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DEFINITIONS
Rerating Program:

WCAP-11902 documented the analyses and evaluations performed to support reduced
temperature and pressure operation of Donald C. Cook Nuclear Plant Unit 1.
Subsequently, a supplement to WCAP-11902 was issued to summarize the additional
efforts performed to support an uprated power level of Cook Nuclear Plant Unit 1 and
to provide support for a Unit 2 rerating (increased power level, reduced temperature
and pressure). These analyses and evaluations are described in Sections 2.0 of this
report and are documented in References 1 and 2 of Section 2.0. Throughout this
report, the analyses and evaluations documented in WCAP-11902 and Supplement are
referred to as the Rerating Program.

Uprating Program (Unit 2):

Analyses and evaluations to support operation of Donald C. Cook Nuclear Plant Unit 2
with an NSSS power level of 3600 MW1. In addition to the increased power level,
several increases in operating margin were addressed in the Uprating Program. These
operating margin increases are described in Section 1.0.

SGTP Program (Unit 1): -

Analyses and evaluations to support operation of Donald C. Cook Nuclear Plant Unit 1
with a steam generator tube plugging level of 30%. This program is described in
WCAP-14285, and includes some analyses which bound both Unit 1 and Unit 2.

VANTAGE 5 Reload Transition Safety Report (RTSR):

The analyses and evaluations performed as part of the VANTAGE 5 fuel upgrade
program for Donald C. Cook Nuclear Plant Unit 2 are documented in the VANTAGE 5
Reload Transition Safety Report, Revision 1, dated March 1990. All of the accident
analyses, with the exception of the Large Break LOCA and the Containment integrity
analyses, were performed to support an uprated NSSS power level of 3600 MW,
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SUMMARY AND CONCLUSIONS
PROGRAM SUMMARY

The purpose of this document is to provide the safety analysis and evaluation results to
support operation of Donald C. Cook Nuclear Plant Unit 2 with an NSSS power level of

3600 MWt. The analyses and evaluations were performed over a range of primary
temperatures (547°F and 581.3°F), two values of primary pressure (2100 psia and 2250 psia),
an average steam generator tube plugging (SGTP) level of 10%, and a peak SGTP level of
15%. The evaluations in this report are based on analyses performed for the Rerating
Program and the VANTAGE § RTSR.

In addition to addressing the increased NSSS power level (3600 MW), the following increased
operating margins were also addressed:

(1) Reduction of SI and RHR discharge pressure on recirculation - The Sl and RHR
minimum safeguards pump head curves were reduced by 15%, an additional 5%
reduction from the current analysis degradation of 10%. The charging pump head
curve degradation remained at the current analysis value of 10%.

(2 To support increased AT drift, the margin between the safety analysis limits (SAL) and
the nominal values of the K, and K, gains of the Donald C. Cook Nuclear Plant Unit 2
OTAT and OPAT setpoint equations were adjusted.

(3) An increase in the pressurizer code safety valve (PSV) setpoint tolerance from
+-1% to +/-3% "

The analyses and evaluations in this document support all of these changes. Discussions of
specific analyses address issues most relevant to those analyses.

The operating parameters for the increase in NSSS power level and the additional operating
margins listed above will be referred to throughout this report as the “Uprating Program®. This
repont provides the necessary documentation to support the Technical Specification changes
associated with the Uprating Program. The topics addressed in this report are as follows:

. Description of License Amendment

. Summary of Technical Specification Changes
. Basis for Evaluations/Analyses Performed

. Loss of Coolant Accident Analyses

. Post-LOCA Hydrogen Production
. Post-LOCA Hot Leg Recirculation Time
. LOCA Hydraulic Forces

m:\2422w.1 wnf*1h-1928Q8 R ]






. Non-LOCA Analyses

. Containment Analyses

. Steam Generator Tube Rupture Analyses
. Reactor Cavity Pressure Evaluation

. Radiological Analysis

. Primary Components Evaluations

. Fluid and Auxiliary Systems Evaluations
. Fuel Structural Evaluation

Also provided in the Appendix to this report are the proposed Technical Specification changes.
A brief summary of the results of each analysis and evaluation is provided below.

ACCIDENT ANALYSIS CONCLUSIONS
The results of the accident analyses and evaluations performed for the Uprating Program
demonstrate that safe operation of Donald C. Cook Nuclear Plant Unit 2 is maintained. The

bases for the evaluations and analyses performed are provided in Section 2.1.

Large Break LOCA (Section 3.1.1)

The results of the VANTAGE 5 RTSR large break LOCA analysis indicated that plant
operation with the RHR crosstie valves open would be required in order to support operation
at the uprated power of 3588 MWt. Because AEPSC could not operate Cook Nuclear Plant
Unit 2 with the RHR crosstie valves open due to the possibility of dead heading the RHR
pumps, the RHR crosstie valves were closed and an uprated power level was not pursued. A
modification to the RHR System was subsequently designed to move the RHR crosstie valves
downstream of the miniflow line and permit operation with the crosstie valves open. The large
break LOCA calculation was reanalyzed assuming the new location of the RHR crosstie
valves, 15% pump head degradation and the crosstie valves open.

Since the time of the Rerating Program analysis, the grid heat transfer model in the LOCBART
computer program was revised. The model revision resulted in an improvement in the ability
of the grids to wet, which translated into a Peak Clad Temperature (PCT) benefit. When
compared to the Rerating Program, the revised grid mode! resulted in a significant PCT
benefit for the large break LOCA analysis at a power level of 3588 MWt with the RHR crosstie
valves open. Consequently, analyses were also performed for other break sizes and
conditions to ensure that the revised grid model did not cause the limiting break size to
change. The results of the additional analyses confirmed that the high pressure/high
temperature conditions with minimum safeguards for the 0.6 C,, break remained limiting.

Considering the significant PCT benefit resulting from the model revision, the large break
LOCA analysis was reanalyzed for the crosstie valves closed case to detemine if acceptable
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results could be achieved. Additional analysis assumptions included 3588 MWt core power, a
total peaking factor of 2.335, a hot channel enthalpy rise peaking factor of 1.644, and an
accumulator water temperature of 100°F. The limiting case resulted in a PCT of 2051°F,
which is less than the 2200°F limit in 10 CFR 50.46. It is concluded that the Donald C. Cook
Nuclear Plant Unit 2 large break LOCA analysis is acceptable for operation at 3588 MWt with

the RHR crosstie valves closed, and therefore, no modification to the RHR system is required. -

It should be noted that the large break LOCA analysis was not impacted by the PSV tolerance
increase or the K1/K4 values.

Small Break LOCA (Section 3.1.2)

The small break LOCA analysis performed as part of the Rerating Program was performed for

a core power level of 3588 MWt using ECCS flows with the high head safety injection (HHSI) .

crosstie valves open. Analyses with the HHSI crosstie valves closed could not support
uprated power conditions.

Since the time of the Rerating Program, changes in the small break LOCA evaluation with
NOTRUMP, including the modeling of safety injection in the broken loop with the COSI

. condensation model, have resulted in net PCT benefits. Therefore, the small break LOCA

transient was reanalyzed for the uprated power [evel of 3588 MWt with the HHSI crosstie
valves closed. The analysis also included revised ECCS flows due to 15% pump head
degradation. The small break LOCA analysis was not impacted by the pressurizer code
safety valve tolerance increase or the revised K1/K4 values.

The small break LOCA analysis was performed with the Westinghouse small break LOCA
ECCS Evaluation Model using the NOTRUMP code (including the recent model changes
submitted in WCAP-10054-P, Addendum 2 and WCAP-10081-NP, Addendum2). The key
analysis input assumptions included ECCS flows with the HHSI crosstie valves closed, a total
peaking factor of 2.32, a hot channel enthalpy rise peaking factor of 1.62, a hot assembly
average power (P,,,) of 1.443, and a power shape based on an axial offset of 13%. The small
break analysis was performed for the reduced pressure and high temperature operating
conditions which were previously demonstrated to be limiting at the uprated power. The
analysis was performed for the 3-inch break first since this was the limiting break size for the
previous analysis at reduced power with the HHSI crosstie valves closed. The analysis was
then extended to the 2 and 4-inch breaks to ensure that the limiting break size did not
change. The analysis demonstrated that the 3-inch break remains the limiting break with the
high head crosstie valves closed. The peak cladding temperature calculated for the 3-inch
break is 2065°F which is less than the 2200°F limit in 10 CFR 50.46.
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LOCA Hydraulic Forcing Functions (Section 3.2)

The Donald C. Cook Nuclear Plant LOCA hydraulic forces were most recently analyzed for the
VANTAGE 5 RTSR. The RCS parameters used in the existing analysis-of-record bound the
conditions for the Uprating Program. Therefore, the existing LOCA forces analyses remain
bounding relative to the Uprating Program.

Non-LOCA Analyses (Section 3.3)

The non-LOCA events were addressed by a combination of evaluations and analyses for the
impact of the increased NSSS power level, revised ECCS flows, PSV tolerance increase, and
revised K1/K4 values. The computer codes and methods used for the non-LOCA analyses
have been previously approved by the NRC. The non-LOCA safety analyses were reviewed
on the basis of both DNB and non-DNB acceptance criteria. All DNB event reanalyses were
found to yield a minimum DNBR which remains above the limit value. The analyses
demonstrate that all licensing basis criteria continue to be met and the conclusions presented
in the UFSAR remain valid.

Post-LOCA Hydrogen Generation (Section 3.4)

The post-LOCA hydrogen generation rates that were reviewed as part of the Rerating
Program were detemmined to remain applicable to the Uprating Program.

Containment Integrity (Section 3.5)

The containment integrity analyses were addressed for the impact of the increased NSSS
power level and revised ECCS flows. The containment analyses were not impacted by the
PSV tolerance increase or the revised K1/K4 values. The increase in the containment
pressure and temperature following a LOCA was analyzed. The LOCA mass and energy
release rates calculated as part of the Uprating Program formed the basis to evaluate the
structural integrity of the containment folloyving a postulated accident to satisfy the acceptance
criterion, General Design Criterion (GDC) 38. Even though Cook Nuclear Plant is licensed to
GDCs in Appendix H of the original FSAR, more conservative acceptance criteria were used.
The containment integrity analysis for the most limiting case (i.e., RHR crosstie valve closed)
resulted in a maximum calculated containment pressure of 11.66 psig, for the double-ended
pump suction minimum safeguards break case. Since the calculated pressure is below the
design pressure of 12.0 psig, the results of the LOCA containment integrity analysis are
acceptable.

As part of the Donald C.: Cook Nuclear Plant Steam Generator Tube Plugging Program, a

containment integrity analysis was performed to demonstrate that the peak containment
temperature resulting from a design basis MSLB will not exceed the equipment qualification
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criterion for the plant. The analysis was performed to bound Donald C. Caok Nuclear Plant
Units 1 and 2 operation at uprated conditions (3600 MWt). The containment pressure
response determined for the LOCA containment integrity analysis is calculated to be more
severe than for the MSLB, and therefore bounds the MSLB analysis. For the large break
case, the limiting case is the 1.4 ft? double-ended rupture at 102% power with MSIV failure.
This case yielded a calculated peak temperature of 322.7°F. For the small break case, the
most limiting case in terms of peak calculated temperature is the 0.942 ft? split break at 30%
power with an MSIV failure. This case resulted in a calculated peak temperature of 326°F.
Both cases are within the Environmental Acceptance Criteria (Section 3.5.4.1, Reference 3).
Therefore, the analysis demonstrates that the containment heat removal systems function to
rapidly reduce the containment pressure and temperature in the event of a MSLB. General
Design Criterion 50 and Appendix K are satisfied. This analysis is discussed in WCAP-14285,

Short Term Containment Analysis (Section 3.5.1)

The short term containment analysis that was performed for the Rerating Program was
reviewed and it was determined that the conclusions provided for the Rerating Program
remain valid for the Uprating Program. That is, the resulting peak pressures remain below the
allowable design peak pressures for the pressurizer enclosure, the fan accumulator room, and
the steam generator enclosure.

Steam Generator Tube Rupture (Section 3.6)

The SGTR event was analyzed for the impact of the Uprating Program parameters. The
SGTR analysis was not impacted by any of the Uprating Program increased operating
margins. A review of the SGTR analysis to support an uprating to 3600 MWt showed that the
thermal-hydraulic results remain applicable for the uprating power conditions. Therefore, the
conclusions of the UFSAR remain valid.

Post-LOCA Hot Leg Recirculation Time (Section 3.7)

The hot leg recirculation time analysis has been updated for Donald C. Cook Nuclear Plant
Unit 2 to determine the time when switchover to hot leg recirculation should be initiated
following a LOCA. This analysis addresses the concem related to the potential for boron
precipitation in the reactor vessel during cold leg recirculation following a LOCA.

The resuilts of the updated hot leg switchover analysis for Donald C. Cook Nuclear Plant
Unit 2 indicates that the maximum allowable boric acid concentration of 23.53 weight percent
will not be exceeded in the vessel if the hot leg recirculation is initiated at 8.5 hours after the
LOCA occurs. An assessment also indicates that the cold leg recirculation flow rate is
sufficient to meet the requirement for core heat removal when sump recirculation is initiated,
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and that the hot leg recirculation flow rate is adequate to meet the recirculation requirement
when switchover to hot leg recirculation is performed.

Reactor Cavity Pressure Analysis (Section 3.8)

The Reactor Cavity Pressure Analysis that was performed for the Rerating Program was
reviewed and it was determined that the conclusions provided for the Rerating Program
remain valid for the Uprating Program.

Radiological Doses (Section 3.9)

The Loss-of-Offsite Power, Loss of Load, Loss of Normal Feedwater, SGTR, Steamline Break
and Fuel Handling Accident were reanalyzed for the Uprating Program. All radiological doses
were found to be within acceptable limits. The Large Break LOCA dose calculations
performed for the Cook Unit 1 SGTP Program bound the Cook Unit 2 Uprating Program.

FLUID AND AUXILIARY SYSTEMS EVALUATION CONCLUSIONS (Section 3.10)

The fluid systems proof of design calculations were reviewed for the Uprating Program
conditions. This review demonstrated that the NSSS fluid systems will continue to function
adequately as designed for all conditions of the Uprating Program. ECCS flowrates were
revised as part of the Uprating Program and were used in the safety analyses and
evaluations. | -

In the NSSS/BOP interface area, the proposed NSSS Performance Parameters for the
Uprating Program were compared with those of the Rerating Program. The results of the
evaluation show that the Uprating Program will have no adverse effects on the BOP systems
performance (Main Steam System, Condensate and Feedwater System, Steam Dump System,
Auxiliary Feedwater System, Steam Generator Blowdown and Sampling System). They will
continue to perform acceptably at the conditions associated with Uprating Program. The
.current minimum stored volume in the Condensate Storage Tank is 175,000 gallons and has
been verified to be adequate for the Uprating Program. -

PRIMARY COMPONENTS EVALUATION CONCLUSIONS

Steam Generators (Section 3.11.1)

As part of the Rerating Program, thermal hydraulic performance parameters were evaluated
for a range of thermal powers and steam pressures. The conclusion of the Rerating Program
.was that the performance characteristics of the steam generators, including moisture
carryover, continue to be acceptable at all the Rerating Program conditions. Since the
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envelope of uprating conditions is bounded by the Rerating Program, the conclusion continues
to apply for the Cook Nuclear Plant Unit 2 Uprating Program.

Structural analyses and evaluations performed for the Cook Unit 2 steam generators indicate
that the steam generator components remain in compliance with the applicable ASME Code
requirements under the Uprating Program conditions.

¥

Reactor Vessel (Section 3.11.2)

The results of the structural evaluations performed for the reactor vessel demonstrate that
operation of Cook Nuclear Plant Unit 2 within the parameters of the Uprating Program does
not result in stress intensities or fatigue usage factors which exceed the acceptance criteria of
the applicable ASME Code versions. The changes in the neutron fluence resulting from the
uprated power level were evaluated for the impact on reactor vessel integrity. The
assessment included a review of the upper shelf energy values, current material surveillance
capsule withdrawal schedule, heatup and cooldown pressure-temperature limit curves, RTprg
values, and the Emergency Response Guideline (ERG) limits. The evaluation concluded that
the upper shelf energy values of all beltline region plates and weld materials are expected to
remain above 50 ft-Ib through the life of the vessel (32 EFPY). All RTyg values of the Cook
Nuclear Plant Unit 2 reactor vessel beltline materials remain below the PTS screening criteria
using projected uprating fluence values through 32 EFPY. The removal schedule contained in
the Cook Nuclear Plant Unit 2 Technical Specifications remains unchanged. Upon
implementation of the Uprating Program, the heatup and cooldown pressure-temperature limit
curves currently contained in the Technical Specifications will be applicable to 14.5 EFPY and
Cook Nuclear Plant Unit 2 will be in Category Il of the ERG pressure temperature limits.

Reactor Internals (Section 3.11.3)

Results of the thermal-hydraulic analyses performed for the reactor intemals indicate that the
Uprating Program for Cook Nuclear Plant Unit 2 results in acceptable values of core bypass
flow, pressure drops, component lift forces, and momentum flux values. it was also confirmed
that the RCCA scram performance was not impacted by the Uprating Program conditions.

From the component stress analysis and the flow’induced vibration evaluations, it is
concluded that the margins of safety are within acceptable limits per the original design basis.

Control Rod Drive Mechanisms (Section 3.11.4)
The conclusion of structural evaluations performed for the Uprating Prograrﬁ conditions for the

CRDMs demonstrate that the operability, service life, and structural integrity of the CRDM
latch assembly, drive rod, and coil stack will not be adversely affected.
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Reactor Coolant Pumps (Section 3.11.5)

The review performed of the reactor coolant pumps for the Uprating Program conditions
demonstrate that the conditions are acceptable for the 93A RCP, and no additional thermal or
structural analyses are required to demonstrate compliance with the applicable codes and
standards. The RCP motor evaluation revealed that the motors are acceptable for operatlon
at the Uprating Program conditions.

Pressurizer (Section 3.11.6)
A fatigue analysis performed for the Cook Nuclear Plant Unit 2 pressurizer, incorporating the
most conservative conditions of the Uprating Program, demonstrated that the pressurizer

remains in compliance with the applicable ASME Code criteria.

Reactor Coolant Piping and Suppotts (Section 3.11.7)

As part of the Rerating Program, analyses were performed to determine the effects of the
Rerating Program conditions on the primary loop piping, primary equipment supports, and the
primary equipment nozzles. The analyses demonstrated the acceptability of these
components at the Rerating Program conditions. The Rerating Program analyses were
reviewed for their applicability to the Uprating Program, and it was confirmed that the primary
loop piping, primary equipment supports, and primary equipment nozzles are acceptable for
operation at the Uprating Program conditions.

it was also concluded that the Uprating Program conditions will have an insignificant impact
on the design basis analysis for the NRC Bulletin 88-08 evaluation of the auxiliary spray
piping and the NRC Bulletin 88-11 evaluation of the pressurizer surge line piping.

Auxiliary Components (Section 3.11.8)

Evaluations were performed for the auxiliary tanks, pumps, valves, and heat exchangers to
determine the effects of the revised RCS parameters due to the Uprating Program. The
results of these evaluations demonstrated that, due to conservatively specified parameters
used in the procurement of the auxiliary equipment, the Uprating Program parameters will not
adversely affect the function or structural integrity of this equipment.

fce Condenser (Section 3.11.9)

The potential impact of increased blowdown forces on the ice condenser, due to changes
associated with the Rerating Program and the Uprating Program, on the structural integrity of
the ice condenser have been assessed. It was determined that the ice condenser is
structurally adequate for the rerating/uprating conditions.
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Fuel Structural Evaluation (Section 3.12)

Evaluations were performed for the Cook Nuclear Plant Unit 2 Uprating Program in the areas
of fuel rod and fuel assembly structural integrity, core design, and thermal-hydraulic design.

The fuel assembly structural integrity is not affected by the Uprating Program, and the core
coolable geometry is maintained for the 17x17 Vantage 5 fuel in the Unit 2 core. “The
evaluation of the fuel rod structural integrity indicates these conditions will be acceptable,
although it is noted that cycle-specific verification dunng the normal reload will still be
performed.

The results of the core design evaluation indicated that the Uprating Program conditions will
not impact the core design and that the analysis performed for the VANTAGE 5 RTSR remain
applicable.

Thermal-hydraulic analyses were performed for the fuel for the limiting Uprating Program
parameters using RTDP methodology. The analysis showed that the DNBR design basis was
met for the limiting DNB events. This analysis caused the available DNB margin to increase.
This margin can be used for flexibility of design and to offset unanticipated DNBR penalties.

-~
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“ 1.0 INTRODUCTION - DESCRIPTION OF LICENSE AMENDMENT REQUEST

1.1, PURPOSE FOR CHANGE

Currently, the licensing basis analyses for Donald C. Cook Nuclear Plant Unit 2 are
documented in the Updated Final Safety Analysis Report (UFSAR). This amendment request
reflects the changes to the safety analysis assumptions and results due to the revised
operating conditions resulting from an increased NSSS power level. While the analyses and
evaluations were being performed for the increased NSSS power level, several operating
margins were increased and incorporated into the analyses and evaluations in order to
maximize the benefit of the reanalysis. Therefore, in addition to addressing an increased
NSSS power level of 3600 MW, the following increased operating margins were also
addressed:

(1) Reduction of Sl and RHR discharge pressure on recirculation - The Sl and RHR
minimum safeguards pump head curves were reduced by 15%, an additional 5%
reduction from the current analysis degradation of 10%. The charging pump head
curve degradation is maintained at the current analysis value of 10%.

the nominal values of the K, and K, gains of the Donald C. Cook Nuclear Plant Unit 2
OTAT and OPAT setpoint equations were adjusted.

~ ()  To support increased AT drift, the margin between the safety analysis limits (SAL) and
('B

(3) An increase in the pressurizer code safety valve (PSV) setpoint tolerance from
+ 1% to 3%

The parameters associated with an increased NSSS power of 3600 MW, both directly and
indirectly, are referred to throughout this report as the "Uprating Program". This program
resulted in changes to.the Donald C. Cook Nuclear Plant Unit 2 Technical Specifications, as
described in Section 1.2 of this report.
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1.2  CURRENT LICENSE BASIS AND FUNCTION OF IDENTIFIED TECHNICAL
SPECIFICATIONS AND DESCRIPTION OF PROPOSED CHANGE

The proposed changes to the Donald C. Cook Nuclear Plant Unit 2 Technical Specifications
are summarized in Table 1.2-1. These changes reflect the impact on the design, analytical
methodology, and safety analysis assumptions outlined in this amendment request. The
proposed Technical Specification changes are included in Appendix A of this report. A brief
overview of the significant Technical Specification changes follows.

The changes are based on analyses and evaluations associated with the Uprating Program.
Since new analyses and evaluations were required to establish the acceptability of the NSSS
Power level, several related Technical Specification relaxations were verified. In addition,
selected editarial changes are proposed to improve consistency with the Unit 1 Technical
Specifications. For completeness, Technical Specification changes associated with operation
with a full core of VANTAGE 5 fuel are also included.

Power Uprating

Technical Specification Definition 1.3, RATED THERMAL POWER, is changed to be
consistent with the uprated core thermal power that is assumed in the Uprating Program.

The safety limits in Figure 2.1-1 are revised to reﬁeét limits at the uprated power and the
bases discussion is revised to reflect the current fuel design.

OPAT/OTAT Setpoints

Technical Specification Table 2.2-1 lists the r.eactor protection system instrumentation trip
setpoints for the various trip functions. The reactor trip setpoint limits specified in Table 2.2-1
are the nominal values at which the reactor trips are set for each functional unit.

The Thermal Overpower AT (OPAT) trip function provides assurance of fuel integrity (e.g., no

fuel melting and less than 1% cladding strain) under all possible conditions, limits the required
range for Thermal Overtemperature AT (OTAT) protection, and provides a backup to the High
Neutron Flux trip. .

The OTAT trip function provides sufficient core protection to preclude departure from nucleate

boiling (DNB) over a range of operating and transient conditions. The setpoint is automatically

varied with temperature, pressure, and the axial power distribution. The F(Al) penalty function
adjusts the trip setpoint for axial peaks greater than design.

Revisions to the limiting safety system settings for the OTAT and OPAT trip functions

(Table 2.2-1, Notes 1, 2, 3, and 4) are proposed to maintain consistency with the non-LOCA
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Accident Analysis. These trip functions provide primary protection against DNB and fuel
centerline melting (excessive kw/ft) during postulated transients. The proposed settings have
been based on the new core safety limits and account for instrument uncertainties. The
reference temperatures in the trip function equations are now indicated values that apply over
a temperature range that was analyzed and are specified in the notes (i.e., 547°F to 581.3°F).

DNB Parameters, RCS Pressure, T.,,g and Flow

LCO 3.2.5, DNB Parameters, specifies RCS parameters assumed as initial conditions in the
transient and accident analyses. The DNB parameters are limits on RCS temperature,
pressure and flow derived from the initial conditions assumed in the accident analysis. The
DNB pressure limits are given for both normal pressure operation and reduced pressure
operation. The DNB limits represent indicated values which include an appropriate allowance
for indication uncertainty. For the Unit 2 Uprating Program, AEPSC is responsible for defining
the DNB limits. Information related to DNB parameter uncertainty on Unit 2 can be found in
WCAP-12576, Rev. 1 of June 1990, Safety analysis limits used for the Uprating Program are
summarized in Table 3.3-5.

ECCS Pump Flows

The restriction in LCO 3.5.2 that requires all safety injection crosstie valves to be open is
deleted, based on the safety analysis at the uprated condition that supports crosstie valves
closed.

Containment Internal Pressure

The maximum calculated post-accident containment pressure must remain below the
containment design pressure of 12.0 psig. The resuits of the containment integrity analyses
performed for the Uprating Program resulted in a maximum calculated containment pressure
of 11.66 psig. Thus, the value in the Bases for LCO 3.6.1.4 and 3.6.1.5 (9.4 psig) are being
revised to reflect the analysis resuits.

Condensate Storage Tank Minimum Volume

The current minimum usable volume in the Condensate Storage Tank is 175,000 gallons and
has been verified to be adequate for the Uprating Program.

Pressure/Temperature Limits

Due to the increased irradiation of the reactor pressure vessel at the uprated power level, the
applicable time limit of the current heatup and cooldown limits is slightly reduced.
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Miscellaneous Changes

DNB Limits

The limit on minimum RCS average temperature is deleted from LCO 3.2.5. This change is
included to make the DNB limits similar in format to the DNB limits for Unit 1 and other plants
with Standard Technical Specifications.

ESF Trip Setpoints

The steam line pressure - low trip setpoint is reduced based on an earlier reload safety
evaluation for Unit 2, cycle 10.

The low pressure S trip setpoint is revised based on SECL-93-193. However, since SECL-
93-193 did not include nominal allowable values, these values must be determined by
AEPSC.

Low Flow Trip Setpoint

The reference flow used in Table 2.2-1 for the low flow trip setpoint is related to the total RCS
flow in Table 3.2-1 of the DNB LCO. This change is included to make the low flow trip
setpoint format similar to Unit 1.

Pressurizer Code Safety Valve Lift Setting Tolerance

The pressurizer safety valves provide, in conjunction with the Reactor Protection System,
overpressure protection for the RCS. Accident and safety analyses which require safety valve
actuation assume operation of three pressurizer safety valves to limit increases in RCS
pressure. The limit protected by this specification is the reactor coolant pressure boundary
Safety Limit of 110% of design pressure.

The LCO 3.4.2 (MODES 4 and 5) and LCO 3.4.3 (MODES 1, 2, and 3) pressurizer code
safety valve lift setting tolerance has been increased from + 1% to * 3%.

The acceptability of the increased safety valve tolerance has been established by evaluation

or analysis of applicable events including loss of load, turbine trip, locked rotor, loss of normal
teedwater, feedwater line break, and loss of all power to station auxiliaries.
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2-2
B 2-1

25

2-7
2-8
2-9
B 2-5

3/4 2-15
B 3/4 2-5

3/4 3-23

3/4 3-23
3/4 3-25

3/4 4-16

B 3/4 2-4a

TABLE 1.2-1

SUMMARY OF TECHNICAL SPECIFICATION CHANGES

SECTION

DESCRIPTION OF CHANGE

1.0

241
B21.1

22

2.2
B22.1

325
B3.2.5

3/4 2.3

3.2

4.4.6.2.1
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Revise definition of Rated
Thermal Power

Revised Safety Limit Figure

Revise Bases to reflect current

fuel design
Use DNB flow limit for the

Reference flow for low flow trip

setpoint

OTAT & OPAT Setpoints
Revise OTAT and OPAT Trip
Setpoint and Allowable Value
notes.

DNB Parameters

Revise DNB Parameters, RCS

Tav from 578.7°F to (581.3 +
5. 1 - indication error) °F.

Add RCS pressure limits for
normal and reduced pressure
operation.

Limit = nominal pressure

-63 psi + indication error.

Indication error is responsibility

of AEPSC. Delete min T
limit.

Revise Bases to reflect current

fuel design.

Low Pressure Sl Trip
Setpoint

Low Steamline Trip Setpoint

Add Pg, term for reduced
pressure operation.

1.0-4

BASIS

Uprated Power is 3600 MWt

Uprated Power is 3600 MWt
CY-10 Fuel Design

Provide format consistency
with Unit 1

Proposed settings based on
new instrument
uncertainties and analysis
flimit.

Tayg iNput assumption
verified by reanalyses.
Format based on Unit 1
DNB format and DNB limits
in the LCO.

CY-10 fuel design

Revised based on
SECL-93-193

Relaxed trip setpoint based
on Rerating Program and
RTSR.

Revision Based on Limits
for Reduced Praessure
operation.






3/4 4-4 3.4.2

3/4 4-5 3.4.3
3/44-25  3.4.9.1
3/4 4-26

B 3/4 4-6

3/4 5-3 3.5.2

B 3/4 5-1a

B3/462 B36.1.4
3/4 7-7

B 3/4 7-3
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Safety Valve Lift Setting
Pressurizer code safety valve
lift setting pressure tolerance
increased to 3%

Heatup and Cooldown EFPY
Limit

ECCS Crosstie Valves
Delete requirement that the
safety injection crosstie valves
must be open

Containment Internal
Pressure & Temp.

The value of peak containment
pressure in the Bases for LCO
3.6.1.4 and 3.6.1.5 are being
revised to 11.66 psig to reflect
the analysis results

Define CST volume limit in
terms of usable volume

Define minimum usable CST
volume in Bases

1.2-5

Relaxation based on
evaluation or analysis of
several limiting events.

Limits apply at reduced
vessel EFPY due to uprated
conditions

The safety analysis does
not assume that the crosstie
valves must be open.

The results of the
containment integrity
analyses performed for the
SGTP program resulted in a
maximum calculated
containment pressure of
11.66 psig.

Utility preference.

Basis revised to clarify CST
minimum contained volume.






2.0 BASIS FOR EVALUATIONS/ANALYSES PERFORMED

The purmpose of the Uprating Program was to perform the necessary NSSS-related efforts to
support an increase in the NSSS power level to 3600 MWt and continue operational flexibility
in terms of primary temperature and pressure. In addition to the change in parameters
associated with the increased NSSS power level, additional changes were incorporated into

the analyses, as described in Section 1.0 (e.g., ECCS pump degradation, pressurizer safety
valve tolerance, etc.).

Previously, AEPSC submitted a report for NRC review in October 1988, which provided the
necessary analysis, documentation, and licensing effort to support operation at reduced
primary temperatures and pressures. These analyses were performed in an effort to reduce
the propensity for the initiation and propagation of corrosion in the Cook Nuclear Plant Unit 1
Series 51 steam generator tubes. The Westinghouse input for this submittal was provided in
WCAP-11902 (Reference 1). The efforts performed for WCAP-11902 supported 100%

thermal power operation (3250 MWt core power) in the range of vessel average temperatures

between 547°F and 576.3°F, at primary pressure values of 2100 psia and 2250 psia. The
primary pressures were intended as two discrete values; the program was not structured to
support a continuous range of primary pressures. The intent of the reduced primary pressure
value is to minimize the primary to secondary pressure drop across the steam ‘generator tubes
at reduced temperature operation. In addition, the analyses and evaluations performed

support a maximum average tube plugging level of 10%, with a peak steam generator tube
plugging (SGTP) level of 15%.

A supplement to WCAP-11902 was issued as the Westinghouse input for a second submittal
to the NRC to summarize the additional efforts performed to support a rerating of Cook
Nuclear Plant Unit 1 and to provide part of the support for a Unit 2 rerating (Reference 2).
The impact of this document on Cook Nuclear Plant Unit 2 is to support the licensing of a

power uprating (in addition to supporting the range of oberating conditions described above) to

3600 MWt NSSS. Only the reduced temperature and pressure portion of this program and
associated operational improvements have been approved at this time. AEPSC currently
selects the desired operating conditions from within the-range addressed in the Rerating
Program on a cycle-to-cycle basis. The efforts documented in WCAP-11802 and Supplement
are referred to throughout this report as the "Rerating Program®.

Subsequent to the submittal of WCAP-11902, Supplement 1, a submittal was made to the
NRC for the core related accident analyses at 3600 MWt as part of the Cycle 8 reload
analysis (Reference 3). Only the Large Break Loss-of-Coolant Accident (LOCA) and long term
containment integrity analyses did not support operation at 3600 MWt.

- The RCS temperatures of the Uprating Program were chosen to be within the bounds of the

Rerating Program. The two primary pressure values of 2100 psia and 2250 psia were
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evaluated. The maximum average and peak SGTP level remain unchanged at 10% average
SGTP and 15% peak. Because the range of NSSS parameters was chosen to be within the
bounds of the Rerating Program, many of the analyses performed for the Rerating Program
(Reference 1 and 2) remain applicable to the Uprating Program. Upon approval of the
analyses and evaluations in this report, AEPSC will select the desired operating conditions
from within the range addressed in the Uprating Program on a cycle to cycle basis.

References

1. WCAP-11902, "Reduced Temperature and Pressure Operation for Donald C. Cook
Nuclear Plant Unit 1 Licensing Report®, October 1988.

2. WCAP-11902, Supplement, "Rebated Power and Revised Temperature and Pressure
Operation for Donald C. Cook Nuclear Plant Units 1 and 2 Licensing Report,”
September 1989.

3. VANTAGE 5 Reload Transition Safety Report for Donald C. Cook Nuclear Plant Unit 2,
Revision 1, March 1990.
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2.1 DESIGN POWER CAPABILITY PARAMETERS

This section describes the parameters which were used as the basis for the evaluations and
analyses performed to support the Uprating Program for Cook Nuclear Plant Unit 2. The
NSSS performance parameters feature the uprated NSSS power of 3600 MWt, a T,
temperature range from 547°F to 581.3°F, two primary pressure values of 2250 psia or
2100 psia, an average SGTP level of 10%, a peak SGTP level of 15% and a TOF of

88,500 gpm/loop. The RCS temperature range is bounded by the Rerating Program.

A brief description of each set of parameters is provided below:

Case 1: These are the original NSSS performance parameters for Unit 2 and are shown for
comparison with the revised parameters. These parameters incorporate an NSSS power of
3403 MWt and 0% SGTP.

Case 2: These parameters incorporate a core power level of 3588 MWt, an NSSS power
level of 3600 MWt (which includes 12 MWt.of reactor coolant pump heat), an average steam
generator tube plugging level of 10%, primary pressures of 2100 psia, and a lower bound
vessel average temperature of 547.0°F.

Case 3: These parameters incorporate the same features as case 2, except that the primary
temperatures incorporate an upper bound vessel average temperature of 581.3°F. This case

was used as the basis for selected analyses, where high primary temperatures were limiting.

Case 4: These parameters incomporate the same features as case 2, except that the primary
pressure was revised to 2250 psia.

Case 5: These parameters incorporate the same features as case 3, except that the pfimary
pressure was revised to. 2250 psia. .

The Uprating Program NSSS performance parameters incorporate the current fuel, 17x17
VANTAGE 5, and also replacement steam generators.
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TABLE 2.1-1
6 COOK NUCLEAR PLANT UNIT 2 NSSS PERFORMANCE PARAMETERS
FOR UPRATING PROGRAM

(Unit 2, Original)

Parameter Case 1
NSSS Power, MWt 3403
Core Power, MWt 3391
RCS Flow,(gpm/ioop)* 88,500
Minimum Measured Flow, (total gpm) 366,400
RCS Temperatures, °F .
Core Outlet 609.1
Vessel Outlet 606.4
Core Average 576.8
Vessel Average 573.8
Vessel/Core Inlet ‘ 541.3
Steam Generator Outlet 541.0
Zero Load 547.0
RCS Pressure, psia 2250
@ Steam Pressure, psia , 820
Steam Flow, (10 lb/hr.tot.) ) 14.74
Feedwater Temperature, °F 431
% SG Tube Plugging 0

Flow Definitions:

* RCS Flow (Themal Design Flow) - The conservatively low flow used for thermal/hydraulic
design. The design parameters listed above are based on this flow.
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TABLE 2.1-1 (continued)
COOK NUCLEAR PLANT UNIT 2 NSSS PERFORMANCE PARAMETERS
FOR UPRATING PROGRAM'

Parameter Case 2 Case 3 Case 4 Case 5
NSSS Power, MWt 3600 3600 3600 3600
Core Power, MWt 3588 3588 3588 3588
RCS Flow, (gpmAoop)? 88,500 88,500 88,500 88,500
Minimum Measured Flow, 366,400 366,400 366,400 366,400

(total gpm)®

RCS Temperatures, °F

Core Outlet 585.7 618.2 585.8 618.4
Vessel Outlet 582.2 615.0 582.3 616.2
Core Average 550.1 584.9 550.1 584.8
Vessel Average 547.0 581.3 547.0 581.3
Vessel/Core Inlet 511.8 547.6 511.7 547.3
Steam Generator Outlet 511.5 547.4 511.4 547.1
Zero Load 547.0 547.0 547.0 547.0
RCS Pressure, psia 2100 2100 2250 2250.
Steam Pressure, psia 587 820 587 820
Steam Flow, 15.90 16.00 15.90 16.00
(10° Ib/hr.tot.)

Feedwater Temperature, °F 449 449 449 449
% SG Tube Plugging 10 avgy/ 10 avy/ 10 avg/ 10 avy/

15 peak 15 peak 15 peak 15 peak

Cases 2, 3, 4 & 5 are identical to cases 7, 5, 6, & 4, respectively, of Table B-2.1 of the
VANTAGE 5 RTSR.

RCS Flow (Thermal Design Flow) - The conservatively low flow used for thermal/hydraulic design.
The design parameters listed above are based upon this flow.

Minimum Measured Flow - The flow specified in the Technical Specifications which must be
confirmed or exceeded by the flow measurements obtained during plant startup and is the flow
used in reactor core DNB analyses for plants applying the Revised Thermal Design Procedure.
MMF based upon a 3.5% flow measurement uncertainty.
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2.2 NSSS DESIGN TRANSIENTS

The NSSS design transients evaluation for the Donald C. Cook Nuclear Plant Unit 2 Uprating
Program was completed and confirmed that the NSSS design transients developed as part of
the Donald C. Cook Nuclear Plant Units 1 and 2 Rerating Program continue to apply to
Donald C. Cook Nuclear Plant Unit 2 at the uprating conditions with the exception of the Loss
of Load and Loss of Offsite Power design transients. The evaluation consisted of a
comparison of the NSSS performance parameters for the Uprating Program with the
parameters for the Rerating Program. The comparison concluded that the Uprating Program
parameters do not impact the NSSS design transients (i.e., temperatures, pressures, and
power levels) and are bounded by the parameters used in the Rerating Program. The Loss of

- Load and Loss of Offsite Power design transients were modified to support the 3% Pressurizer

Safety Valve setpoint tolerance.
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2.3 CONTROL/PROTECTION SYSTEM SETPOINTS

Control Systems were evaluated and found to be bounded by the analyses performed as part
of the Rerating Program. These analyses reflected the objective of optimizing control
parameters, primarily with respect to two aspects of plant behavior: stability of the control
systems and operating margins to the various reactor protection system trips.

The flexibility identified during the Rerating Program to adjust the full load vessel average
temperature and primary pressure as necessary on a cycle-to-cycle basis remains applicable
to the Uprating Program. Control systems setpoints are selected for each fuel cycle from
those analyzed for the Rerating Program. Therefore, the plant will be adequately stable for all

Uprating Program operating conditions and will operate with adequate margin to reactor
protection system setpoints.
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3.0 SAFETY EVALUATION/ANALYSES

3.1 LOCA (LARGE BREAK AND SMALL BREAK)
3.1.1 Large Break LOCA

3.1.1.1 Introduction

The current licensing basis large break LOCA analysis for Donald C. Cook Nuclear Plant

Unit 2 was performed to support operation with VANTAGE 5 fuel. The analysis is described in
the VANTAGE 5 Reload Transition Safety Report (RTSR), Reference 1. The RTSR large
break LOCA analysis is summarized in Section 3.1.1.2 of this'report in order to present a
complete picture of the proposed licensing basis analysis for the Uprating Program.. Additional
analyses have also been performed to support the Uprating Program, and these analyses are
described in Section 3.1.1.3. The RTSR analyses were used as the basis for the uprating
analyses, and thus the new analyses constitute sensitivity studies relative to the current
licensing basis analyses. The uprating sensitivity studies have confirmed the limiting break
size and operating conditions which were established in the RTSR analysis. Howevér, the
operating conditions for the proposed licensing basis for the Uprating Program will rest on the

"RTSR analyses, since the RTSR analyses include a low temperature, high pressure case and

a maximum safeguards analysis which were not repeated in the Uprating Program sensitivity
analyses.

Although the RTSR analyses indicated that it would be necessary to operate the unit with the
RHR crosstie valves open to obtain an acceptable large break LOCA result for a core power
level of 3588 MW, the uprating analyses have demonstrated that an acceptable PCT.can be
obtained with the RHR crosstie valves closed. It was detemmined that revisions to the large
break LOCA model, which have been made to resolve issues identified in the 10 CFR 50.46
reports since the RTSR analysis was performed, have resulted in a significant PCT benefit for
Donald C. Cook Nuclear Plant Unit 2. It was determined that the revision to the grid heat
transfer model in the LOCBART program was the major contributor to the reduction in the
PCT. The results of the uprating analyses, including the effect of the grid heat transfer model
change, are discussed in Section 3.1.1.3.

3.1.1.2 RTSR Large Break LOCA Analysis

The licensing basis large break LOCA analysis for Donald C. Cook Nuclear Plant Unit 2 was
performed to support plant operation with VANTAGE 5 fuel installed. A detailed description of
the large break LOCA analysis performed for the VANTAGE 5 reload is presented in the
VANTAGE 5 RTSR (Reference 1), and the results of the analysis are summarized below.

The large break LOCA analysis for the RTSR was performed to support operation at a core
power level of 3588 MWt with the RHR crosstie valves open, and also at 3413 MWt with the







RHR crosstie valves closed. The analysis was performed with the December 1981 version of
the Westinghouse ECCS Evaluation Model modified to incorporate the BASH (Reference 2) (
computer code. The analysis was performed for a double-ended cold leg guillotine (DECLG)

break, which has been shown to represent the limiting break for the large break ECCS

performance analysis. Calculations were performed for a range of Moody break discharge
coefficients. Although the large break single failure for the Westinghouse design is the loss of

one RHR pump, it was conservatively assumed that only one train of ECCS is available for

delivery of water to the RCS. However, both Emergency Diesel Generators were assumed to

start and full containment heat removal systems operation was modelled. The safety injection

flow for the analysis was based on the operation of one charging pump with the minimum

resistance branch injection line spilling to containment backpressure, and the operation of one

safety injection pump and one RHR pump with the minimum resistance accumulator injection

line spilling to containment backpressure. In addition, all safety injection pump performance

curves were degraded by 10%. i

A range of reactor operating temperatures was analyzed in the RTSR in order to justify plant
operation at a reactor power level of 3588 MWt between 582.2°F to 615.2°F in the hot legs
and 511.7°F to 547.6°F in the cold legs. In addition to the temperature range analyzed, initial
RCS pressurizer pressure was also varied to justify plant operation at 2100 or 2250 psia
(2037 or 2313 psia, respectively, with the pressure uncertainty included). The analyses were
performed using minimum safeguards assumptions, with safety injection flows based on the
RHR crosstie valves open. A full spectrum break analysis was done at the high pressure/high (
temperature RCS conditions (initial RCS pressurizer pressure, with uncertainty, of 2313 psia
and initial hot leg temperature of 615.2°F) from which the limiting break size was determined.
The limiting break was then reanalyzed for low temperature and high RCS pressure, and also
for high temperature and low initial RCS pressure. The limiting case was also reanalyzed
assuming maximum safeguards ECCS flow rates.

The analysis also considered plant operation at 3413 MWt with the RHR crosstie valves
closed. The lower power level was considered necessary to offset the reduction in safety
injection flow due to the closure of the RHR crosstie valve. This case assumed a power level
of 3413 MWt and minimum safeguards with the RHR crosstie valves closed at the limiting
RCS conditions. All cases conservatively assumed 15% steam generator tube plugging in all
four steam generators. Table 3.1-1 describes the cases analyzed. Tables 3.1-2 and 3.1-3
summarize the key input parameters and setpoints modelled in the RTSR large break LOCA
analysis. The analysis was performed with a reactor vessel upper head temperature equal to
the RCS hot leg temperature.

The results of these calculations are summarized in Tables 3.1-4 and 3.1-5. The peak clad
temperature (PCT) was calculated for the 0.6 C, cold leg break initiated at 3588 MWt with
high RCS pressure and high temperature conditions, and with minimum safeguards ECCS
flows (Case A). The PCT calculated for this case was 2140°F, which is less than the
acceptance criterion limit of 2200°F in 10 CFR 50.46 (Retference 3). The PCT calculated for



the limiting break and operating conditions at 3413 MWt (Case G) was 2090°F, which is also
less than the acceptance limit of 2200°F.

3.1.1.3 Uprating Program Large Break LOCA Analysis
Introduction

The results of the RTSR large break LOCA analysis indicated that core power would be
limited to 3413 MWt with the RHR crosstie valves closed, and that operation with the RHR
crosstie valves open would be required in order to support the uprated core power of

3588 MWt. Therefore, a modification to the RHR System was proposed to enable continuous
plant operation with the RHR crosstie valves open. The RTSR large break LOCA analysis at
the uprated power level of 3588 MWt was then updated using safety injection flow rates based
on the proposed modification to the RHR System with the RHR crosstie valves open. An
analysis was also performed using safety injection flow rates for the current RHR System with
the RHR crosstie valves closed. The safety injection flows are based on an increase in the
pump head degradation from 10% to 15% for the high head safety injection pumps and the
RHR pumps, and a pump head degradation of 10% for the centrifugal charging pumps. The
safety injection flow rates used in the large break LOCA analyses for the proposed modified
RHR System with the RHR crosstie valves open, and for the current system with the RHR
crosstie valves closed are presented in Table 3.1-6. It is noted that the safety injection flow
rates for the proposed modified RHR System with the crosstie valves open are approximately
20% less than the flow rates used in the RTSR analysis with the crosstie valves open, for the
lower RCS pressures of primary interest for the large break LOCA analysis. The safety
injection flow rates for the current RHR System with the crosstie valves closed are also
slightly lower than the comparable values used in the RTSR analysis due to the increased
degradation in the pump performance curves assumed for the analysis.

Evaluation Model Changes

The uprating large break reanalysis was also performed with the ECCS Evaluation Model with
BASH. However, it is noted that the WREFLOOD code, which was previously used to
calculate the RCS behavior during vessel lower plenum refill, has been replaced by the
REFILL code as reported in Reference 4. The REFILL code is identical to the section of the
WREFLOOD code that modelled the refill phase of the transient. There has also been a
recent change in the methodology for execution of the BASH Evaluation Mode! as reported in
Reference 5. The changes involve revisions to the procedures used to couple the various
codes in the entire execution stream, but no changes were made to any of the approved
physical models or basic techniques which form the basis of the methodology. The pertinent
change which was made is the incomporation of the REFILL and LOCTA codes directly into the
BASH code as subroutine modules. [n addition, the LOTIC code which is used for
containment backpressure calculations for ice-condenser plants has been coupled with the
BASH code, so that the codes run interactively. The BASH Evaluation Mode! now utilizes the




SATAN code for the blowdown calculations, the BASH code for the refill and reflood phases
with interactive LOTIC calculations for containment backpressure, and the LOCBART code for
the core fuel rod heatup calculations.

The large break reanalysis also incorporates other model and analysis changes that have
resulted from the resolution of issues which have been identified in the 10 CFR 5§0.46 reports
since the RTSR analysis was completed. The large break LOCA model issues which have
been identified and resolved since the RTSR analysis was completed include the
inconsistency between the LOCA fuel rod model and the fuel rod design model, fuel rod burst
and blockage assumptions, effect of steam generator tube crush for a combined LOCA and
seismic event, the structural heat modelling in WREFLOOQOD, spacer grid heat transfer error in
BART, vessel and steam generator calculation errors in LUCIFER, a revised burst strain limit
model, corrections in the BASH loop/core interface, error in the pellet power radial flux
depression factor, and the use of the ESHAPE methodology to explicitly evaluate the effect of
skewed power shapes. The uprating large break LOCA reanalysis reflects the changes
resulting from the resolution of these issues. Although the sum of the estimated PCT changes
for the individual issues is relatively small, the combined effect of the changes on the PCT
may be significantly different than the sum of the estimated individual effects.

Analysis for RHR Crosstie Valves Open |

A large break LOCA analysis was first performed at the uprated power level of 3588 MWt
using safety injection flow rates based on the proposed maodification to the RHR System with
the RHR crosstie valves open. The LOCA reanalysis was performed for the 0.6 C, break at
high pressure and high temperature conditions with minimum safeguards, which was
previously demonstrated to be limiting for the RTSR analysis. The analysis was performed
using essentially the same conditions and assumptions used in the RTSR analysis, with the
exception of the safety injection flow rates. The analysis was performed using a total peaking
factor of 2.220 and a hot channel enthalpy rise peaking factor of 1.620, which were used for
the RTSR analysis. The key input parameters’ and assumptions used in the analysis are
summarized in Table 3.1-7. The containment data used in the LOTIC program to generate
the containment backpressure transient is presented in Table 3.1-8.

The resuits of this analysis are presented in the first column of Tables 3.1-9 and 3.1-10. The
calculated PCT for this case is 1884°F at a core elevation of 6.25 feet, and occurs at a
transient time of 56.8 seconds. A comparison of these results with the previous RTSR
analysis indicates that the PCT is significantly less than the previous value of 2140°F. In
addition, the PCT for this analysis occurs at a lower core elevation and much earlier in the
transient than for the original analysis. Since the only significant difference in input
parameters between the two analyses was the reduction in the safety injection flow rates
which was expected to result in a PCT penalty, an evaluation was performed to detemmine the
reason for the significant PCT benefit.






The reduction in the PCT was attributed to the combination of the model changes which have
been incorporated to resolve the issues identified in the 10 CFR 50.46 reports for Donald C.
Cook Nuclear Plant Unit 2 and in Westinghouse reports to the NRC since the RTSR analysis
was completed. It was determined that the revision in the grid heat transfer model in the
LOCBART program used-for the fuel rod temperature transient calculation was a major
contributor to the reduction in the PCT. A description and evaluation of the revised grid heat
transfer model, along with the NRC SER for the model change, is provided in Addendum 1 to
WCAP-10484-P-A (Reference 6). As indicated in Addendum 1 to WCAP-10484-P-A, the grid
model revision generally resulted in a significant improvement in the ability of the grids to wet.
It was noted that the effect of the revision on the PCT was very transient specific, with
observed PCT changes ranging from a small penalty to benefits as much as 150°F. However,
a 0°F PCT change was conservatively assigned for this issue for the purpose of 10 CFR
50.46 reporting. For the uprating analysis, the change resulted in a significant increase in the
heat transfer due to grid wetting, which effectively reversed the clad temperature excursion at
the higher core elevations earlier in the transient. This resulted in the PCT occurring at a
lower core elevation and much earlier in the transient, with a corresponding reduction in the
PCT.

Because the grid model revision resulted in a significant PCT benefit, analyses were also
performed for the 0.4 and 0.8 C,, breaks to determine if the limiting break discharge coefficient
would change. The results of these analyses, which are also summarized in Tables 3.1-9 and
3.1-10, confirmed that the 0.6 C, break remained limiting. An analysis was also performed for
the 0.6 C, break at reduced pressure and high temperature conditions to ensure that the
limiting conditions did not change for the uprated power conditions. The results of this
analysis in Tables 3.1-9 and 3.1-10 show that the high pressure and high temperature
conditions remained more limiting than the low pressure and high temperature conditions.
Evaluations were performed for high pressure and reduced temperature operating conditions
and maximum safeguards conditions which demonstrated that the high pressure and high
temperature conditions with minimum safeguards would also remain limiting.

The Power Shape Sensitivity Model (PSSM) which was previously used to evaluate the effects
of skewed axial core power distributions in the large break LOCA analysis was recently
replaced by an alternate methodology, designated as ESHAPE (Explicit SHape Analysis for
PCT Effects). The ESHAPE methodology is based on explicit analysis of the large break
LOCA transient with a set of skewed axial power shapes to supplement the standard analysis
done with the chopped cosine power shape. The ESHAPE methodology was used to
evaluate the effect of skewed power shapes for the limiting 0.6 C, break for high pressure and
high temperature conditions. The analysis for skewed power shapes demonstrated that the
cosine power shape would be limiting for the Donald C. Cook Nuclear Plant Unit 2 uprating

. analysis.




Analysis for RHR Crosstie Valves Closed

Since the large break LOCA analysis at the uprated power level of 3588 MWt with the RHR
crosstie valves open resulted in substantial PCT margin to the 2200°F limit, it appeared that
acceptable results could be obtained with the RHR crosstie valves closed. This would
eliminate the need for the proposed RHR System madification, such that the RHR crosstie
valves could remain closed for operation at the uprated power. Therefore, an analysis was
performed at the uprated power level of 3588 MWt using safety injection flow rates for the
RHR crosstie valves closed. The safety injection flow rates with the RHR crosstie valves
closed which were used in the analysis are presented in Table 3.1-6.

The analysis was performed for the 0.6 C,, break at high pressure and high temperature
conditions with minimum safeguards, which was demonstrated to be limiting for the RTSR
analysis and confirmed to remain limiting in the uprating analysis. The parameters and
assumptions used for the Uprating Program with the RHR crosstie valves open were also
utilized for this analysis, with the exception of the safety injection flow rates. The results of
the analysis with the RHR crosstie valves closed are summarized in Tables 3.1-11 and 3.1-12.
. The resuits for this analysis are also presented in Figures 3.1-1 to 3.1-13, which show the
transient behavior of selected parameters.

As shown in Table 3.1-12, the calculated PCT for operation at 3588 MWt with the RHR
crosstie valves closed is 1908°F, which is well below the 10 CFR 50.46 limit of 2200°F. The
maximum local metal-water reaction is 4.64%, which is well below the embrittlement limit of
17% as required by 10 CFR 50.46. The total metal-water reaction which corresponds to the
amount of hydrogen generation is also less than the 1% criterion in 10 CFR 50.46. Therefore,
adequate protection is provided by the Emergency Core Cooling System in the event of a
large break LOCA for operation at 3588 MW! with the RHR crosstie valves closed. Based on
this analysis, it is concluded that the planned RHR modification is not required and that plant
operation can continue with the RHF} crosstie valves closed.

Analysis for Increased Peaking Factors

As noted previously, the large break LOCA analyses for the RTSR and the current Uprating
Program at 3588 MWt have been performed using a total peaking factor (Fy) of 2.220 and a
hot channel enthalpy rise peaking factor (F,,,) of 1.620. However, the RTSR large break
LOCA analysis for operation at 3413 MWt with the RHR crosstie valves closed is based on Fq
= 2.335 and F, = 1.644. Since the calculated PCT for the large break LOCA analysis at the
uprated power level of 3588 MWt with the RHR cross tie valves closed is significantly less
than 2200°F limit, it appeared that the cumrent peaking factors for 3413 MW could also be
accommodated at 3588 MWt. I[f the peaking factors for operation at 3413 MWt could be
maintained for the uprated power of 3588 MWt, this would provide additional core design
flexibility for future operating cycles. Therefore, an analysis was also performed at the
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uprated power level of 3588 MWt for the RHR crosstie valves closed, with F, = 2.335 and
Fu = 1.644. The hot assembly average power was also changed from 1.443 to 1.464 to be
consistent with the increase in F,, to 1.644.

The analysis was performed for the 0.6 C, break at high pressure and high temperature
conditions with minimum safeguards which was demonstrated to be limiting for the uprating
analysis. The parameters and assumptions used for the uprating analysis with the'RHR
crosstie valves closed were also utilized for this analysis, with the exception of the peaking
factor changes. The results of the analysis with Fy = 2.335 and F, = 1.644 are summarized
in Tables 3.1-11 and 3.1-12, along with results of the analysis for F, = 2.220 and F,, = 1.620.
The transient behavior of selected parameters for this analysis are also presented in

Figures 3.1-14 to 3.1-26.

As shown in Table 3.1-12, the calculated PCT is 2051°F for operation at 3588 MWt with the
RHR crosstie valves closed, and with Fy = 2.335 and F,, = 1.644, which is still below the
10 CFR 50.46 limit of 2200°F. The maximum local metal-water reaction is 6.42%, which is

" well below the embrittlement limit of 17% as required by 10 CFR 50.46. The total metal-water

reaction which corresponds to the amount of hydrogen generation is also less than the

1% criterion in 10 CFR 50.46. Therefore, adequate protection is provided by the Emergency
Core Cooling System in the event of a large break LOCA for operation at 3588 MWt with the
RHR crosstie valves closed, and with a total peaking factor of 2.335 and a hot channel
enthalpy rise peaking factor of 1.644.

3.1.1.4 Conclusions

Based on the large break LOCA analyses performed for the Uprating Program, it is concluded
that Donald C. Cook Nuclear Plant Unit 2 operation at 3588 MW with the RHR crosstie valves
closed is acceptable, and that the proposed modification to the RHR System to permit
continuous plant operation with the RHR crosstie valves open is not required. It is also
concluded that operation will be acceptable with a total core peaking factor of 2.335 and a hot
channel enthalpy rise peaking factor of 1.644.
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3.1.2 Small Break LOCA
3.1.2.1 Introduction

The current licensing basis small break LOCA analysis for Donald C. Cook Nuclear Plant

Unit 2 was performed to support operation with VANTAGE 5 fuel, and the analysis was
subsequently updated to support an increase in the Main Steam Safety Valve (MSSV) setpoint
tolerance from +1% to #3%. The analyses are described in the VANTAGE 5 Reload
Transition Safety Report (RTSR), Reference 1, and in the safety evaluation for the MSSV
setpoint tolerance relaxation, Reference 2. The RTSR and MSSV setpoint tolerance small
break LOCA analyses are summarized in Section 3.1.2.2 and Section 3.1.2.3 of this report,
respectively, in order to present a complete picture of the proposed licensing basis analysis
for the Uprating Program. Additional analyses have also been performed to support the
Uprating Program, and these analyses are described in Section 3.1.2.4. The RTSR and
MSSV setpoint tolerance analyses were used as the basis for the uprating analyses, and thus
the new analyses represent sensitivity studies relative to the current licensing basis analysis.
The uprating sensitivity studies have confirmed the limiting break size which was established
in the RTSR analysis. However, the operating conditions for the proposed licensing basis for
the Uprating Program will rest on the RTSR analysis, since the RTSR analyses to establish
the limiting operating temperature and pressure conditions were not repeated in the Uprating
Program sensitivity analyses.

The RTSR and MSSV setpoint tolerance analyses indicated that acceptable small break
LOCA results could be obtained for operation at a core power level of 3588 MW! with the High
Head Safety Injection (HHSI) crosstie valves open, but that it would be necessary to reduce
the core power level below 3588 MWt in order to obtain acceptable results with the HHSI
crosstie valves closed. However, the uprating analyses have demonstrated that an
acceptable peak clad temperature (PCT) can be obtained at 3588 MWt with the HHSI crosstie
valves closed. The improvement in the small break LOCA analysis results for Donald C. Cook
Nuclear Plant Unit 2 is due to the combined effect of the changes in the small break LOCA
evaluation model to model Sl in the broken loop and to incorporate an improved condensation
model. The results of the Uprating Program analyses are discussed in Section 3.1.1.4.

3.1.2.2 RTSR Small Break LOCA Analysis

The licensing basis small break LOCA analysis for Donald C. Cook Nuclear Plant Unit 2 was
performed to support plant operation with VANTAGE 5 fuel installed. A detailed description of
the small break LOCA analysis for the VANTAGE 5 reload is presented in the VANTAGE 5
RTSR (Reference 1), and the results of the analysis are summarized below.

The small break LOCA analysis for the RTSR was performed to support operation at a core
power level of 3588 MWt with the HHSI crosstie valves open. The analysis was performed
with the Westinghouse Small Break LOCA ECCS Evaluation Model using the NOTRUMP







Code (References 3 and 4). Peak clad temperature calculations were performed with the
LOCTA-IV code (Reference 5) using the NOTRUMP calculated core pressure, fuel rod power
history, uncovered core steam flow and mixture heights as boundary conditions. The analysis
was performed for a spectrum of break sizes in the cold leg, since the cold leg has been
shown to represent the limiting break location for the small break LOCA analysis. The
pumped safety injection flow rates used in the analysis were based on minimum emergency
core cooling system availability with the HHSI crosstie valves open. In addition, the HHSI and
charging pump performance curves were degraded 10 percent from the design head. The
effect of flow from the RHR pumps is not considered in the small break LOCA analyses since
their shutoff head is lower than the RCS pressure during the time portion of the transient
considered in the analysis.

The RTSR small break LOCA analysis was performed for operation at a reactor power level of
3588 MWt for a range of RCS temperatures, and for a nominal RCS pressure of 2100 or
2250 psia, similar to the large break LOCA analysis. Table 3.1-13 summarizes the key input
parameters used for the analysis. The analysis was performed for 3-inch, 4-inch, and 6-inch
diameter breaks in the cold leg in order to determine the limiting break size. The limiting
break was found to be a 4-inch diameter cold leg break initiated at reduced pressure and high
temperature conditions (initial RCS pressure of 2100 psia and initial hot leg temperature of
615.2°F). The PCT attained during the transient was 1357°F, which is well below the
acceptance limit of 2200°F in 10 CFR 50.46 (Reference 6). The key transient event times for
the three break spectrum analysis performed at the reduced RCS pressure and high
temperature conditions are listed in Table 3.1-14, and the results are summarized in

Table 3.1-16.

Analyses were also performed to determine the influence of the initial RCS coolant operating
temperatures and operating pressures on the small break LOCA PCT. To support operation
of Donald C. Cook Nuclear Plant Unit 2 at RCS pressures of 2100 psia or 2250 psia for a
range of loop operating temperatures, two additional analyses were performed. Calculations
were performed for the limiting 4-inch diameter break for an initial RCS pressurizer pressure of
2250 psia and initial hot leg temperature of 615.2°F, and for an initial RCS pressurizer
pressure of 2250 psia and initial hot leg temperature of 582.2°F. The sequence of events for
these calculations are shown in the Table 3.1-15 and the results are summarized in

Table 3.1-17. The results of these analyses demonstrated that the reduced pressure and high
temperature conditions analyzed resulted in the limiting PCT for the 4-inch diameter break.

Additional calculations were made to support closure of the HHSI crosstie valves. Since the
amount of pumped injection flow is reduced with the HHSI crosstie valves closed, it was
necessary to lower core power in order to maintain the PCT within the 10 CFR 50.46 limit.
The calculation which supports plant operation with the high head crosstie valves closed
assumed an initial RCS pressurizer pressure at 2100 psia and an initial hot leg temperature of
615.2°F at a core power level of 3413 Mwt. Past experience indicated that the reduced
injection flow for the HHSI crosstie valves closed, in conjunction with the reduced reactor






power, would shift the limiting break from the 4-inch diameter cold leg break to the 3-inch
diameter break. Thus, analyses were performed for both 3-inch and 4-inch break diameters at
the reduced pressure, high temperature initial conditions. The sequence of events for the
crosstie closed cases are presented in Table 3.1-18 and the results are summarized in

Table 3.1-19. The results for the crosstie closed cases in Table 3.1-19 show that the 8-inch
diameter break is limiting with the reduced safety injection flow. The PCT calculated for the
3-inch break at 3413 MWt with the HHSI crosstie valves closed is 2124°F, which is below the
acceptance limit of 2200°F in 10 CFR 50.46.

Thus, the RTSR small break LOCA analyses demonstrated that the results would be
acceptable for operation of Donald C. Cook Nuclear Plant Unit 2 at 3588 MWt with the HHSI
crosstie valves open, and at 3413 MWt with the HHSI crosstie valves closed.

3.1.2.3 MSSV Setpoint Tolerance Relaxation

Subsequent to the RTSR analyses, additional small break LOCA analyses were performed to |
support an increase in the MSSV lift setpoint tolerance from +1% to £3%. The results of the
small break LOCA analyses performed for a 3% MSSV setpoint tolerance are reported in
Reference 2, The RTSR analyses demonstrated that reduced pressure and high temperature
represent the limiting operating conditions for the small break LOCA analysis, and that the
4-inch break is the limiting break size with the HHSI crosstie valves open. The RTSR
analyses also demonstrated that the reduction in pumped safety injection flow associated with
closing the HHSI crosstie valves caused the limiting break size to shift from the 4-inch to the
3-inch break, and that the HHSI crossties closed case with reduced power resulted in the
most limiting clad temperature. Thus, the small break LOCA analysis for a +3% MSSV
‘setpoint tolerance was performed for the limiting 3-inch break with the crosstie valves closed.
A reduced core power level of 3250 MWt was assumed in the analysis, since the power level
of 3413 MWt used in the RTSR analysis with the crossties closed could not be supported. An
additional analysis was performed for a 4-inch break at 3588 MWt with the crossties open,
which confifmed that the 3-inch break with the crossties closed remained the limiting case. A
list of the major input parameters used in the analyses for the HHS! crosstie valves closed at
3250 MWt and for the HHSI crosstie valves open at 3588 MWt are presented in Table 3.1-20.

The sequence of events and the results of the 3-inch break analysis at 3250 MWt with the
HHSI crosstie valves closed are presented in Table 3.1-21 and Table 3.1-22, respectively.
The comparable results for the 4-inch break at 3588 MWt with the HHSI crosstie valves open
are provided in Tables 3.1-23 and 3.1-24. As shown in Table 3.1-22, the PCT for the 3-inch
break at 3250 MWt with the crosstie valves closed is 2124.9°F, which remains less than the
2200°F limit. From Table 3.1-24, the PCT for the 4-inch break at 3588 MWt with the crosstie
valves open is 15643°F. Thus, the 3-inch break at 3250 MWt with the crossties closed is more
limiting than the 4-inch break at 3588 MWt with the crossties open.






3.1.2.4 Uprating Program Small Break LOCA Analysis

The RTSR small break LOCA analyses indicated that acceptable results could be obtained for
operation at a core power level of 3588 MW with the HHSI crosstie valves open, and that the
core power would have to be reduced from 3588 to 3413 MWt for operation with HHSI
crosstie valves closed. The analyses performed to support the increase in the MSSV setpoint
tolerance to +3% indicated that the core power would have to be reduced from 3588 to

3250 MWt for operation with the HHSI crosstie valves closed. However, subsequent changes
in the small break LOCA evaluation model with NOTRUMP, including the modelling of safety
injection in the broken loop in conjunction with the COSI condensation model, have resulted in
net PCT benefits for many plants. Therefore, the small break LOCA transient was reanalyzed
for the uprated power of 3588 MWt with the HHSI crosstie valves closed to determine if
operation at the higher power level with the crosstie valves closed would be acceptable.

Previously, safety injection into the broken loop was not modeled in the Westinghouse small
break LOCA analysis since it was assumed that the additional safety injection would result in
a PCT benefit. Because more recent studies have shown that the response to broken loop
safety injection can result in an increase in the calculated PCT, modelling of safety injection
into the broken loop has now been incorporated into the NOTRUMP small break evaluation
model. A more realistic model for condensation of steam in the cold leg by pumped safety

. injection based on data from the COSI test facility has also been incorporated, which provides
a benefit larger than the penalty for safety injection in the broken loop. The methodology for
modelling safety injection to the broken loop in small break LOCA analyses and application of
the COSI condensation model, are presented in the NOTRUMP Small Break ECCS Evaluation
Model, Addendum 2 (Reference 7). The small break LOCA analysis performed for

Donald C. Cook Nuclear Plant Unit 2 at the uprated power of 3588 MWt with the HHSI
crosstie valves closed modelled pumped safety injection and an accumulator in the broken
loop, and used the more realistic COSI condensation model described in Reference 7.

The safety injection flows used for the analysis are based on minimum emergency core
cooling system availability with the HHSI crosstie valves closed. The safety injection flow
rates are also based on a pump head degradation of 15% for the HHSI pumps and 10% for
the centrifugal charging pumps (CCP). As noted previously, the effect of flow from the RHR
pumps is not incorporated in the small break analg}sis. The pumped safety injection
characteristics as a function of RCS pressure used as boundary conditions in the analysis are
shown in Figure 3.1-27 and in Table 3.1-25. The safety injection flow rates are provided for
the intact loops and also for the broken loop.

A list of the major input parameters used in the analysis is presented in Table 3.1-26.

Figure 3.1-28 depicts the hot rod axial power shape used to perform this analysis at the
uprated power. This shape is-based on the maximum axial offset of 13%, and was chosen
because it represents a distribution with power concentrated in the upper regions of the core.
Such a distribution is limiting for small-break LOCAs because it minimizes coolant level swell,






while maximizing vapor superheating and fuel rod heat generation in the uncovered
@ elevations.

The small break LOCA analysis for the Uprating Program was performed at 3588 MWt for the
reduced pressure and high temperature conditions (initial RCS pressure of 2100 psia and
initial hot leg temperature of 615.2°F) which were demonstrated to be limiting in the RTSR
analysis. The analysis was performed for 2-inch, 3-inch, and 4 inch diameter breaks in the
cold leg. The limiting break was found to be a 3-inch diameter cold leg break, and the peak
clad temperature attained during the transient was 2065°F. As shown in the RTSR and
increased MSSV setpoint tolerance analyses, the reduction in delivered safety injection flow
with HHSI crosstie valves closed places more importance on the break size as the primary
energy removal mechanism, resulting in the same limiting 3-inch diameter break. The key
transient event times and the results for the 3-inch break analysis performed at reduced RCS
pressure and high temperature conditions are presented in Table 3.1-27 and Table 3.1-28,
respectively.

Plots for the following parameters are shown in Figures 3.1-29 through 3.1-36 for the limiting
3-inch break transient: '

- RCS pressure
‘b - Core mixture level
{ - Peak clad temperature
- Core outlet steam mass flow rate
- Hot spot rod surface heat transfer coefficient
- Hot spot fluid temperature
- Cold leg break mass flow rate
- Safety injection mass flow rate

The results of the calculations for the 2-inch and 4-inch breaks are also shown in the
Sequence of Events Table 3.1-27 and Results Table 3.1-28. . Plots of the following parameters
are shown in Figures 3.1-37 through 3.1-43 for the 2-inch break and Figures 3.1-44 through
3.1-50 for the 4-inch break:

- RCS pressure

- Core mixture level

- Peak clad temperature

- Core outlet steam mass flow rate .
- Hot spot rod surface heat transfer coefficient

- Hot spot fluid temperature

‘D - Cold leg break mass flow rate

{ As seen in Table 3.1-28, the peak clad temperatures were calculated to be less than that for
the 3-inch break.




As shown in Table 3.1-28, the calculated PCT for operation at 3588 MWt with the HHSI
crosstie valves closed is 2065°F for the limiting 3-inch break, which is well below the

10 CFR 50.46 limit of 2200°F. The maximum local metal-water reaction is 13.70%, which is
well below the embrittlement limit of 17% as required by 10 CFR 50.46. The total metal-water
reaction which corresponds to the amount of hydrogen generation is also less than the

1% criterion in 10 CFR 50.46. Therefore, adequate protection is provided by the Emergency
Core Cooling System in the event of a small break LOCA for operation at 3588 MWt with the
HHSI crosstie valves closed.

3.1.2.5 Conclusions

Based on the small break LOCA analyses performed for the Uprating Program, it is
concluded that Donald C. Cook Nuclear Plant Unit 2 operation at 3588 MWt with the HHSI
crosstie valves closed is acceptable.
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DONALD C. COOK NUCLEAR PLANT UNIT 2

TABLE 3.1-1
RTSR ANALYSIS
LARGE BREAK LOCA ANALYSIS
CASES ANALYZED

C,=0.6, 3588 Mwt Core Power, High Temperature

(Thor=615.2°F), High Pressure (Pgs=2313 psia),

Fq=2.220, F*,,; =1.620, Minimum SI with crosstie valves open. Limiting break
case, i.e., this case had highest PCT for all cases analyzed.

Cp=0.4, 3588 Mwt Core Power, High Temperature
(Tyor=615.2°F), High Pressure (P,.s=2313 psia),
Fq=2.240, F",,=1.620, Minimum Sl with crosstie valves open.

Cp=0.8, 3588 Mwt Core Power, High Temperature
(Tyor=615.2°F), High Pressure (Pg.=2313 psia),
Fo=2.240, F",,=1.620, Minimum SI with crosstie valves open.

Cp=0.6, 3588 Mwt Core Power, Low Temperature
(T,,0r=582.3°F), High Pressure (Pgcc=2313 psia),
Fo=2.220, F",,=1.620, Minimum SI with crosstie valves open.

Cp=0.6, 3588 Mwt Core Power, High Temperature
(Ty4or=615.0°F), Low Pressure (Pgcs=2037 psia),
Fo=2.220, FY,,=1.620, Minimum SI with crosstie valves open.

Cp=0.6, 3588 Mwt Core Power, High Temperature
(Tyor=615.2°F), High Pressure (Pg.=2313 psia),
Fo=2.220, FY,,=1.620, Maximum SI with crosstie valves open.

Cp=0.6, 3413 Mwt Core Power, High Temperature
(Tuor=611.2°F), High Pressure (Pg=2313 psia),
Fo=2.335, FY,,=1.644, Minimum SI with RHR crosstie valves closed.
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TABLE 3.1-2
RTSR ANALYSIS
LARGE BREAK LOCA ANALYSIS
INPUT PARAMETERS
RHR Cross

Cross Ties

Ties Open Closed
License Core Power®, (MW!) 3588 3413
Peak Linear Power®, (kw/ft) 12.714 12.721
Total Peaking Factor, Fg' 2.220 2.335
Axial Peaking Factor, F, 1.370 1.420
Hot Channel Enthalpy Rise Factor, F,, 1.620 1.644
Power Shape: Chopped Cosine
Fuel Assembly Array 17 X 17 VANTAGE 5
Accumulator Water Volume, Nominal (ft/accumulator) 946 946

. Accumulator Tank Volume, Nominal (ft/accumulator) 1350 1350

Accumulator Gas Pressure, Minimum (psia) 600 . 600
Safety Injection Pumped Flow Rate All pumps degraded 10%, Charging pump (

flow rate imbalance = 25 gpm)
Initial Loop Flow (GPM) 88,500 88,500
Vessel Inlet Temperature (°F) 5117 to 513.3 to

547.6 546.4
Vessel Outlet Temperature (°F) 582.2 to 580.6 to

615.2 611.2
Average Reactor Coolant Pressure (psia) 2037.4 or 2037.4 or

2312.6 2312.6
Steam Pressure (psia) 587 to 603 to

820 820
Steam Generator Tube Plugging Level (%) 15 15
Refueling Water Storage Tank Temperature (°F) ' 85 (Range 70-100) 85 (Range 70-100)

(a) Two percent is added to this power to account for calorimetric error.

G ‘
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TABLE 3.1-3
RTSR ANALYSIS
LARGE BREAK LOCA ANALYSIS
SYSTEMS MODELLING

Pressurizer Low Pressure Reactor Trip (psia)

Pressurizer Low Pressure Safely Injection (psia)®

Containment HI Pressure for Safety Injection (psia)

Safely Injection Delay (includes signal processing,
EDGs start-up, sequencer and pumps to full speed, sec)

Feedwater Isolation Delay after Reactor Trip (sec)®

Steamline Isolation Delay after Reactor Trip (sec)®

1860.0

1715.0

16.8

27.0

0.0

0.0

(a)
(b)

This setpoint causes actuation of the safety injection at the times shown in

Table 3.1-4, for all seven cases.
Conservative modelling for Large Break LOCA




Thor =

Pres =
Start (sec)
Reactor Trip Signal (sec)
Safety Injection Signal (sec)‘

Accumulator Injection
Begins (sec)

End-of-Bypass (sec)
End-of-Blowdown (sec)
Pump Injection Begins (sec)

Bottom of Core Recovery
(sec)

Accumulator Empty (sec)

LARGE BREAK LOCA ANALYSIS TIME SEQUENCE OF EVENTS

DONALD C. COOK NUCLEAR PLANT UNIT 2

TABLE 3.14
RTSR ANALYSIS

Case A Case B Case C Case D Case E Case F Case G
C°=0.6 CD=0'4 C°=0.8 CD=O’6 Co=0.6 CD=O.6 C°=0.6
Min Sl Min SI Min SI Min SI Min SI Max Sl RHR X-Tie
3588 Mwt 3588 Mwt 3588 Mwt 3588 Mwt 3588 Mwt 3588 Mwt 3413 Mwt
615.2°F 615.2°F 615.2°F 582.3°F 615.0°F 615.2°F 611.2°F
2313 psia 2313 psia 2313 psia 2313 psia 2037 psia 2313 psia 2313 psia
0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.669 0.681 0.661 0.527 0.515 0.669 0.642
4,70 4.99 454 4,14 3.93 4.70 4.62

14,6 20.4 12.0 13.0 14.8 14.6 14.6
31.69 40.51 26.94 33.48 31.70 31.69 32.02
31.69 41,13 26.94 33.48 31.70 31.69 32.02
31.70 31.99 31.54 31.14 30.93 31.70 31.62
45.99 56.00 40.87 48.88 45,95 45.39 46.79
59.40 66.64 55.66 60.00 59.40 59,57 59.40







Tyor =
Pges =
Peak Clad Temperature

Peak Clad Temperature
Location

Peak Clad Temperature
Time

Local Zr/H,O Reaction
Maximum

Local Zr/H,O Reaction
Location

Total Zr/H,0 Reaction
Hot Rod Burst Time
Hot Rod Burst Location

(°F)
()
(s.ec)

(%)

()

(%)
(sec)

(f)

CALCULATION ASSUMPTIONS

Peak Linear Power (Kw/it), 102% of
Peaking Factor (at License Rating)
Accumulator Water Volume (it®) per accumulator

Cycle Analyzed

DONALD C. COOK NUCLEAR PLANT.UNIT 2

RTSR ANALYSIS
LARGE BREAK LOCA ANALYSIS RESULTS

TABLE 3.1-56

Case A Case B Case C Case D Case E Case F Case G
C,=0.6 Cp=0.4 C,=0.8 C,=0.6 Cy=0.6 C,=0.6 Cy=0.6
Min SI Min SI Min SI Min S Min Sl Max SI RHR X-Tie
3588 Mwt 3588 Mwt 3588 Mwt 3588 Mwt 3588 Mwt 3588 Mwt 3413 Mwt
615.2°F 615.2°F 615.2°F 582.3°F 615.0°F 615.2°F 611.2°F
2313 psia 2313 psia 2313 psia 2313 psia 2037 psia 2313 psia 2313 psia
2140.0 1848.2, 1766.0 1878.4 2074.7 2102.7 2090.0
9.75 8.75 6.25 9.75 9.75 9.75 9.75
258.9 250.1 57.9 239.9 255.4 253.1 244.4
6.80 3.56 2.97 3.30 5.71 6.18 6.08

9.75 6.25 5.25 9.75 9.75 9.75 9.75

<0.3 <0.3 <0.3 " <0.3 <0.3 <0.3 <0.3
45.79 60.93 50.66 50.11 46.05 46.04 46.10
6.00 6.25 5.25 6.00 6.00 6.00 6.00

12,714 (12.721 for Case G)

2220 (2.335 for Case G)

946
All
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TABLE 3.1-6
UPRATING PROGRAM
LARGE BREAK LOCA ANALYSIS
SAFETY INJECTION FLOW RATES

S| Flow Rates (Ibm/sec)

With Proposed RHR W/O Proposed RHR

RCS Pressure Modification Modification
(psiq) RHR Crossties Open ' RHR Crossties Closed
0 426.2 277.0
20 3454 228.7
40 257.0 173.9
60 201.1 106.8
80 154.5 . 75.4

100 96.8 - 74.6
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TABLE 3.1-7
UPRATING PROGRAM
LARGE BREAK LOCA ANALYSIS

INPUT PARAMETERS
Licensed Core Power® (MWt) 3588
Peak Linear Power® (kW/ft) 12.714
Total Core Peaking Factor, Fq 2.220
Axial Peaking Factor, F, - 1.370
Hot Channel Enthalpy Rise Factor, Fy 1.620
Maximum Assembly Average Power, P, 1.443
Power Shape® Cosine
Fuel Assembly Array 17x17 V5
Accumulator Water Volume® (ft*/tank) 946
Accumulator Tank Volume (ft¥/tank) 1350
Minimum Accumulator Gas Pressure (psia) 600
Accumulator Water Temperature (°F) 100
Thermmal Design Flow Rate (gpmvioop) 88,500
Nominal Vessel Inlet Temperature (°F) 511.7 to 547.6
Nominal Vessel Outlet Temperature (°F) 582.2 to 615.2
Nominal Vessel Average Temperature (°F) ~ 547.0t0 581.3
initial RCS Pressure Including Uncertainty'® (psia) 2037.4 or 2312.6
Nominal Steam Pressure 587 to 820
Steam Generator Tube Plugging Level (%) 15
Refueling Water Storage Tank Temperature (°F) 87.5 (Range 70 - 105)

(a) Two percent is added to this power to account for calorimetric error.

(b) Cosine power shape was found to be more limiting than skewed power shapes.
(c) Additional accumulator line volume pf 32 ft® per accumulator used in analysis.
(d) The pressure uncertainty is 62.6 psia.
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TABLE 3.1-8
UPRATING PROGRAM
LARGE BREAK LOCA ANALYSIS
ICE CONDENSER CONTAINMENT DATA

NET FREE VOLUME

(Includes Distribution Between Upper, Lower, uc
and Dead-Ended Compartments) LC
DE
IC
Initial Conditions
Pressure
Maximum Temperature for the Upper, Lower, and uc
Dead-Ended Compartments LC
DE
Minimum Temperature for the Upper, Lower, and uc
Dead-Ended Compartments LC
DE
RWST Temperature
Temperature Outside Containment
Initial Spray Temperature
Spray System
Runout Flow for a Spray Pump
Number of Spray Pumps Operating
Post-Accident Initiation of Spray System
Distribution of Spray Flow to the Upper and Lower LC

Cpmpartments uc
Deck Fan .
Post-Accident Initiation of Deck Fans
Flow Rate per Fan

Assumed Spray Efficiency of Water from Ice Condenser Drains

746,829 ft*
249,446 f°
116,168 ft*
163,713 ft*

14.7 psia
100°F
120°F
120°F
60°F
60°F
60°F
70°F

-22°F

70°F

3600 gpm
2
36 sec

2700 gpm
4500 gpm

480 sec
43,890 cfm per fan

100%
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TABLE 3.1-8 (continued)
UPRATING PROGRAM
LARGE BREAK LOCA ANALYSIS

ICE CONDENSER CONTAINMENT DATA

STRUCTURAL HEAT SINKS

wall compartment area (ft%)
1 LC 12,105
2 LC 11,701
3 LC 65,979
4 LC 5,462
5 LC 5,273
6 LC 290
7 LC 14,896
8 LC 4,515
9 LC 5,775
10 LC 57,317
11 LC 9,404
12 lc 2,623
13 uc 378
14 uc 34,895
15 uc 8,060
16 uc 420
17 uc 29,332
18 uc 34,125
19 uc 420

UC: Upper Compartment

LC:  Lower Compartment

DE: Dead-Ended Compartment

IC: Ice Compartment

thickness (ft)
0.0469/2.0

2.0
4.0
0.0833
0.0103
0.25
0.0078
0.1042
0.009
0.00833
0.0313
0.0313
0.0365/0.1667
0.0078
0.0208
0.0052
2.0
0.0469/2.0
0.0052

material

"steel/concrete

concrete
concrete
steel
steel
lead
steel
steel
steel
steel
steel
steel
steel/concrete
steel
steel
steel
concrete
steel/concrete
steel
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TABLE 3.1-9
UPRATING PROGRAM
LARGE BREAK LOCA ANALYSIS
TIME SEQUENCE OF EVENTS

RHR CROSSTIE VALVES OPEN

Co=o.6 CD=0'4 Co=0.8 CD=0‘6
Min SI Min SI Min SI Min Sl
3588 Mwt 3588 Mwt 3588 Mwt 3588 Mwt
Tyor = 615.2°F 615.2°F 615.2°F 615.2°F
Ppes = 2313 psia 2313 psia 2313 psia 2037 psia
. Start (sec) 0.0 0.0 0.0 0.0
Reactor Trip Signal (sec) 0.67 0.68 0.66 0.51
Safely Injection Signal (sec) 4.7 5.0 4.5 3.9
Accumulator Injection ‘

Begins (sec) 14.0 20.0 12.0 15.0
End-of-Bypass (sec) 31.8 39.9 28.4 30.5
End-of-Blowdown (sec) 32.8 39.9 284 32.3
Pump Injection Begins (sec) 31.7 32.0 31.5. 30.9
Bottom of Core Recovery (sec) 46.5 55.8 42.8 45.8
Accumulator Empty (sec) 60.3 67.1 56.7 60.4
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TABLE 3.1-10
. UPRATING PROGRAM
LARGE BREAK LOCA ANALYSIS RESULTS

DONALD C. COOK NUCLEAR PLANT UNIT 2

RHR CROSSTIE VALVES OPEN

C,=0.6 C,=0.4 C,=0.8 C,=0.6
Min Sl Min SI Min SI Min SI
3588 Mwt 3588 Mwt 3588 Mwt 3588 Mwt
Thor = 615.2°F 615.2°F 615.2°F 615.2°F
Pres = 2313 psia 2313 psia 2313 psia 2037 psia
Peak Clad Temperature (°F) 1884.4 1842.2 1866.7 1852.9
Peak Clad Temperature
Location (ft) 6.25 6.25 5.50 5.50
Peak Clad Temperature
Time (sec) 56.8 68.0 194.2 56.2
‘D Local Zr/H,O Reaction
{ Maximum (%) 4.16 3.19 3.31 3.70
Local Zr/H,0 Reaction
Location (ft) 6.25 6.25 5.50 5.50
Total Zr/H,O Reaction (%) <1.0 <1.0 <1.0 <1.0
Hot Rod Burst Time (sec) 441 54.7 48.2 43.9
Hot Rod Burst Location (ft) 6.25 6.25 6.25 5.75
CALCULATION ASSUMPTIONS
Peak Linear Power (Kw/ft), 102% of 12.714
Peaking Factor (at License Rating) 2.220
Accumulator Water Volume (f*) per accumulator 946

Cycle Analyzed

All






" DONALD C. COOK NUCLEAR PLANT UNIT 2

TABLE 3.1-11
UPRATING PROGRAM

LARGE BREAK LOCA ANALYSIS
TIME SEQUENCE OF EVENTS

RHR CROSSTIE VALVES CLOSED

Start (sec)
Reactor Trip Signal (sec)
Safety Injection Signal (sec)

Accumulator Injection
Begins (sec)

End-of-Bypass (sec)
End-of-Blowdown (sec)

Pump Injection Begins (sec)
Bottom of Core Recovery (sec)

Accumulator Empty (sec)

Co=0.6

Min SI

3588 Mwt

Tyor = 615.2°F
Ppres = 2313 psia

F, =2.220 F, =2.335
o= 1.620 Fo, = 1.644
0.0 0.0
0.67 0.67
a 47
14.0 14.0
31.8 31.8
32.8 32.8
31.7 31.7
46.6 46.6
60.2 60.2







DONALD C. COOK NUCLEAR PLANT UNIT 2

TABLE 3.1-12
UPRATING PROGRAM
LARGE BREAK LOCA ANALYSIS RESULTS

RHR CROSSTIE VALVES CLOSED

C,=0.6

Min SI

3588 Mwt
Tyor = 615.2°F

Ppcs = 2313 psia

Fo =2.220 Fo= 2.335
F,.=1.620 F,. = 1.644
Peak Clad Temperature (°F) 1908.1 2051.2
Peak Clad Temperature
Location (ft) 6.25 6.25
Peak Clad Temperature ‘
Time (sec) 58.0 57.8
Local Zr/H,0 Reaction
Maximum (%) 4.64 6.42
Local Zr/H,O Reaction
Location (ft) 6.25 6.25
Total Zr/H,O Reaction (%) <1.0 <1.0
Hot Rod Burst Time (sec) - 444 ' 39.7
Hot Rod Burst Location  (ft) 6.25 6.25
CALCULATION ASSUMPTIONS
Peak Linear Power (Kw/ft), 102% of 12.714 13.373
Peaking Factor (at License Rating) 2.220 2.335
Accumulator Water Volume (ft®) per accumulator 946 946
Cycle Analyzed All All



DONALD C. COOK NUCLEAR PLANT UNIT 2

TABLE 3.1-13
RTSR ANALYSIS
SMALL BREAK LOCA ANALYSIS
PLANT INPUT PARAMETERS

Core Power
Total Core Peaking Factor
Steam Generator Tube Plugging Level

Accumulator Conditions:
Cover Gas Pressure
~ Water Volume
Total Volume

RCS Initial Conditions:

Nominal Vessel Inlet Temperature
Nominal Vessel Outlet Temperature
Nominal Vessel Average Temperature
Nominal RCS Pressure

Vessel Flowrate

Reactor Trip Signal

Safety Injection Signal
Safety Injection Delay Time
Rod Drop Time )

102% of 3588 MWt
2.32
15% (peak uniform)

600 psia
946.0 ft*
1350 ff

511.7 to 547.6°F
582.2 to 615.2°F
547.0 to 581.3°F
2100 or 2250 psia
354000 gpm

1860 psia
1715 psia
27 seconds
2.7 seconds







DONALD C. COOK NUCLEAR PLANT UNIT 2

TABLE 3.1-14
RTSR ANALYSIS
SMALL BREAK LOCA ANALYSIS
TIME SEQUENCE OF EVENTS

HHSI Crosstie Valves Open at 3588 Mwt

Time (s)
Event High Temperature, Reduced Pressure
Break Size: 3-Inch 4-Inch 6-inch

Break occurs 0 0 0
Reactor trip signal 12.17 7.26 4.97
Safety injection signal 21.53 14.99 10.59
Start of safety injection delivery 48.53 41.99 37.59
Loop seal venting 589.7 333.1 154.9
Loop seal core uncovery ‘ N/A 335.2 141.2
Loop seal core recovery N/A 345.3 1734
Boil-off core uncovery - 1072. 640.9 388.3
Accumulator injection begins - ' 1960. 861.6 366.4
Peak clad temperature occurs . 1662, 919.7 168.6
Top of core covered N/A N/A 425.2
Sl flow rate exceeds break flow rate 1515. 1606. N/A




DONALD C. COOK NUCLEAR PLANT UNIT 2

TABLE 3.1-15
RTSR ANALYSIS
SMALL BREAK LOCA ANALYSIS
TIME SEQUENCE OF EVENTS

HHSI Crosstie Valves Open at 3588 Mwt

Time (s)
High Temp. Reduced Temp. °
Event High Pressure High Pressure

4-Inch 4-Inch
Break occurs 0 0
Reactor trip signal 11.75 9.85
Safety injection signal 18.95 13.08
Start of safely injection delivery 45.95 40.08
Loop seal venting 333.7 346.9
Loop seal core uncovery 327.4 407.8
Loop seal core recovery 344.0 . 428.1
Boil-off core uncovery 673.1 664.7
Accumulator injection begins 878.7 87;1.3
Peak clad temperature occurs 943.6 942.0
Top of core covered . 1722.0 1658.0

Sl flow rate exceeds break flow rate 1515.0 1516.0






DONALD C. COOK NUCLEAR PLANT UNIT 2

TABLE 3.1-16

RTSR ANALYSIS

SMALL BREAK LOCA ANALYSIS RESULTS

HHSI Crosstie Valves Open at 3588 Mwt

PARAMETER

Peak clad temperature (°F)
Elevation (ft)

Zr/H,0 cumulative reaction
Maximum local (%)
Elevation (ft)

Total core (%)

Rod Burst

CALCULATION:

Core Power MWt 102% of
Peak Linear Power kw/ft 102% of

Accumulator Water Volume, cu. ft.

High Temperature, Reduced Pressure

Break Size:

3588
12.825
946

VALUE
3-inch 4-inch
1133 1357
11.50 11.50
0.07 0.15
11.50 11.50
< 0.3 <03
None None

6-Inch

959
10.50

0.03
10.50
< 0.3

None







DONALD C. COOK NUCLEAR PLANT UNIT 2 (

SMALL BREAK LOCA ANALYSIS RESULTS

HHSI Crosstie Valves Open at 3588 Mwt

PARAMETER

Peak clad temperature (°F)
Elevation (ft)

Zr/H,0 cumulative reaction
Maximum local (%)
Elevation (ft)

Total core (%)

Rod Burst

CALCULATION:

Core Power MWt 102% of
Peak Linear Power kw/ft 102% of

Accumulator Water Volume, cu. ft.

TABLE 3.1-17
RTSR ANALYSIS

VALUE
High Temp. Reduced Temp.
High Pressure High Pressure

4-Inch 4-inch
1325 1315
11.50 11.50
0.13 0.11
11.50 11.50
< 0.3 < 0.3
None ’ None

3588
12.825
946






DONALD C. COOK NUCLEAR PLANT UNIT 2

TABLE 3.1-18
RTSR ANALYSIS
SMALL BREAK LOCA ANALYSIS
TIME SEQUENCE OF EVENTS

HHSI Crosstie Valves Closed at 3413 Mwt

Time (s)
High Temp. High Temp.
Event Reduced Pressure Reduced Pressure
3-nch 4-Inch

Break occurs 0 0

Reactor trip signal 10.88 6.74
Safety injection signal 20.36 13.46
Start of safety injection delivery 47.36 40.46
Loop seal venting 611.9 357.1
Loop seal core uncovery N/A 359.2
Loop seal core recovery N/A 368.3
Boil-off core uncovery ) 962.0 611.2
Accumulator injection begins 1566. . 8392
Peak clad temperature occurs 1640. 908.0
Top of core covered ) N/A 2356.

Sl flow rate exceeds break flow rate 1915. N/A



DONALD C. COOK NUCLEAR PLANT UNIT 2
TABLE 3.1-19
RTSR ANALYSIS
SMALL BREAK LOCA ANALYSIS RESULTS

HHSI Crosstie Valves Closed at 3413 Mwt

VALUE
High Temp. High Temp.
PARAMETER Reduced Pressure Reduced Pressure
3-inch 4-Inch
Peak clad temperature (°F) 2124 1530
Elevation (ft) ,, 12.00 11.50
Zr/H,O cumulative reaction
Maximum local (%) 8.64 0.37
Elevation (ft) 12.00 11.50
Total core (%) <03 <03
‘Rod Burst None None

CALCULATION:<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>