Assembly Number of
Designation Assemblies
p(1) 13
F 40
F/ 88
G 48
G/ 28

TOTALS 217

Table 3-1

Calvert Cliffs Unit 2 Cycle 5

Core Loading

Batch
Average Poison
Initial Burnap MWD/T Rods
Fariche at , ra = Per
wt¥ U-235 PR Assembly
3.03 20 .8 0
3.65 13,100 0
3.03 19,700 8
4.00 0 0
3.5 0 8

(I)Discharged from Calvert Cliffs tlnit 2 Cycle 3.

(Z)Shin Blo concentration equals .02685 gms Blo/inch.

Initial
Poison
Loading

Wt ByC

0

3.03

3.03

Total
“wumber
of
Poicon
itods

704

224

928

Total
Number
of Fuel
Rods

2,288

7.(”0

14,724

8,448

4,704

37,264
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INITIAL ENRICHMENT, W/O U-235 1 2
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1 2
10,200 | 12,500
3 4 5 6 7
10,500 | 14,000 | 15,800 32,500 | 31,900
8 9 10 11 12 13
12,000 | 25,800 | 33,700 | 33,800 29,900 | 34,100
|5 16 17 18 |19 20
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4.0

4.1

4,2

FUEL SYSTEM DESIGN

Mechanical Desim

The mechanical design for the standard Batch G reload fuel is identical to
that of the standard Batch H fuel described in the reference cycle
submittal (Calvert Cliffs Unit 1 Cycle 6, Reference 1). It is also
identical to that of the standard Batch F fuel used in Calvert Cliffs Unit
2 Cycle 4 (Reference 3) with the exception of a .200 inch reduction in the
overall length of the fuel rods. The 1length reduction will provide
additional clearance for fuel rod length increase during the lifetime of
the Batch G fuel.

The mechanical designs of the Batch D, and F fuel assemblies were
described in References 7 and 3, respectively.

C-E has performed analytical predictions of cladding creep collapse time
for all Calvert Cliffs Unit 2 fuel batches that will be irradiated in
Cycle 5 and has concluded that the collapse resistance of all standard
fuel rods 1is sufficient to preclude collapse during their design
lifetime. This lifetime will not be exceeded by the Cycle 5 duration
(Table 4-1). These analyses utilized the CEPAN computer code (Reference
8) and the analysis procedures described in Reference 9. The analysis
procedures described in Reference 9 were approved in Reference 10.

TABLE 4-1
Batch Minimum ECC 5
Collapse Time Exposure
D > 35,000 EFPH 26,000 EFPH
F > 35,000 23,200
G > 27,500 10,400

All batches of fuel were also reviewed for dimensional changes using the
SICREEP model described in Reference 11. All clearances were found to
be adequate during Cycle 5. The SIGREEP model described in Reference 11
was approved in Reference 10.

The metallurgical requirements of the fuel cladding and the fuel assembly
structural members for the Batch G fuel are identical to those of the
Batch D and F fuels to be included in Cycle 5. Thus, the chemical or
metallurgical performance of the Batch G fuel will remain unchanged from
the performance of the Cycle 4 fuel.

Hardware ‘odifications to Mitigate GCuide Tube Wear

All standard fuel assemblies which will be placed in CEA locations in
Cycle 5 will have stainless steel sleeves installed in the guide tubes to
prevent guide tube wear. A detailed discussion of the design of the
sleeves and their effect on reactor operation is contained in Heference
12,



4.3 Therma! Design

The thermal performance of composite fuel pins that envelopes the various
fuel assemblies present in Cycle 5 (fuel batches D, F and G) has been
evaluated wusing the FATES3 version of the fuel evaluation model
(References 13 and 14). The analysis was performed with a power history
that modeled the power and burnup levels representative of the peak pin at
each burnup interval, from beginning of cycle to end of cycle burnups.
The burnup range analyzed is in excess of that expected at the end of
Cycle 5.

The FATES3 power-to-centerline melt 1limit was determined for Cycle 5 by
taking some credit for the decrease in power peaking which is
characteristic of highly burned fuel. Since a gradual decrease in the
calculated power-to-melt (due to a decrease in the fuel melt temperature)
alss accompanies burnup, the most limiting power-to-centerline melt has
be2n found to occur within an intermediate burnup range. Using
conservative estimates of the burnup point at which the power peaking
begins to decrease and the rate at which it decreases for Cycle 5, the
most limiting power-to-centerline melt has been determined to be in excess
of 22 kw/ft and to occur at a rod average burnup of approximately 33,000
MWD/MTU.



5.0 NUCLEAR DESIGN

5.1

Cycle 5 of Unit 2 will k2 the second fuel cycle ior either Calvert Cliffs
Unit for which the average discharge exposure will be as high as 33,700
MWD/T. All analyses address fuel exposure explicitly and, &s in the
reference cycle, the small increase in average discharge exposure over
that of the previous cycles has not yielded, of itself, significant
changes in core parameters. Furthermore, those assemblies with burnups in
excess of 24,000 MWD/T at EOCS contain maximum 1-pin peaks which are
substantially below the maximum 1-pin peak in the core (See Section 6.2).

Physics Characteristics

5.1.1 Fuel Management

The Cycle 5 fuel management employs a mixed central region as described in
Section 3, Figure 3-1. The fresh Batch G fuel 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 4.00 wt% U-
235 and 28 assemblies with an enrichment of 3.55 wt% U-235 and 8 poison
shims per assembly. With this loading, the Cycle % burnup capacity for
full power operation is expected to be between 13,100 MWD/T and 13,700
MWD/T, depending on the final Cycle Y4 termination point. The Cycle 5 core
characteristics have been examined for Cycle 4 terminations between 16,300
and 17,300 MWD/T and limiting values established for the safety analyses.
The loading pattern (see Section 3) is applicable to any Cvele &
termination point between the stated extremes.

Physics characteristics including reactivity coefficients for Cycle 5 are
listed in Table 5-1 along with the corresponding values from the reference
cyele. Please note that the values of parameters actually employed in
safety analyses are different from those displayed in Table 5-1 and are
typically chosen to conservatively bound predicted values with
accommodation for appropriate uncertainties and allowances.

Table 5-2 presents a summary of CEA shutdown worths and reactivity
allowances for the end of Cycle 5 zero power steam line break accident and
a comparison to reference cycle data. The EOC zero power steam line break
was selected since it is the most limiting zero power steam line break
accident and, tius, provides the basis for establishing the Technical
Specification required shutdown margin.

The power dependent insertion limit (PDIL) for bank 2 insertion has

changed relative to Cycle 4. The new PDIL curve, which is the same as the.

curve for the reference cycle, is discussed in Section 9. Table 5-3 shows
the reactivity worths of various CEA groups calculated at full power
conditions for Cycle S and the reference cycle.

£.1.2 Power Distribution

Figures 5-1 through 5-3 illustrate the all rods out (ARO) planar radial
power distributions at BOCS, MOC5 and EOCS5, respectively, that are
characteristic of the high burnup end of the Cycle 4 shutdown window.
These planar radial power peaks are characteristic of the major portion of
the active core length between about 20 and 80 percent of the fuel

o,



5.1.3

5.2

5.3

5.4

height. The high burnup end of the Cycle 4 shutdown window tends to
increase the power peaking in this axial central region of the core for
Cycle 5. The planar radial power distributions for the above region with
CEA Group 5 fully inserted at beginning and end cf Cycle 5 are shown in
Figures 5-4 and 5-5, respectively, for the high burnup end of the Cycle 4
shutdown window.

The radial power distributions described in this section are calculated
data without uncertainties or other allowances. However, the single rod
power peaking values do 1include the increased peaking that is
characteristic of fuel rods adjoining the water holes in the fuel assembly
lattice. For both DNB and kw/ft safety and setpoint analyses in either
rodded or unrodded configurations, the power peaking values actually used
are higher than those expected to occur at ary time during Cycle 5. These
conservative values, which are used in Section 7 of this document,
establish the allowable limits for power peaking to be observed during
operation.

The range of allowable axial peaking is defined by the limiting conditions
for operation covering axial shape index (ASI). Within these ASI limits,
the necessary DNBR and kw/ft margins are maintained for a wide range of
possible axial shapes. The maximum three-dimensional or total peaking
factor anticipated in Cycle 5 during normal base load, all rods out
operation at full power is 1.88, not including uncertainty allowarices and
augmentation factors.

_alety Related Data

The Cycle 5 safety related data for this section are identical to the
safety related data used in the Reference Cycle, as presented in Section
5.1.3 of Reference 1.

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 15, whicli is the same method used for the reference cycle.

Nuclear Design Methodology

Analyses have been performed in the same manner and with the same
methodologies used for the reference cycle analyses.

Uncertainties in Measured Power Distributions

The power distribution measurement uncertainties contained in Reference
15 which are applied to Cycle 5 are:

Total 3-D peaking factor (Fq) uncertainty = 6.2 percent
where Fq = ny X F,, local power density

Integrated radial peaking factor (Fr) uncertainty = 6.0 percent

These values are to be used for monitoring power distribution parameters
during operation.

L



Table 5«1

Calvert Cliffs Unit 2 Cycle 5
Nominal Physics Characteristics

Units Reference che" Cycle 5
Dissolved Boron
Dissclved Boron content
for Criticality, CEAs
Withdrawn
Hot Full Power,
Equilibrium Xenon, BOC PPM 1025 1032
Boron Worth
Hot Full Power BOC PPM/%4p 106 105
Hot Full Power EOC PPM/ %40 85 85
Reactivity Coefficients
(CEAs Withdrawn)
Moderator Temperature
Coefficients, Hot Full Power,
Equilibrium Xenon
Beginning of Cycle 10~% 20 /°F «0.2 -0.1
End of Cycle 10"“Aa/°!-' =2.1 =2.1
Doppler Coefficient
Hot Zero Power BOC 10~520 /°F -1.48 -1.48
Hot Full Power BOC 10~240 /°F -1.24 =t
Hot Full Power EOC 10~220 /°F -1.47 -1.47
Total Delayed Neutron
Fraction, geff
BOC ‘ .0060¢* .00609
EOC . 00522+ .00521
Neutron Generation Time, i*
BOC 10-Csec 23.8 24,0
ECC 10-6sec 30.2 30.5

*These values are corrections to those reported in Reference 1 for Unit 1 Cycle 6.
**Unit 1 Cycle 6

LTI



Table 5-2

Calvert Cliffs Unit 2 Cycle 5 Limiting Values of
Reactivity Worths and Allowances for Hot Zero Power
Steam Line Break, %ip End-of-Cycle (EOC)

Reference
Cycle Cycle 5
1. Worth of all CEA's Inserted 10.2 9.4
2. Stuck CEA Allowance 2.6 1.8
3. Worth of all CEA's Less
Worth of CEA Stuck Out## 7.6 7.6
4, Zero Power Dependent
Insertion Limit CEA Bite 1.7 1.8
5. Calculated Scram Worth 5.9 5.8
6. Physics Uncertainty
(10% of Item 5) 0.6 0.6
7. Net Ava‘lable Scram Worth
(Item S5 minus Item 6) 5.3 5.2
8. Technical Specification
Shutdown Margin 5.3 5.2
9. Margin in Excess of Technical
Specification Shutdown Margin 0.0 0.0

® Unit 1 Cycle 6

#%Stuck CEA is one which yields worst results for HZP SLB, i.e., worst
combination of scram worth and reactivity insertion with cooldown.



Table 5-3

Calvert Cliffs Unit 2 Cycle §
Reactivity Worth of CEA Regulating
Groups at Hot Full Power, % p

Beginning of Cycle End of Cycle
Regulating Reference* Reference 9
CEA's Cycle Cycle 5 Cycle Cycle 5
Group 5 0.48 0.49 0.65 0.63
Group 4 0.31 0.27 0.33 0.36
Group 3 0.84 0.91 1.04 1.16

Notes

Values shown assume sequential group insertion

*Un‘.t 1 Cycle 6
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6.0 THERMAL-HYDRAULIC DESIGN
6.1 DNBR Analysis

Steady state DNBR analyses of Cycle 5 at the rated power level of 2700 MWt
have been performed using the TORC computer code described in Reference 1,
the CE-1 critical heat flux correlation described in Reference 2, and the
simplified modeling methods described in Reference 3.

A variant of TORC called CETOP, optiivized for simplified modeling
applications, was used in this cycle to dev:lop the "design thermal margin
model" described genarically in Reference 3. Details of CETOP are
discussed in Reference 4. CETOP was approved for use on Calvert Cliffs
Units in Reference 5. CETOP is used only because it reduces computer costs
significantly; no margin gain is expected or taken credit for.

Table 6-1 contains a list of pertinent thermal-hydraulic design parameters
used for both safety analyses and for generating reactor protective system
setpoint information. The calculational factors ~{engineering heat flux
factor, engineering factor on hot channel heat input, rod pitch and clad
diameter factor) listed in Table 6-1 have been combined statistically with
other uncertainty factors at the 05/95 confidence/probability level
to define a new design limit on CE-1 minimum DNBR when iterating on power
as discussed in Reference 6 and approved by the NRC in Reference 5. The
applicability of this minimum DNBR limit has been verified for Cycle 5.

Investigations have been made to ascertain the effect of the CEA guide tube
wear problem and the sleeving repair on DNBR margins. The findings were
reported to the NRC in Reference 7 which concluded that the wear problem
and the sleeving repair do not adversely affect DNBR margin.

6.2 Effects of Fuel Rod Bowing on DNER Margin

The fuel rod bowing effects on DNB margin for Calvert Cliffs Unit 2 Cycle
5 have been evaluated according to the guidelines set forth in Reference 8.

A total of 141 fuel assemblies will exceed the NRC specified DNBE penalty
threshold burnup of 24 GWD/T (Reference 8) during Cycle 5, the maximum
assembly burnup reaching 35.2 GWD/T by the end of cycle. For those
assemblies which will experience a burnup of between 24 and 35.2 GWLD/T at
any time during Cycle 5, the minimum best estimate margin available
relative to more limiting peaking values present in other assemblies is
greater than 11%. The DNB rod bow penalty for this burnup range, as
determined via an interpolation of the data contained in Reference 8,
varies frowm 0 to 3.8%. In summary, the magnitude of the margin available is
considerably in excess of the corresponding DNB rod bow penalty and,
consequently, no power penalty for fuel rod bowing is required in Cycle 5.

L™



Table 6-1
Calvert Cliffs Unit 2

Thermal-Hydraulic Parameters at Full Power

Reference+
General Characteristics Unit  Unit 1, Cycle 6** Cycle S**
Total Heat Output (core only) ggT 2700 2700
10” Btu/hr 9215 9215
Fraction of Heat Generated in ) 975 975
Fuel Rod
Primary System Pressure
(Nominal) psia 2250 2250
Inlet Temperature °F 548 543
Totcal Reactor Coolant Flow ggg 381,600 381,600
(steady state) 10° 1b/hr 143.8 143.8
Coolant Fiow Through Core 165 ib/hr 138.5 138.5
Hydrauiic Diameler f C.044 0.044
(nominal channel)
Average Mass Volocity 105 lb/hr-ft2 2.59 2.59
Pressure Drop Across Core psi 11.1 11.1
(steady state flow irreversible
Ao over entire fuel assembly)
Total Pressure Drop Across Vessel psi 34.7 4.7
(based on steady state flow and
nominal dimensions )
Core Average Heat Flux (Accounts Btu/hr—ft2 184,266 *** 185 ,532% e
for above fraction of neat
generated in fuel rod and
axial densification factor)
Total Heat Trarsfer Area (Accounts £t2 48,748%*+ 48,415%%wx
for axial densification factor)
Film Coefficient at Average 8tu/hr-ft2-°F 5930 5930
Conditions
Average Film Temperature Difference °F 3 3l
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Table 6-1 (continued)

é

General Characteristics Unit Reference’  Cycle 5**
Unit 1, Cycle 6**

Average Linear Heat Rate of kw/ft 6.16%" §.20veee
Undensified Fuel Rod (accounts
fo- above fraction of heat
gererated in fuel rod)

Ave "age Core Enthalpy Rise Btu/1b 66.5 66.5
Maximum Clad Surface Temperature . 657 657
Calculational Factors Reference

Unit 1, Cycle 6 Cycle 5
Engineering Heat Flux Factor 1.03* 1.03*
Engineering Factor on Hot Channel 1.02* 1.02*

Heat Input

Rod Pitch and Clad Diameter Factor 1.065* 1.065*
Fuel Densifization Factor (axial) 1.0 1.00
NOTES

* These factors have been combined statisticaily with other uncertainty factors
at 95/95 confidence/probability level (Reference §) to define a new design
limit on CE-1 minimum DNBR when iterating on power as discussed in Reference

6t agd ?pp;oved by the NRC in Reference 5. This limit has been verified to be applicable
o Cycle 5.

.

** Due to the statistical combination of uncertainties described in References
& 9, and 10, the nominal inlet temperature and nominal primary system
pressure were used to calculate some of these parameters.

***Based on Unit 1, Cycle 6 specific value of 672 shims,
****Based on Unit 2, Cycle 5 specific value of 928 shims.

+ Reference cycle (!'nit 1, Cvcle A) analvsis is contained in Reference 11.



7.0 Transient Analysis

This section presents the results of the Baltimore Gas & Electric Calvert
Cliffs Unit 2, Cycle 5 Non-LOCA safety analysis at 2700 MWt.

The Design Bases Events (DBEs) considered in the safety analysis are listed in
Table 7-1. These events were categorized in the following groups:

1. Anticipated Operational Occurrences (AOCOs) for which the intervention of
the Reactor Protection System (RPS) is necessary to prevent exceeding
acceptable limits.

2. AOOs for which the intervention of the RPS trips and/or initial steady
state thermal margin, maintained by Limiting Conditions for Operation
(LCO), are necessary to prevent exceeding acceptable limits.

3. Postulated Accidents
4, Postulated Cccurrences

The Design Basis Events (DBEs) considered in the Unit 2, Cycle 5 safety
analyses are listed in Table 7-1. Core parameters input to the safety analyses
for evaluating approaches to DNB and centerline temperature to melt fuel design
limits are presented in Table 7-2.

As indicated in Table 7-1, no reanalysis was performed for the DBEs for which
key transient input parameters are within the bounds (conservative with respect
to) of the reference cycle values (Unit 1, Cycle 6, Reference 1). For these
DBEs the results and conclusions quoted in the reference cycle analysis are
valid for Unit 2, Cycle 5.

A re-evaluation of a number of DBEs, as indicated in Table 7-1, was performed
to determine the impact of lowering the Technical Specification minimum
indicated pressure from 2225 psia to 2200 psia. For these DBEs, DNBR is the
primary criterion; thus, they were re-evaluated to ensure that the transient
minimum DNBR does not exceed the design limit of 1.23. The evaluation of these
DBEs showed that sufficient initial steady state thermal margin is maintained
by the Technical Specification DNB LCOs to assure that the transient minimum
DNBR is equal to, or greater, than the design limit of 1.23. Therefore, the
conclusions reached in the reference cycle analysis remain valid.

A re-evaluation of all DBEs was also performed to determine the impact of
extended burnup. The evaluation showed that effects of extended burnup are
no more severe than those reported in Reference 1. Thus, the conclusions
reached about extended burnup effects in Reference 1 are valid for Unit 2,
Cycle 5.

For the events reanalyzed, Table 7-3 shows the reason for the reanalysis, the
acceptance criterion to be used in judging the results and a summary of che
results obtained. Detailed presentations of the results of the reanalysis are
provided in the appropriate sections.



7.1

7.2

7.3

7.4

TABLE 7-1

CALVERT CLIFFS UNIT 2, CYCLE 5

DESIGN BASIS EVENTS CONSIDERED IN THE NON-LOCA SAFETY ANALYSIS

Anticipated Operational Occurrences for
which intervention of the RPS is necessary
to prevent exceeding acceptable limits:

Boron Dilution

Startup of an Inactive Reactor Coolant
Pump

Loss of Load

Excess Load

Loss of Feedwater Flow

Excess Heat Removal due to Feedwater
Malfunction

Reactor Coolant System Depressurization
Excessive Charging Event

P b b b b o
@ oM EW -

-

~NN NN 9=
—

Anticipated Operational Occurrences for
which RPS trips and/or sufficient initial
steady state thermal margin, maintairsd by
the LCOs, are necessary to prevent exceeding
the acceptable limits:

. Sequential CEA Group Withdrawal®
Loss of Coolant Flows

Full Length CEA Drop

Transients Resulting from the
Malfunction of Oge Steam Generator
.5 Loss of AC Power

4

e e b B
N NP
Ewh -

Postulated Accidents

7.3.1 CEA Ejection

7.2.2 Steam Line Rupture

7.3.3 Steam Generagor Tube Rupture
7.3.4 Seized Rotor

Postulated Occurrences

7.4.1 Fuel Handling

Analysis Status

Not Reanalyzed1
Not Reanalyzed

Reanalyzed
Reanalyzed
Not Reanalyzed
Not Reanalyzed

Not Reanalyzed
Analyzed

Re-evaluated
Re-evaluated
Re-evaluated
Re-evaluated

Re-evaluated

Reanalyzed
Reanalyzed
Reanalyzed
Re-evaluated

Reanalyzed

Technical Specifications preclude this event during operation.

2Requires High Power and Variable High Power Trip.

3Requires Low Flow Trip.

uRequires trip on high differential steam generator pressure.



TABLE 7-2
CALVERT CLIFFS UNIT 2, CYCLE 5
CORE PARAMETERS INPUT TO SAFETY ANALYSES
FOR DNB AND CTM (CENTERLINE TO MELT) DESIGN LIMITS

Reference Cycle

Values (Unit 1, Unit 2,
Physics Parameters Units Cycle 6) Cycle 5 Values
Radial Peaking Factors
ForTDNB Margin Analyses
Unrodded Region 1.70% % 1.70%#
Bank 5 Inserted 1.87%# 1.87%#
For Panar Radial Compoent
) of 3-D Peak
( Cﬁ Limit Analyses)
Unrodded Region 1.70%# 1.70%
Bank 5 Inserted 1.87% % 1.87#%
Maximum Augmentation 1.055 1.055
Factor
Moderator Temperature 10°uAp/°F -2.5%, 5 -2.5%,, .5
Coefficient
Shutdown Margin (Value %40 -5.32 -5.2
Assumed in Limiting
Z0C Zero Power SLB)
Tilt Allowance 2 3.0 3.0

*For DNBR and CTM calculations, effects of uncertainties on these parameters
were accounted for statistically. The procedures used in the Statistical
Combination of Urcertainties (SCU) as they pertain to DNB and CTM limits are
detailed in References 2a, 2b, 2¢. These procedures have been approved by
NRC for the Calvert Cliffs Units in Reference 3.

*%#The effective initial MTC assumed for the SLB event is -2.2x107 a0 /°F.

*The values assumed are conservative with respect to the Technical
Specification limits.



TABLE 7=-2

{continued)

Reference Cycle

Values (Unit 1, Unit 2,
Safety Parameters Units Cycle 6) Cycle 5 Values
Power Level MWt 2700% 2700%
Mayimum Steady State OF Sug* Sug*
Temperature
Minimum Steady State psia 2225+ 2200%
RCS Pressure
Peactor Coolant Flow 1081 bm/hr 138.5% 138.5%
Negative Axial Shape Ip -.15% -.15%
LCO Extreme Assumed
at Full Power (Ex-Cores)
Maximum CEA Insertion % Insertion 25 25
at Full Power of Bank 5§
Maximum Initial Linear KW/ft 16.0 16.0
Heat Rate for Transient
Cther than LOCA
Steady State Linear KW/ft 21.3 22.0
Heat Rate for Fuel CTM
Assumed in the Safety
Analysis
CEA Drop Time from sec 3.1 3.3
Removal of Power to
Holding Coils to 90%
Insertion
Minimum DNBR (CE-1) 1.23% 1.23%

*For DNBR and CTM calculations, effects of uncertainties on these parameters
were accounted for statistically. The procedures used in the Statistical
Combination of Uncertainties (SCU) as they pertain to ONB and CTM limits are
detailed in References 22, 2b, 2¢c. These procedures have been approved by
NRC for the Calvert Cliffs Units in Reference 3.

L [



Event

Loss of
Load

Excess
Toad

Excessive
Charging

CEA
Ejection

Steam Line
Rupture

TABLE 7-3

DESIGN BASIS EVENT REANALYZED FOR UNIT 2, CYCLE 5

Reason for

Reanalzsis

(changes relative
to reference cycle)

Increase in initial
pressurizer liquid
level and decrease

in initial
pressurizer pressure.

Decrease in initial
liquid level and
decrease in initial
pressurizer pressure.

Increase in initial
pressurizer liquid
level.

Lower available scram

worth at trip. Changes

in post ejected 3-D
peak and ejected CEA
worth.

Changes in moderator
cooldown curve and
available scram worth
at trip.

Acceptance Summary
Criterion of Results

Pezk pressure calcu=-
lated to be 2617

Peak pressure
less than upset

pressure limit nsia. Further
of 2750 psia. getails in Section
Talsls

Impact of Reactor Results acceptable.
Vessel Upper Head Further details in
voiding on reactor Section 7.1.4.
coolant circula-

tion and DNBR limits

not exceeded.
Time to fill Results show that
pressurizer. operator has at

least 15 minutes
from the initiation
of high pressurizer
level alarm to
terminate the event.
Further details in
Section 7.1.8.

Results show that
no pin experiences
clad damage.
Further details

in Section 7.3.1.

Fuel failure
small fraction
of 10CFR100.

Results show minimum
DNBR is equal to
1.35 for HFP and 2.0
for HZP.

Further details in
Section 7.3.2.

Post trip D'BR
greater than 1.3
with MacBeth
correlation.



Event

Steam
Generator
Tube Rupture

Fuel
Handling

TABLE 7-3

(continued)
Reason for Acceptance
Reanalzsi; Criterion
(changes relative
to reference cycle)
Increase in initial Site boundary
pressurizer liquid dose less than
level. 10CFR100 limits.
High burnup. Site boundary

dose less than
10CFR100 limits.

Summary
of Results

Results acceptable.
Further details in
Section 7.3.3.

Results acceptable.
Further details in
Section 7.4.1.

LTI



7.1.3 Loss of Load Event

The Loss of Load event was reanalyzed for Cycle 5 to determine that the RCS
pressure upset limit of 2750 psia is not exceeded. The transient DNBR was also
evaluated to ensure that the results are within the design limit of 1.23.

The methods used to analyze this event are consistent with those reported in
the reference cycle /Reference 1).

The assumpticns used to maximize RCS pressure during the transient are:

a. The event is assumed to result from the sudden <losure of the turbine stop
valves without a simultaneocus reactor trip. This assumption causes the
greatest reduclion in the rate of heat removal from the reactor coolant
system and thus results in the most rapid increase in primary pressure and
the closest approach to the RCS pressure upset limit.

b. The steam dump and bypass system, the pressurizer spray system, and the
power operated pressurizer relief valves are assumed not to be operable.
This too maximizes the primary system pressure reached during the
transient.

The Loss of Load event was initiated at the conditions shown in Table 7.1.3-1.
The combination of parameters shown in Table 7.1.3-1 maximizes the calculated
peak RCS pressure. As can be inferred from the table, the key parameters for
this event are the initial primary and secondary pressures and the moderator
and fuel temperature coefficients of reactivity.

The initial core average axial power distribution for this analysis was assumed
to be a bottom peaked shape. This distribution is assumed beczuse it minimizes
the negative reactivity inserted during the initial portiorn of the scram
following a reactor trip and maximizes the time required to mitigate the
pressure and heat flux increases. The Moderator Temperature Coefficient (MTC)
of +0.5x10™" 40/°F was assumed in this analysis. This MTC, in con junction
with the increasing coolant temperatures, maximizes the rate of change of heat
flux and the pressure at the time of reactor trip. A Fuel Temperature
Coefficient (FTC) corresponding to beginning of cycle conditions was used in
the analysis. This FTC causes the least amount of negative reactivity feedback
to mitigate the transient increases in both the core heat flux and the
pressure. The uncertainty on the FTC used in the analysis is shown in Table
7.1.3=-1. The lower limit on initial RCS pressure is used to maximize the rate
of change of pressure, and thus peak pressure, following trip.

The Loss of Load event, initiated from the conditions given in Table 7.1.3-1,
results in a high pressurizer pressure trip signal at 6.8 seconds. At 10.1
seconds, the primary pressure reaches its maximum value of 2617 psia. The
increase in secondary pressure is limited by the opening of the main steam
safety valves, which open at 5.8 seconds. The secondary pressure reaches its
maximum value of 1047 psia at 10.6 seconds >fter initiation of the event.

Table 7.1.3-2 presents the sequence of events for this event. Figures 7.1.3-1
to 7.1.3-4 show the transient behavior of power, heat flux, RCS pressure, and
RCS coclant temperatures.

-



The event was also reanalyzed with the initial conditions listed in Table
7.1.3=-3 to determine that the acceptable DNBR limit is not exceeded. The
minimum transient DNBR calculated for the event is 1.34, compared to the design
limit of 1.23.

The results of this analysis demonstrate that during a Loss of Load event the
peak RCS pressure and the minimum DNBR do not exceed their respective design
limits.



TABLE 7.1,3-1

KEY PARAMETERS ASSUMED IN THE LOSS OF LOAD ANALYSIS
TO MAXIMIZE CALCULATED RCS PEAK PRESSURE

Parameter

Initial Core Power Level

Initial Core Inlet Coolant

Temperature
Core Coolant Flow

Initial Reactor Coclant
System Pressure

Initial Pressurizer
Liquid Level at
Full Power

Initial Steam Generator
Pressure

Moderator Temperature
Coefficient

Doppler Coefficient
Multiplier

CEA Worth at Trip

Time to 90% Insertion
of Scram Rods

Reactor Regulating System

Steam Dump and Bypass

Units
MWt
OF

x10%1 be/nr

psia

£t 3

psia

x10""20 /°F
00
sec

Operating Mode
Operating Mode

#Unit 1, Cycle 6 (Reference 1)

*Corresponds ‘o Technical Specification minimum indicated pressure of 2225

Reference®

Czcle Cycle 5
2754 2754
550 550
133.9 133.9
2200* 2154
800 975

864 864
+0.5 +0.5
0.85 0.85
-4.7 4.7
3:1 3.1
Manual Manual
Inoperative Inoperative

psia. The value includes an uncertainty of 25 psia.

**Corresponds to Technical Specification minimum indicated pressure of 2200
psia. The value include: °n

» vertainty of 46 psia.



Time (sec)

0.0
5.8

6.8

8.2
7.9
10.1
10.6
12.3

TABLE 7.1'.3-2

SEQUENCE OF EVENTS FOR THE LOSS OF LOAD EVENT
TO MAXIMIZE CALCULATED RCS PEAK PRESSURE

Event

Loss of Secondary Load

Steam Generator Safety Valves
Open

High Pressurizer Pressure Analysis
Trip Setpoint is Reached

CEAs Begin to Drop Into Core
Pressurizer Safety Valves Open
Maximum RCS Pressure

Maximum Steam Generator Pressure

Pressurize; Safety Valves are
Fully Close -

Setpoint or Value

1000 psia

2422 psia

2500 psia
2617 psia
1047 psia
2500 psia

L T



TABLE 7.1.3-3

KEY PARAMETERS ASSUMED IN THE LOSS OF LOAD ANALYSIS
TO CALCULATE TRANSIENT MINIMUM DNBR

Paranegg_:: Units

Initial Core Power Level MWt
Initial Core Inlet Coolant °F

Temperature

Core Coclant Flow x1061bm/hr
Initial Reactor Coolant psia
System 'ressure

Initial Steam Generator psia
Pressure

Integrated Radial Peaking
Factors, F.' (Bank 5
Inserted Zgi)

Moderator Temperature x10~%, /°F
Coefficient

Doppler Coefficient

Multiplier

CEA Worth at Trip "o

Time to 90% Insertion sec

of Scram Rods

Reactor Regulating Operating Mode
System

Steam Dump and Bypass Operating Mode
System

#nit 1, Cycle 6 (Reference 1)

#REffects of uncertainties on these
statistically. (See Reference 2)

*The wvalues assumed are conservative
Specification limits.

Reference®* Unit 2,
Cycle Cycle 5
2700%# 2700%#
S4ges Suges
138.5%% 138.5%¢
2225%% 22C0%#
864 864
1.75%%:+ 1.75%8,+
+0.5 +0.5
0‘85 0'85
-4.7 -l.7

G 21
Manual Manual

Inoperative Inoperative

parameters

were accounted for

with respect to the Technical
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7.1.4 Excess Load Event

The Excess Load event was reanalyzed for Unit 2, Cycle 5 to evaluate the impact
of initiating the event from a pressurizer level of 270 ft-. The analysis
evali=*ed the impact of reactor vessel upper head (RVUH) voiding on reactor
coolant circulation and fuel design limits. The analysis included the
automatic initiation of auxiliary feedwater three minutes after initiation of
reactor trip signal and a manual trip of the reactor coclant pumps (RCPs)
following a safety injection actuation signal (SIAS) due to low pressurizer
pressure. The RCP coastdown results in a proportionately reduced RVUH flow
until natural circulation is established; at that time all flow to the RVUH is
assumed to terminate.

The Excess Load event is initiated by the instantaneous opening of steam dump
and bypass valves which have a combined capacity of 45% of nominal full power
steam flow. This Excess Load event persists until the steam generators are
isolated on steam generator isolation signal (SGIS) due to low secondary
pressure. The full power event maximizes primary cooldown, shrinkage and
consequently RVUH veiding.

The magnitude of RVUH voiding at full power is sigrificantly greater than at
zero power because of the higher RVUH coolant temperatures and the larger
primary coolant shrinkage that occurs at the higher system temperatures.
Therefore, only the full power excess load transient results are described

herein.

The key parameters assumed in the analysis to maximize RVUH is given in Table
7.1.4=1. The key parameters assumed to minimize DNBR is given in Table
7.10“’20

The analysis to maximize RVUH voiq‘ing conservatively assumed a Moderator
Temperature Coefficient of +0.5x107 4p /°F. This MIC in combination with
decreasing coolant temperatures inserts negative reactivity and causes the core
power to decrease. The decreasing core power does not allow either the High
Power trip or TM/LP trip to be initiated and thus the time of reactor trip is
delayed until a low pressurizer pressure trip (i.e., floor of the TM/LP trip)
is generated. The longer time required to initiate reactor trip causes the
pressurizer to drain and thus maximizes RVUH voiding.

The analysis conservatively assumed that all three charging pumps were
inoperable and that one High Pressure Safety Injection (HPSI) pump fails to
start on SIAS due to low pressurizer pressure.

The effect of auxiliary feedwater was explicitly evaluated by analyzing the
event both with and without auxiliary feedwater initiated three minutes after
reactor trip signal is generated. An auxiliary feedwater flow of 172 lbm/sec
to each steam generator is conservatively assumed (i.e., 10.5% of full power
main feedwater flow per generator). The maximum auxiliary feedwater flow
causes the fastest primary cooldown and thus enhances the bubble formation in
the upper head.

This analysis shows that some RVUH voiding will occur as a result of the RCS
depressurization caused by an Excess Load transient. Voiding in the RVUH
starts when RCS pressure control is lost due to the primary coolant shrinkage
which drains the pressurizer. During the period of RVUH voiding, RCS pressure
is controlled by the saturation pressure within the upper head. This reduces



the RCS depressurization in the latter part of the transient as compared to
analyses which do not explicitly model RVUH voids.

RVUH coolant temperatures initially follow the core outlet temperature and
therefore decrease immediately following a reactor trip. The decrease in RVUH
coolant flow reduces the convective heat transfer and inhibits upper head
cooldown. This leads to elevated RVUH coolant temperatures which raise the
upper head saturation pressure and therefore increase RCS pressure during the
period of voiding. The increased RCS pressure does not adversely impact the
approach to any SAFDL; however, safety injection flow is decreased. The
reduced safety injection flow does not result in a return to criticality.
However, the decreased flow diminishes the mitigating effect of safety
injection on coolant shrinkage and, therefore, enhances voiding. Subsequent
RVUH cooldown is accomplished through an exchange of coolant between the RVUH
and the core outlet plenum. This exchange of coolant is driven by the
expansion and contraction of the steam bubble. Additional RVUH cooling is
accomplished through heat ccnduction across the upper guide structure.

At the time of maximum RVUH voiding approximately 63% of the head is occupied
by steam. Since this steam bubble does not expand beyond the upper head,
primary coolant circulation is unzffected. Tables 7.1.4-3 and 7.1.4-4 present
the sequence of events for the event initiated without and with auxiliary
feedwater flow. Figures 7.1.4=1 through 7.1.4=-14 present the transient
behavior of the system variables during the event. The analysis demonstrates
that the addition of auxiliary feedwater prolongs the duration of RVUH voiding
and delays repressurization of the RCS. However, since auxiliary feedwater is
delivered after the time of maximum voiding, the peak void fraction is
unchanged.

The Excess Load event initiated from the conditions given in Table 7.1.4=2
resulted in a minimum DNBR of 1.46 compared to the design limit of 1.23 (CE-1
correlation).

In conclusion, the potential RVUH voiding associated with an Excess Load
transient initiated from a pressurizer level of 270 ft- does not extend
beyond the upper head and therefore will not affect primary coolant
¢circulation. In addition, approach to SAFDLs are not impacted by RVUH
voiding. The results of the analysis also shows that the NSSS achieves stable
conditions and that shutdown cooling procedures can be initiated if deemed
necessary.



TABLE 7.1.4=1
KEY PARAMETERS ASSUMED IN

THE EXCESS LOAD EVENT ANALYSIS TO MAXIMIZE RVUH VOIDING

Parameter

Initial Core Power Level

Core Inlet Temperature

Reactor Coolant System Pressure
Core Mass Flow Rate

Moderator Temperature
Coefficient

CEA Worth Available at Trip
Auxiliary Feedwater Flow Rate

Low Pressurizer Pressure
Analysis Trip Setpoint

SIAS Analysis Setpoint
SGIS Analysis Setpoint

Initial Pressurizer Level

Units

Mt
3

psia
x10%1bm/hr
x10~%80 /°F

%40
1bm/sec

psia

psia
psia

Value

2754
550
2300
133.6
+.5

4.7
172.0/5.G.
1728

1556
548
270



TABLE 7.1.4=2

KEY PARAMETERS ASSUMED IN THE EXCESS LOAD EVENT ANALYSIS
TO CALCULATE TRANSIENT MINIMUM DNBR

Reference Unit 2,
Parameter Units Cycle® Cycle 5
Initial Core Power Level MWt 2700* 2700*
Core Inlet Temperature o s48* 5u8*
Reactor Coolant System psia 2225* 2200*
Pressure
Core Mass Flow Rate x 1081 bm/nr 138.5* 138.5*
Moderator Temperature x10'“Ao)°F -2.5 =2.5
Coefficient
CEA Worth Available %80 -4.3 -4.3
at Trip
Doppler Multiplier 0.85 0.85
Inverse Boron Worth PPM/% 105 105
Auxiliary Feedwater lbm/sec 175.0/8.G. 175.0/8.G.
Flow Rate
High Power Level Trip % of full power 110 110
Setpoint
Low S.G. Water Level ft 30.9 30.9
Trip Setpoint
RTD Response Time sec 12.0 12.0

*Reference cycle is Unit 1 Cycle 6, Reference 1.

*For DNBR calculations, effects of uncertainties on these parameters were
combined statistically (see Reference 2).

o



TABLE 7.1.4-3

SEQUENCE OF EVENTS FOR THE EXCESS LOAD EVENT
WITHOUT AUXILIARY FEEDWATER

Time (sec) Event Setpoint or Value
0.0 Steam Dump and Bypass Valves —
Fully Open
2u.2 Pressurizer Empties -
28.9 Low Pressurizer Pressure Analysis 1728 psia
Trip Setpoint is Reached
29.8 Trip Breakers Open
30.3 CEAs Begin to Drop Into Core
Feedwater Starts Rampdown —
32.6 SIAS is Initialed 1556 psia
Reactor Coolant Pumps Manually
Tripped
67.1 SGIS is Generated 548 psia
68.0 Main Steam Isolation Valves -—
Begin to Close
80.0 Main Steam Isolation Valves -—
are Closed
90.3 Feedwater Rampdown to 5% is
Completed
107.6 Maximum RVUH Void is Reached 63%
210.3% Main Feedwater Isolated
521.6 Minimum RCS Pressure 728.50
717.8 Upper Head Void is Zero

Pressurizer Starts to Refill

®Main feedwater would have been isolated 80 seconds after SGIS is initiated
(i.e., at 147.1 seconds). The analysis conservatively assumed that main
feedwater is isolated at 210.3 seconds to prolong the duration of RVUH
voiding.



TABLE 7.1.4-4

SEQUENCE OF EVENTS FOR THE EXCESS LOAD EVENT
WITH AUXILIARY FEEDWATER

Time (sec) Event Setpoint or Value

0.0 Steam Dump and Bypass Valves —
Fully Open

24,2 Pressurizer Empties —

28.9 Low Pressurizer Pressure Analysis 1728 psia
Trip Setpoint is Reached

29.8 Trip Breakers Open

30.3 CEAs Begin to Drop Into Core

Feedwater Starts Rampdown —-—
Turbine Valves Begin to Close

32.6 SIAS is Initiatea 1556 psia
Reactor Coolant Pumps Manually
Tripped
67.1 SGIS i3 Generated 548 psia
68.0 Main Steam Isolation Valves
Begin to Close
80.0 Main Steam Isolation Valves
are Closed
90.3 Feedwater Rampdown to 5% is
Completed
107.6 Maximum RVUH Void is Reached 63%
210.3% Main Feedwater Isolated 172 1bm/S.G.
Auxiliary Feedwater is
Initiated
900.0 Operator Action

To Isolate Auxilary Feedwater
to Steam Generators

#Main feedwater would have been isoclated 80 seconds after SGIS is initiated
(i.e., at 147.1 seconds). The analysis conservatively assumed that main
feedwater is isolated at 210.3 seconds to prolong the duration of RVUH
voiding.
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7.1.8 Excessive Charging Event

The Excessive Charging event initiated from r.;imum pressurizer level was
analyzed for Unit 2 Cycle 5 to assure that the oy :wztor has at least fifteen
(15) minutes from initiation of a high prescurizer level alarm to take
corrective action and terminate the event pri‘r to filling the pressurizer
solid. The Excessive Charging event is assimed to occur by inadvertent
initiation of charging flow.

The time required to fill the pressurizer solid was calculated using Equation
7.108-1.

A Tl B
Vz Eq. 7.1-8-1
(F..-F o) =
CH "LD vy

where:
Vg = steam volume in the pressurizer
Vgr = equivalent saturated liquid volume of pressurizer steam volume
Vr = volume above the spray nczzles
Fey = charging flow rate
FiLp = letdown flow rate
vy = specific volume of liquid at charging and letdown conditions
vy = specific volume of liquid at pressurizer conditions

The analysis was performed for three combinations of charging and letdown
flows. Table 7.1.8-1 presents the initial conditions assumed in the analysis
and the results of the analysis. The initial conditions assumed in the
analysis are consistent with Techrical Specification 1limits on initial
pressurizer level including appropriate uncertainties. As seen from the table,
all three combinations of charging and letdown flows analyzed provide at least
fifteen minutes after initiation of high level alarm for the operator to take
corrective actions and terminate the event prior to filling the pressurizer
solid.

L



TABLE 7.1.8-1

Maximum Initial
Pressurizer Level

High Level Alarm

Time to Fin'Y)

Volume Control Assumptions | Assumed in Analysis Analysis Setpoint Pressurizer

Charging Flow Letdown Flow| Liquid Volume Leve‘3w Liquid _Volume Level(3) (minutes)
(GPM (GPM) (ft3) (in) | (ft3) (in)

1. 132 0 915 227 920 228 15

2. 132 29 975(2) 242 1040 257 15

3. 88 0 975(2) 242 1100 272 15

(‘)From time of initiation of high pressurizer level alarm

(Z)Haximum limit based on Loss of Load event

(3)Referenced to the 1" level nozzle at the bottom of the pressurizer




7.3.1 CEA Ejection Event

The CEA Ejection event was reanalyzed for Unit 2 Cycle 5 to determine the
fraction of fuel pins that exceed the c¢criterion for clad dam»ge.

The analytical method employed in the reanalysis of this event is the NRC
approved Combustion Engineering CEA Ejection method wh':* ' described in
CENPD-190-A, (Reference 4).

The key parameters used in this event are listed in Table " .3 i=1. With these
key parameters, selected to add conservatism, the procedu e ocuclined in Figure
2.1 of Reference 4 is then used to determine the ar:-age and centerline
enthalpies in the hottest spot of the rod. The calculate.i en-halpy values are
compared to threshold enthalpy values to determine the anount £ fuel exceeding
these thresholds. These threshold enthalpy values are (Ref -=2nres 5, 6, and
.

Clad Damage Threshold:

Total Average Enthalpy = 200 cal/gm
Incipient Centerline Melting Threshold:

Total Centerline Enthalpy = 250 cal/s
Fully Molten Centerline Threshold:

Total Centerline Enthalpy = 310 cal/gm

To bound the most adverse conditions during the cycle, the most limiting of
either the Beginning of Cycle (BOC) or End of Cycle (EOC) parameter values were
used in the analysis. A BOC Doppler defect was used since it produces the
least amount of negative reactivity feedback to Jnitigate the transient. A BOC
moderator temperature coefficient of +0.5x10 " ap /°F was used because a
positive MIC results in positive reactivity feedback and thus increases coolant
temperatures. An EOC delayed neutron fraction was used in the analysis to
produce the highest power rise during the event.

The zero power CEA Ejection event was analyzed assuming the core is initially
operating at 1 MWt. At zero power, a Variable High Power ¢trip is
conservatively assumed to initiate at 40% (30% + 10% uncertainty) of 2700 MWt
and terminates the event.

The full and zero power ciies were analyzed, assuming the value of 0.05 seconds
for the total ejection tine, which is consistent with the FSAR and previous
reload submittais.

The power transient produced by a CEA ejection initiated at the maximum allowed
power is shown in Figure 7.3.1-1. Similar results for the zero power case are
shown in Figure 7.3.1-2.

The results of the two CEA ejection cases analyzed (Table 7.3.1-2) show that
the maximum total energy deposited during the event is less than the criterion
for clad damage (i.e., 200 cal/gm). Also, an acceptably small fraction of the
fuel reaches incipient centerline melt threshold.

e



TABLE 7.3.1-1

KEY PARAMETERS ASSUMED IN THE CEA EJECTION ANALYSES

Parameter

Full Power

Core Power Level

Core Average Linear Heat
Generation Rate at

2754 MWt

Moderator Temperature
Coefficient

Ejected CEA Worth

Delayed Neutron
Fraction,

Post-Ejected Radial
Power Peak

Axial Power Peak

CEA Bank Worth at Trip
Tilt Allowance

Doppler Multiplier

Zero Power
Core Power Level
Ejected CEA Worth

Post-Ejected Radial
Power Peak

Axial Power Peak

CEA Bank Worth at Trip
Tilt Allowance

CEA Drop Time

Doppler Multiplier

pnits

KW/ft

10.uAp /OF

.

sec

Reference

Cycle®

.32
.0ou7

3.36

1.39
-3.88
1.03

1.0
.60
9.83

#Reference cycle is Unit 1, Cycle 4 (Reference 8).

Unit 2
Cycle 5

2754
6.36

.28
004y

3.6

1.44
-3.0
1.03
0.85

1.0
.63
9.40



TABLE 7.3.1=2

CEA EJECTION EVENT RESULTS

Full Power

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

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

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

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

Fraction of Fuel Having a Fully Molten
“enterline Condition (Centerline
nthalpy > 310 cal/gm)

Zero Power

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

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

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

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

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

Reference Cycle Unit 2
Unit 1, Cycle 4 Cycle 5

198. 185.

268. 293-

0 0

001 008

0 0
Reference Cycle Unit 2
Unit 1, Cycle 4 Cycle S

177 185,

177, 199.

0 0

0 0

0 0
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7.3.2 Steam Line Rupture Event

The Steam Line Rupture (SLB) event was analyzed for Cycle 5 to determine that
the critical heat flux is not exceeded during this event.

The analysis included the effect of automatic initiation of auxiliary feedwater
flow in three (3) minutes from the initiation of a Low S.G. level signal, a
manual trip of the Reactor Coolant Pumps on Safety Injection Actuation Signal
due to low pressurizer pressure, and an MSIV closure time of 12 seconds.*®

The analysis assumed that the event is initiated by a circumferential rupture
of a 34-inch (inside diameter) steam line at the steam generator main steam
line nozzle. This break size is the most limiting, since it causes the
greatest rate of temperature reduction in the reactor core region.

The SLB event was analyzed with the assumption of 2 three minute delay between
the time of reactor trip on Lew S.G. pressure and the time when Auxiliary
Feedwater (AFW) flow is delivered to the affected steam generator. This is
conservative with respect to the expected time of AFW initiation since the
generation of the AFW signal actually occurs at the time of the Low Steam
Generator Water Level trip signal which occurs later than the Low S.G. Pressure
trip. The analysis assumes, therefore, that AFW flow is delivered to the steam
generator sooner than the flow is actually available resulting in a
conservative prediction of the resulting cooldown.

A conservatively high value of the AFW flow was calculated assuming that 211
auxiliary feedwater pumps are operable. An AFW flow value of 21% of full power
feedwawter flow was used in the analysis. This value accounts for pump run-out
due to reduced back pressure. In addition, the analysis conservatively assumed
that all the AFW flow is fed only to the damaged steam generator.

The analyses assumed that the main feedwater flow is ramped down to 8% of full
power feedwater flow in 20 seconds and that the main feedwater isolation valves
are completely closed in 80 seconds after a low steam generator pressure or a
main steam isclation signal. These assumptions are consistent with Technical
Specification limits (see Table 3.3-5).

During a Return-To-Power, negative reactivity credit was assumed in the
analysis. This negative reactivity credit is due to the local heatup of the
inlet fluid in the hot channel, which occurs near the location of the stuck
CEA. This credit is based on three-dimensional coupled neutronic-thermal-
hydraulic calculations performed with the HERMITE/TORC code (References 9 and
10) for St. Lucie Unit 2, Cycle 1 (Reference 11). It should be noted that only
a small fraction of the negative reactivity credit justified for St. Lucie Unit
2 was included in the SLB event analysis for Calvert Cliffs Unit 2, Cycle 5.

The manual trip of the RCPs is assumed to result in no flow mixing at the core
inlet plenum. Thus, c¢old edge temperatures were used to calculate the
moderator reactivity insertion during the cooldown of the RCS following a SLB.
The two SLB cases considered in conjunction with the automatic initiation of
auxiliary feedwater flow and manual trip of RCPs are:

#Conservative with respect to Technical Specification limit of 6.0 seconds.



1. 2 Loop - Full Load (2754 MWt)
2. 2 Loop - No Load (1 MWt)

The 1 Loop - Full Load and 1 Loop - No Load cases were not analyzed since
Technical Specifictions prohibit operation in these modes.

The Two Loop-2764 MWt case was initisted at the conditions listed in Table
7.3.2=1. The Moderator Temperature Coefficient (MTC) of reactivity assumed in
the analysis corresponds to end of life, since this MTC results in the greatest
positive reactivity change during the RCS cooldown caused by the Steam Line
Rupture. Since the reactivity change associated with moderator feedback varies
significantly over the moderator density covered in the analysis, a curve of
reactivity insertion versus density rather than a single value of MIC, is
assumed in the analysis. The moderator cooldown curve assumed is given in
Figure 7.3.2-1. The moderator c¢ooldown curve given in Figure 7.3.2-1 was
conservatively calculated assuming that on reactor scram, the Control Element
Assembly is stuck in the fully withdrawn position which yields the most severe
combination of scram worth and reactivity insertion.

The reactivity defect associated with the fuel temperature decrease is also
based on an end of life Doppler defect. The Doppler defect based on an end of
life Fuel Temperature Coefficient (FTC), in conjunction with the decreasing
fuel temperatures, causes the greatest positive reactivity insertion during the
Steam Line Rupture event. The uncertainty on the FTC assumed in the analysis
is given in Table 7.3.2-1. The g fraction assumed is the maximum absolute
value including uncertainties for end of life conditions. This too is
conservative since it maximizes suberitical multiplication and, thus, enhances
the potential for Return-To-Power (R-T-P).

The minimum CEA worth assumed to be available for shutdown at the time of
reactor trip at the maximum allowed power level is=6.89% 2. This available
scram worth was calculated for the stuck rod which produced the moderator
cooldown curve in Figure 7.3.2-1.

The analysis conservatively assumed that on Safety Injection Actuation Signal
one High Pressure Safety Injection pump and one Low Pressure Safety Injection
pump fail to start. The analysis also assumed a conservatively low value of
boron reactivity worth at -1.0% &p per 95 PPM.

The conservative assumptions on feedwater flow were discussed previously. The
feedwater flow and enthalpy as a function of time are presented in Figures
7.3.2-2 and 7.3.2-3, respectively.

Table 7.3.2-2 presents the sequence of events for the full power case initiated
at the conditions given in Table 7.3.2-1. The reactivity insertion as a
function of time is presented in Figure 7.3.2-4., The response of the NSSS
during this event is given in Figures 7.3.2-5 through 7.3.2-9.

The results of the analyses show that SIAS is actuated at 16.7 seconds, at
which time the Reactor Coolant Pumps are manually tripped by the operator. The
manual trip of RCPs slows down the rate of primary heat removal and, thus,
delays the time when the affected steam generator blows dry. The affected
steam generator blows dry at 94.0 seconds and terminates the cocldown of the



RCS. The peak reactivity attained prior to delivery of Auxiliary feedwater
flow is -.052% &0 at 123.0 seconds. A peak R-T-P of 9.3%, consisting of 3.5%
decay heat and 5.8% fission power is produced at 127.5 seconds. The continued
production of decay heat from the fuel after termination of blowdown, causes
the reactor coolant temperatures to increase. This in turn reduces the
magnitude of the positive moderator reactivity inserted and, thus, the total
reactivity becomes more negative.

The delivery of auxiliary feedwater flow to the affected steam generator at
183.7 seconds initiates a further cooldown of the RCS which results in more
positive reactivity insertion. The positive reactivity insertion causes the
core to approach criticality. The peak criticality attained is +.044% 40 at
584.3 seconds. The reactivity transient is terminated by the boron injected
via the High Pressure Safety Injection Pumps. A peak R-T-P of 3.1%, consisting
of 2.3% decay heat and 0.8% fission power is produced at 624.0 seconds.

The MacBeth correlation (Reference 12) with the Lee non-uniform mixing
correlation factor (Reference 13) results in a post-trip minimum DNBR of 1.35
compared to the DNBR limit of 1.30 during a SLB event initiated from hot full
power conditions. Thus, critical heat fluxes are not exceeded during this
event.

Two Loop-No Load case was initiated at the conditions given in Table 7.3.2-3.
The moderator cooldown curve is given in Figure 7.3.2-10. The c¢ooldown curve
corresponds to an end of life MIC. An end of life FTC was also used for the
reasons previously discussed in connection with the Two Loop-2754 MWt case.

The minimum CEA worth assumed to be available for shutdown at the time of
reactor trip at the zero power level is -5.2%40 . This available scram worth
was calculated for the stuck rod which produced the moderator cocldown curve in
Figure 7.3.2-10. A maximua inverse boron worth of 60 PPM/% 40 was
conservatively assumed for the safety injection during the no load case. The
feedwater flow and the enthalpy used in the analysis are presented in Figures
7.3.2=-11 and 7.2.3=12, respectively.

Table 7.3.2-4 presents the sequence of events for the Two Loop-No Load case
initiated from the conditions given in Table 7.3.2-3. The reactivity insertion
as a function of time is presented in Figure 7.3.2-13. The NSSS response
during this event are given in Figures 7.3.2-14 to 7.3.2-18.

The results of the analysis show that SIAS is actuated at 20.9 seconds, at
which time the RCPs are manually tripped by the operator. Auxiliary feedwater
flow is initiated at 183.3 seconds which continues the cooldown of the RCS.
Thus, the total core reactivity approaches criticality. The peak reactivity
attained is +0.34%,, at 450.8 seconds and a peak power of 3.13% occurs at 472.5
seconds. The addition of boron via High Pressure Safety Injection mitigates
the reactivity transient.

The MacBeth correlation with the Lee non-uniform mixing correlation factor
results in a post-trip minimum DNBR of 2.00 compared to the DNBR limit of 1.30,
during a SLB event initiated from hot zero power conditions. Thus, critical
heat fluxes are not exceeded during this event.



The Steam Line Rupture event initiated from HFP and HZP conditions with
automatic initiation of auxiliary feedwater flow and manual trip of RCPs on
SIAS due to low pressurizer pressure shows that the DNBR limits are not
exceeded. Since the DNBR limits are not exceeded and no fuel pins are
predicted to fail, it is concluded that the consequences of the SLB event are
acceptable for Cycle 5 operation.



TABLE 7.3.2-1

KEY PARAMETERS ASSUMED IN THE STEAM LINE RUPTURE
ANALYSIS 2-LOOP-2754 MWT

Reference Unit 2
Parameter Units Cycle* Cycle 5
Initial Core Power MWt 2754 2754
Initial Core Inlet oF 550 550
Temperature
Initial RCS Pressure psia 2300 2300
Initial Steam Generator psia 871 860%#
Pressure
Low Steam Generator psia S48 548
Pressure Analysis Trip
Setpoint
Safety Injection psia 1556 1645
Actuation Signal
Minimum CEA Worth o -7.02 -6.89
Available at Trip
Doppler Multiplier 1.15 1.15
Moderator Cooldown %o vs. See Figure 7.3.2-1 See Figure
Curve density of Reference 1 7.3.2-1
Inverse Boron Worth PPM/% 40 85 95
Effective MTC x10~%o /OF =Y 2.2
8 Fraction (including .0060 .006C

uncertainty)

* Unit 1 Cycle 6 (Reference 1)

##The difference in initial steam generator pressure :.as negliable impact on
the results.



Time (sec)

0.0
2.3

3.2

3.7

15.2

16-7

16.8

17.2
23.7

146.7

83.2
34.0

123.0

127.5

183.7

584.3

TABLE 7.3.2-2

2-LOOP=2754 MWT

Event

Steam Line Rupture Occurs

Low Steam Generator Pressure
Analysis Trip Setpoint is
Reached; Steam Generator
Isclation Analysis Setpoint
is Reached

Trip Breakers Open; Main Steam
Isolation Valves Begin to Close

CEAs Enter Core;
Main Feedwater Rampdown Begins

Main Steam Isolation Valves
Completely Closed

Safety Injection Actuation
Signal

Reactor Coolant Pumps
Manually Tripped

Pressurizer Empties

Main Feedwater Rampdown
Completed

High Pressure Safety Injection
Pumps at Full Speed

Main Feedwater Isolation

Affected Steam Generator
Blows Dry

Peak Reactivity, Prior to
Auxiliary Feedwater Flow

Peak Return to Power
Auxiliary Feedwater Flow
Initiated to Ruptured Steam
Generator

Peak Reactivity Post Auxiliary
Feedwater Flow

SEQUENCE OF EVENTS FOR STEAM LINE RUPTURE EVENT
WITH AUTOMATIC INITIATION OF AUXILIARY FEEDWATER
AND MANUAL TRIP OF REACTOR COOLANT PUMP

Setpoint or Value

548.0 psia

1645.0 psia

8% of full power
feedwater flow

-.052’

9.3%
240 lbm/sec

+.04ug



TABLE 7 0302-2

(continued)
Time (sec) Event Setpoint or Value
624.0 Peak Return to Power Post 3.1%

Auxiliary Feedwater Flow

1200.0 Operator Isolates Ruptured -—
Steam Genrator and Terminates
Auxiliary Feedwater Flow



TABLE 7.3.2-3

KEY PARAMETERS ASSUMED IN THE STEAM LINE RUPTURE
ANALYSIS 2-LOOP NO LOAD

Parameter
Initial Core Power

Initial Core Inlet
Temperature

Initial RCS Pressure

Initial Steam Generator
Pressure

Low Steam Generator
Pressure Analysis
Trip Setpoint

Safety Injection
Actuation Signal

Minimum CEA Worth
Available at Trip

Doppler Multiplier
Moderator Cooldown Curve

Inverse Boron Worth
Effective MTC

g Fraction (including
uncertainty)

Units

MWt
OF
psia

psia

psia

psia

% vs.
density

PPM/% 40
x10~% 30/°F

®Unit 1 Cycle 6 (Reference 1)

Reference

Cycle®
100

532

2300
900

See Figure 7.3.2.10
of Reference 1

90
-202
.0060

Unit 2
Cycle 5

1.0
532

2300
900

548

1645
"5-2

1.15

See Figure
7.3.2‘10

90
-2.2
.0060



Time (sec)

0.0
1.9

2.8

3.3
14.8

20:9

24.3
50.9

82.8
183.3

450.8
472.5
1200.0

TABLE 7.3.2-4

2-LOOP=-NO LOAD
Event
Steam Line Rupture Occurs
Low Steam Generator Pressure
Analysis Trip Setpoint is
Reached; Steam Generator
Isolation Analysis Setpoint
is Reached
Trip Breakers Open; Main Steam
Isolation Valves Completely
Closed
CEAs Enter Core

Main Steam Isolation Valves
Completely Closed

Safety Injection Actuation
Signal

Reactor Coolant Pumps Manually
Tripped

Pressurizer Empties

High Pressure Safety Injection
Pumps at Full Speed

Main Feedwater Isclation
Auxiliary Feedwater Flow
Initiated to Ruptured
Steam Generator

Peak Reactivity

Peak Power

Operator Isolates Ruptured

Steam Generator and Terminates
Auxiliary Feedwater Flow

SEQUENCE OF EVENTS FOR STEAM LINE RUPTURE EVENT
WITH AUTCMATIC INITIATION OF AUXILIARY FEEDWATER
AND MANUAL TRIP OF REACTOR COCLANT PUMP

Setpoint or Value

6.305 ft°
548.0 psia

1645.0 psia

340 1lbm/sec

+0.3u%
3.133



MODERATOR REACTIVITY, ZAp

—

I 1 T T

2 LOOP-FULL POWER

2+ 4
1 b 4
0 b i
L ¥ -
_2 | | | s | j
40 45 50 55 60 65
MODERATOR DENSITY, LBM/FTS
GAS & ELECTRIC CO. STEAM LINE BREAK EVENT F IGURE
Calvert Cliffs MODERATOR REACTIVITY VS MODERATOR DENSITY 7.5.%:4

Nuclear Power Plant




[
T T T T 3 T T T 8
L 48
@D
' 18
L } § v
’ 1 8 38
R 3
7]
- 4 2189¢
o —
l _-_:D‘J ps =
L =
| (= ~
- | s
;‘" o~ ‘—~ —_
| _J
i B — t e I 1 | L. o
2 8 8 8 8 88 8 8 °
5 3 2.8 8 °" i
J3S/WET “MOT4 ¥31YMO334
GAS W "ELECTRIC cO. STEAM LINE BREAK EVENT FIGURE
Calvert Cliffs FEEDWATER FLOW VS TIME : 7.3.2-2
Nuclear Power Plant




T T » m
n
i 18
L B m
[}
; 13
W)
R 18 &
e
B
“ 418 o
s E
.
(=
F 1o
2 =
-nd
=
L % 48
Q. N
=
N
A {8
—
E——— 1 1 P
S = S s = -
wn = o M o™~ —
WE1/NLE “AdTYHINI ¥3ILYM334
s o ELRCTRIE 8. STEAM LINE BREAK EVENT FIGURE
Calvert Cliffs FEEDWATER ENTHALPY VS TIME 7.3.2-3
Nuclear Power Plant




——

\tmnemron
,DOPPLER
300 400
TIME, SECONDS

I

800 900

|
700

BORON

A{////CEA
|
600

3-D FEEDBACK

|
500

o
(W)
=
| B
| - L 8
! - | N
O
i Q-
- 5 3
; o~N
l . &
oY% “SIILIAILOYIY
BALT IMORE ‘ |
GAScﬂ ELEi;iig co. STEAM LINE BREAK EVENT F1GURE
vert S
e Ry Pt REACTIVITIES VS TIME 7.3.2-4i




2 LOOP-FULL POWER

=

120

1
700

1
600

1
500
TIME, SECONDS

400

1
300

L
100

8 3 = &

LMW 004 40 2 “Y3MOd =4C)

BALTIMORE
IGAS & ELECTRIC CO.

Calvert Cliffs

Nuclear Power Plant

STEAM LINE BREAK EVENT
CORE POWER VS TIME

FIGURE
7.3.2+5




Ar
I
700

T
-
500

TIME, SECONDS

: e
£ f o
S |
= /“
; =

e < ‘ . o

& S 2 3 = & -
—_ =

1MW 0042 40 2 “XM14 1Y3H 340D

GAS & ELECTRIC cO. STEAM LINE BREAK EVENT

Calvert Cliffs CORE HEAT FLUX VS TIME

Nuclear Power Plant

FIGURE
7.3.2-6




2 LOOP-FULL POWER

900

800

700

|
600

!
500

TIME, SECONDS

|
400

|
300

200

|
100

L |

g2 B
Vo)
wn

e
R e e o

= == M N

250
200

4o “STUNLYYIdWIL W3LSAS INYI00D ¥OLIVY

BALTIMCRE
GAS & ELECTRIC CO.
Calvert Cliffs
Nuclear Power Plant

STEAM LINE BREAK EVENT
REACTOR COOLANT SYSTEM TEMPERATURES VS TIME

FIGURE
703-2"7




I l
600 700 800 900

I
500

TIME, SECONDS

r
400

-
300

I
2 LOOP-FULL POWER
I
200

T
1
100

|

E £ 2. % B

o o™N ey —

o

VISd “34NSS3Idd W3LSAS INV100D ¥OLIV3Y

is o SLECTRIE OOk STEAM LINE BREAK EVENT FIGURE
Calvert CIiPfs REACTOR COOLANT SYSTEM PRESSURE VS TIME 7.3.2-8

Nuclear Power Plant




| b § | g i 1 | ] 1 | m
= |3
o0
o
é =
- m m = wn.U/v
8 o -
—
: 25 = B
L. L
=5 a
- &9
VI ()
- &
: , R
e
e}
— m : ¥ m
=
& S
- D_I - S
g
. i, E
—
o
8 8 8 8 &8 8 8 8 8
7I1Sd “3¥NSS3Yd YOLWYINI9 Wv3lLS
[ BALT IMORE A
GAS & ELECTRIC CO. STEAM LINE BREAK EVENT F1GURE
Calvert Cliffs STEAM GENERATOR PRESSURE VS TIME 7.3.2-9
— Nuclear Power Plant




7 | 1 i1 H
6 F 2 LOOP-NO LOAD <
Sr— -
Q
< 4r -
-
= 3t .
>
S 2f 4
-
= 1 -
=
= 0 .
=
..l" "
2k +
-3 | | | ;s
40 45 50 55 60 65

MODERATOR DENSITY, LBM/FT3

BALT IMORE ~ STEAM LINE BREAK EVENT F IGURE

GAS & ELECTRIC CO. .
Peiarigiinpid MODERATOR REACTIVITY VS MODERATOR DENSITY  [7.3.2:10

Nuclear Power Plant




500 T T T T T T T T
2 LOOP-NO LOAD
400 - .
e AFFECTED STEAM GENERATOR
=
= 300 = -
=
v
(=
= 200 N
i
v,
o
100 - 4
UNAFFECTED STEAM GENERATOR
/
0 L L 1 1 1 1 1 L
0 100 200 300 400 500 600 700 800 &S00

TIME, SECONDS

[— SALTIMORE
GA* & ELECTRIC CO.
i alvert Cliffs
L.\'v lear Power Plant

STEAM LINE BREAK EVENT
FEEDWATER FLOW VS TIME

FIGURE
7.3.2-11




2 LOOP-NO LOAD

1

700 800 900

500 600
TIME, SECONDS

400

300

200

' L 1 1

g &

0

O R
SRBRAFRK B°

Wg1/nLg “AdTVHINI ¥31VYMO33d

BALT IMORE
GAS & ELECTRIC CO.
Calvert Cliffs
Nuclear Power Plant

STEAM LINE BREAK EVENT
FEEDWATER ENTHALPY VS TIME

FIGURE
7.3.2-12




MODERATOR

-D FEEDBACK

BORON
CEA
L
700

"

DOPPLER
I
500 600

w
w
- =
- -
¥ 2
=
- |
- 2 g
o
g
o 3
| | O
Qﬂ ‘SITLIAILIVIY
BALTIMORE

GAS & ELECTRIC CO.

Calvert Cliffs
Nuclear Power Plant

STEAM LINE BREAK EVENT
REACTIVITIES VS TIME

FIGURE
7.3.2-13




T
800

.
700

-
.
500 600

1 |l &
5
(&}
3
- 18 &
g =
=
-8 18
2
(- .
B 5 18
- |
£ 43
| -
|
* 1 | I 1 I &
£ & 88N N0
— -
1MW 00£Z 40 % “43M0d 0)
sas & ELECIRIC €O, STEAM LINE BREAK EVENT F1GURE
Calvert Cliffs CORE POWER VS TIME 7.3.2-14
Nuclear Power Plant




120 T T T T rr— T T
2 LOOP-NO LOAD

100 | "
o~
=
e

- 60*‘ -
=
O
-
=

= 4o -
=
S

20" —t

1] T SR S W G " WU — ——

0 100 200 300 400 500 600 700 800 900
TIME, SECONDS
BALTIMORE

GAS & ELECTRIC

Co.

Calvert Clif<¢s
Nuclear Power Plant

STEAM LINE BREAK EVENT
CORE HEAT FLUX VS TIME

FIGURE
7.3.2-15




1 - T T T ! ] W
_\
|
" \n =
- o0
w =\ _
- E - B
—
- me ™ mm
[
1 48 2
//\\\\ mm
&
§ 18y
=
A -8
s
g
s al il mw
—
et ] | L ] | o
R 8 2 ¥ BR-'8 B B
4o “SUNLYIWIL W3ILSAS INVI00S ¥OLDV3Y
BALTIMORE

GAS & ELECTRIC CO.
Calvert Cliffs
Nuclear Power Plant

STEAM LINE BREAK EVENT
REACTOR COOLANT SYSTEM TEMPERATURES VS TIME

FIGURE
7.3.2-15




r
1
700 800 900

I
1
500 600

=
3
7
- _4§g
4 8
= EE =
-
- 2 48
S
- - N ..<§
‘J-d':'/lllﬁ
3 8 B . R

YISd “3YNSSI¥d W3LSAS INYI00 ¥0LIVIY

GAS aaétééﬁg?ﬁ co. STEAM LINE BREAK EVENT FIGURE

Calvert Cl1iffs REACTOR COOLANT SYSTEM PRESSURE VS TIME 7.3.2-17

Nuclear Power Plant




900

_ = S
=
= =
- W = g
2e :
K = = m
LS =
= O oy =
- & R =
[
=
- 4 =
e
1 - 18
=
A 2 =
D.u ~N
: /
3 i P 8
| h \%&\\J‘\\T =}
5 % B 8 B % % B N T
VISd “WNSSTYd HOLYYINIY WYILS
Sas & GLECTNIE. CO. STEAM LINE BREAK EVENT FIGURE
STEAM GENERATOR PRESSURE VS TIME 7.3.2-18

Calvert Cliffs
Nuclear Power Plant




7.3.3 Steam Generator Tube Rupture Event

The Steam Generator Tube Rupture (SCTR) event was analyzed for Unit 2, Cycle 5
to verify that the site boundary doses will not exceed the idelines of
10CFR100 for the event initiated from a pressurizer level of 975 ft-.

The analysis included the effects of manually tripping the Reactor Coolant
Pumps on SIAS due to low pressurizer pressure.

The design basis SGTR is a double ended break of one steam generator U-tube.
Table 7.3.3-1 1lists the key transient related parameters used in this
analysis. In the analysis, it is assumed that the initial RCS pressure is as
high as 2300 psia. This initial RCS pressure mzximize., the amount of primary
coolant transported to the secondary steam system since the leak rate is
directly proportional to the difference between the primary and secondary
pressure. In addition, the higher pressure delays the lower pressurizer
pressure trip which prolongs the transient and, therefore, maximizes the total
primary to secondary mass and activities transported.

For this event, the acceptable DNBR limit is not exceeded due to the action of
the Thermal Margin/Low Pressure (TM/LP) trip which provides a reactor trip to
maintain the DNBR above 1.23. Since the SGTR event does not significantly
affect the core power distribution, the PLHGR SAFDL is not approached.

The Thermal Margin/Low Pressure trip, with conservative coefficients which
account for the limiting radial and axial peaks, maximum inlet temperature, RCS
pressure, core power, and conservative CEA scram characteristics, would be the
primary RPS trip intervening during the course of the transient. However, to
maximize the coolant transported from the primary to the secondary and, thus,
the radioactive steam releases to the atmosphere, the analysis was performed
assuming that the reactor does not trip until the minimum setpoint (floor) of
the Thermal Margin/Low Pressure trip is reached. This prolongs the steam
releases to the atmosphere and, thus, maximizes the site boundary doses.

The Steam Generator Tube Rupture was analyzed assuming a manual trip of the
reactor coolant pumps on Safety Injection Actuation Signal (SIAS). The Steam
Generator Tube Rupture (SGTR) with RCS trip on SIAS results in higher site
boundary doses because: (1) RCP coastdown increases pressure difference
between the primary and the secondary, which increases the leak rate, and (2)
RCP c¢oastdown decreases the rate of decay heat removal, which increases the
steam flow through the atmospheric dump valves.

The sequence of events for the SGTR event with manual trip of RCP on SIAS is
presented in Table 7.3.3-2. Figures 7.3.3-1 through 7.3.3-5 present the
transient behavior of core power, heat flux, RCS pressure, RCS temperatures,
and steam generator pressure. .

I-131 activity release is based on the primary to secondary leak and on the
steam flow required to reach cold shutdown conditions. This release is
calculated as the product of steam flow, the time dependent steam activity and
the decontamination factors applicable to each release pathway.

The 0 to 2 hour I-131 site boundary dose is calculated from:

DOSE (REM) = Ryopay * BR * DCF # x/Q



where:

Rtotal = the total activity released to the atmosphere, Ci
BR = breathing rate, m3/sec

x/Q = atmospheric dispersion coefficient, sec/m3

DCF = Dose Conversion Factor in equivalent I-131, Rem/Ci

In determining the whole body dose, the major assumption made is that all noble
gases leaked through the ruptured tube will be released to the atmosphere.
Therefore, the whole body dose is proportional to the total primary to
secondary leak and is calculated using the following equation.

Whole Body Dose = [l(v (EY + %EB)] ® R® x/Q% At

where:
-E' = the average y energy (MEV/dis) for the halogen isotopes of
concern
EB = the average 8 energy (MEV/dis) for the halogen isotopes of
concern
R = the activity released to the atmosphere, Ci/sec
xX/Q = atmospheric dispersion coefficient, sec/m>
K =.2‘:'.Remxm3xdis
Y Mev x sec x C1
K s 223 Rem x m3 x dis
v x sec x Ci
At = time period (i.e., 0 to 2 hours), sec

The results of the analysis show that 85616 1bs. ot primary coolant are
transported to the steam generator secondary side. Based on this mass
transport and the values in Table 7.3.3-3, the site boundary doses calculated
are:

Thyroid (DEQ I-131) = 0.34 REM
Whole Body (DEQ Xe-133) = 0.18 REM

The reactor protective system (TM/LP) is adequate to protect the core from
exceeding the DNBR limit. The doses resulting from the activity released as a
.onsequence of a doub. *-ended rupture of one steam generator tube, assuming the
maximum allowable Tech. Spec. activity for the primary concentration at a core
power of 2754 MWt, are significantly below the guidelines of 10CFR100.



TABLE 7.3.3-1

KEY PARAMETERS ASSUMED IN THE STEAM GENERATOR TUBE RUPTURE EVENT

KEY TRANSIENT RELATED PARAMETERS:

Parameter
Power
MTC

Doppler Coefficient
Multiplier

Scram Worth
Tin
RCS Pressure

Initial Core Mass
Flow Rate

Initial Secondary
Pressure

Tube ID
Flow Constant

ASI (for scram)

Units
MWt
x10™"a0 /°F

%0
oF

psia
x1081bm/hr

psia

inches

Reference Unit 2
Cycle® Cycle S
2754 2754
-205 -205
1.15 1.15
-4.3 -4.7
550 550
2300 2300
132.9 133.9
815 815
654 .654
1:.17 y ¥%
+.41 +. 41

#*Reference cycle is Unit 1, Cycle 5 (Reference 14).



TABLE 7.3.3-2

SEQUENCE OF EVENTS FOR THE STEAM GENERATOR TUBE RUPTURE EVENT
WITH RCP CCASTDOWN ON SIAS

Time (sec) Event Setpoint or Value
0.0 Tube Rupture Occurs -
786.5 Low Pressurizer Pressure 1728 psia
Analysis Trip Setpiont
is Reached
787.6 Dump Valves Open —_—
787.9 CEAs Begin to Drop Into Core -—
791.3 Pressurizer Empties _—
792.6 Safety Injection Actuation 1556 psia

Signal Generated, RCPs
Manually Tripped

795.5 Bypass Valves Open —

797.1 Maximum Steam Generator 906 psia
Pressure

854.0 Minimum RCS Pressure 1064 psia

1800.0 Operator Isclates Damaged —_—

Steam Generator and Begins
Cooldown to 300°F

12797.0 Operator Initiates Shutdown
Cooling (Tyy = 300°F)



TABLE 7.3.3-3

ASSUMPTIONS FOR THE RADIOLOGICAL EVALUATION FOR
THE STEAM CENERATOR TUBE RUPTURE

Par imeter Units Value
Reactor Coolant System Maximum uCi/gn 1.0

Allowable Concentration (DEQ I-131)1

Steam Generator Maximum Allowable uCi/gm 3
Concentration (DEQ I-131)

Reactor Coolant System Maximum uCi/gm 100/E
Allowable Concentration ?f
Noble Gases (DEQ Xe-123)

Steam Generator Partition Factor .o o

Air Ejector Partition Factor — . 0005
Atmospheric_Dispersion sec/M3 1.80x 10~
Coefficient?

Breathing Rate M3/sec 3.u7x10'“
Dose Conversion Factor (I-131) REM/Ci 1.48x 106

"Tech. Spec. limits
20-2 hour accident conditicon
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7.4.1 Fuel Handling Event

The consequences of a fuel harndling incident due to increasing the burnup to
40,000 MWD/T has been investigated for Calvert Cliffs fuel. The results of
this investigation demonstrate that the results shown in Reference 15 will not
be changed by increasing the burnup.

The dose rate at the site boundary will not increase because the gas gap
inventory will be less than the gas gap inventory shown in Reference 15. The
Reference 15 gas gap activity is based on the hottest fuel assembly in the
core, independent of time (burnup) during the fuel «cycle. Since the
radioactive fission products which centribute significantly to the dose rate at
the site boundary reach maximum concentrations at relatively low burnups, the
only significant influence of burnup is the increased release from the fuel
pellet for a given fuel temperature, commonly called "enhancement". The fuel
temperature, in turn, is principally dependent on linear heat rate.

The predicted linear heat rate for Calvert Cliffs Unit 2, Cycle 5 fuel rods has
been calculated to determine the radiocactive fission product release to the gas
gap. The maximum linear heat rate for rods with burnups between 33,000 MWD/T
and 40,000 MWD/T is about 7.5 KW/ft; this maximum occurs at 33,000 MWD/T and
the linear heat rate decreases to less than 6.5 KW/ft for the maximum fuel rod
exposure at EOCS. The maximum fuel temperature is not high enough to have
significant diffusion-type release from the fuel; the method of release will be
primarily from knock-out or recoil. Consequently, the radiocactive fission
product release to the gas gap will be less than 1% of the inventory; this
release is based on the ANS 5.4 Standard, "Methoed for Calculating the
Fractional Release of Volatile Fission Products from Oxide Fuel." The release
of less than 1% is over a factor of ten lower than that assumed in the fuel
handling accident in Reference 15.



8.0 ECCS Analysis

An ECCS performance analysis was performed for Calvert Cliffs Unit 2 Cycle
5 %o demonstrate compliance with 10CFRS50.46 which presents the NRC
Acceptance Criteria for Emergency Core Cooling Systems for Light Water
Cocled Reacters (1). The analysis justifies an allowable peak linear heat
generaticn rate (PLHGR) of 15.5 kw/ft which is equal to the existing limit
for Unit 2.

The ECCS analysis performed for Unit 2 Cycle 5 used input data, including
the reload fuel performance parameters, which apply tc both Unit 2 Cycle 5
and Unit 1 Cycle 6. Reference 2 contains the details of the method,
results and conclusions of the analysis. They are directly applicable to
beth Unit 2 Cycle S and Unit 1 Cycle 6.

The results of the analysis identified the peak clad temperature tc be
2038°F, compared to the acceptance criteria limit of 2200°F. The
peak local clad oxidation was 8.5% and the peak core wide clad oxidation
was less than 0.51% versus the acceptance criteria limits of 17% and 1.0%,
respectively. Hence, Unit 2 Cycle S5 operation at a peak linear heat
generation rate of 15.5 kw/ft and at a power level of 2754 MWt (102% of
2700 MWt) will result in acceptable ECCS performance.



9.0 Technical Specifications

The Technical Specificatior changes which must be made in order tc make the
Calvert Cliffs Unit 2 Technical Specifications valid for the operation of
Cycle 5 are presented in this sec'ion. Table 9-1 presents a summary of the
Technical Specification changes. Table 9-2 presents the explanations for
the changes summarized in Table 9-1.

The requested Technical Specification modifications for Unit 2 Cycle 5
(Table 9-1) are very similar to those changes requested for the reference
cycle (Unit 1 Cycle 6, References 1 and 2). The differences between the
Technical Specification modifications being requested herein for Unit 2
Cycle 5 and those requested for Unit 1 Cycle 6 are explaired in Table 9-3.
The most noteworthy of these differences are:

1. The centerline melt limit is being increased to 22.0 kw/ft, compared
to the Unit 1 Cycle 6 value of 21.3 kw/ft, to increase operating
margins and flexibility.

2. The MIC surveillance requirements are being modified, compared to no
change for Unit 1 Cycle 6, to allow the use of MIC determinations made
during power ascension startup measurements for the purpose of
satisfying surveillance requirements.

3. The minimum pressurizer pressure is being decreased from 2225 psia to
2200 psia, compared to no change for Unit 1 Cycle 6, to improve
operating flexibility.

4., The Fx T Technical Specification is being increased to 1.70,
comare«y to the Unit 1 Cycle 6 value of 1.65, to increase operating
margins and flexibility.

5. A relaxed pressurizer level band is being incorporated, compared to no
change for Unit 1 Cycle 6, to improve operating flexibility.

Following Table G-3, for each Technical Specification which must be
modified, either the existing page with the intended modification or the
already modified page with a new figure is provided.
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Table 9-1

Calvert Cliffs II Cycle 5
Technical Specification Changgg

Tech #

Figure 2.1-1,
page 2-2

Table 2.2-1
page 2-9

Table 2.2-1
page 2-10

Figure 2.2-1
page 2-11

B.2.1.1
page B2-1

B.2.1.1, B.2.2.1
pages B2-1, B2-3
82-5 ’ 82'6

B.2.1.1, B.2.2.1
pages B2-1, B2-4

B.2.2.1
page B2-5

B.2.2.:1
page B 2-6

B.2.2.1
page B2-7

/4.1.1.1
page 3/4 1-1

4,1.1.4.2
page /4 1-6

Figure 3.1=2
page 3/4 127

§.2.1.3
page 3/4 2-2

Action
Replace Figure 2.1-1 with Figure 2.1-1

Change Steam Cenerator Low Pressure Trip
setting from 570 psia to 635 psia

Change Steam GCenerator Low Pressure Trip
Bypass limit from 685 psia to 710 psia

Replace Figure 2.2-1 with Figure 2.2-1

Change LHGR to centerline melt limit
from 21 kw/ft to 22.0 kw/ft.

Change minimum DNBR value from 1.195
to 1.23 as indicated on noted pages

Change high power level trip and maximum
high power level trip actuation from
112% of rated thermal power to 110%

Change Steam Generator Low Pressure Trip

setting from 570 psia to 635 psia,
change uncertainty from 22 psia to 87
psia, and revise description of
uncertainty.

Change "“e minimum trip setting (floor)
of the .ermal Margin/Low Pressure
(TM/LP) Trip from 1750 psia to 1875 psia

Revise description of T™M/LP trip, and
change allowance from 92 psia to 40 psia

Change shutdown margin, >200°F,

T
from 4.3% 3K/K to 5.2% AkIKS
Change MTC surveillance Item (b)
Replace Figure 3.1-2 with Figure 3.1-2

Change Figure 3.2-3 to Figure 3.2-3b



Change

15

6%

17

18%

19%

2%

22

23

2us

28

Table 9-1 (continued)

Tech #

Figure 3.2-2
page 3/4 2-4

Figure 3.2-3®
page 3/4 2-4a (new)

3/4.2.2.1 (new)
3/4.2.2 (old)
pages 3/4 2-6,
4 2.7

Figure 3.2-3a (new)
3.2=3 (old)

page 3/4 2-7a (new)
2-8 (old)

3/4.2.2.2 (new)
page 3/4 2-8 (new)

3'203

page 3/4 2-9

Figure 3.2-2¢

page /4 2-10a (new)

Figure 3.2.4
page 3/4 2.11

3.2.5
page 3/4 2-13

Table 3.2-1
page 3/4 2-14

Table 3.3-1
page 3/4 34

Table 3.3-2
page 3/4 3.6

Table 3.3-3
page 3/4 3-15

Table 3.3-3
page 3/4 3-15

Action

Replace Figure 3.2-2 with Figure 3.2-2

Insert new Figure 3.2-% after
Page 3/4 2-4

Change calculated value of F YT from
1.620 to 1.700, change Figurg 3.2-3 to
Figure 3.2-3a and change Tech Spec
numbers from 3/4.2.2 to 3/4.2.2.1

Replace Figure 3.2-3 with new
Figure 3.2-3a and change page number from
3/4 2-8 to 3/4 2-7a

Insert new Page 3/4 2-8
after Page 3/4 2-7a

Change calculated value of F,.T from
1.620 to 1.650, insert Action Item (b)
and change Figure 2.2-3 to 3.2-3%¢

Insert new Figure 3.2-3¢c after
Page 3/4 2-10

Replace Figure 3.2-4 with Figure 3.2-4
Add ",Core Power" to Item (d)

Change minimum pressurizer pressure from
2225 psia to 2200 psia, change AXIAL
SHAPE INPEX limit from Figure 3.2-4 to
n#RE" and add footriote for "EEan

Change Steam Generator Low Pressure Trip
Bypass limit from 685 psia to 710 psia

Change RTD response time from 8.0
seconds to 12.0 seconds

Change Safety Injection  (SIAS)
Pressurizer Low Pressure Trip Bypass
limit from 1700 psia to 1800 psia

Change Main Steam Line Isolation (SGIS)
Steam Cenerator Low Pressure Trip
Bypass limit from 685 psia to 710 psia
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*Added or modified

Tech #

Table 3.3-4
page 3/4 3-17

Table 3.3-4
page 3/4 3-17

3/4.4.4
page 3/4 4-5

B 3/4.1.1.1 and
B 3/4,1.1.2
page B 3/4 1.1

B 3/4.2.5
page B 3/4 2.2

B 3/4.4.4
page B 3/4 4.2

5.3.1
page 5-4

Table 9-1 (continued)

Action

Change Safety Injection (SIAS)
Pressurizer Low Pressure Trip
setting from 1578 psia to 1725 psia

Change Main Steam Line Isolation
(SGIS) Steam Generator Low Pressure Trip
setting from 570 psia to 635 psia

Change the description and limits of the
pressurizer level operating band

Change EOC shutdown margin, T
S2005F, from .38 sk/K £ . 24 %k,
and change BOC shutdown requirement
to 4.5% Ak/k

Change minimum DNBR of 1.195 to minimum
DNBR of 1.23

Change the description concerning
pressurizer level

Increase limit on enrichment in
description of reload fuel assemblies
from 3.7 w/o U=235 to 4.1 w/o U=235.

request relative to Reference 1 or 2. Explanation for

addition or modification is contained in Table 9-3.
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Table 9-2

Explanations for Cycle 5 Tech Spec Changes

Tech #
Figure 2.1=-1
Table 2.2-1

Table 2.2-1

Figure 2.2-1

802.1.’

w w
N o
f s
._‘.

w w
o
"
> .

B.2.2.1
B.2.2.1

B.2.2.1

Exglanation

Thermal Limit Lines have been changed to
reflect higher radial peaking factors
and the implementation of margin recovery

programs.

The Steam Generator Low Pressure Trip
setting is being raised to accommodate
the larger uncertainties associated with
the new pressure transmitters.

The Steam Generator Low Pressure Trip
Bypass limit is being raised to reflect
the change in the trip setting (See
Change No. 2)

The LHR LSSS has been changed to reflect
higher radial peaking factors and the
implementation of margin recovery
programs

LHGR to centerline melt is being raised
to increase operating margins and
flexibility

The minimum DNBR has been increased to
1.23 to be consistent with Statistical
Combination of Uncertainties

Statistical Combination of Uncertainties
has removed the 2% power uncertainty
from the transient analyses

See Change No. 2

The minimum trip setting (floor) of the
Thermal Margin/Low Pressure (TM/LP) Trip
is being raised to accommoda*e the
larger uncertainties associated with the
new pressurizer pressure transmitters.

The TM/LP basis has been adjusted to be
consistent with Statistical Combination
of Uncertainties (SCU) and the bias has
been changed as a result of the imple-
mentation of SCU and the recatagor-
ization of CEAW (A conservative bias
value relative to the Transient Analysis
results has been incorporated)



Table 9-2 (continued)

Change Tech # Explanation
11% 3/8.1.1.1 The shutdown margin has been increased

to yield acceptable results for the
EOC HZP SLB event.

12# §.ls1l.84.2 The surveillance requirements on MTC

are being modified to allow the use of
MTIC determinations made during power
ascension startup .neasurements for the
purposa of satisfying surveillance
requirements. This change is consistent
with the objective of assuring that the
most positive MIC at power conditions,
which occurs at the highest boron con-
centration, meets Tech Spec. #3.1.1.4.b.

13 Figure 3.1-2 The PDIL is being changed to increase
available SCRAM worth and produce accep-
table results for the EOC HZP SLB event;
the allowable BASSS operating region
is being indicated.

14 $.2.1.3 A new figure is being added to take
credit, in terms of maximum allowable
fraction of RATED THERMAL POWER, for the
calculated value of F when moni-
toring the LHR LCO wif¥ the ex-core
detector system. This change (#14) and
Change Nos. 15 through 19 are being made to
avoid unnecessary power level changes
resulting from temporary on-line
computer outages.

15 Figure 3.2-2 The LHR LCO is being changed as a result
of higher radial peaks, the implemen-
tation of margin recovery programs, 2nd
the addition of Figure 3.2-3b to take
credit for the calculated value of
F when monitoring the LHR LCO

w%gh the excore detector system.

16% Figure 3.2-3 Figu~e 3.2-3b is being added to take
cregit for the calculated value of
F,.' when monitoring the _HR LCO
with the excore detectc: system.

17¢ 3/8.2.2.1 The plenar radial peaking factor, Fxy!,
is being raised for Cycle 5 to increase
operating margins and {lexibility, and
the Tech Spec and figure numbers are
being changed to facilitate other Tech
Spec changes which are being made to

take credit for the calculated value of Fyy,'
when monitoiring the LHR LCO with the ex-cor‘

detector system.



Table 9-2 (continued)

mmy ‘Mmggﬁ ngaMn

18% Figure 2.2-3a TheT planar radial peaking factor,
Fx y 1s being raised for Cycle 5 to
intrease operating margins and flexibil-
ity, the F, ° curve i3 being
separated 1rom the F_ * cuﬁye te
ac ate differenE ny

and_F.* values, ana

Fx T Eimits. based upon ex-core

moXitoring of the LHR LCO, are being

separated from this figure to facilitate
other Tech Spec changes which are being
made to takercredit for the calculated
value of F when monitoring the

LHR LCO wifh the excore detector system.

A new Tech Spec is being added to take
credit for the calculated value of F

when monitoring the LHR LCO with the™’
ex-core detector system.

The integrated radial peaking factor,
F.", is being raised for Cycle 5 to
increase operating margins and flexibil-
ity, BASSS is being implemented, and the
F.' curye is being separated from

the F, curve to ace ate

differgnt Fx and Fr values.

y
2+ Figure 3.2-% Th§ integrated radial peaking factor,
F.", is being raised for Cycle 5 to

increase operating margins and
flexibility,and the F.* curve is
being separated from the ny% curve
tcTacccunndate different ny and
F.' values.

22 Figure 3.2-4 The DNE LCO has been changed to reflect
higher radial peaking factors and the
implementation of margin recovery
programs.

23 3:.2.5 The phrase "Core Power" is being added
to reflect the implementation of BASSS

2us Table 3.2-1 The minimum steady state pressurizer
pressure has been lowered to increase
operating flexibility and the ASI limits
have been modified for the implementa-
tion of BASSS

25 Table 3.3-1 See Change Nu. 3



28

30

1%

3ue

35

Tech o #
Table 3.3=2

Table 3.3-3

Table 3.3=3

Tavle 3.3-4

Table 3.3-4

3/4.4.4

B 3/4.2.5

B 3/4.4.4

5.3.1

®Added or modified request
eddition or modification is contained in Table 9-3.

Table 9-2 (continued)

Exglanation

The RTD delay time used ia the Cycle 5
analysis has been increased from 8 to 12
seconds to increase the acceptance test
eriteria

The Safety Injection (SIAS) Pressurizer
'ow Pressure Trip Bypass limit is being
raised to reflect the change in the trip
setting (See Change No. 29)

The Main Steam Line Isoclation (SGIS)
Steam GCenerator Low Pressure Trip Bypass
limit is being raised to reflect the
change in the trip setting (See Change
No. 30)

The Safety Injection (SIAS) Pressurizer
Low Pressure Trip setting is being
raised to accommodate the larger uncer-
tainties associated with the new
pressure transmitters.

The Main Steam Line Isolation (SGIS)
Steam Generator Low Pressure Trip
setting is being raised to accommodate
the larger uncertainties associated with
the new pressure transmitters.

A relaxed pressurizer level operating
band i3 being incorporated to improve
operating flexibility.

The shutdown margin has been increased
to make it consistent with Specification
38.1:1:1

The minimum DNBR has been increased to
be consistent with Tech Spec B.2.1.1 and
B.2.2.1.

The bases for the pressurizer level
operating band are being modified to
support the expanded limits.

The specification of the enrichment
limit in reload fuel assemblies has been
increased to permit the use of higher
enrichment fuel.

relative to Reference 1 or 2. Explanation for



Change

11

12

16

17

19

Table 9-3

Explanation for Changes Relative to
Those Requested for Unit 1 Cycle 6

E_Jgglanation

The centerline melt limit is being increased to 22.0 kw/ft,
compared to the Unit 1 Cycle 5 value of 21.3 kw/ft, to
increase operating margins and flexibility.

The Unit 2 Cycle 5 analyses support a shutdown margin of
5.2% ik/k, compared to the Unit 1 Cycle 6 value of 5.3%
4 k/k.

The MIC surveillance requirements are being modified,
compared to no change for Unit 1 Cycle 6, to allow the use
of MIC determinations made during power ascension startup
measurements for the purpose of satisfying surveillance
requirements. This change is consistent with the objective
of assuring that the most positive MIC at power conditions,
which occurs at the highest boron concentration, meets Tech
Spec #3.1.1.4.b.

Figxlu-e 3.2=3 is being modified to be consistent with an
ny* value of 1.70, compared to the Unit 1 Cycle 6
Fey® value of 1.65; the requested page number has been
cé;nged to be consistent with the issued page number in the
Unit 1 Cycle 6 SER (Reference 3).

The Fx T is being increased to 1.70, compared to the
Unit 1 ‘Eycle 6 value of 1.65, to increase cperating margins
and flexibility.

Fig;f.re 3.2-3a is being modified to be consisteat with an
Fx value of 1.70, compared to the it L Cycle 6§
value of 1.65, and to separate the ny curve from the
F,.* curve; the requested page number "has been changed
to be consistent with the issued page number in the Unit 1
Cycle 6 SER (Reference 3).

Requested page number has been changed to be consistent
with the issued page number in the Unit 1 Cycle 6 SER
(Reference 3).

Figure 3.2-3 is being changed to Figure 3.2-3c, compared to
Figure 3.2-3a for lllnit 1 .rCycle 6, to facilitate the
separation of the ny and F,. curves.

Figure 3.2-3cr is being Tadded to facilitate the separation
of the F, and F,." curves due_to the Jdifference
between ch Unit 2 Cyecle § Fy T and F." values,
compared to Unit 1 Cycle 6 which grguped both parameters
into one curve on a single figure due t» their similarity.



24

32
34

Table 9-3 (continued)

Explanation for Changes Relative to
Those Requested for Unit 1 Cycle 6

Exglanation

The Technical Specification No. and page number are being
changed to Dbe consistent with existing Technical
Specification (Unit 1 Cycle 6 T.S. No. and page number were
out of date in request).

The minimum pressurizer pressure is being decreased from
2225 psia to 2200 psia, compared to no change for Unit 1
Cycle 6, to improve operating flexibility; the page number
has been changed to be consistent with existing Technical
Specifications (Unit 1 Cycle 6 page numher was >t of date
in request).

A relaxed pressurizer level operating band is being
incorporated, compared to no change for Unit 1 Cycle 6, to
improve operating flexibility.

Same as No. 11

The bases for the pressurizer level operating band are
being modified, compared to no change for Unit 1 Cyecle 6,
to support the expandec limits.

The Unit 2 Cycle 5 request has been modified, relative
to the Unit 1 Cycle 6 written request, to conform to the
verbally agreed upon and subsequently issued change for
Unit 1 Cycle 6 (Reference 3). The initial written request
asked for the removal of the enrichment limit; the agreed
upon change simply raised the enrichment limit from 2.7 w/o
U=235 to 4.1 w/o U=235.
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~ FUNCTIONAL UNIT

4.
S
6.

10.

()

Pressurizer Pressure - iligh

" Containment Pressure - High
Steam Generator Pressure - Low (2)

Steam Generator MWater legei - Low

Axial flux offset (1)

Thermal Margin/Low Pressure (1)

a. Four Reactor Coolant Pumps

Operating

b. Steam Generator Pressure

Difference - Migh (1)

Loss of Turbine -- Nydraulic

Fluid Pressure - Low (1)

Rate of Change of Power - Jigh (4)

(2

TARLE 2.2-)1  (Cont'd)

TRIP SETPOINT
< 2400 psia
<4 psiy

635
3}570595Ia

> 10 inches below top
of feed ring.

Irip setpoint adjusted {o

not exceed the limit )ines :

of figure 2.2-1.

Irip setpoint adjusted to
not exceed the Vimit }ipes

of figures 2.2-2 and 2.2-).

< 135 psid
> 1100 psig

< 2.6 decades per minute

TABLE NOTATION

IP SETPOINT LIMITS

- ————— " ——

ALLOWABLE VALUES

< 2400 psia

< 4 psig

S35
>(570)psia

> 10 inches below top
of feed ring.

Trip setpoint adjusted to
not exceed the limit lines
of Flgure 2.2-).

L]

Irip setpotdt adjusted to
not exceed the limit lines
of Figures 2.2-2 and 2.2-3.

< 135 psid

Iv

100 psig

2.6 decades per winute

|

Trip may be bypassed bg]ou ID"I of RATED THERMAL POMER; bypass shal) be automatically removed when
THERMAL POMER 1s > 10 "X of RATED THERMAL POUER.




2 LINR = S34IT0 L¥3ATVD

ot-2

IE "ON Judwpudwy

(2)
(3)

(4)

. TABLE 2.2-]  (Cont'd)
TABLE NOTATIONS (Cont'd) 70O

710
Trip may be manually bypassed belowa; bypass shall be automatically removed at or above u.

Trip may be bypassed below 15% of RATED THERNMAL POWER; bypass shall be automatically removed when
THERMAL POMER is > 15% of RATED THCRIAL FONLR.

Trip may be bypassed below IO-": and above 12X of RATED THERMAL POMLR.
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2.1 SAFETY LIMITS

] 3ASES

2.1.1 REACTOR CORE 220

The restrictions this safety limit prevent overheating of the
fuel cladding and pos&ible cladding perforation which would resylt in the
release of fission pfoducts to the reactor coolant. Overheating of the
fuel is prevent maintaining the steady state peak linear heat rate
at or less than kw/f%. Centerline fuel meliting will not occur
far this peak linear neat rate. Overnheating of the fuel clacding is
prevented by restricting fuel aoperation %o within the nucleata boiling
regime wnere the heat transfer coefficient is large and the cladding
surface =emperature is slightly above the coclant saturation temperature.

, Qperation above the upper boundary of the nucleate dciling regime
could result in excessive cladding temperatures bDecause of the cnset of
departure from nucleate boiling (ONB) and the resyltant sharp reduction
in heat transfer coefficient. ONB is not a directly measurable parameter
during cperation and therefore THERMAL POWER and Reactor Coolant Temper-
ature and Pressure have been relat-d %2 ONB through the CE-1 correiation.
The CE-1 ONB correlation has been ceveloped to predict the ON8 flux and
=me locat‘an of ONB for axially uniform and non-uniform heat flux distri-
sutions. The local ONB heat flux ratic, ONBR, defined &s tne ration of
she heat flux that would cause ONB at a particular core location to the
local heat flux, is indicative of the margin to ONB.

The minimum value of the ONBR during steady state cperaticn, ng¢ zal
operational transients, and anticipated transients is Timited %2 \::3|
This value corresponds %o a 35 percent probability at a 35 percent con-

#idence leve! tnat ONB will not occur and is chosen as an approgriate

margin to N8 for all cperating conditionf

.
-~
Ed

The curves of Figures 2.1-1, 2.%<2, 2.1-3 and 2.7-4 show the
loc: of points of THERMAL POWER, Regctor Coclant System pressure and
maximum cold leg temperature Q ious pump combinaticns for which the
minimum ONBR is no less than (1.195) for the family; of axial shapes and
corresponding radial peaks shown in Figure 82.1-1. The limits in Figures
2.1-1, 2.1-2, 2.1-3 and 2.1-4 were calculated for reactor coolant
inlet temperatures less than or equal <0 580°F. The dasned line at 580°F
2s0lant inlet temperature is not 2 safety limit; however, cperaticn acove
580°F is not possible because of the actuation of the main steam line
safety valves which Timit the maximum value of reactor inlet temperature.
Reactor operation at THERMAL POWER levels higher than
P0WER is prohibited dy the high power Teve! trip setpoint

specified in

O %o




)

Table 2.1-1. The area of safe cperation is below and to the left of
these lines.

The conaitions for the Thermal Margin Safety Limit curves in Figures
2.1-1, 2.1-2, 2.1-3 and 2.7-4 %3 ze valid are shown 3n the figures,

~ The reactor protective system in combination wish the Limiting
Conditions for QOperation, is designed %3 prevent any anticipaced combina-
ticn of transient conditicns for reactsr coglant sysiem temparature,

pressyrg, and THERMAL POWER level that would result fn a ONGYR of less

thlnnd preclude the existence of flow instabilities.
D .23

2.1.2 REACTOR COOLANT SYSTEM PRESSURE

The restriction of this Safety Limit protects the integrizy of the
Reactor Cooiant System from overpressurization and theredy srevents the

| release of radicnuclides contained in the reactor coolant frem reaching

the containment atmosghere,

The reactor pressure vessel ang pressurizer are designed to Section
[11, 1967 Zdition, of the ASME Code for Nuclear Power Plant Components
whicn permits 3 maximum transient pressure of 110% (2750 psia) of design
pressure. The React:r Coclant System piping, vaives and fittings, are
designed o ANSI 8 3..7, Class [, 1969 Editien, whicn permits a maximum
transient pressure of 110% (2750 psia) of ccmponent design pressure.
The Safety Limit of 2750 osia is therefore consistent with the design

criteria and associated code requirements.

The entire Reactor Coolant System is hydrotested at 3125 psia o
demonstrate integrity prior %o initial gperatien.

Amencment No. 73, 3]

o

LA ]
.

(o)

CALVERT CLIFFS - UNIT 2




2.2 LIMITING SAFETY SYSTEM SETTINGS

BASES

2.2.1 PSACICT TRIP SETPOINTS

The Reactor Trip Setpcints specified in Table 2.2-1 are the values
at which the Reactor Trips are set for each parameter. The Trip Setpoints
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 Setpeint but within 1ts speci-
fied Allowable Value is acceptable cn the basis that each Allowable Value
is equal to or less than the drift allowance assumed for each trip in the
safety analyses.

Manual Reactor Trip

The Manual Reactor Trip is a redundant channel to the automatic
protactive instrumentation channels and provides manual re itor trip
capability.

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
Pressure-High or Thermal Margin/Low Pressure trip.

The Power Level-High trip setpoint is operator adjustable and can be
set no higher than 10% above the indicated THERMAL POWER level. Operztor
action is required to increase the trip setpoint as THERMAL POMWER is
increased. The trip setpoint is automatically decreased 2, THERMAL power
decreases. The trip setpoint has a maximum value of 107.0% of RATED
THERMAL POWER and a minimum setpoint of 30% of RATED THERMAL POWER.
Adding to this maximum value the possible variation in trip point due to
calidration and instrument errors, the maximum actual stegdy-state
THERMAL POWER level at which a trip would be actuated is of RATED
THEEMAL POWER, which is the value used in the safetyv analyses.

' 110%

Reactor Coolant Flow-Low

The Reactor Coolant Flow-Low trip provides core protection to prevent
ONB 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 2 824 - Amendment No. 18
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LIMITING SAFETY SYSTEM SETTINGS

.23

operation of the reactor at reduced power if cne or jwo reactor coclant
pumps are taken out of service. The low=-flow trip getpoints and Allowable
Values for the various reactor coolant pump combf '

derived in consideration of instrument errors j;

equipment involved to maintaia the ONBR above (1.13%) under normal operation
and expectad transients. For reactor operation with Only two or three
reactor coolant pumps operating, the Reactor Coclant Flow-Low trip sat-
soints, the Power Level-High trip setpoints, and the Themial Margin/Low
Pressure trip setpoints are automatically changed when e pump conditi
selector switch is manually set to the desired two- Or thiee-pump
position. Changing these trip setpoints during two and three p

:)|.:13

operation prevents the minimum value of ONBR from going below during |
| normal operational transients and anticipated transients when O
itnree reactor coclant pumps are operating.

|P'955uri:er Pressure-High

!
( The Pressurizer Pressure-High trip, backed up by the pressurizer code
safety valves and main steam line safety valves, provides reactor coolant
systam protection against overpressurization in the event of loss of load
without reactor trip. This trip's setpoint is 100 psi below the nominal
1i#¢ setting (2500 psia) of the pressurizer code safety valves and its
concurrent operation with the power-operated relief valves avoids the
Iundesi*as!e aperation of the pressurizer code safety valves.

Containment p'eSSUrQCH".in

The Containment Pressure-High trip provides assurance that a reactor
trip is initiated concurrently with a safety injection. The setpoint
for this trip is identical to the safety injection satpoint.

Steam Generator Pressure-Low

The Steam G.nerator Pres.ure-Low trip provides protection against
an excessive rate of heat extraction from the steam generators_ang 635
subsequent cooldown of the reactor coolant. The setting of(570) psia
is sufficiently below the full-lcad operating point of 850 psia so
as not to interfere with normal operation, but still high enough to
srovide the required protection in the event of excessively high steam
flow. This setting was used with an uncertainty factor of :épsi_,

4m—thedccidentanatrees ,
which uas based on ¥ne Maia Ste-.n Line Break Event. >87

CALVERT CLIFFS - UNIT 2 8 2-5 Amendment No. )3 31




-

LIMITING SAFETY SYSTEM SETTINGS -

BASES ‘

Steam Generator ilater Level

The Steam Generator Water Level-Low trip provides core protection
by preventing operation with the steam generator water level below the
minimum volume required for adequate heat removal capacity and assures
that the pressure cf the reactor ccolant system will not exceed its
Safety Limit. The specified setpoint provides allowance that there will
he sufficient water inventory in the steam generators at the time of
trip to provide a margin of more than 13 minutes before auxiliary
feedwater is required.

Axial Flux Offset LE3

The axial flux offset trip is provideg to ensure that excessive

axial peaking will not cause fuel camage./ The axial flux offset is
determined from the axially split excorefdetectors. The trip setpoints
ensure that neither a DNBR of less than(_ 13D nor a peak linear heat rate
which corresponds to the temperature for fuel centerline meiting will
exist as a consequence of axial power maldistributions. These trip set-
points were derived from an analysis of many axial power shapes with
21lowances for instrumentation inaccuracies and the uncertainty associated
with the excore to incore axial flux offset relationship.

Therral Margin/Low Pressure .23

The Thermal Margin/Low Prgfsure trip is provided %o prevent operation
when the DNBR is less than ’

1875 ‘
The trip is initiated ngver the reactor coolant system pressure
signal drops below either psia or a computed value as described

below, whichever is higher. e computed value is a function of the
higher of AT power or neutron power, reactor inlet temperature, and the ,
number of reactor coolant pumps operating. The minimum valye of reactor
coolant flow rate, the maximum AZIMUTHAL POWER TILT and the maximum CEA
deviation permitted for continuous operation are assumed in the genera-
tion of this trip function. In addition, CEA group secuencing in accer-
dance with Specifications 3.1.3.5 and 3.1.3.6 is assumed. Finally, the
maximum insertion of CEA banks which can occur dyring any anticipated
operational occurrence prior to a Power Level-High trip is assumed.

CALVERT CLIFFS - UNIT 2 8 2-8 Amendment No.Jg, 31
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LIMITING SAFETY SYSTEM SETTANGS

BASES "
. HO

TNCLUDE
The Thermal Margin/Low Pressure trip sefpoints sre—derived—irom—the
' , allowances for
measurement uncertzinties emd processing errurg

equipment response time,

- - - -l -
- sanr 4 - - w - i1y* - -iw 2 - - - 5

smeereineys and a further allowance of (32)psia to compensate for ™
Dressure —Mesturenent ermar —trd, e processing—ermer—tne ime delay
associated with providing effective termination of the occurrence that
expibits the most rapid decrease in margin to the safety limit., The-92

g prie—timedetay—eiowence.
Asymmetric Steam Generator Transient Protection Trip Function (ASGTPTF)

The ASGTPTF utilizes steam generator pressure inputs to the T™/LP
-alcylator, which causes a reactor trip when the difference in pressure
setween the two steam generators exceeds the trip setpoint. The ASGTPTF
is designed to provide a reactor trip for those Anticipated Operational
Occurrences associated with secondary system mal functions which result
in asymmetric primary loop coolant temperatures. T™e most limiting event
is the loss of load to one steam generator caused by 2 single Main Steam
[solation Valve closure.

The equipment trip setpoint and allowable values are calculated to
account for instrument uncertainties, and will ensure a trip at or before
reaching the analysis setpoint.

Loss of Turdine

Loss of Turbine trip causes a direct reactor trip when operating
above 15% of RATED THERMAL POWER. This trip provides turbine protectionm,
reduces the saverity of the ensuing transient and helps avoid the 1ifeing
of the main steam 1ine safety valves during the ensuing transfent, thus
extending the service 1ife of these valves. No credit was taken in the
accident anaiyses for operation of this trip. Its functional capability
at the specified trip setting is required to enhance the overall
reliability of the Reactor Protection System.

Rate of Change of Power-High

The Rate of Change of Power-High trip is provided to protect the core

—

during startup operations and its use serves as a backup to the administra-

tively enforced startup rate 1imit. Its trip setpoint does not correspond

to a Safety Limit and no credit was taken in the accident analyses for

operation of this trip. Its functional capability at the specified trip
| setting is required to ennhance the overall reliability of the Reactor
| Protection System.

CALVERT CLIFFS - UNIT 2 : B 2-7 Amencment No.3. JB, 3
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3/6.) _REACTIVITY CONTROL SYSTEMS

3/8.1.1 BORATION CONTROL 28 S 1 S
SHUTDOWN MARGIN - T, > 200°F .

LIMITING CONDITION FOR OPERATION

5.2 %
3.1.1.1 The SHUTDOWN MARGIN shall be > ak/k.

|-APPLICABILITY: MODES 1, 2**, 3 and 4.

ACTION: >5'27°-

With the SHUTDOWN MARGIN <§A&/k. immediately initiate and continue
boration at > 40 gpm of 2300 ppm boric acid solutinn or equivalent until
the required SHUTDOWN MARGIN is restored.

SURVEILLANCE REQUIREMENTS

53%
4.1.1.1.1 The SHUTDOWN MARGIN shall be determined to be > ak/k:

a. Within one hour after detection of an incperable CEA(s) and at
least once per 12 hours thereafter wnile the CEA(s) is incperable.
If the inoperable CEA is immovable or untrippable, the above
required SHUTDOWN MARGIN shall be increased by an amount at
ég:zt)equa] to the withdrawn worth of the immovable or untrippable
s). .

5. When in MODES 1 or 2°, at least once per 12 hours by verifying
that CEA group withdrawal is within the Transient Insertion
Limits of Specification 3.1.3.6.

¢. When in MQDE 2". within 4 hours prior to achieving reactor
criticality by verifying that the predicted critical CEA
position is within the limits of Specification 3.1.3.6.

d. Prior to initial operation above 5% RATED THERMAL POWER after
each fuel loading, by consideration of the factors of e below,
with the CEA groups at the Transient Insertion Limits of
Specification 3.1.3.6.

* Adherence %0 Technical Specification 3.1.3.6 as :pecified in Surveillance
Requirements 4.1.1.1.1 assyres that there is sufficient availablie shut-
down margin to match the shutdown margin requirgments of the secfety
analyses.

*» See Special Test Exception 3.10.1.

With K ss 2 1.0.

=4 With Keff < '}.0.

"~

CALVERT CLIFFS - UNIT2 3/4 1]
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REACTIVITY CONTROL SYSTEMS

SURVEILLANCE REQUIREMENTS (Continued)

4.1.1.4.2 The MTC shall te detarmined at the following frequencies and
THERMAL POWER conditions during each fuel cycle:

a. Prior to initial operation above 3% of RATED THERMAL POWER,
>

: efter s f{“: u‘;.’.}“;? %M’D THERMAL POWER,

' 5. At any .'Hﬁh- ?WE.‘-!'. within 7 £FP0 af<er M

¢. At any THERMAL POWER, within 7 E£FPD affer reacning a RATED
THERMAL POWER equilibrium boreon conceftraticn of 300 ppm.

l! ;m‘%'c“y reueLm an egui I,'kr-,;,.
| Cond i Fiom at or above 90% o
RATED THERMAL PowWER.

|
|
| CALVERT CLIFFS-UNIT 2 3/4 1-6
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POWER DISTRIBUTION LIMITS

———— e———— . — —_— - - — - — "

| SURVEILLANCE 2EDUIREMENTS (Continued) : - 9 J

¢. Vertfying at least once per 31 days that the AXIAL SHAPE INDEX
is maintained within the limits of Figure 3.2-2, where 100
sercent of the allowable power represents the maximum THERMAL
POWER allowed by the following expression:

MxN
where:

1. M is the maximum allowable THERMAL POWER Tevel for the
existing Peactor Coolant Pump combination.

2. N {s the maximum a?1aw1b1¢ fraction of RATED THERMAL PONWER
as determined by the F _ curve shown up Figure(3.2-3)of
Specification 3.2.2. y ¥3,2-3p

4.2.1.%4 Incore Detector Monitoring System - The incore detector moni-
toring systam may be used for monitoring the Core power distribution by .
verifying that the incore detactor Local Power Density alarms: _ ‘jb\

- . . é ./
- 23,7~ —Are adjusted to satisfy the requirements of the core-power. - . — .- - --——

distribution map which shall be updated at Teasi once per 31
days of accumulated operation in MODE 1.

5. Have their alarm setpoint adjusted to less than cor squal %o the
limits shown cn Figure 3.2-1 wnen the following factors are
appropriately included in the setting of these alarms:

1. Flux peaking augmentation factors as shown in Figure
4-2.1 .

2. A measurement-calculational uncertainty facter of 1.07, [
3. An engineering uncertainty factor of 1.03,

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

§. A THERMAL POWER measurement uncertainty factor of 1.02.

J

CALVERT CLIFFS-UNIT 2 _ 3/4 2.2 Amendment No. 8, 3, 76, J8,%4
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| POWER DISTRIBUTION LIMITS

,
TOTAL PLANAR RADIAL PEAKING FACTOR -* F;l

LIMITING CONOITION FOR OPERATION

n. ca ed value of F g+ defined as F’ = Foy(14Tg)s shall be
ld to < |

APPLICABILITY: MODE 1'

ACTION:
et

Witn F, > (.520) within 6 hours either: 3.3-3a |
a. Reduq THERMAL POWER to bring the camb jign of THERMAL POWER

and F'  to within the limits of Figure and withdraw the
fu11 ¥dngth CEAs to or beyond the Long Term Steady State
Insertion Limits of Specification 3.1.3.6; or

5. Be in at least HOT STANDBY.

| SURVEILLANCE REQUIREMENTS

‘-‘ i
2The srovisions of Specificatidn 4.0.4 are not applicable.

‘o -
A - ' T s [~ T
F‘y shall be calculated by the expressiocn F ny \mq) and ny

Xy
shall be determined to be within its limit at the follewing intervals:

a. Prior to operation apove 70 percent of RATED THERMAL POWER
after each fuel loading,

5. At least once per 31 days of accumulated operation in MODE %
and A 0

¢. Within four Hours if the AZIMUTHAL POWER TILT (Tq) is > 0.030.

*See Special Test Exception 3.10.2.

CALVERT CLIFFS - UNIT 2 3/4 2-6 Amendment No.3, 18,3
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POWER" CISTRMIUTION LIMITS

SURVEILLANCE 2ECUIREMENTS (Continued)

1.3
ny shall be detarmined each time a calculation of F;y is required

by wsing the incore detectors to obtain a power distribution map with
ail full length CEAs at or above the Long Term Steady State [nsertion
Limit for the existing Reactsr Ccolant Pump combination. This determina-
tion shall e limited %o core planes cetween 15X and 35% of fuil core
neight inclusive and shall exclude regions influenced by grid affects.

>4 :
T, shall be cetermined each time a calcylation of F  is required
-

Xy
and the value of Tq used to determine Fzy snall be the measured value of
T

]’ °

"

CALVERT CLIFFS-UNIT 1 Amencment V3. 27,722

CALVERT CLIFFS-UNIT 2 3/4 2-7 Amendment Vo. 3, 18
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POWER OISTRIBUTION LIMITS

TOTAL PLANAR RADIAL PEAKING FACTOR =+F

IMITING CONOITION FOR OPERATION

o ——

'\.

W«—ﬁ—#‘—. ﬂn%#%rsﬂ—h
M
Im Tha voluve cl- N D te‘mr(ir_Lsad,mspe.Cmca.\onqll:s I

APPLICABILITY: MODE ﬁ:,

Shall te in accord ance wikn Fqure 3 <--3bp

—{when operaing in accordanca with specificahon 42143

ACTTON:
d n 3 1<I+\on
4213
llmk+$:o\gmm
\ N used.
5. Be in at lTeast HOT STANDBY. \ pe.ci cmuﬁ?l o u.anm

-an, limits of Aqure 3-2-3bj0r

SURVEILLANCE REQUIREMENTS

b T |
Th;‘ fravisions of Specificatidn 4.0.4 are not applicable.

N

Xy
shall I:g determined to be within its limit at the fonovdng 1nte;va‘
rba MmONITarin

a. Prior to operation above 70 percent of RATED TH L ‘POWER
after each fuel loading,

-4 . T -
r‘y shall be calculated by the expression F F (1T ) and %

b. At least once per 37T days of accumulated operation 1n MODE | o

and
3
Cee Soeceat Tesr Ixcesmram—3idil
CALVERT CLIFFS - UNIT 2 R e Amendment No.3, 18, 3!
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PCWER® O[STRMIUTICN LIMITS

| SURVEILLANCE 2EQUIREMENTS (Continued)

2.3
xy shall be detarmined each time a calculation of F;y is required

Sy wsing the incore detectors tg s8tain a power distribution map with
alt full length CEAs at or above the Lang Term Steady Stata [nsertion
Limit for the existing Reactar Coolant Pump combi~ation., This determina-
tion shall be Timited =0 core planes cetween 13% and 35% of full core
refght inclusive and shall exclude regions influenced dy grid affects.

24
'.; shall De determined each time a calculation of ?Iy 1§ required

and the value of Tq ysed to detarmine F;y shal!l Se the measured value aof
r

a .
4

CALVERT CLIFFS-UNIT 1 Amendment No. 2], 32

CiL‘IERT CLIFFS-UNIT 2 E7a s Amencment No. 3, 18
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POWER OISTRIBUTION LIMITS NS

TOTAL INTEGRATED RADIAL PEAKING FACTGR - 7

R

)g,mmm; CONDITION FOR OPERATION

T

3.2.3 The calculated value of Fr, defined as Fr = F (1T.), shall be
Timited to <(0.620 | cen b. Reduce. THERMAL POWER to bring tha |
combiration of THERMAL POWER and

1APPLICABILITY: MODE 1+, F]-"'+o within the, limits ot F’q“u-k'

Twithdraw +he full lengHn CEAs o
ACTION: S 1,650 6 beyond 1‘?\:} Loqug.rn\ éfcodq
T : State Limits of Specification
Mth Fe > within 6 hours either: 3-l~3;6,ard"maan4- hew vale |

ot Fr in BASSS3oOr

a. Be in at least HOT STANDBY, or

53.3-3<
C % Reducy THERMAL POWER to bring the comd of THERMAL POWER
and F. to within the Timits of Figure and withdraw the fuyll

Tength CEAs to or beyond the-Long Term Steady State [nser(ion
Limits of Specificationm 3.6, The THERMAL POWER Timit
determined from Figure shall then be used to estatlish a
revised upper THERMAL POWER lavel limit on Figure 3.2-4 (truncate
Figure 3.2-4 at the allowable Rraction of RATZD THERMAL POWER
determined by Figure(3.2-3) and\subsequent operation shall be
maintained within thel reduced acdgptable operation region of

Figure 3.2-4. 323

SURVEILLANCE REQUIREMENTS

4.2.3.1 The provisions of Specification 4.0 are not applicable.

r

t.Z.B.Z n‘-'T shall be calculated by the expression F: - Fr(qu) and FI
hall be determined to be within its limit at the following intervals:

a. Prior to operation above 70 percent of RATED THERMAL POWER
after each fuel loading,

h. At least once per 31 days of accumuiated cperation in MOODE 1,
and

¢. Within foAur hours if the AZIMUTHAL POWER TILT (Tq) is » 0.030.

FSee Special tesc txception 3.10.2.

LALVERT CLIFFS - IINIT?2 3/4 2-9 Amencment No. 3, 78, 73,31
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POWER OISTRIBUTION LIMITS ’ -
ONB PARAMETERS

i
[}
|
Ly

LIMITING CONDITION FOR QPERATION

3.2.5§ The following ONB related parameters shall be maintained within
the limits shown on Table 3.2-1:

a. Cold Lag Temperature

b. Pressurizer Pressure

¢. Reactor Coolant System Total Flow Rate

¢. AXIAL SHAPE INEX , Core Phuver
APPLICABILITY: MQOE 1. T

With any of the above parameters exceeding its limit, restore the paramerer
to within its 1imit within 2 hours or reduce THERMAL POWER to less than
%2 of RATED THERMAL POWER within the next 4 hours.

SURVEILLANCE REQUIREMENTS

4.2.5.1 Each of the parameters of Table 2.2-1 shall be verified o be
within their 1imits at least once per 12 hours.

4.2.5.2 The Reactor Coolant System total flow rate shall be determined
to be within its limit by measurement at Jeast once per 18 months.,

CALVERT CLIFFS-UNIT 2 /8 213 Amendment No. 3, 13
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TABLE 3.2-1

ONB_PARAMETERS
LINITS
Four Reactor Three Reactor Two Reactor Two Reactor
Coolant Pumps Coolant Pumps Coolant Pumps Coolant Pumps
Parameter Operating Operating  Operating-Same Loop Operating-Opposite Loop
Cold Leg Temperature < S48°F " PN o
" - > 2300
Pressurizer Pressure > (2225)psia* oo e "
Reactor Coolant System
Total Flow Rate > 370,000 gpm ) . T
AXTAL SHAPE INDEX (Flgure 3.2-4) e e Ll

» & *

*Limit not applicable during elther a THERMAL POWER ramp Increase in excess of 5% of RATED THERMAL PONER
per minute or a THERMAL PONER step increase of greater than 10X of RATED THERMAL PONER .

**These values left blank pending NRC approval of ECCS analyses for operation with less than
four reactor coolant pumps operating.
*¥¥ Tha AXIAL SHAPE INDEX ,Cora Pouxr shall ba maintained within Hha. '
limits astablishad by bha Baler Axial Shame Salechon Systam (msss)
for CER insochons of #ha lead banK of £55% whon BASSS s
operabla. , or within tha lmils of Fiqure 324 for ceA
insachons spacifiad by Fiquma 3.1-Q.

B i )
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TABLE 3.3-1 (Continued)
TABLE NOTATION . -~

-

With the protective system trip Dreakers in the closed position and
the CEA drive system capable of CEA withdrawal. ]

'Thc provisions of Specification 3.0.4 are not applicable.

(a) Trip may be bypassed below 10" of RATED THERMAL PO!ER; bypass shall
be automatically removed when THERMAL POWER is > 10 of RATED
THERMAL POWER.

> 7O

(5) Trip may be manually bypassed bcals'ia; bypass shall be

automatically removed at or above(585) ng;‘aé

(¢) Trip may be bypassed below 15% of RATED THERMAL POWER; bypass
shall be automatically removed when THERMAL "ONER is > 15% of
RATED THERMAL PO'ZR.

(d) Trip may be bypissed delow 10"2 and above 12% of RATED THERMAL
POWER.

(e) Trip may be bypassed during testing pursuant o Special Test Excep-
tion 3.10.3.

[#) There shall be at least two decades of overlap between the Wide
Range Logarithmic Neutron Flux Monitoring Channels and the Power
kange Neutron Flux Monitoring Channels.

ACTION STATEMENTS

ACTION 1 - With the number of channels OPERABLE one less than
required by the Minimum Channels QPERABLZ requirement,
restore the inoperable channel to OPZIRABLE status within
48 hours or be in HOT STANDBY within the next & hours
and/or open the protective system trip Dreakers.

ACTION 2 - With the number of OPERABLE channels one less than the
Total Number of Channels, STARTUP and/or POWER OPERATION
may proceed provided the following conditions are satisfied:

a. The inoperable channel is placed in either the bypassed
or tripped condition within 1 hour. For the purposes
of testing and maintenance, the incperable channel may
be bypassed for up to 48 hours from time of initial loss
of OPERABILITY; however, the inoperable channel shall
then be either restored to OPSRABLE status or placed in
the tripped condition.

CALVERT CLIFFS - UNIT2 3/4 3-4 Amendment No. 31 -)




| TABLE 3.3-2

REACTOR PROTECTIVE INSTRUMENTATION RESPONSE TIMES 1

FUNCTIONAL UNIEY 9

b.

Manual Reactor Trip
Power Level - High
Reactor Coolant Floy - Low
Pressurizer Pressure - High
Containment Pressure - High
Steam Generator Pressure - Low
Steam Gen:rator Water Level - Low
Axial Flux Offset

Iherwal Margin/Low Pressurce

Steam Generator Pressure Difference - High

Loss of Turbine--Hydraulic
Fluid Pressure - Low

Wide Range Logaritimic Neutron Flux Monitor

¥

™

A

—

o

-

-

- .

1]

4% 2

= J

~n
‘.
)
6
7.

.

3 8.

Y 9
10.

§' 1.

|

(ad

=

o

-

o

-

>

T ok

$

fResponse Lime does not include contribution of RIDs.

| ' ;

\

RESPONSE TIHE
Not Applicable Y o 190
< 0,40 seconds*} l&‘ 1coudsﬂ
< 0.50 seconds

< 0.90 seconds

< 0.50 seconds fous
< 0,90 seconds -0 "
1‘0.90 seconds 5 lbbg |
< 0.40 seconds*f and < secoadsn
< 0,90 seconds*s and l@sccmds "

Y
< 0.90 seconds 120

Not Applicable
Not Applicable

*Neutron detectors are exempt fri:n response time testing. Response time of the peutron flux signal pertio;
of the channel shall be measured from detector output or input of first electronic 'component in channel.

#IRTD response time only. This value is equivalent to the time interval required for the RTDs output
to achieve 63.2% of {ts total change when subjected to a step change in RTD temperature.

. o/
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(a)

(e)

TABLE 3.3-3 (Continued)
TABLE NQTATION

Trip function may[be bypassed in this MODE when pressurizer

pressure is < ((700)psia; bypass _shall be automatically removed
when pressurizer pressure is > psia. -
\2300 70

Trip function may be bypassed in this MODE OV(ZF.Dsia; bypass
shall be automatically removed at or above §as) p;}_;io
The provisions of Specification 3.0.4 are not applicable.

ACTION STATEMENTS

ACTION 6 - With the number of OPERABLE channels one less than the

Total Number of Channels, restore tne inoperable channel
to OPERABLE status within 48 hours or bde in at least

HOT STANDBY within the next 6 hours and in COLD SHUTDOWN
within the following 30 hours.

ACTION 7 - With the number of OPERABLE channels one less than the

Total Number of Channels, operation may proceed provided
the following conditions are satisfied:

a. The inoperable channel is placed in either the bypassed
or tripped condition within 1 bour. For the purpcses
of testing and maintenance, the inoperable channel may
be bypassed for up to 48 hours from time of initial
loss of OPERABILITY; however, the inoperable channel
shal. then be either restored to OPERABLE status or
placed in the tripped condition.

5. Within one hour, a1l functional units receiving an input
from the inoperable channel are alsc placed in the same
condition (either bypassed or tripped. as applicable)
as that required by a. above for the inoperable chanmal.

c. The Minimum Channels QPERABLE requirement is met;
however, one additional channel may be bypassed for up
to 48 hours while performing tests and maintenance on
that channel provided the other inoperadble channel is
placed in the tripped <condition.

CALVERT CLIFFS - UNIT 2 3/4 3-15 Amendment No .31
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TABLE 3.3-4

- ———

ENGINEERED SAFETY FEATURE ACTUATION SYSTEM INSTRUMENTATION TRIP VALUES

FUNCTIONAL UNIT

1. SAFETY INJECTION (SIAS)
a. Manual (Trip Buttons)

b. Containment Pressure - High

c. Pressurizer Pressure - Low

2. CONTAINMENT SPRAY (CSAS)
a. Manual (Trip Buttons)

b. Containment Pressure -- High

3. CONTAINMENT ISOLATION (CIS) ¢
- a. Manual CIS (Trip Buttons)

5. Containment Pressure - High
4. MAIN STEAM LINE ISOLATION
a. Manual (MSIV Hand Switches
and Feed Head lsolation
Hand Switches)

b. Steam Generator Pressure - Low

TRIP SETPOINT

Not Applicable

< 4.75 psig

2 *“
1725

Not Appliceble

< 4.75 psig

Not Applicable
< 4.75 psig

Not Applicable

lpsla
¥ 635

ALLOWABL E
VALUES

Not Applicable
< 4.75 psig

:GS?B!psh
21735

Not Applicable
< 4.75 psig

Not Applicable
< 4.75 psig

Not Applicable

:iil!gHZEES

Tontainment Tsolation of non-essential penetrations is also initiated by SIAS (functional
units 1.a and 1.c).
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REACTOR COOLANT SYSTEM

| PRESSURIZER

LIMITING CONOITION FOR OPERATION

3.4.4 The pressurizer shall b; OPERABLE with a steam bubble and with at
least 150 kw of pressurizer heater capacity capable of being supplied by

emergency power.

APPLICABILITY: MODES 1 and 2.

m. ’ressu'-," r /‘VQI :A.Il A. m.;ﬂhl.ﬂd
within an operatin band bl"m 133 and
225 inches exclot when #hree charain

!

pumps are operatin d §l :
Than 25 GPM.P;; e.h:Jr /ce: ‘u:ps :’rp" lesd
:.P::‘ L ;:'{4,5#':"/“'./ q;;:"ﬁ« s GPM

1mu r lev oy,
htwn: 133 cn) 210 o'nci:}.l limited %
a. With the pressurizer inoperable due to an inoperable emergency power

supply to the pressurizer heaters efther restore the inoperable
emergency power supply within 72 hours or be in at Teast HOT STANDBY
within the next 6 hours and in HOT SHUTDOWN within the following 12
hours.

1

IACTION:

b. With the sressurizer otherwise inoperable, be in at Teast HOT STANDBY
Wwith the reactor trip breakers open within 6 hours and in HOT SHUTOOWN
within the following § hours.

\SURVEILLANCE REQUIREMENTS

4.4.4 The pressurizer water level shall pe determined to be within emdujptss

W at least once per 12 hours.

e above band

CALVERT CLIFFS - UNIT 1 3/4 4.5 Amendment No. 53
CALVERT CLIFFS - UNIT 2 Amendment No. 36
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" 1safety analyses performed for a steam line rupture event initiated 2t no 1oad i

— ——— . ——————— - — T ——_ ————— . < <A -

3/8.1 REACTIVITY CONTROL SYSTEMS

B el o E— .. a X v -
——— ——— ———

|
||
| |sases

————— - —— A ——
—— —— . So——

+13/8.1.1 BORATION CONTROL . e B ey

3/64.1.1.1 and 3/8.1.1.2 SHUTDOWN MARGIN

by

i

| ‘-

H A sufficient SHUTDOWN MARGIN ensuyres that 1) the reactor can be made

‘ subcritical from all operating conditicns, 2) the reactivity transients

| lassociated with postulated accident conditions are controllable within

| |acceptadie limits, and 3) the reactor will be maintained sufficiently

{ {subcritical to preclude inadvertent ¢criticality in the shutdown condition.

! /bEL23b
| SHUTDOWN MARGIN requiremests vary throughout core life as a function of A{JS
' fuel depletion, RCS boron congentration and RCS T The minimum availa

|

|| SHUTDOWN MARGIN for no load gperating conditions iggsoqinning of life is
11 zk/k and at end of Tife is(3.32ak/k. - The SHUTDOWN MARGIN fs based on the

||conditions. The most restrictive steam line rupture event occurs at EOC
:iconditions. For the steam line rupture event at beginning of cycle conditiens,
'|a minimum SHUTDOWN MARGIN of less than Ltk/k is requirgg gl _th 52%
|1 reactivity transient, and end of cycle/congitions require(][f)ak/k. Accordingly,
f{:hl SHUTDOWN MARGIN requirement is basgd upon this limiting conditjon and is
-1 zonsistent with FSAR safety analysis ssumptions. With T < 200°F, the
.- reactivity transients resulting from any postulated accidixe are minimal and a

-1% ak/X shutdown margin provides adeqtatt protection. With the pressurizer

level less than 90 inches, the sources of nor-borated water are restricted to

\

. ‘nzrea.e the time to criticality during\f boror dilytion event.

1/2.1.1.3 80RON OILUTION D 45%

‘ A minimum flow rate of at least 3000 GPM provides adequate mixing,

| crevents stratification and ensures that reactivity changes will be

' gradual during boron concentration reductions in the Reactor Coolant

| System. A flow rate of at Teast 3000 GPM will circulate an equivalent.

| Zsaczor Coolant System volume of 9,501 cubic feet in approximately

;,24 minutes. The reactivity change rate associated with boron concen-

;-:ration reductions will therefore be within the capability of operator
i recognition and control. :

3/6.1.1.4 MODERATOR TEMPERATURE COEFFICIENT (MTC)

The limitations on MTC are provided to ensure that the assumptions
. .sed in the accident and transient analyses remain valid through each

. “ye} cycle. The surveillance requirements for measurement of the MTC
»curing each fuel cycle are adequate to confirm the MTC value since this
. coefficient changes slowly due principally to the reduction in RCS boron
| jconcentration associated with fuel burnup. The confirmaticn that the

i |measured MTC value is within its limit provides assurances that the
'icoefficient will be maintained within acceptable values throughout 2ach
t fuel cycle.

‘e

CALVERT CLIFFS - UNIT2 8 3/4 1-1 Amendment No. 78, 31



» POWER JISTRIZUTICN LIMITS

3ASES

the analysis estaplishing the ONB Margin LCO, and Thermal Margin/Low
Pressure LSSS setpoints remain valid duringroperytion at the varicus
allowable CEA group insertion limits., [f F , F_ or T  axceed their
basic limitations, operation may continue uﬁélr Ehe adaitfonal restric-
ticns imposed by the ACTION statements since these additicnal restric-
ticns provide adequate provisions to assure that the assumptions used
in estab’ishing tne Linear Heat Rate, Thermal Margin/Low Pressure and
Local Power QJensity - 4igh LCOs and LSSS setpoints remain valid. An
AZIMUTHAL POWER TILT > 0.10 is not expected and if it should occur, sub-
sequent cperation would be restricted to only these sperations required
t3 identify the cause of this unexpected tilt. : .

;he value of T_ that must be used in the equation FT s F._(1+T)
and F s F (1+T,) 95 the measured tilt. adIE . q

v

The surveillance reauirements for verifying that Flo, FT andTT ave
within their limits provide assurance that the actuaITleuos ?f g F;
and T do not excaed the assumed values. Verifying F_ and F_ afCer
sach Puel loading priar %o exceeding 753 of RATZD THEAMAL POMER provides
additional assurance that the core was properly loaded.

3/4.2.3 ONB PARAMETERS

The limits an the ONB related parameters assure that each of the
sarametars are maintained within the normal steady state envelope of
aperation assumed in the transient and accigent 2nalyses. The 1imits are
sonsiscent with the safety analyses assumptions and seen analytically
lemonstrated adequate o maintain a minimum ONBR of thraughout each
analyzed transient. .23

The 12 hour seriodic surveillance of these parameters through instru-
ment readcout is sufficient to ensure that the parameters are restored
wizhin =heir limits following load changes anc other expected transient
speration. The 18 month periodic measurement cf the 2CS total flow rate
is adequate to detact flow degradation and ensure correlation of the
flow indication channels with measured flow such that the ingicated
sercent flow will provide sufficient verification of flow rate on 3
12 hour basis.

C.Auw CLIFFS - UNIT I 3 3/4 2-2 Amengment No. 32, 7%, 3
CALVERT CLIFFS « UNIT 2 Amendment ‘0. 1B, 37, 18
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| dating pressure syrges dyring ,ae'a'mn

REACTER COOLANT SYSTEM

. .

ASES

wa

7‘m1: rhe leactar Caolant Systam srassyre 3 w~iczhi- its 3arfety Linit of

2750 psia following & complata Tass 2f turoine janerator lgad ~nile aperat-
nq at IATED THERMAL POWER and issuming no reactar trig until the first
Qeactor Pratactive Systam irip satzgint (Pressurizer dragsure-digh) is
reached (i.e., no credit is taken for a direct reactor Irip on ine lass aof
turhine) and also assuming no cperation of the pressurizer ocwer aperatad
reliaf valve or steam dump valvas.

) Jemonsiration of the safaty valves' 1i7t settings will sccur anly
uring shutiown and ~i7l Je serformed in accsrianca ~1th cae Jravi isions af

-
Sec::cn Ll af tne ASME 3gilar and Pressura /assal Jode.

3/4.4.3 RELICF VALVES

The fower operatad reliaf vai«es (PORYs ) operats <3 religve CS Jressure
selow the setting of the gressurizer code safety valves. These reliaf valves
fave remctaly Jperatad Slcck /alzes 14 :rovldo EY :osn"ve snutaff capgapility
should a2 reiief valve Become '~caerao... e alectrical sower far doth tRe
~elief valves and the dlack valves is ~aaao!a of 2eing ,.oo‘ted frem an
emergency :Qwer sourcs pal shi

|

r pf.:svﬂger @ programme

"'SSUH{Q

=2am hSubbla in the

. lavel 3s 2regrammed ensuyres
that 'ﬂe ?CS is not a ﬂ/draulifal'y salia 5755

and is capablie af acssmme-
- also pratects
she 3ressurizer zade safety valves and power aperatad reliaf alve against
water reliaf. The sower cperatad r~elisf valves functicn 3 relfave RCS
sressure Juring all design transients. OQoeration of the Sower operited

| relief valve in conjuncsion with a reactar triad on a Pressy rizar--2rassyre-
| 4ign signal, minimizes the uncdesirable spening of the soring-lcaded

srassyrizer cade safaty valves,

The requirement =hat 130 «w 2f sressurizar heatars ind their associated
cantrals ne cacacla of 2eing supplied elactrical pcwer from in emergency Jus
aravides assurance that thesa heiters can e energized 2uring a laoss of off-

i*e sower zandition £2 maincain naturil circulation 23 40T STANCEY.

3/4.4.5 STZAM 3ENERATORS

The Surveillance Requir 1scection oF the staam jenerator
supes ensure that tne structu il integsity of this portion of tne 3AI wil
se maintained. The gragram f3r inservice inggecticn 3F staam jenerilor
sunes is Dased on 3 modification of egulatsry Guice 1.32, 2evision 1.
Inservice inspectisn af steam jeneratar tuting is assential in orzer £3

SALVERT CLIFFS - UNIT 1 3 3/4 422 Amend¢mant ‘o. 14,
SALVERT CLIFFS « UNIT 2 Amencment Ye¢. 8,
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DESIGN FEATURES

DESIGN PRESSURE AND TEMPERATURE

5.2.2 The reactor containment building is designed and shall be main-
taiecd for a -aximum intermal pressure of 50 psig and 2 temperature of
276°F.

§.3 REACTOR CORE

FUEL ASSEMBLIES

5.3.1 The reactor core shall contain 217 fuel assemblies with each fuel
assembly containing a maximum of 176 fuel rods clad with Zircaloy-<4. Each
fuel rod shall have a nominal active fuel length of 136.7 inches and
contain a maximum total weight of 3000 grams uranium. The {nitial core
loading shall have a maximum enrichment of 2.59 weignt percent U-238.
Reload fuel shall be similar in physical design fg the initial core
loading and shall have a maximum enrichment of weight percent U-23S.

> 4.l
§.1.2 Except for special test as authorized by the NRC, all fuel assemblies
under control element assemblies shall be sleeved with 2 sleeve design
previously approved by the NRC. a

CONTROL ELEMENT ASSEMBLIES

5.3.3 The reactor core shall contain 77 full length and nc part length |
cor=rol element assemblies. .

§.4 REACTOR COOLANT SYSTEM

DESIGN PRESSURE AND TEMPERATURE

5 4.1 The reactor coolant system is designed and shall be maintained:
a. In accordance with the code requirements specified in Section
’ 4.2 of the FSAR with allowance for normal degradation pursuant
of the applicable Surveillance Requirements,
b. For a pressure of 2500 psia, and

c. For a temperature of 650°F, except for the pressurizer which
s 700°F. | 251

CALVERT CLIFFS - UNIT 2 5-4 Amendment No. 18, 3t



Startup Testing

The startup testing program proposed for Cycle 5
program proposed r the reference cycle
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