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Section 2.0 presents a summary of the results and review of SRP Chapter
15 events. Section 3.0 presents the conditions employed in the event analyses
and the results of these event analyses. Events are numbered in accordance
with the SRP to facilitate review. A tabular list of the dispositiun of
Chapter 15 events and analysis of record for Palisades, with a cross
reference between SRP event numbers and the Palisades Updated FSAR(S). is
included. Section 4.0 opresents the results of a thermal-hydraulir
compatibi®ity analysis for the four lead assemblies and the sixteen stainless
steel shielding assemblies.
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SRP
Event Event
Classifi- Desig-

cation ~ @alion

Table 2.1 Disposition of Events Summary for Palisades

Name:

15.1 INCREASE IN HEAT REMOVAL BY THE SECONDARY SYSTEM

15.1.1 Decrease in Feedwater Temperature

15.1.2 Increase in Feedwater Flow
1) Power
2) Startup

15.1.3 Increase 1. Steam Flow

15.1.4 inadvertent Opening of a Steam
Cenerator Relief or Safety Valve
1) Power
2) Scram Shutdown Margin

15.1.5 Steam System Piping Failures
Inside and Outside of Containment

15.2 DECREASE IN HEAT REMOVAL BY THE SECONDARY STEAM

15.2.1 Loss of External Load

15.2.2 Turbine Trip

15.2.3 Loss of Condenser Vacuum

15.2.4 Closure of the Main Steam
Isolation Valves (MSIVs)

15.2.5 Steam Pressure Regulator Failure

Analyze
Bounded
Bounded

Bounded

Bounding Updated
Event or FSAR

15.1.3 14.9.4

15.1.3 14.9.6

15.1.3 14.9.5
14.10

15.1.3

15.1.3

Ref.11,12813 14.14

14.12

15.2.1

15.2.1 TZ
<o 0
es?®

15.2.1 2S5
£ =0

Not applicable;

BWR Event



Fvent
Classifi-

cation

15.3

15.4

Table 2.1
SRP
Event
Desig-
nation Name
15.2.6 Loss of Nonzmergency A.C. Power
to the Station Auxiliaries
15.2.7 Loss of Normal Feedwater Flow
15.2.8 Feedwater System Pipe Breaks

Inside and Outside Containment

DECREASE IN REACTOR COOLANT SYSTEM FLOW

15.3.1

15.3.2
15.3.3

153.4

Loss of Forced Reactor Coolant
Flow

Flow Controller Malfunction

Reactor Coolant Pump Rotor
Seizure

Reacto. Coolant Pump Shaft Break

REACTIVITY AND POWER DISTRIBUTION ANOMALIES

15.4.1

15.4.2

15.4.3

Uncontrolled Control Rod Bank
Withdrawal from a Subcritical
or Low Power Condition

Uncontrolled Control Rod Bank
Withdrawal at Power Operation
Conditions

Control Rod Misoperation

1) Dropped Control Bank/Rod

2) Dropped Part-lLength Control
Rod

Not

Analyze
Applicable

Analyze
Bounded

Analyze

Analyze

Analyze
Bourded

Disposition of Events Summary for Palisades (Cont.)

15.3.3

15.4.3(1)

Updated
FSAR

14.13

14.7
14.7

14.7
14.7

14.2.2.2

14.2.2.3

14.4
14.6

g abed
1 UOLS|AdY
801-88~ INY



Event
Cla;sifi-

cation

fable 2.1

SR?
Erent
Desig-
nation

15.4.4
15.4.5

15.4.6

15.4.7

3)
1)
5)
6)

Disposition of Events Summary for Palisades (Cont.)

Name

Malpositioning of the Part-
Length Control Group
Statically Misaligned
Control Rod/Bank

Single Control Rod
Withdrawal

Care Barrel Failure

Startup of an Inactive Loop

Flow Controller Malfunction

cVES Malfunctios that Res.lts
in. a Decrease irn the Boron Con-
centration in the Reactor Coolant

1)
2)
3)

Rated and Power
Operation Conditions
Reactor Critical, Hot
Standby and Hot Shutdown
Refueiing Shutdown Con-
dition, Cold Shutdown
Condition and Refueling
Operation

Inadvertent Loading and Operation
of a Fuel Assembly in an Improper
Position

Bourding
Event or

Disposition  Reference  Designation

Not Applicable
Analyze

Analyze
Analyze

Ana'yze
Mot applicable;

No Flow Con-
troller

Analyze
Analyze
Analyze

Administrative
Procedures
Preclude this
Event

Updated
FSAR

14.6

14.2.2.4
14.5

14.8

14.3
14.3
14.3

g abey
1 uoLSLASY
801-88- NV
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AR

Reference Designation

Bounding Updated
'

tvent or

14




| Table 2.1 Disposition of Events Summary for Palisades (Cont.)

SR

Event Event

Classifi- Desig-

cation ~ nation Name Disposition
15.6.5 Loss of Coolant Accidents Aaalyze*'

Resulting from a Spectrum of
Postulated Piping Breaks within
the Reactor Coolant Pressure

Boundary
15.7 RADIOACTIVE RELEASE FROM A SUBSYSTEM OR COMPONENT

15.7.1  Waste Gas System Failure Deleted

15.7.2 Radiocactive Liguid Waste System
Leak or Failure (Release to

Atmosphere) Deleted
15.7.3 Postulated Radioactive Releases Bounded

due to Liguid-Containing Tank

Failures

15.7.4 Radiological Consequences of Fuel Bounded
Handl ing Accidents

15.7.5 Spent Fuel Cask Drop Accidents Bounded

.ltis section of the Standard Review Plan has been deleted.

Bounding
Event or

Reference

Ref. 8,10,
20821

Ref. 8

Ref. 8

ref. 8

..lhe results of the analysis of the large break LOCA are reported in Reference 10.

Updated
FSAR

Designation

14.17
14.18
14.22

14.21

14.20

14.19

14.11

g abey

1 uoiSiAay
801-88~ INY
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15.3.3

15.4.1

15.4.2

15.4.3

15.4.6

5.4.8
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Table 2.2 Summary of Results

Event

Increase in Steam Flow(l)

Loss of External Load

Loss of Forced Reactor Coolant
Flow

Reactor Coolant Pump Rotor
Sefzure

Uncontrolled Control Bank
Withdrawal at Subcritical or
Low Power

Uncontrolled Contro}lgank
Withdrawal at Power

Control Rod Hisopnration(z)

o Dropped Rod or Bank

o Single Rod Withdrawal'l)

o Core Barrel Failure

CVCS Malfunction resulting in
Decreased Boron Concentration

Control Rod Ejection

(1) 100% power case

(2) Results are based on conservative assumptions pertaining to control
rod/bank configurations.

(3) <2.9% of the core is calculated to e«perience DNB
(4) <12.2% of the core is calculated to experience DNB

(8) Cogsorvativoly bounds Reactor Critical, Mot Standby and Mot Shutdown
modes.

“DNBR

1.46
1.7

1.40

1.28

01(3)(8)

—

1.2%

1.25

1.22

1.28
(Adequacy of Shutdown Margin is
Demonstrated.)

<l.l7(‘)
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minal plant rated operating conditions are presented in Table

The uncertainties used in the accident analysis applicable

perating conditions are:




Table 15.0.1-1 Nominal Plant Operating Conditions

Core Thermal Power

Pump Thermal Power (total)
System Pressure

Vessel Coolant Flow Rate*

Core Coolant Flow Rate**
Average Coolant Tewperature
Core Inlet Coolant Temperature
Steam Generator Pressure

Steam “low Rate

Feedwater Temperature

Number of Active Steam Generator Tubes*
(per steam generator)

2530 MWt

15 MWt

2060 psia
120.3 Mibm/hr
116.7 Mibm/hr
570.58°F
543.65°F

730 psia
10.97 Mibm/hr
435°F

6023

* Reflects 29.3% average steam generator tube plugging.

** Reflects a 3% bypass flow,

ANF -88-108
Revision 1
Page 12
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15.0.2  POMER DISTRIBUTION

The radial and axial power peaking factors used in the analysis are presented
in Table 15.0.2-1. Figures 15.0.2-1 and 15.0.2-2 show the limiting axial
shapes for 100% power and 50% power, respectively. These axial shapes have
ASIs of -0.139 for 100% power and -0.342 for 50% power. In this context, ASI
is defined as:

PLower ° PUppor

pItower *ApUpper
pLouor corresponds to the power generated in the lower half of the co»e and
P corresponds to the power generated in the upper half of the core.

Upper

The Technical Specification(ls) Limiting Condition of Operation radial peaking
limits are increased by 3.5% for Palisades Cycle 8. The increase in radial
peaking is to accommodate a low radial leakage fuel loading pattern

The 1imiting ONBR occurs on an interior pin of an assembly with 208 rods. The
Technical Spccification(ls) Limiting Conditions of Operation assure that the
power distribution is maintained within these limits during normal operation.
However, some events analyzed result in transient redistribution of the radial
power peakiny factors. Transient radial power redistribution is treated as
described in Section 15.4.3,

The analyses in Reference 3 use an Fr factor that is 3% higher than that
specified by the Technical Specifications. This augmentation factor was used
to account for the fact that the axial shapes were derived from a one-
dimensional .ore physics model rather than a three-dimensional model, For
Cycle 8, minimum ONBR analyses were performed using axial shapes from both
one-dimensional and three-dimensional core physics models. Comparison of the
minimum ONBRs indicates that the core average axial shapes from the one-
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dimensional model are conservative relative to the hot assembly axial shapes
from the three-dimensional model. Thus, the Fr augmentation factor was
uwnecessarily conservative and is eliminated from the analyses supporting
Cycle 8.
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Table 15.0.2-1 Core Power Distribution

Radial Peaking Factor: 208 ifg

- Peak interior rod'. 1.70 1.73
Engineering Uncertainty 1.03 1.03
Total Radial, Fr T' 1.7% 1.78

Axial Peaking Factor:

100% power 1.39
. 50% power 1.67
Fraction of Power Deposited in Fuel 0.974

* For power operation at less than rated, the radial peaking s
Foo¢[140.3(1-f)] for 0.5¢f¢l and 1.15 Fr 1 for f<0.5, where f is the
fFadtional power of 2530 Mt ’

**  Proposed Technical Specification limit,
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15.0.3 REACTIVITY COEFFICIENTS USED IN THE SAFETY ANALYSIS

Table 15.0.3-1 presents the reactivity coefficients for Cycle 8 and those used
in the analysis in Reference 3. As discussed in Reference 3, the set of
parameters which most chal':ages the event acceptance criteria is used in each
analysis.
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15.0.4 IRIP SETPOINTS

Reference 3 presents the trip setpoints, biases, and time delays used in the
analysis. The actual trip setpoints used in each transient analysis were
biased such that the acceptance criteria for each event is most challenged.

A new Tm"t LCO and thermal margin/low pressure (TM/LP) trip were developed
for operation with the modified RPS. Their development is presented in
Reference 3. The Tin\ct LCO was used to develop the initial conditions used
in the transient analyses and the TM/LP trip was inciuded in the transient
analysos(s). The following two sections contain the results .f an analysis to
verify that the T1nlot LCO and TM/LP are applicable to Cycle 8 operation.

15.0.4.1 Inlet Temperatyre Limiting Condition Of Operation

The Yinlot LCO provides protection against penetrating ONB during limiting
anticipated operational occurrence (A0Q) transients. The T LCO derived
in Reference 3 is given below:

inlet

Tinlet & 543.35 + .0575%(P-2060) + 5.0 x 10 +(P-2060)°
+ 1.173%(N-120) - .0102*(W-120)*

1800 ¢ P
100 < W

2200 psia
130 Mib/hr.

A A

As shown in Table 2-2, the most limiting AOO transient that does not produce a
reactor trip is the inadvertent drop of a full length control assembly. The
Tm.t LCO must provide DNB protection for this transient assuming a return to
full power with enhanced peaking due tc the anomalous control ascembly
insertion patteran. Th"tinlct LCO was verified for Cycle 8 using the XCOBRA-
[11C computer code(s‘l" with a conservative peaking augmentation factor.
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measured ASI of -.30 at 70 percent of rated power., This extended Ttnlot LCO
range was verified to be applicable to Cycle 8 in the manner described above.
The limiting part-power axial, shown in Figure :5.0.2-2 was used for these
calculations.

15.0.4.2 Thermal Margin/low Pressure (TM/LP) Trip

The modified RPS includes the hardware for a new TM/LP trip which is to be
installed at the Palisades reactor. This new TM/LP is an improvement over the
previous trip in that it allows monitoring of the core axial shape index.

The function of the TM/LP trip is to protect against slow heatup and
depressurization transient events. In order to perform this function, the
TM/LP trip must initiate a scram signal prior to exceeding the specified
acceptable fuel design limits (SAFDLs) on departure from nucleate boiling
(ONB) or before the average core exit temperature exceeds the saturation
temperature. The SAFDL insures that there is no damage to the fuel rods and
the 1imit on core exit saturation is imposed to assure meaningful thermal
puwer measurements.

The TM/LP trip works in conjunction with the other trips and the limiting
conditions of operation (LCO) on control rod group position, radial peaking,
and reactor coolant flow. The variable high power (VHP) trip is factored into
the TM/LP development by limiting the maximum pos<.ible power that can be
achieved at a particular radial peaking to 10% above the power corresponding
to that radial peaking. The LCO on the control rod group position is included
in the TM/LP through monitoring of the axial shapes and the LCO on radial
peaking is factored in by including its variation with power level in the
TM/LP development. Finally. the LCO on reactor coolant flow is built into the
T™/' ® through the use of conservative flows throughout its development.
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The development of the TM/LP trip setpoints are documented in Reference 3.
From Reference 3, the TM/LP trip is given as:

Poar = 1563.7 (QA) (QR,) + 12.3 (T, ) - €503.4

where:
QRl « 0.412 (Q) + 0.588 Qgl.0
QRI =0 021.0

and,
QA = +.226 (ASi) + .964 +.162 ¢ AS] < +.544
QA = -,.52]1 (AS1) + 1.085% -, 156 ¢ AS] ¢ +.182
QA = -.69] (ASI) + 1.058 -.653 ¢ AS] ¢ -.156

Pv.r is defined as the low pressure trip setpoint; QA is the axial shape
function; QR is the radial peaking function; T‘ﬂ is the highest measured cold
leg temperature; Q is the fraction of rated power; and ASI is the axial shape

index,

This TM/LP is applicable over a pressure ra ge from 1700 psia to 2300 psia i~d
to a minimum measured HIP primary coolant flow rate of 124.3 MIb/hr.

The TM/LP trip function was verified for Cycle 8 by first determining a set of
limiting axial shapes. The iimiting axial shapes were determined in .06 ASI
increments covering the ASI range defined by the r‘n,'t LCC(’). The limiting
axial shapes were used in the XCOBRA-I1IC model to ensure that the minimum
ONBR allowed by the TM/LP trip function 1is greater than the XNB
correlation}7218) 95,95 1imit of 1.17. Thus, the T™M/LP trip'®) is verified
to be applicable over the possible range of axial shapes for Cycle €.
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15.0.5 DISPOSITION AND ANALYSIS OF EVENTS

The following sections discuss the disposition and analysis of each of the
SRP Chapter 15 events. Each event is numbered according to the corresponding
SRP designation. The plant licensing basis, single failure criterifa and
acceptance criteria are outlined in Reference 3.
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15.1 INCREASE [N HEAT REMOVAL 8Y THE SECONDARY SYSTEM
15.1.1  DECREASE IN FEEOWATER TEMPERATURE

15.1.1.1 Event Description

A decrease in feedwater temperature event may initiate due to the loss of one
of several of the feedwater heaters. This loss may be due to the loss of
extraction steam flow from the turbine generator or due to an accidental
opening of a feedwater heater bypass line.

The event results in a decrease of the secondary side enthalpy leading to an
increase in the primary-to-secondary side heat transfer. The steam generator
outlet temperature on the primary side decreases causing the core inlet
temperature to also decrease. In the presence of a negative moderator
coefficient, reduced core inlet temperaturz results in an increase in the core
power and a decresase in thermal margin.

15.1.1.2 Event Disposition and Justification

Reference 2 disposed this event as being bounded by the Increase in Steam Flow
event (Event 15.1.3). The changes for Cycle 8 dgo not chaige this
disposition. Therefore, no further analysis is required for Cycle 8.

15.1.2  INCREASE IN FEEOWATER FLOW

15.1.2.1 Event Description

The Increase in Feedwater Flow event is initiated by a failure in the
feedwiter system. The failure may be a result of (1) a complete opening of a
feedwater regulating valve: (2) over-speed of the feedwater pumps with the
feedwater valve in the manual position; (3) inady+rtent startup of the second
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feedwater pump at low power; (4) startup of the auxiliary feedwater system;
or, (5) inadvertent opening of the feedwater control valve bypass line,

The event results in an increase in th» primary-to-secondary side heat
transfer due to increased feedwater flow. The steam generator outlet
temperature on the primary side decreases causing the core inlet temperature
to also decrease. In the presence of a negative moderator coefficient,
reduced core inlet temperature results in an increase in the core power and a
decrease in thermal margin,

15.1.2.2 Lvent Disposition and Justification

Reference 2 disposed this event a: being bounded by the Increase in Steam Flow
event (Event 15.1.3). The changes for Cycle 8 do not change this
disposition. Therefore, no further analysis is required for Cycle 8.

15.1.3  INCREASE IN STEAM FLOW

15.1.3.1 [Event Description

This event is initiated by a failure or misoperation of the main steam system
that results in an increase in steam flow from the steam generators. The
increased steam flow creates a mismatch between the heat being generats in
the core and that being extracted by the steam generators. As a result .f
this power mismatch, the primary-to-secondary heat transfer increases and the
primary system cools down. If the moderator temperature coefficient is
negative, the cooldown of the primary system coolant would cause an insertion
of positive reactivity and the potential erosion of thermal margin,
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15.1.3.2 fyent Disposition and Justification

This event was disposed to be analyzed for modified RPS operation for both hot
shutdown and HFP condit!ons(z’. The system response for both cases was
evaluated using FTSP&RI(S) and the event minimum ONBR was calculated using
xcosrA-111¢(8),

For the hot shutdown case, the control rods were initially inserted in the
PTSPWR2 simulution(a). This eliminates the insertion of shutdown reactivity
due to activation of the reactor trip system, The system response will remain
the same for Cycle 8 as for the modified RPS analysis.

The increased radial peaking for Cycle 8 will change the thermal margin for
this event. The thermal margin for the Increase in Steam Flow event from hut
shutdown is, therefore, disposed to be reanalyzed for Cycle 8. As was the
case for the modified RPS analysis, the thermal margin for the hot shutaown
case will be analyzed wusing the Modified Barnett critical heat flux
corrolation(‘).

For the Increase in Steam Flow event from HFP, the reactor trip system acts to
terminate the event., From Reference 3, the variable high power and the TM/LP
trips protect the plant from penetrating ONBR limits. For an increase in
radial peaking for Cycle 8, the primary system response to an increase in
steam flow event will not change for the HWFP case., As in the hot shutdown
case, the increase in radial peaking will impact minimum DNBR. Therefore, the
Increase in Steam Flow event from MHFP for Cycle 8 will be analyzed to
calculate the minimum DNBR for this event,

15.1.3.3 Analysis and Resyits

The minimum DNBR for this event initiated from full power occurred for a steam
flow increase to 112%(3). At this steam flow rate, the TM/LP and the
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variable high power trips coincide prodrcing nearly simultaneous “rip signals,
The junction of these two trips reprecents the worst possible DNB conditions,
that 1s, maximum core power is attained combined with a low pressurizer
pressure. The calculated minimum DNBR for Cycle 8 is 1.46, The peak LHGR is
calculated to be 14.9 kW/ft.

For the hot shutdown case, the event was initiated by a rapid opening of the
atmospheric dump valves and the tvrbine bypass valves resulting in a steam
flow increase of 28% of the nominal full power stear flow. A bounding value
for the negative moderator temperature coefficient (EOC conditions) was
assumed. Due to the cooldown of the primary coolant, coupled with a negative
moderator temperature coefficient, the reactor becomes critical resulting in a
significant return-to-power. The Doppler temperature coefficient eventually
terminates this event. The minimum critical heat flux ratio (CHFR) computed
for this case, using the Modified Barnett correlation, is 2.05. The peak
pellet LHGR 1s calculated to be 8.0 kW/ft.

15.1.3.4 Conclusion

The resuits of the analysis demonstrate that the event acceptance criteria are
met since the minimum DMBR predicted for the full power case is greater than
the XNB correlation safety limit of 1.17 and the minimum CHFR predicted for
the hot shutdown case 1s greater than the Modified Barnett CHFR limit of
1.138. The correlation limit a.sures that with 95% probability and 95%
confidence, ONB is not expected to occur; therefore, no fuel is expected to
fail. The fuei centerline melt threshold of 21 kW/ft is not approached in
this event,
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magnitude of the moderator coefficient and the initial primary side operating
state.

15.1.5.2 Event Disposition and Justification

For a steam generator tube plugging level of 29%, the SLB event was disposed
as being DLdounded by previous annysu(z). The SLB event for Cycle 8 is

isposed to be bounded by the current analysis of record. The conservatisms
inherent in the SLB analysis with regard to the stuck rod and bounding
reactivity feedback are not significantly affectad by the chages for Cycle
8.

15.2 QECREASE IN HEAT REMOVAL BY THME SECONDARY SYSTEM
15.2.1  LOSS OF EXTERNAL LOAD
15.2.1.1 fvent Description

A Loss of External Load event 15 initiated by either a loss of external
electrical load or a turbine trip. Upon either of these two conditions, the
turbine stop valve is assumed to rapidly close (0.1 second). Normally, a
reactor irip would octur on a turbine trip. However, to calculate a
conservative system response, the reactor trip on turbine trip is disabled.
The steam dump system (ytmospheric dump valves- ADVs) is assumed to be
unavailable. These assumptions allow the Loss of External Load svent to bound
the consequences of: Event 15.2.2 (Turbine Trip- steam dump system available);
Event 15.2.3 (Loss of Condenser Vacuum- steam dump system univailable); and,
Event 15.2.4 (Closure of tne ”-1V. valve closure time is > 0.1 second).

The Loss of External Load event primarily challenges the acceptance criteria
on primary system overpressurization and DNBR. The event results in an
increase in the primary srstem temperaiwres due to an increase in the
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secondary side temperature. As the primary system temperaturas increase, the
coolant expands into the pressurizer causing an increase in the pressurizer
pressure. The primary system is protected against overpressurization by the
pressurizer safety and relief valves. Pressure relief on the secondary side
is afforded by the steam line safety/relief valves. Actuation of the primary
and secondary system sifety va'ves limits the magnitude of the primary system
temperature and pressure increase.

With a positive moderator temperature coefficient, increasing primary system
temperature results in an increase in core power, The ..creasing primary side
temperatures and power reduces the margin to thermal limits (i.e., ONBR
limits) and challenges the DNBR acceptance criteria.

15.2.1.2 Event Disposition and Justification

The Loss of External Load from HFP was disposed to we analvizid for modified
RPS opor|t1on(2). The event initiated from full pr-er bounds all other
oparsting modes. The system response for the ONPE and pressurization cases
was evaluated using 'YSPUII(S) and the event min’mum DNBR was calculated using
XCOBRA-IIIC(". In the modified RPS amaly.is of the Loss of External Load
pressurization case, the reactor trip sy.tem acts to terminate the event by
activating a high pressurizer pressurs trip s$gn|1(”. For an increase in
radial peaking for Cycle 8, the primgry system pressure response to a loss of
load will not change for the pressurization case. Therefore, this case wil)
not require reanalysis for Cycle 8 operation.

The increase in radial peaking for Cycle 8 will, however, impact minimum
ONBR. Therefore, the Loss of Externa) Load event (minimum DNBR case) from WFP
for Cycle 8 is disposed to be reanalyzed. The event minimum DNBR will be
calculated using XCOORA-IllC(‘) with the core conditions taken from the
Vimiting PTSPWR2'®) run for the modified RPS analysis.
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15.2.1.3 Analysis and Results

The transient response to a4 Loss of External Load for the minimum DNBR case fis
given in Reference 3. Using XCOBRA-111¢{®), the minimum ONBR for Cycle 8 is
computed to be 1.71. The peak pellet LHGR is calculated to be 13.5 kwW/ft,

15.2.1.4 (Conclusion

The caicuisi’? ='nimum DNBR for the event is above the XNB critical heat flux
correlation safety limit, so the DNB SAFDL is not penetrated in this event,
Peak pellet LHGR for the event 1is well below the fuel centerline melt
criterion of 21 kW/ft. Applicable acceptance criteria for the event are
therefore met.

15.2.2  TURBINE TRIP
15.2.2.1 Eyent Description

This event is initiated by a turbine trip which results in the rapid closure
of the turbinz stop valves. A reactor trip would occir on a turbine trip and
the steam dump system would operate to mitigate the consequences of this
event., The primary system is protected against overpressurization by the
pressurizer safety and relief valves. Pressure relief on the secondary side
is afforded by the steam line safety/relief valves.

15.2.2.2 fvent Disposition and Justif.cation

The assumptions made in the Loss of External Load event (Event 15.2.1) bound
the consequences of a Turbine Trip event, Specifically, the Loss of External
Load event considers the following: a conservatively fast turbine stop valve
closure time; reactor trip does not occur on a turbime trip; and, the
atmospheric dump valves are assumed to be ungvailable.
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The Turbine Trip event was disposed as being bounded b{ the Loss of Externa)
Load event (Event 15.2.1) for modified RPS operation 2) The changes for
Cycle 8 will not invalidate this disposition.

15.2.3  LOSS OF CONDENSER VACUUM

15.2.3.1 fyent Description

This event is initiated by a reduction in the circulating water flow or an
increase in the circulating water temperature which can impact the condenser
back pressure. This condition can result in a turbine trip without the
availability of steam bypass to the condenser. The primary system is
protected against overpressurization by the pressurizer safety and relief
valves. Pressure relief on the secondary side is afforded by the steam )ine
safety/rel1ef valves,

15.2.3.2 fvent Disposition ang Jystification

The assumptions made in the Loss of Ecternal Load event bound the consequences
of a Loss of Condenser Vacuum transient. The Loss of Condenser Vacuum event
was disposed as being bounded by the Loss of External Load event (Event
15.2.1) for rated power and power operating nodcs(z). The scenario of this
event from other operating modes allows sufficient time for the operator to
control the primary and secondary system tcnpcraturts(z). These conclusions
will not change for Cycle 8.
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15.2.4  CLOSURE OF THE MAIN STEAM ISOLATION VALVES (MSIV) (BWR)
15.2.4 Gyent Description

Closure of the Main Steam [solation Valve event is initiated by the loss Of
control air to the MSIV operator. The valves are swinging check valves
designed to fail in the closed position. The inadvertent closure of ihe MSIVs
is primarily a BWR event, however, the closure of these valves in a PWR can
drastically reduce the steam load.

15.2.4.2 Event Disposition and Justification

The closure time of the MSIVs is less than § seconds, but greater than the
value used in Event 15.2.]1 (0.1 seconds). A MSIV closure event will progress
in a similar fashion as a Loss of External Load (Event 15.2.1), but at a
slower rate. The consequences of Event 15.2.1 will bound those for Event
15.2.4 because of the more rapid valve closure Hnu).

Since the changes made for Cycle 8 will not impact the system response, Event
15.2.4 wil) continue to be bounded by Event 15.2.1.
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15.2.6  SIEAM PRESSURE REGULATOR FAILURE

Palisades does not have steam pressure regulators. Therefore, the Steanm
Pres-ure Regulator Failure event is not censidered in this aralysis.

16.2.6  L0SS OF NONEMERGEWCY A.C. POWER TO THE STATION AUXILIARIES

15.2.6.1 Eyent Description

A Loss of Nonemergency A.C. Power to Station Auxiliaries event may be (aused
by a complete loss of the offsite grid together with a turbine generator trip
or by a failure in the onsite \.C. power distribution system,

The loss of A.C. power may result in the loss of power to the primary coolant
numps and the main feedwater pumps. The combination of the decrease in
primary coolant flow rate, the cessation of main feedwater flow and trip uf
the turbine generator compounds the event consequences. The decrease of both
primary coolant flow and main feedwater decreases the primary-to-secondary
system heat transfer resulting in the heatup of the primary system coolant.
The increase in primary system coolast ‘temperature increases the
overpressurization potential and increases the threat of penetrating ONB.

The event is most limiting when initiated from full power conditions. Ouring
this mode of operation the amount of stored heat in the fuel rods is the
greatest and the margin to ONB is minimized,

15.2.6.2 Event Disposition and Justification

This event can be separated into two distinct phas: s: the near-term and the
long-term. The near-term phase is characterized by the loss of power
resulting in the coastdown of the primary coolant pumps, the coastdown of the
main feedwater pumps and the trip of the *turbine generator. The coastdown of
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the primary coolant pumps causes an immediate recuction in thermal margin,
The trip of the reactor and the subsequent insertion of control rods
terminates the challenge to DNB limits,

The near-term phase of the event is similer to that of a Loss of Forced
Reactor Coolant Flow transient (Event 15.3.1). The near-term consequences of
this event are addressed in the analysis of Event 18.3.1(”.

The long-term consequences orf a Loss of A.C. Power event are detarmined by
the heat removal capacity of the auxiliary feedwater system. The long-term
portion is similar to the Loss of Normal Feedwater Flow transient (Event
15.2.7). The long-term effects are, therefore, addressed by the analysis of
the Loss of Norma) Feedwater Flow event'3). The changes for Cyvele 8 will not
alter this conclusion,

15.2.7  LOSS OF NORMAL FEEDWATER FLOW
15.2.7.1 Kyent Description

A Loss of Normal Feedwater Fiow transient is initiated by the trip of the
main feedwater pumps or a malfunction in the feedwater control valves. The
loss of main feedwater flow decreases the amount of subcooling in the
secondary-side downcomer which diminishes the primary-to-secondary system
heat transfer and leads to an increase in the primary system coolant
temperature. As the primary system temperatures increase, the coolant
expands into the | .su* .er which increases the pressure by compressing the
steam volume,

The opening of the secondary-side safety valves controls the heatup of the
primary-side. The long-term cooling of the primary system is governed by the
heat removal capacity of the auxiliary fuoedwater flow. The auxiliary
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feedwater pumps are automatically started upon a steam generator low liguid
leval signal.

16.2.7.2 fvent Disposition and Justification

A Loss of Normal Feedwater Flow event is only credible for rated power and
power operating condit!oas(z). The worst consequences occur when the
feedwater is lost during rated power operation since more stored heat is
contained in the fuel than in other modes of operation .

The short-term impacts of the Loss of Norma) Feedwater Flow event challenges
the ONB and the primary system overpressurization acceptance criteria, The
DNB challenge is maximized when it 1s assumed that offsite power is lost
causing the primary coolant pumps to coartdown., The Loss of Forced Reactor
Coolant Flow event (Event 15.3.1) addresses the short-term DNB consequences of
4 Loss of Norma)l Feedwater Flow transient. After the reactor trip system is
activated, the core power is drastically reduced alleviating the challenge to
ONB.

The long-term effects of this event primarily challenges the pressurization
limits of the primary system due to the filling of the pressurizer and steam
generator dryout. If the pressurizer were to fill completely solid with
liguid, the primary system pressure control would be lost and primary liguid
would be expelled through the pressurizer safety valves.

The dryout of a steam generator causes the loss of a primary-to-secondary
system heat sink exacerbating the primary-side heatup. The long-term
consequences of a Loss of Normal Feedwater Flow event were analyzed in
Reference 3.

The changes for Cycle 8, will not impact the system respense to a Loss of
Normal Feedwater Flow. The DNB challenge is addressed in the analysis of the



ANF-88-108
Revision |
Page 38

Loss of Forced Reactor Coolant Flow event (Event 15.3.1). The primary system
pressurization and pressurizer fill cases will not be impacted. Therefore,
this event is disposed as being bounded by the modified RPS analysis for the
pressurization, steam generator dryout and pressurizer fill Cll.!()). The DNB
case 15 bounded by the Loss of Forced Reactor Flow event (Event 15.3.1).

15.2.8  EEEDWATER SYSTEM PIPE BREAKS INSIOE AND OUTSIDE CONTAINMENT

15.2.8.1 Kyent Descripiion

A Feedwater System Pipe Break event occurs when a main feedwater system pipe
is ruptured. The ruptured pipe will cause a blowdown of the affected steam
generator if the break occurs upstream of the feed)ine check valve. If the
rupture occurs downstream of the check vaive, the event would behave much
like the Loss of Normal Feedwiter Flow tran-ient.  Since the auxiliary
feedwater flow s injected into the steam gener.tors via a separate piping
network than the main feedwater, the delivery of auxiliary feedwater will not
be interrupted by the pipe rupture,.

The event results in both a primary system ~ooldown and a heatup. Initiaily,
the evert results in a tooldown of the primary-side coolant due to the energy
removal during the blowdown stage of the event. The eventual depletion of
secondary-side inventory and lack of main feedwater will! cause the primary
system to heatup much 1ike a Loss of Normal Feedwater Flow event,

15.2.8.2 fyent Disposition and Justification

The event was disposed in Reference 2 as being bounded during rated power
operation as follows:

1. The cooldown aspect of the event is bounded by the Steam
Line Break event (Event 15.1.5).
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15.3.1.2 Event Disposition and Jystification

The most limiting scenario for this event is to initiate the loss of four PCS
pumps from a rated power conditien(t’. Plant operation with a reduced low
flow reactor trip setpoint (60% of rated four PCS flow) for three PCS pump
operation at reduced power (39% of rated) has been Justifiod"’. This
operating state is allowed for a limited period of time for repair/pump
startup, to provide for an orderly shutdown, or to provided for the conduct
of reactor internals noise monitoring test measurements.

For Cycle 8 operation, the increase in radial peaking will impact the minimum
DNBR. To assess the minimum DONBR for Cycle 8 operation, the minimum DNBR
calculation will be reanilyzed for the loss of four PCS pumps from rated
power,

The calculates mirimum DNLR for a Loss of Forced Coolant Flow event from a

three prima~y cuolant pump in'tial condition is bounded by the results of the
A1

rated power nvont.("

15.3.1.3 Analysis and Results

The transient is initiated by tripping a)! four primary coolant pumps. As the
pumps coast down, the core flow is reduced, causing a reactor scram on low
flow. As the flow coasts down, primary temperatures increase. This increase
in temperature causes a s bsequent power rise due to moderator reactivity
feedoack, The primary challenge to DNB is from the decreasing flow rate and
resulting increase in coolant temperatures. Using XCOBRA-I1IC, the minimum
DNBR for Cycle 8 1is computed s 1.40. The peak pellet LHGR is calculated to
be 13.1 kw/ft,
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15.3.1.4 (Conclusion

The XNB critical heat flux safety correlation limit of 1.17 {s not penetrated,
s0 event results are acceptable with respect to the DNBR SAFDL. Maximum peak
pellet LHGR for this event is below the incipient fuel centerline melt
criterion of 21 kw/ft. Applicable acceptance criteria for the event are
therefore met for Cycle 8.

15.3.2  ELOW CONTROLLER MALFUNCTION

There are no flow controllers on the PCS at Palisades. Therefore, this event
is not credible.

15.3.3  REACTOR COOLANT PUMP ROTOR SEIZURE

15.3.3.1 Event Description

This event is initiated by a seizure of a PCS pump rotor. The seizure causes
an immediate reduction in PCS flow rate. As in the Loss of Forced Coolant
Flow event (Event 15.3.1), the impact of losing a PCS pump is a decrease ia
the active flow rate in the reactor core and, consequently, an increase in
core temperatures. Prior to reactor trip, the combination of decreased flow
and increased temperature poses a challenge to ONB limits, The event is
terminated by the PCS low flow trip.

16.3.3.2 fvent Disposition and Justification

The most limiting scenario for a Reactor Coolant Pump Sefzure event occurs
for rated power or power operating condit*ons(Z). Plant operation with a
reduced low flow reactor trip setpoint (60% of rated four PCS flow) for three

PCS pump operation at reduced power was justified in Reference 7. Results of
the three PCS pump case from reduced power were bounded by the event initiated
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from rated ponr(” "

For Cycle 8 operation, the increase in radial peaking impacts the minimum
DNBR. To assess the minimum ONBR for Cycle 8 operation, the minimum DNBR
calculation will be reanalyzed for a pump rotor sefzure from rated power
conditions. This event initiated from three PCS pump operation at reduced
power will remain bounded by the ful) power event for Cycle 8,

15.3.3.3 Analysis and Results

The first locked rotor case is analyzed using the calculated value of core
flow. Assuming the locked pump loss coefficient given by the homologous
curves at zero pump speed, the core flow is 78% of the nominal full-power,
four-pump operation value. The second case is analyzed at 74.7% flow as
specified in the Technical Specifications (Reference 15, page 2-7). The
XCOBRA-111C calculated minimum DNBRs are 1.35 and 1.28 for Case 1 and Case 2,
respectively. The peak pellet LMGR for each case is 13.] kw/ft.

15.3.3.4 (Conclusion

The XNB critical heat flux correlation safety limit of 1.17 is nol penetrated
and no fuel failures are expected for this infrequent event, Thus,
applicable acceptance criteria for this event are met for Cycle 8.

15.3.4  REACTOR COOLANT PUMP SHAFT BREAX

15.3.4.1 Event Description

This event is initiated by a failure of a PCS pump shaft resulting in a free-
wheeling impeller. The impact of a coolant pump shaft break is a loss of
pumping power from the affected pump and a reduction in the PCS flow rate.
The flow reduction due to the seizure of a pump rotor is more severe than that
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for a shaft break; however, the potential for flow reversal is greater for the
shaft break event. The event is terminated by the low reactor coolant flow
trip.

15.3.4.2 [Eyent Disposition and Justification

The event is most limiting at rated power conditions uvecause of a minimum
margin to ONRR limits. The initial flow reduction for this event is bounded
by that for the Reactor Coolant Pump Rotor Seizure event (Event 15.3.3). The
potential for greater reverse flow due to a shaft break is accounted for in
the seized rotor analysis by decreasing, internally in PTS!UIZ(‘), the rotor
inertia to zero at the time of predicted reversed flow.

The changes made for Cycle 8 wil) . impact the system response to a PCS
pump shaft break. The impact to m\, mum ONBR is bounded by the analysis of
Event 15.3.3. Therefore, this event is disposed as being bounded,

(L)

IMCONTROLLED CONTROL ROD A MB! a
SUBCRITICAL OR LOW POWER STARTUP CON

15.4.1.1 [Event Qescription

This event is commenced by an uncontrolled withdrawal of a control rod bank.
This withdrawal adds positive reactivity to the core which leads to a power
excursion. Event 15.4.] consider. the consequence:; of the control bank
withdrawal at subcritical or low initial power level,.

As the contro) bank is withdrawn, the positive reactivity insertion causes a
significant core power increase as the reactor approaches prompt criticality.
As the core power increases, the core average and hot leg temperatures alsoe
increase. Due to the increasing power and temperatures, the DNB limits are
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challenged. An additional assumption included in the event analysis for
modified RPS operation is that the plant is operating with three PCS ounas(’).
The transient eventually terminates on an overpower reactor trip signal.

15.4.1.2 [Event Disposition and Justification

For Cycle 8 operation, the changes to radiai peaking will impact the minimum
DNBR for this event. The system response to this event will, however, not be
affected. To assess the minimum DNBR for Cycle 8 operation, the minimum DNBR
calculation will be reanalyzed,

15.4.1.3 Apalysis and Resylts

This event was analyzed assuming three primary coolant pumps to be operating.
The event s initiated with control bank withdrawal, The minimum ONBR
caleculated for the event is 1.01, which 1s below the 1.17 95/95 ONB safety
1i»it for the XNB critical heat flux correlation. The percent of the core
experiencing boiling transition was calculated to be less than 2.9% for Cycle
8, as compared to 'ess than 2.3% for the Reference 3 anmalysis. Due to
conservative assumptions in the fuel failure calculation, the offsite
radiological doses for the uncontrolled bank withdrawal from low power are
less than 0% of the 10 CFR 100 limits for Cycle 8.

15.4.1.4 Conclysions

In this infrequent event, only a small fraction of the core is calculated to
experience boiling transition., Peoziible radicological releases are less than
10% of the 10 CFR 100 guidelines., Therefore, this event meets the applicable
acceptance criteria for Cycle 8 operation,



ANF-88-173
Revision 1
Page 45

15.4.2 UNCONTROLLED CONTROL ROD BANK WITHDRAWAL AT POMER

15.4.2.1 Event Description

As with Event 15.4.1, this event is inittated 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., Event 15.4.2
considers the consequences of control bank withdrawals at rated and operating
fnitial power levels.

As the control bank is withdrawn, the positive reactivity insertion causes an
increase in core power and in primary coolant system temperatures. ODue to the
increasing power and temperatures, the DNB 1imits are challenged. In most
cases, the transient will terminate on a variable high power, a TM/LP or a
high pressurizer pressure trip: however, some cases do not activate a reactor
protection system trip.

19.4.2.2 Event Disposition and Justification

The analysis performed for modified RPS opora!ion(’) evaluates the
consequences of an uncuntrolled rod withdrawal from both rated power and 50%
of rated power initial states. A spectrum of reactivity insertion rates were
evaluated in order to bound events ranging from boron dilutions to fast
control bank withdrawals,

The changes for Cycle 8 operation will impact DNBR for both the full and
part-power cases. To assess the minimum ONBR for (ycle 8 operation, the
respective limiting minimum ONBR point for 50% ani 100% power conditions are

reanalyzed for Cycle 8.
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15.4.2.3 Analvsis and Results

The uncontrolled rod withdrawal transients were analyzed for full power (100%
of rated) and mid power (50% of rated). The calculated minimum DNBR occurred
for a rod withdrawal from 100% of rated thermal power. The mid power case
series was, in general, less limiting than the full power cases.

The limiting rod withdrawal at 50% power and EOC kinetics occurred at an
insertion rate of 3 x m" Ap/sec. The minimum DNBR was calculated as 2.36.
This transient did not scram, but was ended when the rods were fully
withdrawn. The opeak pellet LHGR for the 50% power case is calculated to be
10.3 kw/ft.

The limiting uncontrolled control rod bank withdrawal at 100% power and ENC
kinetics occurred at an insertion rate of 17.0 x 10" Ap/sec.  The .inimum
ONBR was calculated at 1.25. This transient tripped on & thermal margin/low
pressure signal. The peab pellet LHMGR for the 100% power case is calculated
to be 14.8 kw/ft.

15.4.2.4 Conglusion

Reactivity insertion transient calculations demonstrate that the XN
correlation limit of 1.17 will not be penetrated during anv credible
reactivity insertion transient at full power or mid power. The maximum perk
pellet linear heat rate for these events is well below the incipient fuel
centerline melt criterion of 2] kw/ft., Applicable acceptance criteria are
therefore met for Cycle 8, and the adequate functioning of the thermal
margin/low pressure trip demonstrated.
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(2) Qropped Part-Length Controi Rod

Pari ‘ength control rods are not used during power operation and are
maintained in a withdrawn state. A failure of the rod brake mechanism could
result in a part-length control rod drop.

(3) Malpositioning of a Part-Length Control Rod Group

Use of part-length control rods is not all*~d during power operation. The
part-length control rods are maintained in a fu..y withdrawn state; therefore,
this event is not credible.

(4) Statically Misaligned Contro) Rod/Bank

A static misalignment occurs when a malfunction in the CROM causes a control
rod to he out of alignment with its >ank or » control group to be in violation
of its Power Dependent Insertion Limits (PDILs).

In tha case of a static misaliynment of a control rod, one control rod is
positioned out of the core while the balance of the control bank is inserted.
This situation causes a localized increase in radial peaking in the affected
region of the core. The increased radial peaking, *ogether with the initial
core power level, can significantly reduce the margin to DNB. The reverse
condition, i.e. one control rod fully inserted with its bank fully withdrawn,
is essentially the same as a dropped control rod event,

(5) Single Control Rod Withdrawal

The withdrawal of a single control rod results in a reactivity insertion and a
localized increase in radial peaking. The degradation of core conditions
characteristic of a reactivity insertir transient, combined with an increase
in local radial peaking, poses a challenge to DNBR limits.
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(6) Core Barrel Failure

This event is initiated by the circumferential rupture . ~“he core support
barrel. The core stop supports serve to support the barrel and the reactor
core by transmitting all loads directly to the vessel. The clearance between
the core barrel and the supports is approximately one-half inch at operating
temperatures. The worst possible axial lc~ation of the barrel rupture is at
the midplane of the vessei nozzle penetrations so that a dire~t filow path is
formed between the inlet and exit nozzles in parallel with the path that goes
through the core. The core sustains a small reactivity transient induced by
the motion of the core relative to the inserted rod bank(s).

Reactor protection for the Core Barrel Failure event during hot shutdown,
refueling shutdown, cold shutdown, and refueling operating conditions 1is
provided by Technical Specification Shutdown Margin requirements. For the
reactor critical and hot standby operating conditiuns, reactor protection is
provided bv the variable overpower trip and a nonsafety grade high
rate-of-change of power trip. For the rated power and power operating
conditions, reactor protection is afforded for the variable overpower and
thermal margin/low pressure trip.

15.4.3.2 Event Disposition and Justification
(1) Qropped Control Rod/Bank

The analysis supporting modified RPS operation evaluates the consequences of
this event from rated power cond1t1ons(3). A control bank drop causes a
variable high power trip and, therefore, does not pose a challenge to ONB
Timits. The minimum ONBR for a control rod drop event from full power was
analyzed for modified RPS operation.
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For Cycle 8 operation, the minimum DNBR for the control rod drop event is
dispased to be analyzed at rated power and full flow with increased radial
peaking. The system response due to a control bank drop will not vary for
Cycle 8 as compared to the analysis supporting modified RPS operation(s).

(2) QDropped Part-Length Control Rod

A dropped part-length control rod will not be as severe as a dropped full-
length control rod and is, therefore, bounded by Event 15.4.3(1)(2). This
conclusion will not change for Cycle 8.

(3) Maipositioning of the Part-Length Control Rod Group

Use of part-length control rods is not allowed during power operation, The
part-lenath control rods are maintained in a fully withdrawn state;
therefore, this event is not credible.

(4) Statically Misaligned Control Rod/Bank

Reference 2 disposed the misaligned control rod event to be analyzed for
modified RPS cperation. The modified RPS analysis considered this event at an
initial full power operating condition with one control rod fully withdrawn
and its control bank inserted beyond the aporopriate PDIL(a). The modified
RPS analysis consists of an XCOBRA-1IIC calculation at full power conditions
with a limiting assembly radial peaking augmentation factor.

For the statically misaligned control bank at rated power, the statically
misaligned control rod reaches the same steady-state cond1t10ns(2).
Therefore, the results for the Cycle 8 reanalysis of a misaligned control rod
also apply to the misiligned control bank event at rated powur.

For power operating conditions, control banks 3 and 4 are inserted in the
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core for power levels of 35% to 65% of rated. The control bank misalignment
event was disposed to be reanalyzed to support modified RPS operation(z'a).
The analysis consists cf XCOBRA-IIIC calculations at 5% and 65% of rated
power conditions, Each calculation includes a limiting assembly radial
peaking augmentation factor.

For Cycle 8 operation, the increase in radial peaking necessitates the
reanalysis of minimum DNBR for both the 50% and 65% power cases with four PCP
flow,

(5) Single Control Rod Withdrawal

This event was disposed to be analyzed for both rated power and power
operating conditions(z). The analysis performed for modified RPS operation
evalustes the consequences of s:ngle rod withdrawal from both 50% and 100%
rated power initial conditions. A n mber of reactivity insertion rates were
evaluated to bound the minimum insertion rates for this event. The PTSPWR2
portion of the analysis of a single control rod withdrawal is a continuation
of this)respective reactivity insertion rate curves generated for Event
16.4.2°77,

For Cycle 8 operation, the increased radial peaking will impact ONBR ror the
50% and 100% power cases. To assess the minimum DNBR for Cycle 8 operation,
the 1imiting DNBR cases will be reanalyzed under Cycle 8 conditions.

(6) Core Barrel Failure

The probability of a circumferertial rupture of the core support barrel has
the same low probability of occurrence as a major rupture of the primary
system piping. Therefore, this event is classified as a Limiting Fault event
with the corresponding acceptance criteria. The acceplance criteria are given
in Reference 3.
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Reference 2 disposed this event not to be credible duri g hot shutdown,
refueling shutdown, cold shutdown and refueling opera’ion due to the
Technizal Specification shutdown margin requirements. “he event initiated
from rated power bounds the power operating, reactor critical and hot standby
operating modes. For raced power, the FSAR analysis(a) is bounding due to a
conservatively high reactivity insertion.

For the conditions assumed in the analysis supporting modified RPS operation,
the maximum reactivity insertion at rated power with the control rods at their
POILs is less than the reactivity insertion for the FSAR analysis. Reference
3, therefore, disposed this event to be bounded by the FSAR analys1s(8).

For Cycle 8, however, the increase in radial peaking necessitates the
reanalysis of the minimum DNBR for the Core Barrel Failure event at rated
power.

15.4.3.4 Analysis and Results

Calculated miniw.m ONBRs and peak pellet LHGRs are given in Table 15.4.3-1 for
the Control Rod Misoperation events.

Radial peaking augmentation f -tors for dropped control rod/bank events,
static misalignment events a*” single control rod withdrawal events are
calculated at full power for different exposure conditions. The radial
peaking augmentation factors used in the Reference 3 analys's were verified to
remain conservatively applicable to Cycle 8.

Control rod and bank worth for Cycle 8 were verified to be bounded by the
values used in the Reference 3 a ysis.
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Due to the motion of the core relative to the control rod positions, a small
reactivity insertion is experienced for the Core Barrel Failure event. ‘he
maximum distance the core barrel may fall is 0.547 1nches(8) at hot full
power, A conservatively high reactivity insertion rate is used in the
analysis of minimum DNBR.

The amount of coolant flow that bypasses the reactor core increases as a
result of a failure of the core barrel. A parallel flow path between the
inlet and exit nozzles can pctentially occur. To account for the increase in
core bypass flow, the total PCS flow rate is reduced by 10%(8).

The minimum ONBR for the Core Barr2l Failure event is 1.25 for Cycle 8, as
calculated using the XNB correlation. Therefore, because the m’'nimum DNBR is
greater than the 95/95 limit of 1.17, no fuel failures would be expected for
this Limiting Fault event. Overpressurization of the primary system 1s
bounded by the results of the Control Rod Ejection event (Event 15.4.8).

15.4.3.5 Conclusion

The moderate frequency events result in minimum DNBRs greater than the XNB
¢ritical heat flux correlation safety limit. Thus, the ONBR SAFDL is not
penetrated. The maximum peax linear heat rate for these events is below the
fuel centerline nelt criterion of 21 kw/ft.

For the Core Barrel Failure event, the minimum DONBR is greater than the XNB
critical heat flux correlation safety limit. Thus, the ONBR SAFDL is not
renetrated and no fuel failures are predicted to occur,

Applicable acceptance criteria for these events are therefore met for
Palisades Cycle 8 operation.
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Table 15.4.3-1 Su ary of MONBRs for Control Rod Misoperation Events

Operating Max imum
Event (Power) ¢ MONEBR

Dropped Control Rod (100%) 1 1.25 15.6
Statically Misaligned

Control Rod (180%) 1 Bourideu (Dropped Rod)
Statically Misaligned Bank (50%) 2 2.79 10.0
Statically Misaligned Bank (65%) 2 2.08 12.3
Rod Withdrawal (100%) 1 1,22 15.1
Rod Withdrawal (50%) 2 1.59 13.3
Rod Withdrawal (10™*%) 3 Bounded (15.4.1)
Rod Withdrawal (10°*%) 4 Bounded (15.4.1)
Rod Withdrawal (< 10°*%) 5 Subcritica)l
Core Barrel Failure (100%) 1 1.25 e

'Thoso modes are defined in Reference 3.

"Thc Core Barrel Failure transient is classified as a Limiting

Fault event.
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15.4.4  STARTUP OF AN INACTIVE LOOP

15.4.4.1 Event Description

This event is initiated by the startup of an inactive primary coolant pump.
The startup of an irastive pump can lead to an introduction of colder primary
coolant into the reactor core. The lower coolant temperature, together with a
negative moderator temperature coefficient, can cause an fincrease in core
power and a degradation of ONB margin. Sufficient protection is available to
reduce the consequences of this event,

15.4.4.2 Event Disposition and Justification

A Startup of an [nactive Loop is classified as a Moderate Frequency event with
the corresponding acceptance criteria. The acceptance criteria for this class
of event are given in Reference 3.

Refi-ence 3 disposed this event to be bounded by the FGSAR analysfs(s) for the
anilysis supporting modified RPS operation.

For operation with one {inoperative pump, the low flow trip setpoinrl and the
variable overpower trip setpoint are simultaneously changed to the allowable
values for the selected pump condition. Under this arrangement, the variable
overpower trip will terminate any transient resulting from the inadvertent
activation of an idle pump before any significant decrease in thermal margin.

For Palisades, this event is most limiting for an initial condition of three
operating ,rimary coolant pumps with the corresponding reduced power evel and
variable high power trip setpoint. Continuous power operation with iess than
four primary coolant pumps is not allowed by the Technical Specifications.
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XCOBRA-I11C computer codo(s). Crossflow between adjacent assemblies in the
open lattice core is directly modeled. The single-phase loss coefficients
are used in the analyses to hydraulically characterize the assemblies in a
mixed core,

The core flow and subchannel calculations are perforned at conditions
representative of the single rod withdrawal or dropped rod AOQ for Palisades
Cycle 8. The lowest DNBR is calculated at full! power. For the standard fuel

assembly design the minimum ONBR under these conditions is calculated to be
1.22.

The radial peaking factor for the lead assembly was set equal to the
proposed increased Technical Specification limit of 1.73 for a 216 rod
assembly. The limiting standard fuel design is a 208 rod assembiy. A 5%
inlet flow maldistribution 1is assumed for the limiting assembly and
surrounding assemblies. The axial power distribution employed in the
calculations is the limiting full power axial with an ASI of -0.139.

To establish the 1imiting assembly boundary condit.ons for the subsequent
minimum ONBR analyses, two separate calculations were made. These
calculations pruvide heat, ma:s and momentum flux boundary conditions as a
function of axial position for the following cases:

(1) Limiting ANF HTP spacer lead assembly loaded inm an
interior location.

(2) Limiting ANF HTP spacer lead assembly loaded on the core
periphery.

Boundary conditions from ihese cases were passed to the 1/8 assembly anmalysis
for the minimum DNBR calculations.
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In the 1/8 assembly simulation, the XCOBRA-IIIC computer code is employed
to ev’.uate the pertinent thermal hydraulic variables in the inter-rod flow
channels of the fuel assembly of interest. Heat, mass, and momentum fluxes
between the inter-rod flow channels are explicitly calculated. Local valuas
of mass velocity and enthalpy are determined, and used to calculate the DNBR
via the JNB critical heat flux corroIation(17'l‘). Axially varying boundary
conditions on the vertical boundaries of the assembly are obtained from the
appropriate CFD calculation, discussed above.

The calculations include factors to account for manufacturing tolerances
and densification effects. Specifically, a 3% engineering factor is applied
to the limiting rod power to account for fabrication tolerances on pellet
diameter, density, enrichment and cladding diameter. These ranufacturing
tolerances potentially affect heat flux at the limiting ONBR location in the
assembly.

The (NB DONB correlation is demonstrated to be applicable to the ANF
standard fuel assemblies in Reference 18, The ANF HTP spacer is specifically
designed to yield improved ONB performance relative to the ANF standard
spacer. Flow mixing data for the similar 17v17 HTP spacer design demonstrate
significantly improved mixing relative to the ANF standard spacer, supporting
the expectation of improved ONB performance. The XNB correlation may be
conservatively applied to the ANF HTP spacer lead assemblies in this analysis.

For Case 1, a minimum ONBR of 1.18 is conservatively cal:ulated for the
ANF HTP lead assembly. For Case 2, a minimum DNBR of 1.28 is calculated.
Because of the nigher spacer loss coefficient for the HTP lead assembly, flow
is civerted from these assemblies to surrounding assemblies with standard
spacers. Consequently, local mass velocity decrezses ind local enthalpy
increases yielding a lower DNBR (about 3%) relative to a standard ANF design.
DNBR benrfit due to increased mixing in the HTP spacer assemblies has been
conservat.vely neglected for this analysis,
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With the lead assembly loaded on the core periphery, Case 2, less flow is
diverted to adjacent assemblies due to the proximity of the core baffle
plate. Because less flow is diverted from an assembly loaded on the core
periphery, as compared to the flow diversion of an interior assembly, the
minimum ONBR conditions are less severe. Ther.fore, the minimum ONBR for Case
2 is about 8% higher than that for Case 1 with the lead assemblies loaded in
interior locations.

The results of this analysis show that the calculated minimum ONBRs for
HTP spacer lead assemblies in the Palisades reactor meet the 95/95 DNBR 1imit
for the 1imiting ACO transient event for Cycle 8. Therefore, safety margin is
not compromised for the Palisades Cycle 8 core with four HTP spacer lead
assemblies,

4.3.2 Stainless Steel Shielding Assemblies

The shielding assemblies will be loaded along the core periphery to
reduce the neutron fluence on critical vessel welds. Because t“s shielding
assemblies are previously burnt assemblies reconstituted with stainless steel
rods, the assembly power level will be substantially Jlower than the
surrounding conventional fuel assemblies. Higher powered assemblies adjacent
to the shielding assemblies may potentialiy experience an increase in
crossflow due to the thermal differences between the two fuel types. This
increase in crossflow could adversely impact minimum ONBR in the affected
assemblies.

To assess the impact to minimum DNBR for Cycle 8, a thermal-hydraulic
analysis was performed. The details of the analysis are similar to those
discussed above for the HTP spacer lead assemblies.

The core flow and subchanne! calculations were performed using XCOBRA-
111C. The core flow mode) consists of an octant of the Palisades Cycle 8 core
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with each assembly modelled as a hydraulic channel. The hydraulic
characteristics of the shielding assemblies are similar to those for the
standard fuel design. The assembly design parameters for the stainless steel
assemplies are given in Table 4-1.

The core conditions used in this analysis are the same as those used in
the HTP spacer calculatians, The radial peaking factor of an assembly
adjacent to a stainless steel shielding assembly was increased to the
Technical Specification limit for *“at fuel type. Axially varying crossflow
boundary conditions for the 'imiting assembly are generated by the core flow
calculation.

Using the crossflow boundary conditions from the core flow calculation in
the 1/8th assembly subchannel model, the thermal-hydraulic conditions in the
limiting subchannel are evaluated. These conditions in conjunction with the
XNB critical heat flux correlation yields a minimum DNBR.

The minimum DNBR for an assembly located adjacent to a shielding assembly
is 1.33 which is well above the XNB 95/95 correlation limit of 1.17. The
minimum DNBR for a standard fuel assembl, under these conditions is 1.22.
This result indicates that the presence of stainless steel shielding
assemblies will not impact thermal margin for Cycle 8,

Because of the relatively low assembly power level, the stainless steel
shielding assemblies will not penetrate minimum ONBR limits.
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Table 4.1 Fuel Design Parameters for the
Stainless Steel Shielding Assemblies

Fuel Parameters

Fuel Rod 0D 0.417 inches
Stainless Steel Rod 0D 0.437 inches
Guide Tube 0D 0.417 inches
Rod Array 15x18

Rod Pitch 0.55% inches
Number of Fue) Rod Positions/

Assembly 152

Number of Stainless Steel Rod

Positions/Assembly 56

Number of Guide Bars 8

Number of Guide Tubes 8

Number of Instrument Tubes )
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