting, consequently, use of any of the data reported
herein does not need to carry TBV-228.
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