DUKE UPDATED FSAR Revision:

T ” ENERGY. REACTOR Chapter:

CHAPTER 4 FIGURES Page:

25

1of2

LIST OF FIGURES

FIGURE

NUMBER TITLE

4-1 FUEL ASSEMBLY (ISOMETRIC)

4-2 TypicAL GE BWR FUEL ASSEMBLY

4-3 SCHEMATIC CROSS SECTION OF LOWER TIE PLATE SHOWING
CHANNEL/LOWER TIE PLATE (FINGER SPRING) FLOW PATH

4-4 TypPICAL CORE CELL

4-5 CHANNEL FASTENER ASSEMBLY

4-6 UNIT 2 INITIAL CORE - CORE LOADING MAP

4-7 FUEL ASSEMBLY ROD ENRICHMENTS

4-8 7X7 FUEL ASSEMBLY

4-9 CALCULATED RANGE OF HOT UNCONTROLLED MAXIMUM LOCAL PEAKING
VERSUS EXPOSURE

4-10 DoPPLER COEFFICIENT OF REACTIVITY

4-11 DoPPLER COEFFICIENT AS FUNCTION OF FUEL EXPOSURE

4-12 CORE AVERAGE DOPPLER DEFECT VERSUS CORE POWER LEVEL

4-13 DoPPLER DEFECT VERSUS FUEL TEMPERATURE

4-14 DoPPLER COEFFICIENT OF REACTIVITY VERSUS MODERATOR CONDITION OF
AVERAGE FUEL TEMPERATURE AT BOL

4-15 DOPPLER REACTIVITY COEFFICIENT AS A FUNCTION OF FUEL EXPOSURE AND
AVERAGE FUEL TEMPERATURE AT AN AVERAGE VOID CONTENT OF 40%

4-16 DOPPLER REACTIVITY AS A FUNCTION OF CORE AVERAGE VOID FRACTION
AND AVERAGE FUEL TEMPERATURE AT BOL AND EOC

4-17 VoID COEFFICIENTS AT BEGINNING OF CYCLE 1 AND AT A CORE AVERAGE
EXPOSURE OF 7000 MWD/T

4-18 MODERATOR VOID REACTIVITY COEFFICIENT AT BOL AND AT A CORE
AVERAGE EXPOSURE OF 10 GWD/T

4-19 BRUNSWICK UNIT 1 COLD SHUTDOWN REACTIVITY

4-20 FRACTIONAL CONTROL ROD DENSITY VERSUS CORE AVERAGE MODERATOR
DENSITY FOR A CRITICAL REACTOR AT BOL

4-21 MAXIMUM RoOD WORTH VERSUS MODERATOR DENSITY

4-22 MaAxiMuUM RoD WORTH VERSUS POWER LEVEL

4-23 EFFECTIVE CORE EIGENVALUE AS A FUNCTION OF AVERAGE CORE EXPOSURE
(MoST REACTIVE ROD WITHDRAWN)

4-24 SCRAM REACTIVITY BEGINNING AND END OF FIRST CYCLE FOR HOT
OPERATING CONDITIONS

4-25 XENON REACTIVITY BUILDUP AFTER SHUTDOWN AND BURNOUT ON RETURN
To FuLL POWER FROM MAXIMUM SHUTDOWN XENON BUILDUP AT BEGINNING
OF LIFE

4-26 RELATIVE XENON STABILITY WITH NO FLUX FLATTENING

4-27 EFFECT OF POWER DENSITY ON AXIAL XENON STABILITY INCLUDING VOID
TRANSPORT

4-28 AZIMUTHAL XENON STABILITY

4-29 PoOwER/FLOW OPERATING MAP FOR POWER UPRATE

4-30 FUEL TEMPERATURE VERSUS HEAT FLUX - BOL 3 W/O GD,0O3

4-31 FUEL TEMPERATURE VERSUS HEAT FLUX - 5 YEARS 3 W/O GD,03

4-32 CLAD TEMPERATURE VERSUS HEAT FLUX - BOL 3 W/O GD,03




[s DUKE UPDATED FSAR Revision: 25
Chapter: 4
" ENERGY REACTOR
’ CHAPTER 4 FIGURES Page: 20f2
LIST OF FIGURES
FIGURE
NUMBER TITLE
4-33 CLAD TEMPERATURE VERSUS HEAT FLUX - 5 YEARS 3 W/O GD,03
4-34 FUEL TEMPERATURE VERSUS HEAT FLUX - BOL UO,
4-35 FUEL TEMPERATURE VERSUS HEAT FLUX - 5 YEARS UO,
4-36 CLAD TEMPERATURE VERSUS HEAT FLUX - BOL UQO,
4-37 CLAD TEMPERATURE VERSUS HEAT FLUX - 5 YEARS UO,
4-38 FUEL ASSEMBLY INITIAL ENRICHMENT DISTRIBUTION 2.1 AVERAGE
ENRICHMENT
4-39 LocAL POWER FACTORS 0 MWDI/T 40% VoIDS
4-40 LocAL POWER FACTORS 10,000 MWD/T 40% VoIDS
4-41 GROSS PEAKING FACTOR AS A FUNCTION OF EXPOSURE BRUNSWICK 1
4-42 DURALIFE - 230 CONTROL ROD
4-43 ABB CR82M-1 CONTROL ROD

4-44

WESTINGHOUSE ABB CR99 CONTROL ROD




d~ DUKE
T " ENERGY.

UPDATED FSAR

REACTOR
CHAPTER 4 FIGURES

Revision:
Figure:

Page:

24
4-1

1of1

CHANNE L
FASTENER=""
ASSEMBLY

C

UPPER
TIE PLATE

TR

FUEL
CLADDING

FUEL ROD

—
umI_']

FUEL ASSEMBLY (ISOMETRIC)

EXPANSION
SPRING

PLENUM SPRING

FUEL PELLET

TIE PLATE

FUEL ROD

ASSEMBLY

IDENTIFICATION
NUMBER

INTERM
SPACER

LOWER

/'

‘“-\\\h\‘\\~’

\L

418 mn

SPALER
BUTTON

20.31 a0,

FUEL
CLADODING

144 n,
ACTIVE FUEL ZONE

FUEL
CHANNEL

[

1.3 wn




d~ DUKE
T " ENERGY.

UPDATED FSAR

REACTOR
CHAPTER 4 FIGURES

Revision:
Figure:

Page:

24
4-2
1of1

311431l U3ddn

TINNVHO \

DNILSYD
ILVidait
HIMoN

TYPICAL GE BWR FUEL ASSEMBLY

—
L y.
yi
HIOVIS /

I10H MO
SSYdAg

HIONIT 13n4 3AILOV

Qaod 13n4 TY2IdAL




UPDATED FSAR Revision: 24
DUKE

REACTOR Figure: 4-3
\ & ENERGY® CHAPTER 4 FIGURES
Page: 1of1

SCHEMATIC CROSS SECTION OF LOWER TIE PLATE SHOWING CHANNEL/LOWER TIE
PLATE (FINGER SPRING) FLOW PATH

& FINGER SPRING

N

LOWER TIE PLATE — CHANNEL FLOW PATH

\*. LOWER TIE PLATE
\ P FINGER SPRING
\\ A OAOAX AR POAI XA PORX X

CHANNEL




UPDATED FSAR Revision: 24
DUKE REACTOR Figure: 4-4
T " ENERGY.

HAPTER 4 FIGURES
¢ Page: 10f1

TYPICAL CORE CELL

” \ :
H// \‘\f \\“‘S
AT »
4 P =
N4
| N i S




DUKE
T " ENERGY.

UPDATED FSAR

REACTOR
CHAPTER 4 FIGURES

Revision:
Figure:

Page:

24
4-5
1of1

UPPER TIE PLATE

CHANNEL FASTENER ASSEMBLY

CHANNEL FASTENER ASSEMALY




Revision: 24
DUKE - PDAR-IE-ECDT;SA R Figure: 4-6

T ENERGY. CHAPTER 4 FIGURES

Page: 1of1

UNIT 2 INITIAL CORE - CORE LOADING MAP

5%
. ofololol|ololol|o]o]|o
49 olSIColo|oICIO|o|0]|¢(C|0
o of{olciolofc|o]lolo|olo|o|o|o|0o]l0j0l0
» o{o|ololo ojclojolo
43 o{cjoidlol [OC Q1 S EIEEEE
4 ol (el ieile OIS O1& ke Olololo
9 olo|0o ololo
7 . 10|0]0 O|0}0
%_OOO ol OO Q10 it QI 101010
3 o100 QIO OIe QL& il OO [0S0
2 Qjolo o] {el]e)
79 ololo 0|0|0
- OlC|0] @ OO Q18 QIO odied l felieile
25 QIC|0] [0 Q10 Q10 QOL10 QIO 000
s _|2le]o ololo
. _lelelo ololo
,9_O<>O OO QIO Q& il Il (o]0
11_000 QIO Q10O Q1< QI Il {0100
5 Qlojo o}Re] [e]
3 clo|o o] [e] fo]
. o] (el feile ke QLo Ol OOl 0l o
09 ololo1o|0] 010 OLO OO |01O|0]0]0
o7 o0jo|o|o]0 ololojolo
0% olofojolo|ojolo|ojo|ololojo|o|oio|0
o OO|O10| 010|010 010|10
o ‘ooloooooooo

@ LOL BELRICHMELT (TvPe 1) 1720
@ HiH EMRICHMEMLT [(TYPe 2) 184
D HiGH EURICHMELT [TYPE ) 256




d~ DUKE
T " ENERGY.

UPDATED FSAR

REACTOR
CHAPTER 4 FIGURES

Figure:

Page:

Revision: 24

4-7

1of1

FUEL ASSEMBLY ROD ENRICHMENTS

DA TinG oo

217 wio

231 wio DUnDLE, 1.10 wyio BULDLE

M * LAQ w/o
H + 247 w/o

MLAUK = 115 /o [ ALALK « |15 w/ia
My cldbw/a| L 0T /e

) D rosmes (OO0 o
Mee®e @ @® ® 80 O)
olleceoeee| @00 0ee s
8@@@0@@@ PO O OO @ ®

Vieesroeee| [0 006 @|U
®OeO00 0o PP ® @
DOPMANeOO| e e @
o000 00) (000006 O
B o0000O0) OO OO0 O O
O0000OCO0O! |lOOO0OOO O
O000000| |lOO0O0OOO O

Alooooo oo 000000 O|lA

O O

Alllooocooooo| looococo OB

loooocoool [cooood 0|
k@ooooog}@ooooég

) |

1L1Q wh




(1

UPDATED FSAR Revision:
DUKE

ENERGY REACTOR Figure:

CHAPTER 4 FIGURES

Page:

24
4-8

1of1

7X7 FUEL ASSEMBLY

S B RETEE To g T
TR SR
| 7P LENGTR w2ty
s oc
R R
ﬁﬂ'll( T LENGT E bl L OCAT IO,

~108 0 ookt
ﬁ T Sate e

T w305 ¢ el WL s
s Zo Gt ions Foa sex [ty
s et Tt s
Wra ST RR
f e wax
1 Troame THRRR AL BAERER
o Proestaiy . !
3 Rl 3 LI e ] i Lom i ik A
f I Sl RIS st g — i gt
savnne - St e | P roian ML
¢ n:! FLogey e et TR E R k- boTom twv|
R 1 A I ]
2B ] t o flrr 0 AMUAIBD. _ hee - / ’\id{.l.-,{'u"\%

Y t R PRy sy LTI S

| } FT— ) - P

!

o |

[

- ‘
s 2 sk
! )
- [ sty -
R
e
=

-.x--.. Tnt T
LTl STy
iy et :

EUSRaR, SPtG
BATLHENE L
[HESEha

!:.-.L - Dl APPLES PR : —————
" ™ /' DHRTANEL SO

™

I8 AL T BT

AP e
LarToni L B

[ et e
L sl g,

- are mer—

; = s xs e Tk
' -

B

SPNED CAPTURE
UL 00

3 e
ikt Fd

s

Tt gt

P [ Ehar i
2

5258
7

T s A
~MAILSTH 8T

jE—
. (um:m
=Fye, w0y
AT
]
(amacryy

;m
2
1

e

:
|

|

|

1 N

% “F Ok RSOEMBLY 4
: (emagny, .
RN IR et
brrym CENTIRCAT N Eririgm: 0N
e PLACEN

CAPPEQ; WEiaHT =55 LBY




UPDATED FSAR Revision: 24
DUKE REACTOR Figure: 4-9
T " ENERGY.

HAPTER 4 FIGURES
¢ Page: 1of1

CALCULATED RANGE OF HOT UNCONTROLLED MAXIMUM LOCAL PEAKING VERSUS
EXPOSURE

L3¢

o
[
///’//

REGION OF CALCULATED
MAXIMUM LOCAL PEAKING

MAXIMUM LOCAL PEAKING

1.08 ™

o0 ! | | ! ! L 1

EXPOSURE {(QWd/t)




DUKE UPDATED FSAR

REACTOR
\ & ENERGY® CHAPTER 4 FIGURES

Revision:

Figure:

Page:

24
4-10
1of1

(AXW/OF x 1015

DoOPPLER COEFFICIENT OF REACTIVITY

680F 0% vOIDS

547°F 0% VOIDS

04
547CF 38% VOIDS

5470F 76% VOIDS

1.8 | 1 1 L L 1 |
0 500 1000 1500 2000 2500 3000 3500

AVERAGE FUEL TEMPERATURE (°F)

4000

4500




UPDATED FSAR Revision: 24
DUKE . e
EACTOR Figure: 4-11
T ENERGY. CHAPTER 4 FIGURES
Page: 1of1
DOPPLER COEFFICIENT AS FUNCTION OF FUEL EXPOSURE
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DOPPLER REACTIVITY COEFFICIENT AS A FUNCTION OF FUEL EXPOSURE AND
AVERAGE FUEL TEMPERATURE AT AN AVERAGE VOID CONTENT OF 40%
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DOPPLER REACTIVITY AS A FUNCTION OF CORE AVERAGE VOID FRACTION AND
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FUEL ASSEMBLY INITIAL ENRICHMENT
DISTRIBUTION 2.1 AVERAGE ENRICHMENT

WIDE-WIDE GAP
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MARROW-NARROW GAP
ROD TYPE NO. wt%
1 38 2.35
2 15 1.90
3 9 1.49
1.18
4 } Witer Tube
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LocAL POWER FACTORS 0 MWD/T 40% VoIDS

1 2 3 4 5 6 7 |
1] 1101 1.148 1037 1.176 1.135 1.150 1.002 1.124
2] 1.148 1.1583 1.011 1.087 1.029 1.029 1.141 1.136
3§ 1.037 1.011 1.007 a.886 0.833 0.407 0.987 1.010
4 1..175 1.087 0.886 0.383 0.803 0.825 0.933 1127
51 113 1.029 0.833 0.803 0. 0.894 0.953 1.120
6] 1.180 1.029 0.407 0.825 0.894 0.926 0.995 1.162
7] 1002 1.141 0.967 0.9?3' 0.953 0.996 1.075 1.058
8] 1124 1.138 1.010 1.127 1120 1.182 1.056 0.988

PEAK = 1.175
ROD (1, 4)
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LocAL POWER FACTORS 10,000 MWD/T 40% VoIDS

1 2 3 4 5 ] 7 g
11 1.00 1.092 0.992 1.088 1.064 1.060 1.013 1.088
2] 1092 1.073 0.953 1.027 1.001 1.019 1.085 1.087
3} 0992 0983 1.017 0.948 0.927 0.833 1.007 0577
4] 1.088 1.027 0.948 0.907 0.805 0.806 0.943 1.060
5] 1.064 1.001 0.927 0.906 0. 0.900 0,927 1.028
5} 1.080 1.019 0.933 0.896 0.900 0.897 0.544 1.061
7] 1013 1.085 1.007 0.943 0.9827 0.944 1.008 0.977
8] to88 1.097 0.977 1.050 1.028 1.051 0.977 0.990
PEAK = 1.007

ROD {2, 8)
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