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INTRODUCTION AND SUMMARY

This report provides the cycle-specific parameter limits for:
Maximum Average Planar Linear Heat Generation Rate (MAPLHGR);
Minimum Critical Power Ratio (MCPR); ARTS MCPR thermal limit
adjustments and multipliers; ARTS MAPLHGR thermal limit
multipliers; Rod Block Monitor (RBM) setpoints; MAPLHGR single loop
operation (SLO) reduction factor; Id o ur Heat Generation Rate
(LHGR) ; and Turbine Bypass Valve parameters for Limerick Generating
Station Unit 1, Cycle 6. These values have been determined using
NRC-approved methodology and are established. such that all
applicable limits of the plant safety analysis are met.

This report is submitted in accordance with Technical
Specification 6.9.1.9 of Reference 1. Preparation of this report
was performed in accordance with PECO Fuel and Services Section
Procedure FM-105.

This report contains all thermal limit parameters related to i

the implementation of the Maximum Extended Load Line Limit and ARTS i

Improvement Program analyses (ARTS /MELLLA) f or Limerick-1 Cycle 6.
This is the first application of ARTS /MELLLA at Limerick Generating
Station.

.

,

MAPLHGR LIMITS

The limiting MAPLHGR value for the most limiting lattice
(excluding natural uranium) of each fuel type as a function of
average planar exposure is given in Figures 1 through 6.

No reduction in MAPLHGR limits is required under ARTS during
single loop operatior. (Table 2).

MCPR LIMITS

The MCPR value for use in Technical Specification 3.2.3 is |
given in Figures 7 through 10. These tables are valid for all |
Cycle 6 fuel types. Information regarding the validity of thess

|MCPR limits in various operating domains and for SLO is also <

provided. '

The MCPR values shown in these figures are the bounding values
for all points on the power flow map including Maximum Extended
Load Line Limit (MELLL) down to 75% of rated core flow during. full
power operation, Increased Core Flow (ICF) up to 110% of rated core
flow, Rated Core Flow (RCF. the area between the MELLL and ICF
operating domains), Feedwater Temperature Reduction (FWTR) up to
1050F at end of cycle, Feedwater Heater Out of Service ( FWHC+0S ) up
to 600F f eedwater temperature reduction during the cycle, and Power !
Coastdown operation. I

Bounding MCPR values are also provided for inoperable

4
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Recirculation Pump Trip (RPTOOS) or inoper.able Steam Bypass System |
(TBVOOS). These two options represent the Equipment Out Of Service |

(EOOS) conditions. i
Note in these figures the term "EOC" refers to the cycle

exposure at .which operation at " rated conditions" is no longer !

possible (i.e. , the cycle exposure at which cycle extension begins)
which was assumed during the cycle specific reload licensing
(Reference 2).

ARTS THERMAL LIMIT ADMINISTRATION

ARTS provides for power- and flow-dependent thermal limit
adjustments and multipliers which allow for a more reliable
administration of the MCPR and MAPLHGR thermal limits. The flow-
dependent multiplier MAPFAC(F) and flow-dependent adjustment
MCPR(F) are sufficiently generic to apply to all fuel types and
operating domains. There are two sets of power-dependent MAPLHGR
multipliers for with- and without-EOOS conditions. There are two
sets of power-dependent MCPR adjustments and multipliers for with-
and without-EOO." conditions.

These adjustments and multipliers are shown in Figures 11
through 16. '

.

ROD BLOCK MONITOR SETPOINTS
t

The ARTS RBM provides for power-dependent RBM trips to replace
the previous flow-dependent trips. The trip setpoints and '

applicable RBM signal filter time constanF data are shown in Table '

1.
,

LINEAR HEAT GENERATION RATES

The LHGR value for each fuel type for use in Technical 1

Specification 3.2.4 is given in Table 3. '

STEAM BYPASS SYSTEM OPERABILITY I

i

The operability requirements for the steam bypass system for
use in Technical Specifications '3.7.8 and 4 . '7 . 8 . C are found in
Table 4. If these requirements cannot be. met, the thermal limit
multipliers and MCPR limits for Turbine Bypass Valve Out of Service
(TBVOOS) must be used.

.
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FIGURE 1 ,

MAXIMUM AVERAGE PLANAR LINEAR HEAT
GENERATION RATE (MAPLHGR) VERSUS

AVERAGE PLANAR EXPOSURE |
FUEL TYPE P9 CUB 384 (Gell) |
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FIGURE 2

MAXIMUM AVERAGE PLANAR LINEAR HEAT
GENERATION RATE (MAPLHGR) VERSUS

,

AVERAGE PLANAR EXPOSURE
FUEL TYPE P8CIB219 (GE6)
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FIGURE 3

MAXIMUM AVERAGE PLANAR LIMEAR HEAT
GENERATION RATE (MAPLHGR) VERSUS

AVERAGE PLANAR EXPOSURE
FUEL TYPE P9 COB 331 (Gell)
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FIGURE 4

MAXIMUM AVERAGE PLANAR LINEAR HEAT
GENERATION RATE (MAPLHGR) VERSUS

AVERAGE PLANAR EXPOSURE
FUEL TYPE P8CWB319 (GE9)
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FIGURE 5

MAXIMUM AVERAGE PLANAR LINEAR HEAT
GENERATION RATE (MAPLHGR) VERSUS

AVERAGE PLANAR EXPOSURE
FUEL TYPE P8 COB 318 (GE8)
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FIGURE 6

MAXIMUM AVERAGE PLANAR LINEAR HEAT
GENERATION RATE (MAPLHGR) VERSUS i

AVERAGE PLANAR EXPOSURE
FUEL TYPE P8CIB248 (GE7)
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FIGURE 7

MCPR vs. TAU

THIS FIGURE IS VALID FOR ALL CYCLE 6 FUEL TYPES

THIS FIGURE IS VALID FOR THE RCF, MELLL, FWTR, AND FWHOOS
OPERATING DOMAINS

This figure is valid for two-loop operation. For single-loop
operation, increase any value obtained from the figure by 0.01,
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FIGURE 8

MCPR vs. TAU

|THIS FIGURE IS VALID FOR ALL CYCLE 6 FUEL TYPES
l
i

THIS FIGURE IS VALID FOR THE ICF OPERATING DOMAIN

This figure is valid for two-loop operation. For single-loop
operation, increase any value obtained from the figure by 0.01. '
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FIGURE 9 ;

MCPR vs. TAU4

THIS FIGURE IS VALID FOR ALL CYCLE 6 FUEL TYPES
.

THIS FIGURE IS VALID FOR THE RPTOOS OPERATING DOMAIN

This figure is valid for two-loop operation. For single-loop
operation, increase any value obtained from the figure by 0,01.
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FIGURE 10
t

MCPR vs. TAU

THIS FIGURE IS VALID FOR ALL CYCLE 6 FUEL TYPES.

THIS FIGURE IS VALID FOR THE TBVOOS OPERATING DOMAIN '
,

This figure is valid for two-loop operation. For single-loop
operation, increase any value obtained from the figure by 0.01.
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FIGURE 13

FLOW DEPENDENT MAPLHGR MULTIPLIER MAPFAC(F)
THIS FIGURE IS REFERRED TO BY TECHNICAL SPECIFICATION 3.2.1

THIS FIGURE IS VALID FOR ALL OPERATING DOMAINS

THIS flGU[ IS VAll0 ONLY FOR A EXI!UJ COE FLOW SETTllE OF 109% OF RATED

1.0 -

_

n
1

U 0.9 --

U -

4 !1
a
(
) 0.9 -

.

E

h WPLG (F) : WPFAC (F) * MPLE (STD)
0

{ 0.7
-

WILG (SID) : Stardard WPLE liraits,

3
0
J WSFAC (F) = (0.6m$ * TC / 100) + 0.4430, er

0.6 - '

a : 1.0 ; whichevcr is icwr
0
I

-

J
a & % Rated Ctre Flen
40.5 -

>

-

! I I I ' ! I' I '0.4
' ' ' ' '

3) 40 50 60 10 80 S0 100 110

CORE FLOT (% Pated)

.

- - + - w r-t.--- - = en - -#w- + , . . , . , e -- -



i , 1

i ;I' , !' - - 'qi ,:!j l1i { . . .

* . .

, ' *
' .

_

C LgQ mt m "p.0D mMn 0o $ ,h Mth i 2 nmMOo yE .
tHMw G 2 on@p* eP y2 don"

. m$o' sw' wO o
* '

-

,

*

NHo g" ;

MM domnw9 3Om [gH8 g @m3 }}~@ DB ge8HgHn@t

yy NoQE Hm M% @d 8o Mk emo % mmMnN 5~Pm't a

emN NChM Hg Hy M y gw$ nan' $m % tee m@ooM.,

h @p8H=O g %H=m

0
0
1

#

i)

t !.
. 0n

I
:

! It
9

!(
l

P l:
C if
M f

n n.E
r l

m , m.
. 8

t

h
i

n .
.

}
f
t

a n 0
-

!
t tt s u r

t.
i

t $t

G i ri WW o t ot

1 i C 1U s
aN r s

1 u n
1 tr tM. a n!I

A o a u m.rI
O EEt

/ tf
n t

i M tt n
E +OO + .TD ]

CC 3 . 0
f'

!C h.O
!t

) ? L% ai i 7t
r t. n+ tntc 4r r1 bp i d dt

( (K l.i 3 0 - -
1

$> ,
1

ti , r1= AS I" : Rlt n K n
f.S 0 OOn( tf

t i r 5 + F l't

t
" r

. 6
ri 0!

1DP r 33

I NN IMKI
22

C a 13 :

1I
M OO me

)

n l
T l= = E*

r < < TM :

P v P r r AJ % p u~

I 5 i K K s. s s R.G 2

% nmc e
5 ('a

, 0 EN < -
:

T P'' 2
I u RA N R n n E

t

R
|

O mr oO a
r WE I I

P OO * * . - .
- ' P

0, 4

| I IjI |I|I|i|I|Il| I - i ilI| 0
3

/
/ /

||i]I ![1jI|1|l| 1III| I ti iiI |

- _
v w 0
m

i o , 2
F p,
"u f,
0 y

(
6 6
> $

, 0
1

0- - - ' -
0 ] )

,o 0 0 O 0 0
- N. A

(
0 ~ 0 6 A 2

2 2 9' 2 1 l 1

0~
-

1

cm n . kaE ya.apgy en2 qLNa
A up3_o

.



.

* s

,..

. .

-

.

'
*

t* w
Hm
Mnd e in o:::

' 5g g y.
-3.80 '' Hm

$H OH t

0su 88
" *

, gm oa
3.40 - >60% Flow g- g gM

I o"~ nm
O rlm eI

E $ op,

I
^

I OPD' ATINo uutT ucratri - xp + ortnatina uurr ucrittim) ,

D 3'00 - | whh IIOOS wl:h EOOS H t4 mN
| m m

I g- mM
b g

. roR r < 25% : NO TilDtMAl.lJMTTS MONTTDt!NG nEQtnitED 4 Q gg
|

I no uurrs srccinED o M rt a-

d ;
mgg g "{2.60 ~ . ron 25s c r < revrus (- 30s)

i \[
go, _ sa gg . ;.

1 x, - ix. .. om cws.nuou.icnt om> ., .g ,N 8 8
-ESI

gg |1 xerr- 2.x ronsm cone nnw na
| 3.15 ron > m cone nnw

2.20 - | g

. ren ns s r < 45s : x,- i.:s + ont34 (45s - r> gg gg
1 ||

6 | | . ron 45s s r < m : x,- i.is + o men tm - n %wgy *-
,

IEUDQl . mn a sr : x,- i.o + amn5 cm - n
[ 1.60 - [

I m 8 E4 5
- |- m mm

d)
,

! BEMIi gog
|tj 1.40- , SMI 6dg i w
IDm ; 5 EE
1

e
2 ^1 | in s oo
p 1.20 - I o2E *?|

im I o~s un
I m

I yy ?[3go i'" m N
1.00- I | . . . . . . u y

0 10 20 30 40 50 60 70 80 90 100 L, o t<, ,

<s
*N

itYPAss l'OWER (% RATED) o

i

_. - _ - . . .- . _ _ _ _ _ _ _ _ _ _ _ _ - _ . _ _ _ _ _ _ _ _ _ _ _~



_ _ _ . . _ _ . _ -._ . _ _ ..

. .

: ..

~ ' '

.PECO Fuel and Services Section PECO-COLR-L1R5'*

L1R5 Core Operating Limits Report Page 21, Rev. O ;

.

FIGURE 16
,

FLOW DEPENDENT MCPR LIMITS MCPR(F)
THIS FIGURE IS REFERRED TO BY TECHNICAL SPECIFICATION 3.2.3

THIS FIGURE IS VALID FOR ALL OPERATING DOMAINS

Tfil5 FIGURE IS VAll0 ONLY FOR A MAXIWJ CORE FLW SETTitG OF 109% OF RATED

1.0
,

For WC < 40% *
_

MCPR(F) = [(-0.5924 * TC / 100) + 1.717]* [1 + 0.0032 (40 - WC)]
1.7 -

_ For VC > 40 % -_

MCPR(F) = (-0.5924 * TC / 100) + 1.717, or
1.6 -

= 1.20; whichever is greater.

-

TC = % Rated Core Flc#

n .5 --1
'

a
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0
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-
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,

-

TABLE 1-

ROD BLOCK MONITOR SETPOINTS

,
'

i
Nominal Trip -) Allowable

*

Setooint Value *

'
LTSP 117.1% 118.3% -

ITSP 112.3% 113.5%
,.

HTSP 107.3% 108.5% .

DTSP 92% 89%'

r.

:
1

These setpoints are based on a MCPR limit of 1.25 and are ,

consistent with an RBM filter time constant between 0.1 seconds and
0.55 seconds. i

i

,

s

1 .
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TABLE 2

MAPLHGR SINGLE LOOP OPERATION (SLO) REDUCTION FACTOR

1

SLO reduction factor = 1.00 for all Cycle 6 fuel types.

,

'|

- - . - _ , - - - + ..n ,
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TAB.LE 3

,

LINEAF HEAT GENERATION RATE LIMITS

Fuel 'Ivpe Maximum LHGR

GE6 13.4 kW/ft

GE7 13.4 kW/ft

GE6 14.4 kW/ft

GE9 14.4 kW/ft
'

Gell 14.4 kW/ft

,

I
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:

TABLE 4

TURBINE BYPASS VALVE PARAMETERS

TUP,'INE BYPASS SYSTEM RESPONSE TIME '

,

Maximum delay time before 0.10 sec
start of bypass valve openinge

following generation of the
turbine bypass valve flow

signal

Maximum time after generation 0.30 sec
of a turbine bypass valve flow

signal for bypass valve '

position to reach 80% of full
flow (includes the above delay .

time) '

,

k

i

MINTMUM REOUIRED BYPASS VALVES TO MAINTAIN SYSTEM OPERABILITY
,

Nut of valves = 7 I
|

1

!
j

|

i

i

|
|


