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COLR FOR SEQUOYAH UNIT 1 CYCLE 7
'

,

b

I1.0 CORE OPERATING LIMITS REPORT

This Corc Operating Limits Report (COLR) for Sequoyah Unit 1 '

Cycle 7 has been prepared in accordance with the ,

requirements of Technical Specification-(TS) 6.9.1.14. i
-

The TSs affected by this report are li6ted below: ;

3/4.1.1.3 Moderator Temperature Coeff:;ient (MTC) t

3/4.1.3.5 Shutdown Rod Insertion Limin ' '

3/4.1.3.6 Control Rod Insertion Limits '

3/4.2.1 Axial Flux Difference (AFD) !

3/4.2.2 Heat Flux Hot Channel Factor (F,(Z))
3/4.2.3 Nuclear Enthalpy Hot Channel Factor (Fh)

i

2.0 OPERATING LIMITS

The cycle-specific parameter limits for the specifications -

listed in section 1.0 are presented in the following
subsections. These limits have been developed using the NRC' :

approved methodologies specified in TS 6.9.1.14.
~

The following abbreviations are used in this section:
.

BOL stands for Beginning of Cycle' Life
ARO stands'for All Rods Out
HZP stands for Hot Zero THERMAL POWER
EOL stands for End of Cycle Life
RTP stands for RATED THERMAL POWER

1

2.1 Moderator Temperature Coefficient - MTC (Specification 1

3/4.1.1.3)
2.1.1 The MTC limits are:

The BOL/ARO/HZP-MTC shall be less positive than 0
Ak/k/'F (BOL limit). With the measured
BOL/ARO/HZP-MTC more positive than 0 Ak/k/*F
(as-measured MTC limit), establish control rod
withdrawal limits to ensure the MTC remains less
positive than 0 ak/k/*F for all times in core life.

1

The EOL/ARO/RTP-MTC shall be less negative than or '

equal to -4. 0 x 10'' ' Ak/k/ * F.
I
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COLR FOR SEQUOYAH UNIT.1 CYCLE 7

1

2.1.2 The 300 ppm surveillance limit is: j

The measured 300 ppm /ARO/RTP-MTC should be less
negative than or equal to -3.1 x 10'' Ak/k/*F. ;

r

2.2 Shutdown Rod Insertion Limit (Specification 3/4.1.3.5)

2.2.1 The shutdown rods shall be withdrawn to a position
as defined below: *

Cycle Burnuo (MWD /M1U) Stens Withdrawn
;

5 2,000 1 226 to 5 231
t

> 2,000 to < 14,000 > 222 to i 231
;

2 14,000 2 226 to 5 231 i

:
,

2.3 Control Rod Insertion Limits (Specification 3/4.1.3.6)

2.3.1 The control rod banks shall~be limited in physical !
insertion as shown in Figure 1.

!

2.4 Axial Flux Difference - AFD (Specification 3/4.2.1).
;

2.4.1 The axial flux difference (AFD) limits are provided fin Figure 2.

2.5 Heat Flux Hot Channel Factor - F 111 (Specification j3
3/4.2.2)

6

;

F (Z) $ * K(Z) for P > 0.5a
P

F ""a
F (2) 5 * K(Z) for P 5 0.5a

0.5 ;

THERMAL POWER j
where P =

RATED THERMAL POWER
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COLR FOR SEQUOYAH UNIT 1 CYCLE 7 i

:

RTP 2.40 !2.5.1 F =
a

i

2.5.2 K(Z) is provided in Figure 3. !
>

2.5.3 Note that-the W(Z) values required by TS SR'4.2.2.2' '

are provided in Figures 4 through~8. This. ;

information is sufficient to determine W(Z) versus- i
core height for all cycle burnups through the use of i

three point interpolation. ;

i
2.6 Nuclear Enthalov Rise Hot Channel Facto.E - F"N- /|A

(Specificatio11 3/4.2.3) -l

F"n 5 F",TP , {y 4 pp g {y , p))3 3 g

:
THERMAL POWER

where P = 1

RATED THERMAL POWER !

i

2.6.1 F[ GIP = 1.62 ;

2.6.2 PFa = 0.3
1

8

i

.

;
,
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COLR For Sequoyah Unit 1 Cycle 7

(.09,231) (.66.231)
231 ..

(F ully Wit hdraw n Re gion) ,'<

( 05,222) , .61,2 2 2) '(*

(0,210) BANK B* '

200
,

'

R ;

O _ _ . . . _ . ,
_ __ ~ .. (1.0,18 2 )

d
'

B 160 -- - - -- - - -

a
n
k - i

BANK:CS
,

t 120 -~ -- - -- -

e
P - .- - . - - .

o 80 3 '85) - - - - - - - -

S
i . BANK D
t - - - -- -

'

I

o
40 -

n

-. .- - .-
i

(.19,0 ) .
.

'
0 0.2 0.4 0.6 0.8 1
(Fully ,

inserted) Fraction of Flated Therrnal Power

FIGURE 1 ;

Rod Bank Irisertion Limits Versus
Thermal Power Four Loop Operation

Fully withdrewri region shall be the condition where shutdown and control banks are
at a position within the Interval of ! P22 and ! 231 steps withdrawn, inclusive.

Fully withdrawn shall be the position as defined below,

C.ycle B urnuo (M Wd/M T U) Eten Withdrawn I

f2000 t 226 to ! 231
* 2000 to 14,000 1 2 2 2 to ! 2 31

! 14,000 ! 226 to ! 231

i
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COLR For Sequoyah Unit 1 Cycle 7

120
,

110 -- -4
7

-- - - --

% (-15,100) (6,10 0)
,

100 - -- - - --

O
f go --

.- 4 - :.

Unacceptable Unacceptab|e
R _ op e rat,lo n operation

,

f Acceptable
- Operation - -- - - - - - -

d 70 - - - -

[ 60 - - - -

e
r 50 -- -(23 ,50) " ' f(20, 0)

..

m
*

40 --

P 30 -- - - - <

o
W
e 20 -^

<
--

r

10 - '' ~' -

' ' ' ' ' ' ' '0
~50 - 4 0 -3 0 -2 0 -10 0 10 20 30 40 50

Flux Difference (AI) %

FIGURE 2

Axial Flux Difference Limits As
A Function Of Rated Thermal Power
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COLR For Sequoyah Unit 1 Cycle 7
-

1.2

1.1 - - - ' ~ - - -

1
'

,

o 0.9 - !

r

$ 08 - - > -- - -

1

,

i oy -- -- -

'

I
e
d 0.6 -- - - -- -- '

,

h0.5 -- - -

: -- - -

Core Height K(Z),

0.000 :1.000P o,4 - .

-

~ 6:000 ' 11.000'O
10.800 50.940

0.3 - - - 12.000. i0.925.
,

r
!

0.2 -- ' -~ - + ~~ |

0.1 - - -
-- -

|

!' ' ' ' '0
0 2 4- 6 8 10 12

1

Core Height (Feet)

FIGURE 3

K(Z) - Normalized Fq(Z) as a Function of Core Height

:
i
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HEIGHT MAX |

(FEET) w(2) |

O.0 1.00001.50 i

. i i O.2 i.0000 |
1 '1 0.4 1.0000

O.6 1.0000
! O.8 1.0000'

i i 1.0 1.0000i '

1.45 i 3.2 1.0000! , .

! * ' ' 1.4 1.0000
t i i 1.6 t.0000

i ) 9 , 1.8 1.2835
i i i i i i 2.0 1.2634

1.40 j, , i i 2.2 1.2428
'l ! ! 2.4 1.2222
j t ! i 2.6 1.2015
i i i i 2.8 1.1797
i i i I 3.0 1.1643.

1.15 i i , i , , 3.2 1.1578
j j i i i i ! j 3.4 1.1574

3.6 1.1608j j , ,es
hJ j j 3.8 1.1636i , ,

'# 4.0 1.1652
51.30 !

'
4.2 1.1660-

, , i ,

4.4 1.1658j j i g ,yg ,, ,

4.6 1.1646<g i , ,

e 'I?' , 4.8 1.1629E i o ,
<'

,0, 0 5.0 1.1581j i g , j
, ,

Luj,2$ 5.2 1.1595, ,,
C)

, , * , ,

5.4 1.1734
I ' ' ''o, - '

5.6 1.1870
! !' '>~ ' 5.8 1.1993
'OC ! 6.0 1.2287

'

{fj,20 , ,

* '
6.2 1.2388^

6.4 1.2475.;g , , , ,
! 6.6 1.2546;) : , ' ,
' *y) 6.8 1.2601

- ! ! ! 7.0 1.2630' ,kf" * * * * "
' '

! d'

j,j$ ,'i "' 7.2 1.2656
I ' ' 7.4 1.2691

i i ' ! 7.6 1.2706
i I ! 7.8 1.2696

i ' ' ' 8.0 1.2662
e ' l

.10 ', 8.2 1.2604
i , , s, 1.2516
i ' ' ' 8.6 1.2398

' ! ! 8.8 1.2341
3 ' ' I 9.0 1.2377

i ' ' 9.2 1.2428
b e ! I i 9.4 1.2449

i i I i 9.6 1.2536
' I ! 9.8 1.2678
' i I ' 10.0 1.2826

i 10.2 1.2990i

1.00
g y 4 g g 30 12 10.4 1.0000

CORE HEIGHT (FEET) '8:' ':8$8
11.0 1.0000

BOTTOM TOP ]];2 ]$
11.6 1.0000
11.6 1.0000
12.0 1.0000

FIGURE 4

SEQUOYAH UNIT 1 CYCLE 7

RAOC SUMMARY OF MAX W(Z) AT 150 MWO/MTU

1

(TOP AND BO'TTOM 15% EXCLUDED AS PER TECH SPEC 4.2.2.2.G)
1

!
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w IGHT MAX
(FEET) w(Z)

1*50 - '-
t i i i t ! i ! ! ! I I O.2 1.0000

4 i i i i 1 4 i i i ! O.4 1.00001

i I i i '
I i 0.6 1.0000

) ! '
.

! 8 0.8 1.0000
1 ! i i i i i

1.45 i i s i ! i 1.2 1.0000
1.0 1.0000

i i i i i I
'

1.4 1.0000
| i i t i i 1.6 1.0000
! t i iii i 1.8 1.2396
i i t i i i I | _)i ,

, , , , i
-

2.0 1.22521.40 , i .
2.2 1.2107

i j j 4 |
*,

2.4 1.1959b 1'
.

; j 2.6 1.1810,
i

; ; | ! | 2.8 1.16832

i i i i i i 3.0 1.1623
1*

i 3.2 1.1606j.

t i i 3.4 1.1607
'N

i i ; 3.6 1.1653
I t > j, i i 3.8 1.1713,

' ' ' ' ' ' ' '' ''''''* 30 ^' ' ' ~ *
4.2 1.1805.

, o ;,
,

,, i i 4.4 1.1832>< ,
,.

<t i , i j 4.6 1.1847,

|E 4.8 1.1853, ; , , ,; ,

5.0 1.1833' , i ' "
.

i ,
kl.25 5.2 i.1844

'
.'

|C) ; ; 5.4 1.1932, ,,,
5.6 1.2049p g , , ,, , ,^

j0j j 5.8 1.2215g; , ,
^

6.0 1.2531.c , , , ; , ,

s1.20 6.2 1.2675, i , , , , ,
|E 6.4 1.2805
:) | ||

^ * * * ** '^ 6.6 1.2914; ,,

y) ' ^ 6.8 1.3002
"04 t* ! ! !'

7.0 1.3066
' ' ' '

j,j$ 7.2 1.3104
' ' ' 7.4 1.3113
' ' ' ' 7.6 1.3093
' ' ' ' 7.8 1.3041
' ' i ' ! 8.0 1.2955

' ' '

1' 8.2 1.2835
! 8.4 1.2678
I i ' 8.6 1.2484e '

I i ! 8.8 1.2324
' ' ! ! 9.0 1.2257

1 ' ' 9.2 1.2199
1.05 9.4 1.21318 '

t i i 9.6 1.2254
i ! i i 9.8 1.240
! ' i 10.0 1.2533

10.2 1.2673< 1 '

1.00
0 2 4 6 8 10 12 '0 d ' 00 0

CORE HEIGHT (FEET) 18:' |:8888
11.0 1.0000

BOTTOM TOP ))2
.

,

11.6 1.0000
11.8 1.0000
12.0 1.0000

FIGURE 5
.

SEQUOYAH UNIT 1 CYCLE 7

RAOC SUMMARY OF MAX W(Z) AT 4000 MWDIMTU

(TOP AND BOTTOM 15% EXCLUDED AS PER TECH SPEC 4.2.2.2.G)
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HEIGHT MAX
(FEET) W(2)

1.50
- '0t ' O.2 1.0000

a 4 i O.4 1.0000
! O.6 1.0000

6 6 i * 4 0.8 1.0000!
1.45 I ' ' '

1.0 1.0000i .

1.2 i.0000 !( i i

1.4 1.0000i ! 8
> 1.6 1.0000( j i 1. 8 1.2564i 6 il.40 2.0 1.2435*

1 5 i * 2.2 1.2305
i 1

2.4 1.2172 ii 2.6 1.2035 '

g , 3 i 2.8 1.1915; i
1.35 3.0 1.1799

,,v4
^

, 3.2 1.1738, , ,

3.4 1.1756,es
FQ ,, p 3.6 1.1780,

%/ , ;,;
i 3.8 1.1839

i

*1.30 ' * ,,e ; 4.0 1.1921'
4 ,, , , 4.2 1.1999

>< . ' 4.4 1.2060! '

{f {
4.6 1.2106

5 4.8 1.2137
* * 5.0 1.2147gjy

|' , 5.2 1.2157C)
i ' , i 5.4 1.2224,

. "
5.6 1.2382>- * ! ! !QC 'lh ; 5.8 1.2562**"' ' ', '

<C ' 4 " 6.0 1.2892m.0 . *' ' ' * '*
6.2 1.3037, , , , a i-2E 3,4 3.3,so* ' I 1 '

h
'

* *f 6.6 1.3258' i ! 6.8 1.3331'
I i ! '

7.0 1.33741 i ' I IlN 7.2 1.3382' 4 '
! 7.4 1.3354i i

! 7.6 1.3294
8 !

! 7.8 1.3196
! ' '

8.0 1.3065
1.10 i 6 6 8

8.2 1.2897i i
8.4 i.2693i

4 i 8.6 1.2449i
i 6 8.8 1.2187;
i t

. 9.0 1.2077. i i ' 9.2 1.2015
I i 9.4 1.1912i i ! 9.6 1.2045i
i i 9.8 1.2196*
i i 10.0 1.2326

I i i i 10.2 1.2464
i

1.00
0 2 4 6 8 10 12 ' ' '- 0

CORE HEIGHT (FEET) '8:' '.'ES$8
11.0 1.0000

BOTTOM TOP '',,2 1.OOOO
, ,4 , oooo
11.6 1.0000
11.8 1.0000
12.0 1.0000

FIGURE 6

SEQUOYAH UNIT 1 CYCLE 7

RAOC SUMMARY OF MAX W(Z) AT 7000 MWD /MTU

i

It TOP AND BOTTOM 1S*/. EXCLUDED AS PER TECH SPEC 4.2.2.2.G)
!

|

i
i
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HEIGHT MAX
> (FEET) W(2)

1.50 ,, , 0.0 1.0000, ,
ji, ! O.2 1.0000
; ' ' O.4 1.0000,

j O.6 1.0000'
^

1.45 |.
. O.8 1.0000'

1.0 1.0000
!

,
I

'
1.2 1.0000

'
'

! ! i 1.4 1.0000
f ? ! t.6 1.0000

'

! i I i 1.8 1.2860'
j,fg ! ' ' 2.0 1.2729

! I I
2.2 1.2597*

'
I 2.4 1.2461i

1 2.6 1.2321
! ! 2.8 1.2180

'

ijy i i 3.0 1.2012
*

I + | ! 3.2 1.1932,

ye, j i i 3.4 1.1984
y , . . , 3.6 i.20iO
,,,,,, i i o e i i 3.8 1.2074

I i igg*y <. i, 4.0 1.2180.

i ! * 4.2 1.2287, ,

>( e i , 4.4 1.2372<,

<
,,

v
i i , 4.6 1.2438.

2 4.8 1.2485i
, i eI ,

.
- -

, . 5.0 1.2510
g1.25 f' 5.2 1.2525, ,,

, , ,

g w ; 5.4 1.2596,

5.6 1.2786p g ; , ,
-

, 5.8 1.2956g ,, o, , ;,

j, j , 6.0 1.3030
<1.20 , , ,

2 ,/ 6.2 1.3548, , , , ,
,

2 6.4 1.3238, ,, ,:)
.

! 6.8 1.3336
6.6 1.3301

(M I ' ''
' ^

'|
! I '

! 7.0 1.3341;

1.15 7.2 1.33i3
' ' '

' ' '
I 7.4 1.3253

! ' ' ' 7.6 1.31594 ' ! ! 7.8 1.3030
I ' ! ! 8.0 1.2867'

J,jQ 8.2 1.2669
' '

! ! ' 8.4 1.2439'
! i ! 8.6 1.2182' ' ' ' 8.8 1.1869

' i ! ! 9.0 1.1722
1.05 |

' ' ' 9.2 i.1672
- ! 1 9.4 1.1593
i i ! 9.6 1.1716

I i 9.8 .1857*
.

i ' 10.0 1.1982I

i ' 6 ' 10.2 1.2116g
0 2 4 6 8 10 12 '0 d '-

CORE HEIGHT (FEET) l:' 1:8888
11.0 1.0000

BOTTOM TOP 3;0000
11 2 1

,3 4 oooo
11.6 1.0000
11.8 1.0000
12.0 1.0000

FIGURE 7

SEQUOYAH UNIT 1 CYCLE 7

RAOC SUMM ARif O' M AX W(Z) AT 10000 MWD /MTU

(TOP AND BOTTOM 157. EXCLUDED AS PER TECH SPEC 4.2.2.2.G)
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HEIGHT MAX.

(FEET) w(2)
4

jg 0.0 1.0000
' ! O.2 1.0000' '

! O.4 1.0000 |8 i C.6 1.0000
* ' ' I O.8 1.0000

' '- '-1.45
1 1.2 1.0000

1 i 1.4 1.0000
,

i 1.6 1.0000
I i 1.8 1.2736
1 2.0 1.2589j,40

i , 2.2 1.2440
2.4 1.2292, ,

,

, . i 2.6 1.2141,

2.8 1.1968i i i

3.0 1.1924. t i

1.5 , , , i 3.2 1.2021
i 1 i i 3.4 1.2158'

,s 3.6 1.2301e ** * * i

pq
' 9" l 9, 3.8 1.2431%s

* ' ' * ' ' 25'2 i

a*1'30 ',' 4.2 1.2633* y
i 4.4 1.2702>< | i , i

4.6 1.2748 -

<C v 'eo i ', ,

|E ,0 4.8 1.2776, . i
5.0 1.2761i o , , t

(3 251 5.2 1.2792
_

, , i. , ,,

; 5.4 1.2930i I , ,

>. j i j v, ,
-- 5.6 1.30S4

Q i g & i i ; 5.8 1.3152
6.0 1.3175- aC i , ' ' 'x

:s t.20 6.2 1.3225'

.' , ',

2E 6.4 1.3250'
y.a

23
~

, ' '
, '

6.6 1.3248'

YI |g f 6.8 1.3213,

'
.

: : 7.0 1.3176-

! ' ' '
1.15 7.2 1.3537

' ' ' ' 7.4 1.3070'

' ! ! ' 7.6 1.2973
''

I i i ! 7.8 1.2844
i t I i 8.0 1.2686
! > ! * 8.2 1.24941.10' ' ' ! ' 8.4 1.2282
i ' ! ! 8.6 1.2091
! I ' ! 8.8 1.1886
j l !

'
9.0 1.1660

i ' i i 9.2 1.1561
1*05

-

i 9.4 1.1658
i 9.6 1.1744
i 9.8 1.1821

i i 10.0 1.1916
10.2 1.2045i i

1.00 ' d '0
0 2 4 6 8 10 12

CORE HEIGHT (FEET) |8'' I:ES$$.

11.0 1.0000

BOTTOM TOP )''2 .000
3, ,ooo

11.6 1.0000
11.8 1.0000
12.0 1.0000

FH3URE 8'
<

1

SEQUOYAH UNIT 1 CYCLE 7

RAOC SUMMARY OF MAX W(Z) AT 14000 MWD /MTU
,

(TOP AND BOTTOM 15% EXCLUDED AS PER TECH SPEC 4.2.2.2.G)

Page 11 of 12.
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