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CORE CPERATING LIMITS REPORT (COLR)
NIC10 PATTERN VN

1.0 INTRODUCTION

The Core Operating Limits Report (COLR) for North Anna Unit 1 Cycle 10 has been
prepared in accordance with the requirements of Technical Specification €.9.1.7.

The Technical Specifications affected by this report are listed below:

3/4.1.1.4 Moderator Temperature Coefficient
3/74.1.3.5 Shutdown Bank Insertion Limit

3/4.1.3.6 Control Bank Insertion Limits

3/4.2.1 Axial Flux Difference

3/84.2.2 Heat Flux Hot Channel Factor

3/4.2.3 Nuclear Enthalpy Rise Hot Channel Factor

and Power Factor Multiplier

The cycle~specific parameter !imits for North Anna 1 Cycle 10 for the spec-
ifications listed above are previded in the following pages, and were developed
using the NRC-approved methodologies specified in Technical Specification

5.91.7.
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2.0 Operating Limits

2.1 Moderator Temperature Coefficient (Specification 3/4.1.1.4)

2.1.3

<.1.2

The Moderator Temperature Coefficient (MTC) limits are:

The BOC/ARO-MTC shall be less positive than or equal
to +0.6E-4 AK/k/°F below 70 percent of RATED THERMAL
POWER .

The BOC/ARO-MTC shall be less positive than or equal
to 0.0E-4 ak/k/°F at or above 70 percent of RATED
THERMAL POWER.

The EOC/ARQ/RTP-MTC shall be less negative than
-5.0E-4 Ak/k/°F.

The MIC Surveillance limits are:

The 300 ppm/ARO/RTP-MTC should be less negative than or
equel to -4.0E-4 ak/k/°F.

The 60 ppm/ARO/RTP-MTC should be less negative than or
equal to -4 .7E-04 Ak/k/°F.

where: BOC - Beginning of Cycle
ARG - A1) Rods Out
EOC - End of Cycle
RTP - RATED THERMAL POWER
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2.2 Shutdown Bank Insertion Limit (Specification 3/4.1.3.5)
2.2.1 The shutdown rods shall be withdrawn to at least 225 steps.
2.3 Control Bank 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.

FIGURE 1
NORTH ANNA UNIT 1 CYCLE 10
CONTROL ROD BANK INSERTION LIMITS VS. PERCENT RATED THERMAL POWER

P Y WP VR 711

= S el 0 — [L

P p— A

200 A t1-0.194)

w0 2z 1[

s ~

e - - -

" 17] Ifr

:___1{’ W}I
R o

w-— - — A~

0 A

[ A~

" ——
—

© v

- A~

W) gt

e i

) g

0

NI1C10/VN - Core Operating Limits Report - Rev. 0 (2/93) Page 4 of 15



PURCENT OF GATED THERWAL POWIR

2.4 Axial Flux Difference (Specification 3/4.2.1)

2.4.1

FIGURE 2
AXIAL FLUX DIFFERENCE LIMITS

The AXIAL FLUX DIFFERENCE Limits are provided in Figure 2.

AS A FUNCTION OF RATED THERMAL POWER
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2.5.1 The FQ(Z) limits are:

2.19
FQ(Z) S ==== * K(Z) for P > 0.5
P

FQ(Z) <438 " K(ZI) for P 0.5

THERMAL POWER
where: P = meececccmmmmceeeen and

|
t 2.5 Heat Flux Hot Channel Factor-FQ(Z) (Specification 3/4.2.2)
l
|
i
|
|
| RATED THERMAL POWER

K(Z) is provided in Figure 3

~

5.2  The FQ(Z) Surveillance limits are:

2.19  K(2)
FQ(Z)M g =m== * co=e for P > 0.5
P N(2)
K(2)
Fo(Z)™ < 4.38 * --—- for P < 0.5
N(Z)
THERMAL POWER
where: P = =ececerccsccenccncns

RATED THERMAL POWER
K(Z) is provided in Figure 3, and

N(Z) values are provided in Figure 4
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FIGURE 3
K(Z) - NORMALIZED FQ AS A FUNCTION OF CORE HEIGHT
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FIGURE 4
N(Z) FUNCTION FOR NIC10
FROM 0 to 1000 MWD/MTU BURNUP
TOP AND BOTTOM 15 PERCENT EXCLUDED
AS PER TECH SPEC 4.2.2.2.6
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NONEQUILIBRIUM MULTIPLIER

FIGURE 4 (CONTINUED)
N(Z) FUNCTION FOR NICI10
FROM 1000 to 3000 MWD/MTU BURNUP
TOP AND BOTTOM 15 PERCENT EXCLUDED
AS PER TECH SPEC 4.2.2.2.6
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HEIGHT N(Z)
(FEET)

:0.20 1.226
10.00 1.219
9.80 1.210
9.60 1.201
2.40 1.192
9.20 1.186
9.00 1.185
3.80 1.185
3.60 1.188
£.40 1.189
8.20 1.189
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7.80 1.182
7.60 1.176
7.40 1.169
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6.80 1.14]
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4. 80 1.094
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4.20 1.109
4.00 1.112
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3.60 1.118
i.e0 1.12%
3.20 1.13%
3.00 1.145
2.80 1.154
2.60 1.162
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1.80 1.191
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NONEQUILIBRIUM MULTI®LIER

FIGURE 4 (CONTINUED)
N(Z) FUNCTION FOR NIC10
FROM 3000 to 5000 MWD/MTU BURNUP
TOP AND BOTTOM 15 PERCENT EXCLUDED
AS PER TECH SPEC 4.2.2.2.G6
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NONEQUIL IBRIUM MULTIPLIER

FIGURE 4 (CONTINUED)
N(Z) FUNCTION FOR N1C10
FROM 5000 to 7000 MWD/MTU BURNUP
TOP AND BOTTOM 15 PERCENT EXCLUDED
AS PER TECH SPEC 4.2.2.2.6
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NONEQUILIBRIUM MULTIPLIER

FIGURE 4 (CONTINUED)
N(Z) FUNCTION FOR NICI10
FROM 7000 to 9000 MWD/MTU BURNUP
TOP AND BOTTOM 15 PERCENT EXCLUDED
AS PER TECH SPEC 4.2.2.2.C
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NONEQUILIBRIUM MULTIPLIER
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FIGURE 4 (CONTINUED)
N(Z) FUNCTION FOR NIC10
FROM 9000 to 16900 MWD/MTU BURNUP
TOP AND BOTTOM 15 PERCENT EXCLUDED
AS PER TECH SPEC 4.2.2.2.G
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NICIO/¥YN N(Z) FUNCTION AT 8000-16300 WWD/UTU BURNUP
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HEIGHT  N(2)
(FEET)
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FIGURE 4 (CONTINUED)
N(Z) FUNCTION FOR NIC10
FROM 16900 MWD/MTU BURNUP AND BEYOND
TOP AND BOTTOM 15 PERCENT EXCLUDED
AS PER TECH SPEC 4.2.2.2.G
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2.6 Nuclear Enthalpy Rise Hot Channel Factor - FAH(N)
and Power Factor Multiplier (Specification 3/4.2.3)

FAH(N) < 1.49 * (1 + 0.3 * (1 - P))

THERMAL POWER

where: P =
RATED THERMAL POWER

NI1CI10/VN - Core Operating Limits Report - Rev. 0 (2/93) Page 15 of 15



