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1.0

PILGRIM NUCLEAR POWER STATION
PNPS CORE OPERATING LIMITS REPORT RTYPE: G402

INTRODUCTION

This report provides the cycle-specific limits for operation of the Pilgr. 1 Nuclear
Power Station (PNPS) during Cycle 11. n this report, Cycle 11 will £ equently be
referred to as the present cycle.

Although this report is not part of the PNPS Tcchnical Specifications, the
Technical Specifications refer to this report for the applicable values of the
following fuel-related parameters

Reference
APRM Flux Scram Trip Setting (Run Mode) Table 311
APRM Rod Block Trip Setting (Run Mode) Table 32 C-2
Rod Block Monitor Trip Setting Table 3.2.C-2
Average Planar Linear Heat Generation Rate 311A
Linear Heat Generation Rate (LHGR) 311B
Minimum Critical Power Ratio (MCPR) 311C
Power/Flow Relationship 311D
Reactor Vessel Core Design 52

If any of the core operating limits in this report are exceeded, actions will be taken
as defined in the referenced Technical Specification

The core operating limits in this report have been established for the present cycle
using the NRC-approved methodology provided in the documents listed both in
section 5.0, References, and in Technical Specification 6.9 A 4 These limits are
established such that the applicable limits of the plant safety analysis are met

COLR
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PILGRIM NUCLEAR POWER STATION
PNPS CORE OPERATING LIMITS REPORT RTYPE G402

20 INSTRUMENTATION TRIP SETTINGS.

2.1

APRM Flux § Trip Setting (5
Reference Technical Specifications: Table 3.1.1,3.1B 1

When the mode switch is in the run position, the average power range
menitor (APRM) flux scram trip setting (S,) shall be

S, 066 W+ 69%
with a clamp at 120% of rated core thermal power and

S.=  APRM flux scram trip setting in percent of rated thermal
power (1998 MW,).

W= Percent of drive flow required to produce a rated core flow
of 69 Mib/hr

The APRM flux scram trip setting is valid only for operation using two
recirculation loops. Operation with one recirculation loop out of service is
restricted by License Condition 3 E.

In accordance with Technical Specification Table 3.1.1, Note 15, for no
combination of loop recirculation flow rate and core thermal power shall

the APRM flux scram trip setting be allowed to exceed 120% of rated
thermal power

APRM Rod Block Trip Setting (J
Reference Technical Specifications. Table 32C-2, 3.1 B 1

Wher the mode switch is in the run position, the average power range
monitor (APRM) rod block trip setting (Sgs) shall be:

Sks s 066 W+ 62%
with a clamp at 115% of rated core thermal power and

Sk = APRM rod block trip setting in percent of
rated therinal power (1958 MW,).

W = Percent of drive flow required to produce a rated
core flow of 69 Mlb/hr

+ULR
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PILGRIM NUCLEAR POWER STATION
PNPS CORE OPERATING LIMITS REPORT RTYPE: G402

22 APRM Rod Block Trip Setting (Run Mode) (Continued)
The APRM rod block trip setting is valid only for operation using two

recirculation loops. Operation with one recirculation loop out of service is
restricted by License Condition 3 E.

23 .od Block Monitor Trip Setting
Reference Technical Specification: Table 3.2 C-2

Allowable values for the power-dependent Rod Block Monitor trip

setpoints shall be:
Reactor Power, P Trip Setpoint
(% of Rated) (%o of Reference Level)
P<259 Not applicable (All RBM Trips Bypassed)
259<P<620 120
620<P<820 115
820<P 110

The allowable value for the RBM downscale trip setpoint shall be > 94 0%
of the reference level The RBM downscale trip is bypassed for reactor
power < 25 9% of rated

COLR
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PILGRIM NUCLEAR POWER STATION
PNPS CORE OPERATING LIMITS REPORT RTYPE G402

30 CORE OPERATING LIMITS

31

32

! Planar Linear Heat G ion Rate (APLHGR)
Reference Technical Specification: 3.11 A

During power operation, APLHGR for each fuel type as a function of axial
location and average planar exposure shall not exceed the applicable
limiting value. The applicable limiting value for each fuel type is the
smaller of the flow- and power-dependent APLHGR limits, MAPLHGR;
and MAPLHGR, The flow-dependent APLHGR limit, MAPLHGR;, is
the product of the MAPLHGR flow factor, MAPFAC;, shown in Figure
3.1-5 and the MAPLHGR for rated power and flow conditions The
power-dependent APLHGR limit, MAPLHGRy, is the product of the
MAPLHGR power factor, MAPFACy, shown in Figure 3.1-6 and the
MAPLHGR for rated power and flow conditions. The MAPLHGR for
rated power and flow conditions for each fuel type as a function of axial
location and average planar exposure are based on the approved
methodology referenced in Section 5.0 and programmed in the plant
process computer. The MAPLHGR for rated power and flow conditions
for the limiting lattice in each fuel type (excluding natural uranium) are
presented in Figures 3 1-1 through 3 1-4.

The core loading pattern for each type of fuel in the reactor vessel is shown
for the present cycle in Figure 4 0-1

Liass Hant G -
Reference Technical Specification' 3.11 B

During reactor power operation, the LHGR of any rod in any fuel assembly
at any axial location shall not exceed the limits presented in Table 3 2-1

COLR
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PILGRIM NUCLEAR POWER STATION

PNPS CORE OPERATING LIMITS REPORT RTYPE G402
Table 3 2-1
LHGR O 0o Lin
LHGR Operating
Fuel Type Limit (KW/ft)
BPSDRB300 134
BP8DQB323 14 4
BP8HXB355 144
BP9HUB378 144
COLR

REVISION 11D PAGE 10 OF 26



drl NOISIATY

9T 40 [1 39Vd

4100

12.5

123 121

12 g J
1n.s / B \Ln-s

10.': | \ — -
10 ™

95 v
1000 Y
9 j ’
200
8.5
g
0 5000 10000 15000 20000 25000 30000 35000 40000 45000

PLANAR AVERAGE EXPOSURE (MWD/ST)

FIGURE 3.1-1

Maximum Average Planar Linear Heat Generation Rate
(MAPLHGR) for Fuel Type BPSDRRB300

NOILY LS ¥3MOd ¥VIATINN WO TId

LHOdTY S LINIT ONILVYIAO THOO SdNd

0¢vD IdALY



aril NOISIATY

9T 40 T1 3OVd

47100

MAPLHGR (KW/ft)

i35

J 1

13

i

L~

45,000

12.5
; /| N,
NnepA 17 \
ILS K
i ~
10.5 \
102
10 AN
1000
95 Y
200
9 -
oY
85
0 5,000 10,000 15,000 20,000 25,000 30,000 35,000 40,000
Planar Average Exposure (MWD/ST)
‘ FIGURE 3.1-2
Maximum Average Planar Linear Heat Generation Rate

(MAPLHGR) for Fuel Type BPSDQB323

NOILLV LS ¥aMOd ¥VIATONN WO TId

LAOdTY SLINIT ONILYYIO TH0D SdNd

0¥O JdALM



dll NOISIATY

MAPLHGR (KW/ft)

9T 40 £1 39Vd

47100

13

- 1ne A B
f 121

15 "y
YT .

108

105 \

S

1000 N\

o
W
I

/

;
/

79

o

6.5 \

5.5

0 5000 10000 15000 20000 25000 30000 35000 40000 45000 50,000
Planar Average Exposure (MWDY/ST)

FIGURE 3.1-3: Maximum Average Planar Lincar Heat Generation
Rate (MAPLHGR) for Fuel Type BPSHXB355

LAOdTY SLINIT ONILYVYIAO TH0D SdNd
NOILV LS ¥3MOd ¥VITONN WNOTId

0vD JdALY



dli NOISIATY

MAPLHGR (KW/ft)

9T 40 ¢1 3OVd

47100

13

125
12

LK) 114

n: l/“j / \{ 2
10.5 A’ \\U’" I

93

/

b
-

:
',

87

5
]

7.: K
5

\ 6.7
‘ N
6 64
55

0 5000 10,000 15000 20000 25000 30000 35000 40000 45000 50000 55000 60,000
Planar Average Exposure (MWDY/ST)

FIGURE 3.1-4: Maximum Average Planar Linear Heat Generation
Rate (MAPLHGR) for Fuel Type BP9HUB378

LHOdTY SLINIT ONILYYIdO TH0D SdNd
NOLLVLS ¥3IMOd ¥VATOIN WO TId

0¥D ‘IdAL™



Al NOISIATY

MAPLHGR FLOW FACTOR ('MAPFACF)

97 40 §1 3OVd

4100

i1
o | Ty A ///
7 //
// e
0.9 / //
A A MAPLHGR : = MAPFACE * MAPLHGR g1
//// MAPLHGR g, = Standard MAPLHGR Limits
08 from Figures 3.1-1 through 3.1 4
‘/ j/ T MAPFAC = MINIMUM (1.0, Ap. + Bg F)
I e
A . and B are fucl-type dependent
0.7 4 - such that Flowmax= F sohage
\>mss PR T—
_A —11070% Flowmax All Fucl Types
// \\\ 120% e Ap_
0.6 e 102.5 04861 06784
e e 107.0 04574 06758
1120 04214  0.6807
1170 03828 0.6886
0.5 I I
30 50 70 90 110
CORE FLOW (% RATED)
FIGURE 3.1-5

Flow Dependent MAPLHGR Factor (MAPFAC F)

NOLLVLS ¥IMOd ¥VITONN WO TId

LAOdTY SLINIT ONILYYEJO HOD SdNd

20%O IdALM



e

=
@

dlil NOISIATY
p)

>
o0

| PNSS’\’,}/’
/

\

o
~J

\

PRypass < P scss};
/

MAPLHGR), = MAPFACp * MAPLHGRsTY

MAPLHGR = Standard MAPLHGR Limits from Figures 311
STD
through 3.1 -4 b

o
)

=
w
L

P = % Rated Core Thermsl Power
psm=suuowwmuwuu&m p—i
for Bypass of Scram Signals Genersted by Closure of Turbine
Stop Valves or Fast Closure of Turbine Control Valves e

X

| Core Flow < 50% Ruted }._!

-t

l -

——{ Core Flew >50% Rated |- Gl By = 3%
- >

4

e
&

e
-

+
v

For P<25%; mwmhnmmomwﬁ__

MAPFACp = 055 + 0.005 (P - 45%)

1

2 <
MAPEACp = 0.50 + 0.006 (P - 45%) -

=
~

POWER DEPENDENT MAPLHGR FACTOR (MAPFAC

For 25% < P < 45% and P > Bypass g

MAPFACp = 10 + 0.005224 (P - 100%)

For P> 45%:; MAPFACP = 1.0 + 0005224 (P - 100%) e

2

9T 40 91 3OVd
=
=

4700

L A R IR e SR S—" p-qb——-——\

b I I e [y SRR

]
{

40 60 80 100
% RATED CORE THERMAL POWER (P)

FIGURE 3.1-6
Power Dependent MAPLHGR Factor (MAI’FACP)

)
3

NOLLV LS ¥IMOd ¥VIATONN WO TId

LAOdTE SLINIT ONILYYIO THOO SdNd

0¥ IdALY



PILGRIM NUCLEAR POWER STATION
PNPS CORE OPERATING LIMITS REPORT RTYPE G402

33 Minimum Critical Power Ratio (MCPR)
Reference Technical Specification. 3.11.C

During power operation, the MCPR shall be greater than or equal to the
operating limit MCPR. The operating limit MCPR is the greater of the
flow- and power-dependent MCPR operating limits, MCPR; and MCPR;.
The flow-dependent MCPR operating limit, MCPR;, is provided in Figure
3.3-1. For core thermal powers less than or equal 10 Py, the power-
dependent MCPR operating limit, MCPRy, is provided in Figure 3 3-2.
Above Pgypas, MCPRy is the product of the rated power and flow MCPR
operating limit presented in Tables 3 3-1, 3.3-2 and 3 3-3, and the K
factor presented in Figure 3.3-2. Figure 3 3-2 also specifies the maximum
value for Py The rated power and flow MCPR operating limits
presented in Tables 3 3-1 and 3 3-2 are functions of 1 for the indicated
MOC and EOC cycle exposures. The rated power and flow MCPR
operating limits presented in Table 3.3-3 are functions of t for EOC
exposures and a final feedwater temperature reduction of up to 75°F

The value of 1 in Tables 3 3-1 and 3 3-2 shall be equal to 1.0, unless it is
calculated from the results of the surveillance testing of Technical
Specification 4 3. C, as follows:

Tave = f_:_
1252 ~ .

Tw = Average scram time to
drop out of Notch 34

iNlTn
(23]
SN
=]

w = Adjusted analysis mean
scram time

= u+1650

CCLR
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PILGRIM NUCLEAR POWER STATION
PNPS CORE OPERATING LIMITS REPORT RTYPE: G402

53 M i Po Rt AR i

n = Number of surveillance tests performed to date in the
present cycle

N, = Total number of active control rods

N, = Number of active control rods measured in the i*
surveillance test

T = Average scram time to drop out of Notch 34 position
of all rods measured in the i* surveillance test

M = Mean of the distribution for average scram
insertion time to drop out of Notch 34

- 0937 sec

o = Standard deviation of the distribution for average
scram insertion time to dropout of Notch 34

il

0021 sec

COLR
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PILGRIM NUCLEAR POWER STATION
PNPS CORE OPERATING LIMITS REPORT RTYPE G402

Table 3 3-1

MOC MCPR Operating Limi

The MCPR operating limits (OLMCPR) for operation from the Beginning of Cycle (BOC)
to the End of Cycle (EOC) - 5250 MWD/ST as a function of t and core flow are

OLMCPR (1)
102% Rated < Core Flow
T Core Flow £102% Rated £107.5% Rated
110 1.40 145

COLR
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PILGRIM NUCLEAR POWER STATION
PNPS CORE OPERATING LIMITS REPORT RTYPE: G402

Table 3 3-2

EOC MCPR Operating Limi

The MCPR operating limits (OLMCPR) as a function of t for operation from the End of
Cycle (EOC) - 5250 MWD/ST to the EOC with core flow <107 5% of rated are:

T OLMCPR (1)

1<00 1.39
00<1t<0.1 1.40
0l1<1t<02 1.40
02<1<03 14]
03<t<04 141
04<1<05 142
05<t<06 143
06<1<07 143
07<t<08 144
08<t<09 144
09<1<10 145

COLR
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PILGRIM NUCLEAR POWER STATION
PNPS CORE OPERATING LIMITS REPORT

Table 3.3-3

w

I

RTYPE: G402

1on

The MCPR operating limits (OLMCPR) as a function of 1 for operation from the End of
Cycle (EOC) - 5250 MWD/ST to the EOC with core flow <107.5% of rated and a

feedwater temperature reduction of up to 75°F are:

1 OLMCPR (1)

1<00 141
00<1<0.1 142
01<t<02 142
02<1<03 143
03<t<04 143
04<1t<05 1.44
05<1<06 1.45
06<1<07 145
07<t<08 1.46
08<1<09 1.46
09<1<10 1.47

REVISION 11D
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for Core Flow > 50% Rated N Operating Limit MCPR), = Kp * OLMCPR(100)
/ OLMCPR(100) = Operating Limit MCPR Values for 190% Rated Core Thermal Power

from Table 33-1 and Table 3.3-2

dil NOISIATY

P = % Rated Core Thermal Power
PB = % Rated Core Thermal Power that Corresponds to the Setpoint for Bypass of
n Scram Signals Generated by Closure of Turbine Siop Valves or Fast Closure of

w

Turbine Control Valves (Maximum “)‘P‘” = 45% )

Kp = Rated MCPR Multiplicr as Defined Below:
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;..----.- £
i
2
1
/

for Core Flow < 50% R For P < 25%: No Thermal Monitoring is Required (No Limits are Specified)

OPERATING LIMIT MCPR p

1

For 25% < P < 45% and P < "Rypass :
Kpon o K

_}-

KP=

OLMCPR(100)
Where Kg. = 1.95 and Kg;,= 00125 for Core Flow < S0% Rated or

VO .

KByp = 2.35 and Kg;,, = 0043 for Cove Flow > 50% Rated
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PILGRIM NUCLEAR POWER STATION
PNPS CORE OPERATING LIMITS REPORT RTYPE G4.02

34  Power/Flow Relationship During Power Operation
Reference Technical Specification: 3.11.D

The power/flow relationship shall not exceed the limiting values shown on
the Power/Flow Operating Map in Figure 3 4-1.

40  REACTOR VESSEL CORE DESIGN
Reference Technical Specification. 5.2
The reactor vessel core for the present cycle consists of 580 fuel assemblies of the

types listed below. The core loading pattern for each type of fuel is shown for the
present cycle in Figure 4 0-1.

Fuel Type Cycle Loaded Number
Irradiated
BPZDRB300 8 136
BPSDQB323 9 168
BP8HXB355 10 140
New
BPOHUB378 11 136
Total 580

The reactor vessel core contains 145 cruciform-shaped control rods. The control
materials used are either boron carbide powder (B4C) compacted to approximately
70% of the theoretical density or a combination of boron carbide powder and solid
hafnium

50  REFERENCES

5.1  NEDE-24011-P-A-10 and NEDE-24011-P-A-10-US, “General Electric
Standard Application for Reactor Fuel”, February and March, 1991

52 NEDC-31852-P, “Pilgrim Nuclear Power Station SAFER/GESTR-LOCA
Loss-of-Coolant Accident Analysis”, September 1990

53  NEDC-31312-P, “ARTS Improvement Program Analysis for Pilgrim
Nuclear Power Station”, September 4, 1987
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B¥ BPSHXB35S5 (Cycle 10)
B BPOHUB378 (Cycle 11)

FIGURE 4.0-1
Reactor Vessel Core Loading Pattern

Fuel Types ( Cycle Loaded)

BP8DRB300 (Cycle 8)

BPEDQB323 (Cycle 9)
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