CALVERT CLIFFS UNIT 1
CYCLE 4 REFUELING LICENSE

AMENDMENT

e

7903020 =



CALVERT CLIFFS UNIT I
CYCLE 4 REFUELING LICENSE
AMENDMENT

Table of Contents

Pace Numbers

List of Tables "
List of Figures

Introdi .iion and Summary

Operating Mistory of the Reference Cycle

General Description

Fuel System Design

Nuclear Design
Thermal-Hydraulic Design
Accident and Transient Analysis
ECCS Analysis

Technical Speci. ‘cations
Startup Testing

References




Table

Table

Table

Table

Table

Table

Table

Table

Table

5-2

5-3

5-4

5-5

5-7

6-1

CALVERT CLIFFS UNIT I
CYCLE 4 REFUELING LICENSE
AMENDMENT

List of Tables

Cycle &4 Core Loading

Physics Charscteristics of Cycle ¢ Compared with
Reference Cycle Data

CEAR Reactivity Worths and A'lowances

Reactivity Worth of CEA Regulating Groups at Hot
Full Power

CEA Ejection Data
Full Length CEA Drop Data

Augmentation Factors and Gap Sizes

Allowances for Case Load Operation

Thermal Hydraulic Parameters at Full Power

1i

Page Number

1€

17

18

15

2C
21

22



Lict of Tables (cont.)

Events Considered ir Transient and Accident
Analysis

Core Parameters Assumed in the Safety Analyses

¥ey Parameters Assumed in the CEA Withdrawal
Analysis

Sequence of Events For CEA Withdrawal From
Zero Power

Key Parameters Assumed in the Loss of Coolant
Flow Analysis

Sequence of Events for Loss of Flow

Key Parameters Assumed in the CEA Ejection
Anaiyses

CEA Ejection Results
Assumption For Seized Rotor Incident
Sequence of Events For Seized Rotor

Calvert Cliffs I Cycle IV Core Parameters

Page Number

33

34
37




Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

31

3-2

3-3

5-1

5-2

5-3

5-4

5-5

CALVERT CLIFFS UNIT I
CYCLE 4 REFUELING LICENSE
AMENDMENT

List of Figures

Projected Cycle 4 Loading Pattern
Fuel and Poison Rod Locations

Beginning of Cycle 4 Assembly Average Burnup
Distribution

Rssembly Relative Power Density at Beginning of
Cycle, Equilibrium Xenon

Assembly Relative Power Density at Middle of
Cycle, Equilibrium Xenon

Assembly Relative Power Density at End of Cycle,
Equilibrium Xenon

Assembly Relative Power Density with CEA Bank 5
Inserted at Hot Full Power, Beginning of Cycle

Assembly Relative Pcwer Density with CEA Bank 5
Inserted at Hot Full Power, End of Cycle

Page Number

23

25

27



Figure
Figure
Figure
Figure

Figure

Figure
Figure
Figure

Figure

Figure

Figure

Figure

Figure
Figure
Figure

Figure

~4

-1
Jde2
.1-3

A=

4-2

.5-1

+5=3
.5-4

List of Figures /cont.)

CEA Withdrawal Event
CEA Withdrawal Event
CEA Withdrawal Event
CEA Withdrawa] Event

Loss of Coolant Flow
Vs, Time

Loss of Coolant Flow
Loss of Coolant Flow
Loss of Coclant Flow

Loss of Coolant Flow
Time

Loss of Coolant Flow
Vs, Time

Page Number

Core Power Vs Time

Core Heat Flux Vs Time
RCS Pressure Vs, Time
RCS Temperature Vs Time

Event Core Flow Fraction

Event Core Power Vs. Time
Event Heat Flux Vs. Time
Event RCS Pressure Vs. Time

Event RCS Temperature Vs.

Evei.t Hot Channel DNBR

CEA Ejection Event Core Power Vs. Time, Full

Power

CEA Ejection Event Core Power Vs. Time, Zero

Power

Seized Rotor Event Core Power Vs. Time

Seized Rotor Event Core Heat Flux Vs. Time

Seized Rotor Event PCS Pressure Vs. Time

Seized Rotor Event RCS Temperature Vs. Time

39
40
4l
4z
a7

63
64
65
66



Page 1

1. INTRODUCTION AND SUMMARY

This report provides an evaluation of design and performance for
the operation of Calvert Cliffs Unit I during its fourth fuel
cycle at full rated power of 2700 MWT, A1l planned operating
conditions remain the same as those for Cycle 3. The core will
consist of presently operating B, D and E assemblies and fresh
Batch F assemblies.

Plant operating requirements have created a need for flexibility

in Cycle 3 termination point ranging from 8950 MWD/T to 10,000
MWD/T. In performing analyses of postulated accidents, determining
limiting safety settings and establish’ng limiting conditions

for operation, limiting values of key parameters were chosen to
assure that expected Cycle 4 conditions are envelnped regardless

of the Cycle 3 termination point within the above burnup range.

Tne evaluations of the reload core characteristics have been esamined
with respect to the Calvert C1iffs Unit I Cycle 3 safety analysis
described in Reference 1, hereafter referred to as the "reference
cycle" in this report. This is an appropriate reference cycle
because of the similarity in the basic system characteristics

of the two reload cores. Specific core differences have been
accounted for in the present analysis. In 2ll cases, it has

been concluded that either the reference cycle analyses envelope
the new conditions, or that the revised analyses presented here
continue to show acceptable results. Where dictated by variations
from the reference cycle, proposed modifications to the plant
Technical Specifications are provided and are justified by the
analyses reported herein,
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QPERATING HISTORY OF T' T REFCF NCE CYCLE

Calvert Cliffs Unit I is presently operating in its third fuel
cycle utilizing Batch A, B, C, D and £ fuel assemblies. Cycle 3
operation at full power began on or about April 3, 1878. The
Cycle 3 startup testing was reported to the NRC in Reference 2.

It is presently estimated that Cycle 3 will terminate or or about
April 21, 197%. However, flexibility in this date is necessary
because of uncertainties in the future station capacity factor.
The Cycle 3 termination point can vary between gosn MWD/T and
10,000 MHD/T to accommodate the plant schedule.

As of early February, the Cycle 3 burnup had reached 7100 MWD/T.
Initial criticality of Cycle 4 is expected to occur on or about
May 22, 1879,
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GENERAL DESCRIPTION

The Cycle 4 core will consist of the number and types of assemblies
from several fuel batches as described in Table 3-1. The primary
change to the core in Cycle 4 is the removal of 40 Batch A assemblies,
and 32 Batch C assemblies and their replacement by 72 fresh Batch F
assemblies. Figure 3-1 shows the fuel management pattern to

be employed in Cycle 4. This pattern will accommodate Cycle 3
termination burnups from 8950 MWD/T to 10,000 MWD/T.

The Cycle 4 core loading pattern is 90° rotationally symmetric.
That is, if one quadrant of the core were rotated 90° into its
neighboring quadrant, each assembly would be aligred with a similar
assembly. This similarity includes batch type, number of fuel
rods, initial enrichment and burnup. It does not include quide
tube sleeves and demonstration fuel rod locations.

Figure 3-2 shows the location of poison rods and stainless steel rods
within the lattice of the Batch B irradiation test (EPRI/CE) assembly.

Figure 3-3 shows the beginning of Cycle 4 assembly burnup distribution
for both the minimum Cycle 3 termination burnup of 8950 MKD/T

and the maximum Cycle . termination burnup of 10,000 MWD/T.

The intial enrichment of the fuel assemblies is aiso shown in

Figure 3-3. At the beginning of Cycle 4, the residual B-10 content
of the burnable poison rods in the irradiation test (EPRI/CE)
assembly is negligible.

The Cycle 4 core will contain 2 hign burnup demonstration assembly
(SCOUT) and a prototype CEA. The locations of the demonstration
assembly and the prototype CEA are shown in Figure 3-1.



TABLE 3-1

CALVERT CLIFFS UNIT T CYCLE 4
CORE LOADING

Batch- Batch- Total Total

Average Average Initial Number Number
Initial Burnup Burnup Poison Foison of of
Assembly Humber of Enrichment EnC 3 = ECC 3 = Rods Per Loadinn Poisen Fuel

Designation  Assemblies wt U-235 8950 10,000 Assembly = wt% B,C Rods Rods _
g! ] 2.45 34,100 35,000 12 2.0 12 160

D 43 3.03 17,700 18,900 0 0 0 8,448

D/ 24 2.73 20,000 21,200 0 0 n 4,224

£ 48 3.03 7,400 8,300 0 0 0 8,443

E/ 24 2.73 10,900 12,100 0 0 0 4,224

F 4?2 3.03 0 0 0 0 0 8,448

F/ 24 2.73 0 0 0 0 0 4,274
Totals 217 12 38,176

Notes

1

This is the irradiation test assembly located in the center of the core. In addition to the twelve
poison rods, it contains four stainless steel rods, one in each corner of the assembly.

p abeq
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INITIAL ENRICHNMENT W/O U-235 ~3.03 | 3.03
BOC 4 BURNUP (MWDIT), EOC38%50 NWD/T ———= 0 0
BOC 4 BURNUP (MWD/T), EOC3=10000 MWD/T ——|—= 0
3.03 3.03] 3.03] 3.03] 3.03
0 0 0 Al 9400
0 0 0 |9 10400
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3.3| 2.03 | 213 | 3.03] 2.3 3.031 308
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3.3 3.03 | 3.03 | 2.5 | 3.03] 3.0 3531 303
0 | 10000 | 20300 (L0 ) 13300 | SE0 | 2000 | 6o
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3.031 303 | 2.73 | 3.08 3.03] 2.73 | 3.03| 2.73
: 0 17:.16 0 s | 500 | 200 | r | om0
3.00; 0 | I8700 | 0 |15900 | 6400 | 21400 | 7200 | 21400
0 3.03] 2.73 | 3.03 | 3.0 2.73| 3.03 | 3.03| 3.03
1 300 | 1500 | 17300 | 790 | 20300 | B0 | 17300 | B3
3.003 9100 | 20700 | 19000 | 8800 | 21500 | 7200 | 1800 | 7100
0 2.13] 2.73 | 3.03 ! 3.03 3.03| 2.73 ] 3.03| 2.45
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. BALTIMORE CALVERT CLIFFS UNIT I CYCLE 4 Figure
ity i A ASSEMBLY AVERAGE BURNUP AND INITIAL 3-3
P i S st ENRICHMENT DISTRIBUTION
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FUEL SYSTEM DESIGN

The mechanical design for Batch F reload fuel is essentially identical to
that of the Batch E fuel used in Calvert Cliffs Unit I and

described in the reference cycle submittal, Reference 1.

Details of the Batch B and D fuel design parameters can be found

in References 3 and 4, respectively.

C-t has performed analytical predictions of ¢ladding creep-collapse

time for all Calvert Cliffs Unit I fuel batches that will be irradiated
in Cycle 4 and has concluded that the collapse resistance of all standard
fuel rods is sufficient to preclude collapse during their design
lifetime. This lifetime will not be exceeded by the Cycle 4

duration. These analyses utilized the CEPAN computer code (Refer-

ence 5) and included as input conservative values of internal

pressure, cladding dimensions, cladding temperature and neutron
flux.

The metallurgical requirements of the fuel cladding and the fuel
assembly structural members for the Batch F fuel are identical
to those of the Batch B, D and E fuel from Cycle 3. Thus, the
chemical or metallurgicel performance of the Batch F fuel will
remain unchanged from the performance of the Cycle 3 fuel.

HARDWARE MODIFICATIONS TO MITIGATE GUIDE TUBE WEAR

A1l fuel assemblies presently in Cycle 3 which will be placed in CEA

Tocations in Cycle 4, with the exception of the Batch B test assembly,

will have stainless steel sleeves installed in the guide tubes ir order
to prevent guide tube wear. The siateen Batch F aussemblies which will

be placed in duzl CEA locations ~i.| also have stainless steel sleeves

installed in the guide tubes. A detailed discussion of the design

of the sleeves . nd their effect on reactor nperation
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is contained in Reference €. The remaining 56 Batch F assembtlies will
either be modified in the same mannar as the sixteen Batch D assemblies
in Calvert Cliffs II Cycle 2 or will have stainless steel sleeves. A
detailed discussion of the Calvert Cliff II Cycle 2 Batch D modificatjon
and its effects on reactor operaticn is contained in Reference 6.

BATCH F DEMONSTRATION ASSEMBLY

One Batch F assembly consists of 161 standard fuel rods and 15
demonstration rods. A detailed description of these demonstration
rods may be found in Reference 7. The mechanical desian of the
assembly components other than the 15 demonstration rods in this
assembly is identical to the design of the other Batch F assemblies.

Figure 3-1 displays the location of the demonstration assembly in
Cycie 4. No demonstration fuel rod in the demon:stration assembly

will have a power level within 10% of the maximum radial power
peak in the core during Cycle 4.

Two types of demonstration fuel rods are being introduced in this

assembly (Reference 7). Helium fill pressure differences between

the demonstration fuel rod designs were introduced for the following

reasons:

a. The Tocation of non-fueled regions at grid contact points results
in the possibility of somewhat reduced grid/rod contact forces.
To offset this possibility, fill pressure in these rods was in-
creased to raise beginning of iife internal pressure, and thus
decrease the magnitude of clad creepdown.

b. A difference in void volume ecists between the two types of
demonstration rods. A higher ‘nitial fill pressure will not

appreciably increase end of life internal pressure in the test
rod type vith greater void volume.

-

The magnitude of the subject difference in He fill pressure is 65 psi.



Page 10

CE has performed analytical predictions of c.adding creep-collapse
time for the demonstration fuel rods that will be irradiated in
Cycle 4 and has concluded that the collapse resistance of these
demonstration fuel rods is sufficient to preclude collapse during
their design lifetime. This lifetime will not be exceeded by the
Cycle 4 duration.

Prototype CEA

Cycle 4 will utilize one prototype CEA as part of regrlating Bank

5. The location of this prototype CEA is chown in Figure 3-1,

This new CEA design involves a change in cladding material (Incone)
to stainless steel) and specially designed reconstitutable poison
rods which serve as a lead for all future poison rod designs. The
purpose of the poison rod design is to demonstrate that the silver-
induim-cadmium which is presently used in the tips of poison rods
can be replaced with B4C. Both the changes in cladding material

and the replacement of Ag-In-Cd with B4C are being made for reasons
of economics and to improve material availability. A more detailed
description of the design of this prototype CEA is given in Reference
€. This prototype CEA meets the same design criteria and has the
same design margin as the CEA's used in the reference cycle. There-
fore, it has no adverse affect on mechanical integrity, thermal-
hydraulics and safety. A detailed description of the affects of

the prototype CEA can be found in Reference 8.
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NUCLEAR DESIGN

PHYSICS CHARACTERISTICS

Fuel Manzgement

The Cycle 4 fuel management emplovs a mixed central region as
described in Section 3. The fresh Batch F is comprised of two
sets of assemblies, each having a unique enrichment in order to
minimize radial power peaking. There are 48 assemblies with

an enrichment of 3.03 wt% U-235 and 24 assemblies with an enrichment
of 2.73 wt% U-235. The Cycle 4 burnup capacity for full power
operation is expected to be between 10,000 MWD/T and 10,500 MWD/T,
depending on the final Cycle 3 termination point. The Cycle 4
performance characteristics have been examined for a Cycle 3 termination
between 8950 eand 10,000 MWD/MTU and limiting values establiished.
The proposed loading pattern is presented in Figure 3-1. The
pattern is applicable to any Cycle 3 termination point between

the stated extremes. Physics characteristics including reactivity
coefficients for Cycle 4 are listed in Table 5-! along with the
corresponding values from the reference cycle. It is noted that
the values of parameters actually employed in safety analyses

are typically chosen to conservatively bound predicted values
including uncertainties and allowances. Table 5-2 presents a
summary of CEA shutdown worths and reactivity allowances for Cycle 4
with a comparison to reference cycle data. The power dependent

CEA insertion limit and CEA group identification are unchanged

from the reference cycle. Table 5-3 shows the reactivity worths

of various CEA groups calculated at full power conditions for

Cycle 4.

R W ¢ T Ry — ST ST RIS AN i NP TR S o ses o s e 4 = N e ge o AN S
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Power Distribution

The radial power distributions described in this section are calculated
data without uncertainties or other allowances. However, single

rod power peaking values do include the increased peaking that

is characteristic of fuel rods adjoining the water holes in the

fuel assembly lattice as described in Reference 9.

Planar radial power distributions for the unrodded core at beginning
of cycle, € GWD/T and end of cycle are shown in Figures 5-1 through
5-3 for a Cycle 3 endpoint of 10,000 MWD/T. The planar radial
peaks described here are characteristic of the major portion of

the active core length between approximately 20 percent and 80
percent of the fuel height. The maximum planar radial power

peak for the early shutdown of Cycle 3 is less than that for the
later shutdown.

The planar radial power distributions for the above regions with
CEA Group 5 fully inserted at teginning and end of Cycle 4 are
shown in Figures 5-4 and 5-5 for a Cycie 3 endpoint of 10,000
MWD/T.  The maximum planar radial pin peak of 1.56 occurs at
beginning of cycle and decreases over the cycle.

For both DNB and PLHGR safety and setpoint analyses in either

rodded or unrodded configurations, the power peaking values actually
used are higher than those expected to occur at any time during

Cycle 4. These conservative values, which are specified in Section 7
and Section ¢ of this document, establish the allowable limits

for power peaking to be observed during operation.

The axial peaking is limited by the 1. iting conditions for operation
on the axial shape index (ASI). Within these ASI limits, the
necessary DNBR and PLHGR margins are maintzined for a wide range

of possible axial shapes. The maximum three-dimensinnal or total
peaking factor anticipated in Cycle & during normal base load
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all rods out operation at full power is 1.81, not including uncer-
tainties and augmentation factors.

5.1.3 Safety Related Data

5.1.3.1 Ejected CEA

The maximum reactivity worths and planar radial power peaks associated
with an ejected CEA event are shown in Table 5-4 for both beginning

of cycle and end of cycle. These values encompass the worst
conditions anticipated during Cycle 4 for any expected Cycle 3
termination point. The pointwise Doppler Feedback technique
described in Reference 4 was not utilized in the PDQ calculations

of ejected CEA worths and associated power peaks.

.1.3.2 Dropped CEA

o

Teble 5-5 contains data for several dropped CEA configurations

for both extremes in core life and covers the range of expected
values. These data have been calculated with the pointwise Doppler
feedback technique described in Reference 4. This treatment

fs consistent with the safety analysis since the time to minimum
ONBR is on the order of one to two minutes, allowing ample time

for fuel temperature redistribution following the CEA drep.

The power peaking values used in the safety analysis are higher

than those expected to occur at any time in Cycle 4.

5.1.3.3 Augmentation Factors

Augmentation factors have been calculated for the Cycle 4 core

using the calculational model described in Reference 10.

The input information required for the calculation of augmentation
factors that is specific to the core under consideration includes
the fuel densification characteristics, the radial pin power distri-
bution and the single gap peaking factors. Augmentation factors
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for the Cycle 4 core have been conservatively calculated by combining
for input tne largest single gap peaking factors with the most
conservative (flattest) radial pin power distribution.

The calculations yield non-collapsed

clad augmentation factors showing a maximum value of 1.049 at

the top of the core. The augmentation factors for Cycle 4 are
compared to the reference cycle values calculated with the same

model in Table 5-6.

ANALYTICAL INPUT TO IN-CORE MEASUREMENTS

In-core detector measurement constants to be used in evaluating
the reload cycle power distributions will be calculated in the
manner described in Reference 11, which is the same method used
for the reference cycle.

HWUCLEAR DESIGH METHODOLOGY

The coarse mesh computer program ROCS (Reference 12) has been used
along with the standard fine mesh design program PDQ (Reference 13)
in the Cycle 4 safety analysis.

&. ROCS was used to survey a variety of core configurations to
determine limiting conditions.

t. ROCS was used to obtain axial power shapes, to weight the relative
importance of fine mesh PDQ planar power and burnup distributions
in the determination of three-dimensional effects and to determine
the impact of the three-dimensional gross power distributions on
reactivity parameters.

Cc. ROCS was used to compute selected safety parameters. The calculation
of those limiting parameters which require knowledge of 1-pin peaking
factors continues to be based on the fine mesh PDQ program.

d. Two- and three-dimensional ROCS calculaticns were used in conjunction
with two-dimensional PDQ calculations to obtain best estimate core
parameters such as those shown in Table 5-3.
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5.4  UNCERTAINTIES IN MEASURED POWER DISTRIBUTIONS

The power distribution measurement biases and uncertainties which
are applied to reload cycles are:

Base Load Operation Load Follow Operation
Fa: w+ e 7.0% 10.0%
Fr: F'k c 6.0% 8.0%

These numbers are to be used when the INCA mod-? described in
Reference 11 is used for monitoring power distribution parameters
during operation.

In the development of LCOs and LSSS data for Cycle 4, allowances
for power distribution uncertainties have been applied which are
consistent with the measurement uncertainties and biases given
above. The allowances are presented in Table 5-7.
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NIT I CYCLE 4

PHYSICS CHARACTERISTICS

Units

Dissolved Boron
Dissolved boron content
for criticgiitx, CEAs
withcrawn

hot (565°F), full power, PPM
equilibrium xenon, BOC

Boron worth

hot (S€5°F) BOC PPM/%4p

hot (565°F) EOC PPM/%a0

ivi Coefficient
(CEAs Withdrawn)

Moderator temperature

+ n h
agerating
hot (565°F), equilibrium 107% ap/°F
xenon, BOC
hot (565°F), EOC 107% 4p/°F

Doppler coefficient

hot (532°F) zero power, 1075 ap/°F

B0C

hot (565°F), full power, 1075 ac/°F

80C

hot (565°F), full power, 1075 £p/°F

£0C

Total Delaved Neutron
Fraction, geff

BOC

eCC

Neytron Generation Time,

BOC 10" €sec
E0C 10" 6sec
Notes

ifarly previous cycle shutdown.

2l ate nrevinne cvele shutdown,

Reference

Cvcle

913!
8542

81

-1.50

-1.14

ro
o
~

Page 16

Reload
Cvcle
Calculated
Values

1030!
70 2

95
€3

-1.50

-1.20

-1.37
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TABLE 5-2

CALVERT CLIFFS UNIT I CYCLE 4
LIMITING VALUES OF PEACTIVITY WORTHS ANN ALLOWANCES, %ac

BOC EOC
Reload Reload

Reference Cycle Cycle Reference Cycle Cycle
Worth Available
Worth of all 8.1 8.9 8.9 9.4
CEAs inserted!
Stuck CEA 1.1 1.8 1.6 1.7
allowance
Worth of all 7.0 7.1 7.3 7.7
CEAs less
highest worth
CEA stuck out
Worth Required
(Allowances)
Power defect, 2.0 1.6 2.7 2.4
HFP to HZP
Moderator voids 0.0 0.0 0.1 0.1
CEA bite, boron 0.5 0.5 0.5 0.5
deadband and
maneuvering
band
Shutdown margin 3.42 3.42 3.4 3.4
and safeguards
allowance
Total reactivity 5.9 5.3 6.7 6.2
required
Available Worth
Less Allowances
Margin available >1.1 >1. 8 0.7 1.8

Notesg

'PLRs not included.
L ess than 3.4%20 is reauired at BOC.
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TABLE 5-3

CALVERT CLIFFS UNIT I CYCLE 4
REACTIVITY WORTH OF CEA REGULATING GROUPS AT HOT FULL POWER, %ap

Regulating CEAs Beginning of Cycle End of Cycle
Group 5 .64 .68
Group 4 .29 .39
Group 3 J7 .88

Notes

Values shown assume sequential group insertion



Post-Ejection
Maximum Radial
Power Peak

Full power with
Bank 5 inserted;
worst CEA ejected

Zero power with
Banks 5+4+3+2
inserted; worst
CEA ejected

Maximum Ejected
CEA Worth (%ap)

Full power with
Bank 5 inserted;
worst CEA ejected

Zero power with
Banks 5+4+3+2
inserted; worst
CEA ejected

Notes

TABLE 5-4

CALVERT CLIFFS UNIT I CYCLE 4
LIMITING VALUES OF CEA EJECTION DATA

Reference
Cycle

3.20

8.05

0.38

0.52

Reload
Cvcle

3.36

9.83

0.32

-
D
==

' A1l values are the limiting values used in the transient analyses.

“Locations of CEA types are shown in Figure 5-2 of Reference 4.

3Uncertainties and allowances are included in the above data.



TABLE 5-5

CALVERT CLIFFS UNIT I CYCLE 4
+ =L LENGTH CEA DROP DATA

ARQ, Drop 12
ARO, Drop 'i
ARC, Drop 10
Bank 5 In, Drop 12
Bank 5 In, Drop 11
Bank 5 In, Drop 10

ARO, Drop 12
ARO, Drop 11
ARO, Drop 10
Bank 5 In, Drop 12
Bank 5 In, Drop N

Bank 5 In, Drop 10

Worth, %4p Maximum Percent Increase in Pin Peak
1 11.6
13 13.3
12 8.7
1 11.3
g2 12.4
14 9.8
1 11.5
v 13.1
16 11.5
I 10.7
12 11.8
A7 12.1

INo uncertainties are included in the data.

2location of CEA types

3CEAs are either fully inserted or fully withdrawn in radial calculations.

“ARQ = A1l Rods Qut.

can be found in Figure 5-2 of Reference 4.



TABLE 5-6

CALVERT CLIFFS UNIT I CYCLE 4

AUGMENTATICN FACTORS AND GAP SIZES

Reference Cycle

Reload Cycle

Noncollapsed Noncollapsed

Core Cere Clad Clad

Height Height Augmentation Gap Size Augmentation Gap Size

{(Percent)  (inches)  Factor (Inches) Factor (Inches)
98.5 134.7 1.069 2.94 1.Ca9 2.94
86.8 118.6 1.065 2.59 1.045 2.59
77.9 106.5 1.061 2.33 1.042 2.33
66.2 90.5 1.056 1.98 1.037 1.98
54.4 74.4 1.049 1.64 1.031 1.64
45.6 62.3 1.043 1.38 1.027 1.38
33.8 46.2 1.034 1.04 1.021 1.04
22.1 30.2 1.024 0.69 1.018 0.69
13.2 18.1 1.017 0.43 1.010 0.43

5 2.0 1.003 0.08€ 1.001 0.086
Notes

Values are based on approved mode] described in Reference 10.

The conservative reference cycle peak augmentation factor of 1.069 was
used in the Cycle 4 safety analyses.
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ALLGMANCES FOR BASE LORD SPERAT1on
Cycle 4 Reference Cycle
kw/ft LCO 7.0% 5.8%
kw/ft LSSS 7.0% 5.8%
ONBR LCO 6.0% 5.1%

DNBR LSSS 6.0% 5.1%
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0.72 | 0.93
0.73 0.99 1.16 1.15 1.10
0.85 1.21 1.15 1.02 0.91 1.27
0.85 1.24 1.08 0.98 1. 28x 0.98 0.97
0.73 1.21 1.08 1.02 0.99 1.05 1.08 0.89
0.99 1.15 0.97 0.99 0.93 1.11 0.82 1.05
1.16 1.02 1.27 1.04 1.10 0.81 1.01 0.78
0.73
1.16 0.91 0.95 1.06 0.80 1.00 0.8 0.95
0.95
1.13 1.26 0.91 0.85 0.98 0.76 0.98 0.61
NOTE: X=MAXIMUM 1-PIN PEAK =1.48
BALT I ORE |

GAS & ELECTRIC
Calvert Cliffe
Nuclear Pawer P

Co.

lont

CALVERT CLIFFS UNIT I CYCLE 4
ASSEMBLY RELATIVE POWER DENSITY AT BOC,

EQUILIBRIUM XENON

I Figure

5-1
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0.71 | 0.9
’-— -
0.71 | 0.94 | 1.09 |1.08 | 1.0
0.81 |12 | 1.08 | 0.98 |0.90 |1.22
)
0.81 114 |L03 | 0.9 | 1.24, | 0.98 | 0.9
0.71 | 112 {1.03 [1.02 | 1.01 | 1.06 |1.12 |0.9
0.94 | 1.08 109 [1.001 |09 | 117 |0.9 |1.14
1.09 | 0.9 |1.24 [1.06 | 1.16 | 0.91 |1.13 |0.9
0.71
|
1.09 | 0.90 (097 |11l |08 |L13 [0.98 |1.10 1
|
0.90
T Lo |12 09 |02 | 109 |08 |113 |07 ?
NOTE: X=NMAXIMUM 1-PIN PEAK = 1,39
e L CALVERT CLIFFS UNIT I CYCLE 4 Figure |
Colverr ciiti, | ASSEMBLY RELATIVE POWER DENSITY AT 6 GWDIT, | ¢,
Nucleor Power F;lc'wr EQUILIBRIUMXENON

EERRTL



Page 25

0.72 | 0.90
0.72 | 0.93 | 1.07 | 1.07 | 1.03
0.81 |1.09 | 1.06 | 0.97 | 0.91 | 1.20
0.81 |1.11 [1.01 | 0.9% 121 | 0.98 | 0.98
0.72 | 1.10 (101 |1.01 | 101 | 1.os | 1.12 | 0.9
0.93 | 1.06 |[0.95 [1.00 | 0.98| 1.16 | 0.93 | 1.15
1.07 | 0.97 |121 [1.05 | 1.16 | 0.9 |1.15 |0.93
0.72
1.07 | 0.91 (€98 |1.11 | 0.9 | 115 |1.02 | L13
0.90
1.05 | 1.20 |0.96 {095 | 1.12 | 0.9 |1.16 | 0.8
NOTE: X=MAXIMUM 1-PIN PEAK = 1.35
R oy ke R CALVERT CLIFFS UNIT I CYCLE 4 Figure
o ECTHIC €O ASSEMBLY RELATIVE POWER DENSITY AT EOC, 5-3
P o s G EQUILIBRIUM XENON
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.72 | 0.9

0.72 | 1.01 | 117 | 1.10 | 1.00
0.72 | L1 | 116 | 1.04 | 0.8 0,907/
/,/‘/ ///,’

0.72 0.86°7]0.9 | 1.00 134 | 0.98 | 0.91

0.73 | .14 {100 |1.01 | 1.05 | 1.14 | 1.16 | 0.9

1.01 | 116 |1.00 |1.05 | 1.02 | 1.23 | 0.91 | 1.16

118 | 104 |13 112 | 122|091 |112 |0.85

0.73

L11 | 0.8 |09 [1.14 | 0.8 | 1.10 |0.89 |0.93

0.93 o] —
LSS Lt S
1.03 [0.89 0.8 [0.90 | 1.09 | 0.83 |0.96 [.0.39"

NOTE: X=MAXIMUM  1-PIN PEAK=1.56
///) CEA BANK 5
//// LOCATIONS
LLL
T g Lo CALVERT CLIFFS UNIT I CYCLE 4 Figure
Colvert Clifie | ASSEMBLY RELATIVE POWER DENSITY WITH BANK 5 | 5.
T e e INSERTED, HFP, BOC
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0.72 | 0.88

0.71 0.95 | 1.08 | 1.02 | 0.93

0.67 |1.03 | 1.07 | 0.9 | 0.84 {0827

0.67 | 0.75 |[0.93 0.98 | 1.27 | 0.98 | 0.93

0.7 103098 |10 | 108 | 114 | 1.20 | 1.03

0.9 | 1.07 |0.98 |1.08 1.08 | 1.29 | 1.02 | 1.27

1.08 | 0.9 |17 (114 | 129! 104 |1.25 | 1.00
0.72 -

1.02 | 0.8 09 [1.20 | 1.02 | .25 | 1.03 | 1.06
0.88 s 7

0.94 10.82710.90 |10l | 123 | 0.9 |1.09 041

NOTE: X= MAXIMUM 1-PIN PEAK=1.47

7777 CEA BANK 5
7/ (6CATIONS
i

BALTIMORE

R CALVERT CLIFFS UNIT I CYCLE 4 Figure
GAS S ELECTRIC CO. | ASSEMBLY RELATIVE POWER DENSITY WITH BANK 5 B
Nuclear Power PAIQM INSERTED, HFP, EOC
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THEPMAL -HYDRAULIC DESIGN

DNBR ANALYSIS .

Steady-state DNBR analyses of Cycle 4 at the rated power of 2700
MWT have been performed using TORC/CE-1. Appropriate adjustments

were made to the input of these codes to reflect the Cycle 4 nower

distribution. Table 6-1 contains a 1ist of pertinent thermal-

hydraulic design parameters used for both the safety analysis and

the generation of reactor protectinn svetem setnnint infarmatinn,

The analyses were performed in the same manner as for the reference
cycle and include the following two considerations.

(1)

As described in Reference 9, TORC/CE-1 was used in the generation
of limiting conditions for operation on DNBR margin in the
Technical Specifications. TOPC was used for all AOOs and
postulated accidents which were reanalized for Cycle &,

The engineering factor on local heat flux, the nuclear uncertainty
on Fr and ar. additional factor designated as an augmentation
factor for fuel rod bowing (although a "bowing augmentation factor"
has been used here, the bowina penalty on DNBR is still evaluated
within NRC's interim guidelines and presented in Section 6.2)

were combinecd statistically for these ana. <2s. (The method

by which these factors are combined is described in Section 4

of Reference 14 ) Because the local heat flux factor was

appiied in this way, credit for its inclusion in the TORC

deck was taken in determining the setpoints. This is identical
to the procedure used in the revised analysis for Calvert

Cliffs Urit I Cycle 3 (Reference 1).
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Investigations have been made to ascertain the effect of the CEA
guide tube wear problem and the sleeving repair on DNBR margins

as established by this type of analysis. The findings were reported
to the NRC in References 6 andjs which cenclude that the wear
problem and the sleeving repair do not adversely affect DNBR margin.

EFFFCTS OF FUEL ROD BOWING ON DNB MARGIN

The fuel rod bowing effects on DNB margin for Calvert Cliffs Unit I

have been evaluated within the guidelines set forth in Referencel4 s

as used in the reference cycle analysis (Reference 1).

A total of 81 fuel assemblies will exceed the NRC-specified DNB

penalty threshold burnup of 24,000 MWD/T, as established in Reference 14
during Cycle 4. At the end of Cycle 4, the maximum burnup attained

by any of these assemblies will be 42,800 MKD/T. From Reference 14,

the corresponding DNB penalty for 42,800 MWD/T is 6.30 percent.

An examination of power distributions for Cycle & shows that the
maximum radial peak at hot full power in any of the assemblies
that eventually exceed 24,000 MWD/T is at least 10.30 percent
Tess than the maximum radial peak in the entire core. Since
the percent increase in DNBR has been confirmed to be never less
than the percent decrease in radial peak, there exists at least
10.30 percent DNB margin for assemblies exceeding 24,000 MWD/T
relative to the DNB 1imits established by other assemblies in
the core. This margin is considerably greater than the Reference 14
reduction penalty of €.30 percent imposed upon fuel assemblies
exceeding 24,000 MWD/T in Cycle 4. Therefore, no power penalty
for fuel rod bowing is required in Cycle 4.



= —————————

TABLE 6-1

CALVERT CLIFFS UNIT I CYCLE 4
THERMAL-HYDRAULIC PARAMETERS AT FULL POWER

General Characteristics i Unit Reference Cycle Reload Cycle
Total Heat Output (Core Only) MWT 2700 2700

10° BTU/hour 9215 9215
Fraction of Heat Generated in Fuel Rod 0.975 0.975

Primary System Pressure

Nominal PSIA 2250 2250
Minimum in steady state PSIA 220C 2200
Maximum in steady state PSIA 2300 2300
Design Inlet Temperature °F 549 550
Total Reactor Coolant Flow (Minimum Steady State) GPM 370,000 370,000
10% 1b/hour 139.0 139.0
Coolant Flow Through Core (at 2250 psia 550°F) 10 15/hour 133.9 135.3 %+
Hydraulic Diameter (Nominal Channel) ft 0.044 0.044
Core Average Mass Velocity (at 2250 psia, 550°F) 10% 1b/hour-ft? 2.5] 2 53 o
Pressure Drop Across Core (Minimum Steady State Flow PSI 10.2 10.6 **

Irreversible ap Over Entire Fuel Assembly)

Pressure Drop Across Vessa]l (Based on Mominal Dimensions  PSI 32.2 32.6 **
and Minimum Steady Flow)
( CONTINVED)



TABLE 6-1

- (CONTINUED)
General Characteristics Unit
Number of Fuel Rods in Core
Core Average Heat Flux ( Accounts for Above Fraction of BTU/hour-ftz
Heat Generated in Rod and Axial Densification Factor)
Total Heat Transfer Areas ( Accounts for Axial Densi- ft”
fication Factor)
Average Linear Heat Rate of Fuel Rod (Cold, Undencified, kw/ft
Includes Above Fraction of Heat Generated in Rod)
Film Coefficient at Average Conditions BTU/hour-ftz. b
Maximum Clad Surface Temperature °F
Average Film Temperature Di{ference M 2
Average Core Enthalpy Rise BTU/1b

Calculational Factors

Engineering heat flux factor

Engineering factor on hot channel heat input
Flow factors

inlet plenum nonuniform distribution

rod pitch, bowing and clad diameter

Fuel densification factor (axial shrinkage)

*Not used in TORC; inlet flow distribution is input

**The«o

parameters have chanoed due to the decrease in bypess flow

F

Reference Cycle Reload Cycle
38,176 38,176
181,206 181,200
49,600 49,600
6.05 6.05
5850 5850
657 657

33 33

69 6R**
1.03 1.03
1.03 1.03
1.05 *
1.065 1.065
1.01 1.01

1§ afeg
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7.0 ACCIDENT AND TRANSIENT ANALYSIS OTHER THAN LOCA

The purpose of this section is to present the results of the safety analysis
(other than LOCA) for Calvert Cliffs Unit 1, Cycle 4 at 2700 Mit. Tne
events considered for this analysis are listed in Table 7-1. These are the
design basis events for the plant. These events can be categorized into the
following groups:

1. Anticipated Operational Occurrences for which the Reactor Protection
System prevents the Specified Acceptable Fuel Design Limits (SAFDLS)
from being exceeded;

2. Anticipated Operational Occurrences for which the initial steady state
overpower margin must be maintained in order to prevent the SAFDLs
from being exceeded;

3. Postulated Accidents.

Each of the events listed in Table 7-1 has been reviewed for Cycle 4 to

determine if in explicit reanalysis was required. Table 7-1 indicates the

analysis status of each event. Table 7-2 presents the safety parameters used in
the cycle 4 analysis in comparison to the reference cycle . The review of each
design basis event (DBE) entails a comparison between all the current and reference
cycle key transient parameters that significantly fipact the resulis of the event.
The reference analysis for each event is the analysis upon which the licensinc of
Calvert C1iffs Unit 1, Cycle 3 was based except where noted differently. If all
the current cycle values of key parameters for a particular event are bounded by
(conservative with respect to) the reference cycle, no reanalysis is required. In
some instances, a reanalysis is performed if it is deemed beneficial from the stand-
point of enchanced operating flexibility or if it is desired to bound parameters
which are expected to become more adverse in future cvcles.

The results of ‘ne review show that the key parameters to al) the DBEs for
Cycle 4 op~.ation are the same as the specified reference cycle input
parameters, e:cept for the following:

1. CEA drop time to 90% inserted

2. Integrated Radial Peaki.y Factor (F,)
3. Seized Rotor Pin Census

4. Core Bypass Flow Fraction

5. RTD Response Time

For 211 DBEs other than those reanalyzed, the Calvert Cliffs Unit 1 safety
analysis submitted either in the FSAR or in previous reload cycle license
submittals bound the results that would be obtained for Unit 1, Cycle 4

and demonstrate safe operation of Calvert Cliffs Unit 1, Cycle 4 at 2700 MWt.

Since the CEA drop time to 90% insertion has increased for Cycle 4, the Loss
of flow event, CEA ejection event, RCS depressurization event, Seized Rotor
event and the CEA withdrawal event were reanalyzed. These events are
adversely impacted by the CEA drop time. since a reactor trip is necessary
to terminate the event,

For Cycle 4 the Integrated Radial Peaking Factor (F_) has decreased in compari-
son to_Cycle 3. In addition, the net core mass flow has increased for Cycie 4 in
comparison to Cycle 3 due to the decrease in the calculated value ¢ the core
bypass flow. The decreased peaking factor and the increased core flow will not
have any adverse impact on the events listed in Table 7-1 for Cycle 4.

e e et SIS S — : D -~
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TABLE 7-1

CALVERT CLIFFS UNIT 1, CYCLE 4
EVENTS CONSIDERED IN TRANSIENT AND ACCIDENT ANALYSIS

Analysis Status

Anticipated Operational Occurrences for which the
RPS Assures no Violation of SAFDLs:

Control Element Assembly Withdrawal Reanalyzed

Boron Dilution ~ Not Reanalyzec
Startup of an Inactive Reactor Coolant Pump Not Reanalyzed
Excess Load . : Not Reanalyzed
Loss of Load Not Reanalyzed
Loss of Feedwater Flow Not Reanalyzed
Excess Heat Removal due to Feedwater Malfunction Not Reanalyzed
Reactor Coolant-System Depressurization Reanalyzed

Loss of Coolant Flow1 Reanalyzed

Loss of AC Power Not Reanalyzed

a | viw -
N. . .

Anticipated Operational Occurrences which are
Dependent on Initial Overpower largin.for
Protection Against Violation of SAFDLs:

Loss of Coolant Flow’ Reanalyzed

Loss of AC Power Not Reanalyzed
Full Length CEA Drop Not Reanalyzed
Part Length CEA Drop Not Reanalyzed
Part Length CEA Malpositioning Not Reanalyzed
Transicnts Resulting from Malfunction of One Not Reanalyzed

Steam Generator

Postulated Accidents:

CEA Ejection Reanalyzed
Steam Line Rupture Not Reanalyzed
Steam Generator Tube Rupture Not Renanalyzed
Seized Rotor Reanalyzed

1Requiros Low Flow Trip

S T S ———— E—— NR—— - - T W a




CALVERT CLITFS UNIT 1

TABLE 7-2

QYCLY 4

CORE PARAMETERS ASSUMED IN THE SAFETY ANALYSES

Phyvsics Parameters

Flunar Radial Peaking Factors
For DNB Margin Analyses
Unrodded Region
Bank 5 Inserted
For kw/ft Limit Analyses (ny)

Unrodded Region
Bank 5 Inserted

Peak Augmentation Factor
Moderator Temperature Coefficient

Shutdown Margin (Value used in Zero Power
(SLB)

Safety Parameters '

Power Level

Maximum Steady State Core Inlet Temperature
Minimun Steady State RCS Pressure

Minimum Reactog Coolant Core Flow

(2200 psia, 550°F)

Full Power

Maximum CEA Insertion at Full Power
Maximum Allowable Initial Peak

Linear Heat Rate for DBEs other
than LOCA

Steady State Linear Heat Rate to Fuel
Centerline Melt

*These values are revised limits ¢

license submittal (

Cycle 3 license submitt

Units

10—4Ap/0F

$ of 2700 Mwt
F

psia

1b/hr
Ip

$ Insertion
of Group 5

kw/ft

kw/ft

Page 34

Unit 1 U'nit 1
Oycle 3 Values Cycle 4 Valu.
1.65% 1.58
1.78* 1'71
1.66* 1.66
1.79* 1.79
1.069 1.069
’2..5 i +05 '2.5 » "05
-3.4 -3.4
102 102
550 550
2200 2200
134.22 135.24
'012* ’.14
25 25
16.0 16.0
21.0 21.0

juoted in the revised Unit 1 CGycle 3

Reference 2C),not the values quoted in the original

al (Reference 2A).
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7.1 CEA WITHDRAWAL EVENT

The CEA withdrawal event was reanalyzed for Cycle 4 due to the increase in
the Resistance Temperature Detector (RTD) response time to envelope future
cycles and the increase in the CEA drop time to 90% insertion in comparison
to the reference cycie. The reference cycle for this event is the analysis
upon wvhich the licensing of Calvert Cliffs Unit 2, Cvele 2 (see Reference 17)
was based.

As stated in CENPD-199-P (Reference 1), the CEA Withdrawal event initiated

at rated thermal power is one of the DBEs analyzed to determine a bias factor
used in establishing Lhe TM/LP setpoints. This bias factor, along with
conservative temperature, pressure, and pow2r readings assures that the TM/LP
trip prevents the DNBR from dropping below the SAFDL limits (DNBR = 1.19 based
on CE-1 correlation) for a CEA Withdrawal event. Hence, this event was
analyzed for Cycle 4 to generate the bias term input to the TM/LP trip.

The CEA Withdrawal transient may require protection against exceeding both the
DNBR and fuel centerline melt (kw/ft) SAFDLs. Depending on the initial
conditions and the reactivity insertion rate associated with the CEA
withdrawal, either the Variable High Power Level or Thermal Margin/Low Pressure
(TM/LP) trip reacts to prevent exceeding the DNBR SAFDL. An approach to the
kw/ft 1imit is terminated by either the Variable High Power Level trip or the
Axial Flux Offset trip.

The zero power case was analyzed to demonstrate that SAFDLs are not exceeded.
For the zero power case, a reactor trip, initiated by the variable high power
trip at 40% of rated thermal power, is assumed in the analysis.

The key parameters for the cases analyzed are reactivity insertion rate due
to rod motion and moderator temperature feedback effects, and initial axiai
power distribution. The Resistance Temperature Detector (RTD) response time
is also important in determining the pressure bias factor.

The range of reactivity insertion rates considered in the analysis is given
in Table 7.1-1, along with the values of other key parameters used in the
analysis of this event.

The maximum reactivity insertion rate for cycle 4 is 1.3x10'4 to/sec at all
power levels. This reactivity withdrawal ratg was calculated by combining
the maximum CEA differential worth of 2.6x107 ap/inch and the maximum CEA
Withdrawal speed of 30 inches per minute.

The initial axial power shape and the corresponding scram worth versus
insertion used in the analysis of both cases is a bottom peaked shape, This
power distribution maximizes the time required to terminate the decrease in
DNBR following a trip.

The CEA Withdrawal transient initiated at rated thermal power results in the
maximum pressure bias factor of 62.0 psia. This bias factor accounts for
measurement system processing delays during the CEA Withdrawal event. The
pressure bias factor for this cycle has increased from the reference cycle
due to the increase in the RTD time constant and the increase in the CEA
drop time to 90% insertion. This pressure bias factor is used in generating
TM/LP trip setpoints to prevent the SAFDLs from being exceeded during a
CEA Withdrawal event.

B A A S, A —_r "ome- T S g —— - ¢ (%~ ORGP W = g -
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The zero power case initiated at the limiting conditions of operation

results in a minimum DNBR of 1.71. Also, the analysis shows that the

fuel centerline temperatures are well below those corresponding to the
fuel centerline melt SAFDL.

The Sequence of events for tne zero power case is presented in Table 7,1-2
Figures 7.1-1 to 7.1-4 nresents the transient behavior of core power, core
average heat flux, the RCS prassure and the RCS temperatures.

The analysis of the CEA Withdrawal event presented herein, shows that the

DNB and fuel centerline melt SAFDLs will not be exceeded during a CEA
Withdrawal transient,

« b i
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TABLE 7.1-1
KEY PARAMETERS ASSUMED IN THE CEA WITHDRAWAL ANALYSIS
Unit 2 Unit 1
Parameter Units Cvele 2 Cycle 4
Initial Core Power Level (H2F, HFP) Mt 0,102% of 2700 0)102% of 2700
Core Inlet Coolant Temperature{ﬂze HFP) ¢ 532) 550 532, 550
Reactor Coolant System Pressure psia 2200 2200
Moderator Temperature Coefficient 10'“ Ap/°F +.5 .5
Doppler Coefficient Multiplier .85 .85
CEA Worth at Trip - FP 1072 8 -5.14 -5.14
CEA W . ™ at Trip - 27 1072 4 -3.4 -3.4
Reactivity Insertion Rate x10™4 ap/sec 2.0 1.3
Holding Coil Delay Time sec 0.5 0.5
CEA Time to 90 Percent Insertion sec 2.9 3.3
{Including Holding Coil Delay)
Resistance Temperature sec 5.0 8.0
Detector Response Time (T)
Rod Group Withdrawal Speed in/min 30.0 30.0
Maximum CEA Differential Worth x10"% a0/ inch 4.0 2.6

*The reference cycle analysis assumed 2 CEA drop time to 90% insertion value
of 2.5 seconds (see Reference 1Za) but in subsequent submittal (see
Reference 12b) a CEA drop time to 90% insertion value of 3.0 seconds

was justified for Unit 2, Cycle 2.

e & @ asitims e (AR




Time (sec)

0.0

37.7
38.1
38.6
39.0
40.15
40.15

T e Sl

TABLE 7.1-2

SEQUENCE OF EVENTS FOR
CEA WITHDRAWAL FROM ZERO POWER

Event

CEA Withdrawal Causes Uncontrolled
Reactivity Insertion

High Power Trip Signal Generated
Trip Breakers Open

CEAs Begin to Drop Into Core
Maximum Power Reached

Maximum Heat Flux Reached
Minimum DHBR Cccurs

Maximum Pressurizer Pressure Reached

Page 38

Setpoint or Value

40% of 2700 MWt

126.4 of 2700 Mt
58.7 of 2700 Mit
1.71

2353 psia
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7.1-2. RCS DEPRESSURIZATION EVENT

The RCS Depreossurization event was reanalyzed for Cyg1e 4 to assess the
impact of increasing the CEA drop time to 90% insertion from 2.5 seconds
for Cycle 3 to 3.1 seconds for Cycle 4. As stated in CENPD-199-P
(Reference 1), this event is one of the DEBEs analyzed to determine a
bias term input to the TM/LP trip. Hence, this event was analyzed for
Cycle 4 to obtain a pressure bias factor. This bias factor accounts for
measurement system processing deleys during this event. The trip ’
setpoints incorporating a bias factor at least this 1§rge will provide
adequate protection to prevent the DNBR SAFDL from being exceeded during
this event.

The assumptions used to maximize the rate of pressure decrease and consequently
the fastest approach to DNBR SAFDL's are:

1) The event is assumed to occur due to un j..advertant opening of both
pressurizer relief values while operatir~ 7t rated tnermal powe . This
results in a rapid drop in the RCS pressure and consequently a rapid
decrease in DNER.

2) The initial axial power shape and the corresponding scram worth versus
insertion used in the analysis is & bottom peaked shape.
This power distribution maximizes the time required to terminate the
decrease in DNBR following a trip.

3) The charging pumps, the pressurizer heaters and the pressurizer backup
heaters are assumed to be inoperable. This maximizes the rate cf pressure
decrease and consequentiy maximizes the rate of approach to DNBR SAFDL.

The analysis of this event shows that the pressure bias factor is 35 psia which
is less than that required by the CEA Withdrawal event, Hence, the use of the
pressure bias factor determined by the CEA Withdrawal event will prevent
exceeding the SAFDLs during an RCS Depressurization event.

S TN W\ p—— - —— = N — g AT LRI -~
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7.3 LOSS OF COOLANT FLOW EVENT

The Loss of Coclant Flow event was reanalyzed for Cycle 4 to determine the
jmpact on margin reguirements that must be built into the Limiting
Conditions for Operations (LCOs) due to the increase in the CEA drop time
to 90% insertion.

The methodology used to evaluate this event is identical to that employed
in the Urit 1, Cycle 3 license suhmit;az (Reference 2}, The ”9‘"°GQJO°V
utilizes the computer code STRIKIN 1I (Reference 1) to determine t e.tﬁme
dependent hot channel and core average heat fluxes distributions during the
transient. For conservatism credit for the heat flux decay was taken only
for axial power distributions for which the initial minimum DNBR was located
in an axial region of the core where the scram rods have passed the axial
node of mininum DNBR before the time at which minimum DNBR is reached. For
those axial rower distributions analyzed that did not meet the above
criterion, the methodology utilized is consistent with CENPD-199-P
(Reference 1).

The computer code TORC (Reference 4) was used for 211 DNBR calculations. This
is consistent with the methods used by C-E to calculate the DNB margin
requirements. The TORC code and its application to the analyvses were reviewed
and approved by KRC in response to the revised Unit 1, Cycle 3 license sub-
mittal ?ﬁeference 2.

The 4-Pump Loss of Coolant Flow produces & rapid approach to the DNBR SAFDL
due to the rapid decrease in the core coolait flow. Protection against
exceeding the DNBR SAFDL for this transient is provided by the initial steady
state.thermal margin which is assured by-maintaining the-technical i ol
specifications' LCOs on DNBR margin and by the response of the RPS which = =
provides an automatic reactor trip on low reactor coolant flow as measured by

the steam generator differential pressure transmitters.

The transient is characterized by the flow coastdown curve given in Figure
7.3-1. Table 7.3-1 lists the key transient parameters used in the present
analysis.

Table 7.3-2 presents the NSSS and RPS responses during a four pump loss of
flow initiated at the most negative shape index (Ip) allowed by the LCOs.
The low flow trip setpoint is reached at 1.0 seconds and the scram rods
start dropping into the core one second later. A minimum CE-1 DNBR of 1.25
is reached at 2.3 seconds. Figures 7.3-2 to 7.3-5 presents the core
power, heat flux, RCS pressure, and core coolant temperatures as a function
of time. Figures 7.3-6 presents 2 trace of hot channel DNBR vs time for the
limiting case that is characterized by an Ip = -.15.

The low flow trip, in conjunction with the Initial Overpower Margin
maintained by the LCOs in the Technical Specifications assure that the
minimum DNBR will be greater than or equal to 1.19 for the Loss of
Coolant Flow event.
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TABLE 7.3-1
KEY PARAMETERS ASSUMED IN THE LOSS OF COOLANT FLOW ANALYSIS

Parameter Units Unit 1, Cycle 3 Unit 1, Cycle &
Initial Core Power Level (MWt) 102% of 2700 102% of 2700
Initial Core Inlet Coolant Temperature (°F) 550 550

Initial Core Mass Flow Rate (108 1bm/hr) 134.22 135.24
Reactor Coolant System Pressure (psia) 2200 2200

Initial Steam Generator Pressure (psia) 861 861
Moderator Temperature Coefficient (10'4 Lp/F) +.5 +.5

Doppler Coefficient Multiplier -~ .85 .85

LFT Response T%me sec 0.5 0.5

CEA Holding Coil Delay sec 0.5 0.5

CEA Time to 90% Insertion sec 2.5 3.1
"tncluding Holding Coil Delay)

LA Worth at Trip Tt - (107 o) - 5.7 =557

Total Radial Peaking Factor (F1) 1.65 1.58

4-Pump RCS Flow Coastdown Figure 7.1-10f Figure 7.3-1

Reference 2
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TABLE 7,.3-2

SEQUENCE OF EVENTS FOR
LOSS OF FLOW

Event

Loss of Power to all Four Reactor
Coolant Pumps

Low Flow Trip

Trip Brezkers Open

Shutdown, CEAs begin to Drop into Core
Minimum CE-1 DNBR

Maximum RCS Pressure, psia

Page 46

Setpoint or Value

-

38% of 4-Pump Flow

1.25
2276
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7.4 CEA EJECTION EVENT

The CEA Ejection event was reanalyzed for Cycle 4 to assess the impact of
increasing the CEA drop time to 90% insertion and the increase in the
augmentation factor in com rison to the reference cycle. In addition, ;he

Zero power case was analyzed due to the decrease in axial peak in comparison

to the reference cycle. The reference cycle for this event is the analysis

upon which the licensine of Calvert Cliffs Unit 2, Cvcle 2 (see Reference 12) _
was based on. Hence, this event was reanalyzed to demonstrate that the criterion
for clad damage is not exceeded during Cycle 4 operation.

To bound the most adverse conditions during the cyc’e, the most limiting of
either the Beginning of Cycle (BOC) or End of Cycle (EOC) value was used in
the analysis. A BOC Doppler defect was used since it produces the least
amount of negative reactiv'ty feedback to mitigate the transient. A BOC
moderator temperature cuvefficient of +0.5x10-% Ap/OF was used which results
in positive reactivity feedback with increasing coolant temperatures. A
EOC Beta Fraction was used in the analysis to produce the highest power
rise during the event. For the full power and zero power cases, the axial
power distributions were selected to yield conservative results. The
corresponding shape indices were -0.21 for the full power case and -0.40
for the zero power case. These shapes are conservative with respect to the
most negative shape indices allowed by the DNBR monitoring band. This is
consistent since the powsr shifts to the top of the core after the CEA
ejects.

The reactivity-forced power transient was simulated by a digital computer
program, CHIC-KIN (Reference 5), which simultaneously solves the one group
neutron point kinetics equations together with the time and space dependent
thermal and hydraulics equations for heat generation and transport within

a single channel. The kinetics model incorporates the standard six-delay
roup representation along with explicit reactivity contributions from:

?a) CEA motion, (b) Doppler effect, and (c) moderator density variations.

By simulating the core average channel, the CHIC-KIN code computes the core

average integrated energy output during the course of the transient.

In the CEA Ejection event, the principa) reactivity feedback mechanism
affecting the power transient is the Doppler feedback. In the point

kinetics approach, utilized in CHIC-KIN, a spatial Doppler weighting factor
(k) accounts for the fact that the Doppler feedback effect is a function

of the spatial flux distribution. In order to represent the radial

Doppler effect in a conservative manner, a space-time analysis was performed
in which point kinetics calculations for various radial slices were compared
with time-dependent, two-dimensional diffusion theorx results obtained with
a C-E modified version of the TWIGL code (Reference 6). The results of the
space-time analysis have demonstrated that the use of the static (non-Doppler
flattened) radial fuel rod peaking factor, as obtained from two-dimensional
diffusion theory calculations, in conjunction with the average hot spot
energy releases, yield energy increases that are conservatively large. Radial
Doppler weighting factors obtained as a function of the ejected CEA worth are
defined such that CHIC-KIN and TWIGL results give the same total core energy
release,

The average energy rise in the hottest fuel pellet is obtained from the
following relationship:

AEH = (P/A)H x 8, o x K - Eur (7.4-1)
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Where AEpye is the average core energy rise obtained from CHIC-KIN; (P/A)y
(the three-dimensional fuel rod peaking factor) is the ratio of the hot
spot power density to the core average power density obtained from static,
non-Doppler flattened diffusion theory calculations; K is the reduction
factor defined above. For the zero power case, it is conservatively
assumed that Eyr, which accounts for heat transferred out of the fuel rod
during the transient, is zero.

The average energy in the hottest fuel pellet at the beginning of the
transient is added to the net average energy rise in the hottest fuel
pellet as obtained from Equation (7.4-1) to determine the total average
enthalpy in the hottest fuel spot in the core. A similar procedure is
used to compute the total centerline enthalpy in the hottest spot. The
initial energy is obtained by correlating the initial local fuel
temperature with an empirical temperature-enthalpy relationship (see
Reference 7).

The spatial variation of the core local-to-average power ratio results from
the convolution of the axial power distribution with radial pin power
census distributions for the post-ejection condition, which are based on
static core physics calculations. Combining these results with the total
average and centerline enthalpies in the hottest fuel spot yields the
fractional number of fuel rods with specific total average and centerline
enthalpies. The calculated enthalpy values are compared to threshold
enthalpy values to determine the amount of fuel experiencing the various
degrees o; fuel damage. These threshold enthalpy values are (References 8,
9, and 10). )

' Ciad’Damage Tﬁfe§h016: A s s LC
Total Average Enthalpy = 200 cal/gm

Incipient Centerline Melting Threshold:
Total Centerline Enthalpy = 250 cal/gm

Fully Molten Centerline Threshold:
Tota)l Centerline Enthalpy = 310 cal/am

The criterion for determining the fraction of fuel rods that will release
their radioactive fission products during a CEA ejection is the same as
the one quoted above for determining clad damage. Thus, it is assumed
that any fuel rod that excceds a total average enthalpy of 200 cal/gm
releases all of its gap activity. The gap activity corresponding to the
hottest fuel rod during the core cycle is conservatively assumed for each
rod that suffers clad damage.

The zero power CEA ejection event was analyzed assuming the core is initially
operating at 1 MWt for conservatism. At zero power, a Variable Overpower
trip is conservatively assumed to initiate at 40% (30% + 10% uncertainty) of
2754 MWt and terminates the event.
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The full and zero power cases were analyzed, i¢ssuming 2 value of 0.05
seconds for the total ejection time, which is consistent with the FSAR.
Table 7.4-1 lists all the key parameters used in this analysis.

Table 7.4-2 presents the results of the two ejection cases analyzed for
Cycle &4 in comparison to the reference cycle. As seen from Table 7.4-2,
the average energy deposited for both the full and zerou power cases has
increased. The increase for the full power case is due to the increase
in CEA drop time to 90% insertion in comparison to the reference cycle
analyses; while for the zero power case, the decrease in the axial peak
offsets the increase in the CEA drop time to 90% insertion.

The power transient produced by a CEA ejection initiated at the maximum
allowed powsr is shown in Figure 7.4-1, and at zero power is shown in
7;4’2.

Since the criterion of clad damage (i.e., less than 200 cal/am) is not
exceeded for either the full or zero power CEA ejection, no fuel pins
are predicted to fail.
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KFY PARAMETERS ASSUMED IN THE CEA EJECTION ANALYSES

Unit 2 Unit 1
Parameter UNITS Cycle 2 Cycle 4
Full Power
Core Power Level Midt 2754 2754 _
Core Average Linear Heat Rate kw/Tt 6.23 €.12
of Fuel Rod -4
Moderator Temperature Coefficient 10 7 ap/°F *5 *.9
tiected LEA Worth % bp .32 +.32
Delayed Neutron Fraction, 8 0047 .0047
Post-Ejected Radial Power Peak 3.36 3,36
Axial Power Peak 1.39 1.39
CEA Bank Worth at Trip % bp 3.88 3.88
Augmentatior Factor 1.060 1.069
K-Factor , .92 .92
Tilt Allowance 1.03 1.03
CEA Drop Time to 90% Inserted sec 2.5* 3.1
Zero Power
Core Power Level MWt 1.0
K-factor .89 .89
Ejected CEA Worth % bp .60 .60
Post-Ejected Radial 9.83 9.83
Power Peak
Axial Power Peak 2.0 1.6
CEA Bank Worth at Trip % bp 2,58 2.58
Tilt Allowance 1.10 1.10
CEA Drop Time to 90% Inserted 2.5 3.1

*The reference cycle analysis assumed a CEA drop time to 90%'insertion value
of 2.5 seconds (see Reference 12a) but in a subsequent submittal (see
Reference 12b) a CEA drop time to 90% insertion value of 3.0 seconds

was justified for Unit 2, Cycle 2.

“W—m-..a_@".“  —— g .- e p—



TABLE 7.4-2

CEA EJECTION RESULTS

Full Power

Total Average Enthalpy of Hottest
Fuel Pellet (cal/gm)

Total Centerline Enthalpy of
Hottest Fuel Pellet (cal/gm)

Fraction of Rods that Suffer (lad
Damage (Average Enthalpy > 200
cal/gm)

Fraction of Fuel Having at Least
Incipient Centerline Melting
(Centerline Enthalpy > 250 cal/gm)

Fraction of Fuel Having a Frlly
Molten Centerline Condition
(Centerline Enthalpy > 310 cal/gm)

lero Power

Total Average Enthalpy of Hottest
Fuel Pellet (cal/gm)

Total Centerline Enthalpy of
Hottest Fuel " .:1let (cal/gm)

Fraction of Rods that Suffer
Clad Damage (Average Enthalpy
> 200 cal/gm)

Fraction of Fuel Having at least
Incipient Centerline Melting
(Centerline Enthalpy > 250 cal/gm)

Fraction of Fuel Having a Fully
Molten Centerline Condition (Cénterline
Enthalpy > 310 cal/gm)

Unit 2
Cycle 2

193
263

0.0

0.01

0.0

173
173

0.0

0.0

0.0
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Unit 1
Cycle 4

198
268

0.0

0.0

177
177

0.0

0.0

0.0
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7.5 SEIZED ROTOR EVENT

The Sei}ed Rutor event was reanalyzed for Cycle 4 due to the changes in the
following key parameters.

1) The increase in the CEA drop time to 90% insertion

2) The decrease in core bypass flow, which increases the net core flow
3) The decrease in the Radial Peaking Factor

4) A more adverse (flatter) pin census.

The increase in the CEM Jdrop time and the flatter pin census adversely
impact the consequences of this event., Increasing the net core flow

and decreasing the Radial Peaking Factor will succor the consequences of
this event. Hence, a reanalysis was performed for Cycle 4 to ensure that
only a small fraction of fuel pins are predicted to fail during a Seized
Rotor event.

The Seized Rotor event is assumed to be initiated by the complete seizure of
a shaft in one of the reactor coolant pumps. This reduces the core coulant
flow rapidly to the 3 pump flow. In the analysis of the event, it is conser-
vatively assumed that the core flow is instantaneously reduced to 3 pump flow.
This initiates a reactor trip on low primary coolant flow (93% of 4 pump flow)
which terminates the decrease in the DNBR.

The methods used to analyze this event are identical to those reported in the
Unit 1, Cycle 2 Stretch Power license submittal (Reference 11). The techniques
and methods used to calculate the number of fue) pins experiencing DN8 is |
discussed in detail in Section 7.1 of the Calvert C1iffs Unit 1 Cycle 3

revised license submittal ('« ference 2) except TORC/CE-1 instead of

COSMO/W-3 was used to calcuiate the DNBR. The key transient parameters

used in this analysis are compared to the reference cycle analysis in Table 7.5-1.

The NSSS and RPS response for the Seized Rotor event initiated at an Ip =
-.15 is shown in Table 7.5-2. Figures 7.5-1 through 7.5.-4 show the
core power, core average heat flux, RCS Pressure, and RCS temperatures as
a function of time during this event.

A conservatively "flat" pin census distribution (a histogram of the number of
pins with radial peaks in intervals of 0.1 in radial peak normalized to the
maximum peak) was used to determine the number of pins that experience DNB.

The results indicate that increasing the core flow and decreasing the radial
peaking factor offset the increase in the CEA drop time to 90% insertion.
It was calculated that for Cycle 4, less than .5 percent of fuel pins will
experience DNB for even a short period of time.

For the case of the loss of coolant flow arising from a seized rotor shaft,
it is assumed that there is an instantaneous reduction to 3 pump flow. The
low flow trip assures that less than .5% of fual pins experience DNB. This
is the same as that calculated for the Reference cycle. Hence, the conclu-
sions reached for reference cycle remain valid for cycle 4,
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ASSUMPTIONS FOR SEIZED ROTOR INCIDENT

Unit 1, Unit 1,
Parameter Units Cycle 3 Cycle 4
Initial Core Power Level Mkt 102% of 2700 102% of 2700
Core Inlet Coolant F 550 550
Temperature
Four Pump Core Mass Flow Rate 10° 1bm/hr 134.22 135.24
(2200 psia, 550°F) 6
Three Pump Core Mass 10° 1bm/hr 103.4 104,44
Flow Rate (2200 psia, 550°F)
Reactor Coolant System psia 2200 2200
Pressure
Steam Generator Pressure psia 861 861
Moderator Temperature 10'4 Ap/oF +*5 +.5
Coefficient '
Doppler Coefficient Mul- - .85 .85
Tiplier ,
CEA Worth.on.Trip--_ "= """ " ?1Q?g'ﬂ9 B - g ;5‘7%';?'i'i"7~1‘ =5.7
CEA Drop time to sec 2.5 3.1

90% insertion
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TABLE 7.5-2

SEQUENCE OF EVENTS FOR SEIZED ROTOR

Time gsecz Event Setpoint or Value
0.0 Seizure of One Reactor Coolant Pump -——
0.0 Low Coolant Flow Trip 38% of 4-Pump Flc
0.1 Dump Valve Opens -
0.5 Trip Breakers Open -—
1.0 Shutdown CEAs Begin Dropping into Core e

3.5 Maximum RCS Pressure 2277
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8.0 ECCS Analysis

8.1 Introduction and Summary

The ECCS performance evaluation for Calvert Cliffs Unit I, Cycle &, presented
herein demonstrates appropriate confuruence with the Acceptance Criteria for
Light-llater-Cooled Reactors 2as presented in 1OCFRSC.46(]). The evaluation

demonstrates acceptable ECCS performance for Calvert Cliffs Unit I, during
cycle 4, at a peak linear heat generation rate of 14.2 kw/ft. The method
of analysis and results are presented in the following sections.

g.2 Method of Analysis

The method of analysis consisted of a comparison of the fuel specific
parameters for the limiting fuels in cycles 3 and 4. The comparison
demonstrates that the limiting fuel during cycle 4 has a much Tower
stored energy (i.e. higher gap conductance) than the limiting fuel
identified in the cycle 3 analysis of Reference 8. As a result,

the peak clad temperature and local clad oxidation (STRIKIN-II)(Q'S)
calculations performed for cycle 3(3-’ are conservative and applicable
for cycle 4. In addition, the blowdown (CeFLASH-4A) (), refil
(COMPERC-II)(z), and core wide oxidation (COMZIRC)(3’ sup. 1) analyses
from the cycle 2 ana]ysis(7‘) remain valid for cycle 4. Therefore, the
ECCS performance resuits reported in Reference 8 for cycle 3 are also
applicatle to cycle 4. The compariscn of the fuel specific parameters
supporting this method of analysis for cycle 4 is presented below.

8.3 Results

The cycle 4 core contains 216 high density fue) assemblies and one low density
Batch B assembly. The highest power pin in the low density Batch B
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assembly will not achieve a power levol greater than 75% of the highest

power pin in the core. Therefore, a Batch B fuel pin will not be limiting
in cycle 4.

The remaining 216 high density fuel assemblies contain 72 partially
depleted Batch D assemblies, 72 partially depleted Batch E assemblies and
72 fresh Batch F assemblies. Burnup dependent calculations were
performed for the high density fuel assemblies with the FI\TES(6 ) and
STRIKIN-II(a'S) codes. The results demonstrate that the most iimiting
fuel pin (uring cycle 4 is located in one of the partially depleted

Batch E assemblies.

Tahle R,1 comnares the fuel smecific navameters which correspond to the
limiting fuels in cycle 3 and cycle 4. As shown in the table, the

limiting hich density fuel! in cycle 4 has a stored energy 268°F lower

than the limiting fuel in cycle 3. Consequently, the ECCS performance
results reported for cycle 3 conservatively bound the performance

for cycle 4.
g-4" Conciusion

The comparison between the fuel specific parameters for the Timiting
fuels in cycles 3 and 4 demonstrates that the cycle 3 ECCS performance
analysis conservatively bounds the performance for cycle 4. Therefore,
the peak linear heat generation rate of 14.2 kw/ft which was demonstrated
to be acceptable for cycle 3 is also an acceptable limit for cycle 4
operation. Conformance of this evaluation is the same as stated in
Reference 8.

The statements in Reference 8 demonstrating compliance with Criterion 4
(coolable geometry) and Criterion 5 (long term cooling) remain unchanged.

&) ~

fe pregsented in Referencer gand G, the sma’l hreake are not limitinre.
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8.5 Computer Code Version I1dentification

Jersion 77063 of the STRIKIN-II code of Combustion Engineering's ECCS
Evaluation Model was used to perform the burnup dependent calculations in
evaluating the fuel data.




Table 8.1

Calvert Cliffs I Cycle IV Core Parameters

Quantity

Gap Conductance at PLHGR

Fuel Centerline Temperature at PLHGR
Fuel Average Temperature at PLHGR
Hot Rod Gas Pressure

Hot Rod Burnup (Minimum HGAP)

Batch B

859
3692
2419
1221

9170

1425
3405
2151
1026

1522

BTU/hr-ft
0

F
F
psia
MWD/MTY

2

e

0¢ abey



TECHNICAL SPECIFICATIONS

In this section all changes that must be made to the Technical
Specifications are provided in order to make the Technical Specifi-
cations valid for operation of Cycle 4.

Each page from the Technical Specifications which must be modified
is shown with the modification included.

ExAMPLE :
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DEFINITIONS

CHANNEL CHECK

1.10 A CHANNEL CHECK shall be the qualitative assessment of channel
behavior during operation by observation. This determination shal)l
include, where possible, comparison of the channel indication and/or
status with other indications and/or status derived from independent
instrument channels measuring the same parameter,

CHANNEL FUNCTIONAL TEST

1.11 A CHANNEL FUNCTIONAL TEST shall be:

8. Analog channels - the injection of a simulated signal into
the channel as close to the primary sensor as practicable

b. Bistable channels - the injection of a sirilated signal

into the channel sensor to verify OPERABT .ITY including
alarm and/cr trip functions,

CCRE_ALTERATION

1.12 CORE ALTERATION shall be the movement or manipulation of any
component within the reactor pressure vessel with the vessel head
removed and fuel in the vessel. Suspension of CORE ALTERATION shal}

not preclude completion of movement of a component to a safe
conservative position.

SHUTDOWN MARGIN

1.13 SHUTDOWH MARGIN shall be the instant )
which the reactor‘3ubcrit1calLiiior would be subcritica

condition assuming:
w, XH full length control e)

ement assemblies (shutdown and

of highest reactivity worth which is issumed to be fully
withdrawn, andt

tv-—ﬂe—eheﬂge—iﬂ—paﬁ%—4eﬂgéh-eeﬁ%re+-e}emen%—g&semb%y—pes%%#eﬁf

CALVERT CLIFFS-UNIT

1-3

-

to verify OPERABILITY including alarm and/or trip functions.

regulating) are fully inserted except for the single assembly




DEFINITIONS

SFACTOR TRIP SYSTEM RESPONSE TIME

1.25 The REACT"X TRIP SYSTEM RESPONSE TIME shall be the time interval
from when the mo.itored parameter exceeds its trip setpoint at the

channel sensor unt1] electrical power is interrupted to the CEA drive
mechanism.

ENGINEERED SAFETY FEATURE RESPONSE TIME

1.26 The ENGINEERED SAFETY FEATURE RESPONSE TIME shall be that time
interval from when the monitored parameter exceeds its ESF actuation
setpoint at the channel sensor until the ESF equipment is capable of
performing its safety function (i.e., the valves travel to their required
positions, pump discharge pressures reach their required values, etc.).
Times shall include diesel generator starting and sequence loading

delays where applicable.

PHYSICS TESTS

1.27 PHYSICS TESTS shall be those tests performed to measure the funda-
mental nuclear characteristics =f the reactor ccre and related instrumen-
tation and 1) described in Chapter 13.0 of the FSAR, 2) authorized

under the provisions of 10 CFR 50.59, or 3) otherwise approved by the
Commission.

UNRODDED INTEGRATED RADIAL PEAKING FACTOR - Fr

1.28 The UNRODDED INTEGRATED RADIAL PEAKING FACTOR is the ratio
of the peak pin power to the average pin power in an unrodded
core, excluding tilt.

LOAD FOLLOW OPERATION

1.29 LOAD FOLLOW OPERATION shall involve daily power levef changes of

more than 10% RATED THERMAL POWER »r daily insertion of control rods below
the long term insertion limits.

CALVERT CLIFFS-UNIT {4 1-6 Amendment No. 2
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The conditions for the Thermual Margin Safety Limit curves 1n Figures
2.1-1, 2.1-2, 2.1-3 and 2.1-4 to be valid are shown on the figures.

The reactor protective system in combination with the Limiting
Conditions for Operation, is designed to prevent any anticipated combina-
tion of transient conditions for reactor coolant system temperature,
pressure, and THERMAL POUER level that would result in a DNBR of less
than 1.19 and preclude the existence of flow instabilities.

2.1.2 REACTOR COOLANT SYSTEM PRESSURE

The restriction of this Safety Limit protects the integrity of the
keactor Coolant System from overpressurization end thereby prevents the
release of racionuclides contained in the reactor coolant from reaching
the containment atmesphere.

The reactor pressure vessel and pressurizer are designed to Section
111, 1967 Edition, of the ASME Code for Nuclear Power Plant Components
which permits a maximum transient pressure of 1107 (2750 psia) of design
pressure. The Reactor Coolant System piping, valves and fittings, are
designed to ANG! B 31.7, Class 1, 1060 Edition, which permits & maximum
transient precsure of 1103 (2750 psia) of component design pressure.
The Safety Limit of 2750 psia is therefore consistent with the design
criteria and associated code requirements.

The entire Reactor Coolant System is hydrotested at 3125 psia to
demonstrate integrity prior to initial operation.

CALVERT CLIFFS - UKIT 1 B 2-3 Amendment WO, g
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2.2 LIMITING SAFETY SYSTEM SETTINGS

BASCS ' C

2.2.1 REACTOR TRIP SETPOINTS

W—r

o

The Boactor Trip Setpoints specified in Table 2.2-1 are the values
at which the Reactor Trips are set for each parameter. The Trip Setpoint
have been selected to ensure that the reactor core and reactor coolant
system are prevented from exceeding their safety limits. Operation with
a trip set less conservative than its Trip Setpoint but within its speci-
4 fied AMlowable Value is acceptable on the basis tha'eeesw Allowable Value
is equal to or less than the drift allowance assumed{for each trip in the
safety analyses.

. -

the differerce between
the trip set.:int and

Manual Reactor Trip the

The Manual Reactor Trip is a redundant channel to the automatic
protective instrumentation channels and provides manual reactor trip
capability.

((J\ power Level-High ~ | (::

The Power Level-High trip provides reactor core protection against
reactivity excursions which are to0 rapid to be protected by a Pressurizer
3 Pressure-High or Thermal Margin/Low Pressure trip,

Py

The Power Level-High trip setpoint is operator adjustable and can be
set no higher than 10% above the indicated THERMAL POWER level. Operator
1 action is required to increase the trip setpoint as THERMAL POMER is high
; increased. The trip setpoint is automaticallyfdccreased as THERMAL poverA\powe

«imum\ || decreases. The trip setpoint has 2 meximumkvelue ot [106. 5 1gf RATED m‘%cg?
Low THERMAL PCMER and a’pﬁai-u-setpoint of 30% of KATED ThERHAL POWER. l
Power, kGding Lo this maximum value the possible variation in trip point due to
calibration and instrument errors, the maximum actual steady-state
THERMAL POKER level at which a trip would be actuated is 112% of RATED
! THERMAL POWER, which is the value used in the safety analyses.

e

Reactor Coolant Flow-Low

The Reactor Coolant Flow-Low trip prevides core protection to prevent (:
DiB in the event of a sudden significant decrease in reactor coolant _
flow. Provisions have been made in the reactor protective system to permit

CALVERT CLIFFS - UNIT 1 B 2-4
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LIMITING SAFETY SYSTEM SETTINGS

BASES

Steam Generator Water Level

3

rator Water Level-Low trip provides core protection
t +
W) 1t

The Steam Gene P
by preventing operation with the steam generator water level baloy the
minimym volume reyiired for adequate heat remova) ceapacity and assures
that the Sessae pressurepof the reactor coolant system will not be
exceeded. The specified Setpoint provides allowance that there will safety
be sufficient water inventory in the steam generators at the time of limit
trip to provide 2 margin of more than 13 minutes before auxiliary
feedwater is required.

Q

Axial Flux Offset

The axial flux offset trip is provided to ensure that excessive
axial peaking will not cause fuel damage. The axial flux offset is
determined from the axially split excore detectors. The trip setpoints
ensure that neither a DWBR of less than 1.1% nor & peak linear heat rate
which corresponds to the temperature for fuel centerline melting will
exist as & conseguence of axial power maldistributions. These trip set-
points were derived from an analysis of many axial power shapes with
allowances for instrumentaticn inaccuracies and the uncertainty associated
with the excore to incore axial flux offset relationship.

Thermal Margin/Low Pressure

The Thermal Margin/Low Pressure trip is provided to prevent oparation

when the DHER 15 Tess than 1,10, cumiiieimiiiimtetie ettt it e g
e e e ———— ’

The trip is initiated whenever the reactor coolant system pressure
signal drops below either 1750 psia or & computed value as described
below, whichever is higher. The computed value is a function of the
higher of &7 power or neutron power, reactor inlet temperature, and the
number of reactor coolant pumps operating. The minimur value of reactor
coolant flow rate, the maximun AZ MUTHAL POWER TILT ar. the maximu~ CEA
deviation permitted for continuous operation are assumed in the genera-
tion of this trip function. In addition, CEA aroup sequencing in accor-
dance with Specifications 3.1.3.5 and 3.1.3.6 is assumed. Finally, the
maximum insertion of CEA banks which can occur during any anticipated
operational occurrence prior to a Power Level-High trip is assumed.

CALVERT CLIFFS « ULid | B 2-6 Amendment No. /{2;'
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LIMITING SATLTY SYSTIM SETTINGS

BASES

The Thermal Margin/Low Pressure trip setpoints arc derived from the
core safety limits through application c¢f appropriete allowences for
equipment response time, measurement uncsrtaintics and processing error.
A safety margin is proviced which incluges: an allowence of 5% of
RATED THIRMAL POWEIR to compensate for potential power m2asurcment error;
an allowance of 2°F to compensate for potential temperature measurcment
uncertainty; and a further allowance of [EZ) psia to compensate for | 84
pressure measurement error, trip system processing error, and time delay
associated with providing effective termination of the occurrence that

exhibits the most rapid decrezsg in margin to the safety limit. The[52) 84
psia allowance is made up of a 22 psia pressure measurement allowance
and a[30])psia time delay allowance. 62

Loss of Turbine

A Loss of Turbine trip causes a direct reactor trip when operating
above 15% of RATED THERMAL POWER. This trip provides turbine protection,
reduces the severity of the ensuing transient and helps avoid the lifting
of the mzin steam iine safety velve. during the ensuing transient, thus
extending the service life of these valves. No credit was taken in the
accident anziyses for operation of this trip. Its functiona) capability
at the specified trip setting is required to enhance the overal)
reliability of the Reactor Protection System.

Rate ¢ Chenoe of Power-High

The Rate of Chance of Power-High trip is provided to protect the core
during stertup operations anc its use serves a$ a backup to the administra-
tively enforced startu; rate limit. Its trip setpoint does not correspond
to & Safety Limit and fo credit was taken in the accident anzlyses for
operation of this trip. Its functional capability 2t the specified trip
setting is required Lo enhance the overzll relizbility of the Reactor
Protection Systen,

CALVERT CLIFFS « UNIT 1 B 2-7 Amendment Ne. 21, 32
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PEACTIVITY CONTROL SYSTEMS

CEA DROP TINE

LINITING COSDITION FOR OFERATION

3.1.3.4 The individual ful) Yength (chutdmm and contral) CEA drop time,
from a fully withdrawn nosition, «hzl) be il?.ﬁ]se:cnds from when the
¢clectrical power is interrupted 1o the CEA drive mechanism until the CEA

reaches its 90 percent insertion position with:
or

a. Tavg > 515°F, and

b. Al reactor coolant pumps operating..

APPLICABILITY: MODES 1 and 2. .

ACTION:

a. MWith the drop time of any ful) length CEA determined to exceed
the above limit, restore the CEA drop time to within the &bove
limit prior to proceeding Lo MODE 1 or 2.

b. With the CEA drop times within limits but determined at less than
full rcactor coclant fiow, operation may proceed provided
THERMAL POWER is restricted to less than or equal to the
maximum THERMAL POWER leve!l allowable for the reactor coolant
pump combinatio. operating at the time of CEA drop time
determination. ’ ”

SURVE ILLANCE REQUIREMINT

£.1.3.4 The CEA drop time of full length Cths shall be demonstrated
through measurement prior to reactor criticality:

a. For all CEAs following each removal of the reactor vessel head,

b. For specifically affected indivicdual CEAs following any main-
tenance orn or modification to the CEA drive system which could
affect the drop time of those specific CEAs, and

c. At least once per 18 months.

CALVERT CLIFFS-UNIT 1 3/4 1-23 Amondment Ho. 32
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POWER DISTRIBUTION LIMITS

SURVETLLANCE RLQUIREMENTS (Continued)

€. Verifying at least once per 31 days that the AXIAL SHAPE INDEX
is maintained within the limits of Figure 3.2-2, where 100
percent of the allowable power represents the maximum
THERMAL POWIR 2llowed by the following expression:

Mx N

where:

1. M is the maximum allowable THERMAL POWER level for the
existing Reactor Coolant Pump combination.

A K is the maximun allowable ff

ction of RATED THERMAL
POWER 2s determined by the Fe

a!‘
y curve of Figure 3.2-3.

4.2.1.4 Incore Detector Monitoring System - The incore detector moni-
tering system may be used for monitoring the core power distribution by
verifying that the incore detector Local Power Density alarms:

a. Are adjusted to satisfy the requirements of the core power
/?FN distribution map which shall be updated at least once per 31
I days of accumuiated operation in MODE 1.

b. Have their alarm setpoint adjusted to less than or eaqual to the
limits shown on Figure 3.2-1 when the foellowing factors are
appropriately included in the setting of these aiarms:

1. Flux peaking augmentation factors as shown in Figure
§.2-1,

| *
2. A measurement-calculational uncertainty factor of [T-C58), |1.070
3. An engineering uncertainty factor of 1.03,

4. A linear heat rate uncertainty factor of 1.01 due to axial
fuel densification and thermal expansion, and

5. A THERMAL POWER measurement uncertainty factor of 1.02.

% An uncerfamniy facley & 110 applies whem in Lo Foutow oREAPN ‘

(]| CALVERET CLIFFS - UNIT 1} 3/4
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|| *241F. DISTRIBUTION LIMITS

TOTAL PLAUAR RADIAL PEAKING FACTOR - F

LIMITING CONDITION FOR OPCRATION

—d

3.2.2 Tne calculated value of F_ , defined 2s FIY B ny(l»Tq). shall be

—
!
!
!
L
{
:
i
1

limited to < 1.660. e
APPLICASILITY: MODE 1%. e
With FI; » 1.660, within 6 hours either:

p—yn
:
i
s. PReduce THERMAL POWER to bring the caﬂbinatior of THERMAL POWER

and F' to within the limits of Figure 3.2-3 and withdraw the !
full Ynath CEAs to or beyond the Luh, Tern Steady State b
Insertion Limits of Specification 3.1.3.6; or —

b. Be in at least HOT STANDDY.

[ =
/(:D SURSEILLANCE PEQUIREMENTS 3
:
4.2.2.17 The provisions of Specification 4.0.4 are not applicable. a
PRI | : T :
&.2.4.¢ F,V shall be calculated by the expression ny = ny (I*Tq ,
shall be detensined to be within its limit at the following intervals: T
L
s. Prior to operation above 70 percent of RATED THERMAL POWER {
.after each fuel loeding,
b. At least once per 31 days ¢f accumulated operation in MODE 1,
and
E. Within four hours if the AZIMUTHAL POWER TILT (Tq) is > 0.030. i
¥Soe Specia) Test Daception 3.10.2 ;

?n in non-LoAd Fouldw 0P ERATION and by the expression
x'y = 1.03 Fxy (1 + Tq) when in LoAD FoLLow OPERATION.

CALVERT CLIFFS - UKIT | 3/4 2-6 Amendment ho. 2), 28, 222§
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POWER DISTRIBUTION LIMITS

TOTAL INTEGRATLD RADIAL PEAKING FACTOR - rI

3.2.3 The calcylatec value of ', defined as F] F (14T ), shall be
1im

]

!
3 = {
imited to < 1,650 4 q 1.571 l e
APPLICABILITY: MODE )e. i
ACTION: {
v |
With F; >[1.65ﬂ. within € hours either: 1.571 ' i
8. Be in at least HOT STANDBY, or A
)
b. Redu:? THERMAL POWIP to bring the combination of THERMAL POWER Y.
and F_ to within the limits of Figure 3.2-3 and withdraw the !
full Yength CEAs 1o or beyond the Long Term Steady State P
Insertion Limits of Specification 3.1.3.6. The THERMAL POWER 2
limit determined from Figure 3.2-3 shall then be used to estab- i
lish a revised upper THERMAL POWER level limit on Figure =
3.2-8 (truncate Figure 3.2-4 at the allowable fraction of RATED i
THERMAL POWIE deterrined by Figure 3.2-3) and subsequent Opera- ’
tion shall be maintained within the reduced accepteble opera-
tion region of Figure 3.2-4. -
)
._-'
SURVEILLANCE REQUIREMERTS '
£.2.3.1 The provisions of Specification 4.0.4 are not applicable.
& .
4.2.3.2 F_ shall be calculated by the expression FI = F_(1+7_)%end £
shell be determined to be within its 1imit at the fbl\owgng ifitervalst
3. Prior to operation above 70 percent of RATED THERMAL POWER ;
after each fuel loading, *
b. At least once per 31 days of accumulated cperatinn in MODE 1,
and / !
/ b
€. Within four hours if the RZIMUTHAL POWER TILT (T.) is > 0.030.
kil b Ll Y s
C when in non-LoAb Fow oPZRATION, and
by the expression Fr'= 1.02 Fr (1 + Tq) —
*See Special Tes: Exception 3.10.2. when in LOAD Follow OPERATION . = .-
g 4
: o
CALVERT CLIFFS - UNIT 1 . 3/4 2-9 Amencment No. 27, 24, HEY fid
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pouCR DISTRIBUTION LIMITS

FUEL RESIDENCE TIME

LIMITING CONDITION FOR OPLRATION

3.2.5 The addition2) core averans fuel burnup ;rr:gﬁ<i;oﬂ during fuel
cycle 3 shall be limited to < 310 iffective Full Poler Days.

ATOLICABILITY: MODE 1.7

ACTION:

With the additiona) core averace fuel burnuf accumulated during fuel
cycle 3 determined to exceed 310 Effective/Full Power Days, be in at
least HOT STANDEBY within the next 6 hoursd

SURVEILLANCE REQUIREMENTS

4.2.5 The core averace fuel burnup, based on gross thermzl energy
generation, shall be defermined by calculation &t least once per 3]
days.

CALVERT CLIFFS - UNIT 1 3/4 2-13 : Amendment Ko. 27, 32
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3/4.2 POWER DISTRIBUTION LIMITS

BASES

3/4.2.1 LINEAR HEAT RATE

The limitation oOn linear heat rate ensures that in the event of a

LOCA, the peek tomperature of the fuel cladding will not exceed 2200°F.

Either of the two core power distribution monitoring systems, the
Excoré Detector Monitoring System and the Incore Detector Monitoring
System, provide adeguate monitoring of the core poOwer gistribution 2nd
are cepable of verifying that the linear heat rate does not exceed its

1imits. The Excore Detector Monitoring System performs this function by
continuously monitoring the AXIAL SHAPE INHDEX with the OPERABLE quadrant

symnetric excore neutron flux detectors and verifying that the AXTAL
SHAPE INKDEX is maintained within the allowable limits of Figure 3.2-2.

In conjunction with the use of the excore nonitoring system and in estab-
lishing the AXIAL SHAPE INDEX limits, the £o11owing assumptions are made:

1) the CLA insertion limits of Specifications 3.1.3.5 and 3.1.3.6

are satisfied, 2) the flux peaking augmentation factors are as shown in
Figure 4.2-1, 3) the AZIMUTHAL PONEIR TILT restrictions of Specification
3.2.4 are satisfied, and 4) the TOTAL PLARAR RADIAL PEAKING FACTOR does

not exceed the limits of specification 3.2.2,

The Incore Detector Monitoring System continuously provides a
direct measure of the peaking factors and the alarms wnich have been

established for the individual incore detector segments ensure that the

peak linear heat rates will be maintained within the allowable 1imits of
Figure 3.2-1. The setpoints for these slarms include allowances, set in
the conservative directions, for 1) flux peaking augmentation factors 2as

shown in Figure 4.2-1, 2) a measurenent-ca\cu\ationa] uncertainty
factor onE.LQ 3) an engineering uncertainty factor of 1.03, 4) an

5) a THERMAL POWER measurement uncertainty factor of 1.02.

3/4.2.2, 3/4.2.3 érdﬁ}j&.?.& TOTAL PLARAR AND INTEGRATED RADIAL PEAKINS

L PORER - 11T -
FACTORS - ny 4D FT' ARD AZIISUTHAL PUUER | F2z h

(v}

The limitations on P!
tions used in the analysis’

tion at the various allowable CEA group insertion lirits. The limi

-

tions on Fr and Tq are provided to ensurec that the assumptions used in

K-An Unewrta ;,,{YA‘;; sbl-lo W/f&du[h« in Lorth Fecion) OPERATION)

o B

1.070!
21lowance of 1.01 for axial fuel densification and thermal expansion, and

and T. are provided to ensure that the assumd-
for cslablishing the Linear Heat Raie and L

Power Density - High LCOs and LSSS setpoints remain valid during opera-

ey
e

CALVERT CLIFFS - UNIT 1 B 3/4 2-) pmendment Ko. 21

—— -



p.

[
Paye 21 |

1 PO"R_DISTRIBUTION LIMITS :

BASES

the analysis establishing the DNB Margin LCO, and Thermal Margin/Low
Pressure LSSS setpoints remain valid duringroper?tion at the various
allowable CEA aroup insertion limits. 1f F o F_or T excecd their
basic 1imitations, operation may centinue ufider The ad8itional restric-
tions imposed by the ACTION statements since these additiona) restric-
tions provide adequate provisions to assure that the 2ssumptions used
in establishing Lhe Linear Hest Rate, Ihermal Margin/Low Pressure and
Local Power Density - Migh LCOs and LSSS setpoints remain valid. An
ZIMUTHAL POWER TILT > 0.10 is-not expected and if it should occur, sub-
sequent operation would be restricted to only those operations required
to identify the cause of this unexpected tilt.

}he value of T_ that must be used in the equation FI & F‘ (1 + Tq)
and Fr = Fr (lqu) i the measured tilt. Y Y

The surveillance requirements for verifying that FT,. FT and.T are
within their limits provide assurance that the actual,véxuesrqf F',? F
and T do not exceed the assumed values. Verifying ' and F' affér
each Vuel loading prior to exceeding 75% of RATED THERMAL POWER provides
additional assurance that the core was properly loaded.

3/4.2.4 FUEL RESIDENCE TIME

3/4.2.5 DNB PARAMETERS °

The 1imits on the DNB related parameters assure that each of the
parameters are maintained within the norma) steady state envelope of
operation assumed in the transient an¢ accident anzlyses. The limits are
consistent with the safety analyses assumptions and have been analytically
demonstratec adequate to maintain a minimum DNBR of 1.19 throughout each
analyzed transient,

The 12 hour periodic surveillance of these parameters through instru-
ment readout is sufficient to ensure that the parameters are restored
within their limits following load chances and other expected transient
operaticn. The 1R month periodic measureme~* of the RCS tota)l ‘low rate
is adequate to detect flow degradation and ensure correlation of the
flow indication channels with measured flow such that the indicated
percent flow will provide sufficient verification of flow rate on a
12 hour basis.

CALVERT CLIFFS - UNIT 1 B 3/4 2.2

Amendment No. 27, 32, }53
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Page 04

Startup Testing

The following discussions represent the major startup tests proposed for
Calvert C1iffs 1, Cycle 4. Sufficient data is obtained to verify that

the plant operates in a safe condition within the bounds of the applicable
acceptance criteria and there” -, the safety analysis.

Hot Functional Testing

CEDM Perfr~mance Testing

During this testing, the proper functioning of the CEAs, CEDMs, and CEA
position indication will be verified through the insertion and withdrawal
of the CEAs. Rod drop times will be measured and evaluated. Any irregu-
larities shall be analyzed.

RCS Flow Yerification

RCS flow rates will be verified based on differential pressure measurements
obtained across the RCPs and RV. These values will be compared to those
obtained during previous testing for consistency.

Initial Criticality

Approach to criticality will commence with the withdrawal of the Shutdown
CEA Groups, followed by the withdrawal, in sequence, of the Regulating

CEA Groups resulting with Group 5 at mid-core. Criticality will be
established through boron dilution. The plant will be allowed to stabilize
following Critical Boron Concentration, and then proceed to the Low Power
Physics Tests to verify physics design parameters.

Low Power Pnysics Testing

CEA Symmetry Check

CEAs will be inserted into the core, and withdrawn from the core to confirm
proper latching to their respective CEA extension shafts. A qualitative
reactivity change will be apparent for single CEAs; and a quantitative
reactivity, for dual CEAs.

Critical Boron Concentration

Critical Boron Concentrations will be determined for ARO, and Groups 1

1 wrough 5 inserted.
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Isothermal Temperature Coefficient

By varying the RCS temperature, the Isothermal Temperature Ccefficient will
be determined. CEA Regulating Group 5 will be used to control and maintain
flux and reactivity within a defined operating band.

CEA Group Worth Measurements

The RCS will be diluted/borated while the CEAs are inserted/withdrawn to
compensate for a change in reactivity. These changes will be monitored
via the reactivity computer. Non-overlapped worths will be determined.

Power Ascension Test

Two major plateaus for testing will be the 50% plateau and 100% plateau.
The foliowing specific tests will be performed as shown in order to compare
and verify as-built characteristics of the core with their respective
precictions. Ir addition to the 50% and 100% plateaus, the core power
distributions will be determined and verified with predictions.

50% and 100% Plateau Testing

Upon reaching the 50% power level, Xenon Equi’ m will be established
with a1l roads out. Preparation for the Var' . Tavg test will commence
by diluting CEA Group 5 to approximately 105 inches. Following Xenon
Equilibrium, Tc will be varied, thereby yielding data for the isothermal
temperature coefficient determination. The Power Coefficient will be

determined by maintaining T constant and varying the power level,

avg

In both cases, CEA 5-1 will be used for reactivity control and maintazining
power.




Page 96

Acceptance Criteria

Acceptance criteria for the above startup testing will be developed
consistent with those presented during previcus startups.
Acceptance Limits:
CEA Groups Worth + 15% on each group
3 10% on sum of a1l groups measured,
Critical Boron Measurements + 10%
Temperature Coefficient + .3x 104 Ap/aF

Power Coefficient +.2x10% ap/s
Rod Drops € 3.1 seconds
Power Distribution ', nyT, and To within Technical

Specification Limits.

If any acceptance criteria limits listed above are exceeded, an evaluation
shall be made to determine first, the applicability of the prediction

to the precise plant conditions under which the test was performed:
second, the accuracy of the measurement; finally, the validity of the
physics data input to the safety analysis for the entire cycle. Specifi-
cally, if any regulating bank worth measurement falls outside of its
acceptance criteria or if the total worth of the regulating banks falls
outside of its acceptance criteria, shutdown bank C shall be measured

and compared with its acceptance criteria. If shutdown Bank C worth fails
outside of its acceptarce criteria or if the accumulated total worth of
211 the banks measured fi11s below their total worth acceptance creiterion
(after appropriate corrections and adjustments) then an evaluation shali
be made of the validity of the safety anaiyses for the entire cycle,

A summary report of the results of these tests will be submitted to the
NRC within 45 Days of completion of the startup program.
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“C-E Fuel Evaluation Model Topical Report", CENPD-139, dated
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