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1.0 INTRODUCTION AND SUMMARY

Tliis report provides the cycle specific plant operating ihnits, which are listed telow, for Fenni
2, Cycle 4, as required by Technical Specifications 6.9.3. The analytical methods used to
detennine these core operating liinits are those previously reviewed and approved by the Nuclear i

Regulatory Conunission in GESTAR ll.i 2u .|
|

For the SVEA-96 lead fuel asseinblies, an evaluation of the difference between SVEA-96 and ;

the Cycle 3 GE9 reload bundles has been perfonned 3. This evaluation detennine( the necessary |
adjustinents which were needed to account for the physical differences between the two bundle l

types. |

The cycle specific limits contained within this report are valid for the full range of the Maxiinuin
Extended Operating Doinain (MEOD).6'

-

OPlW3]]KG_ LIMIT IE.OINICAL SPEGFICATION |

APLIIGR 3/4.2.1 {
|

MCPR 3/4.2.3 |

l

UIGR 3/4.2.4
'

RBM 3/4.3.6

APLilGR = AVERAGE PLANAR UNEAR llEAT GENERATION RATE

L MCPR = MINIMUM CRITICAL POWER RATI6

LIIGR = LINEAR IIEAT GENERATION RATE

- RBM = ROD BLOCK MONITOR SLTPOINTS
I

r

| '.

L
_. - , - , . - ,- .- . - _ . _ . - . . . _ , ,
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2.0 AVEllAGE PLANAR LINEAlt IIEAT GENERATION ItATE
,

TECil SPEC IDENT OPERATING LIMIT
l

|3/4.2.1 APLilGR

.:,, -

2.1 Definition
|

The AV11 RAGE PLANAR IJNEAR IIEAT Gl!NERATION RATE (APIJ1GR) shall be
applicable to a. specific planar height and is equal to avemging the LINIIAR llHAT
GilNIIRATION RATII over ;h fuel rod in the plane.

2.2 Determination of MAPLilGR Limit
,

The maximum APLilGR (MAPIJ1GR) limit is a function of reactor power, core flow, lattice _.
type, and average planar exposure. The limit is developed to ensure gross cladding failure will
not occur following a loss of coolant accident (LOCA) and that fuel thermal-mechanical deQn
criteria will not be violated during any postulated (mnsient events. The MAPLilGR limit
ensures that the peak clad tempemture during a LOCA will not exceed the limits as specified in
10CPR50.46(b)(1) and that the fuel design analysis criteria defined in References 1 and 2 will-
be met.

The MAPlJ1GR limit is calculated by the following equation:

AfAPLHGRu = hilN (AfAPLHGR(P), AfAPLHGR(F) )

where:

AfAPLHGR(P) = AIAPFAC(P) * AfAPLHGRm

AfAPLHGR(F) = AfAPFAC(F) * AfAPUlGRg

MAPLilGRsyn, the standard MAPLIIGR lirr-( 's defined at a power of 3430 MWt and flow of-
105 Mibs /hr for each fuel type as a function of avemge planar exposure and is presented in
Tab!c 1. Since fuel types may contain more than one lattice type (axially), Table I represents
the most limiting lattice type at each exposum point for that fuel type. When hand calculations
are required as specilled in Technical Specification 3/4.2.1, M APlJIGRsro shall be determined
by interpolation from Table 1. ,

,

!'

l

,. . . . . . . - -- . ..



, . .- - .. . . ~~ .- - . . --. -.

"
?,.

.

COLR . Revision 0 ',

Page 6 of 15 :*.

M APPAC(Pj, the . ,e power-dependent MAPLIIGR limit adjustment factor, shall be calculated^

by usirig Sectbn 2.2.1.

- MAPFAC(F), the core flow-dependent MAPLE 6! 'imit adjastment factor, shall be calculated
by using S1 Nn 2.2.2.,

l'AllLE I FUEL TYPIbl/EPENDENT STANDARD MAPLHGR LIMITS
-: -

Standard h1APLilGR Limit,

(KW/l'O
Exposure

'GWD/ST) Fuel Type
3 2 2 3 ) s 2 1

0.0 12.02 11.99 10 82 10.84 10.82 5.73

u.2 12 N I!.90 10.90 10.92 10.90 79-

1.0 12.10 12 E 12.'4 12.10 11.10 11.11 11.10 '0,
2.0 11.36 11.38 11.36 1

3.0 11.64 11.66 11.64 1

4.0 n .94 11.88 11.94 12.20
50 12.70 ). 12.93 12.79 12.17 12.02 12.17 12.30
6.0 '2.30 12.18 12.30 1230
7.0 ' 48 12.38 12A8 12.51
r '' 13.28 13. I', 12.68 1211 12.68 12.62

1;.88 12.84 12.88 12.68
12.80 1. 20 13.34 13.34 13.04 13.01 13.04 12.70,

12.) 13.53 13.32 13.07 13.07 13,07 12.57
15.0 12 A> 12.20 - 13.02 13 02 12.83 12.83 12.83 12.17
l~ 5 ?1.78
b.ts 12.70 12.10 12 18 12.18 12.18 ); 9

25.0 11.70 11.60 11.75 11.75 l1,54 11.5 i 11.54 1nc
31e 10.80 11.20 9.91

35.0 - 10.26 10.26 10.26 - 5,24

40.0 9.00 9.'O 8.62
45 0 9.05 9.04 8.76 8.72 8.76 8.03
50.0 o 64 6 63 7.45
30.66 5.88
50.76 5.88 5.88
55.0 6.84

'
56.83 6.60

|

.

! Fuct Types

1 = P8CIB176-4GZ-100M 150-T 5 = GE9B-P8CWB321-9GZ-00ht-150-T
?. = P8CIB219-4GZ-106ht-150-T 6 = f.;39B-PSCW8321-!0GZ-80ht-150.T

'

! 3 == GE88.PSCQB318-7GZ-100ht-4WR-150-T 7 = SVEA-96
4 = GE8B P8CQB318-7GZl-lonh1-4WR 150-T 8 = gel 1-P9 CUB 331-1IGZ-100ht 146-T

n.

.- .. , , .
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2.2.1 Calculation of MAPFAC(P)

The core power-dependent MAPLIIGR limit adjustruent factor, MAPFAC(P), shall be calculated
by one of the following equations:

For 01 P < 25 :

No therinal litnits monitoring is required.

For 25 i P < 30 -

Eith turbine hypmOPF13AILIE,

For core flow & 50 Mlbs/hr,

MAPFAC(P) = 0.606 4 0.0038(P-30)

For core flow > 50 Mlbs/hr,

AfAPFAC(P) = 0.586 + 0.0038(P-30)

Hith turbine hvpass INOPERAlllE,

For core flow A 50 Mlbs/hr,

AfAPFAC(P) = 0.490 + 0.0050(P-30)

For core flow > 50 Mlbs/hr,

MAPFAC(P) = 0.438 4 0.0050(P-?0)

For 30 < P < 100 :

MAPFAC(P) = 1.0 + 0.005224(P-100)

|

( - where: P = Core power (fraction of rated power times 100).

_

'
' p-~).
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2.2.2 Calculation of mat'FAC(F)

The core now dependcat MAPLIIGR limit adjustment factor, MAPFAC(F), shall be calculated
by the following equatic,n:

MAPFAC(T) = MIN (l.0, A,.* , B,)
,00

where:
WT = Core flow (Mlbdhr).
Ap = Given in Table 2.
By == Given in Table 2.

,

L
l

:

TABLE 2 FLOW-DEPENDENT MAPLIIGR LIMIT COEFFICIENTS

|

| Maximum Core Flow
(Mlbs/hr) Ar BrI-

117.0 . 6886 0.3828
112.0 0.6807 OA214t

L
1.10.0 '0.6800 0.4340
107.9 0,6758 0.4574
102.5 0.6784 0.4861

i

!

!
1

4

|
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3.0 MINIMUM CRITICAL POWER RATIO

, = = , -

TECil SPEC IDENT OPERATING LIMIT

3/4.2.3 MCPR

3.1 I)efinition

The CRITICAL POW ER RATIO (CIN) shall be the ratio of that power i.. .ne assembh which
is calculated by application of an NRC approveo critical power correlation to cause some point
in the assembly to experience boiling trans; tion, divided by the actual assembly operating power.

<

The MINIMUM CRITICAL POWER RATIL (MCPR) shall be the smallest CPR that exists in ' '

the core. ,

3.2 Determination of Operating Limit MCPR

The required Operating Limit MCPR (OLMCPR) at steady-state rated power and flow operating
conditions is derived from the established fuel cladding integrity Safety Limit MCPR of 1.07 and
an analysis of abnormal operational transients. To ensure that the Safety Limit MCPR is not
exceeded during any anticipated abnormal operational transient, the most limiting transients have
beer analyzed to determine which event will cause the largest reduction in CPR. Two different

'

core average exposure conditions are evaluated. The result is an Operating Lim'it MCPR which -
is a function of exposum and 7 7 is a measure of scram speed, and is defined in Technical
Specification Section 3/4.2.3.

The OLMCPR shall be calculated by the following equation:

OLMCPR = MAX (MCPR(F), MCPR(F))

| MCPR(P), the cue power-dependent MCPR operating limit, shall be calculated using Section
3.3.

MCPR(F), the core flow-dependent MCPR ope" Eag limit, shall be calculated using Section 3.4.

Iti case of single loop operation, the Safety Limit.MCPR is increased by-0.01, but OLMCPR
does not change.

!4
L
.
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3.3 Calculation of h1CPR(P)

h1CPR(P), the core power-dependent h1CPR operating limit, shall be calculated by the following
equation:

MCPR(P) = K, * OLMCPRm ,og

OLh1CPRn,yw3 shall be determined by interpolation from Table 3, and 7 shall by calculated by
using Technical Specification Section 3/4.2.3.

_

Kp, the core [x)wer-dependent h1CPR Operating Limit adjustn.ent factor, shall be calculated by
using Section 3.3.1.

TAllLE 3 OIAICPRiyas AS A FUNCTION OF EXFOSURE AND r

_m
,

OIA1CPR ,,u

G).NR[110N EXPOSURE
{}{WD/ST) 8,X6 2X9 J0X10

lloth Turbine flyn ass and GE6, GES, GE9 Gell SVEA 90
Moisture Separator Rchester
OPERAlli.E BOC to 7000 y=0 1.26 1.3? 1.53

?=1 1.28 1.38 1.55

700() to EOC 7=0 1.28 .1.38 1.55 -

r=1 1.32 1.46 1.62

e

Either Tu6ine Ilypass or
Moisture haratt>r Reheater
INOPERAllLE BOC to EOC 7=0 1,32 1.41 1.62

7= 1 1.36 .l.49 1.69

;i

lloth Turbine Bypass and
.

tMoisture Separator Reheat <-
INOPERAllLE BOC to EOC r=0 1,34 1.44 1,65

7=1 1.37 1.52 1.70

L _

f

_ _ _ _ _ _ - - _ - _ _ _ __ -_ - . .
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3.. 1 Calculation of K r

The core power-dependent MUJR operating limit adjustment factor, Kp, shall be calculated by
using one of the following equations:

For 0 i P < 25 :

No thermal limits monitoring is required.

For 25 S P < 30 -

When turbine bypass is OPEllAllLE,

A,p =
37, + (0.026 + (30-P))--K

OLhfCPR,g,og

where: Kay, = 1.90 for core flow 150 Mlbs/hr
= 2.23 for core flow > 50 Mlbs/hr

When turbine bypass is INOPERAllLE,

|
.

| Kryp + (0.054 + (30-P))
A.,= _ .

OlafCPRimios

where: Kny, = 2.26 for core flow 150 Mits/hr
= 3,03 for core flow > 50 Mib /hr

For 30 $ P < 45 :
K 1.28 + (0.0134 + (45-P))=p

. For 45- < P < 60 :

1.15 + (0.0')867 * (60-P))K =
. 7
|

For 60 < P < 100 : '

1.0 + (0.00375 + (100-P))K =
,

p

|

| where: P = Core power (fraction of rated power times 100).
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3.4 Calculation of MCPR(F)
'

MCPR(F), the core flow-dependent MCPR operating limit, shall be calculated by using one of
the following equations:

For WT < 40 :

MCPR(F) = (A + + B ) + (1.0 + 0.0032 +(40-F1))77
100

For WT A 40 :

AfAX (1.20, A +E + B )
7 7

100

~

where: WT = Core flow (Mlbs/hr).

Ag = Given in Table 4.

Bp = Given in Table 4.

TAllLE 4 FLOW-DEPENDENT MCPR LIMIT COEFFICIENTS

Maximum Core Flow
(Mlbs/hr) Ag Br

117.0 -0.632 1.809 -
112.0 -0.602 1.747
110.0 -0.600- 1.731
16 1 -0.586 1.697
10'e.5 -0.571- 1.655

,

ga

(
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4.0 LINEAR IIEAT GENERATION RATE

TECII SPEC IDENT OPERATING LIMIT

3/4.2.4 LIIGR

4.1 Definition

The IJNEAR IIEAT GENERATION RATE (LIIGR) shall be the Peat generation per unit length
of fuel rod. It is the integral of the heat flux over the heat transfer area associated with the unit
length.

4.2 Determination of LIIGR Limit

The thermal expansion rates of UO pellets and Zircaloy cladding are different in that, during2

heatup, the fuel pellet could come into contact with the cladding and create stress. By
maintaining the operating LIIGR below the limits stated in Table 5 and the operating
MAPLIIGR below those stated in Section 2.0, it is assured that all thermal-mechanical design
bases and licensing limits for the fuel will be satisfied.

TABLE 5 LIIGR LIMITS FOR VARIOUS FUEL TYPES

I

FUEL TYPE LIIGR LIMIT

PSCIB176-4GZ 100M-150-T 13.4 KW/FT
P8CIB219-4GZ-100M-150-T 13.4 K#/FT
G E8B-P8C QB318-7GZ- 100M-4WR-150-T - 14.4 KW/FT

G ES B-P8CQB318-7G Z 1 - 100M-4WR- 150-T 14.4 KW/FT
GE9B-P8CWB321-9GZ-80M-150-T 14.4 KW/FT
GE9B-P8CWB321-10GZ-30M-150-T . 4.4 KW/FT
gel 1-P9 CUB 331-1IGZ-100M-146-T 14.4 KW/FT
SVEA-96 14.4 KW/FT

_
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5.0 CONTROL ROD BLOCK INSTRUMENTATION

|

. _ _ _ _

TFTU SPEC IDENT SETPOINT

3/4.3.6 RBM

5.1 Definition

The nominal trip setpoints and allowable values of the control rod withdrawal block
instnnuentation for use in Technical Specincation 3/4.3.6 att shown in Table 6. These values
are consistent with the bases of the APRM Eod Block Technical Specincation Improvement
Program (ARTS) and the MCPR opemting limits.

TAllLE 6 CONTROL ROD BLOCK INSTRUMENTATION SETPOINTS WITII
FIlli'ER

. _

Setpoint Trip Setpoint Allowable Value

LPSP 27.0 28.6
IPSP 62.0 63.6
HPSP 82.0 83.6
LTSP 117.0 118.8
ITSP 112.2 114.0
HTSP 107.2 109.0
DTSP 94.0 92.3

v.here:
LPSP IAw power setpoint; Rod Block Monitor (RBM) System trip automatically

bypassed below this level
IPSP Intermediate power setpoint
IIPSP IIigh power setpoint
LTSP Low trip setpoint
ITSP Intermudiate trip setpoint
IITSP IIigh trip setpoint
DTSP Downscale trip setpoint-

.
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