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1992

50-255

Mr. Gerald B. Slade
Plant General Manager
Palisades Plant
Consumers Power Company
27780 Blue Star Memorial Highway
Covert, Michigan 49043
Dear Mr.
SUBJECT:

Slade:
PALISADES PLANT - AMENDMENT NO.
NO. DPR-20 (TAC NO. M75059)

144 TO FACILITY OPERATING LICENSE

The Commission has issued the enclosed Amendment No. 144 to Facility
Operating License No. DPR-20 for the Palisades Plant.
This amendment consists
of changes to the Technical Specifications in response to your application
dated October 23, 1989 as supplemented August 24, 1990, June 25, 1991, and
April 1, 1992.
This amendment revises the Palisades Technical Specifications to allow
replacement of the current one-eighth core symmetric basis incore analysis
computer program (INCA) with a new full-core basis computer program (PIDAL).
A copy of our Safety Evaluation is also enclosed.
It should be noted that
Section 3.3, SUMMARY, and Section 4.0, CONCLUSIONS, of our Safety Evaluation
contain restrictions that were discussed, in general, with your staff at a
meeting held at NRC Headquarters on September 23, 1991.
These restrictions,
documented in your letter dated April 1, 1992, are reiterated in our Safety
Evaluation and should be appropriately controlled and maintained by your
staff. The notice of issuance will be included in the Commission's biweekly
Federal Register notice.
Sincerely,

/s/
Brian Holian, Project Manager
Project Directorate 111-I
Division of Reactor Projects III/IV/V
Office of Nuclear Reactor Regulation
Enclosures:
1. Amendment No. 1 4 4PR-20
2. Safety Evaluation
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DPR-20-PALISADES

UNITED STATES

NUCLEAR REGULATORY COMMISSION
WASHINGTON, D.C. 25

CONSUMERS POWER COMPANY
DOCKET NO. 50-255
PALISADES PLANT
AMENDMENT TO FACILITY OPERATING LICENSE
Amendment No.

144

License No. DPR-20
1.

2.

The Nuclear Regulatory Commission (the Commission) has found that:
A.

The application for amendment by Consumers Power Company (the
licensee) dated October 23, 1989 as supplemented August 24, 1990,
June 25, 1991, and April 1, 1992, complies with the standards and
requirements of the Atomic Energy Act of 1954, as amended (the
Act), and the Commission's rules and regulations set forth in 10
CFR Chapter I;

B.

The facility will operate in conformity with the application, the
provisions of the Act, and the rules and regulations of the
Commission;

C.

There is reasonable assurance (i) that the activities authorized
by this amendment can be conducted without endangering the health
and safety of the public; and (ii) that such activities will be
conducted in compliance with the Commission's regulations;

D.

The issuance of this amendment will not be inimical to the common
defense and security or to the health and safety of the public;

E.

The issuance of this amendment is in accordance with 10 CFR Part
51 of the Commission's regulations and all applicable requirements
have been satisfied.

Accordingly, the license is amended by changes to the Technical
Specifications as indicated in the attachment to the license amendment
and Paragraph 2.C.2 of Facility Operating License No. DPR-20 is hereby
amended to read as follows:
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-2Technical Specifications
The Technical Specifications contained in Appendices A and B,
as revised through Amendment No. 144 , are hereby incorporated
in the license. The licensee shall operate the facility
in accordance with the Technical Specifications.
3.

This license amendment is effective as of its date of issuance.
FOR THE NUCLEAR REGULATORY COMMISSION

L. B. Marsh, Director
Project Directorate III-1
Division of Reactor Projects III/IV/V
Office of Nuclear Reactor Regulation
Attachment:
Changes to the Technical
Specifications
Date of Issuance:

April 3, 1992

ATTACHMENT TO LICENSE AMENDMENT NO. 144
FACILITY OPERATING LICENSE NO. DPR-20
DOCKET NO. 50-255

Revise Appendix A Technical Specifications by removing the pages identified
below and inserting the attached pages. The revised pages are identified by
the amendment number and contain marginal lines indicating the area of change.

REMOVE

INSERT

3-65
3-104
3-105
3-107
3-111
3-112
3-113

3-65
3-104
3-105
3-107
3-111
3-112
3-113

3.11

POWER DISTRIBUTION INSTRUMENTATION

3.11.1

INCORE DETECTORS

LIMITING CONDITION FOR OPERATION

The incore detection system shall be operable:
a.

With at least 160 of the 215 possible incore detectors and
2 incores per axial level per core quadrant.

b.

With the incore alarming function of the datalogger operable
and alarm set points entered into the datalogger.

APPLICABILITY
(1) Item a. above is applicable when the incore detection system
is

used for:

Measuring quadrant power tilt,
Measuring radial peaking factors,
Measuring linear heat rate (LHR),

or

Determining target Axial Offset (AO)
monitoring allowable power level.
(2)

and excore

Items a. and b. above are applicable when the incore
detection system is used for monitoring LHR with automatic
alarms.
(Incore Alarm System).

ACTION 1:
With less than the required number of incore detectors, do not
use the system for the measuring and calibration functions under
(1) above.
ACTION 2:
With the alarming function of the datalogger inoperable, do not
use the system for automatic monitoring of LRR (Inoperable
Incore Alarm System).

3-65
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POWER DISTRIBUTION LIMITS
3.23.1

LINEAR HEAT RATE (LHR)

LIMITING CONDITION FOR OPERATION

ACTION 3:
If the incore alarm system is inoperable and the excore
monitoring system is not being used to monitor LHR, operation
at less than or equal to 85% of rated power may continue
provided that incore readings are recorded manually. Readings
shall be taken on a minimum of 10 individual detectors per
quadrant (to include a total number of 160 detectors in a
10-hour period) within 4 hours and at least every 2 hours
thereafter.
If readings indicate a local power level equal to
or greater than the alarm setpoints, the action specified in
ACTION 1 above shall be taken.
Basis
The limitation of LHR ensures that, in the event of a LOCA,
the peak temperature of the cladding will not exceed 2200*F."

"

Either of the two core power distribution monitoring systems (the
incore alarm system or the excore monitoring system) provides
adequate monitoring of the core power distribution and is capable
of verifying that the LHR does not exceed its limits. The incore
alarm system performs this function by continuously monitoring the
local power at many points throughout the core and comparing the
measurements to predetermined setpoints above which the limit on
LHR could be exceeded. The excore monitoring system performs this
function by providing comparison of the measured core AO with
predetermined AO limits based on incore measurements.
An Excore
Monitoring Allowable Power Level (APL), which may be less than
rated power, is applied when using the excore monitoring system
to ensure that the AO limits adequately restrict the LHR to less
than the limiting values.(4)
If the incore alarm system and the excore monitoring system are
both inoperable, power will be reduced to provide margin between
the actual peak LHR and the LHR limits and the incore readings
will be manually collected at the terminal blocks in the control
room utilizing a suitable signal detector. If this is not
feasible with the manpower available, the reactor power will be
reduced to a point below which it is improbable that the LER
limits could be exceeded.

3-104
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POWER DISTRIBUTION LIMITS
3.23.1 LINEAR HEAT RATE (LHR)
LIMITING CONDITION FOR OPE.ATION
Basis (Contd)
The time interval of 2 hours and the minimum of 10 detectors per
quadrant are sufficient to maintain adequate surveillance of the core
power distribution to detect significant changes until the monitoring
systems are returned to service.
To ensure that the design margin of safety is maintained, the
determination of both the incore alarm setpolnts and the APL takes into
account the local LHGR measurement uncertainty factors'5 ) given in Table
3.23-3, an engineering uncertainty factor of 1.03, a thermal power
measurement uncertainty factor of 1.02.

I

References

I

(1)

EMF-91-77

(2)

(Deleted)

(3)

(Deleted)

(4)

XN-NF-80-47

(5)

FSAR Section 3.3.2.5

(6)

FSAR Section 7.6.2.4

I
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TABLE 3.23-1
LINEAR HEAT RATE LIMITS
No. of Fuel Rods Assembly
208
Peak Rod

216

15.28 kW/ft

15.28 kW/ft

TABLE 3.23-2
RADIAL PEAKING FACTOR LIMITS, FL
Peaking Factor

No. of Fuel Rods in Assembly
208

216
(Reload M and earlier)

216

Assembly FrA

1.48

1.57

1.66

Peak Rod

1.92

1.92

1.92

FrT

TABLE 3.23-3
POWER DISTRIBUTION MEASUREMENT UNCERTAINTY FACTORS
LHR/Peaking Factor
Parameter

Measurement

Measurement

Measurement

Uncertainty'a

Uncertaintylbl

Uncertai ntylc)

LHR

0.0623

0.0664

0.0795

r

0.0401

0.0490

0.0695

Fr

0.0455

0.0526

0.0722

(a) Measurement uncertainty for reload cores using all fresh incore
detectors.
(b) Measurement uncertainty for reload cores using a mixture of fresh and
once-burned incore detectors.
(c) Measurement uncertainty when quadrant power tilt,
as determined using
incore measurements and an incore analysis computer programde,
exceeds 2.8% but is less than or equal to 5%.
3-107
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POWER DISTRIBUTION LIMITS
3.23.2

RADIAL PEAKING FACTORS

LIMITING CONDITIQN FOR OPERATION
The radial peaking factors FA and FT shall be less than or equal to the
value in Table 3.23-2 times f6e following quantity. The quantity Is [1.0 +
P Is the core
0.3 (1 ' P)] for P k .5 and the quantity is 1.15for P< .5.
thermal power in fraction of rated power.
APPLICABILITY:

Power operation above 25% of rated power.

ACTION;
1.

For P < 50% of rated with any radial peaking factor exceeding its
limit, be in at least hot shutdown within 6 hours.

2.

For P k 50% of rated with any radial peaking factor exceeding Its
limit, reduce thermal power within 6 hours to less than the lowest
value of:

F

[I

- 3.33(

r - 1) ] x Rated Power

L
Where F is the measured value of either F, or FT and FT
FrL
is the Eorrespondlng limit from Table 3 . 2 3 r2.

The limitations on FA , and FT are provided to ensure that assumptions used in
the analysis for estgblishin6 DNB margin, LHR and the thermal margin/low
pressure and variable high-power trip set points remain valid during
operation. Data from the incore detectors are used for determining the
measured radial peaking factors. The periodic surveillance requirements for
determining the measured radial peaking factors provide assurance that they
remain within prescribed limits. Determining the measured radial peaking
factors after each fuel loading prior to exceeding 50% of rated power provides
additional assurance that the core is properly loaded.
The LOCA analysis supports the radial peaking factor limits in Table 3.23-2.
To ensure that the design margin of safety is maintained, the determination of
radial peaking factors takes into account the appropriate measurement
uncertainty factors") given in Table 3.23-3
References
(1)

FSAR Section 3.3.2.5
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POWER DISTRIBUTION LIMITS
3.23.3

QUADRANT POWER TILT - T

LIMITING CONDITION FOR OPERATION
The quadrant power tilt
APPLICABILITY:

(T q) shall not exceed 5%.

Power operation above 25% of rated power.

ACTION:
1. With quadrant power tilt
to 10%.

2.

3.

determined to exceed 5% but less than or equal

a.

Correct the quadrant power tilt
limit, or

b.

Determine within the next 2 hours and, at least once every 8 hours
thereafter, that the radial peaking factors are within the limits
of Section 3.23.2, or

c.

Reduce power, at the normal shutdown rate, to less than 85% of rated
power and determine that the radial peaking factors are within the
limits of Section 3.23.2. At reduced power, determine at least once
every 8 hours that the radial peaking factors are within the limits
of Section 3.23.2.

With quadrant power tilt

within 2 hours after exceeding the

determined to exceed 10%:

a.

Correct the quadrant power tilt
limit, or

b.

Reduce power to less than 50% of rated power within the next 2 hours
and determine that the radial peaking factors are within the limits
of Section 3.23.2. At reduced power, determine at least once every
8 hours that the radial peaking factors are within the limits of
Section 3.23.2.

within 2 hours after exceeding the

With the quadrant power tilt
determined to exceed 15%, be in at least
hot standby within 12 hours.

Basis
Limitations on quadrant power tilt
are provided to ensure that design safety
margins are maintained. Quadrant power tilt
is determined from excore
detector readings which are calibrated using incore detector measurements.(I)
Quadrant power tilt
calibration factors are determinef 2 Ysing incore
measurements and an incore analysis computer program.
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POWER DISTRIBUTION LIMITS
3.23.3

QUADRANT POWER TILT - T

LIMITING CONDITION FOR OPERATION

References
(1)

FSAR, Section 7.4.2.2

(2)

FSAR Section 7.6.2.4
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UNITED STATES

NUCLEAR REGULATORY COMMISSION
WASHINGTON, D.C. 20555

SAFETY EVALUATION BY THE OFFICE OF NUCLEAR REACTOR REGULATION
RELATED TO AMENDMENT NO. 144 TO FACILITY OPERATING LICENSE NO. DPR-20
CONSUMERS POWER COMPANY
PALISADES PLANT
DOCKET NO. 50-255
1.0

INTRODUCTION

By letter dated October 23, 1989 (Ref. 1) and supplemented by additional
letters dated August 24, 1990 (Ref. 2), June 25, 1991 (Ref. 3) and April 1,
1992 (ref.3a), Consumers Power Company (CPC) submitted proposed Technical
Specification (TS) changes to Facility Operating License DPR-20 for the
Palisades Plant to allow replacement of the current one-eighth core symmetric
basis incore analysis computer program (INCA), (Ref. 4), with a new full-core
basis incore analysis computer program (PIDAL), (Ref. 5). The supplemental
submittals provided additional information and clarifications to the TS and
did not alter the initial No Significant Hazards determination published
March 7, 1990.
A need to deviate from one-eighth core symmetric fuel loading patterns has
developed due to limitations on core reload designs resulting from reactor
vessel fluence concerns. Quarter-core symmetric loading patterns will be
required to meet the goals established for reduction of fast neutron fluence
to the reactor vessel while maintaining sufficient margin to thermal limits,
and without reducing operating fuel cycle length. The current INCA model also
has limited ability to detect and calculate actual power asymmetries that
In addition, the original
might occur (e.g., misaligned control rods).
uncertainty evaluation for the specific INCA program application at Palisades
was not clearly documented by the vendor, resulting in added conservatism
being applied to the assumed measurement uncertainties.
The proposed TS changes would:
(1)

increase the minimum required number of operable incore detectors
from 50 percent to 75 percent of the total possible detectors to
compensate for the change from one-eighth core to quarter-core
symmetric patterns,

(2)

clarify the measurement uncertainty factors to be applied to the
linear heat rate and the radial peaking factor limits and change
their values to be consistent with the revised incore analysis
program, and
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change the method of determining the excore detector system
calibration factors from the incore measurements to be consistent
with the revised incore program.

The review was accomplished in two phases, with technical meetings of NRC
staff and Palisades engineering personnel being held on July 9, 1990 (Ref. 6)
and September 23, 1991 (Ref. 7) to discuss questions concerning the
methodology development and the uncertainty analyses performed to justify the
new model.
The first phase was performed in conjunction with a review of the Cycle 9 TS
change submittal package and focused on the basic methodology improvements and
on the benchmarking calculations performed by CPC as described in Reference 1.
Questions on the incorporation of quadrant power tilt corrections into the
uncertainty analyses were developed at this time.
The second phase concentrated on the uncertainty analysis, with the additional
calculations performed in response to NRC staff questions resulting in the
revised submittal of Reference 2.
2.0

BACKGROUND

Palisades is a first-generation Combustion Engineering (CE) pressurized water
reactor (PWR) with a unique core design consisting of 204 15x15 fuel bundles
and 45 cruciform control blades. The core power distribution is monitored by
self-powered Rhodium (Rh) incore detectors in a maximum of 45 instrumented
Each instrument location contains five axial Rh detectors
fuel assemblies.
(40cm in length) equally spaced with centers at 10, 30, 50, 70, and 90 percent
of the active fuel height. Currently only 43 incore locations are available;
two locations are reserved for use by the reactor vessel level monitoring
system.
The Rh detectors, of standard design for CE type incore monitoring systems,
are manufactured by Reuter-Stokes of Canada. Current Palisades practice is to
replace all incore detectors each operating cycle. These Rh detectors, by a
neutron-beta reaction, produce a current directly proportional to the incident
neutron radiation at each detector location. This current flows through a
load resistor producing a voltage which is converted to a digital millivolt
reading and is then passed to the primary information processor (PIP) data
logger. The PIP logs the detector readings, computes the background and
depletion sensitivity corrections and provides these and other plant measured
statepoint parameters to the incore analysis system computer.
The incore detector signals (millivolts) measured by the PIP are first
corrected for Rh depletion and background noise. The instrumented fuel
assembly power integral over each axial detector segment are then determined
by the application of pre-calculated power-to-signal conversion ratios (W
prime factors). The W-primes are supplied by the current fuel vendor, Siemens
Nuclear Power (SNP), as part of each core reload physics design package and
are obtained from fine spatial mesh, few-group, two-dimensional, PDQ diffusion

-3theory calculations using NRC-approved methods (Ref. 8). An uninstrumented
assembly which has a core-symmetric instrumented assembly available can use
those detector signals to infer assembly segment powers. For uninstrumented
locations with no symmetric detector signals available the assembly powers are
inferred using coupling coefficients to adjacent instrumented neighbors. This
process allows the determination of a measured or inferred radial core power
distribution at each of the five axial detector levels. A detailed axial
power shape is then inferred using a five mode Fourier curve fit to the five
detector level power integral for each assembly.
The incore analysis program is periodically executed to determine the measured
reactor core power distribution. Based on this analysis the following TS
surveillances may be performed:
Applicable
Tech Specs
3.23.1
3.23.2
3.23.3
3.1.1.g
3.11.1.a
3.11.1.b
3.11.2.a

Specific Item
Linear Heat Generation Rate (LHGR) Within Limits
Radial Peaking Factors Within Limits
Quadrant Power Tilt Within Limits
Axial Power Shape Within Limits
Incore Detector Operability
Calculate Set Points for the Incore Alarm System
Calculate Target Axial Offset & Allowable Power Level
for the Excore System
Excore System Calibration for ASI Monitoring
3.11.2.b
Excore System Calibration for Quadrant Power Tilt
3.11.2.c
Monitoring
Excore System Calibration for LHGR Monitoring
3.11.2.a,b,c

The TS 3.23.1 LHGR limits ensure that the peak cladding temperature (PCT) will
not exceed 2200 degrees F in the event of a loss-of-coolant accident (LOCA).
The LHGR (and the related 3D nuclear pin peaking factor, F.) is continuously
monitored by either the PIP incore high alarm set points or by the excore
monitoring system axial shape index (ASI) and allowable power limit (APL)
In order to calculate the incore alarm set points and to calibrate
alarms.
the excore monitoring system, the incore analysis program must calculate the
local LHGR by applying pin-to-box factors to the inferred "measured" 3D nodal
power distribution. These pin-to-box factors are local peaking factors which
are also supplied as part of the W-prime library by the current fuel vendor
from a cycle-specific PDQ model of the Palisades reactor core. The calculated
local peak pin powers are converted to local linear heat rates for comparison
with the TS limits.
The TS 3.23.2 radial peaking factor limits ensure that the assumptions used in
the analyses for establishing margin to DNB, LHGR and for the thermal
margin/low-pressure (TM/LP) and the variable high power RPS trip set points
remain valid. This requires verification of the two radial peaking factors
defined by TS 1.I. The assembly radial peaking factor (FAr) is the maximum
ratio of an individual fuel assembly power to the core average assembly power
This factor is
integrated over the total core height, including radial tilt.

-4determined directly from the 2D assembly radial power distribution resulting
from axial collapsing of the inferred measured 3D nodal power distribution.
The total rod peaking factor (FTr) is the maximum product of the ratio of
individual assembly power to core average assembly power times the highest
local peaking factor integrated over the total core height, including radial
This factor results from applying the local peaking factors to the 3D
tilt.
nodal power distribution and then collapsing it axially to two dimensions.
Technical Specification 3.23.3 requires verification of the quadrant power
tilt (Tq), defined by TS 1.1 as the difference between the nuclear power in
any core quadrant and the average in all quadrants, to ensure that design
safety margins are maintained. Operation is not restricted with tilts up to
5 percent. Larger tilts, not to exceed 10 percent, require verification of
radial peaking factor limits and/or reduction to less than 85 percent of rated
power. Tilts exceeding 10 percent require reduction to less than 50 percent
power and verification of radial peaking factor limits and tilts greater than
15 percent require shutdown to hot standby conditions within 12 hours.
Technical Specification 3.1.1.g establishes limits on the core average axial
power shape to ensure that the axial power profiles assumed in the development
of the primary coolant inlet temperature Limiting Condition for Operation
(LCO) bound the measured axial profiles. The axial power shape, referred to
as the axial offset (AO) or the axial shape index (ASI), is defined in TS 1.1
as the power in the lower half of the core minus the power in the upper half
of the core divided by the sum of the powers in the lower half and upper half
of the core. The excore system continuously monitors the ASI and is
calibrated to the incore analysis program measured core average axial offset.
Technical Specification 3.11.1.a requires the determination of the operability
of sufficient incore detectors to allow the incore analysis program to perform
the required TS surveillances and the generation of the PIP incore alarm set
points. Currently, at least 50 percent of the individual detectors must be
operable including at least two incores per axial level per core quadrant.
Technical Specification 3.11.1.b requires the generation of PIP high alarm set
points in order to protect the core from high local power densities by
continuously comparing the directly measured incore detector signals to the
alarm set points. The alarm limit factors, one for each of the five axial
incore detector levels, are calculated by the incore analysis program and are
equivalent to the minimum margin to the LHGR TS limit as measured for each
detector level.
Technical Specification 3.11.2 requires the calculation of the target axial
offset and the allowable power level, along with the verification that the
excore monitoring system is calibrated for monitoring the LHGR, the ASI, and
The target axial offset is derived from the core
the quadrant power tilt.
average axial offset measured by the incore analysis program and provides the
basis for calibrating the excore detectors ASI monitoring function. The
measured power distribution also provides the target or baseline quadrant
power tilts which are used to calibrate the excore quadrant power tilt
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monitoring function. The allowable power level is calculated based on the
limiting measured LHGR and ensures that the core LHGR limits are protected
within a given band of the axial offset. The TS verification that the excore
system is calibrated is performed by comparing the measured core average axial
offset and quadrant power tilts to the analogous values recorded by the four
power range (safety) excore detectors. If any excore reading differs from the
equivalent incore measured value by more than the allowable margin, that
channel is declared inoperable and is recalibrated based on the incore
measurements.
Each time the periodic TS requirements are performed, a complete set of
detector alarm limits are created for loading into the PIP for use until the
next required update.
3.0

EVALUATION

The evaluation of the proposed PIDAL incore analysis computer program is
covered in three sections. The differences in basic methodology and
assumptions between the PIDAL and INCA models are discussed first. Second,
the uncertainty analyses and benchmarking comparisons between the two models
are covered. Finally, certain limitations and restrictions to be placed on
the initial application of the new model during the first cycle of operation
with one-eighth core symmetric loading patterns are discussed.
3.1

Methodology

General
The current INCA method used to analyze incore detector data and to infer the
Palisades measured core power distribution, the linear heat generation rate
(LHGR) and the radial peaking factors was developed by Combustion Engineering
(CE) as described in Reference 4. The three-dimensional nuclear pin peaking
factor (F.) is defined as the ratio of the maximum linear heat rate in any
fuel rod to the average linear heat rate in the core. The original INCA model
defined FQ as the product of three separate and independent components: Fr,
FZ, and F.. Peaking factor, Fr is the assembly-to-core average power peaking
factor; F4 is the assembly average axial power peaking factor, and Fp is the
maximum pin-to-assembly average power peaking factor.
The major methodology difference between the two models is that the proposed
PIDAL program always models the reactor power distribution on a full-core
basis whereas the current INCA model must assume one-eighth core symmetry.
The incore data collection procedure, including the background and depletion
corrections, and the incore detector signal to assembly segment power integral
conversion using vendor supplied constants are equivalent. The axial power
distribution interpolation technique, including the use of theoretical axial
boundary conditions derived using the NRC-approved vendor XTG nodal model
(Ref. 9), is also the same. The fuel and control rod exposure calculations
are performed in the same manner for both models. Finally, the TS analysis
procedure is equivalent. The only significant methodology differences between

-
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PIDAL and INCA are in the determination of the measured radial power
distribution and the quadrant power tilts as summarized below.
Radial power distribution
The INCA analysis assumes octant symmetric loading and operation of the
reactor core, allowing the reflection of all incore instruments into one
representative core octant. The Palisades core design is such that if all 43
available incore detector strings are mapped into one octant then each of the
28 assembly locations within the octant will have at least one detector
string. Three octant locations have four symmetric detectors; six octant
locations have two symmetric detectors; and the remaining nineteen locations
have a single detector string.
In the process of collapsing to an octant, INCA averages the symmetric incore
detector powers to a single value. For failed incore detector segments with
no available symmetric values, INCA determines pseudo-detector powers from a
finite difference technique approximation to the neutron flux diffusion
equation based on the one group equivalent migration area and infinite
multiplication factor of the adjacent assemblies. At this point INCA has a
complete two-dimensional radial power distribution at each of the five axial
detector levels for the core octant.
The PIDAL program does not average symmetric detector powers and performs a
full-core analysis using each individual detector reading, which accounts for
any actual core asymmetry. For uninstrumented locations the power is inferred
by direct solution of the coupling coefficient matrix representing each radial
location at each of the five axial levels. This allows failed detector
locations to be treated directly as uninstrumented, without additional
approximation.
Quadrant power tilt
Since the basic INCA method determines the detailed power distribution for
only one core octant, an estimate of the individual quadrant powers must be
INCA performs this by first determining the ratio of measured
constructed.
to-predicted detector powers for each operable detector and fitting these
ratios to a multi-term trigonometric fit as a function of both core radius and
azimuthal angle at each of the five axial detector levels. This radial curve
fit is used to construct an estimate of the measured power distribution for
each location in the full core. From this estimated full-core power
distribution, the quadrant power integrals and quadrant power tilts are then
calculated.
Since PIDAL has determined the full core power distribution based on actual
(not averaged) detector powers, the quadrant power integral and tilt values
In addition, PIDAL compares each possible
are directly calculated.
combination of two- and four-way symmetric detector sets at each of the five
axial levels. This allows early identification of localized power asymmetry,
such as might result from mispositioned control rods.
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Uncertainty Analysis

General
The uncertainty analysis for the original INCA method is documented in
Reference 4.
As defined in the TS and discussed in Section 2.0, the peaking factors of
interest for Palisades are F , FAr, and FTr. Three separate components for the
uncertainty associated with determination of the above peaking factors are
considered. These are referred to as the "box measurement," the "model
synthesis," and the "pin-to-box" uncertainties:
The box measurement component is defined as the uncertainty associated
with measuring segment powers in the instrumented detector locations.
The model synthesis component is the uncertainty associated with using
both the radial and axial power distribution synthesis techniques
employed to calculate a full-core 3D nodal power; specifically, for the
radial coupling to the uninstrumented locations and for the axial curve
fitting used to obtain an axial (nodal) power shape from the five
detector segment powers.
The pin-to-box component is the uncertainty associated with using the
local peaking factors supplied in the fuel vendor physics data library
to represent the pin power distribution within each assembly.
To adequately address the above uncertainties, it is necessary to
mathematically re-define the individual peaking factors in terms of these
components. Since the current fuel vendor for Palisades is Siemens Nuclear
Power (SNP), CPC has chosen to utilize the SNP breakdown as described in their
St. Lucie-1 uncertainty analysis (Ref. 10). This allows CPC to directly
incorporate the SNP-derived pin-to-box uncertainty component into their
overall uncertainty.
For the purposes of the uncertainty analysis of the PIDAL statistical model
(Ref. 11), CPC has separated the above factors into individual components
which can be investigated and quantified independently and then statistically
recombined into the appropriate uncertainty values for the TS surveillance
requirements.
The specific form of the peaking factors used by CPC is as follows:
F(q)

=

F(r) * F(s)

* F(L) * F(z)

F(Tr) =

F(r) * F(sa) * F(L)

F(Ar) =

F(r) * F(sa)

where:

-8F(r)

=

ratio of the assembly relative power to the relative
power of the detector measurements within that
assembly.

F(s)

=

relative power associated with a single incore
detector measurement.

F(sa) =

relative power associated with the average of the
detector measurements within a single assembly.

F(L)

=

peak local pin power within an assembly relative to
the assembly average power.

F(z)

=

ratio of the peak planar power in an assembly to the
assembly average power.

CPC uses standard forms for the sample means (x-bar), standard deviations (s),
and root-mean-square (rms) differences. Based on the mean, the standard
deviation and the sample size, the 95/95 tolerance limit (bias plus-or-minus
the reliability factor) was determined for each component, assuming that the
percent difference (error) between calculated values and measured data are
normal distributions. The individual variances (or standard deviations) are
defined in standard terms and are combined statistically by assuming that the
individual uncertainty components are independent.
3.3

Summary

The Palisades staff has performed an extensive uncertainty analysis based on
data from Cycles 5, 6, and 7 which operated with one-eighth core symmetric
loading patterns. In addition, operating data from Cycle 8 has been
benchmarked and Cycle 9 was modeled in parallel to verify that the ongoing
uncertainty values were bounded by the previous uncertainty analysis. CPC
also incorporated an improved SNP NRC-approved methodology (Ref. 8) for W
prime generation for quarter-core symmetric loadings and verified its
application as part of the Cycle 8 benchmarking analysis.
The use of PIDAL to replace INCA for TS requirements is acceptable. The
proposed reduction of the current uncertainty values assumed for LHGR (F.)
from 10 to 6.23 percent and for F~r from 5 to 4.55 percent; respectively, and
the proposed increase of the uncertainty value for FAr from 3 to 4.01 percent
is also acceptable with the following restrictions:
The proposed uncertainty values for F., FTr, and FAr of 6.23, 4.55, and
4.01 have been justified for one-eighth core operation. However, until
sufficient data is acquired in a quarter-core operation mode (either
rotational or reflective) such that:
(a)

the assumption of independence of the individual uncertainty
components has been verified,

(b)

the validity of the planar normalization of the Fr component
has been verified,

and

-9then the licensee must justify the uncertainty values either,
(1)

by periodic comparison with the previous uncertainty
analysis before updating any parameters,

(2)

by application of an additional 5% uncertainty (due to a and
b above) giving values of 6.5, 4.8, and 4.2, respectively

or

until sufficient data is accumulated during the operating cycle to
formally justify the assumptions. Restrictions of this type were
discussed with the licensee on September 23, 1991 and were documented as
commitments in the licensee's letter dated April 1, 1992.
The licensee has proposed to increase the number of incore detectors required
to be operable from 50% to 75% of the available individual detectors. This is
more restrictive than the CE Standard Technical Specification (STS)
requirement used for other plants, where only 75% of the available detector
locations (with four-out-of-five individual detectors operable) are required,
In addition, the existing requirement that two detectors
and is acceptable.
are operable is retained.
quadrant
per
level
per axial
In the case of failed detectors, it appears that adequate penalty is
determined to allow operation with up to 25% failure rate. This allowed
failure rate is consistent with industry practice for full core monitoring (CE

STS).

the proposed increase (Ref. 12) in
In the case of quadrant power tilt,
uncertainty for power tilts exceeding 2.8% is appropriate and sufficient to
restrict operation while allowing time for the determination of the cause of
the apparent tilt.
Although the pool of data (between cycles) was not confirmed with standard
statistical techniques, by both inspection of the data and accounting for the
similarity of loading/operating patterns, cycle pooling appears to be
appropriate for Cycles 5, 6 and 7. However, this condition will not
necessarily be true for quarter-core (rotational/reflective) loadings or for
future operating strategies. Therefore, before incorporating additional
cycles into the statistical data base, the pooled data should be demonstrated
by commonly accepted techniques such as the Bartlett test (Ref. 13).
A more formal procedure will also be required for testing data for normality
(Ref. 14) before incorporation into the uncertainty data base and before
removing the additional uncertainty that may be required by the assumption of
separability of the F(r) and F(sa) components. Alternately, the use of non
parametric statistical techniques (Refs. 15 and 16) could be considered, with
the appropriate equivalent number of degrees of freedom (Ref. 17), with the
more conservative tolerance limit applied.
In summary, the staff discussed with the licensee aspects of their uncertainty
Besides the application of an
analyses at a meeting on September 23, 1991.
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additional uncertainty, under certain circumstances (as discussed above), the
following items were documented as licensee commitments in CPC letter dated
April 1, 1992.

4.0

(1)

The derivation of the W-prime and pin-to-box factors and the
generation of input to the PIDAL XTG nodal model is limited to the
use of the current fuel vendor (SNP) NRC-approved methods.

(2)

The licensee currently replaces all 43 rhodium detector strings
each operating cycle and will notify the staff of any future plans
to re-use detectors.

(3)

In addition, during the initial cycle of operation with a quarter
core loading, the licensee will review the PIDAL uncertainty
components after the performance of each 31-day surveillance
analysis before updating the PIP alarm and calibration factors.

(4)

Also, before additional operating cycle data is added to the
uncertainty analysis data base, the data pooled by cycle and the
assumptions of the separability of the individual uncertainty
components and the normality of the error distributions will be
verified using more commonly accepted statistical techniques.

CONCLUSIONS

Based on the evaluation discussed above, the staff concludes that the proposed
TS changes to allow the use of a new full-core basis incore analysis program
are acceptable. However, during the initial startup with a quarter-core
loading pattern (either rotational or reflective) and after achieving 50
percent power and before initially exceeding 85 percent rated power, the
licensee will, as documented in CPC letter dated April 1, 1992, confirm that
the model uncertainty is bounded by the previous uncertainty analysis or will
apply appropriate penalty factors per Section 3.3 of this Safety Evaluation.
5.0

STATE CONSULTATION

In accordance with the Commission's regulations, the Michigan State official
was notified of the proposed issuance of the amendment. The State official
had no comments.
6.0

ENVIRONMENTAL CONSIDERATION

The amendment changes a requirement with respect to the installation or use of
a facility component located within the restricted area as defined in 10 CFR
Part 20. The staff has determined that the amendment involves no significant
increase in the amounts, and no significant change in the types, of any
effluents that may be released offsite, and that there is no significant
increase in individual or cumulative occupational radiation exposure. The
Commission has previously issued a proposed finding that this amendment
involves no significant hazards consideration and there has been no public
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comment on such finding (55 FR 8221). Accordingly, this amendment meets the
eligibility criteria for categorical exclusion set forth in 10 CFR
51.22(c)(9).
Pursuant to 10 CFR 51.22(b), no environmental impact statement
or environmental assessment need be prepared in connection with the issuance
of this amendment.
7.0

CONCLUSION

The staff has concluded, based on the considerations discussed above; that:
(1) there is reasonable assurance that the health and safety of the public
will not be endangered by operation in the proposed manner, (2) such
activities will be conducted in compliance with the Commission's regulations,
and (3) the issuance of the amendment will not be inimical to the common
defense and security or to the health and safety of the public.
Principal Contributor:
Date: April 3, 1992

E. Kendrick
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