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14.1 INTRODUCTION

This chapter presents the results and major assumptions of the safety
analysis under which the Palisades Plant is currently licensed. Additional
detail for each analyzed event can be found in the references given at the end
of each section. Also included for completeness is a list of references for
other analyses that were done for Palisades for reasons not directly affecting
the licensing basis (eg, Owner's Group work and steam generator plugged
tube studies). Where important to the understanding of Plant safety, a
summary of these analyses is provided.

141.1 BACKGROUND

The current licensed core thermal power level of the Palisades Plant is
2,565.4 MWt. The analyses described in this chapter use the previous
licensed power level of 2,530 MWt as an input, with a 2% uncertainty. The
uncertainty associated with 2565.4 MWt is 0.5925%. The licensed power
level, adjusted for the associated uncertainty, results in the same value,
2580.6 MWHh, for both cases.

On December 15, 1973, a major revision of the FSAR was made for a power
uprating from 2,200 to 2,650 MWt. Extensive reanalyses were performed in
support of the power increase. Most transients were either reanalyzed, or a
determination was made that they were bounded by other events. The power
increase was not approved by the NRC, but the analyses were bounding for
the licensed power level (2,200 MWt), and were used as the reference
analysis.

In 1976, the Palisades Plant was reloaded with Exxon' fuel. The limiting
transients were reanalyzed using Exxon computer codes. The remaining
events were not reanalyzed since the FSAR reference cycle analysis was still
applicable and enveloped the Exxon analysis.

In July 1977, a topical report on Plant transient analysis of the Palisades
reactor at a power uprating of 2,530 MWt was prepared by Exxon
(Reference 1). The NRC approved the power increase to 2,530 MWt by
license amendment No 31 dated November 1, 1977. The core was
comprised of both Exxon and CE fuel elements.

1Palisades' original fuel vendor for cycle 1 was Combustion Engineering. Starting with cycle 2, Exxon Nuclear
Corporation designed and manufactured all fuel for the reactor. Over the years, Exxon Nuclear has undergone the following
company name changes: from Exxon Nuclear Corporation (ENC), to Advanced Nuclear Fuels (ANF) Corporation, to Siemens
Nuclear Power (SNP), Siemens Power Corporation (SPC), Framatome ANP Richland, Inc. to AREVA NP Inc., to the present name
Framatome Inc.



FSAR CHAPTER 14 - SAFETY ANALYSIS Revision 34
SECTION 14.1 Page 14.1-2 of 14.1-12

A major revision of the Palisades Technical Specifications was approved by
the NRC as Amendment 118 dated November 15, 1988. Advanced Nuclear
Fuels Corporation performed analyses in support of Palisades operation with
up to 29.3% steam generator tube plugging and a modified Reactor
Protective System (Reference 2). The modified Reactor Protective System
included a variable high-power trip and an improved thermal margin/low
pressure trip with axial shape monitoring. Additional analyses were
performed in Reference 3 supporting higher assembly peaking factors
required for a revised fuel management scheme to reduce reactor vessel
neutron flux.

Advanced Nuclear Fuels Corporation performed analyses (Reference 11) in
support of Palisades Cycle 9 Operation. The analyses take into account
changes that were made upon completion of Cycle 8. These include
replacement of the Steam Generators, addition of High Thermal Performance
(HTP) fuel assemblies, an increase in radial power peaking (F;) to
accommodate a low radial leakage core, and minor changes in assumed
equipment set points and analysis uncertainties.

In support of the Steam Generator Replacement Project, ABB-Combustion
Engineering reanalyzed the Steam Generator Tube Rupture (SGTR) event
and the Main Steam Line Break (MSLB) containment analysis. The
reanalysis was performed because of physical changes associated with the
replacement Steam Generators, specifically the lower tube plugging levels,
the thinner tube walls, and the steam outlet flow restrictor. For flexibility in
performing future analysis, the MSLB containment analysis was subsequently
reanalyzed using CPCo's in-house containment analysis code (see

Section 14.18.2 for details).

Siemens Nuclear Power Corporation performed a Disposition of Events
(Reference 13) to support a change to the Variable High Power Trip (VHPT)
reset margin from 10% to 15% relative to the licensing basis for Palisades
Cycle 9. A Disposition of Events (References 14 & 15) was also performed in
support of Cycle 10 operation, and takes into account changes that were
made upon completion of Cycle 9. These changes include insertion of a
second full reload of HTP fuel assemblies, an increase in radial power
peaking (FrA), and inclusion of eight Partial Shielding Assemblies (PSA) in low
powered peripheral locations to reduce vessel flux.

In 1993, Siemens Power Corporation analyzed the Loss of Load Event to
account for safety relief valve accumulation, which had not been previously
accounted for, and to use a setpoint tolerance of 3% for both the primary and
the secondary safety valves. For the Loss of Load analysis (Reference 18),
an ANF-RELAP model was created and the ANF-RELAP code was used.
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In support of Cycle 11 operation, a Disposition of Events was performed
(References 16 & 17) that takes into account the insertion of the third full
reload of HTP fuel assemblies, an increase in rod and assembly radial power
peaking, and reinsertion of eight partial shielding assemblies and sixteen
reconstituted reload L assemblies in low powered peripheral locations to
reduce vessel fluence.

A Disposition of Events (References 22 and 26) was performed to support
Cycle 12 operation. The Disposition of Events supported: 1) the use of the
HTP correlation (Reference 21) for Palisades HTP fuel, 2) an Alternate
Enrichment Scheme (AES) in the reload P fuel assemblies, 3) modified
spacer side plates and guide bar retention slots for reload P assemblies,

4) 16 HTP assemblies with seven stainless steel rods replacing some corner
fuel rods, and 5) natural axial blankets on the gadolinia rods.

The Large Break Loss of Coolant Accident (LOCA) was also analyzed
(Reference 25) in order to support the Alternate Enrichment Scheme (AES).
The AES causes the peak power in the assembly to decrease; however, the
powers of the rods surrounding the peak rod are increased. This will cause a
decrease in the radiative heat transfer from the peak rod, hence the analysis
was reanalyzed.

A Disposition of Events (References 27 and 28) was performed for Cycle 13
to support: 1) modified enrichment pattern for Reload Q, 2) five axial zones in
the gadolinia rods, 3) reduced U235 cutback (region of U235 only) in the
gadolinia rods, 4) new safety injection pump curves, 5) new containment air
coolers, and 6) an increase in the fuel pellet density. These were the major
changes.

The Large Break LOCA (LBLOCA) and Small Break LOCA (SBLOCA) events
were both reanalyzed due to new safety injection pump curves, new
containment air coolers, and increased pellet density to name the major
changes. The results from both analyses were acceptable.

A Disposition of Events (References 30 and 32) was performed for Cycle 14
to support major changes including a reduction in assumed PCS flowrates.
Other events reanalyzed for Cycle 14 include Large Break LOCA
(Reference 34), Small Break LOCA (see Section 14.17.2), Control Rod
Ejection (Reference 33), and Main Steam Line Break (Reference 36). The
results from all analyses were acceptable.
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A Disposition of Events (Reference 7) was performed for Cycle 15 to consider
the impact of changes in fuel design and plant operation, including the
removal of the F/* peaking limit. Events reanalyzed for Cycle 15 include the
Loss of Normal Feedwater Flow event, a Bank Drop event resulting from the
replacement of one or more safety grade control rod clutch power supplies
with non-qualified versions, and the Boron Dilution event. The results from all
analyses were acceptable. During Cycle 15, Siemens performed a reanalysis
for the large break LOCA event (Reference 37) using new SEM/PWR-98
methodology.

Framatome ANP, Richland, Inc., performed a Disposition of Events
(Reference 38) for Cycle 16 to consider the impact of changes in fuel design
and plant operation, including the removal of the F* peaking limit. Events
reanalyzed for Cycle 16 include the Control Rod Ejection, Loss of Electrical
Load, and Boron Dilution events. The LBLOCA event was also reanalyzed
for Cycle 16 (Reference 39). The results from all analyses were acceptable.

Framatome ANP performed a Disposition of Events (Reference 5) for

Cycle 17 to consider the impact of changes in fuel design and plant operation.
Events reanalyzed for Cycle 17 include the Main Steam Line Break
(Reference 36) and the Loss of Normal Feedwater Flow (Reference 9)
events. Framatome ANP also analyzed the Small Break LOCA

(Reference 35) event using its new S-RELAPS5 methodology. The results
from all analyses were acceptable.

Framatome ANP performed a Disposition of Events (Reference 29) for
Cycle 18 to consider the impact of changes in fuel design on plant operation.
The Increase in Steam Flow event was evaluated during Cycle 17 to provide
transient biases for the statistical setpoint analysis (Reference 29). The
statistical setpoint methodology used for Cycle 18 is described in

Reference 31.

The 2 wt% Gadolinia bearing rods used in Cycle 18 were evaluated for the
Large Break LOCA event.

AREVA (formerly Framatome ANP) performed a Disposition of Events
(Reference 47) for Cycle 19 to consider the impact of changes in fuel design
on plant operation. The results from all analyses were acceptable.

AREVA performed a Disposition of Events (Reference 49) for Cycle 20 to
consider the impact of changes in fuel design on plant operation. The results
from all analyses were acceptable.
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AREVA performed a Disposition of Events (Reference 50) for Cycle 21 to
consider the impact of changes in the fuel design on plant operation. The
LBLOCA transient was analyzed (Reference 51) using the Realistic LOCA
methodology presented in Reference 52. The SBLOCA transient was

analyzed (Reference 53) for the introduction of M5® cladding. The results |
from all analyses were acceptable.

AREVA performed a Disposition of Events (Reference 55) for Cycle 22 to
consider the impact of changes in the fuel design on plant operation. The
results from all analyses were acceptable.

AREVA performed a Disposition of Events for Cycle 23 (Reference 56) to
consider the impact of changes in the fuel design on plant operation. The
results from all analyses were acceptable.

AREVA performed a Disposition of Events (Reference 57) for Cycle 24 to
consider the impact of changes in the fuel design on plant operation. The
results from all analyses were acceptable.

AREVA performed a Disposition of Events (Reference 58) for Cycle 25 to
consider the impact of changes in the reload design on plant operation. The
results from all analyses were acceptable.

AREVA performed a Disposition of Events (Reference 59) for Cycle 26 to
consider the impact of changes in the reload design on plant operation. The
results from all analyses were acceptable.

Framatome performed a Disposition of Events (Reference 60) for Cycle 27 to
consider the impact of changes in the reload design on plant operation. The
results from all analyses were acceptable.

14.1.2 ANALYSES AT NOMINAL POWER LEVEL OF 2,650 MWT
No current analyses are performed at 2,650 MWH.
14.1.3 ANALYSES PERFORMED AT 2580.6 MWT INCLUDING UNCERTAINTY

The transient analyses for the Palisades Plant were generally performed
using the Plant Transient Simulation model for Pressurized Water

Reactors (PTSPWR2) (Reference 4). The PTSPWR2 code is a digital
computer program developed to describe the behavior of pressurized water
reactors subjected to abnormal operating conditions. The model is based on
the solution of the basic transient conservation equations for the primary and
secondary coolant system, on the transient conduction equation for the fuel
rods, and on the point kinetics equation for the core neutronics. The program
calculates fluid conditions such as flow, pressure, mass inventory and quality,
heat flux in the core, reactor power, and reactivity during the transient.
Various control and safety system components are included as necessary to
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analyze desired transients. The models contained within PTSPWR2 code are
described in detail in Reference 4.

More recent transient analysis, including the Small Break LOCA, Main Steam
Line Break, Loss of Normal Feedwater Flow, and Increase in Steam Flow
have been performed using the S-RELAPS code (Reference 10). Control
Rod Ejection and Loss of Load analyses have been performed using the
ANF-RELAP computer code (Reference 19). ANF-RELAP is a Siemens
Power Corporation modification of the RELAP5/MOD2 computer code
(Reference 20). S-RELAPS is a Framatome ANP modification of the
RELAP5/MOD2 computer code. The RELAP program calculates
thermal-hydraulic transients with a complete two-fluid, two-velocity and
two-temperature description. A set of six equations (2-mass, 2-momentum,
2-energy) describe the two fluid model. Two-velocity phenomena such as
entrainment and slip are calculated by simultaneous solution of separate
phasic mass and momentum equations. Interphase friction correlations are
flow regime dependent, and there is no reliance on direct empirical
correlations for slip velocity, flooding rate, or entrainment fraction.

Core parameters calculated using the PTSPWR2, ANF-RELAP or S-RELAPS
code are used as boundary conditions to the XCOBRA-IIIC thermal-hydraulic
code (Reference 8) in order to evaluate the departure from nucleate boiling
ratio (DNBR) for a given transient. Depending on the predicted system
conditions, either the HTP correlation (Reference 21) or the modified Barnett
Critical Heat Flux (CHF) correlation (Reference 6) is used to predict the
minimum DNBR.

Per Technical Specifications SR 3.1.4.6, the time from receiving a reactor trip
to the point where the control rods are 90% inserted shall be no greater than
2.5 seconds. The trip set points and their associated delay times to scram
are given in Table 14.1-3. A rod scram curve used in the transient analysis is
shown in Figure 14.1-3.

A summary Disposition of Events for Palisades is given in Table 14.1-4. This
table lists each SRP Chapter 15 event, indicates whether the event is
analyzed and provides a reference to the bounding event for events not
analyzed. The FSAR section containing a summary of the analyzed events is
also given in the table. A description of bounded events and the basis for
selecting the bounding event is given in the current Disposition of Events
Report. Therefore, bounded events are not described in this document.

The calculated primary system and core response for each of the Standard
Review Plan Chapter 15 events that are not bounded by another event are
presented in Table 14.1-5. For events that are not analyzed for primary
system pressurization or MDNBR, the acceptance criteria that are applicable
are presented in the table. Table 14.1-6 summarizes the offsite and control
room radiological dose consequences and limits for the accidents evaluated
in Chapter 14. It is shown that the radiological consequences for Palisades
are below the limits specified in 10CFR100.11 (Reference 42), the Standard
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Review Plan (Reference 43), and General Design Criterion 19
(Reference 44), and/or Regulatory Guide 1.183 (Reference 54), as
applicable.
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14.2 UNCONTROLLED CONTROL ROD WITHDRAWAL
14.21 UNCONTROLLED CONTROL ROD BANK WITHDRAWAL FROM A
SUBCRITICAL OR LOW POWER START-UP CONDITION
14.2.1.1 Event Description

This event is initiated by the uncontrolled withdrawal of a control rod bank,
which results in the insertion of positive reactivity and consequently a power
excursion. It could be caused by a malfunction in the rod control systems.
The consequences of a single-bank withdrawal in Modes 2 and 3 are
considered in this event category. The consequences at rated power and
initial operating conditions are considered in Section 14.2.2.

The response of the reactor core to the withdrawal of control banks from
subcritical or low power exhibits an apparent delay in responding to the
reactivity insertion, followed by an extremely rapid power ramp. This behavior
is based on the time constants of the delayed neutrons and the relatively long
time that power takes to respond to the reactivity insertion. When the
reactivity insertion is rapid enough that the delayed neutron population cannot
bring the power up to significant levels and cause a trip before the reactor
approaches prompt critical, a very rapid power excursion can result. The
power excursion is first mitigated by the Doppler feedback as the fuel
temperature begins to rise and ultimately terminated by the RPS. Because
the power increase in this event is very rapid, fuel rod surface heat flux lags
behind the neutron power and the primary coolant temperature lags behind
the fuel rod surface heat flux.

The power transient (as well as the control rod withdrawal) is either prohibited
by procedural control or is eventually terminated by the reactor protection
system:

1. Nonsafety grade high rate of change of power trip, .0001% to 15%
power (no credit taken);

2. Variable overpower trip;

3. Thermal margin/low pressure trip;

4. High pressurizer pressure trip; or

5. High rate of change of power alarms, which initiate Rod Withdrawal

Prohibit Action (no credit taken).
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14.2.1.2

14.2.1.2.1

14.2.1.2.2

6. Zero Power Mode Bypass Reset

7. If the reactor is in hot shutdown or below and one PCS pump has been
out of service for more than 12 hours, circuit breakers 42-01 and 42-02
are open (Reference 13) which prevents a rod or bank withdrawal.

Of these trips, the minimum power setting of the variable overpower trip is the
only RPS function relied on in Mode 2 to terminate this event. Further
protection is provided by the Doppler reactivity feedback in the fuel and by
available DNBR margin between the initial operating condition and the DNB
thermal limit. In Mode 3, with fewer than four primary coolant pumps in
operation, the Zero Power Mode Bypass Reset, coupled with the Low PCS
Flow reaction trip, is relied on to terminate the event.

Thermal-Hydraulic Analysis

Analysis Method

The analysis is performed using the PTSPWR2 (Reference 1) and
XCOBRA-IIIC (Reference 2) codes. The PTSPWR2 code models the
salient system components and calculates reactor power, fuel thermal
response, surface heat transport and fluid conditions, including coolant
flow rate, temperature and primary pressure. The core boundary
conditions are then input into XCOBRA-IIIC to obtain the MDNBR.

Bounding Event Input

This event is analyzed with four primary coolant pumps operating. The
case input and initial conditions bound startup (Mode 2) and hot
standby (Mode 3) operating conditions. The lowest initial power yields
the maximum margin to trip, and hence maximum time for withdrawal
to trip. This yields the largest prompt multiplication and maximizes
overshoot past trip. The power used conservatively bounds the
possible initial power in startup (Mode 2) and hot standby (Mode 3)
operation. Maximum coolant temperature, maximum radial peaking
and minimum core flow rate are chosen to minimize DNBR. The
biases for core age and the pellet-to-cladding heat transfer coefficient
are selected to minimize Doppler feedback.
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14.21.2.3 Analysis of Results

The event is initiated by a control bank withdrawal which results in the
insertion of positive reactivity and consequentially a power excursion.
The rapid power increase results in a fuel temperature increase and
negative Doppler reactivity feedback which limits the peak power.

The event is terminated when the reactor trips on variable high power.
The calculated values for peak pressurizer pressure, MDNBR, and
peak LHR are shown in Table 14.1-5.

The responses of key system parameters are plotted in Figures 14.2.1-
1 through 14.2.1-6. The sequence of events is given in Table 14.2.1-1.
Based on the analyses in Reference 12, this event was found to be
non-limiting relative to other anticipated operational occurrences.

14.2.1.3 Radiological Consequences

A radiological consequences analysis is not applicable for this event.

14.2.1.4 Conclusions

The results of the analysis demonstrates that:

. The predicted MDNBR (Table 14.1-5) is greater than the HTP
correlation limit presented in Table 14.1-1. This ensures that, with
95% probability and 95% confidence, DNB is not expected to occur
and no fuel failures are expected.

. The predicted peak linear heat rate (Table 14.1-5) is less than fuel
centerline melt criterion presented in Table 14.1-1.

Therefore, all the applicable acceptance criteria for the event are met.
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14.2.2

14.2.2.1

14.2.2.2

14.2.2.2.1

UNCONTROLLED CONTROL ROD BANK WITHDRAWAL AT POWER

Event Description

As with Event 14.2.1, this event is initiated by an uncontrolled withdrawal of a
control rod bank. This withdrawal adds positive reactivity to the core which
leads to potential power and temperature excursions. This event considers
the consequences of control bank withdrawals at rated and operating initial
power levels.

The reactor protection trip system is designed and set to preclude penetration
of the Specified Acceptable Fuel Design Limits (SAFDLs). Because of the
design of this analysis, the thermal margin/low pressure and variable
overpower trips are principally challenged.

The thermal margin/low pressure trip function is designed and set to protect
against DNB. Principal DNB parameters such as power (the highest
auctioned value of either calorimetric or neutronic power), core inlet
temperature, and core power distribution are measured. This function is
based on the core protection boundaries. Operation within these boundaries
assures protection of the SAFDLs.

A broad range of reactivity insertion rates and initial operating conditions are
possible. The range of reactivity insertion is from very slow, as would be
associated with a gradual boron dilution, and bounded on the fast end of the
range by bank withdrawal.

The objective of the analysis is to demonstrate the adequacy of the trip set
points to assure meeting the acceptance criteria. To assure this objective,
the analysis is performed for a spectrum of reactivity insertion rates and initial
power levels. Since neutronic feedback as a function of cycle exposure and
design also influences results, these effects are also included in the analysis.

Thermal-Hydraulic Analysis

Analysis Method

The analysis is described in Reference 3 and uses the PTSPWR2 |
(Reference 1) and XCOBRA-IIIC (Reference 2) codes. The PTSPWR2
code models the salient system components and calculates neutron
power, fuel thermal response, and fluid conditions. The fluid conditions
and rod surface heat transport at the time of MDNBR are input to the
XCOBRA-IIIC code for calculation of the MDNBR. Systems which
minimize DNBR are enabled in the analysis.



FSAR CHAPTER 14 - SAFETY ANALYSIS Revision 30

SECTION 14.2

Page 14.2-5 of 14.2-9

14.2.2.2.2

14.2.2.2.3

The sequence of events is generally the same throughout the event
spectrum, differing only in which trip is challenged, ie,

1. Reactivity is inserted.

2. Nuclear power increases

3. Thermal power increases

4. Primary temperature increases

5. Reactor trips on thermal margin/low pressure or variable
overpower. No engineered safeguard features are challenged.

Bounding Event Input

The analysis evaluates the consequences of uncontrolled control rod
bank withdrawal from 91.5% of rated power. A spectrum of reactivity
insertion rates were evaluated in order to bound events ranging from a
slow dilution of the primary system boron concentration to the fastest
allowed control bank withdrawals. Specifically, the analysis
encompasses reactivity insertion rates from 1.0x10° to 5.0x10°Ap/sec.
Middle of cycle (MOC) kinetics are bounded in the analysis by
considering conservatively bounding beginning of cycle (BOC) and end
of cycle (EOC) kinetics, along with a comprehensive range of reactivity
insertion rates. The range of insertion rates was conservatively
calculated based on control rod worth and withdrawal speed.

Analysis of Results

The Uncontrolled Bank Withdrawal transient was analyzed from 91.5%
of rated power. The limiting uncontrolled control rod bank withdrawal
at 91.5% power and BOC kinetics occurred at an insertion rate of
2.25x10™ Aplsec.

For the limiting withdrawal rate, the TM/LP trip provided the DNB
protection. The VHP trip was not reached. The VHP maximum trip
setpoint of 106.5% set the starting power of 91.5% for the limiting
event. This starting power is more limiting than the 100% power since
at this power (essentially 90% of rated), the axial power shape allowed
by the Tinet LCO is significantly more limiting with regard to DNB than
the axial power shape allowed for 100% power and the radial peaking
associated with 91.5% power is higher.
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14.2.2.3

14.2.2.4

14.2.3

14.2.3.1

In the cases where the TM/LP intervenes the reduced peaking will
cause the event to be less limiting. For withdrawal rates near the
limiting rate, including the withdrawal rates in which the VHP
intervenes, the MDNBR occurs prior to the trip and would not be
impacted by the increased VHP trip power.

The sequence of events for the Uncontrolled Bank Withdrawal
transient is given in Table 14.2.2-1 from Reference 9. The transient
response of key system variables is given in Figures 14.2.2-1 through
14.2.2-9.

The MDNBR was evaluated for the insertion rate that yielded the
lowest MDNBR. The most limiting MDNBR corresponded to a
reactivity insertion rate of 2.25x10° Ap/second initiated from 91.5%
power. The maximum peak pellet LHR occurs in the case which uses
BOC kinetics. The bounding MDNBR and peak LHR for this event for
the current reload cycle are given in Table 14.1-5.

Radiological Consequences

A radiological consequences analysis is not applicable for this event.

Conclusions

The results of the analysis demonstrates that:

J The predicted MDNBR (Table 14.1-5) is greater than the HTP
correlation limit presented in Table 14.1-1. This ensures that, with
95% probability and 95% confidence, DNB is not expected to occur
and no fuel failures are expected.

. The predicted peak linear heat rate (Table 14.1-5) is less than fuel
centerline melt criterion presented in Table 14.1-1.

Therefore, all the applicable acceptance criteria for the event are met.
SINGLE CONTROL ROD WITHDRAWAL

Event Description

The rod withdrawal event is initiated by an electrical or mechanical failure in
the Rod Control System that causes the inadvertent withdrawal of a single
control rod. A rod is withdrawn from the reactor core causing an insertion of
positive reactivity which results in a power excursion transient. The
movement of a single rod out of sequence from the rest of the bank results in
a local increase in the radial power-peaking factor.
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14.2.3.2

14.2.3.2.1

14.2.3.2.2

The combination of these two factors results in a challenge to DNB margin.
The system response is essentially the same as that occurring in the
Uncontrolled Bank Withdrawal event at power (Event 14.2.2).

Acceptable outcomes for this event rely only on the Reactor Protective
System or on the Technical Specifications limiting the conditions of operation.

Thermal-Hydraulics Analysis

Analysis Method

In this event the radial redistribution of power in the core can result in
radial peaking factors in excess of those allowed by the Core
Operating Limits Report (COLR). The analyses are performed by
coupling a conservative power peak to transient response and DNB
calculations. The power peak associated with the event is
characterized through an augmentation factor which relates the
maximum power peak to the steady-state power peak. The
steady-state power distributions and augmentation factors are
calculated with the PRISM (Reference 5) reactor simulator. The
conservatively biased core boundary conditions are then combined in
an XCOBRA-IIIC (Reference 2) calculation with a radial augmentation
peaking factor calculated to bound the possible single-rod withdrawal
radial power redistribution. The analysis is described in Reference 3. |

Bounding Event Input

Increased radial peaking factors impact DNBR for this event. Radial
peaking augmentation factors for the single-control rod withdrawal
events are calculated at full power for different exposure conditions.
The core boundary conditions of average heat flux, temperature,
pressure and flow are selected to conservatively bound the
consequences of this event at 91.5% of rated power. The bank
withdrawal analysis (Event 14.2.2) considers reactivity insertion rates
down to 1.0x10° Ap/s which is representative of a single rod. The
boundary conditions used in the calculation of MDNBR are obtained
from the limiting transient response from the Uncontrolled Bank
Withdrawal at Power (Event 14.2.2). Those conservatively biased core
boundary conditions are then combined in an XCOBRA-IIIC calculation
with a radial augmentation peaking factor calculated to bound the
possible single rod withdrawal radial power redistribution.
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14.2.3.2.3 Analysis of Results
The transient response for the Single Control Rod Withdrawal Event is
the same as that for the Uncontrolled Control Rod Bank Withdrawal of
Power Event (Event 14.2.2).

14.2.3.3 Radiological Consequences

A radiological consequences is not applicable for this event.

14.2.3.4 Conclusions

The results of the analysis demonstrates that:

. The predicted MDNBR (Table 14.1-5) is greater than the HTP
correlation limit presented in Table 14.1-1. This ensures that, with
95% probability and 95% confidence, DNB is not expected to occur
and no fuel failures are expected.

. The predicted peak linear heat rate (Table 14.1-5) is less than fuel
centerline melt criterion presented in Table 14.1-1.

Therefore, all the applicable acceptance criteria for the event are met.
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14.3

14.3.1

BORON DILUTION

EVENT DESCRIPTION

The Chemical and Volume Control System regulates both the chemistry and
the quantity of coolant in the Primary Coolant System (PCS). Changes in
boron concentration in the PCS are a part of normal Plant operation,
compensating for long-term reactivity effects such as fuel burnup, xenon
transients and Plant cooldown.

Boron dilution is a manual operation, conducted under strict administrative
control and in accordance with detailed operating procedures which specify
permissible limits on rate and magnitude of any increment of boron dilution.
Because of the procedures involved and the alarms and indications provided,
the probability of a sustained erroneous dilution is very small. Administrative
procedures will protect against protracted operator neglect to add boron to
compensate for reactivity change induced by post-shutdown cooldown or
xenon decay.

The operation of the primary makeup water transfer pumps provides the
normal supply of makeup water to the PCS via charging pumps. Inadvertent
dilution can be readily terminated by isolating the unborated water source.

During normal operation, concentrated boric acid solution is blended with
primary makeup water to the approximate concentration present in the reactor
coolant and is introduced into the volume control tank discharge header. This
process is a manual operation. A malfunction in this system (such as failure
of the boric acid pumps to start or of the boric acid control valve to open)
while the operator fails to observe the indicator for correct flow, could initiate a
boron dilution incident.

Boron concentration in the PCS can be decreased by controlled feed and
bleed operation or by using the deborating demineralizer. (The deborating
demineralizer can be used for removal of boron when the primary coolant
boron concentration is below 50 ppm.)

To add primary makeup water for a planned boron dilution, the makeup
controller mode selector switch is set to “A” (Automatic) and the primary
makeup water batch quantity selector is set to the desired quantity. The
makeup stop valve is then opened and the controller START button is pushed
to initiate flow. When the specified amount has been injected, the primary
makeup water control valve is closed automatically. Failure of the valve to
close could, on the occasion of very low pressurizer level, result in the
introduction of unborated water at the maximum capacity of all three charging
pumps (143 gpm), if three pumps are available. The analysis assumes a
bounding charging pump flowrate of 143 gpm.
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14.3.2

14.3.2.1

THERMAL-HYDRAULIC ANALYSIS

Analysis Method

A summary of the two mathematical approaches used to model the dilution of
the PCS is presented in Section 5.7.6 of Reference 1. The uniform mixing
model is used for most plant operating conditions and assumes that perfect
mixing occurs. The "wave front/slug" flow model is used only when the
primary coolant pumps are not in operation and assumes imperfect mixing.

Four different plant conditions are evaluated for the Boron Dilution event to
ensure all phases of Plant operation are bounded. Those conditions are:

1. Refueling (Mode 6)

2. Prior to Startup (Modes 3 - 5)

3. Power Operation and Startup (Modes 1 and 2)

4. Failure to Add Boron After Shutdown

The dilution of primary system boron adds positive reactivity to the core and
can lead to the erosion of shutdown margin for a subcritical initial condition, or

a slow power excursion during power operation.

In the event of a boron dilution transient in Modes 1 - 5, some of the following
indications and alarm functions are available to alert the operator:

1. Volume control tank level indication and the high and low level alarms;
2. Letdown diverter valve indication;

3. Charging flow indication;

4. Wide range logarithmic nuclear instrumentation.

Following detection of the event, operator action must be taken to terminate
the dilution and to restore the required shutdown margin. The boron dilution
analysis must demonstrate that the shutdown margin required by Technical
Specifications is sufficient to allow at least 15 minutes for the operator to both
recognize and terminate a dilution event from all modes of operation except
for Refueling (Mode 6). The time allowed while in Refueling (Mode 6) is

30 minutes.
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14.3.2.2 Bounding Event Input

The key parameters affecting the boron dilution time-to-criticality are:

1.

2.

3.

4.

5.

The volume of the PCS coolant

The PCS charging flowrate

The PCS charging boron concentration

The PCS boron concentration at event initiation versus operating mode

The PCS critical boron concentration versus operating mode

14.3.2.3 Analysis of Results

14.3.2.3.1 Dilution During Refueling (Mode 6)

For dilution to occur during refueling by primary makeup water, it is
necessary to have at least one makeup water transfer pump operating, one
charging pump operating, and the Primary Make-up Water Make-up Control
Valve open. None of these conditions are required for refueling and they
would be in violation of operating procedures. Nevertheless, such a dilution
incident has been analyzed. The following cases were analyzed:

A.

Refueling - Case 1

The following plant configuration was analyzed:

1.

No Primary Coolant Pumps (PCPs) in operation when the boron
dilution event occurs.

The Shutdown Cooling (SDC) system is in operation with a
minimum flow rate of 1000 gpm.

All three charging pumps are assumed to be in operation
(143 gpm).

The PCS is only partially filled (3300 ft®).

The Shutdown Margin (SDM) requirement is > 5% assuming all
rods inserted (ARI) minus the most reactive stuck rod (MRR).

Based on the plant configuration detailed above, the time-to criticality
for this case was shown to meet applicable acceptance criteria.
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B. Refueling - Case 2

The following plant configuration was analyzed:

1.

2.

5.

No PCPs in operation when the boron dilution event occurs.

The SDC system is in operation with a minimum flow rate of
1000 gpm.

All three charging pumps are assumed to be in operation
(143 gpm).

A total PCS volume of 7921 ft* was assumed for the analysis.
This volume does not credit the volumes of the pressurizer,
pressurizer surge line, upper vessel head, and downcomer to
upper head bypass flow pass. A total steam generator tube
plugging of 15% is also assumed.

The SDM requirement is > 5% assuming all rods out (ARO).

Based on the plant configuration detailed above, the time-to criticality
for this case was shown to meet applicable acceptance criteria.

14.3.2.3.2 Dilution During Cold Shutdown (Mode 5)

In Mode 5, the Shutdown Cooling System is in operation. Primary coolant
pumps may or may not be in operation. If one or more coolant pumps are in
operation, it is assumed that the dilution flow undergoes perfect mixing with
the primary coolant. If no coolant pumps are in operation, the dilution flow
does not perfectly mix with the primary coolant and forms a moving front of
diluted water that flows toward the core. This scenario is modeled with a
dilution front model.

The following cases were analyzed:

A. Cold Shutdown - Case 1

The following plant configuration was analyzed:

1.

2.

No PCPs are in operation when boron dilution event occurs.

All three charging pumps are assumed to be in operation
(143 gpm).
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5.

A total PCS volume of 7921 ft* was assumed for the analysis.
This volume does not credit the volumes of the pressurizer,
pressurizer surge line, upper vessel head, and downcomer to
upper head bypass flow pass. A total steam generator tube
plugging of 15% is also assumed.

The SDC system is in operation with a minimum flow rate of
2810 gpm.

The SDM requirement is > 2% assuming ARI-MRR.

Based on the plant configuration detailed above, the time-to-criticality
for this case was shown to meet applicable acceptance criteria.

B. Cold Shutdown - Case 2

The following plant configuration was analyzed:

1.

2.

4.

5.

No PCPs are in operation when the boron dilution event occurs.

The SDC system is in operation with a minimum flow rate of
2810 gpm.

All three charging pumps are assumed to be in operation
(143 gpm).

The PCS loops are only partially filled (3300 ft3).

The SDM requirement is > 3.5% assuming ARI-MRR.

Based on the plant configuration detailed above, the time-to-criticality
for this case was shown to meet applicable acceptance criteria.

C. Cold Shutdown - Case 3

The following plant configuration was analyzed:

1.

2.

No PCPs are in operation when the boron dilution event occurs.

The SDC system is in operation with a minimum flow rate of
650 gpm.

Only one charging pump is assumed to be in operation (60 gpm).
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4. The SDM requirement is > 3.5% assuming ARI-MRR.
5. The PCS loops are only partially filled (3300 ft°).

Based on the plant configuration detailed above, the time-to-criticality
for this case was shown to meet applicable acceptance criteria.

14.3.2.3.3 Dilution During Hot Shutdown (Mode 4)
In Mode 4, the PCS could be in any one of the following configurations:
1.  PCPs in operation, SDC secured
2. Both PCPs and SDC in operation
3. PCPs secured, SDC secured
If one or more coolant pumps are in operation, it is assumed that the dilution
flow undergoes perfect mixing with the primary coolant. If no coolant pumps
are in operation, the dilution flow does not perfectly mix with the primary

coolant and forms a moving front of diluted water that flows toward the core.
This scenario is modeled with a dilution front model.

The following cases were analyzed:
A.  Hot Shutdown - Case 1
The following plant configuration was analyzed:

1. Atleast one PCP is in operation when the boron dilution event
occurs. Itis assumed that the injected unborated water is
perfectly mixed with the primary coolant.

2. All three charging pumps are assumed to be in operation
(143 gpm).

3. Atotal PCS volume of 7921 ft* was assumed for the analysis.
This volume does not credit the volumes of the pressurizer,
pressurizer surge line, upper vessel head, and downcomer to
upper head bypass flow pass. A total steam generator tube
plugging of 15% is also assumed.

4. The SDM requirement is > 2% assuming ARI-MRR.

Based on the plant configuration detailed above, the time-to-criticality
for this case was shown to meet applicable acceptance criteria.
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B. Hot Shutdown - Case 2

The following plant configuration was analyzed:

1.

2.

5.

No PCPs are in operation when the boron dilution event occurs.

The SDC system is in operation with a minimum flow rate of
2810 gpm.

All three charging pumps are assumed to be in operation
(143 gpm).

A total PCS volume of 7921 ft* was assumed for the analysis.
This volume does not credit the volumes of the pressurizer,
pressurizer surge line, upper vessel head, and downcomer to
upper head bypass flow pass. A total steam generator tube
plugging of 15% is also assumed.

The SDM requirement is >