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Washington, D.C. 20555

Subject: Peach Bottom Atomic Power Station, Units 2 and 3
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Dear Sir/Madam:

Exelon Generation Company, LLC is submitting License Change Application ECR No. 88-00015, in
accordance with 10 CFR 50.90, requesting an amendment to the TS (Appendix A) of Operating License
Nos. DPR-44 and DPR-56 for Peach Bottom Atomic Power Station (PBAPS), Units 2 and 3. This
proposed change will revise TS Section 3.3.1.1, “Reactor Protection System Instrumentation” and 3.4.1,
“Recirculation Loops Operating Reporting Requirements” and their associated TS Bases and TS Section
5.6.5 Core Operating Limits Report (COLR) to reflect changes to support the activation of the trip outputs
of the Oscillation Power Range Monitor (OPRM) portion of the Power Range Neutron Monitoring (PRNM)
system and deletes the Interim Corrective Action requirements from the Recirculation Loops Operating
Technical Specification. Information supporting this TS Change Request is contained in Attachment 1 to
this letter, and the proposed TS pages (including marked-up pages) showing the proposed changes to the
PBAPS Units 2 and 3 TS are contained in Attachment 2. In addition, descriptions and justifications for
each deviation from the generically approved NUMAC PRNM Licensing Topical Report (LTR), or changes
not addressed in the LTR are provided in the “Plant-Specific Responses Required by NUMAC PRNM
Retrofit Plus Option 111 Stability Trip Function Topical Report (NEDC-32410P-A) Phase 2 OPRM Trip
Activation/Deletion of ICAs” (Attachment 3). This information is being submitted under affirmation, and
the required affidavit is enclosed.

in order to support the schedule for system activation, we request approval of this TS Change Request by
August 15, 2001, and that the amendments become effective within 30 days of issuance.

If you have any questions, please do not hesitate to contact us.
Very truly yours,

S L AL frun

James A. Hutton
Director - Licensing

Enclosures: Attachments; Affidavit

cc: H. J. Miller, Administrator, Region |, USNRC
A. C. McMurtray, USNRC Senior Resident Inspector, PBAPS \
J. Boska, Senior Project Manager, USNRC O
R. R. Janati, PA Bureau of Radiological Protection D



COMMONWEALTH OF PENNSYLVANIA

. 8S.

COUNTY OF CHESTER

J. J. Hagan, being first duly sworn, deposes and says:

That he is Senior Vice President of Exelon Generation Company, LLC, the Applicant
herein; that he has read the foregoing Application for Amendment of Facility Operating
License Nos. DPR-44 and DPR-56 for Peach Bottom Atomic Power Station Units 2 and
3, concerning “Activation of the Trip Outputs of the Oscillation Power Range Monitor
Portion of the Power Range Neutron Monitoring System,” and knows the contents

thereof; and that the statements and matters set forth therein are true and correct to the
best of his knowledge, information and belief.

S

resident

Subscribed and sworn to before me

this £ day\/ju/ta,«,uy

of 2001.

Lassl § Hulton.

Notary/ﬁ’ubhc

MNotarial Seal
Carol A, Waiton, Notary Public -
Tredyffrin Twp., Chester County -
My Commission rxp res May 28, 2002 P

Membar, Pennisyivania Association of Notaries
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Introduction

Exelon Generation Company, LLC, Licensee under Facility Operating License Nos. DPR-44
and DPR-56 for Peach Bottom Atomic Power Station (PBAPS), Units 2 and 3, requests that the
Technical Specifications (TS) contained in Appendix A to the Operating Licenses be amended
to revise TS Sections 3.3.1.1, “Reactor Protection System Instrumentation”, and 3.4.1,
“Recirculation Loops Operating Reporting Requirements” and their associated TS Bases and
TS Section 5.6.5 Core Operating Limits Report (COLR) to reflect changes to support the
activation of the trip outputs of the Oscillation Power Range Monitor (OPRM) portion of the
Power Range Neutron Monitoring (PRNM) system to delete the Interim Corrective Action
requirements from the Recirculation Loops Operating Technical Specification.

The NRC issued Generic Letter (GL) 94-02, “Long-Term Solutions and Upgrade of Interim
Operating Recommendations for Thermal Hydraulic Instabilities in Boiling Water Reactors”,
which requires Exelon Generation Company, LLC to develop and submit to the NRC a plan for
long term stability corrective actions. In response to GL 94-02, (Letter dated March 2, 1998,
from G. D. Edwards, PECO Energy Company to the USNRC), Exelon Generation Company,
LLC committed to implement the long-term solution designated as Option 11l in NEDO-31960-A
(including Supplement 1), “BWR Owner’s Group Long-Term Stability Solutions Licensing
Methodology.”

The functionality required for the Option Il stability solution was implemented as part of the
initial phase of Power Range Neutron Monitoring (PRNM) system replacement modification
P00507, which has been completed for both PBAPS Units 2 and 3. That modification replaced
the original PRNM system, including the APRM system, the Rod Block Monitor system and the
LPRM system except for the detectors and signal cables, with General Electric’s (GE) Nuclear
Measurement Analysis and Control (NUMAC) Power Range Neutron Monitor (PRNM) System.

The NUMAC PRNM System utilizes the OPRM detect-and-suppress function to implement
Option lll. The safety function of the OPRM function within the PRNM is to monitor its LPRM
signals for signs of neutron flux osciliations. The OPRM also monitors power and recirculation
flow conditions to automatically enable the OPRM trip when in a predefined region of the power
to flow map. The OPRM initiates a trip whenever it detects an instability condition when in the
predefined region of the power to flow map. A TS change request to support the activation of
the trip outputs of the OPRM portion of the PRNM system has been requested by Nine Mile
Point 2; Browns Ferry Units 2 and 3; Hatch Units 1 and 2; and Fermi Unit 2. During the current
Unit 2 and Unit 3 operating cycles, the first following installation of the new PRNM System, the
OPRM has been fully operational except for the trip and associated trip alarm functions. These
OPRM trip functions have been de-activated (not connected to the Reactor Protection System
logic) in order to allow evaluation of the performance of the OPRM algorithms without the risk of
spurious scrams. Consistent with NRC Bulletin 88-07 Supplement 1, as committed to in the
letter dated September 9, 1994, from G. A. Hunger, PECO Nuclear to USNRC, Exelon
Generation, LLC has continued to implement the Interim Corrective Actions (ICAs) to detect
and suppress power oscillations. During this time frame, the OPRM system has been tuned per
GE criteria to establish proper sensitivity. Performance of the system at Peach Bottom during
this interim phase, as well as at other plants, has been reliable thus warranting activation of the
trip outputs.
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The final phase of this modification will accomplish the following:

e Activate the OPRM trip (OPRM Upscale Function) and annunciator;

¢ Add OPRM Technical Specifications;

e Delete the Recirculation Loops Operating Technical Specification requirements
associated with the Interim Corrective Actions; and

e Implement equipment modifications limited to minor wiring changes in the PRNM
Panel 2(3)0C037 and an annunciator window label change.

e Implement appropriate procedures and training to reflect the OPRM system.

Concurrent with the OPRM Technical Specification changes, some of the APRM related
Technical Specification Bases will be changed to clarify some issues that have arisen during
the time since the installation of the PRNM.

Implementation of this phase of the modification is planned for both Units 2 and 3, at the same
time while on-line, prior to the 3R13 refueling outage scheduled for September 2001. The
reason for this near simultaneous implementation for both units is so that the operators will
have the same stability detection and action procedures for both units.

The proposed changes to the PBAPS Units 2 and 3, TS are indicated by the markups on the
affected TS pages (Attachment 2). In addition, descriptions and justifications for each deviation
from the generically approved NUMAC PRNM Licensing Topical Report (LTR), or changes not
addressed in the LTR are provided in the “Plant-Specific Responses Required by NUMAC
PRNM Retrofit Plus Option HI Stability Trip Function Topical Report Phase 2 OPRM Trip
Activation/Deletion of ICAs (NEDC-32410P-A)” (Attachment 3).

This License Change Application provides a discussion and description of the proposed TS
changes, a safety assessment of the proposed TS changes, information supporting a finding of
No Significant Hazards Consideration, and information supporting an Environmental
Assessment.

Discussion and Description of the Proposed Changes

The proposed Technical Specifications (TS) Change Request involves changes to PBAPS,
Units 2 and 3, TS Sections 3.3.1.1 “Reactor Protection System Instrumentation” and 3.4.1,
“Recirculation Loops Operating Reporting Requirements” and their associated TS Bases and
TS Section 5.6.5 Core Operating Limits Report (COLR) to reflect the activation of the OPRM
automatic trip function in the PRNM system.

The Units 2 and 3 Technical Specifications changes (including markups) associated with this
modification are provided as an attachment. The significant TS Action Statement changes are
as follows:
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PRNM System

A.

Al

A2

A3

A4

A5

RPS Instrumentation, Section 3.3.1.1, APRM Related Functions
Functions

This modification has no impact on any of the existing PRNM functions. The OPRM
monitoring function is currently installed and fully functional but is not connected to the
associated RPS or trip annunciator circuitry. The only change in this modification is
connecting the existing OPRM trip outputs in series with the APRM trip outputs. This
has the effect of “ORing” one OPRM trip output with each of the existing APRM trip
outputs to the RPS.

A new OPRM Upscale Function 2.f will be added.
Minimum Number of Operable OPRM Channels
The required minimum number of operable OPRM channels will be three channels.

The OPRM Upscale Function will have operability requirements associated with
OPRM cells of a minimum of 2 LPRMs per cell for a cell to be operable and a
minimum of 25 OPRM cells per OPRM channel for channel operability. The specific
numerical values for these two parameters are identified as “plant specific” in the
NUMAC PRNM LTRs.

Applicable Modes of Operation

The OPRM Instability Detect-and-Suppress Trip (new OPRM Upscale Function) is a
safety-related function and will be required to be operable only with Reactor Power >
25% Reactor Thermal Power (RTP).

Channel Check Surveillance Requirements

The new OPRM Upscale Function will have a Channel Check requirement, SR
3.3.1.1.1, of once per 12 hours.

Channel Functional Test Surveillance Requirements

The new OPRM Upscale Function will have a Channel Functional Test requirement,
SR 3.3.1.1.11, with a frequency of every 184 days (6 months). The Channel
Functional Test includes both the OPRM channels and the 2-out-of-4 voter channels
plus the flow input function, excluding the flow transmitters. Note 2 of SR 3.3.1.1.11
will be modified to show that the flow transmitter exclusion also applies to Function 2.f.
A notation will be added to the SR 3.3.1.1.11 Bases to clarify that the actual OPRM
Upscale trip auto-enable setpoints are confirmed by SR 3.3.1.1.19 (a new SR added
to support the OPRM Upscale function).
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A.6 Channel Calibration Surveillance Requirements

The new OPRM Upscale Function will have a Channel Calibration requirement, SR
3.3.1.1.12, with a frequency of every 24 months, and an LPRM calibration
requirement, SR 3.3.1.1.8, with a frequency of every 1000 MWD/T. Channel
Calibration of the recirculation loop flow channel will be included in the SR 3.3.1.1.12
Channel Calibration of this function (flow is an input to the auto-enable logic of the
OPRM Upscale function), the same as the current requirement for APRM Simulated
Thermal Power — High Function at 24-month intervals. The only change required for
OPRM Upscale is to modify Note 3 of SR 3.3.1.1.12 to include Function 2.f. The flow
channel calibration requirements associated with the OPRM Upscale function are the
same as those previously added for the APRM Simulated Thermal Power — High
Function.

A.7 Response Time Testing Surveillance Requirements

The new OPRM Upscale Function will have no Response Time Testing Surveillance
Requirement. [Note: The NUMAC PRNM LTR describes response time testing as
including the output relays for the 2-out-of-4 voter, however, the original PRNM
installation licensing submittal justified response time testing from the PRNM panel
terminals for PBAPS. This was based on the current response time testing
commitments for PBAPS. The OPRM implementation is consistent with that
justification. Since the OPRM Upscale trip outputs are in series with the APRM
High/Inop trip outputs, no change is required to the 2-out-of-4 Voter Function
response time testing requirements.]

A.8 Logic System Functional Testing (LSFT) Surveillance Requirements

The new OPRM Upscale Function will have no LSFT Surveillance Requirement.
However, the SR 3.3.1.1.17 Bases description will be modified slightly to add “OPRM”
to show that the simulated trip conditions must include the OPRM logic as well as the
APRM High/Inop logic. This clarification is required because the 2-out-of-4 Voter,
Function 2.e, votes the OPRM trip independently from the APRM High/Inop trip. The
Bases description for Function 2.e will be modified to document the independent
voting of the OPRM and APRM trips. In addition to these Function 2.e Bases changes
required to support the OPRM Upscale function addition, some bases discussion will
be added. The addition will clarify that the 2-out-of-4 Voter Function does not need to
be declared inoperable if portions of the 2-out-of-4 Logic Module hardware that are not
part of the 2-out-of-4 voter are found to be inoperable.
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Verify OPRM auto-enable setpoints

The new OPRM Upscale Function will have a new surveillance requirement,
SR 3.3.1.1.19, to confirm, with a frequency of every 24 months, that the OPRM auto-
enable setpoints are correctly set.

LCO Conditions and Actions

LCO Condition A, and the associated Required Actions apply to the OPRM Upscale
function the same as for the APRM Functions 2.a, 2.b., 2.c and 2.d. Required Action
A.2 and Condition B do not apply to Function 2.f. Therefore, the “Notes” for Action A.2
and Condition B will be modified to add “2.f” to the functions excepted.

New Conditions | and J with associated Required Actions and Completion Times will
be defined. These new Conditions apply when the OPRM channel Condition A
Required Actions and associated Completion Times are not met. Required Action |.1
allows a Completion Time of 12 hours to initiate alternate methods of detecting and
suppressing instabilities. Required Action 1.2 allows a Completion time of 120 days to
restore the OPRM Operability. Condition J applies if the Completion Times for
Required Actions .1 or 1.2 are not met. The Required Action J.1 will allow 4 hours to
reduce power to less than 25 percent.

The alternate method for detection and suppression required by Required Action 1.1 is
intended to be temporary re-establishment of the ICAs, but controlled by plant
procedures rather than Technical Specifications. An exception to LCO 3.0.4 has been
noted for Required Action 1.2. This exception note is not discussed in the NUMAC
PRNM LTR. This exception allows restarting the plant in the event of a shutdown
during the 120-day Completion Time for Required Action |.2, consistent with the
original intent of the LTR which was to allow normal plant operations to continue
during the recovery time from a hypothesized design problem with the Option Il
algorithms or equipment.

Setpoints and Allowable Values

There are no allowable values associated with the OPRM Upscale Function. The
OPRM period based detection algorithm (PBDA) upscale trip setpoints are determined
based on the Option lll licensing methodology developed by the BWROG and
described in NEDO-32465-A, “BWR Owners’ Group Long-Term Stability Detect and
Suppress Solutions Licensing Basis Methodology for Reload Applications,” previously
approved by the NRC. The PBDA trip setpoints will be documented in the COLR.
There are also Technical Specification related setpoints for the auto-enable (not-
bypassed) region, which are established as nominal setpoints only as described in the
Tech Spec Basis markup, and defined in SR 3.3.1.1.19. The minimum operable
OPRM celis setpoint (25) is defined by GE analyses based on PBAPS’s selection of
the OPRM cell assignments and a minimum of 2 LPRMs per cell. The setpoint is
established to conform to the licensing bases defined in NEDO-31960-A (including
Supplement 1) and NEDO-32465-A. This setpoint, along with the PBAPS selection of
a minimum of 2 LPRMs per cell, is documented in the TS Bases as part of the
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operability requirement for Function 2.f. The PBDA algorithm includes several “tuning”
parameters. These are established in accordance with PBAPS procedures as part of
the system setup, and are not defined in Technical Specifications. Finally, there are
also setpoints for the “defense-in-depth” algorithms discussed in the OPRM Upscale
Function description in the Technical Specification Basis markup. These are treated
as nominal setpoints based on qualitative studies performed by the BWROG and
documented in Appendix A of NEDO-32465-A. Use of this LTR as a basis for
establishing these defense-in-depth settings is consistent with the approach used by
previous Licensees for activating the OPRM trip function. These algorithms are not
credited in the safety analysis and their settings are documented only in the PBAPS
procedures. A note will be added to Table 3.3.1.1-1 for the OPRM Upscale Function
to state that the PBDA setpoint limits are defined in the COLR.

Some PRNM Technical Specification Bases changes, beyond those required for inclusion of
the OPRM Upscale Function, are being implemented to clarify system requirements.
Specifically, text has been added to the Bases discussion for Function 2.b (APRM
Simulated Thermal Power — High) to clarify the basis for the “AW” flow offset, applicable to
single loop operation (SLO). A minor change is being made to note (b) in Table 3.3.1.1-1 to
show the SLO equation as “0.66(W—-AW) + 64.9%” instead of “0.66W + 64.9% — 0.66AW”.
The change, while mathematically equivalent, states the equation in the same form that is
actually implemented in the equipment. This change is being made to clarify the system’s
calculation of this setpoint.

Bases discussion for Function 2.e (2-out-of-4 Voter) has been added to clarify that
inoperability of those portions of the 2-out-of-4 Logic Module that do not affect the voter
function does not require that the voter function be declared inoperable. The Bases
discussion for SR 3.3.1.1.12 has been modified to clarify that the SR applies also to the
recirculation flow loop, and includes once-per-cycle correlation adjustments between drive
flow and core flow measurements.

B. Recirculation Loops Operating, Section 3.4.1
B.1 Functions

This modification has no impact on any of the recirculation loop functions. It does
remove Technical Specification required prohibitions against operating in the
“restricted region”. These prohibitions and other restrictions were implemented as part
of the “Interim Corrective Actions” (ICAs). Present Technical Specification 3.4.1
requirements to operate outside the restricted region, and associated surveillances
and actions will be deleted. Surveillance requirements refated to monitoring LPRM
and APRM indications for oscillations, will also be deleted. Technical Specification
requirements not related to ICAs will be retained unchanged.

B-1 LCO Conditions and Actions

LCO restrictions on operating region (references to Figure 3.4.1-1) will be deleted from
the LCO both for two loop and single loop operating conditions. Conditions A, B and C
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and their associated Required Actions, and Required Action F.1, each associated with
operation in the Restricted Region and included previously as part of the ICA actions,
will be deleted. These changes, along with deletion of the related Bases discussions,
effectively delete the Technical Specification requirements for the ICAs. [Note: The
NUMAC PRNM LTR do not address deletion of ICA related Technical Specifications.
Therefore, all Specification 3.4.1 changes are beyond those covered by the NUMAC
PRNM LTR NEDC-32410P-A.]

A change in the “no loops operating” Completion Time (for Required Action F.2),
unrelated to OPRM, is being implemented concurrently with the OPRM. Specifically,
the Completion Time for Required Action F.2 will be increased from 6 hours to 12
hours. The 12-hour Completion Time is more reasonable for an orderly shutdown of
the plant, and more consistent with both the current Completion Time for Required
Action E.1 and the ISTS equivalent Completion Time for the no loops operating
Condition, both of which are 12 hours. This change will be accomplished by
combining the current Condition F as an “OR” with the current Condition E, and
retaining the current Required Action E.1 and Completion Time of 12 hours for
Required Action E.1. The present Required Action F.2 and associated Completion
Time will be deleted.

The new Conditions D and E will then be renumbered as Conditions A and B, with
references to deleted Conditions also deleted.

Reporting Requirements, Core Operating Limits, Section 5.6.5

The procedural method of controlling the limits used to establish the OPRM period
based detection algorithm (PBDA) upscale trip setpoints is not discussed in the
NUMAC PRNM LTR, but a required utility action is to identify the method that will be
used. The requirements for cycle specific confirmation or change of the limits is
established in the BWROG LTRs but not the specific method of documentation. The
required information will be included in the reload licensing report. It has been
determined that recording the PBDA limits in the COLR is the preferred method. This
method is utilized at PBAPS for documenting similar cycle specific limits such as Rod
Block Monitor limits, and has been utilized by other Licensees (e.g. Hatch) for the
OPRM.

To document this requirement, a new item will be added under 5.6.5a to note that the

OPRM limits associated with Specification 3.3.1.1 will be included in the COLR. Also,

a new item has been added under 5.6.5b to identify the BWROG LTR NEDO-32465-A
as the NRC approved documentation of the method for establishing the limits.
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PRNM Hardware Impact

The only hardware impact is a “disconnect and tie back” of a few terminations to remove
connections which were “‘jumpering out” the OPRM trip outputs, addition of jumpers to connect
the OPRM trip to the annunciator and plant computer inputs, and minor relabeling of one
annunciator window. All jumper removal/addition is accomplished in Panel 2(3)0C037.

BASIS:

PRNM System

The bases for the requested Technical Specification changes are documented in
Section 8.0 of the NUMAC PRNM Licensing Topical Report NEDC-32410P-A including
Supplement 1 (both of which have been approved by the NRC) with the following
exceptions:

Function 2.b APRM Simulated Thermal Power -- High

The Bases text will be expanded to include specific discussion of the “AW” term in the
simulated thermal power high equation, and the limits of applicability of the required
adjustment. This is being added to document the basis for the “offset” and to clarify
that a hardware “clamp” limits the Allowable Value to 64.9% for flow values of W <
AW.

Function 2.e 2-out-of-4 Voter

The Bases text for Function 2.e will be modified slightly differently from that shown in
the NUMAC PRNM LTR. The LTR Discussion of “partial operability” related to the
separate voting of the APRM High/Inop and the OPRM Upscale function will not be
included. Deletion of this discussion is conservative and provides simplicity based on
the determination that the added alternatives discussed in the LTR are complicated to
evaluate and are very unlikely to ever be applied. However, discussion will be added
to clarify that the “APRM Interface” part of the 2-out-of-4 Logic Module hardware is
separate from the voter functions, and that inoperability of APRM Interface only
hardware does not necessitate declaring the voter function inoperable. Specific
examples are inoperable APRM Interface output modules, which might affect only
annunciator functions or even rod block functions, but which do not affect any of the
RPS functions and should not require entering an RPS LCO.

Function 2.

The specific number of LPRMs per OPRM cell, the minimum required number of
LPRMs for an OPRM cell to be considered OPERABLE, and the minimum number of
OPRM cells required to be OPERABLE for an OPRM channel to be considered
OPERABLE are identified as plant specific values in the NUMAC PRNM LTRs with no
specific criteria on selection or calculation of the values. The NUMAC LTR also does
not discuss the specific assignment of LPRMs to OPRM cells or any criteria for those
assignments. The NRC approved BWROG Topical Reports, NEDO-31960-A, “BWR
Owner’s Group Long-Term Stability Solutions Licensing Methodology” including
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Supplement 1, November 1995 and NEDO-332465-A, “Reactor Stability Detect and
Suppress Solutions Licensing Basis Methodology for Reload Application, August 1996,
provide the criteria related to determination of those values.

Based on the criteria in the BWROG LTRs, PBAPS has selected an LPRM-to-OPRM
Cell assignment pattern that includes either 3 or 4 LPRMs per OPRM cell, depending
on where the cell is located in the core. This selection meets the criteria in the
BWROG LTRs. Similarly, PBAPS has selected 2 LPRMs as the minimum required
per OPRM cell for OPRM cell operability. Based on these two PBAPS selected
aspects of the OPRM system, cell assignments and minimum number of LPRMs per
cell, GE has performed an analysis for Unit-2 in accordance with the methodology
defined in the BWROG LTRs to establish the period based detection algorithm
(PBDA) trip setpoint limit criteria. An assessment will be performed to validate the
applicability of the Unit-2 analysis to Unit -3. The setpoint values will be documented
in the COLR prior to trip activation. Also, based on the PBAPS selected cell
assignments and minimum number of LPRMs per cell, GE has performed analyses to
establish a recommended minimum of 25 OPRM cells required for OPRM channel
operability. The minimum number of LPRMs per cell, and minimum required OPRM
cells are included in the PBAPS specific Tech Spec Bases markups.

The bases description of the OPRM power level for operability (25% RTP) and for “trip
enable” (30% RTP, 60% rated flow) has been modified somewhat from the NUMAC
LTR version for clarity. There is no technical change from the intent. These values
are identified as plant-specific in the NUMAC PRNM LTRs. Based on a BWROG
Letter to the NRC providing background and guidance (the letter is included as a
reference in the SR 3.3.1.1.19 Bases), PBAPS has selected the above values. The
values will be treated as nominal values with no additional margin added to determine
the actual setpoints to be entered in the equipment.

Action 1.2

The PBAPS Required Action 1.2 differs from that shown in the NUMAC PRNM LTRs in
that an LCO 3.0.4 “exception” is identified. The LCO 3.0.4 exception is consistent with
the intent of the original Required Action 1.2, which was to allow 120 days to resolve a
significant OPRM design issue. However, as written in the LTR, plant restart during
the 120-day Completion Time would not be allowed by LCO 3.0.4. The PBAPS TS
Bases description has been expanded from that in the NUMAC LTR to address the
inclusion of the LCO 3.0.4 exception.

Channel Functional Test, SR 3.3.1.1.11

The bases description for PBAPS has been modified slightly from that in the NUMAC
LTR to clarify that this SR coverage of the recirculation flow loop function also
supports the automatic trip enable function in the OPRM. In addition, a notation has
been included to clarify that the actual OPRM trip auto-enable setpoints are confirmed
by SR 3.3.1.1.19, not 3.3.1.1.11.
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Channel Calibration, SR 3.3.1.1.12

The NUMAC PRNM LTRs identify no specific changes to the Channel Calibration
Bases. However, reviews associated with the OPRM Upscale Technical Specification
changes identified a concern that the SR 3.3.1.1.12 Bases discussion of the flow
channel calibration requirements previously added (to support the APRM Simulated
Thermal Power — High function channel calibration) was not clear. [n addition, the
Bases should identify that the flow channel calibration also applies to the OPRM
Upscale function (auto-enable of the trip). To address these issues and assure that
the flow channel calibration requirements are correctly and completely understood, the
SR 3.3.1.1.12 Bases discussion related to flow channel calibration will be expanded.
That expanded discussion will also clarify that SR 3.3.1.1.12 includes the once-per-
cycle drive flow / core flow correlation adjustment. [Note: The NUMAC PRNM LTR
Bases discussion includes only the statement that the APRM Simulated Thermal
Power — High Function channel calibration includes the flow channel. The NUMAC
PRNM LTR Bases discussions do not address the applicability of the flow channel
calibration to the OPRM Upscale, or include any additional discussion of the flow
channel calibration specifics.]

The Bases section that includes SR 3.3.1.1.12 also includes three other non-related
Channel Calibration SRs. The section has been reorganized somewhat to improve
the flow of the discussion and reduce the risk of confusion.

Confirmation of OPRM trip enable setpoints, SR 3.3.1.1.19

The bases description of this SR has been reworded somewhat from that in the
NUMAC LTR to clarify that the surveillance is only a confirmation of setpoints, that the
setpoints are considered “nominal”’ (reference to a BWROG letter supporting this
position has been added), and that the APRM STP/THERMAL POWER and core
flow/recirculation flow correlations are confirmed by SR 3.3.1.1.2 and SR 3.3.1.1.12,
respectively. Some additional rewording has been done to clarify the intent of the SR
and to identify alternate actions available to satisfy the SR.

Response Time Testing Surveillance Requirements

The LTR describes response time testing including the APRM “sensors”. PBAPS,
per SR 3.3.1.1.18, is only required to verify response time testing of the RPS logics
(NRC SERs dated October 14, 1999 [Unit 3] and August 1, 2000 [Unit 2]).
Therefore, the changes included in the LTR that relate to response time testing of
the PRNM electronics and logic are not applicable to PBAPS, and no change to SR
3.3.1.1.18 is required for the OPRM Upscale addition.

Safety Assessment

The OPRM trip actuation phase of PBAPS Modification P0O0507 and its associated Technical
Specification changes will not adversely affect the ability of the RPS to perform its intended
function. The significant change in this phase of the modification involves removing jumpers
across the existing OPRM trip outputs to RPS. The Surveillance Requirements and their
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frequency of performance will assure reliability of the OPRM portion of the PRNM systems.

The modification replaces procedural actions (ICAs) with an NRC approved automatic detection
and suppression function which provides an RPS trip input if acceptable reactor operational
limits are exceeded. Therefore, the proposed modifications and associated TS changes will not
adversely affect the health and safety of the public.

Information Supporting a Finding of No Significant Hazards Consideration

We have concluded that the changes to the Peach Bottom Atomic Power Station (PBAPS)
Units 2 and 3 Technical Specifications (TS), which will revise TS Sections 3.3.1.1, “Reactor
Protection System Instrumentation” and 3.4.1, “Recirculation Loops Operating Reporting
Requirements” and their associated TS Bases and TS Section 5.6.5 for COLR contents to
support the activation of the Oscillation Power Range Monitor (OPRM) automatic trip function in
the Power Range Neutron Monitoring (PRNM) system do not involve a Significant Hazards
Consideration. The proposed change also deletes the Interim Corrective Action requirements
from the Recirculation Loops Operating Technical Specification. This also does not involve a
Significant Hazards Consideration. In support of this determination, an evaluation of each of
the three (3) standards set forth in 10 CFR 50.92 is provided below.

1. The proposed TS changes do not involve a significant increase in the probability or
consequences of an accident previously evaluated.

This modification has no impact on any of the existing PRNM functions. It connects the
OPRM trip function to the RPS; connects the associated trip alarm to the annunciator
circuitry; updates the Technical Specifications to add the OPRM-related functions and to
delete Interim Corrective Actions (ICAs) related requirements; and revises affected
procedures.

Plant operation in portions of the former restricted region may cause an increase in the
probability of occurrence of an instability. This potential increase in probability is acceptable
because the OPRM function will automatically detect the condition and initiate a reactor
scram before the Minimum Critical Power Ratio (MCPR) Safety Limit is reached. Because
of the more reliable detection of an instability event, should it occur, the automatic scram if
preset limits are exceeded and the elimination of dependence on the operator, the
consequences of an instability event are not increased with this modification due to the
slight increase in the probability of the occurrence of an instability event.

Based on the above discussion, the OPRM trip actuation phase of PBAPS Modification
P00507 does not involve a significant increase in the probability or consequences of an
accident previously evaluated.
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2. The proposed TS changes do not create the possibility of a new or different kind of
accident from any accident previously evaluated.

The modification replaces, with an NRC approved automatic detect and suppress function
(OPRM), procedural actions (ICAs) that were established to avoid operating conditions
where reactor instabilities might occur and to manually detect instabilities by observing
neutron flux signals.

Enabling the OPRM Upscale trip implements the long-term stability solution required by
Generic Letter 94-02. The PRNM hardware incorporates the Option Il detect and suppress
solution reviewed and approved by the NRC. The OPRM meets GDC 10 and 12
requirements by automatically detecting and suppressing design basis thermal-hydraulic
oscillations prior to exceeding the fuel MCPR Safety Limit.

The current plant design utilizing the ICAs depends on operator action to, if possible, avoid
regions where instability may occur, to exit such regions when necessary, and to detect an
actual instability and take mitigating action by manual means. The modification replaces
procedural actions (ICAs) with an NRC approved automatic detect and suppress function
(OPRM). The OPRM function includes sophisticated algorithms that can automatically
detect an instability condition and provide an RPS trip input if the oscillation magnitude
exceeds acceptable limits.

The OPRM function is capable of more quickly and reliably detecting a true reactor
instability than was possible with the manual procedures. The OPRM also provides a scram
trip only if an actual instability is detected while the current ICAs require reactor shutdown if
the plant is in a condition that may result in an instability, regardless of whether or not an
instability occurs. Extensive analyses performed by the BWROG and reviewed and
approved by the NRC demonstrate that the OPRM can detect reactor instabilities and
initiate a scram trip before the MCPR safety limit is exceeded, thus maintaining the integrity
of the fuel.

Potential failures in the OPRM Upscale function could result in either failure to take the
required mitigating action or an unintended reactor scram which are the same potential
effects of failure of the operator to take the correct appropriate action under the current
ICAs. The net effect of the modification is to change the method by which an instability
event is detected, and by which mitigating action is initiated but does not change the type of
stability event that could occur. The effects of failure of the OPRM equipment are limited to
reduced or failed mitigation, but such failure cannot cause an instability event or other type
of accident. Therefore, since no radiological barrier will be challenged as a result of
activating the OPRM trip function, it is concluded that this activity will not increase the
consequences of an accident previously evaluated nor can OPRM failure cause an accident
of a kind not previously evaluated.

Based on the above discussion, the OPRM trip activation phase of PBAPS Modification
P00507 will not create the possibility of a new or different kind of accident from any accident
previously evaluated.
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3. The proposed TS changes do not involve a significant reduction in the margin of safety.

The current safety analyses assume that the existing ICA related Technical Specification
requirements are adequate to prevent an instability event. As a result, there is currently no
quantitative or qualitative assessment of an instability event with respect to its impact on
MCPR.

The OPRM trip function is being implemented to automate the detection (via direct
measurement of neutron flux) and subsequent suppression (via scram) of an instability
event prior to exceeding the MCPR Safety Limit. The OPRM trip provides a trip output of
the same type as currently used for the APRM. lis failure modes and types are identical to
those for the present APRM output. Currently, the MCPR Safety Limit is not impacted by an
instability event since the event is “mitigated” by manual means via the ICAs, which prevent
plant operating conditions where an instability event is possible. In both methods of
mitigation (manual and automated), the margin of safety associated with the MCPR Safety
Limit is maintained.

Therefore, based on the fact that the MCPR Safety Limit will not be exceeded as a resuit of
an instability event following implementation of the OPRM trip function in place of the
existing manual ICAs, it is concluded that the proposed change does not reduce the margin
of safety.

Therefore, based on the above discussion the OPRM trip activation phase of PBAPS
Modification PO0507 does not result in a significant reduction in the margin of safety.

Information Supporting an Environmental Assessment

An Environmental Assessment is not required for the changes proposed by this Technical
Specifications Change Request because the requested changes to the Peach Bottom Atomic
Power Station (PBAPS), Units 2 and 3, TS conform to the criteria for “actions eligible for
categorical exclusion” as specified in 10 CFR 51.22 (¢)(9). The requested changes will have no
impact on the environment. The proposed changes do not involve a Significant Hazards
Consideration as discussed in the preceding section. The proposed changes do not involve a
significant change in the types, or a significant increase in the amounts, of any effluents that
may be released offsite. In addition, the proposed changes do not involve a significant increase
in individual or cumulative occupational radiation exposure.

Conclusion
The Plant Operations Review Committee and the Nuclear Safety Review Board have reviewed

and concurred with these proposed changes to the Peach Bottom Atomic Power Station
(PBAPS), Units 2 and 3, Technical Specifications.
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RPS Instrumentation
3.3.1.1

3.3 INSTRUMENTATION

3.3.1.1 Reactor Protection System (RPS) Instrumentation

Lco 3.3.1.1 The RPS instrumentation for each Function in Table 3.3.1.1-1
shall be OPERABLE.

APPLICABILITY: According to Table 3.3.1.1-1.

ACTIONS

‘PBAPS UNIT 2

3.3-1

CCNDITION REQUIRED ACTION COMPLETION TIME
A. One or more required A.l Place channel in 12 hours
channels inoperable. trip.
OR
A.2 NOTE 12 hours
Not applicable for
Functions 2.a, 2.b,
{ 2.c, ot 2.4/, or 2.8 .>
Place associated trip
system in trip.
NOTE B.1 Place channel in one 6 hours
Not applicable for trip system in trip.
Functions 2.a, 2.b,
2.c, o¥2.dy or 2A L OR
One or more Functions B.2 Place one trip system | 6 hours
with one or more in trip.
required channels
inoperable in both
trip systems.
(continued)

Amendment No. 232
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ACTICNS (continued)
CONDITION REQUIRED ACTION CCMPLETION TIME
H. "As required by H.1 Initiate action to Immediately
Required Action D.1 fully insert all
and refsrenced in insertable controil
Table 3.3.1.1-1. rods in core calls
containing one or
more fuel assemblies.

SURVEILLANCE REQUIREMENTS

1. Refar to Table 3.3.1.1-1 to determine which SRs apply for each RPS
Function.

2. When a channel is placed in an inoperable status solely for performance of
required Surveillances, entry into associated Conditions and Required
Actions may be delayed for up to 6 hours provided the associated Function
maintains RPS trip capability.

- D e . R A P 4P P T A P e R D P D R R AP R M W A D R D R D T A R W D D D W D W WD N D D D A e S R A e e e

SURVEILLANCE FREQUENCY
SR 3.3.1.1.1  Perform CHANNEL CHECK. ' 12 hours
SR 3.3.1.1.2  cecmccccmcmmm———a- NOTE--=-===cmmmmmmmmee

Not required to be performed until 12
hours after THERMAL POWER = 25% RTP.

Verify the absolute difference between 7 days
the average power range monitor (APRM)
channels and the calculated power is

=< 2% RTP while operating at = 25% RTP.

(continued)

Amendmant No. 210

a8
h
[

PBAPS UNIT 2 3.3
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J.  Required Action and
associated Completion Time
of Condition | not met.

<25% RTP.

Page
TECH SPEC MARKUP
INSERT 1:
I As required by Required .1 Initiate alternate method to detect 12 hours
Action D.1 and referenced in and suppress thermal hydraulic
Table 3.3.1.1-1. instability oscillations.
AND
1.2 NOTE
LCO 3.0.4 is not applicable.
Restore required channels to 120 days
OPERABLE.
J.1  Reduce THERMAL POWER to 4 hours
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SURVEILLANCE REQUIREMENTS (continued)
SURVEILLANCE FREQUENCY
SR 3.3.1.1.9 Perform CHANNEL FUNCTIONAL TEST. 92 days
SR 3.3.1.1.10 ) R
Radiation detectors are excluded
Perform CHANNEL CALIBRATION 92 days
SR 3.3.1.1.11 = NOTES---———-ccmmemm o
1. For Function 2.a, not required to be
performed when entering MODE 2 from
MODE 1 until 12 hours after entering
MODE 2.
n
2. For FunctxonAZ b5 the CHANNEL
FUNCTIONAL TEST 1nc1udes the
recirculation flow input processing,
excluding the flow transmitters.
Perform CHANNEL FUNCTIONAL TEST. 184 days
SR 3.3.1.1.12 --- --NOTES -
1. Neutron detectors are excluded.
2. For Function 1, not required to be
performed when entering MODE 2 from
MODE 1 until 12 hours after entering
MODE 2.
@
3. For Function,2.b; the recirculation
flow transm1tters that feed the APRMs
are included.
Perform CHANNEL CALIBRATION. 24 months
(continued)

PBAPS UNIT 2

t

3.3-5

Amendment No. 232
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SURVEILLANCE REQUIREMENTS (continued)
SURVEILLANCE FREQUENCY
SR 3.3.1.1.13 Verify Turbine Stop Valve-Closure and 24 months
Turbine Control Valve Fast Closure, Trip
0i1 Pressure~Low Functions are not
bypassed when THERMAL POWER is 2> 30% RTP.
SR 3.3.1.1.14 Perform CHANNEL FUNCTIONAL TEST. 24 months
SR 3.3.1.1.15  Perform CHANNEL CALIBRATICN. 24 months
SR 3.3.1.1.16 Calibrate each radiation detector. 24 months
SR 3.3.1.1.17 Perform LOGIC SYSTEM FUNCTIONAL TEST. 24 months
SR 3.3.1.1.18 Verify the RPS RESPONSE TIME is within 24 months

Timits.

PBAPS UNIT 2 3.3-6

Amendment No. 232
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INSERT 2:

SR 3.3.1.1.19 Verify OPRM is not bypassed when APRM Simulated 24 months
Thermal Power is > 30% and recirculation drive fiow is
< 60%.
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lnlﬁ“ls Reactor Protection System Instrumentation
APPLICABLE CONDITICNS
MODES OR REQUIRED  REFERENCED
OTHER CHANNELS FROM
SPECIFIED  PER TRiP REQUIRED SURVEILLANCE ALLOWABLE
FUNCTION CONDITIONS  SYSTEM ACTION D.1 REQUIREMENTS VALUE
1. Wide Range Neutron
Mconitors
a. Period-Short 2 3 G SR 3.3.1.1.1 2 13 seconds
SR 3.3.1.1.5
SR 3.3.1.1.12
SR 3.3.1.1.17
SR 3.3.1.1.18
5¢a) 3 H SR 3.3.1.1.1 2 13 seconds
SR 3.3.1.1.6
SR 3.3.1.1.12
SR 3.3.1.1.17
SR 3.3.1.1.18
b. Inop 2 3 G SR 3.3.1.1.5 NA
SR 3.3.1.1.17
5¢a) 3 H SR 3.3.1.1.6 NA
SR 3.3.1.1.17
2. Average Power Range
Monitors
a. Neutren Flux-High 2 3(°) G SR 3.3.1.1.1 £ 15.0% RTP
(Setdown) SR 3.3.1.1.8
SR 3.3.1.1.11
SR 3.3.1.1.12
b. Simulated Thermal 1 3(ed F SR 3.3.1.1.1 < 0.66 W
Power-High SR 3.3.1.1.2 + 64.9% rTP(D?
and < 118.0%
RTP
SR 3.3.1.1.8
SR 3.3.1.1.11
| SR 3.3.1.1.12
I c. Neutron Flux-High 1 3¢e) F SR 3.3.1.1.1 < 119.7% RTP
SR 3.3.1.1.2
| SR 3.3.1.1.8
sR 3.3.1.1.11
| SR 3.3.1.1.12
| d. Inop 1,2 3(e) G SR 3.3.1.1.11 NA
INSERT e. 2-0ut-0f-4 Voter 1,2 2 G SR 3.3.1.1.1 NA
2 SR 3.3.1.1.11
SR 3.3.1.1.17
SR 3.3.1.1.18
(continued)

(a) With any control rod withdrawn from a core cell containing one or more fuel assemblies.

I (b) G;in&s-w—v-6¢f9%—-—9=66-&" RTP when reset for single loop operation per LCO 3.4.1, "Recirculation Loops

Operating.™

l (c) Each APRM channel provides .inputs to both trip systems.

@W’ @(w-aw)+64.‘3%

PBAPS UNIT 2 3.3-7 Amendment No. 232
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f. OPRM Upscale 2> 25% 3@ | SR 3.3.1.1.1 NA©@
RTP SR 3.3.1.1.8
SR 3.3.1.1.11
SR 3.3.1.1.12
SR 3.3.1.1.19
INSERT 3A:

(d) See COLR for OPRM period based detection algorithm (PBDA) setpoint limits.



3.4 REACTOR COOLANT SYSTEM (RCS)

3.4.1 Recirculation Loops Operating

LCO 3.4.1

APPLICABILITY:

PBAPS UNIT 2

Recirculation Loops Operating
3.4.1

PBECR 79-090/5  Rev
Attachment Page @4 of
Dwg

Sht Rev

initials

Two recirculation loops with matched flows shall be in

OR

of/Fi

operﬁtic2;¥i§2f§§;$§:%§zn%§;iffuur ié. : TT_Buﬁ[/PEEER:%fj

2t
re/3,4.1 aﬁgﬂAi Hfthe following Timits applied when

the associate& LCO is applicable:

a.

LCO 3.2.1, "AVERAGE PLANAR LINEAR HEAT GENERATION RATE
(APLHGR)," single loop operation limits specifig in the
COLR;

LCO 3.2.2, "MINIMUM CRITICAL POWER RATIO (MCPR)," single
loop operation limits specified in the COLR; and

LCO 3.3.1.1, "Reactor Protection System (RPS)
Instrumentation," Function 2.b (Average Power Range
Monitors Simulated Thermal Power-High), Allowable Value
of Table 3.3.1.1-1 is reset for single loop operation.

NOTE---

Required 1imit modifications for single recirculation loop
operation may be delayed for up to 12 hours after transition
from two recirculation loop operation to single
recirculation Toop operation.

MODES 1 and 2.

3.4-1 Amendment No. 232



Recirculation Loops Operating

3.4.1

EQUIRED ACTION / C/OP{PLETION ; IME

1 hour

AND

noise levels.

Oncg per 8 houys
thgreafter

B./ Required Action/and
assocyated Completion
Time/of Condition A

2 houfs

One yecirculatign loop

PN

hoyrs

4 hoMdrs

Inérease core fiow £o
39% of rated coye

PBAPS UNIT 2

PB ECR 27-2°°/5

/
VA i

Rev

Attachment Page 62 of

Dwg
Sht Rev
initials
3.4-2 Amendment No. 210
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ACTIONS (continuea)
CONDITION REQUIRED ACTION COMPLETICON TIME
( A
&-. Reguirements of the BT i> Satisfy the 24 hours
LCO not met ff requirements of the
2N
onditions A, B, Gy
d B~
®. /2 )
&~ /Required Action and EA Be in MODE 3. 12 hours

associated Compietion
Time of Condition
not met.

oOr

——

ég;) No recirculation loops
in operation.

PBAPS UNIT 2

3.4

3

Amendment No. 210
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SURVEILLANCE REQUIREMENTS

W

SURVEILLANCE FREQUENCY

SR '3.4.1.1  -e----ceeommeomoeoo- NOTE--=-=-evmmmeccmmemm-
Not reguired to be performed until 24 hours

after both recirculation loops are in
operation.

- - a0 - - T D 4P D YR W D W W P NS W e W A S S

Verify recirculation loop jet pump fiow 24 hours
mismatch with both recirculation loops in
operation is:

a. =10.25X m: 1bm/hr when operating at
< 71.75 X 10° 1bm/hr; and

< 5.125 X 10: 1bm/hr when operating at
> 71.75 X 10° lbm/hr.

e

PBAPS UNIT 2 3.4

4 Amendment No. 210
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Core Flow/{%Rated)

Figure 3/4.1-1 (page”l of 1)

PBAPS UNIT 2 3.4-5 Amendment No. 210
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APPLICABLE 1.b. Wide Range Neutron Monitor—Inop (continued)
SAFETY AMALYSES,
LCO, and Six channels of the Wide Range Neutron Monitor —Inop
APPLICABILITY Function, with three channels in each trip system, are

required to be OPERABLE to ensure that no single instrument
failure will preciude a scram from this Function on a valid
signal. Since this Function is not assumed in the safety
analysis, there is no Allowable Value for this Function.

This Function is required to be OPERABLE when the Wide Range
Neutron Monitor Period-Short Function is required.

Average Power Range Monitor (APRM)

The APRM channels provide the primary indication of neutron
flux within the core and respond almost instantaneously to
neutron flux increases. The APRM channels receive input
signals from the local power range monitors (LPRMs) within
the reactor core to provide an indication of the power
distribution and local power changes. The APRM channels
average these LPRM signals to provide a continuous
indication of average reactor power from a few percent to

greater than RTP.4L__{:I:I;z§;;;TTQZ)

The APRM System is divided into four APRM channels and four
2-out-of-4 voter channels. Each APRM channel provides
inputs to each of the four voter channels. The four voter
channels are divided into two groups of two each, with each
group of two providing inputs to one RPS trip system. The

system is designed to allow one APRM channel, but no voter —_
channels, to be bypassed. A trip from any one unbypassed jngffi
Y

APRM will result in a "half-trip" in all four of the voter
channels, but no trip inputs to either RPS trip system. e

trip from any two unbypassed APRM channels will result in a

full trip in each of the four voter channels, which in turn
results in two trip inputs into each RPS trip system¥ thus —
resulting in a full scram signal. s Three of the four APRM (INSEx

channels and all four of the voter channels are required to e
be OPERABLE to ensure that no single failure will preclude a
scram on a valid signal. In addition, to provide adequate
coverage of the entire core, consistent with the design

bases for the APRM,fumctions’” at least 20 LPRM inputs, with

(inseer )

i
|
|

at ieast three LPRM inputs from each of the four axial
levels at which the LPRMs are located, must be operable for
each APRM channel, and the number of LPRM inputs that have
become inoperable (and bypassed) since the last APRM
calibration (SR 3.3.1.1.2) must be less than ten for each
APRM channe].lg

(continued)

PBAPS UNIT 2

B 3.3-7 Revision No. 36
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INSERT 4:

Each APRM also includes an Oscillation Power Range Monitor (OPRM) Upscale Function which monitors
small groups of LPRM signals to detect thermal-hydraulic instabilities.

INSERT 5:

APRM trip Functions 2.a, 2.b, 2.c, and 2.d are voted independently from OPRM Upscale Function 2.f.
Therefore, any Function 2.3, 2.b, 2.c, or 2.d

INSERT 6:
logic channel (A1, A2, B1, and B2)

INSERT 7:

Similarly, a Function 2.f trip from any two unbypassed APRM channels will result in a full trip from each of
the four voter channels.

INSERT 8:
Functions 2.a, 2.b, and 2.c

INSERT 9:

For the OPRM Upscale, Function 2.f, LPRMs are assigned to “cells” of 3 or 4 detectors. A minimum of 25
cells, each with a minimum of 2 LPRMs, must be OPERABLE for the OPRM Upscale Function 2.f to be

OPERABLE.
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APPLICABLE 2.a. Average Power Range Monitor Neutron Flux-Hiah
SAFETY ANALYSES, (Setdown) (continued)
LCO, and
APPLICABILITY For operation at low power (i.e., MODE 2), the Average Power

Range Monitor Neutron Flux-High (Setdown) Function is
capable of generating a trip signal that prevents fuel
damage resulting from abnormal operating transients in this
power range. For most operation at low power levels, the
Average Power Range Monitor Neutron Flux-High (Setdown)
Function will provide a secondary scram to the Wide Range
Neutron Monitor Period-Short Function because of the
relative setpoints. At higher power levels, it is possible
that the Average Power Range Monitor Neutron Flux-High
(Setdown) Function will provide the primary trip signal for
a corewide increase in power.

No specific safety analyses take direct credit for the
Average Power Range Monitor Neutron Flux-High (Setdown)
Function. However, this Function indirectly ensures that
before the reactor mode switch is placed in the run
position, reactor power does not exceed 25% RTP (SL 2.1.1.1)
when operating at low reactor pressure and lTow core flow.
Therefore, it indirectly prevents fuel damage during
signif;cant reactivity increases with THERMAL POWER

< 25% RTP.

The Allowable Value is based on preventing significant
increases in power when THERMAL POWER is < 25% RTP.

The Average Power Range Monitor Neutron Flux-High (Setdown)
Function must be OPERABLE during MODE 2 when control rods
may be withdrawn since the potential for criticality exists.
In MODE 1, the Average Power Range Monitor Neutron Flux-High
Function provides protection against reactivity transients
and the RWM and rod block monitor protect against control
rod withdrawal error events.

2.b. Average Power Range Monitor Simulated Thermal
Power-Hiah

The Average Power Range Monitor Simulated Thermal Power-High
Function monitors average neutron flux to approximate the
THERMAL POWER being transferred to the reactor coolant. The
APRM neutron flux 1s electronically filtered with a time
constant representative of the fuel heat transfer dynamics
to generate a signal proportional to the THERMAL POWER in
the reactor. The trip level is varied as a function of
recirculation drive flow (i.e., at lower core flows, the
setpoint is reduced proportional to the reduction in power
experienced as core flow is reduced with a fixed control rod

i pattern) but is clamped at an upper limit that is always
| Tower than the Average Power Range Monitor Neutron Flux-High
| Function Allowable Va1u§;‘9

(continued)
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A note is included, applicable when the plant is in single recirculation loop operation per LCO 3.4.1, which
requires the flow value, used in the Allowable Value equation, be reduced by AW. The value of AW is
established to conservatively bound the inaccuracy created in the core flow/drive flow correlation due to
back flow in the jet pumps associated with the inactive recirculation loop. The allowable value thus
maintains thermal margins essentially unchanged from those for two loop operation. The value of AW is
plant specific and is defined in plant procedures. The allowable value equation for single loop operation is
only valid for flows down to W = AW, the allowable value does not go below 64.9% RTP. This is acceptable
because back flow in the inactive recirculation loop is only evident with drive flows of approximately 35% or

greater (Reference 19).
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APPLICABLE 2.d. Average Power Range Monitor — Inep
SAFETY ANALYSES,
LCO, and Three of the four APRM channels are required to be OPERABLE
APPLICABILITY for sach of the APRM Functions. This Function (Inop)
(continued) provides assurance that the minimum number of APRM channels

are OPERABLE.

For any APRM channel, any time its mode switch is not in the
"Operate” position, an APRM module required to issue a trip
is unplugged, or the automatic self-test system detects a
critical fault with the APRM channel, an Inop trip is sent
to all four voter channels. Inop trips from two or more
4APRM channels result in a trip output from each

of the four voter channels to it’s associated trip systam.
This Function was not specifically creditad in the accident
analysis, but it is retained for the overall redundancy and
diversity of the RPS as required by the NRC approved
licensing basis.

There is no Allowable Value for this Function.

This Function is required to be OPERABLE in the MODES where
the APRM Functions are required.

2.e. 2-0ut-0f-4 Voter

The 2-Qut-0f-4 Voter Function provides the interface between
the APRM Functionssand the final RPS trip system logic. As

Qsewt Sy

such, it is required to be OPERABLE in the MODES where the
APRM Functions are required and is necessary to support the
safety analysis applicable to each of those Functions.
Therefore, the 2-Out-0f-4 Voter Function needs to be
OPERABLE in MODES 1 and 2.

A1l four voter channels are required to be OPERABLE. Each
voter channel includes self-diagnostic functions. If any
voter channel detects a critical fault in its own
processing, a trip is issued from that voter channel to the

associated trip system.
(rsent Dy—e %

There is no Allowable Value for this Function.
CT;IE;;;;;~F3:>‘_*9 (continued)
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, including the OPRM Upscale Function,

INSERT 11:

The Two-Out-Of-Four Logic Module includes 2-Out-Of-4 Voter hardware and the APRM Interface hardware.
The 2-Out-Of-4 Voter Function 2.e votes APRM Functions 2.3, 2.b, 2.c, and 2.d independently of Function
2 f. This voting is accomplished by the 2-Out-Of-4 Voter hardware in the Two-Out-Of-Four Logic Module.
The voter includes separate outputs to RPS for the two independently voted sets of Functions, each of
which is redundant (four total outputs). The analysis in Reference 12 took credit for this redundancy in the
justification of the 12-hour Completion Time for Condition A., so the voter Function 2.e must be declared
inoperable if any of its functionality is inoperable. The voter Function 2.e does not need to be declared
inoperable due to any failure affecting only the APRM Interface hardware portion of the Two-Out-Of-Four

Logic Module.
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2.f. Oscillation Power Range Monitor (OPRM) Upscale

The OPRM Upscale Function provides compliance with 10 CFR 50, Appendix A, General Design Criteria
(GDC) 10 and 12, thereby providing protection from exceeding the fuel MCPR safety limit (SL) due to
anticipated thermal-hydraulic power oscillations.

References 14, 15 and 16 describe three algorithms for detecting thermal-hydraulic instability related neutron
flux oscillations: the period based detection algorithm, the amplitude based algorithm, and the growth rate
algorithm. All three are implemented in the OPRM Upscale Function, but the safety analysis takes credit only
for the period based detection algorithm. The remaining algorithms provide defense in depth and additional
protection against unanticipated oscillations. OPRM Upscale Function OPERABILITY for Technical
Specification purposes is based only on the period based detection algorithm.

The OPRM Upscale Function receives input signals from the local power range monitors (LPRMs) within
the reactor core, which are combined into “ceils” for evaluation by the OPRM algorithms. Each channel is
capable of detecting thermal-hydraulic instabilities, by detecting the related neutron flux oscillations, and
issuing a trip signal before the MCPR SL is exceeded. Three of the four channels are required to be

OPERABLE.

The OPRM Upscale trip is automatically enabled (bypass removed) when THERMAL POWER is 2 30%
RTP, as indicated by the APRM Simulated Thermal Power, and reactor core flow is < 60% of rated flow, as
indicated by APRM measured recirculation drive flow. This is the operating region where actual thermal-
hydraulic instability and related neutron flux oscillations may occur (Reference 18). These setpoints, which
are sometimes referred to as the “auto-bypass” setpoints, establish the boundaries of the OPRM Upscale
trip enabled region. The APRM Simulated Thermal Power auto-enable setpoint has 1% deadband while the
drive flow setpoint has a 2% deadband. The deadband for these setpoints is established so that it
increases the enabled region.

The OPRM Upscale Function is required to be OPERABLE when the plant is at = 25% RTP. The 25% RTP
level is selected to provide margin in the unlikely event that a reactor power increase transient occurring
while the plant is operating below 30% RTP causes a power increase to or beyond the 30% APRM
Simulated Thermal Power OPRM Upscale trip auto-enable setpoint without operator action. This
OPERABILITY requirement assures that the OPRM Upscale trip auto-enable function will be OPERABLE

when required.

An OPRM Upscale trip is issued from an APRM channel when the period based detection algorithm in that
channel detects oscillatory changes in the neutron flux, indicated by the combined signais of the LPRM
detectors in a cell, with period confirmations and relative cell amplitude exceeding specified setpoints. One
or more cells in a channel exceeding the trip conditions will result in a channel trip. An OPRM Upscale trip
is also issued from the channel if either the growth rate or amplitude based algorithms detect oscillatory
changes in the neutron flux for one or more cells in that channel.

There are four “sets” of OPRM related setpoints or adjustment parameters: a) OPRM frip auto-enable
setpoints for STP (30%) and drive flow (60%); b) period based detection algorithm (PBDA) confirmation
count and amplitude setpoints; c) period based detection algorithm tuning parameters; and d) growth rate
algorithm (GRA) and amplitude based algorithm (ABA) setpoints.

The first set, the OPRM auto-enable region setpoints, as discussed in the SR 3.3.1.1.19 Bases, are treated
as nominal setpoints with no additional margins added. The settings, 30% APRM Simulated Thermal Power
and 60% drive flow, are defined (limit values) in and confirmed by SR 3.3.1.1.19. The second set, the
OPRM PBDA trip setpoints, are established in accordance with methodologies defined in Reference 16, and
are documented in the COLR. There are no allowable values for these setpoints. The third set, the OPRM
PBDA “tuning” parameters, are established or adjusted in accordance with and controlled by PBAPS
procedures. The forth set, the GRA and ABA setpoints, in accordance with References 14 and 15, are
established as nominal values only, and controlled by PBAPS procedures.
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ACTIONS A.1 and A.2 (continued)

Function’s inoperable channel is in one trip system and the
Function still maintains RPS trip capability (refer to
Required Actions B.1, B.2, and C.1 Bases). If the
inoperable channel cannot be restored to OPERABLE status
within the allowable out of service time, the channel or the
associated trip system must be placed in the tripped
condition per Required Actions A.1 and A.2. Placing the
inoperable channel in trip (or the associated trip system in
trip) would conservatively compensate for the inoperability,
restore capability to accommodate a single failure, and
allow operation to continue. Alternatively, if it is not
desired to place the channel (or trip system) in trip (e.g.,
as in the case where piacing the inoperable channel in trip
would result in a full scram), Condition D must be entered
and its Required Action_taken.

As noted, Action A.2 isinot applicable for APRM Functions
2.a, 2.b, 2.c,2.d,h Inoperability of one required APRM
channel affects both trip systems. For that condition,
Required Action A.l must be satisfied, and is the only
action (other than restoring operability) that will restore
capability to accommodate a single failure. [Incperability
of more than one required APRM channel of the same trip
function results in loss of trip capability and entry into
Condition C, as well as entry into Condition A for each
channel.

B.1 and B.2

Condition B exists when, for any one or more Functions, at
least one required channel is inoperable in each trip -
system. In this condition, provided at least one channel
per trip system is OPERABLE, the RPS still maintains trip
capability for that Function, but cannot accommodate a
single failure in either trip system.

Required Actions B.1 and B.2 limit the time the RPS scram
Jogic, for any Function, would not accommodate single
failure in both trip systems (e.g., one-out-of-one and
one-out-of-one arrangement for a typical four channel
Function). The reduced reliability of this logic
arrangement was not evaluated in References 9, 12 or 13 for
the 12 .hour Completion Time. Within the 6 hour allowance,
the associated Function will have all required channels
OPERABLE or in trip (or any combination) in one trip system.

{continued)
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ACTIONS B.1 and B.2 (continued)

Completing one of these Required Actijons restores RPS to a
reliability level equivalent to that evaluated in

! References 9, 12 or 13, which justified a 12 hour allowable
out of service time as presented in Condition A. The trip
system in the more degraded state should be placed in trip
or, alternatively, all the inoperable channels in that trip
system should be placad in trip (e.g., a trip system with
two inoperable channels could be in a more degraded state
than a trip system with four inoperable channels if the two
inoperable channels are in the same Function while the four
inoperable channels are all in different Functions). The
decision of which trip system is in the more degraded state
should be basad on prudent judgment and take into account
current plant conditions (i.e., what MODE the plant is in).
If this action would result in a scram or RPT, it is
permissible to place the other trip system or its inoperable
channels in trip.

The 6 hour Completion Time is judged acceptable based on the
remaining capability to trip, the diversity of the sensors
available to provide the trip signals, the low probability
of extensive numbers of inoperabilities affecting all
diverse Functions, and the low probability of an event
requiring the initiation of a scram.

Alternately, if it is not desired to place the inoperable
channels (or one trip system) in trip (e.g., as in the case
where placing the inoperable channel or associated trip
system in trip would result in a scram, Condition D must be
entered and its Required Action taken.

As noted, Condition B is)not applicable for APRM Functions
2.a, 2.b, 2.c,@@P2.d,f Inoperability of an APRM channel
affects both trip systems and is not associated with a
specific trip system as are the APRM 2-Qut-0f-4 voter and
other non-APRM channels for which Condition B applies.- For
an inoperable APRM channel, Required Action A.l must be
satisfied, and is the only action (other than restoring

R . operability) that will restore capability to accommodate a
sz‘qawc*“°“ iy single failure. Inoperability ofZmore than one required

; APRM_channel results in loss of trip capabilityfand entry

—\ into Condition C, as well as entry into Condition A for each
' Tov +hat Fuwckaw)channel. Because Condition A and C provide Required Actions
~ that are appropriate for the inoperability of APRM Functions

2.a, 2.b, 2.c,(and2- and these functions are not

/czjgjgjféiij‘ associated with speci%ic trip systems as are the APRM 2-Qut-

Of—? voter and other non-APRM channels, Condition B does not
apply.

{continued)
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(continued)

If the channel(s) is not restored to OPERABLE status or
placed in trip (or the associated trip system placed in
trip) within the allowed Completion Time, the plant must be

~ placed in a MODE or other specified condition in which the

- H.1

T
<::;?EQSER+';;\\%>\\\‘;
— e T >

LCO does not apply. The allowed Completion Times are
reasonable, based on operating experience, to reach the
specified condition from full power conditions in an orderly
manner and without challenging plant system addition,
the Completion Time of Required Actionst.l onsistent
with the Completion Time provided in LCO 3.¢.2, "MINIMUM

CRITICAL POWER -RATIO (MCPR)." //’~% -—~\\\\\>
ARD T, |

~

If the channel(s) is not restored to OPERABLE status or
placed in trip (or the associated trip system placed in
trip) within the allowed Completion Time, the plant must be
placed in a MODE or other specified condition in which the
LCO does not apply. This is done by immediately initiating
action to fully insert all insertable control rods in core
cells containing one or more fuel assemblies. Control rods
in core cells containing no fuel assemblies do not affect
the reactivity of the core and are, therefore, not required
to be inserted. Action must continue until all insertable
control rods in core cells containing one or more fuel
assemblies are fully inserted.

SURVEILLANCE
REQUIREMENTS

As noted at the beginning of the SRs, the SRs for each RPS
instrumentation Function are located in the SRs column of

Table 3.3.1.1-1.

The Surveillances are modified by a Note to indicate that
when a channel is placed in an inoperable status solely for
performance of required Surveillances, entry into associated
Conditions and Required Actions may be delayed for up to

6 hours, provided the associated Function maintains RPS trip
capability. Upon completion of the Surveillance, or
expiration of the 6 hour allowance, the channel must be
returned to OPERABLE status or the applicable Condition
entered and Required Actions taken. This Note is based on
the reliability analysis (Refs. 9, 12 & 13) assumption of
the average time required to perform channel Surveillance.
That analysis demonstrated that the 6 hour testing allowance
does not significantly reduce the probability that the RPS

will trip when necessary.
(continued)
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1.1

If OPRM Upscale trip capability is not maintained, Condition | exists. References 12 and 13
justified use of alternate methods to detect and suppress oscillations for a limited period of time.
The alternate methods are procedurally established consistent with the guidelines identified in
Reference 17 requiring manual operator action to scram the plant if certain predefined events
occur. The 12-hour allowed Completion Time for Required Action 1.1 is based on engineering
judgment to allow orderly transition to the alternate methods while limiting the period of time
during which no automatic or alternate detect and suppress trip capability is formally in place.
Based on the small probability of an instability event occurring at all, the 12 hours is judged to be

reasonable.

1.2

The alternate method to detect and suppress oscillations implemented in accordance with 1.1
was evaluated (References 12 and 13) based on use up to 120 days only. The evaluation,
based on engineering judgment, concluded that the likelihood of an instability event that could
not be adequately handled by the alternate methods during this 120-day period was negligibly
small. The 120-day period is intended to be an outside limit to allow for the case where design
changes or extensive analysis might be required to understand or correct some unanticipated
characteristic of the instability detection algorithms or equipment. This action is not intended and
was not evaluated as a routine alternative to returning failed or inoperable equipment to
OPERABLE status. Correction of routine equipment failure or inoperability is expected to be
normally be accomplished within the completion times allowed for Actions for Condition A.

A note is provided to indicate that LCO 3.0.4 is not applicable. The intent of that note is to allow
plant start-up while within the 120-day completion time for action 1.2. The primary purpose of
this exclusion is to allow an orderly completion of design and verification activities, in the event
of a required design change, without undue impact on plant operation.
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SURVEILLANCE SR 3.3.1.1.9 and SR 3.3.1.1.14 (continued)
REQUIREMENTS

In addition, Function 5 and 7 instruments are not accessible
while the unit is operating at power due to high radiation
and the installed indication instrumentation does not
provide accurate indication of the trip setting. For the
Function 9 channels, verification that the trip settings are
Jess than or equal to the specified Allowable Value during
the CHANNEL FUNCTIONAL TEST is not required since the
instruments are not accessible while the unit is operating
at power due to high radiation and the installed indication
instrumentation does not provided accurate indication of the
trip setting. Waiver of these verifications for the above
functions is considered acceptable since the magnitude of
drift assumed in the setpoint calculation is based on a 24
month calibration interval. The 92 day Frequency of

SR 3.3.1.1.9 is based on the reliability analysis of
Reference 9.

The 24 month Frequency is based on the need to perform this
Surveillance under the conditions that apply during a plant
outage and the potential for an unplanned transient if the
Surveillance were performed with the reactor at power.
Operating experience has shown that thesa components will
pass the Surveillance when performed at the 24 month
Frequency.

: SR 3.3.1.1.10, SR 3.3.1.1.12, SR 3.3.1.1.15,
and SR_3.3.1.1.16

A CHANNEL CALIBRATION is a complete check of the instrument
Joop and the sensor. This test verifies that the channel
responds to the measured parameter within the necessary
range and accuracy. CHANNEL CALIBRATION leaves the channel
adjusted to account for instrument drifts between successive
calibrations, consistent with the current plant specific

setpoint methodology. [SR 373.1.Y 1o, however, S opty
calibralion oF rhe radiation dete ori/ufgye a qdafﬁa
;As noted for SR 3.3.1.1.12, neutron detectors are excluded

' from CHANNEL CALIBRATION because they are passive devices,
with minimal drift, and because of the difficulty of
simulating a meaningful signal. Changes in

(continued)
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INSERT 13a:

As noted for SR 3.3.1.1.10, radiation detectors are excluded from CHANNEL CALIBRATION due to ALARA
reasons (when the plant is operating, the radiation detectors are generally in a high radiation area; the
steam tunnel). This exclusion is acceptable because the radiation detectors are passive devices, with
minimal drift. To complete the radiation CHANNEL CALIBRATION, SR 3.3.1.1.16 requires that the radiation
detectors be calibrated on a once per 24 months Frequency.

The once per 92 days Frequency of SR 3.3.1.1.10 is conservative with respect to the magnitude of
equipment drift assumed in the setpoint analysis. The Frequency of SR 3.3.1.1.16 is based upon the
assumption of a 24-month calibration interval used in the determination of the equipment drift in the setpoint

analysis.
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SURVEILLANCE SR_3.3.1.1.10. SR 3.3.1.1.12, SR 3.3.1.1.15.
REQUIREMENTS and SR 3.3.1.1.16 (continued)

neutron detector sensitivity are compensated for by
performing the 7 day calorimetric calibration (SR 3.3.1.1.2)
) and the 1000 MWD/T LPRM caiibration against the TIPs
s ensT S /(SR 3.3.1.1.8).p A second note is provided for SR 3.3.1.1.12
S LEn that allows tﬁE'wRNM SR to be performed within 12 hours of
entering MODE 2 from MODE 1. Testing of the MODE 2 WRNM
Functions cannot be performed in MODE 1 without utilizing
Jjumpers, lifted Teads or movable links. This Note allows
entry into MODE 2 from MODE 1, if the 24 month Frequency is
not met per SR 3.0.2. Twelve hours is based on operating
experience and in consideration of providing a reasonable
time_in which to comp1ete the SR l F

"II!IIEIIIIIIIIII’—!;Q3.3.1.1.11

! A CHANNEL FUNCTIONAL TEST is performed on each required
; channel to ensure that the entire channel will perform the
(continued)
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A third note is provided for SR 3.3.1.1.12 that includes in the SR the recirculation flow (drive flow)
transmitters, which supply the flow signal to the APRMs. The APRM Simulated Thermal Power-High
Function (Function 2.b) and the OPRM Upscale Function (Function 2.f), both require a valid drive flow
signal. The APRM Simulated Thermal Power-High Function uses drive flow to vary the trip setpoint. The
OPRM Upscale Function uses drive flow to automatically enable or bypass the OPRM Upscale trip output to
RPS. A CHANNEL CALIBRATION of the APRM drive flow signal requires both calibrating the drive flow
transmitters and establishing a valid drive flow / core flow relationship. The drive flow / core flow
relationship is established once per refuel cycle, while operating at or near rated power and flow conditions.
This method of correlating core flow and drive flow is consistent with GE recommendations. Changes
throughout the cycle in the drive flow / core flow relationship due to the changing thermal hydraulic
operating conditions of the core are accounted for in the margins included in the bases or analyses used to
establish the setpoints for the APRM Simulated Thermal Power-High Function and the OPRM Upscale

Function.

The Frequencies of SR 3.3.1.1.12 and SR 3.3.1.1.15 are based upon the assumption of a 24-month
calibration interval used in the determination of the equipment drift in the setpoint analysis.
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REQUIREMENTS
intended function. For the APRM Functions, this test

supplements the automatic self-test functions that operate
continuously in the APRM and voter channels. The APRM
CHANNEL FUNCTIONAL TEST covers the APRM channels (including

g recircuiation flow processing -~ applicable to Function 2.b
; yonly), the 2-Out-Of 4 voter channels, and the interface
‘ connections into the RPS trip systems from the voter
channels. Any setpoint adjustment shall be consistent with
the assumptions of the current plant specific setpoint
methodology. The 184 day Frequency of SR 3.3.1.1.11 is
based on the reliability analyses of References 12 and 13.
{NOTE: The actual voting logic of the 2-Out-0f-4 Voter

Function is tested as part of SR 3.3.1.1.17;)

( INSERT (3a A Note is provided for Function 2.a that requires this SR to
be performed within 12 hours of entering MODE 2 from MODE 1.
Testing of the MODE 2 APRM Function cannot be performed in
MODE 1 without utilizing jumpers or lifted leads. This Note
allows entry into MODE 2 from MODE 1 if the associated
Frequency is not met per SR 3.0.2.

A second Note is provided for Function 2.b that clarifies
that the CHANNEL FUNCTIONAL TEST for Function 2.b includes
testing of the recirculation flow processing electronics,
excluding the flow transmitters.

SR_3.3.1.1.13

This SR ensures that scrams initiated from the Turbine Stop
Valve~Closure and Turbine Control Valve Fast Closure, Trip
0il1 Pressure-—Low Functions will not be inadvertently
bypassed when THERMAL POWER is > 30% RTP. This involves
calibration of the bypass channels. Adequate margins for
the instrument setpoint methodologies are incorporated into
the Allowable Value (< 29.4% RTP which is equivalent to

< 138.4 psig as measured from turbine first stage pressure)
and the actual setpoint. Because main turbine bypass flow
can affect this setpoint nonconservatively (THERMAL POWER is
derived from turbine first stage pressure), the main turbine
bypass valves must remain closed during the calibration at
THERMAL POWER > 30% RTP to ensure that the calibration is
valid.

If any bypass channel’s setpoint is nonconservative (i.e.,
the Functions are bypassed at > 30% RTP, either due to open

main turbine bypass valve(s) or other reasons), then the
{continued)
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INSERT 13c:

and the auto-enable portion of Function 2.f

INSERT 13d:

The actual auto-enable setpoints for the OPRM Upscale trip are confirmed by SR 3.3.1.1.19.
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SURVEILLANCE SR_3.3.1.1.13 (continued)

REQUIREMENTS
affected Turbine Stop Valve-Closure and Turbine Control
Valve Fast Closure, Trip 0il Pressure—Low Functions are
considered inoperable. Alternatively, the bypass channel
can be placed in the conservative condition (nonbypass). If
placed in the nonbypass condition, this SR is met and the
channel is considered OPERABLE.

The Frequency of 24 months is based on engineering judgment
and reliability of the components.

SR_3.3.1.1.17

The LOGIC SYSTEM FUNCTIONAL TEST demonstrates the
OPERABILITY of the required trip logic for a specific
channel. The functional testing of control rods

(LCO 3.1.3), and SDV vent and drain valves (LCO 3.1.8),
overlaps this Surveillance to provide complete testing of
the assumed safety function.

The 24 month Frequency is based on the need to perform this
Surveillance under the conditions that apply during a plant
outage and the potential for an unplanned transient if the
Surveillance were performed with the reactor at power.
Operating experience has shown that these components will
pass the Surveillance when performed at the 24 month
Frequency.

The LOGIC SYSTEM FUNCTIONAL TEST for APRM Function 2.e
simulates APRMstrip conditions at the 2-Out-0f-4 voter
channel inputs to check all combinations of two tripped
inputs to the 2-0Out-0f-4 logic in the voter channels and
APRM related redundant RPS relays.

SR_3.3.1.1.18

This SR ensures that the individual channel response times
are maintained less than or equal to the original design
value. The RPS RESPONSE TIME acceptance criterion is
included in Reference 11.

RPS RESPONSE TIME tests are conducted on a 24 month
Frequency. The 24 month Frequency is consistent with the
PBAPS refueling cycle and is based upon plant operating
experience, which shows that random failures of
instrumentation components causing serious response time
degradation, but not channel failure, are infrequent

mg?n:r 14 occurrences.
!

(continued)
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SR 3.3.1.1.18

This surveillance involves confirming the OPRM Upscale trip auto-enable setpoints. The auto-
enable setpoint values are considered to be nominal values as discussed in Reference 18. This
surveillance ensures that the OPRM Upscale trip is enabled (not bypassed) for the correct
values of APRM Simulated Thermal Power and recirculation drive flow. Other surveillances
ensure that the APRM Simulated Thermal Power and recirculation drive flow properly correlate
with THERMAL POWER (SR 3.3.1.1.2) and core flow (SR 3.3.1.1.12), respectively.

If any auto-enable setpoint is nonconservative (i.e., the OPRM Upscale trip is bypassed when
APRM Simulated Thermal Power = 30% and recirculation drive flow < 60%), then the affected
channel is considered inoperable for the OPRM Upscale Function. Alternatively, the OPRM
Upscale trip auto-enable setpoint(s) may be adjusted to place the channel in a conservative
condition (not bypassed). If the OPRM Upscale trip is placed in the not-bypassed condition, this
SR is met and the channel is considered OPERABLE.

The Frequency of 24 months is based on engineering judgment and reliability of the
components.
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REFERENCES 1. UFSAR, Section 7.2.

2. UFSAR, Chapter 14.
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NEDO-32368, "Nuclear Measurement Analysis and Control

Wide Range Neutron Monitoring System Licensing Report

for Peach Bottom Atomic Power Station, Units 2 and 3,"
November 1894.

4. NEDC-32183P, "Power Rerate Safety Analysis Report for
Peach Bottom 2 & 3," dated May 1993.

5. UFSAR, Section 14.6.2.
6. UFSAR, Section 14.5.4.
7. UFSAR, Section 14.5.1.

8. P. Check (NRC) letter to G. Lainas (NRC), "BWR Scram
Discharge System Safety Evaluation," December 1, 1980.

9. NEDO-30851-P-A , "Technical Specification Improvement
Analyses for BWR Reactor Protection System,”
March 1988.

10. MDE-87-0485-1, "Technical Specification Improvement
Analysis for the Reactor Protection System for Peach
Bottom Atomic Power Station Units 2 and 3," October
1987.

11. UFSAR, Section 7.2.3.9.

12. NEDC-32410P-A, "Nuclear Measurement Analysis and
Control Power Range Neutron Monitor (NUMAC PRNM)

Retrofit Plus Option III Stability Trip Function®,
Parch) 1995.

13. NEDC-32410P Supplement 1, "Nuclear Measurement
Analysis and Control Power Range Neutron Monitor
(NUMAC PRNM) Retrofit Plus Option III Stability Trip

Function, Supplement 1", November 1997.
Crmsonr D)
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NEDO-31960-A, "BWR Owners’ Group Long-Term Stability Solutions Licensing
Methodology,” November 1995.

NEDO-31960-A, Supplement 1, "BWR Owners’ Group Long-Term Stability Solutions
Licensing Methodology,” November 1995.

NEDO-32465-A, "BWR Owners’ Group Long-Term Stability Detect and Suppress
Solutions Licensing Basis Methodology And Reload Applications,” August 1996.

Letter, L. A. England (BWROG) to M. J. Virgilio, “BWR Owners’ Group Guidelines for
Stability Interim Corrective Action”, June 6, 1994.

BWROG Letter 96113, K. P. Donovan (BWROG) to L. E. Phillips (NRC), “Guidelines for
Stability Option 1ll ‘Enable Region’ (TAC M92882)," September 17, 1996.

NEDO-24229-1, “Peach Bottom Atomic Power Station Units 2 and 3 Single-Loop
Operation,” May 1980.
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APPLICABLE
SAFETY ANALYSES
{continued)

Plant specific LOCA and average power range monitor/rod
block monitor Technical Specification/maximum extended load
1ine limit analyses have been performed assuming only one
operating recirculation joop. These analyses demonstrate
that, in the event of a LOCA caused by a pipe break in the
operating recirculation Joop, the Emergency Core Cooling
System response wiil provide adequate core cooling (Refs. 2,

3, and 4).

The transient analyses of Chapter 14 of the UFSAR have also
been performed for single recirculation loop operation

(Ref. 5) and demonstrate sufficient flow coastdown
characteristics to maintain fuel thermal margins during the
abnormal operational transients analyzed provided the MCPR
requirements are modified. During single recirculation Toop
operation, modification to the Reactor Protection System
(RPS) average power range monitor (APRM) instrument
setpoints is aiso required to account for the different
relationships between recirculation drive flow and reactor
core flow. The MCPR limits and APLHGR limits (power-
dependent APLHGR muitipliers, MAPFAC,, and flow-dependent
APLHGR multipliers, MAPFAC,) for single Toop operation are
specified in the COLR. The APRM Simulated Thermal Power-
High Allowable Value is in tCO 3.3.1.1, "Reactor Protection
System (RPS) Instrumentation.”

Chapter implicitty
assime core iti . Howeveps at the high
p, an ipcreased
oscillatignS exists A(Ref. 6)
inations”of operatjsfg conditions (e.g.,
undle power, and bupdle flow) Generic
indicata’that when régional pewer oscillations
. the saféty marginay be
r some opefating copditions tg-ensure

o respond~to the APRMs signal would prevent
afety Lipit (Ref. 7)7 NRC Gemeric
addressed stability calculafion

methodotogy and
ix A, Gerferal Desigr Criterig {GDC) 10

ing analytfc procedures on a
ference 8-concluded-that oper

noisg”levels) and suppresgion of f]
opefating regfons of po ential i

{continued)
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APPLICABLE (/E;;>r tommendations 0T Refarence 6 ay acceptaple to
SAFETY ANALYSES | dem strate/complignce wi GDC 10 THe NRC
(continued) conéluded that redions of/ potentia

ca]qu ted deday ratjos of O.

ariabiligy of decay ratio
and fdel desighs. This decay rAtio also felps engure
rgin tg an instability occuyrrence 1

The ggneric regjon ("Resty

od line/an
Referenge & regommendatiofis. Operation is
egion whep two reci culation

neutron flux roise lev

oops are jAn
s are verified to

Single/recircul
Region with core <

avojded due the incréased potentia
ingtability/in this ceghdition. /ihe "Unregtricted”
Figure 3.4.1-1 is theé area of ¥he power/flow map
nrestrigted operajion (with respect t thermal Hydraulic
stabilify concerng) is allo d, and ipcludes a
shown /as the "Reétricted” Region of fthe figur
powexr’/flow map/is not shown in Figure 3.4.1

regdability the boundé of the JRestrictgd"” Region
.1-1 is ggverned

NRC Policy Statement.

Two recirculation loops are normally required to be in
operation with their flows matched within the limits
specified in SR 3.4.1.1 to ensure that during a LOCA caused
by a break of the piping of one recirculation loop the

LCO

(continued)
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LCO

assumptions of the LOCA analysis are satisfied.

additi the copé Tig@ expressed as 4 fupctiop/of
/ﬁgﬁ i EEE/EZEpéE:ri t2d"Regigh of

Fi L. RMAK POWER Versus Lore

in operation, modifications to the required APLHGR 1limits
(power- and fiow-dependent APLHGR muitipliers, MAPFAC, and
MAPFAC,, respectively of LCO 3.2.1, "AVERAGE PLANAR LINEAR
HEAT GENERATION RATE (APLHGR)"), MCPR limits (LCO 3.2.2,
"MINIMUM CRITICAL POWER RATIO (MCPR)") and APRM Simulated
Thermal Power-High Allowable Value (LCO 3.3.1.1) must be
applied to allow continued operation consistent with the
assumptions of Referenceg 5
N—

The LCO is modified by a Note which allows up to 12 hours
before having to put in effect the required modifications to
required limits after a change in the reactor operating
conditions from two recirculation Toops operating to singie
recirculation loop operation. If the required limits are
not in compliance with the applicable requirements at the
end of this period, the associated equipment must be
declared inoperable or the limits "not satisfied,” and the
ACTIONS required by nonconformance with the applicable
specifications implementad. This time is provided due to
the need to stabilize operation with one recirculation loop,
including the procedural steps necessary to limit flow in

fu]iy implement and confirm the required limit
modifications.

APPLICABILITY

In MODES 1 and 2, requirements for operation of the Reactor
Coolant Recirculation System are necessary since there is
considerable energy in the reactor core and the limiting
design basis transients and accidents are assumed to occur.

In MODES 3, 4, and 5, the consequences of an accident are
reduced and the coastdown characteristics of the
recirculation Toops are not important.

(continued)
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ACTIONS

one oy two racirculatigrd Toops i
i of THERMAL POWER, in the "Re r1cted"

Region 4T Figurg 3.
wher the poterftial for/thermal

edge of peactor stat
aulic instabilities

margin
ress potehtial Timj

immediately initiated to regtore
i he 2 hgdr

{continued)
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ACTIONS
{continued)

increased
flity exists.

based on
(Requir

‘@ i e _requirements of the LCO not met for reasons other

Conditions A, B—€. and T the recirculation loops must
be restored to operation with matched flows within 24 hours.
A recirculation loop is considered not in operation when the
pump in that loop is idle or when the mismatch between total
Jet pump flows of the two loops is greater than required
Timits. The lgop with the lower flow must be considered npot

i wever, the flow rate 6f both logps sh
r the/purpbses df detérmining if the RMALPOWE
corg flow/combinatjon is-in the Unrestriciéd Region

.J1.) 7/ Should a LOCA occur with one recirculation
Toop not in operation, the core flow coastdown and resultant
core response may not be bounded by the LOCA analyses.
Therefore, only a limited time is allowed to restore the

inoperable loop to operating status.

Alternatively, if the single loop requirements of the LCO
are applied to operating limits and RPS setpoints, operation
with only one recirculation loop would satisfy the
requirements of the LCO and the initial conditions of the
accident sequence.

The 24 hour Completion Time is based on the low probability
of an accident occurring during this time period, on a
reasonable time to complete the Required Action, and on

/ frequent core monitoring by operators allowing abrupt
changes in core fiow conditions to be quickly detected.

{continued)
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ACTIONS @ (RD) (continued)

This Required Action does not reguire tripping the
recirculation pump in the Towest flow loop when the mismatch
between total jet pump Tlows of the two loops is greater
than the required limits. However, in cases where large
fiow mismatches occur, low flow or reverse flow can occur in
the low flow loop jet pumps, causing vibration of the jet
pumps. If zero or reverse flow is detected, the condition
should be alleviated by changing pump speeds to re-establish
forward flow or by tripping the pump.

With¥@m» RequiredbAction and associated Completion Time of
Condition(Bf D)not met, the plant must be brought to a
MODE in which the LCO does not appiy. To achieve this
status, the plant must be brought to MODE 3 within 12 hours.
In this condition, the recirculation loops are not required
to be operating because of the reduced severity of DBAs and
minimal dependence on the recirculation loop coastdown
characteristics. The allowed Completion Time of 12 hours is
reasonable, basad on operating experience, to reach MODE 3
from full power conditions in an orderly manner and without
challenging plant systems.

ne r‘eurc\*Lo\tmw/f
loops 1 opevalion

ov ‘t\me

(continued)
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SURVEILLANCE SR_3.4.1.1

REQUIREMENTS
This SR ensures the recirculation loops are within the

allowable limits for mismatch. At Jow core flow (i.e.,
< 71.75 X 10° 1bm/hr), the MCPR requirements provide larger

margins to the fuel cladding integrity Safety Limit such
that the potential adverse effect of early boiling
transition during a LOCA is reduced. A larger flow mismatch
cap therefore be allowed when core flow is < 71.75 X

10° 1bm/hr. The recirculation loop jet pump flow, as used
in this Surveillance, is the summation of the flows from all
of the jet pumps associated with a single recirculation
Toop.

The mismatch is measured in terms of core flow. (Rated core
flow is 102.5 X 10° lbm/hr. The first limit is based on

mismatch < 10% of rated core flow when operating at < 70% of
rated core flow. The second limit is based on mismatch < 5%
of rated core flow when operating at 2 70% of rated core
flow.) If the flow mismatch exceeds the specified limits,
the loop with the Tower flow is considered not in operation.
(However, & purposes pf performping SK Vi Y2, the)
(Iffpﬁ otﬁ/¥gpﬁgs gd.YyS The SR is not

required when both Joops are not in operation since the
mismatch limits are meaningless during single loop or
natural circulation operation. The Surveillance must be
performed within 24 hours after both loops are in operation.
The 24 hour Frequency is consistent with the Surveillance
Frequency for jet pump OPERABILITY verification and has been
shown by operating experience to be adequate to detect off
normal jet pump loop flows in a timely manner.

{continued)
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REFERENCES 1. UFSAR, Section 14.6.3.

2.  NEDC-32163P, "PBAPS Units 2 and 3 SAFER/GESTR-LOCA
Loss-of-Coolant Accident Analysis," January 1993.

3. NEDC-32162P, "Maximum Extended Load Line Limit and
ARTS Improvement Program Analyses for Peach Bottom
Atomic Power Station Unit 2 and 3," Revision 1,
February 1993.

4. NEDC-32428P, "Peach Bottom Atomic Power Station Unit 2
Cycle 11 ARTS Thermal Limits Analyses," December 1994.

5.  NEDO-24229-1, "PBAPS Units 2 and 3 Single-loop
Ogeration,“ May 1980.
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5.6 Reporting Requirements (continued)

5.6.5

a.
1.
2.
3.
.

—o
b.

CORE OPERATING LIMITS REPORT (COLR)

Core operating limits shall be established prior to each
reload cycle, or prior to any remaining portion of a reload
cycle, and shall be documented in the COLR for the
following:

The Average Planar Linear Heat Generation Rate for
Specification 3.2.1;

The Minimum Critical Power Ratio for Specifications
3.2.2 and 3.3.2.1;

The Linear Heat Generation Rate for Specification
3.2.3; and

The Control Rod Block Instrumentation for Specification
3.3.2.1.

The analytical methods used to determine the core operating
Timits shall be those previously reviewed and approved by
the NRC, specifically those described in the following
documents:

1.

NEDE-24011-P-A, "General Electric Standard Application
for Reactor Fuel" (latest approved version as specified
in the COLR);

NEDC-32162P, "Maximum Extended Load Line Limit and ARTS
Improvement Program Analyses for Peach Bottom Atomic
Power Station Units 2 and 3," Revision 2, March, 1995;

PECo-FMS-0001-A, "Steady-State Thermal Hydraulic
Analysis of Peach Bottom Units 2 and 3 using the FIBWR
Computer Code";

PECo-FMS-0002-A, "Method for Calculating Transient
Critical Power Ratios for Boiling Water Reactors
(RETRAN-TCPPECO)";

PECo-FMS-0003-A, "Steady-State Fuel Performance Methods
Report";

PECo-FMS-0004-A, "Methods for Performing BWR Systems
Transient Analysis";

{continued)
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5. The Oscillation Power Range Monitor (OPRM) Instrumentation for Specification 3.3.1.1.
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5.6 Reporting Requirements

5.6.5 CORE_QPERATING LIMITS REPORT (COLR) (continued)

7.  PECo-FMS-0005-A, "Methods for Performing BWR Steady-
State Reactor Physics Analysis”; and

8. PECo-FMS-0006-A, "Methods for Performing BWR Reload

1N SENT Safety Evaluations.”

c. The core operating 1imits shall be determined such that all
applicable limits (e.g., fuel thermal mechanical limits,
core thermal hydraulic limits, Emergency Core Cooling
Systems (ECCS) limits, nuclear limits such as SDM, transient
analysis limits, and accident analysis limits) of the safety
analysis are met.

d. The COLR, including any midcycie revisions or suppiements,

shall be provided upon issuance for each reioad cycie to the
- NRC.

5.6.6 Past Accident MonitorinuAjPhM) Instrumentation Report

When a report is required by Condition B or F of LCO 3.3.3.1,
"post Accident Monitoring (PAM) Instrumentation,” a report shail
be submitted within the following 14 days. The report shall
outline the preplanned alternate method of monitoring, the cause
of the inoperability, and the plans and schedule for restoring the
instrumentation channels of the Function to OPERABLE status.

. PBAPS UNIT 2 5.0-22 Amendment No. 239214
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9. NEDO-32465-A, "BWR Owners’ Group Long-Term Stability Detect and Suppress
Solutions Licensing Basis Methodology And Reload Applications,” August 1996.



RPS Instrumentation

3.3.1.1
3.3 INSTRUMENTATION
3.3.1.1 Reactor Protection System (RPS) Instrumentation
LCO 3.3.1.1 The RPS instrumentation for each Function in Table 3.3.1.1-1
shall be OPERABLE.
APPLICABILITY: According to Table 3.3.1.1-1.
ACTIONS
------------------------------------- NOTE - - o mmmmmmm o m e m e
Separate Condition entry is allowed for each channel.
CONDITION REQUIRED ACTION COMPLETION TIME
A. One or more required A.l Place channel in 12 hours
channels inoperable. trip.
OR
L NOTE--------- 12 hours

Not applicable for
Functions 2.a, 2.b,
2.c, 2.d, or 2.F.
Place associated trip
system in trip.

B, -------- NOTE--------- B.1 Place channel 1in one 6 hours
Not applicable for trip system in trip.
Functions 2.a, 2.b,
2.c, 2.d, or 2.f. OR
One or more Functions B.2 Place one trip system | 6 hours
with one or more in trip.

required channels
inoperable in both
trip systems.

(continued)
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RPS Instrumentation

associated Completion
Time of Condition I
not met.

to <25% RTP.

3.3.1.1
ACTIONS (continued)
CONDITION REQUIRED ACTION COMPLETION TIME
As required by H.1 Initiate action to Immediately
Required Action D.1 fully insert all
and referenced in insertable control
Table 3.3.1.1-1. rods in core cells
» containing one or
more fuel assemblies.
As required by I.1 Initiate alternate 12 hours
Required Action D.1 method to detect and
and referenced in suppress thermal
Table 3.3.1.1-1. hydraulic instability
oscillations.
AND
1.2 - NOTE--------
LCO 3.0.4 is not
applicable.
Restore required 120 days
channels to OPERABLE.
Required Action and J.1l Reduce THERMAL POWER 4 hours

PBAPS UNIT 2

3.3-3
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RPS Instrumentation
3.3.1.1

SURVEILLANCE REQUIREMENTS

1. Refer to Table 3.3.1.1-1 to determine which SRs apply for each RPS
Function.

2. When a channel is placed in an inoperable status solely for performance of
required Surveillances, entry into associated Conditions and Required
Actions may be delayed for up to 6 hours provided the associated Function

maintains RPS trip capability.

SURVEILLANCE FREQUENCY

SR 3.3.1.1.1 Perform CHANNEL CHECK. 12 hours

SR 3.3.1.1.2 - NOTE-------mmmmeee o
Not required to be performed until 12

hours after THERMAL POWER = 25% RTP.

Verify the absolute difference between 7 days
the average power range monitor (APRM)
channels and the calculated power is

< 2% RTP while operating at = 25% RTP.

(continued)
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3.3.1.1
SURVEILLANCE REQUIREMENTS (continued)
SURVETLLANCE FREQUENCY
SR 3.3.1.1.9 Perform CHANNEL FUNCTIONAL TEST. 97 days
SR 3.3.1.1.10 ---vmvmmmmmme - NOTE----------eemmmo -
Radiation detectors are excluded.
Perform CHANNEL CALIBRATION. 92 days
SR 3.3.1.1.11  ----mmmmmmm i oo NOTES----------~-------
1. For Function 2.a, not required to be
performed when entering MODE 2 from
MODE 1 until 12 hours after entering
MODE 2.
2. For Functions 2.b and 2.f, the CHANNEL
FUNCTIONAL TEST includes the
recirculation flow input processing,
excluding the flow transmitters
Perform CHANNEL FUNCTIONAL TEST. 184 days
SR 3.3.1.1.12  ----mmim e oo [ e
1. Neutron detectors are excluded.
2. For Function 1, not required to be
performed when entering MODE 2 from
MODE 1 until 12 hours after entering
MODE 2.
3. For Functions 2.b and 2.f, the
recirculation flow transmitters that
feed the APRMs are included.
Perform CHANNEL CALIBRATION. 24 months

PBAPS UNIT 2
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RPS Instrumentation

3.3.1.1
SURVETLLANCE REQUIREMENTS (continued)
SURVEILLANCE FREQUENCY
SR 3.3.1.1.13 Verify Turbine Stop Valve—Closure and 24 months
Turbine Control Valve Fast Closure, Trip
0il Pressure—Low Functions are not
bypassed when THERMAL POWER is = 30% RTP.
SR 3.3.1.1.14 Perform CHANNEL FUNCTIONAL TEST. 24 months
SR 3.3.1.1.15 Perform CHANNEL CALIBRATION. 24 months
SR 3.3.1.1.16 Calibrate each radiation detector. 24 months
SR 3.3.1.1.17 Perform LOGIC SYSTEM FUNCTIONAL TEST. 24 months
SR 3.3.1.1.18 Verify the RPS RESPONSE TIME is within 24 months
Timits.
SR 3.3.1.1.19 Verify OPRM 1is not bypassed when APRM 24 months
Simulated Thermal Power is =30% and
recirculation drive flow is <60%.

PBAPS UNIT 2
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RPS Instrumentation

3.3.1.1
Table 3.3.1.1-1 (page 1 of 3)
Reactor Protection System Instrumentation
APPLICABLE CONDITIONS
MODES OR REQUIRED  REFERENCED
OTHER CHANNELS FROM
SPECIFIED PER TRIP REQUIRED SURVEILLANCE ALLOWABLE
FUNCTION CONDITIONS SYSTEM ACTION D.1 REQUIREMENTS VALUE
1. Wide Range Neutron
Monitors
a. Period-Short 2 3 G SR 3.3.1.1.1 > 13 seconds
SR 3.3.1.1.5
SR 3.3.1.1.12
SR 3.3.1.1.17
SR 3.3.1.1.18
5la) 3 H SR 3.3.1.1.1 > 13 seconds
SR 3.3.1.1.6
SR 3.3.1.1.12
SR 3.3.1.1.17
SR 3.3.1.1.18
b. Inop 2 3 G SR 3.3.1.1.5 NA
SR 3.3.1.1.17
5(a) 3 H SR 3.3.1.1.6 NA
SR 3.3.1.1.17
2. Average Power Range
Monitors
a. Neutron Flux-High 2 3t G SR 3.3.1.1.1 < 15.0% RTP
(Setdown) SR 3.3.1.1.8
SR 3.3.1.1.11
SR 3.3.1.1.12
b. Simulated Thermal 1 3t F SR 3.3.1.1.1 < 0.66 W
Power-High SR 3.3.1.1.2 + 64.9% RTP(D)
and < 118.0%
RTP
SR 3.3.1.1.8
SR 3.3.1.1.11
SR 3.3.1.1.12
c. Neutron Flux-High 1 3(® F SR 3.3.1.1.1 < 119.7% RTP
SR 3.3.1.1.2
SR 3.3.1.1.8
SR 3.3.1.1.11
SR 3.3.1.1.12
d. TInop 1,2 3(® G SR 3.3.1.1.11 NA
e. 2-0ut-0f-4 Voter 1,2 2 G SR 3.3.1.1.1 NA
SR 3.3.1.1.11
SR 3.3.1.1.17
SR 3.3.1.1.18
£. OPRM Upscale »25% RTP 3(e) I SR 3.3.1.1.1 Natd)
SR 3.3.1.1.8
SR 3.3.1.1.11
SR 3.3.1.1.12
SR 3.3.1.1.19

(continued)
(a) With any control rod withdrawn from a core cell containing one or more fuel assemblies.
(b) 0.66 (W - AW) + 64.9% RTP when reset for single loop operation per LCO 3.4.1, "Recirculation Loops Operating."
(¢) Each APRM channel provides inputs to both trip systems.
] (d) See COLR for OPRM period based detection algorithm (PBDA) setpoint Timits.
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Recirculation Loops Operating
3.4.1

3.4 REACTOR COOLANT SYSTEM (RCS)

3.4.1 Recirculation Loops Operating

LCO 3.4.1

APPLICABILITY:

PBAPS UNIT 2

Two recirculation loops with matched flows shall be in
operation.

OR

One recirculation loop shall be in operation with the
following limits applied when the associated LCO 1is
applicable:

a. LCO 3.2.1, "AVERAGE PLANAR LINEAR HEAT GENERATION RATE
(APLHGR)," single loop operation Timits specified in the
COLR;

b. LCO 3.2.2, "MINIMUM CRITICAL POWER RATIO (MCPR)," single
Toop operation Timits specified in the COLR; and

c. LCO 3.3.1.1, "Reactor Protection System (RPS)
Instrumentation,” Function 2.b (Average Power Range
Monitors Simulated Thermal Power-High), Allowable Value
of Table 3.3.1.1-1 is reset for single loop operation.

Required 1imit modifications for single recirculation loop
operation may be delayed for up to 12 hours after transition
from two recirculation loop operation to single
recirculation loop operation.

MODES 1 and 2.
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3.4.1

ACTIONS
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Recirculation Loops Operating

3.4.1
| ACTIONS
CONDITION REQUIRED ACTION COMPLETION TIME
A. Requirements of the A.l Satisfy the 24 hours
LCO not met. requirements of the
LCO.
| B. Required Action and B.1 Be in MODE 3. 12 hours
associated Completion
Time of Condition A
not met.
OR
No recirculation
loops in operation.
PBAPS UNIT 2 3.4-3 Amendment No. xxx



Recirculation Loops Operating
3.4.1

SURVEILLANCE REQUIREMENTS

SURVEILLANCE

FREQUENCY

Not required to be performed until 24 hours
after both recirculation loops are in
operation.

Verify recirculation loop jet pump flow
mismatch with both recirculation Toops in
operation is:

IA

10.25 X 10% 1bm/hr when operating at
71.75 X 10% 1bm/hr; and

d.

A

5.125 X 10% 1bm/hr when operating at
71.75 X 10% 1bm/hr,

o
IV IA

24 hours

PBAPS UNIT 2
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Recirculation Loops Operating
3.4.1
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BASES

RPS Instrumentation
B 3.3.1.1

APPLICABLE
SAFETY ANALYSES,
LCO, and
APPLICABILITY

1.b. Wide Range Neutron Monitor—Inop (continued)

Six channels of the Wide Range Neutron Monitor—Inop
Function, with three channels in each trip system, are
required to be OPERABLE to ensure that no single instrument
failure will preclude a scram from this Function on a valid
signal. Since this Function is not assumed in the safety
analysis, there is no Allowable Value for this Function.

This Function is required to be OPERABLE when the Wide Range
Neutron Monitor Period-Short Function is required.

Average Power Range Monitor (APRM)

The APRM channels provide the primary indication of neutron
flux within the core and respond almost instantaneously to
neutron flux increases. The APRM channels receive input
signals from the local power range monitors (LPRMs) within
the reactor core to provide an indication of the power
distribution and local power changes. The APRM channels
average these LPRM signals to provide a continuous
indication of average reactor ?ower from a few percent to
greater than RTP. Each APRM also includes an Oscillation
Power Range Monitor (OPRM) Upscale Function which monitors
small groups of LPRM signals to detect thermal-hydraulic
instabilities.

The APRM System is divided into four APRM channels and four
2-out-of-4 voter channels. Each APRM channel provides
inputs to each of four voter channels. The four voter
channels are divided into twe groups of two each, with each
group of two providing inputs to one RPS trip system. The
system is designed to allow one APRM channel, but no voter
channels, to be bypassed. A trip from any one unbypassed
APRM will result in a “half-trip” in all four of the voter
channels, but no trip inputs to either RPS trip system.
APRM trip Functions 2.a, 2.b, 2.c, and 2.d are voted
independently from OPRM Upscale Function 2.f. Therefore,
any Function 2.a, 2.b, 2.c, or 2.d trip from any two
unbypassed APRM channels will result in a full trip in each
of the four voter channels, which in turn results in two
trip inputs into each RPS trip system logic channel (Al, AZ,
B1, and B2), thus resulting in a full scram signal.
Similarly, a Function 2.f tri? from any two unbypassed APRM
channels will result in a full trip from each of the four
voter channels. Three of the four APRM channels and all
four of the voter channels are required to be OPERABLE to
ensure that no single failure will preclude a scram on a
valid signal. In addition, to provide adequate coverage of
the entire core, consistent with the design bases for the
APRM Functions 2.a, 2.b, and 2.c, at Teast 20 LPRM inputs,
with at least three LPRM inputs from each of the four axial
levels at which the LPRMs are located, must be operable for
each APRM channel, and the number of LPRM inputs that have
become inoperable (and bypassed) since the last APRM
calibration (SR 3.3.1.1.2) must be less than ten for each
APRM channel. For the OPRM Upscale, Function 2.f, LPRMs are
assigned to “cells” of 3 or 4 detectors. A minimum of 25
cells, each with a minimum of 2 LPRMs, must be OPERABLE for
the OPRM Upscale Function 2.f to be OPERABLE.

{continued)
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KPS Instrumentation
B 3.3.1.1

BASES

APPLICABLE 2.a. Average Power Range Monitor Neutron Flux-High

SAFETY ANALYSES, (Setdown) (continued)

LCO, and

APPLICABILITY For operation at Tow power (i.e., MODE 2), the Average Power

Range Monitor Neutron Flux-High (Setdown)Function is
capable of generating a trip signal that prevents fuel
damage resulting from abnormal operating transients in this
power range. For most operation at Tow power levels, the
Average Power Range Monitor Neutron Flux-High (Setdown)
Function will provide a secondary scram to the Wide Range
Neutron Monitor Period-Short Function because of the
relative setpoints. At higher power levels, it is possible
that the Average Power Range Monitor Neutron Flux-High
(Setdown) Function will provide the primary trip signal for
a corewide increase in power.

No specific safety analyses take direct credit for the
Average Power Range Monitor Neutron Flux-High (Setdown)
Function. However, this Function indirectly ensures that
before the reactor mode switch is placed in the run
position, reactor power does not exceed 25% RTP (SL 2.1.1.1)
when operating at low reactor pressure and low core flow.
Therefore, it indirectly prevents fuel damage during
sigg}f&%gnt reactivity increases with THERMAL POWER

< % .

The Allowable Value is based on preventing significant
increases in power when THERMAL POWER is < 25% RTP.

The Average Power Range Monitor Neutron Flux-High (Setdown)
Function must be OPERABLE during MODE 2 when control rods
may be withdrawn since the potential for criticality exists.
In MODE 1, the Average Power Range Monitor Neutron Flux-High
Function provides protection against reactivity transients
and the RWM and rod block monitor protect against control
rod withdrawal error events.

2.b. Average Power Range Monitor Simulated Thermal
Power-High

The Average Power Range Monitor Simulated Thermal Power-High
Function monitors average neutron flux to approximate the
THERMAL POWER being transferred to the reactor coolant. The
APRM neutron flux is electronically filtered with a time
constant representative of the fuel heat transfer dynamics
to generate a signal proportional to the THERMAL POWER in
the reactor. The trip level is varied as a function of
recirculation drive flow (i.e., at Tower core flows, the
setpoint is reduced proportional to the reduction in power
experienced as core flow is reduced with a fixed control rod
?atterw1) but is clamped at an upper 1imit that is always
ower than the Average Power Range Monitor Neutron Flux-High
Function Allowable Value. A note is included, applicable
when the plant is in single recirculation Toop operation per
LCO 3.4.1, which requires the flow value, used in the
Allowable Value equation, be reduced by AW. The value of AW

(continued)
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RPS Instrumentation
B 3.3.1.1

BASES

APPLICABLE 2.b. Average Power Range Monitor Simulated Thermal

SAFETY ANALYSES, Power-High <(continued)

LCO, and

APPLICABILITY is established to conservatively bound the inaccuracy created

in the core flow/drive flow correlation due to back flow in
the jet pumps associated with the inactive recirculation
loop. The a?]owab]e value thus maintains thermal margins
essentially unchanged from those for two loop operation. The
value of AW is plant specific and is defined in plant
procedures. The allowable value equation for single loop
o?eration is only valid for flows down to W = AW; the
allowable value does not go below 64.9% RTP. This is
acceptable because back flow in the inactive recirculation
loop is only evident with drive flows of approximately 35% or
greater (Reference 19).

The Average Power Range Monitor Simulated Thermal Power-
High Function is not specifically credited in the safety
analysis but is intended to provide an additional margin of
protection from transient induced fuel damage during
operation where recirculation flow is reduced to below the
minimum required for rated power operation. The Average
Power Range Monitor Simulated Thermal Power-High Function
provides protection against transients where THERMAL POWER
increases slowly (such as the loss of feedwater heating
event) and protects the fuel cladding integrity by ensuring
that the MCPR SL is not exceeded. ODuring these events, the
THERMAL POWER increase does not significantly lag the
neutron flux scram. For rapid neutron flux increase
events, the THERMAL POWER Tags the neutron flux and the
Average Power Range Monitor Neutron Flux-High Function will
provide a scram signal before the Average Power Range
Monitor Simulated Thermal Power-High Function setpoint is
exceeded.

Each APRM channel uses one total drive flow signal
representative of total core flow. The total drive flow
signal is generated by the flow processing logic, part of
the APRM channel, by summing up the flow calculated from two
flow transmitter signal inputs, one from each of the two
recirculation Toop flows. The flow processing logic
OPERABILITY is part of the APRM channel OPERABILITY
requirements for this Function. The APRM flow processing
logic is considered inoperable whenever it cannot deliver a
flow signal less than or equal to actual Recirculation flow
conditions for all steady state and transient reactor
conditions while in Mode 1. Reduced or Downscale flow
conditions due to planned maintenance or testing activities
during derated plant conditions (i.e. end of cycle coast
down) will result in conservative setpoints for the APRM
Simulated Thermal Power-High function, thus maintaining that
function operable.

(continued)
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RPS Instrumentation

B 3.3.1.1
BASES
APPLICABLE 2.d. Average Power Range Monitor—Inop
SAFETY ANALYSES,
LCO, and Three of the four APRM channels are required to be OPERABLE
APPLICABILITY for each of the APRM Functions. This Function (Inop)

(continued)

provides assurance that the minimum number of APRM channels
are OPERABLE.

For any APRM channel, any time its mode switch is not in the
“Operate” position, an APRM module required to issue a trip
is unplugged, or the automatic self-test system detects a
critical fault with the APRM channel, an Inop trip is sent
to all four voter channels. [Inop trips from two or more
unbypassed APRM channels result in a trip output from each
of the four voter channels to it’s associated trip system.
This Function was not specifically credited in the accident
analysis, but it is retained for the overall redundancy and
diversity of the RPS as required by the NRC approved
licensing basis.

There is no Allowable Value for this Function.

This Function is required to be OPERABLE in the MODES where
the APRM Functions are required.

2.e. 2-0ut-0f-4 Voter

The 2-Out-0f-4 Voter Function provides the interface between
the APRM Functions, including the OPRM Upscale Function, and
the final RPS trip system logic. As such, it is required to
be OPERABLE in the MODES where the APRM Functions are
required and is necessary to support the safety analysis
applicable to each of those Functions. Therefore, the 2-
gut-Of-4 Voter Function needs to be OPERABLE in MODES 1 and

A1l four voter channels are required to be OPERABLE. Each
voter channel includes self-diagnostic functions. If any
voter channel detects a critical fault in its own
processing, a trip is issued from that voter channel to the
associated trip system.

The Two-Out-0f-Four Logic Module includes 2-Out-0f-4 Voter
hardware and the APRM Interface hardware. The 2-Out-0f-4
Voter Function 2.e votes APRM Functions 2.a, 2.b, 2.c, and
2.d independently of Function 2.f. This voting 1s
accomplished by the 2-Out-0f-4 Voter hardware in the
Two-0ut-0f-Four Logic Module. The voter includes separate
outputs to RPS for the two independently voted sets of
Functions, each of which is redundant (four total outputs).
The analysis in Reference 12 took credit for this redundancy
in the justification of the 12-hour Completion Time for
Condition A., so the voter Function 2.e must be declared
inoperable if any of its functionality is inoperable. The
voter Function 2.e does not need to be declared inoperable
due to any failure affecting only the APRM Interface
hardware portion of the Two-Out-O0f-Four Logic Module.

There is no Allowable Value for this Function.
(continued)
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RPS Instrumentation

B 3.3.1.1
BASES
APPLICABLE 2.f. Oscillation Power Range Monitor (OPRM) Upscale
SAFETY ANALYSES,
LCG, and The OPRM Upscale Function provides compliance with 10 CFR
APPLICABILITY 50, Appendix A, General Design Criteria (GDC) 10 and 12,

(continued)

thereby providing protection from exceeding the fuel MCPR
safety 1imit (SL) due to anticipated thermal-hydraulic
power oscillations.

References 14, 15 and 16 describe three algorithms for
detecting thermal-hydraulic instability related neutron flux
oscillations: the period based detection algorithm, the
amplitude based algorithm, and the growth rate algorithm. All
three are implemented in the OPRM Upscale Function, but the
safety analysis takes credit only for the period based
detection algorithm. The remaining algorithms provide defense
in depth and additional protection against unanticipated
oscillations. OPRM Upscale Function OPERABILITY for Technical
Specification purposes is based only on the period based
detection algorithm.

The OPRM Upscale Function receives input signals from the
local power range monitors (LPRMs) within the reactor
core, which are combined into "cells" for evaluation by
the OPRM algorithms. Each channel is capable of detecting
thermal-hydraulic instabilities, by detecting the related
neutron flux oscillations, and issuing a trip signal
before the MCPR SL is exceeded. Three of the four channels
are required to be OPERABLE.

The OPRM Upscale trip is automatically enabled (bypass
removed) when THERMAL POWER is = 30% RTP, as indicated by
the APRM Simulated Thermal Power, and reactor core flow is
< 60% of rated flow, as indicated by APRM measured
recirculation drive flow. This is the operating region
where actual thermal-hydraulic instability and related
neutron flux oscillations may occur (Reference 18). These
setpoints, which are sometimes referred to as the
"auto-bypass" setpoints, establish the boundaries of the
OPRM Upscale trip enabled region. The APRM Simulated
Thermal Power auto-enable setpoint has 1% deadband while
the drive flow setpoint has a 2% deadband. The deadband for
these setpoints is established so that it increases the
enabled region.

The OPRM Upscale Function is required to be OPERABLE when the
plant is at = 25% RTP. The 25% RTP level is selected to
provide margin in the unlikely event that a reactor power
increase transient occurring while the plant is operating
below 30% RTP causes a power increase to or

(continued)
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RPS Instrumentation

B 3.3.1.1
BASES
APPLICABLE 2.f. Oscillation Power Range Monitor (QPRM)
SAFETY ANALYSES, Upscale (continued)
LCO, and
APPLICABILITY beyond the 30% APRM Simulated Thermal Power OPRM Upscale

(continued)

trip auto-enable setpoint without operator action. This
OPERABILITY requirement assures that the OPRM Upscale trip
auto-enable function will be OPERABLE when required.

An OPRM Upscale trip is issued from an APRM channel when
the period based detection algorithm in that channel
detects oscillatory changes in the neutron flux, indicated
by the combined signals of the LPRM detectors in a cell,
with period confirmations and relative cell amplitude
exceeding specified setpoints. One or more cells in a
channel exceeding the trip conditions will result in a
channel trip. An OPRM Upscale trip is also issued from the
channel if either the growth rate or amplitude based
algorithms detect oscillatory changes in the neutron flux
for one or more cells in that channel.

There are four "sets" of OPRM related setpoints or
adjustment parameters: a) OPRM trip auto-enable setpoints
for STP (30%) and drive flow (60%); b) period based
detection algorithm (PBDA) confirmation count and
amplitude setpoints; c) period based detection algorithm
tuning parameters; and d) growth rate algorithm (GRA) and
amplitude based algorithm (ABA) setpoints.

The first set, the OPRM auto-enable region setpoints, as
discussed in the SR 3.3.1.1.19 Bases, are treated as nominal
setpoints with no additional margins added. The settings, 30%
APRM Simulated Thermal Power and 60% drive flow, are defined
(1imit values) in and confirmed by SR 3.3.1.1.19. The second
set, the OPRM PBDA trip setpoints, are established in
accordance with methodologies defined in Reference 16, and
are documented in the COLR. There are no allowable values for
these setpoints. The third set, the OPRM PBDA "tuning"
parameters, are established or adjusted in accordance with
and controlled by PBAPS procedures. The fourth set, the GRA
and ABA setpoints, in accordance with References 14 and 15,
are established as nominal values only, and controlled by
PBAPS procedures.

(continued)
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BASES

RPS Instrumentation
B 3.3.1.1

ACTIONS

A.1l and A.2 (continued)

Function's inoperable channel is in one trip system and the
Function still maintains RPS trip capability (refer to
Required Actions B.1, B.2, and C.1 Bases). If the inoperable
channel cannot be restored to OPERABLE status within the
allowable out of service time, the channel or the associated
trip system must be placed in the tripped condition per
Required Actions A.1 and A.2. Placing the inoperable channel
in trip (or the associated trip system in trip) would
conservatively compensate for the inoperability, restore
capability to accommodate a single failure, and allow
operation to continue. Alternatively, if it is not desired
to place the channel (or trip system) in trip (e.g., as in
the case where placing the inoperable channel in trip would
result in a full scram), Condition D must be entered and its
Required Action taken.

As noted, Action A.2 is not applicable for APRM Functions
2.a, 2.b, 2.c, 2.d, or 2.f. Inoperability of one required
APRM channel affects both trip systems. For that condition,
Required Action A.1 must be satisfied, and is the only
action (other than restoring operability) that will restore
capability to accommodate a single failure. Inoperability
of more than one required APRM channel of the same trip
function results in loss of trip capability and entry into
Condition C, as well as entry into Condition A for each
channel.

B.1 and B.2

Condition B exists when, for any one or more Functions, at
least one required channel is inoperable in each trip system.
In this condition, provided at least one channel per trip
system is OPERABLE, the RPS still maintains trip capability
for that Function, but cannot accommodate a single failure in
either trip system.

Required Actions B.1 and B.2 1imit the time the RPS scram
logic, for any Function, would not accommodate single
failure in both trip systems (e.g., one-out-of-one and
one-out-of-one arrangement for a typical four channel
Function). The reduced reliability of this logic
arrangement was not evaluated in References 9, 12 or 13 for
the 12 hour Completion Time. Within the 6 hour allowance,
the associated Function will have all required channels
OPERABLE or in trip (or any combination) in one trip system.

(continued)
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RPS Instrumentation
B 3.3.1.1

ACTIONS

B.1 and B.2 (continued)

Completing one of these Required Actions restores RPS to a
reliability level equivalent to that evaluated in
References 9, 12 or 13, which justified a 12 hour allowable
out of service time as presented in Condition A. The trip
system in the more degraded state should be placed in trip
or, alternatively, all the inoperable channels in that trip
system should be placed in trip (e.g., a trip system with
two inoperable channels could be in a more degraded state
than a trip system with four inoperable channels if the two
inoperable channels are in the same Function while the four
inoperable channels are all in different Functions). The
decision of which trip system is in the more degraded state
should be based on prudent judgment and take into account
current plant conditions (i.e., what MODE the plant is in).
If this action would result in a scram or RPT, it is
permissible to place the other trip system or its inoperable
channels in trip.

The 6 hour Completion Time is judged acceptable based on the
remaining capability to trip, the diversity of the sensors
available to provide the trip signals, the low probability
of extensive numbers of inoperabilities affecting all
diverse Functions, and the low probability of an event
requiring the initiation of a scram.

Alternately, if it is not desired to place the inoperable
channels (or one trip system) in trip (e.g., as in the case
where placing the inoperable channel or associated trip
system in trip would result in a scram, Condition D must be
entered and its Required Action taken.

As noted, Condition B is not applicable for APRM Functions
2.a, 2.b, 2.c, 2.d, or 2.f. Inoperability of an APRM
channel affects both trip systems and is not associated with
a specific trip system as are the APRM 2-Out-0f-4 voter and
other non-APRM channels for which Condition B applies. For
an inoperable APRM channel, Required Action A.1l must be
satisfied, and is the only action (other than restoring
operability) that will restore capability to accommodate a
single failure. Inoperability of a Function in more than
one required APRM channel results in loss of trip capability
for that Function and entry into Condition C, as well as
entry into Condition A for each channel. Because Condition
A and C provide Required Actions that are appropriate for
the inoperability of APRM Functions 2.a, 2.b, 2.c, 2.d or
2.f, and these functions are not associated with specific
trip systems as are the APRM 2-Out-0f-4 voter and other non-
APRM channels, Condition B does not apply.

(continued)
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RPS Instrumentation
B 3.3.1.1

ACTIONS
(continued)

E.1, F.1. G.1, and J.1

If the channel(s) is not restored to OPERABLE status or
placed in trip (or the associated trip system placed in
trip) within the allowed Completion Time, the plant must be
placed in a MODE or other specified condition in which the
LCO does not apply. The allowed Completion Times are
reasonable, based on operating experience, to reach the
specified condition from full power conditions in an orderly
manner and without challenging plant systems. In addition,
the Completion Time of Required Actions E.1 and J.1 are
consistent with the Completion Time provided in LCO 3.2.2,
"MINIMUM CRITICAL POWER RATIO (MCPR)."

H.1

If the channel(s) is not restored to OPERABLE status or
placed in trip (or the associated trip system placed in
trip) within the allowed Completion Time, the plant must be
placed in a MODE or other specified condition in which the
LCO does not apply. This is done by immediately initiating
action to fully insert all insertable control rods in core
cells containing one or more fuel assemblies. Control rods
in core cells containing no fuel assemblies do not affect
the reactivity of the core and are, therefore, not required
to be inserted. Action must continue until all insertable
control rods in core cells containing one or more fuel
assemblies are fully inserted.

I.1

If OPRM Upscale trip capability is not maintained, Condition
I exists. References 12 and 13 justified use of alternate
methods to detect and suppress oscillations for a Timited
period of time. The alternate methods are procedurally
established consistent with the guidelines identified in
Reference 17 requiring manual operator action to scram the
plant if certain predefined events occur. The 12-hour
allowed Completion Time for Required Action I.1 is based on
engineering judgment to allow orderly transition to the
alternate methods while 1imiting the period of time during
which no automatic or alternate detect and suppress trip
capability is formally in place. Based on the small
probability of an instability event occurring at all, the 12
hours is judged to be reasonable.

(continued)
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RPS Instrumentation
B 3.3.1.1

ACTIONS
(continued)

The alternate method to detect and suppress oscillations
implemented in accordance with I.1 was evaluated (References
12 and 13) based on use up to 120 days only. The evaluation,
based on engineering judgment, concluded that the likelihood
of an instability event that could not be adequately handled
by the alternate methods during this 120-day period was
negligibly small. The 120-day period is intended to be an
outside 1imit to allow for the case where design changes or
extensive analysis might be required to understand or correct
some unanticipated characteristic of the instability
detection algorithms or equipment. This action is not
intended and was not evaluated as a routine alternative to
returning failed or inoperable equipment to OPERABLE status.
Correction of routine equipment failure or inoperability is
expected to normally be accomplished within the completion
times allowed for Actions for Condition A.

A note is provided to indicate that LCO 3.0.4 is not
applicable. The intent of that note is to allow plant
start-up while within the 120-day completion time for action
I.2. The primary purpose of this exclusion is to allow an
orderly completion of design and verification activities, in
the event of a required design change, without undue impact
on plant operation.

SURVETLLANCE
REQUIREMENTS

As noted at the beginning of the SRs, the SRs for each RPS
instrumentation Function are located in the SRs column of
Table 3.3.1.1-1.

The Surveillances are modified by a Note to indicate that
when a channel is placed in an inoperable status solely for
performance of required Surveillances, entry into associated
Conditions and Required Actions may be delayed for up to

6 hours, provided the associated Function maintains RPS trip
capability. Upon completion of the Surveillance, or
expiration of the 6 hour allowance, the channel must be
returned to OPERABLE status or the applicable Condition
entered and Required Actions taken. This Note is based on
the reliability analysis (Refs. 9, 12 & 13) assumption of
the average time required to perform channel Surveillance.
That analysis demonstrated that the 6 hour testing allowance
does not significantly reduce the probability that the RPS
will trip when necessary.

(continued)
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B 3.3.1.1

SURVEILLANCE
REQUIREMENTS

SR 3.3.1.1.9 and SR 3.3.1.1.14 (continued)

In addition, Function 5 and 7 instruments are not accessible
while the unit is operating at power due to high radiation
and the installed indication instrumentation does not
provide accurate indication of the trip setting. For the
Function 9 channels, verification that the trip settings are
less than or equal to the specified Allowable Value during
the CHANNEL FUNCTIONAL TEST is not required since the
instruments are not accessible while the unit is operating
at power due to high radiation and the installed indication
instrumentation does not provided accurate indication of the
trip setting. Waiver of these verifications for the above
functions is considered acceptable since the magnitude of
drift assumed in the setpoint calculation is based on a 24
month calibration interval. The 92 day Frequency of

SR 3.3.1.1.9 1is based on the reliability analysis of
Reference 9.

The 24 month Frequency is based on the need to perform this
Surveillance under the conditions that apply during a plant
outage and the potential for an unplanned transient if the
Surveillance were performed with the reactor at power.
Operating experience has shown that these components will
pass the Surveillance when performed at the 24 month
Frequency.

SR_3.3.1.1.10, SR 3.3.1.1.12, SR 3.3.1.1.15,
and SR 3.3.1.1.16

A CHANNEL CALIBRATION is a complete check of the instrument
loop and the sensor. This test verifies that the channel
responds to the measured parameter within the necessary range
and accuracy. CHANNEL CALIBRATION Teaves the channel
adjusted to account for instrument drifts between successive
calibrations, consistent with the current plant specific
setpoint methodology.

As noted for SR 3.3.1.1.10, radiation detectors are excluded
from CHANNEL CALIBRATION due to ALARA reasons (when the plant
is operating, the radiation detectors are generally in a high
radiation area; the steam tunnel). This exclusion is
acceptable because the radiation detectors are passive
devices, with minimal drift. To complete the radiation
CHANNEL CALIBRATION, SR 3.3.1.1.16 requires that the
radiation detectors be calibrated on a once per 24 months
Frequency.

The once per 92 days Frequency of SR 3.3.1.1.10 1is
conservative with respect to the magnitude of equipment drift
assumed in the setpoint analysis. The Frequency of SR
3.3.1.1.16 is based upon the assumption of a Z24-month
calibration interval used in the determination of the
equipment drift in the setpoint analysis.

As noted for SR 3.3.1.1.12, neutron detectors are excluded
from CHANNEL CALIBRATION because they are passive devices,
with minimal drift, and because of the difficulty of
simulating a meaningful signal. Changes in

(continued)
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B 3.3.1.1
BASES
SURVEILLANCE SR 3.3.1.1.10, SR 3.3.1.1.12, SR 3.3.1.1.15,
REQUIREMENTS and SR 3.3.1.1.16 (continued)

neutron detector sensitivity are compensated for by
performing the 7 day calorimetric calibration (SR 3.3.1.1.2)
and the 1000 MWD/T LPRM calibration against the TIPs

(SR 3.3.1.1.8).

A second note is provided for SR 3.3.1.1.12 that allows the
WRNM SR to be performed within 12 hours of entering MODE 2
from MODE 1. Testing of the MODE 2 WRNM Functions cannot be
performed in MODE 1 without utilizing jumpers, lifted leads
or movable links. This Note allows entry into MODE 2 from
MODE 1, if the 24 month Frequency is not met per SR 3.0.2.
Twelve hours is based on operating experience and in
consideration of providing a reasonable time in which to
complete the SR.

A third note is provided for SR 3.3.1.1.12 that includes in
the SR the recirculation flow (drive flow) transmitters,
which supply the flow signal to the APRMs. The APRM Simuiated
Thermal Power-High Function (Function 2.b) and the OPRM
Upscale Function (Function 2.f), both require a valid drive
flow signal. The APRM Simulated Thermal Power-High Function
uses drive flow to vary the trip setpoint. The OPRM Upscale
Function uses drive flow to automatically enable or bypass
the OPRM Upscale trip output to RPS. A CHANNEL CALIBRATION of
the APRM drive flow signal requires both calibrating the
drive flow transmitters and establishing a valid drive flow /
core flow relationship. The drive flow /core flow
relationship is established once per refuel cycle, while
operating at or near rated power and flow conditions. This
method of correlating core flow and drive flow is consistent
with GE recommendations. Changes throughout the cycle in the
drive flow / core flow relationship due to the changing
thermal hydraulic operating conditions of the core are
accounted for in the margins included in the bases or
analyses used to establish the setpcints for the APRM
Simulated Thermal Power-High Function and the OPRM Upscale
Function.

The Frequencies of SR 3.3.1.1.12 and SR 3.3.1.1.15 are based
upon the assumption of a 24-month calibration interval used
in the determination of the equipment drift in the setpoint
analysis.

SR 3.3.1.1.11

A CHANNEL FUNCTIONAL TEST is performed on each required
channel to ensure that the entire channel will perform the
(continued)
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SURVEILLANCE
REQUIREMENTS

SR 3.3.1.1.11 (continued)

intended function. For the APRM Functions, this test
supplements the automatic self-test functions that operate
continuously in the APRM and voter channels. The APRM
CHANNEL FUNCTIONAL TEST covers the APRM channels (including
recirculation flow processing - applicable to Function 2.b
and the auto-enable portion of Function 2.f only), the 2-
Cut-0f 4 voter channels, and the interface connections into
the RPS trip systems from the voter channels. Any setpoint
adjustment shall be consistent with the assumptions of the
current plant specific setpoint methodology. The 184 day
Frequency of SR 3.3.1.1.11 is based on the reliability
analyses of References 12 and 13. (NOTE: The actual voting
logic of the 2-0Out-0f-4 Voter Function is tested as part of
SR 3.3.1.1.17. The actual auto-enable setpoints for the
OPRM Upscale trip are confirmed by SR 3.3.1.1.19.)

A Note is provided for Function Z2.a that requires this SR to
be performed within 12 hours of entering MODE 2 from MODE 1.
Testing of the MODE 2 APRM Function cannot be performed in
MODE 1 without utilizing jumpers or Tifted leads. This Note
allows entry into MODE 2 from MODE 1 if the associated
Frequency is not met per SR 3.0.2.

A second Note is provided for Function 2.b that clarifies
that the CHANNEL FUNCTIONAL TEST for Function 2.b includes
testing of the recirculation flow processing electronics,
excluding the flow transmitters.

SR 3.3.1.1.13

This SR ensures that scrams initiated from the Turbine Stop
Valve—Closure and Turbine Control Valve Fast Closure, Trip
0il Pressure—Low Functions will not be inadvertently
bypassed when THERMAL POWER is = 30% RTP. This involves
calibration of the bypass channels. Adequate margins for
the instrument setpoint methodologies are incorporated into
the Allowable Value (< 29.4% RTP which is equivalent to

< 138.4 psig as measured from turbine first stage pressure)
and the actual setpoint. Because main turbine bypass flow
can affect this setpoint nonconservatively (THERMAL POWER is
derived from turbine first stage pressure), the main turbine
bypass valves must remain closed during the calibration at
THERMAL POWER = 30% RTP to ensure that the calibration is
valid.

If any bypass channel’'s setpoint is nonconservative (i.e.,

the Functions are bypassed at = 30% RTP, either due to open

main turbine bypass valve(s) or other reasons), then the
(continued)
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SR 3.3.1.1.13 (continued)

affected Turbine Stop Valve—Closure and Turbine Control
Valve Fast Closure, Trip 0il Pressure—Low Functions are
considered inoperable. Alternatively, the bypass channel
can be placed in the conservative condition (nonbypass). If
placed in the nonbypass condition, this SR is met and the
channel is considered OPERABLE.

The Frequency of 24 months is based on engineering judgment
and reliability of the components.

SR 3.3.1.1.17

The LOGIC SYSTEM FUNCTIONAL TEST demonstrates the
QPERABILITY of the required trip logic for a specific
channel. The functional testing of control rods

(LCO 3.1.3), and SDV vent and drain valves (LCO 3.1.8),
overlaps this Surveillance to provide complete testing of
the assumed safety function.

The 24 month Frequency is based on the need to perform this
Surveillance under the conditions that apply during a plant
outage and the potential for an unplanned transient if the
Surveillance were performed with the reactor at power.
Operating experience has shown that these components will
pass the Surveillance when performed at the 24 month
Frequency.

The LOGIC SYSTEM FUNCTIONAL TEST for APRM Function Z.e
simulates APRM and OPRM trip conditions at the 2-0Out-0f-4
voter channel inputs to check all combinations of two
tripped inputs to the 2-0ut-0f-4 logic in the voter channels
and APRM related redundant RPS relays.

SR_3.3.1.1.18

This SR ensures that the individual channel response times
are maintained less than or equal to the original design
value. The RPS RESPONSE TIME acceptance criterion is
included in Reference 11.

RPS RESPONSE TIME tests are conducted on a 24 month
Frequency. The 24 month Frequency is consistent with the
PBAPS refueling cycle and is based upon plant operating
experience, which shows that random failures of
instrumentation components causing serious response time
degradation, but not channel failure, are infrequent
occurrences.
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SR _3.3.1.1.19

This surveillance involves confirming the OPRM Upscale trip
auto-enable setpoints. The auto-enable setpoint values are
considered to be nominal values as discussed in Reference 18.
This surveillance ensures that the OPRM Upscale trip is
enabled (not bypassed) for the correct values of APRM
Simulated Thermal Power and recirculation drive flow. Other
surveillances ensure that the APRM Simulated Thermal Power
and recirculation drive flow properly correlate with THERMAL
POWER (SR 3.3.1.1.2) and core flow (SR 3.3.1.1.12),
respectively.

If any auto-enable setpoint is nonconservative (i.e., the
OPRM Upscale trip is bypassed when APRM Simulated Thermal
Power 230% and recirculation drive flow < 60%), then the
affected channel is considered inoperable for the OPRM
Upscale Function. Alternatively, the OPRM Upscale trip
auto-enable setpoint(s) may be adjusted to place the channel
in a conservative condition (not bypassed). If the OPRM
Upscale trip is placed in the not-bypassed condition, this SR
is met and the channel is considered OPERABLE.

The Frequency of 24 months is based on engineering judgment
and reliability of the components.
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(continued)

Plant specific LOCA and average power range monitor/rod
block monitor Technical Specification/maximum extended load
Tine 1imit analyses have been performed assuming only one
operating recirculation loop. These analyses demonstrate
that, in the event of a LOCA caused by a pipe break in the
operating recirculation loop, the Emergency Core Cooling
System response will provide adequate core cooling (Refs. 2,
3, and 4).

The transient analyses of Chapter 14 of the UFSAR have also
been performed for single recirculation Toop operation
(Ref. 5) and demonstrate sufficient flow coastdown
characteristics to maintain fuel thermal margins during the
abnormal operational transients analyzed provided the MCPR
requirements are modified. During single recirculation loop
operation, modification to the Reactor Protection System
(RPS) average power range monitor (APRM) instrument
setpoints is also required to account for the different
relationships between recirculation drive flow and reactor
core flow. The MCPR 1imits and APLHGR limits (power-
dependent APLHGR multipliers, MAPFAC,, and flow-dependent
APLHGR multipliers, MAPFAC:) for single loop operation are
specified in the COLR. The APRM Simulated Thermal Power-
High Allowable Value is in LCO 3.3.1.1, "Reactor Protection
System (RPS) Instrumentation.”

(continued)
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(continued)

Recirculation loops operating satisfies Criterion 2 of the
NRC Policy Statement.

LCO

Two recirculation loops are normally required to be in
operation with their flows matched within the 1imits
specified in SR 3.4.1.1 to ensure that during a LOCA caused
by a break of the piping of one recirculation loop the

(continued)
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LCO
(continued)

assumptions of the LOCA analysis are satisfied.
Alternatively, with only one recirculation loop in
operation, modifications to the required APLHGR 1imits
(power- and flow-dependent APLHGR multipliers, MAPFAC, and
MAPFAC,, respectively of LCO 3.2.1, "AVERAGE PLANAR LINEAR
HEAT GENERATION RATE (APLHGR)"), MCPR Timits (LCO 3.2.2,
"MINIMUM CRITICAL POWER RATIO (MCPR)") and APRM Simulated
Thermal Power-High Allowable Value (LCO 3.3.1.1) must be
applied to allow continued operation consistent with the
assumptions of Reference 5.

The LCO is modified by a Note which allows up to 12 hours
before having to put in effect the required modifications to
required limits after a change in the reactor operating
conditions from two recirculation loops operating to single
recirculation loop operation. If the required limits are
not in compliance with the applicable requirements at the
end of this period, the associated equipment must be
declared inoperable or the 1imits "not satisfied,” and the
ACTIONS required by nonconformance with the applicable
specifications implemented. This time is provided due to
the need to stabilize operation with one recirculation loop,
including the procedural steps necessary to limit flow in
the operating loop, and the complexity and detail required
to fully implement and confirm the required Timit
modifications.

APPLICABILITY

In MODES 1 and 2, requirements for operation of the Reactor
Coolant Recirculation System are necessary since there is
considerable energy in the reactor core and the limiting
design basis transients and accidents are assumed to occur.

In MODES 3, 4, and 5, the consequences of an accident are
reduced and the coastdown characteristics of the
recirculation loops are not important.

(continued)
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ACTIONS
(continued)

A.l

With the requirements of the LCO not met for reasons other
than no recirculation loops in operation, the recirculation
loops must be restored to operation with matched flows
within 24 hours. A recirculation loop is considered not in
operation when the pump in that loop is idle or when the
mismatch between total jet pump flows of the two Toops is
greater than required limits. The loop with the Tower flow
must be considered not in operation. Should a LOCA occur
with one recirculation loop not in operation, the core flow
coastdown and resultant core response may not be bounded by
the LOCA analyses. Therefore, only a limited time is
allowed to restore the inoperable loop to operating status.

Alternatively, if the single loop requirements of the LCO
are applied to operating limits and RPS setpoints, operation
with only one recirculation loop would satisfy the
requirements of the LCO and the initial conditions of the
accident sequence.

The 24 hour Completion Time is based on the low probability
of an accident occurring during this time period, on a
reasonable time to complete the Required Action, and on
frequent core monitoring by operators allowing abrupt
changes in core flow conditions to be quickly detected.

(continued)
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A.1 (continued)

This Required Action does not require tripping the
recirculation pump in the lowest flow loop when the mismatch
between total jet pump flows of the two loops is greater
than the required limits. However, in cases where large
flow mismatches occur, low flow or reverse flow can occur in
the Tow flow loop jet pumps, causing vibration of the jet
pumps. If zero or reverse flow is detected, the condition
should be alleviated by changing pump speeds to re-establish
forward flow or by tripping the pump.

B.1

With no recirculation loops in operation or the Required
Action and associated Completion Time of Condition A not
met, the plant must be brought to a MODE in which the LCO
does not apply. To achieve this status, the plant must be
brought to MODE 3 within 12 hours. In this condition, the
recirculation Toops are not required to be operating because
of the reduced severity of DBAs and minimal dependence on
the recirculation loop coastdown characteristics. The
allowed Completion Time of 12 hours is reasonable, based on
operating experience, to reach MODE 3 from full power
conditions in an orderly manner and without challenging
plant systems.

(continued)
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SR_3.4.1.1

This SR ensures the recirculation lToops are within the
allowable Timits for mismatch. At Tow core flow (i.e.,

< 71.75 X 10% 1bm/hr), the MCPR requirements provide larger
margins to the fuel cladding integrity Safety Limit such
that the potential adverse effect of early boiling
transition during a LOCA is reduced. A larger flow mismatch
can therefore be allowed when core flow is < 71.75 X

10% 1bm/hr. The recirculation loop jet pump flow, as used
in this Surveillance, is the summation of the flows from all
of the jet pumps associated with a single recirculation
loop.

The mismatch is measured in terms of core flow. (Rated core
flow is 102.5 X 10° 1bm/hr. The first Timit is based on
mismatch < 10% of rated core flow when operating at < 70% of
rated core flow. The second Timit is based on mismatch < 5%
of rated core flow when operating at > 70% of rated core
flow.) If the flow mismatch exceeds the specified limits,
the Toop with the Tower flow is considered not in operation.
The SR is not required when both loops are not in operation
since the mismatch limits are meaningless during single loop
or natural circulation operation. The Surveillance must be
performed within 24 hours after both Toops are in operation.
The 24 hour Frequency is consistent with the Surveillance
Frequency for jet pump OPERABILITY verification and has been
shown by operating experience to be adequate to detect off
normal jet pump Toop flows in a timely manner.

(continued)
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REFERENCES 1. UFSAR, Section 14.6.3.

2. NEDC-32163P, "PBAPS Units 2 and 3 SAFER/GESTR-LOCA
Loss-of-Coolant Accident Analysis," January 1993.

3. NEDC-32162P, "Maximum Extended Load Line Limit and
ARTS Improvement Program Analyses for Peach Bottom
Atomic Power Station Unit 2 and 3," Revision 1,
February 1993.

4, NEDC-32428P, "Peach Bottom Atomic Power Station Unit 2
Cycle 11 ARTS Thermal Limits Analyses," December 1994.

5. NEDQ-24229-1, "PBAPS Units 2 and 3 Single-Loop
Operation,” May 1980.
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5.6 Reporting Requirements (continued)

5.6.5

CORE OPERATING LIMITS REPORT (COLR)

a.

Core operating limits shall be established prior to each
reload cycle, or prior to any remaining portion of a reload
cycle, and shall be documented in the COLR for the
following:

1.

The Average Planar Linear Heat Generation Rate for
Specification 3.2.1;

The Minimum Critical Power Ratio for Specifications
3.2.2 and 3.3.2.1;

The Linear Heat Generation Rate for Specification
3.2.3; and

The Control Rod Block Instrumentation for Specification
3.3.2.1.

The Oscillation Power Range Monitor (OPRM)
Instrumentation for Specification 3.3.1.1.

The analytical methods used to determine the core operating
Timits shall be those previously reviewed and approved by
the NRC, specifically those described in the following
documents:

1.

NEDE-24011-P-A, "General Electric Standard Application
for Reactor Fuel" (latest approved version as specified
in the COLR);

NEDC-32162P, "Maximum Extended Load Line Limit and ARTS
Improvement Program Analyses for Peach Bottom Atomic
Power Station Units 2 and 3," Revision 2, March, 1995;

PECo-FMS-0001-A, "Steady-State Thermal Hydraulic
Analysis of Peach Bottom Units 2 and 3 using the FIBWR
Computer Code";

PECo-FMS-0002-A, "Method for Calculating Transient
Critical Power Ratios for Boiling Water Reactors
(RETRAN-TCPPECO)";

PECo-FMS-0003-A, "Steady-State Fuel Performance Methods
Report";

PECo-FMS-0004-A, "Methods for Performing BWR Systems
Transient Analtysis™;

(continued)
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5.6 Reporting Requirements

5.6.5 CORE OPERATING LIMITS REPORT (CQOLR) (continued)

7. PECo-FMS-0005-A, "Methods for Performing BWR Steady-
State Reactor Physics Analysis"; and

8. PECo-FMS-0006-A, "Methods for Performing BWR Reload
Safety Evaluations.”

9. NEDO-32465-A, “BWR Owners’ Group Long-Term Stability
Detect and Suppress Solutions Licensing Basis
Methodology And Reload Appltications,” August 1996.

c. The core operating 1imits shall be determined such that all
applicable 1limits (e.g., fuel thermal mechanical Timits,
core thermal hydraulic limits, Emergency Core Cooling
Systems (ECCS) 1imits, nuclear Timits such as SDM, transient
analysis 1imits, and accident analysis limits) of the safety
analysis are met.

d. The COLR, including any midcycle revisions or supplements,
shall be provided upon issuance for each reload cycle to the
NRC.
5.6.6 Post Accident Monitoring (PAM) Instrumentation Report

When a report is required by Condition B or F of LCO 3.3.3.1,
"Post Accident Monitoring (PAM) Instrumentation,” a report shall
be submitted within the following 14 days. The report shall
outline the preplanned alternate method of monitoring, the cause
of the inoperability, and the plans and schedule for restoring the
instrumentation channels of the Function to OPERABLE status.
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3.3.1.1
3.3 INSTRUMENTATION
3.3.1.1 Reactor Protection System (RPS) Instrumentation
Lco 3.3.1.1 The RPS instrumentation for each Function in Table 3.3.1.1-1
shall be OPERABLE.
APPLICABILITY: According to Table 3.3.1.1-1.
ACTIONS
J———— NOTE=—mmmmmmm—mmmm— == m——————
Separate Condition entry is allowed for each channel.
e e Mm
CONDITION REQUIRED ACTION COMPLETION TIME
A. One or more required A.l Place chamnel in 12 hours
channels inoperable. trip.-
1]
A2  emmm———- NOTE—-=====—~ 12 hours
Not applicable for
Functions 2.a, 2.b,
2.c, e¥2.d/,0r 2.%.
Place associated trip .
system in trip.
B. NOTE B.1 Place channel in one 6 hours
Not applicable for trip system in trip.
Functions 2.a, 2.b,
2.c, of 2.dyyor 2.5 5| OR
One or more Functions B.2 Place one trip system | 6 hours
with one or more in trip.
required channels
jnoperable in both
trip systems.
(continued)
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ACTIONS (continued)
CONDITION REQUIRED ACTION COMPLETION TIME
H. As required by H.1 Initiate action to Immediately
Required Action D.1 fully insert all
and referenced in insertable control
Table 3.3.1.1-1. rods in core cells
containing one or
more fuel assemblies.

SURVEILLANCE REQUIREMENTS

------------------------------------- NOTES--=--vemcmceeccccmcec e e e

1. Refer to Table 3.3.1.1-1 to determine which SRs apply for each RPS
Function.

2. When a channel is placed in an inoperable status solely for performance of
required Surveillances, entry into associated Conditions and Required
Actions may be delayed for up to 6 hours provided the associated Function
maintains RPS trip capability.

SURVEILLANCE FREQUENCY
SR 3.3.1.1.1 Perform CHANNEL CHECK. 12 hours
SR 3.3.1.1.2  =em==cmcccccccaocNOTE-memmmmmmmmmmmmmenm

Not required to be performed until 12
hours after THERMAL POWER = 25% RTP.

PR R R R R il il R R Y iy

Verify the absolute difference between 7 days
the average power range monitor (APRM)
channels and the calculated power is

< 2% RTP while operating at = 25% RTP.

{continued)
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INSERT 1.

. As required by Required
Action D.1 and referenced in
Table 3.3.1.1-1.

TECH SPEC MARKUP

1.1 Initiate alternate method to detect
and suppress thermal hydraulic
instability oscillations.

AND

1.2 NOTE
LCO 3.0.4 is not applicable.

Restore required channels to
OPERABLE.

ECR # PB 99-00015 Rev. 0

Page

12 hours

120 days

J.  Required Action and
associated Completion Time
of Condition I not met.

J.1 Reduce THERMAL POWER to
<25% RTP.

4 hours
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SURVEILLANCE REQUIREMENTS (continued)
SURVEILLANCE FREQUENCY
SR 3.3.1.1.9 Perform CHANNEL FUNCTIONAL TEST. 92 days
SR 3.3.1.1.10 R R
Radiation detectors are excluded.
Perform CHANNEL CALIBRATION. 92 days
SR 3.3.1.1.11 ---—- NOTES-- ———
. For Function 2.a, not required to be
performed when entering MODE 2 from
MODE 1 until 12 hours after entering
MDDE 2.
o (and 2. § )
2. For Functiorn 2. b, the CHANNEL
FUNCTIDNAL TEST 1nc1udes the
recirculation flow input processing,
excluding the flow transmitters.
| Perform CHANNEL FUNCTIONAL TEST. 184 days
SR 3.3.1.1.12 -- NOTES
1. Neutron detectors are excluded.
| 2. Far Function 1, not required to be
performed when entering MODE 2 from
MogE 1 until 12 hours after entering
MODE 2.
o
3. For Funct1onAZ b} the recirculation
flow transm1tters that feed the APRMs
are 1nc1uded
Perform CHANNEL CALIBRATION. 24 months
{continued)
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3.3.1.1
SURVEILLANCE REQUIREMENTS (continued)
SURVEILLANCE FREQUENCY
SR 3.3.1.1.13 Verify Turbine Stop Valve-—Closure and 24 months
Turbine Control Valve Fast Closure, Trip
0{1 Pressure—Low Funciions are not
bypassed when THERMAL POWER is 2 30% RTP.
SR 3.3.1.1.14 Perform CHANNEL FUNCTIONAL TEST. 24 months
SR 3.3.1.1.15 Perform CHANNEL CALIBRATION. 24 months
SR 3.3.1.1.16 Calibrate each radiation detector. 24 months
SR 3.3.1.1.17 Perform LOGIC SYSTEM FUNCTIONAL TEST. 24 months
SR 3.3.1.1.18 Verify the RPS RESPONSE TIME is within 24 months
Timits.
— 3

M
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SR 3.3.1.1.19

Verify OPRM is not bypassed when APRM Simuiated
Thermal Power is > 30% and recirculation drive flow is
< 60%.

24 months
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tebie 3.3.1.1-1 (page 1 of 3)
Reactor Protection System instrumentation
APPLICABLE COMDITIONS
HEDES OR REQUIRED REFERENCED
OTHER CHANNELS FROM
SPECIFIED PER TRIP REQUIRED SURVEI LLANCE ALLOMABLE
PUNCT10N cONDITIONS SYSTEM ACTION D.1 REQUIREMENTS VALUE
1. uide Range Neutron
Monitors
a. periad-Short 2 3 ] sk 3.3.1.1.1 2 13 seconds
SR 3.3.1.1.5
sR 3.3.1.1.12
s 3.3.1.1.17
sk 3.3.1.1.18
géad 3 K sk 3.3.1.1.1 2 13 seconds
sR 3.3.1.1.6
sR 3.3.1.1.12
SR 3.3.1.1.17
sk 3.3.1.1.18
b. Inep 2 3 G SR 3.3.1.1.5 NA
sk 3.3.1.1.%7
5@ 3 " sk 3.3.1.1.6 uA
. SR 3.3.1.1.17
2. Average power Range
Monitors
a. Noutcon Flux-High 2 3(ed [ SR 3.3.1.1.1 < 15.0% RIP
(Setdown) sk 3.3.1.1.8
s 3.3.1.1.11
sk 3.3.1.1.12
b. Simulated Thermal 1 3(® F SR 3.3.1.1.1 S 0.66 W
power-High . s 3.3.1.1.2 + 6..9% RTPD?
and S 118.0%
RTP
sk 3.3.1.1.8
sg 3.35.1.1.1
sR 3.3.1.1.12
c. Neutron Fiux-High 1 z(e} 3 sk 3.3.1.1.1 S 119.7X RTP -
SR 3.3.1.1.2
] s 3.3.1.1.8
SR 3.3.71.1.11
SR 3.3.1.1.12
d. Inop 1,2 3{ed & s 3.3.1.1.1 NA
e. 2-0ue~0f-4 Voter 1,2 2 ] sk 3.3.1.1.1 NA
st 3.3.1.1.11
sAa 3.3.1.1.17
sk 3.3.1.1.18
{continued)

() With any control rod withdrawn from & cors cell contafning one or more fuel ossemblies.

l (b} {4—_—65-0-4-66:9%-—9766‘“‘ RTP when reset for single loop operation per LCQ 3.4.1, "Recircutation Locps
rating. -

[ (c) Each APRM chanmatl provides inputs to both trip systems.

W ]

PBAPS UNIT '3 3.3-7 Amendment No. 234

(w,AW)‘i“éA.c’%
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f. OPRM Upscale >25% 3@ [ SR 3.3.1.11 NA®@
RTP SR 3.3.1.1.8
SR 3.3.1.1.11
SR 3.3.1.1.12
SR 3.3.1.1.19
INSERT 3A:

(d) See COLR for OPRM period based detection algorithm (PBDA) setpoint limits.
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3.4 REACTOR COOLANT SYSTEM (RCS)

3.4.1 Recirculation Loops Operating

Lco 3.4.1 Two recirculation loops with matched flows shall be in
operation.fithtore W as u i L POWER i
e restricted® Regignof Ei /////Jn

oR

One recirculation loo
. HE

3 oN o
of Figare 3.4.

the associated

a. LCO 3.2.1, "AVERAGE PLANAR LINEAR REAT GENERATION RATE
(APLHGR) ," singie loop operation 1imits specifigiin the
COLR;

b. LCO 3.2.2, "MINIMUM CRITICAL POWER RATIO (MCPR)," single
loop operation 1imits specified in the COLR; and

n shall be in
POWER" 1n

operation with 52;;/f1 W

Che "Bhrestricted’ Regi%n )

2 ‘ith(the Tollowing 1imits applied when
s applicable:

c. Lco 3.3.1.1, "Reactor Protection System (RPS)
‘ instrumentation,” Function 2.b {Average Power Range
| Monitors Simulated Thermal Power-High), Allowable Value
of Table 3.3.1.1-1 is reset for single loop operation.

-~=NOTE
Raquired 1imit modifications for single recirculation loop
operation may be delayed for up to 12 hours after transition
from two recirculation loop operation to single
recirculation loop operation.

- - - -

APPLICABILITY:  MODES 1 and 2.

PBAPS UNIT 3 3.4-1 Amendment No. 234

012

04!
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ACTION

Recirculation Loops Operating
3.4.1

CONDITION j REQUIB;B/ACTION

///faMPLETION TIME

thergafter

1 hour after
completion of
any THERMAL
POWER increasge
= 5% RTP

Required Action-and B.1
associated Completion
Time of Condition A

not met.

Restore APRM and LPRM
utron flux noise
evels to < 4% and

< 3 times baseline
noise levels.

y(rs

ERMAL POWER
"Unrestricted”

y(rs

4 hours

(continued)

PBAPS UNIT 3

3.4

2

Amendment No. 214
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CONDITION REQUIRED ACTION COMPLETION TIME
A : [~
b7 Requirements of the DI Satisfy the 24 hours
C requirements of the
LCO.
B. 3.)
. Required Action and £ Be in MODE 3. 12 hours
associated Compietion
Time of Condition
J\not met.
G’
No recirculation Toops Immediately
in operation.
6 hoyr's ~
|

PBAPS UNIT 3 3.4

3

Amendment No. 214
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SURVEILLANCE REQUIREMENTS
SURVEILLANCE FREQUENCY

SR 3.4.1.1  --em-ccmccmmeeeeeee- 1) S
Not requ1red to be performed until 24 hours

after both recirculation loops are in
operation.

Verify recirculation Toop jet pump flow 24 hours
mismatch with both recirculation loops in
operation is:

a. =10.25 X 106 1bm/hr when operating at
< 71.75 X 10° 1bm/hr; and

b. =<5.125 X 106 1bm/hr when operating at
> 71.75 X 10° 1bm/hr.

Ver1 core flow as unction /24/ﬁgurs
is-in the "Unfestrict Reg1 ///////’//’
F1gu 3.4.1-

4 Amendment No. 214

PBAPS UNIT 3 3.4
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(o]

al Power (%Rated)
&

Th

(20, 29@/

(page 1 of/1)

VERSUS CORE FLOW
STABILITY REGIQKS

5 Amendment No. 214

PBAPS UNIT 3 3.4
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APPLICABLE 1.b. Wide Range Neutron Monitor — Ingp (continued)

SAFETY ANALYSES, .
LCO, and Six channels of the Wide Range Neutron Monitor=Inop

APPLICABILITY Function, with three channels in each trip system, are
required to be OPERABLE to ensure that no single instrument
failure will preclude a scram from this Function on a valid
signal. Since this Function is not assumed in the safety
analysis, there is no Allowable Value for this Function.

This Function is required to be OPERABLE when the Wide Range
Neutron Monitor Period-Short Function is required.

Av e Power Ra Moni APRM

The APRM channels provide the primary indication of neutron
flux within the core and respond almost instantaneously to
neutron flux increases. The APRM channels receive input
signals from the local power range monitors (LPRMs) within
the reactor core to provide an indication of the power
distribution and local power changes. The APRM channels
average these LPRM signails to provide a continuous
indication of average reactor power from a few percent to

greater than RTP. <*‘ﬁEEi§§EEE:§Z>

The APRM System is divided into four APRM channels and four
2_out-of-4 voter channels. Each APRM channel provides
inputs to each of the four voter channels. The four voter
channels are divided into two graups of two each, with each
group of two providing inputs to one RPS trip system. The
system is designed to allow one APRM channel, but no voter
channels, to be bypassed. A trip from any one unbypassed -
APRM will result in a “half-trip" in all four of the voter
channels, but no trip inputs to either RPS trig system.

trip from any two unbyﬂassed APRM channels will result in a flccnT
full trip in each of the four voter channels, which in turn Py

3 results in two tri? inputs into each RPS trip system¥ Thus
lsenT resulting in a full scram signal. Three of the four APRM
channels and a our o & voter channels are required to

be OPERABLE to ensure that no single failure will preclude a
scram on a valid signal. In addition, to provide adequate
coverage of the entire core, consistent with the design
bases for the APRMW at least 20 LPRM inputs, with

(:EEEEEEEz:EE)““Ef'Teast Three LPRM inputs from each of the four axial
levels at which the LPRMs are located, must be operable for
each APRM channel, and the number of LPRM inputs that have

become inoperable (and bypassed) since the last APRM
calibration (SR 3.3,1.1.2) must be less than ten for each

. APRM channel.
Rk S me -4 _(gnntinued)
PBAPS UNIT 3 B 3.3-7 Revision No. 30
|
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INSERT 4:

Each APRM also includes an Osciliation Power Range Monitor (OPRM) Upscale Function which monitors
small groups of LPRM signals to detect thermal-hydraulic instabilities.

INSERT 5:

APRM trip Functions 2.a, 2.b, 2.c, and 2.d are voted independently from OPRM Upscale Function 2.f.
Therefore, any Function 2.a, 2.b, 2.c, or 2.d

INSERT 6:
logic channel (A1, A2, B1, and B2)

INSERT 7:

Similarly, a Function 2.f trip from any two unbypassed APRM channels will result in a full trip from each of
the four voter channels.

INSERT 8:

Functions 2.a, 2.b, and 2.c

INSERT 9:

For the OPRM Upscale, Function 2.f, LPRMs are assigned to “cells” of 3 or 4 detectors. A minimum of 25
cells, each with a minimum of 2 LPRMs, must be OPERABLE for the OPRM Upscale Function 2.f to be
OPERABLE.
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APPLICABLE 2.a. Average Power Range Monitor Neutron Flux-High
SAFETY QNALYSES, {Setdown) (continued)
LCO, an
APPLICABILITY For operation at low power (i.e., MODE 2), the Average Power

Range Monitor Neutron Flux-High (Setdown) Function is
capable of generating a trip signal that prevents fuel
damage resulting from abnormal operating transients in this
power range. For most operation at low power levels, the
Average Power Range Monitor Neutron Flux-High (Setdown)
Function will provide a secondary scram to the Wide Range
Neutron Monitor Period-Short Function because of the
relative setpoints. At higher power levels, it is possible
that the Average Power Range Monitor Neutron Flux-High
(Setdown) Function will provide the primary trjp signal for
a corewide increase in power.

No specific safety analyses take direct credit for the
Average Power Range Monitor Neutron Flux-High (Setdown)
Function. However, this Function indirectly ensures that
before the reactor mode switch is placed in th2 run
position, reactor power does not exceed 25% RT? (SL 2.1.1.1)
when operating at low reactor pressure and low core flow.
Therefore, it indirectly prevents fuel damage during
significant reactivity increases with THERMAL POWER

< 25% RTP.

The Allowable Value is based on preventing significant
increases in power when THERMAL POWER is < 25% RTP.

The Average Power Range Monitor Neutron Flux-High (Setdown)
Function must be OPERABLE during MODE 2 when control rods
may be withdrawn since the potential for criticality exists.
In MODE 1, the Average Power Range Monitor Neuiron Flux-High
Function provides protection against reactivity transients
and the RWM and rod block monitor protect against control
rod withdrawal error events.

2.b. _Average Power Range Monitor Simulated Thermal
Power-High

The Average Power Range Monitor Simulated Thermal Power-High
Function monitors average neutron flux to approximate the
THERMAL POWER being transferred to the reactor coolant. The
APRM neutron flux is electronically filtered with a time
constant representative of the fuel heat transfer dynamics
to generate a signal proportional to the THERMAL POWER in
the reactor. The trip level is varied as a function of
recirculation drive flow (i.e., at lower core flows, the
setpoint is reduced proportional to the reduction in power
experienced as core flow is reduced with a fixed control rod
pattern) but is clamped at an upper limit that is always
lower than the Average Power Range Monitor Neutron Flux-High

Function Allowable Va]uf;;?
__{continued)

PBAPS UNIT 3

B 3.3-8 Revision No. 30
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INSERT 9a:

A note is included, applicable when the plant is in single recirculation loop operation per LCO 3.4.1, which
requires the flow value, used in the Allowable Value equation, be reduced by AW. The value of AW is
established to conservatively bound the inaccuracy created in the core flow/drive flow correlation due to
back flow in the jet pumps associated with the inactive recirculation loop. The allowable value thus
maintains thermal margins essentially unchanged from those for two loop operation. The value of AW is
plant specific and is defined in plant procedures. The allowable value equation for single loop operation is
only valid for fiows down to W = AW, the allowable value does not go below 64.9% RTP. This is acceptable
because back flow in the inactive recirculation loop is only evident with drive flows of approximately 35% or
greater (Reference 19).
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| APPLICABLE .d. Av ower_ Range jtor = Ino
SAFETY ANALYSES, : )
LCcO, and Three of the four APRM channels are.requ1req to be OPERABLE
APPLICABILITY for each of the APRM Functions. This Function (Inop)
(continued) provides assurance that the minimum number of APRM channels

are OPERABLE.

For any APRM channel. any time its mode switch is not in the
»Operate” position, an APRM module required to issue a irip
is unplugged, or the automatic self-test system detects a
critical fault with the APRM channel, an Inop trip is sent
to all four voter channels. Inop trips from two or more
ran-bypasseds APRM channels result in a trip output from each
5F the four voter channels to it’s associated trip system.
This Function was not specifically credited in the accident
analysis, but it is retained for the overall redundancy and
diversity of the RPS as required by the NRC approved
Ticensing basis.

There is no Allowable Valua for thjs Functijon.

This Function is required to be OPERABLE in the MODES where
the APRM Functions are required. '

2.e. 2-0ut-0f-4 Voter

The 2-Out-0f-4 Voter Function provides the interface between
the APRM Functions,and the final RPS irip system logic. As

(ijEEEE%EEZ}E:)""Eﬁch, it is required to be OPERABLE in the MODES where the
APRM Functions are required and is necessary to support the
safety analysis applicable to each of those Functions.
Therefore, the 2-Out-0f-4 Voter Function needs to be
OPERABLE in MODES 1 and 2.

A11l four voter channels are required to be OPERABLE. Each
voter channel includes self-diagnostic functions. If any
voter channel detects a critical fault in its own

W processing, a trip is jssued from that voter channel to the

[SERT associated trip system.

There s no Allawable Value for this Function.

@ (continyed)

.
i
|

PBAPS UNIT 3 B 3.3-12 Revision No. 30

”

!



ECR # PB 99-00015 Rev. 0

Page
TECH SPEC MARKUP

INSERT 10:

, including the OPRM Upscale Function,

INSERT 11:

The Two-Out-Of-Four Logic Module includes 2-Out-Of-4 Voter hardware and the APRM Interface hardware.
The 2-Out-Of-4 Voter Function 2.e votes APRM Functions 2.3, 2.b, 2.¢, and 2.d independently of Function
2.f. This voting is accomplished by the 2-Out-Of-4 Voter hardware in the Two-Out-Of-Four Logic Moduie.
The voter includes separate outputs to RPS for the two independently voted sets of Functions, each of
which is redundant (four total outputs). The analysis in Reference 12 took credit for this redundancy in the
justification of the 12-hour Completion Time for Condition A., so the voter Function 2.e must be declared
inoperable if any of its functionality is inoperable. The voter Function 2.e does not need to be declared
inoperable due to any failure affecting only the APRM Interface hardware portion of the Two-Out-Of-Four

Logic Module.
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INSERT 12:

2.f. Oscillation Power Range Monitor (OPRM) Upscale

The OPRM Upscale Function provides compliance with 10 CFR 50, Appendix A, General Design Criteria
(GDC) 10 and 12, thereby providing protection from exceeding the fuel MCPR safety limit (SL) due to
anticipated thermal-hydraulic power oscillations.

References 14, 15 and 16 describe three algorithms for detecting thermal-hydraulic instability related neutron
flux oscillations: the period based detection algorithm, the amplitude based algorithm, and the growth rate
algorithm. All three are implemented in the OPRM Upscale Function, but the safety analysis takes credit only
for the period based detection algorithm. The remaining algorithms provide defense in depth and additional
protection against unanticipated oscillations. OPRM Upscale Function OPERABILITY for Technical
Specification purposes is based only on the period based detection algorithm.

The OPRM Upscale Function receives input signals from the local power range monitors (LPRMs) within
the reactor core, which are combined into “cells” for evaluation by the OPRM algorithms. Each channel is
capable of detecting thermal-hydraulic instabilities, by detecting the related neutron flux oscillations, and
issuing a trip signal before the MCPR SL is exceeded. Three of the four channels are required to be

OPERABLE.

The OPRM Upscale trip is automatically enabled (bypass removed) when THERMAL POWER is > 30%
RTP, as indicated by the APRM Simulated Thermal Power, and reactor core flow is < 60% of rated flow, as
indicated by APRM measured recirculation drive flow. This is the operating region where actual thermal-
hydraulic instability and related neutron flux oscillations may occur (Reference 18). These setpoints, which
are sometimes referred to as the “auto-bypass” setpoints, establish the boundaries of the OPRM Upscale
trip enabled region. The APRM Simulated Thermal Power auto-enable setpoint has 1% deadband while the
drive flow setpoint has a 2% deadband. The deadband for these setpoints is established so that it
increases the enabled region.

The OPRM Upscale Function is required to be OPERABLE when the plant is at > 25% RTP. The 25% RTP
level is selected to provide margin in the unlikely event that a reactor power increase transient occurring
while the plant is operating below 30% RTP causes a power increase to or beyond the 30% APRM
Simulated Thermal Power OPRM Upscale trip auto-enable setpoint without operator action. This
OPERABILITY requirement assures that the OPRM Upscale trip auto-enable function will be OPERABLE
when required.

An OPRM Upscale trip is issued from an APRM channel when the period based detection algorithm in that
channel detects oscillatory changes in the neutron flux, indicated by the combined signals of the LPRM
detectors in a cell, with period confirmations and relative cell amplitude exceeding specified setpoints. One
or more cells in a channel exceeding the trip conditions will result in a channel trip. An OPRM Upscale trip
is also issued from the channel if either the growth rate or amplitude based algorithms detect oscillatory
changes in the neutron flux for one or more cells in that channel.

There are four “sets” of OPRM related setpoints or adjustment parameters: a) OPRM trip auto-enable
setpoints for STP (30%) and drive flow (60%); b) period based detection algorithm (PBDA) confirmation
count and amplitude setpoints; ¢) period based detection algorithm tuning parameters; and d) growth rate
algorithm (GRA) and amplitude based algorithm (ABA) setpoints.

The first set, the OPRM auto-enable region setpoints, as discussed in the SR 3.3.1.1.19 Bases, are treated
as nominal setpoints with no additional margins added. The settings, 30% APRM Simulated Thermal Power
and 60% drive flow, are defined (limit values) in and confirmed by SR 3.3.1.1.19. The second set, the
OPRM PBDA trip setpoints, are established in accordance with methodologies defined in Reference 16, and
are documented in the COLR. There are no allowable values for these setpoints. The third set, the OPRM
PBDA “tuning” parameters, are established or adjusted in accordance with and controlled by PBAPS
procedures. The forth set, the GRA and ABA setpoints, in accordance with References 14 and 15, are
established as nominal values only, and controlled by PBAPS procedures.
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ACTIONS A.l and A.2 (continued)

Function’s inoperable channel is in one trip system and the
Function still maintains RPS trip capability (refer to
Required Actions B.1, 8.2, and C.1 Bases). If the
inoperable channel cannot be restored to OPERABLE status
within the allowable out of service time, the channel or the
associated trip system must be placed in the tripped ,
condition per Required Actions A.1 and A.2. Placing the
inoperable channel in trip (or the associated trip system in
trip) would conservatively compensate for the inoperability,
restore capability to accommodate a single failure, and
allow operation to continue. Alternatively, if it is not
desired to place the channel (or trip system) in trip (e.g.,
as in the case where placing the inoperable channel in trip
would resuit in a full scram), Condition D must be entered

and its Required Action taken. m
As noted, Actiog}A.Z is no! app|icabla for APRM Functions
2.a, 2.b, 2.c,¥@ad-Z&» Inoperability of one required APRM

channel affects both trip systems. For that condition,
Required Action A.1 must be satisfied, and is the only
action (other than restoring operability) that will restore
capability to accommodate a single failure. Inoperability
of more than one reguired APRM channel of the same trip
function results in loss of trip capability and entry into
Condition C, as well as entery into Condition A for each

channel.

B.l ang B.z

Condition B exists when, for any one or more Functions, at
least one required channel is inoperable in each trip
system. In this condition, provided at least one channel
per trip system is OPERABLE, the RPS sti11 maintains trip
capability for that Function, but cannot accommodate a
single failure in either trip system.

Required Actions B.1 and B.2 limit the time the RPS scram
Togic, for any Function, would not accommodate single
failure in both trip systems (e.g-., one-out-of-one and
one-out-of-one arrangement for a typical four channel
function). The reduced reliability of this logic
arrangement was not evaluated in References 9, 12 or 13 for
the 12 hour Completion Time. Within the 6 hour allowanca,
the associated Function will have all required channeis
OPERABLE or in trip (or any combination) in one trip system.

(continued)
PBAPS UNIT 3 B 3.3-24 Revision No. 30
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ACTIONS B.1 and B.2 (continued)

Compieting one of these Required Actions_rastores RPS to a
reliability level equivalent to that evaluated in
References 9, 12 or 13, which justified a 12 hour allowable
out of service time as presented in Condition A. The trip
system in the more degraded state should be placed in trip
or, alternatively, all the inoperable channels in that trip
system should be placed in trip (e.g., & trip system with
two inoperable channels could be in a more degraded state
than a trip system with four inoperable channels if the two
inoperable channels are in the same Function while the four
inoperable channels are all in different Functions). The
decision of which trip system is in the more degraded state
should be based on prudent judgment and take into account
current plant conditions (i.e., what MODE the plant is in).
If this action would result in a scram or RPT, it 1is
permissible to place the other trip system or its inoperable
channels in trip.

The 6 hour Complietion Time is judged acceptable based on the
remaining capability te trip, the diversity of the sensors
available to provide the trip signals, the low probability
of extensive numbers of ino erabilities affecting all
diverse Functions, and the low probability of an event
requiring the initiation of a scram.

Alternately, if it is not desired to place the inoperable
channels (or one trip system) in trip (e.g9., as in the case
where placing the inoperable channel or assaciated trip
system in trip would result in a scram, Condition D must be

entered and its Required Action taken.
[P
As noted, Condition B is not applicable for APRM Functions:
2.b, 2.c; Inoperability of an APRM channel

2.a, (§§§§§§§§>

affects both trip systems and is not associated with a
specific trip system as are the APRM 2-0Out-0f-4 voter and
other non-APRM channels for which Condition B applies. For
an inoparable APRM channel, Required Action A.l must be

@%?% Cunchinm in satisfied, and is the only action (other than restoring
o Puncheon W oparability) that will restore ca ability to accommodate a
single fajlure. Inoperab y ofsmore than onevrequired

APRM channel results in loss of trip capabilitysand entry '
Lor Phed ﬁgﬂckgw into condition C, 81T as entry into condition A for each
channal. Because Condition A and C grovide'Required Actions

that are appropriate for the inopera ility of APRM Functions

Z.a, 2.b, 2.¢3 and these functions are not
2.¢L,¢f'2~£: associated with sgeci jc trip systems as are the APRM 2-Out-

0f-4 voter and other non-APRM channels, Condition B does not

apply. _
(continued)
PBAPS UNIT 3 B 3.3-25 Revision No. 30
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ACTIONS .1, F.1 1 and T/

(continued)
If the channel(s) is not restored to OPERABLE status or

placed in trip (or the associated trip system placed in
trip) within the allowed Completion Time, the plant must be
placed in a MODE or other specified condition in which the
LCO does not apply. The allowed Completion Times are
reasonable, based on operating experience, to reach the
specified condition from full power conditions in an orderly
manner and without challenging plant systeﬂzézgigjaddition,
the Completion Time of Required ActionsE.l Sistent
with the Completion Time provided in LCO 3.%.2, "MINIMUM
CRITICAL POWER RATIO (MCPR)."

H.1

If the channel(s) is not restored to OPERABLE status or
- placed in trip (or the associated trip system placed in
trip) within the allowed Completion Time, the plant must be
placed in a MODE or other specified condition in which the
LCO does not apply. This is done by immediately initiating
action to fully insert all insertable control rods in core
; cells containing one or more fuel assemblies. Control rods
. in core cells containing no fuel assemblies do not affect
the reactivity of the core and are, therefore, not required
TN to be inserted. Action must continue until all insertable
\i> control rods in core cells containing one or more fuel

<i;§;ag£ﬂaA' i;—/f\\\\\‘_assemblies are fully inserted.

N~

SURVEILLANCE As noted at the beginning of the SRs, the SRs for each RPS
REQUIREMENTS. instrumentation Function are located in the SRs column of
Table 3.3.1.1-1.

The Surveillances are modified by a Note to indicate that
when a channel is placed in an inoperable status solely for
performance of required Surveillances, entry into associated
Conditions and Required Actions may be delayed for up to

6 hours, provided the associated Function maintains RPS trip
capability. Upon completion of the Surveillance, or
expiration of the 6 hour allowance, the channel must be
returned to OPERABLE status or the applicable Condition
entered and Required Actions taken. This Note is based on
the reliability analysis (Refs. 9, 12 & 13) assumption of
the average time required to perform channel Surveillance.
That analysis demonstrated that the 6 hour testing allowance
does not significantly reduce the probability that the RPS

will trip when necessary.
{continued)
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1.1

If OPRM Upscale trip capability is not maintained, Condition | exists. References 12 and 13
justified use of alternate methods to detect and suppress oscillations for a limited period of time.
The alternate methods are procedurally established consistent with the guidelines identified in
Reference 17 requiring manual operator action to scram the plant if certain predefined events
occur. The 12-hour allowed Completion Time for Required Action 1.1 is based on engineering
judgment to allow orderly transition to the alternate methods while limiting the period of time
during which no automatic or aiternate detect and suppress trip capability is formally in place.
Based on the small probability of an instability event occurring at all, the 12 hours is judged to be

reasonable.

1.2

The alternate method to detect and suppress osciliations implemented in accordance with 1.1
was evaluated (References 12 and 13) based on use up to 120 days only. The evaluation,
based on engineering judgment, concluded that the likelihood of an instability event that could
not be adequately handled by the alternate methods during this 120-day period was negligibly
small. The 120-day period is intended to be an outside limit to allow for the case where design
changes or extensive analysis might be required to understand or correct some unanticipated
characteristic of the instability detection algorithms or equipment. This action is not intended and
was not evaluated as a routine alternative to returning failed or inoperable equipment to
OPERABLE status. Correction of routine equipment failure or inoperability is expected to be
normally be accomplished within the completion times aliowed for Actions for Condition A.

A note is provided to indicate that LCO 3.0.4 is not applicable. The intent of that note is to allow
plant start-up while within the 120-day completion time for action .2. The primary purpose of
this exclusion is to allow an orderly completion of design and verification activities, in the event
of a required design change, without undue impact on plant operation.
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In addition, Function § and 7 instruments are not accessible

while the unit is operating at power due to high radiation
and the installed {indication jnstrumentation does not
provide accurate indication of the trip setting. For the
Function 9 channels, verification that the trip settings are
Jess than or equal to the specified Allowable Value during
the CHANNEL FUNCTIONAL TEST is not required since the
instruments are not accessible while the unit is operating
at power due to high radiation and the installed indication
instrumentation does not provided accurate indication of the
trip setting. Waiver of these verifications for the above
functions is considered acceptable since the magnitude of
drift assumed in the setpoint calculation is based on a 24
month calibration interval. The 92 day Frequency of

SR 3.3.1.1.9 is based on the reliability amalysis of

Reference 9.

The 24 month Freguency is based on the need to perform this
surveillance under the conditions that apply during a plant
outage and the potential for an unplanned transient if the
surveillance were performed with the reactor at power.
Operating experience has shownh that these components will
pass the surveillance when performed at the 24 month

Frequency.

A CHANNEL CALIBRATION is a complete check of the instrument
loop and the semser. This test verifies that the channel
responds to the measured parameter within the necessary
range and accuracy. CHANNEL CALIBRATION leaves the channel
adjusted to account for instrument drifts between successive
cal ibrations, consistent with the current plant specific

setpoint methodology. g 3/3.X.1/16 ly' a
tpoins seshadology. | o ST, 2
a i sgur;
INSELT (%a
As noted for SR 3.3.1.1.12, neutron detectors are excluded

I
From CHANNEL CALIBRATION because they are passive devices,
with minimal drift, and because of the difficulty of
simulating a meaningful signal. Changes in

(continued)
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As noted for SR 3.3.1.1.10, radiation detectors are excluded from CHANNEL CALIBRATION due to ALARA
reasons (when the plant is operating, the radiation detectors are generally in a high radiation area; the
steam tunnel). This exclusion is acceptable because the radiation detectors are passive devices, with
minimal drift. To complete the radiation CHANNEL CALIBRATION, SR 3.3.1.1.16 requires that the radiation
detectors be calibrated on a once per 24 months Frequency.

The once per 92 days Frequency of SR 3.3.1.1.10 is conservative with respect to the magnitude of
equipment drift assumed in the setpoint analysis. The Frequency of SR 3.3.1.1.16 is based upon the
assumption of a 24-month calibration interval used in the determination of the equipment drift in the setpoint

analysis.
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neutron detector sensitivity are compensated for by
performing the 7 day calorimetric calibration (SR 3.3.1.1.2)
senT & and the 1000 MWD/T LPRM calibration against the TIPs
l Pn (SR 3.3.1.1.8). 9 A second note is provided for SR 3.3.1.1.12
byenlc that 3T7ows the WRNM SR to be performed within 12 hours of

l

\ "SR 3.3.1.1.1

entering MODE 2 from MODE 1. Testing of the MODE 2 WRNM
Functions cannot be performed in MODE 1 without utilizing
jumpers, lifted leads or movable links. This Note allows
antry into MODE 2 from MODE 1, if the 24 month Frequency is
not met per SR 3.0.2. Twelve hours is based on operating
experience and in consideration of providing 2 reasonable

time in which to complete the SR.( For/the APRM ulayed
epmal Fowep-HIg anctiow, SR A.3.Y.1.1 also fncludes

DWep=H 13

catibrafing/the/assogiated recj culxtion/1oop fAow channe).
o thifd ndte 45 prp¢ided for R 3,5.1.1/12 to/Anclytle t

regirciatish floe trafismitters at feed thé APRMs as
appli€d 1 Fungtion b. /The Aleragé Powey Range

Sim(]ated Thefmal Fower<High Funcrion usGs the/reci
gop drive flaws/to Vary the/trif setpoint. /This

that” the fecirculation flgW transmitiefs thét supply the
i o th

ing{ the rafiiat

jon/area; tife stgam tuphel)
accaptable’ becpise the adigfion
deCices/with/minima) drifk.

alibpated An accopdanc ith

he 92/day Frequency/of S
respéct to the magritud
setpoint analysiy.

8 3.3,7.1.15 ard SR
assumption of /4
detérminatigr of the
agplicable/setppint nalyyis.

A CHANNEL FUNCTIONAL TEST is performed on each required
channel to ensure that the entire channel will perform the

(continued)
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A third note is provided for SR 3.3.1.1.12 that includes in the SR the recirculation flow (drive flow)
transmitters, which supply the flow signal to the APRMs. The APRM Simulated Thermal Power-High
Function (Function 2.b) and the OPRM Upscale Function (Function 2.f), both require a valid drive flow
signal. The APRM Simulated Thermal Power-High Function uses drive flow to vary the trip setpoint. The
OPRM Upscale Function uses drive flow to automatically enable or bypass the OPRM Upscale trip output to
RPS. A CHANNEL CALIBRATION of the APRM drive flow signal requires both calibrating the drive flow
transmitters and establishing a valid drive flow / core flow relationship. The drive flow / core flow
relationship is established once per refuel cycle, while operating at or near rated power and flow conditions.
This method of correlating core flow and drive flow is consistent with GE recommendations. Changes
throughout the cycle in the drive flow / core flow relationship due to the changing thermal hydraulic
operating conditions of the core are accounted for in the margins included in the bases or analyses used to
establish the setpoints for the APRM Simulated Thermal Power-High Function and the OPRM Upscale
Function.

The Frequencies of SR 3.3.1.1.12 and SR 3.3.1.1.15 are based upon the assumption of a 24-month
calibration interval used in the determination of the equipment drift in the setpoint analysis.
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intended function. Ffor the APRM Functions, this test

the assumptions of the current

Function is tested as part of SR 3.3.1.1

methodology. The 184 day Frequency of SR
based on the rel1ability analyses of References 12 and 13.

(NOTE: The actval voting logic of the 2-0ut-0f-4 Voter

supplements the automatic self-test functions that operate
continuously in the APRM and voter channels. The APRM

CHANNEL FUNCTIONAL TEST covers the APRM channels (including
recirculation flow processing - applicable to Function 2.b

*only), the 2-0ut-Of 4 voter channels, and the interface

connections into the RPS trip systems from the voter

channels. Any setpoint adjustment shall be consistent with
plant specific setpoint

3.3.1.1.11 is

'17f)

is provided for Function Z.a that

be performed within 12 hours of entering

Frequancy is not met per SR 3.0.2.

A second Note is provided for Function Z

excluding the flow transmitters.

sR_3.3.1.1.13

requires this SR to
MODE 2 from MODE 1.

Testing of the MODE 2 APRM Function cannot be performed in
MODE 1 without utilizing jumpers or 1ifted leads. This Note:
allows entry into MODE 2 from MODE 1 if the associated

b that clarifies

that the CHANNEL FUNCTIONAL TEST for Function 2.b includes
testing of the recirculation flow processing electronics,

This SR ensures that scrams jnitiated from the Turbine Stop

valve —Closure and Turbine Control Valve
0i1 Pressure=—Low Functions will not be
bypassed when THERMAL POWER is 2 30% RTP

Fast Claosure, Trip
inadvertently
. This involves

calibration of the bypass channels. Adequate margins for
the instrument setpoint methodologias are jncorporated into

the Allowable Value (s 29.4% RTP which i

s equivalent to

< 138.4 psig as measured from turbine first stage pressure)

and the actual setpoint. Because main t
can affect this setpoint nonconservative
derived from turbine first stage pressur
bypass valves must remain closed during
TH%RSAL POWER : 30% RTP to ensure that t
valid.

1f any bypass channel’s setpoint is nonc
the Functions are bypassed at 2 30% RTP,
main turbine bypass valve(s) or other re

urbine bypass flow
Ty (THERMAL POWER is
e), the main turbine
the calibration at
he calibration is

onservative (i.e.,
either due to open
asons), then the
ntin
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and the auto-enable portion of Function 2.f

INSERT 13d:

The actual auto-enable setpoints for the OPRM Upscale trip are confirmed by SR 3.3.1.1.19.
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REQUIREMENTS )
affected Turbine Stop valve—-Closure and Turbine Control
Valve Fast Closure, Trip 0il Pressure — Low Functions are

considered inoperable. Alternatively, the bypass channel
can be placed in the conservative condition (nonbypass).
placed in the nonbypass condition, this SR is met and the
channel is considered OPERABLE.

The Frequency of 24 months is based on engineering judgment
and reliability of the components.

SR_3.3.1.1.17

The LOGIC SYSTEM FUNCTIONAL TEST demonstrates the
OPERABILITY of the required trip logic for a specific
channel. The functional testing of control rods

(LCO 3.1.3), and SDV vent and drain valves (LCO 3.1.8),
overlaps this Surveillance tc provide complete testing of
the assumed safety function.

The 24 month Frequency is based on the need to perferm this
Suyrveillance under the conditions that apply during a plant
outage and the potential for an ung]anned transient if the
surveillance were performed with the reactor at power.
Operating experience has shown that these components will
pass the Surveillance when performed at the 24 month
Frequency.

The LOGIC SYSTEM FUNCTIONAL TEST for APRM function 2.e
S oeem simulates APRM,trip conditions at the 2-Out-0f-4 voter
o channel 1nputs to check all combinations of two tripped
inputs to the 2-Out-0f-4 logic in the vater channels and
APRM related redundant RPS relays.

SR 3,3.1.1.18

This SR ensures that the individual channel response times
are maintained less than or equal to the original design
value. The RPS RESPONSE TIME acceptance criterion is
jncluded in Reference 11.

RPS RESPONSE TIME tests are conducted on a 24 month
Frequency. _The 24 month Frequency is consistent with the
PBAPS refueling cycle and is based upon ptant operating
experience, which shows that random failures of
instrumentation components causing serious response time.
degradation, but not channel failure, are infrequent
occurrences.

l
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SR 3.3.1.1.19

This surveillance involves confirming the OPRM Upscale trip auto-enable setpoints. The auto-
enable setpoint values are considered to be nominal values as discussed in Reference 18. This
surveillance ensures that the OPRM Upscale trip is enabled (not bypassed) for the correct
values of APRM Simulated Thermal Power and recirculation drive flow. Other surveillances
ensure that the APRM Simulated Thermal Power and recirculation drive flow properly correlate
with THERMAL POWER (SR 3.3.1.1.2) and core flow (SR 3.3.1.1.12), respectively.

If any auto-enable setpoint is nonconservative (i.e., the OPRM Upscale trip is bypassed when
APRM Simulated Thermal Power > 30% and recirculation drive flow < 60%), then the affected
channel is considered inoperable for the OPRM Upscale Function. Alternatively, the OPRM
Upscale trip auto-enable setpoint(s) may be adjusted to place the channel in a conservative
condition (not bypassed). If the OPRM Upscale trip is placed in the not-bypassed condition, this
SR is met and the channel is considered OPERABLE.

The Frequency of 24 months is based on engineering judgment and reliability of the
components.
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APPLICABLE Plant specific LOCA and average power range monitor/rod
SAFETY ANALYSES block monitor Technical specification/maximum extended load
(continued) line 1imit analyses have_been performed assuming only one

operating recirculation loop. These analyses demonstrate
that, in the event of a LOCA caused by a pipe break in the
operating recirculation loop, the Emergency Core Cooling
System response will provide adequate core cocling (Refs. 2,

3, and 4).

The transient analyses of Chapter 14 of the UFSAR have also
been performed for single recirculation Toop operation
(Ref. 5) and demonstrate sufficient flow coastdawn
characteristics to maintain fuel thermal margins during the
abnormal operational transients analyzed provided the MCPR
requirements are modified. During single recirculation 1oop
operation, modification to the Reactor Protection System
(RPS) average power range monitor (APRM) instrument
setpoints is also required to account for the different
relationships between recirculation drive flow and reactor
core flow. The MCPR 1limits and APLHGR 1imits (power-
dependent APLHGR multipliers, MAPFAC,, and flow-dependent
APLHGR multipliers, MAPFAC,) for single loop operation are
specified in the COLR. The APRM Simulated Thermal Power-
High Allowable Value is in LCO 3.3.1.1, "Reactar Protection

System (RPS) Instrumentation.”

assume eobre condjtions are
power/Tow flow Corner of
propdbility fér limit cle oscillations exi

depending combinations of opefating conditions (e
ower shape, bundle power, bundle flow). Gene
ons indieate that

methtdology
andix A, General Design Criteri
using analytic praocedires on a
concluded that op

noide gevels)
operating regions of
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APPLICABLE

SAFETY ANALYSES

(continued)

by plant ope ating prgcedures.
Recirculation loops operating satisfies Criterion 2 of the
NRC Policy Statement.

LCO Two recirculation lToops are normally required to be in

operation with their flows matched within the limits
specified in SR 3.4.1.1 to ensure that during a LOCA caused
by a break of the piping of one recirculation loop the

{continued)
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LCO

g Alternatively, with only one

n operation, modifications to the reqqired APLHGR limits
(power- and flow-dependent APLHGR multipliers, MAPFAC, and
MAPFAC,, respectively of LCO 3.2.1, "AVERAGE PLANAR LINEAR
HEAT GENERATION RATE (APLHGR)"), MCPR 1imits (LCO 3.2.2,
"MINIMUM CRITICAL POWER RATIO (MCPR)") and APRM Simulated
Thermal Power-High Allowable Value (LCO 3.3.1.1) must be
applied to allow continued operation consistent with the
assumptions of Referenc&{y 5@

The LCO is modified by a Note which allows up to 12 hours
before having to put in effect the required modifications ta
required limits after a change in the reactor operating
conditions from two recirculation loops operating to single
recirculation loap operation. If the required 1imits are
not in compliance with the applicable requirements at the
end of this period, the associated equipment must be
declared inoperable or the limits “not satisfied,” and the
ACTIONS required by nonconformance with the applicable
specifications implemented. This time 1is provided due to
the need to stabilize operation with one recirculation laop,
including the procedural steps necessary to Timit flow in
the operating loop, RRMA jtor f
BEXCE e APRM ant 4 DOWE) ande 4

ux-hois€ levéls?f and the complexity and detai
fully implement and confirm the required limit
modifications.

APPLICABILITY

In MODES 1 and 2, requirements for operation of the Reactor
Coolant Recirculation System are nacessary since there is
considerable energy in the reactor core and the 1imiting
design basis transients and accidents are assumed to occur.

In MODES 3, 4, and 5, the conseguences of an accident are
reduced and the coastdown characteristics of the
recirculation loops are not important.

{continued)
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ppress
local power range monitor

imit cycle oscillayions are detacted 16
allow opéerator refponse to suppress phe oscilldtion. These

Complgfion Times were developed co

inhefent know)@dge of yeactor status and s
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ACTIONS
(continued)

e

S
Wifh one recjrculation leop in OE§;%t46n with core W
rated core flow and THE POWER in the
i0 i .1-1, an increased
- ) i€ instability exists. As a

to the "Unrestricted" Regi
> 39% of rated core flow.

e operators
limit cycle

With the requi ts of th CO not met for reasons other

tha B3 the recirculation loops must
be restored to operation with matched flows within 24 hours.
A recirculation loop is considered not in operation when the
pump in that loop is idle or when the mismatch between total
jet pump flows of the two loops is greater than required

Yimits. The logp with the Tower flow must be considered not

NO RECigcusnod

in operation. I(However, the/flow rate/of both Joops shall
be Aised, ToF Ahe purpofes of/detérminjhg if the RMA ﬁgytégg
and cofe fYow combination As jh the/Unreftiricted Regjon f
Figuye 3.4.1-1.) ould a LOCA occur with one recirculation
pop not in operation, the core flow coastdown and resultant
core response may not be bounded by the LOCA analyses.
Therefore, only a limited time is allowed to restore the
inoperable loop to operating status.

Alternatively, if the single loop requirements of the LCO

)

are applied to operating limits and RPS setpoints, operation
with only one recirculation loop would satisfy the
requirements of the LCO and the jnitial conditions of the

accident sequence.

The 24 hour Completion Time is based on the low probability
of an accident occurring during this time period, on a
reasonable time to complete the Required Actionm, and on
/ frequent core monitoring by operators allowing abrupt
changes in core flow conditions to be quickly detected.

{continued)
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ACTIONS @ (continued)

This Required Action does not require tripping the
recirculation pump in the lowest fiow loop when the mismatch
between total jet pump flows of the two loops is greater
than the required limits. However, in cases where large
flow mismatches occur, low flow or reverse flow can occur in
the low flow loop jet pumps, causing vibration of the jet
pumps. If zero or reverse flow is detected, the condition
should be alleviated by changing pump speeds to re-establish
forward flow or by tripping the pump.

@.

With @mpRequireddAction and associated Completion Time of
Condition oy D) not met, the plant must be brought to a
MODE in which the LCO does not apply. To achieve this
status, the plant must be brought to MODE 3 within 12 hours.
In this condition, the recirculation loops are not required
to be operating because of the reduced severity of DBAs and
minimal dependence on the recirculation loop coastdown
characteristics. The allowed Completion Time of 12 hours is
reasonable, based on operating experience, to reach MODE 3
from full power conditions in an orderly manner and without
challenging plant systems. :

% .
With“no retirculation loopé in gperation, the/plant mus ,
byought fo a MODE in whigh the LCOdoes/not Aappl ngn

,sg,ae/in' iged/impedigte Ty to, reduce THERMA 4 A
ith ,- " oStricted” .'/q of F gu 4 / o
» the ] lﬁ i ab ] cgnceyns’ gres g0dre ’
7 ,A’ n this cpndition, thg'recArculdtion/loops/are Mot require
4 to be opératipd becatse of the reduCed sgterity of DBAs
inima! deperidence/on the recdircyfatiop/loop” coastdot
‘charagcteristics.” The/allowed Cofipleffon JAme As reéasorab

to reachMODE 3 congidering thg potgntiagl for® therma

ydraulic instability ip'this/condition.

{continued)
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This SR ensures the recirculation loops are within the
allowable ligits for mismatch. At low core flow (i.e.,
< 71.75 X 10° 1bm/hr), the MCPR requirements provide larger

margins to the fuel cladding integrity Safety Limit such
that the potential adverse effect of early boiling
trans1t1on during a LOCA is reduced. A larger flow mismatch
g therefore be allowed when core flow is < 71.75 X
1bm/hr. The recirculation loop jet pump flow, as used

in this Surveillance, is the summation of the flows from all
of the jet pumps associated with a single recirculation
Toop.

The mismatch is megsured in terms of core flow. (Rated core
flow is 102.5 X 10° 1bm/hr. The first limit is based on

mismatch < 10% of rated core flow when operating at < 70% of
rated core flow. The second limit is based on mismatch < 5%
of rated core flow when operating at = 70% of rated core
flow.) If the flow mismatch exceeds the specified limits, .
the loop with the lower flow is considered not in operation.

L oot el B e T

requlre when oth Toops are not in operation since the
mismatch 1imits are meaningless during single loop or
natural circulation operation. The Surveillance must be
performed within 24 hours after both loops are in operation.
The 24 hour Frequency is consistent with the Surveillance
Frequency for jet pump OPERABILITY verification and has been
shown by operating experience to be adequate to detect off
normal jet pump loop flows in a timely manner.

propr'ate papdameter limits to prevent uhcontr 1ed
tions. /At low recirculayion flows and high

(continued)
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REFERENCES 1. UFSAR, Section 14.6.3.
2. NEDC-32163P, "PBAPS Units 2 and 3 SAFER/GESTR-LOCA
Loss-of-Coolant Accident Analysis," January 1993.
3. NEDC-32162P, "Maximum Extended Load Line Limit and
ARTS Improvement Program Analyses for Peach Bottom
Atomic Power Station Unit 2 and 3," Revision 1,
February 1993.
4, NEDC-32427P, "Peach Bottom Atomic Power Station Unit 3
Cycle 10 ARTS Thermal Limits Analyses,” December 1994.
5.  NEDO-24229-1, "PBAPS Units 2 and 3 Single-Loop

Operatjon," May 1980.
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5.6 Reporting Requirements (continued)

5.6.5 CORE _OPERATING LIMITS REPORT (COLR)

a. Core operating limits shall be established prior to each
reload cycle, or prior to any remaining portion of a reload
cycle, and shall be documented in the COLR for the

fo]]owing:

1. The Average Planar Linear Heat Generation Rate for
Specification 3.2.1;

2. The Minimum Critical Power Ratio for Specifications
3.2.2 and 3.3.2.1;

3.  The Linear Heat Generation Rate for Specification
3.2.3; and

- The Control Rod Block Instrumentation for Specification
- 3.3.2.1.

b.  The analytical methods used to determine the core operating
Timits shall be those previously reviewed and approved by
the NRC, specifically those described in the following

documents:

1. NEDE-24011-P-A, "General Electric Standard Application
for Reactor Fuel" (latest approved version as specified

in the COLR);

2. NEDC-32162P, "Maximum Extended Load Line Limit and ARTS
Improvement Program Analyses for Peach Bottom Atomic
Power Statijon Units 2 and 3," Revision 2, March, 1995;

3. PECo-FMS-0001-A, "Steady-State Thermal Hydraulic
Analysis of Peach Bottom Units 2 and 3 using the FIBWR

Computer Code";

4, PECo-FMS-OOOé—A, "Method for Calculating Transient
Critical Power Ratios for Boiling Water Reactors

(RETRAN-TCPPECo)";

5. PECo-FMS-0003-A, "Steady-State Fuel Performance Methods
Report";

6. PECo-FMS-0004-A, "Methods for Performing BWR Systems
Transient Analysis";

(continued)
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5.6 Reporting Requirements

5.6.5 CORE OPERATING LIMITS REPORT (COLR) (continued)

7.  PECo-FMS-0005-A, "Methods for Performing BWR Steady-
State Reactor Physics Analysis™; and

2. PECo-FMS-0006-A, "Methods for Performing BWR Reload
Safety Evaluations.”

c. The core operating limits shall be determined such that alil
applicable limits (e.g., fuel thermal mechanical Timits,
core thermal hydraulic limits, Emergency Core Cooling
Systems (ECCS) limits, nuciear limits such as SDM, transient
analysis limits, and accident analysis limits) of the safety
analysis are met.

d. The COLR, including any midcyc?e revisions or supplements,

shall be provided upon issuance for each reload cycle to the
- NRC.

5.6.%8 Post Accident Monitoring (PAM) Instrumentation Renort

When a report is required by Condition B or F of LCO 3.3.3.1,
"Post Accident Monitoring (PAM) Instrumentation,” a report shall
be submitted within the following 14 days. The report shall
outline the preplanned alternate method of monitoring, the cause
of the inoperability, and the plans and schedule for restoring the
instrumentation channels of the Function to OPERABLE status.

PBAPS UKIT 3 : 5.0-22 . Amendment No. 294219
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RPS Instrumentation

3.3.1.1
3.3 INSTRUMENTATION
3.3.1.1 Reactor Protection System (RPS) Instrumentation
LCO 3.3.1.1 The.RPS instrumentation for each Function in Table 3.3.1.1-1
shall be OPERABLE.
APPLICABILITY: According to Table 3.3.1.1-1.
ACTIONS
------------------------------------- NOTE--mom e e m e e e
Separate Condition entry is allowed for each channel.
CONDITION REQUIRED ACTION COMPLETION TIME
A. One or more required Al Place channel 1in 12 hours
channels inoperable. trip.
OR
A2 - NOTE--------- 12 hours

Not applicable for
Functions 2.a, 2.b,
2.c, 2.d, or 2.f.
Place associated trip
system in trip.

B, --------- NOTE--------- B.1 Place channel in one 6 hours
Not applicable for trip system in trip.
Functions 2.a, 2.b,
2.c, 2.d, or 2.f. OR
One or more Functions B.2 Place one trip system | 6 hours
with one or more in trip.

required channels
inoperable in both
trip systems.

(continued)
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RPS Instrumentation

associated Completion
Time of Condition I
not met.

to <25% RTP.

3.3.1.1
ACTIONS (continued)
CONDITION REQUIRED ACTION COMPLETION TIME

As required by H.1 Initiate action to Immediately
Required Action D.1 fully insert all
and referenced in insertable control
Table 3.3.1.1-1. rods in core cells

containing one or

more fuel assemblies.
As required by 1.1 Initiate alternate 12 hours
Required Action D.1 method to detect and
and referenced in suppress thermal
Table 3.3.1.1-1. hydraulic instability

oscillations.

AND
.2 - NOTE--------

LCO 3.0.4 is not

applicable.

Restore required 120 days

channels to OPERABLE.
Required Action and J.1 Reduce THERMAL POWER 4 hours

PBAPS UNIT 3

3.3-3
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RPS Instrumentation
3.3.1.1

SURVEILLANCE REQUIREMENTS

1. Refer to Table 3.3.1.1-1 to determine which SRs apply for each RPS
Function.

2. When a channel is placed in an inoperable status solely for performance of
required Surveillances, entry into associated Conditions and Required
Actions may be delayed for up to 6 hours provided the associated Function

maintains RPS trip capability.

SURVETLLANCE FREQUENCY

SR 3.3.1.1.1 Perform CHANNEL CHECK. 12 hours

SR 3.3.1.1.2 - NOTE-------------------
Not required to be performed until 12

hours after THERMAL POWER = 25% RTP.

Verify the absolute difference between 7 days
the average power range monitor (APRM)
channels and the calculated power is

< 2% RTP while operating at = 25% RTP.

(continued)
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RPS Instrumentation

3.3.1.1
SURVEILLANCE REQUIREMENTS (continued)
SURVEILLANCE FREQUENCY
SR 3.3.1.1.9 Perform CHANNEL FUNCTIONAL TEST. 92 days
SR 3.3.1.1.10 ----rmmmmmm oo NOTE----------mmme -
Radiation detectors are excluded.
Perform CHANNEL CALIBRATION. 92 days
SR 3.3.1.1.11 ----mmmmeem e NOTES------------memo--
1. For Function 2.a, not required to be
performed when entering MODE 2 from
MODE 1 until 12 hours after entering
MODE 2.
2. For Functions 2.b and 2.f, the
CHANNEL FUNCTIONAL TEST dincludes the
recirculation flow input processing,
excluding the flow transmitters.
Perform CHANNEL FUNCTIONAL TEST. 184 days
SR 3.3.1.1.12  --emmmmm e NOTES------mmmeee e
1. Neutron detectors are excluded.
2. For Function 1, not required to be
performed when entering MODE 2 from
MODE 1 until 12 hours after entering
MODE 2.
3. For Functions 2.b and 2.f, the
recircutation flow transmitters that
feed the APRMs are included.
Perform CHANNEL CALIBRATION. 24 months

PBAPS UNIT 3
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RPS Instrumentation

3.3.1.1
SURVEILLANCE REQUIREMENTS <(continued)
SURVEILLANCE FREQUENCY
SR 3.3.1.1.13 Verify Turbine Stop Valve—Closure and 24 months
Turbine Control Valve Fast Closure, Trip
0i1 Pressure—Low Functions are not
bypassed when THERMAL POWER is > 30% RTP.
SR 3.3.1.1.14 Perform CHANNEL FUNCTIONAL TEST. 24 months
SR 3.3.1.1.15 Perform CHANNEL CALIBRATION. 24 months
SR 3.3.1.1.16 Calibrate each radiation detector. 24 months
SR 3.3.1.1.17 Perform LOGIC SYSTEM FUNCTIONAL TEST. 24 months
SR 3.3.1.1.18 Verify the RPS RESPONSE TIME is within 24 months
Timits.
SR 3.3.1.1.19 Verify OPRM 1is not bypassed when APRM 24 months
Simulated Thermal Power is =30% and
recirculation drive flow is <60%.

PBAPS UNIT 3
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RPS Instrumentation

3.3.1.1
Table 3.3.1.1-1 (page 1 of 3)
Reactor Protection System Instrumentation
APPLICABLE CONDITIONS
MODES OR REQUIRED  REFERENCED
OTHER CHANNELS FROM
SPECIFIED PER TRIP REQUIRED SURVEILLANCE ALLOWABLE
FUNCTION CONDITIONS SYSTEM ACTION D.1 REQUIREMENTS VALUE
1. Wide Range Neutron
Monitors
a. Period-Short 2 3 G SR 3.3.1.1.1 > 13 seconds
SR 3.3.1.1.5
SR 3.3.1.1.12
SR 3.3.1.1.17
SR 3.3.1.1.18
5(a) 3 H SR 3.3.1.1.1 > 13 seconds
SR 3.3.1.1.6
SR 3.3.1.1.12
SR 3.3.1.1.17
SR 3.3.1.1.18
b. Inop 2 3 6 SR 3.3.1.1.5 NA
SR 3.3.1.1.17
s(a) 3 H SR 3.3.1.1.6 NA
SR 3.3.1.1.17
2. Average Power Range
Monitors
a. Neutron Flux-High 2 3(e) 6 SR 3.3.1.1.1 < 15.0% RTP
(Setdown) SR 3.3.1.1.8
SR 3.3.1.1.11
SR 3.3.1.1.1
b. Simulated Thermal 1 3(e) F SR 3.3.1.1.1 < 0.66 W
Power-High SR 3.3.1.1.2 + 64.9% RTP(D)
and < 118.0%
RTP
SR 3.3.1.1.8
SR 3.3.1.1.11
SR 3.3.1.1.12
c. Neutron Flux-High 1 3(e? F SR 3.3.1.1.1 < 119.7% RTP
SR 3.3.1.1.2
SR 3.3.1.1.8
SR 3.3.1.1.11
SR 3.3.1.1.12
d. Inop 1,2 3(e) G SR 3.3.1.1.11 NA
e. 2-0ut-0f-4 Voter 1,2 2 G SR 3.3.1.1.1 NA
SR 3.3.1.1.11
SR 3.3.1.1.17
SR 3.3.1.1.18
£. OPRM Upscale >25% RTP afe) I SR 3.3.1.1.1 AR
SR 3.3.1.1.8
SR 3.3.1.1.11
SR 3.3.1.1.12
SR 3.3.1.1.19

(continued)
(a) With any control rod withdrawn from a core cell containing one or more fuel assemblies.

I (b) 0.66 (W - AW) + 64.9% RTP when reset for single loop operation per LCO 3.4.1, "Recirculation Loops
Operating.”
(c) Each APRM channel provides inputs to both trip systems.
| (d) See COLR for OPRM period based detection algorithm (PBDA) setpoint Timits.
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Recirculation Loops Operating
3.4.1

3.4 REACTOR COOLANT SYSTEM (RCS)

3.4.1 Recirculation Loops Operating

LCO 3.4.1 Two recirculation Toops with matched flows shall be in
| operation.

OR

| One recirculation loop shall be in operation with the
following 1Timits applied when the associated LCO is
applicable:

a. LCO 3.2.1, "AVERAGE PLANAR LINEAR HEAT GENERATION RATE
(APLHGR)," single loop operation Timits specified in the
COLR;

b. LCO 3.2.2, "MINIMUM CRITICAL POWER RATIO (MCPR)," single
loop operation limits specified in the COLR; and

c. LCO 3.3.1.1, "Reactor Protection System (RPS)
Instrumentation,”™ Function 2.b (Average Power Range
Monitors Simulated Thermal Power-High), Allowable Value
of Table 3.3.1.1-1 is reset for single loop operation.

Required 1imit modifications for single recirculation loop
operation may be delayed for up to 12 hours after transition
from two recirculation loop operation to single
recirculation Toop operation.

APPLICABILITY: MODES 1 and 2.

PBAPS UNIT 3 3.4-1 Amendment No. xxx
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3.4.1
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Recirculation Loops Operating

3.4.1
| ACTIONS
CONDITION REQUIRED ACTION COMPLETION TIME
A. Requirements of the A.l Satisfy the 24 hours
LCO not met. requirements of the
LCO.
| B. Required Action and B.1 Be in MODE 3. 12 hours

associated Completion
Time of Condition A
not met.

No recirculation loops
in operation.

PBAPS UNIT 3 3.4-3 Amendment No. xxx



Recirculation Loops Operating
3.4.1

SURVEILLANCE REQUIREMENTS

SURVETILLANCE

FREQUENCY

Not required to be performed until 24 hours
after both recirculation loops are in
operation.

Verify recirculation Toop jet pump flow
mismatch with both recirculation Toops in
operation is:

a. < 10.25 X 10% Tbm/hr when operating at
71.75 X 10% 1bm/hr; and

A

5.125 X 10% 1bm/hr when operating at
71.75 X 10°% Tbm/hr.

vV IA

24 hours

PBAPS UNIT 3

3.4-4

Amendment No.

AXX



Recirculation Loops Operating
3.4.1
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RPS Instrumentation

B 3.3.1.1
BASES
APPLICABLE 1.b. Wide Range Neutron Monitor—Inop (continued)
SAFETY ANALYSES,
.CO, and Six channels of the Wide Range Neutron Monitor-—Inop
APPLICABILITY Function, with three channels in each trip system, are

required to be OPERABLE to ensure that no single instrument
failure will preclude a scram from this Function on a valid
signal. Since this Function is not assumed in the safety
analysis, there is no Allowable Value for this Function.

This Function is required to be OPERABLE when the Wide Range
Neutron Monitor Period-Short Function is required.

Average Power Range Monitor (APRM)

The APRM channels provide the primary indication of neutron
flux within the core and respond almost instantaneously to
neutron flux increases. The APRM channels receive input
signals from the local power range monitors (LPRMs) within
the reactor core to provide an indication of the power
distribution and local power changes. The APRM channels
average these LPRM signals to provide a continuous
indication of average reactor ?ower from a few percent to
greater than RTP. Each APRM also includes an Oscillation
Power Range Monitor (OPRM) Upscale Function which monitors
small groups of LPRM signals to detect thermal-hydraulic
instabilities.

The APRM System is divided into four APRM channels and four
2-out-of-4 voter channels. Each APRM channel provides
inputs to each of the four voter channels. The four voter
channels are divided into two groups of two each, with each
group of two providing inputs to one RPS trip system. The
system is designed to allow one APRM channel, but no voter
channels, to be bypassed. A trip from any one unbypassed
APRM will result in a "half-trip"” in all four of the voter
channels, but no trip inputs to either RPS trip system.
APRM trip Functions 2.a, 2.b, 2.c, and 2.d are voted
independently from OPRM Upscale Function 2.f. Therefore,
any Function 2.a, 2.b, 2.c, or 2.d trip from any two
unbypassed APRM channels will result in a full trip in each
of the four voter channels, which in turn results in two
trip inputs into each RPS trip system logic channel (Al, AZ,
Bl, and B2), thus resulting in a full scram signal.
Similarly, a Function 2.f trig from any two unbypassed APRM
channels will result in a full trip from each of the four
voter channels. Three of the four APRM channels and all
four of the voter channels are required to be OPERABLE to
ensure that no single failure will preclude a scram on a
valid signal. In addition, to provide adequate coverage of
the entire core, consistent with the design bases for the
APRM Functions 2.a, 2.b, and 2.c, at least 20 LPRM inputs,
with at least three LPRM inputs from each of the four axial
levels at which the LPRMs are located, must be operable for
each APRM channel, and the number of LPRM inputs that have
become inoperable (and bypassed) since the last APRM
calibration (SR 3.3.1.1.2) must be less than ten for each
APRM channel. For the OPRM Upscale, Function 2.f, LPRMs are
assigned to “cells” of 3 or 4 detectors. A minimum of 25
cells, each with a minimum of 2 LPRMs, must be OPERABLE for
the OPRM Upscale Function 2.f to be OPERABLE.

(continued)
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RPS Instrumentation

B 3.3.1.1
BASES
APPLICABLE 2.a. Average Power Range Monitor Neutron Flux-High
SAFETY ANALYSES, (Setdown) (continued)
LCO, and
APPLICABILITY For operation at Tow power (i.e., MODE 2), the Average Power

Range Monitor Neutron Flux-High (Setdown) Function is
capable of generating a trip signal that prevents fuel
damage resulting from abnormal operating transients in this
power range. For most operation at Tow power levels, the
Average Power Range Monitor Neutron Flux-High (Setdown)
Function will provide a secondary scram to the Wide Range
Neutron Monitor Period-Short Function because of the
relative setpoints. At higher power levels, it is possible
that the Average Power Range Monitor Neutron Flux-High
(Setdown) Function will provide the primary trip signal for
a corewide increase in power.

No specific safety analyses take direct credit for the
Average Power Range Monitor Neutron Flux-High (Setdown)
Function. However, this Function indirectly ensures that
before the reactor mode switch is placed in the run
position, reactor power does not exceed 25% RTP (SL 2.1.1.1)
when operating at Tow reactor pressure and low core flow.
Therefore, it indirectly prevents fuel damage during
significant reactivity increases with THERMAL POWER

< 25% RTP,

The Allowable Value is based on preventing significant
increases in power when THERMAL POWER is < 25% RTP.

The Average Power Range Monitor Neutron Flux-High (Setdown)
Function must be OPERABLE during MODE 2 when control rods
may be withdrawn since the potential for criticality exists.
In MODE 1, the Average Power Range Monitor Neutron Flux-High
Function provides protection against reactivity transients
and the RWM and rod block monitor protect against control
rod withdrawal error events.

2.b. Average Power Range Monitor Simulated Thermal
Paower-High

The Average Power Range Monitor Simulated Thermal Power-High
Function monitors average neutron flux to approximate the
THERMAL POWER being transferred to the reactor coolant. The
APRM neutron flux is electronically filtered with a time
constant representative of the fuel heat transfer dynamics
to generate a signal proportional to the THERMAL POWER in
the reactor. The trip Tevel is varied as a function of
recirculation drive flow (i.e., at lower core flows, the
setpoint is reduced proportional to the reduction in power
experienced as core flow is reduced with a fixed control rod
?attern) but is clamped at an upper Timit that is always
ower than the Average Power Range Monitor Neutron Flux-High
Function Allowable Value. A note is included, applicable
when the plant is in single recirculation loop operation per
LCO 3.4.1, which requires the flow value, used in the
Allowable Value equation, be reduced by AW. The value of AW

{continued)
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RPS Instrumentation

B 3.3.1.1
BASES
APPLICABLE 2.b. Average Power Range Monitor Simulated Thermal
SAFETY ANALYSES, Power-High (continued)
LCO, and
APPLICABILITY is established to conservatively bound the inaccuracy created

in the core flow/drive flow correlation due to back flow in
the jet pumps associated with the inactive recirculation
loop. The allowable value thus maintains thermal margins
essentially unchanged from those for two loop operation. The
value of AW is plant specific and is defined in plant
procedures. The allowable value equation for single loop
operation is only valid for flows down to W = AW; the
allowable value does not go below 64.9% RTP. This is
acceptable because back flow in the inactive recirculation
loop is only evident with drive flows of approximately 35% or
greater (Reference 19).

The Average Power Range Monitor Simulated Thermal Power-High
Function is not specifically credited in the safety analysis
but is intended to provide an additional margin of
protection from transient induced fuel damage during
operation where recirculation flow is reduced to below the
minimum required for rated power operation. The Average
Power Range Monitor Simulated Thermal Power-High Function
provides protection against transients where THERMAL POWER
increases slowly (such as the loss of feedwater heating
event) and protects the fuel cladding integrity by ensuring
that the MCPR SL is not exceeded. During these events, the
THERMAL POWER increase dees not significantly lag the
neutron flux scram. For rapid neutron flux increase events,
the THERMAL POWER Tags the neutron flux and the Average
Power Range Monitor Neutron Flux-High Function will provide
a scram signal before the Average Power Range Monitor
Simulated Thermal Power-High Function setpoint is exceeded.

Fach APRM channel uses one total drive flow signal
representative of total core flow. The total drive flow
signal is generated by the flow processing logic, part of
the APRM channel, by summing up the flow calculated from two
flow transmitter signal inputs, one from each of the two
recirculation loop flows. The flow processing logic
OPERABILITY is part of the APRM channel OPERABILITY
requirements for this Function. The APRM flow processing
logic is considered inoperable whenever it cannot deliver a
flow signal less than or equal to actual Recirculation flow
conditions for all steady state and transient reactor
conditions while in Mode 1. Reduced or Downscale flow
conditions due to planned maintenance or testing activities
during derated plant conditions (i.e. end of cycle coast
down) will result in conservative setpoints for the APRM
Simulated Thermal Power-High function, thus maintaining that
function operable.

(continued)
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RPS Instrumentation

B 3.3.1.1
BASES
APPLICABLE 2.d. Average Power Range Monitor—Inop
SAFETY ANALYSES,
LC0, and Three of the four APRM channels are required to be OPERABLE
APPLICABILITY for each of the APRM Functions. This Function (Inop)

(continued)

provides assurance that the minimum number of APRM channels
are OPERABLE.

For any APRM channel, any time its mode switch is not in the
"Operate" position, an APRM module required to issue a trip
is unplugged, or the automatic self-test system detects a
critical fault with the APRM channel, an Inop trip is sent
to all four voter channels. Inop trips from two or more
unbyﬁassed APRM channels result in a trip output from each
of the four voter channels to it's associated trip system.
This Function was not specifically credited in the accident
analysis, but it is retained for the overall redundancy and
diversity of the RPS as required by the NRC approved
licensing basis.

There is no Allowable Value for this Function.

This Function is required to be OPERABLE in the MODES where
the APRM Functions are required.

2.e. 2-0Qut-0f-4 Voter

The 2-Qut-0f-4 Voter Function provides the interface between
the APRM Functions, including the OPRM Uﬁsca1e Function, and
the final RPS trip system logic. As such, it is required to
be OPERABLE in the MODES where the APRM Functions are
required and is necessary to support the safety analysis
applicable to each of those Functions. Therefore, the 2-
8ut—0f—4 Voter Function needs to be OPERABLE in MODES 1 and

A11 four voter channels are required to be OPERABLE. Each
voter channel includes self-diagnostic functions. If any
voter channel detects a critical fault in its own
processing, a trip is issued from that voter channel to the
associated trip system.

The Two-Qut-0f-Four Logic Module includes 2-0ut-0f-4 Voter
hardware and the APRM Interface hardware. The 2-Qut-0f-4
Voter Function 2.e votes APRM Functions 2.a, 2.b, 2.c, and
2.d independently of Function 2.f. This voting is
accomplished by the 2-Qut-0f-4 Voter hardware in the
Two-Qut-0f-Four Logic Module. The voter includes separate
outputs to RPS for the two independently voted sets of
Functions, each of which is redundant (four total outputs).
The analysis in Reference 12 took credit for this
redundancy in the justification of the 12-hour Completion
Time for Condition A., so the voter Function Z2.e must be
declared inoperable if any of its functionality is
inoperable. The voter Function 2.e does not need to be
declared inoperable due to any failure affecting only the
APRM Interface hardware portion of the Two-Out-Of-Four
Logic Module.

There is no Allowable Value for this Function.
(continued)
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RPS Instrumentation

B 3.3.1.1
BASES
APPLICABLE 2.f. 0scillation Power Range Monitor (OPRM) Upscale
SAFETY ANALYSES,
LCO, and The OPRM Upscale Function provides compliance with 10 CFR
APPLICABILITY 50, Appendix A, General Design Criteria (GDC) 10 and 12,

(continued)

thereby providing protection from exceeding the fuel MCPR
safety Timit (SL) due to anticipated thermal-hydraulic
power oscillations.

References 14, 15 and 16 describe three algorithms for
detecting thermal-hydraulic instability related neutron flux
oscillations: the period based detection algorithm, the
amplitude based algorithm, and the growth rate algorithm.
A1l three are implemented in the OPRM Upscale Function, but
the safety analysis takes credit only for the period based
detection algorithm. The remaining algorithms provide
defense in depth and additional protection against
unanticipated oscillations. OPRM Upscale Function
OPERABILITY for Technical Specification purposes is based
only on the period based detection algorithm.

The OPRM Upscale Function receives input signals from the
local power range monitors (LPRMs) within the reactor
core, which are combined into "cells"” for evaluation by
the OPRM algorithms. Each channel is capable of detecting
thermal-hydraulic instabilities, by detecting the related
neutron flux oscillations, and issuing a trip signal
before the MCPR SL is exceeded. Three of the four
channels are required to be OPERABLE.

The OPRM Upscale trip is automatically enabled (bypass
removed) when THERMAL POWER is = 30% RTP, as indicated by
the APRM Simulated Thermal Power, and reactor core flow is
< 60% of rated flow, as indicated by APRM measured
recirculation drive flow. This is the operating region
where actual thermal-hydraulic instability and related
neutron flux oscillations may occur (Reference 18). These
setpoints, which are sometimes referred to as the
"auto-bypass" setpoints, establish the boundaries of the
OPRM Upscale trip enabled region. The APRM Simulated
Thermal Power auto-enable setpoint has 1% deadband while
the drive flow setpoint has a 2% deadband. The deadband for
these setpoints is established so that it increases the
enabled region.

The COPRM Upscale Function is required to be OPERABLE when the
plant is at = 25% RTP. The 25% RTP level is selected to
provide margin in the unlikely event that a reactor power
increase transient occurring while the plant is operating
below 30% RTP causes a power increase to or

(continued)
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APPLICABLE 2.f. Oscillation Power Range Monitor (OPRM)
SAFETY ANALYSES, Upscale (continued)
LCO, and
APPLICABILITY beyond the 30% APRM Simulated Thermal Power OPRM Upscale

(continued)

trip auto-enable setpoint without operator action. This
OPERABILITY requirement assures that the OPRM Upscale trip
auto-enable function will be OPERABLE when required.

An OPRM Upscale trip is issued from an APRM channel when
the period based detection algorithm in that channel
detects oscillatory changes in the neutron flux, indicated
by the combined signals of the LPRM detectors in a cell,
with period confirmations and relative cell amplitude
exceeding specified setpoints. One or more cells in a
channel exceeding the trip conditions will result in a
channel trip. An OPRM Upscale trip is also issued from the
channel if either the growth rate or amplitude based
algorithms detect oscillatory changes in the neutron flux
for one or more cells in that channel.

There are four "sets" of OPRM related setpoints or
adjustment parameters: a) OPRM trip auto-enable setpoints
for STP (30%) and drive flow (60%); b) period based
detection algorithm (PBDA) confirmation count and
amplitude setpoints; c¢) period based detection algorithm
tuning parameters; and d) growth rate algorithm (GRA) and
amplitude based algorithm (ABA) setpoints.

The first set, the OPRM auto-enable region setpoints, as
discussed in the SR 3.3.1.1.19 Bases, are treated as nominal
setpoints with no additional margins added. The settings,
30%0 APRM Simulated Thermal Power and 60% drive flow, are
defined (1imit values) in and confirmed by SR 3.3.1.1.19. The
second set, the OPRM PBDA trip setpoints, are established in
accordance with methodologies defined in Reference 16, and
are documented in the COLR. There are no allowable values for
these setpoints. The third set, the OPRM PBDA "tuning"
parameters, are established or adjusted in accordance with
and controlled by PBAPS procedures. The fourth set, the GRA
and ABA setpoints, in accordance with References 14 and 15,
are established as nominal values only, and controlled by
PBAPS procedures.

(continued)
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A.1 and A.2 (continued)

Function's inoperable channel is in one trip system and the
Function still maintains RPS trip capability (refer to
Required Actions B.1, B.2, and C.l Bases). If the
inoperable channel cannot be restored to OPERABLE status
within the allowable out of service time, the channel or the
associated trip system must be placed in the tripped
condition per Required Actions A.l and A.2. Placing the
inoperable channel in trip (or the associated trip system in
trip) would conservatively compensate for the inoperability,
restore capability to accommodate a single failure, and
allow operation to continue. Alternatively, if it is not
desired to place the channel (or trip system) in trip (e.g.,
as in the case where placing the inoperable channel in trip
would result in a full scram), Condition D must be entered
and its Required Action taken.

As noted, Action A.2 is not applicable for APRM Functions
2.a, 2.b, 2.c, 2.d, or 2.f. Inoperability of one required
APRM channel affects both trip systems. For that condition,
Required Action A.l must be satisfied, and is the only
action (other than restoring operability) that will restore
capability to accommodate a single failure. Inoperability
of more than one required APRM channel of the same trip
function results in loss of trip capability and entry into
Condition C, as well as entery into Condition A for each
channel.

B.1 and B.?

Condition B exists when, for any one or more Functions, at
least one required channel is inoperable in each trip
system. In this condition, provided at least one channel
per trip system is OPERABLE, the RPS still maintains trip
capabitity for that Function, but cannot accommodate a
single failure in either trip system.

Required Actions B.1 and B.2 1imit the time the RPS scram
logic, for any Function, would not accommodate single
failure in both trip systems (e.g., one-out-of-one and
one-out-of-one arrangement for a typical four channel
Function). The reduced reliability of this logic
arrangement was not evaluated in References 9, 12 or 13 for
the 12 hour Completion Time. Within the 6 hour allowance,
the associated Function will have all required channels
OPERABLE or in trip (or any combination) in one trip system.

(continued)
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B.1 and B.Z (continued)

Completing one of these Required Actions restores RPS to a
reliability Tevel equivalent to that evaluated in
References 9, 12 or 13, which justified a 12 hour allowable
out of service time as presented in Condition A. The trip
system in the more degraded state should be placed in trip
or, alternatively, all the inoperable channels in that trip
system should be placed in trip (e.g., a trip system with
two inoperable channels could be in a more degraded state
than a trip system with four inoperable channels if the two
inoperable channels are in the same Function while the four
inoperable channels are all in different Functions). The
decision of which trip system is in the more degraded state
should be based on prudent judgment and take intoc account
current plant conditions (i.e., what MODE the plant is in).
If this action would result in a scram or RPT, it is
permissible to place the other trip system or its inoperable
channels in trip.

The 6 hour Completion Time is judged acceptable based on the
remaining capability to trip, the diversity of the sensors
available to provide the trip signals, the Tow probability
of extensive numbers of inoperabilities affecting all
diverse Functions, and the low probability of an event
requiring the initiation of a scram.

Alternately, if it is not desired to place the inoperable
channels (or one trip system) in trip (e.g., as in the case
where placing the inoperable channel or associated trip
system in trip would result in a scram, Condition D must be
entered and its Required Action taken.

As noted, Condition B is not applicable for APRM Functions
2.a, 2.b, 2.c, 2.d, or 2.f. Inoperability of an APRM
channel affects both trip systems and is not associated with
a specific trip system as are the APRM 2-Qut-0f-4 voter and
other non-APRM channels for which Condition B applies. For
an inoperable APRM channel, Required Action A.1 must be
satisfied, and is the only action (other than restoring
operability) that will restore capability to accommodate a
single failure. Inoperability of a Function in more than
one required APRM channel results in loss of trip capability
for that Function and entry into Condition C, as well as
entry into Condition A for each channel. Because Condition
A and C provide Required Actions that are appropriate for
the inoperability of APRM Functions 2.a, 2.b, 2.c, 2.d, or
2.f, and these functions are not associated with specific
trip systems as are the APRM 2-0ut-0f-4 voter and other non-
APRM channels, Condition B does not apply.

(continued)
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E.1, F.1, G.1, and J.1

If the channel(s) is not restored to OPERABLE status or
placed in trip (or the associated trip system placed in
trip) within the allowed Completion Time, the plant must be
placed in a MODE or other specified condition in which the
LCO does not apply. The allowed Completion Times are
reasonable, based on operating experience, to reach the
specified condition from full power conditions in an orderly
manner and without challenging plant systems. In addition,
the Completion Time of Required Actions E.1 and J.1 are
consistent with the Completion Time provided in LCO 3.2.2,
"MINIMUM CRITICAL POWER RATIO (MCPR)."

H.1

[f the channel(s) is not restored to OPERABLE status or
placed in trip (or the associated trip system placed in
trip) within the allowed Completion Time, the plant must be
placed in a MODE or other specified condition in which the
LCO does not apply. This is done by immediately initiating
action to fully insert all insertable control rods in core
cells containing one or more fuel assemblies. Control rods
in core cells containing no fuel assemblies do not affect
the reactivity of the core and are, therefore, not required
to be inserted. Action must continue until all insertable
control rods in core cells containing one or more fuel
assemblies are fully inserted.

.1

If OPRM Upscale trip capability is not maintained, Condition
I exists. References 12 and 13 justified use of alternate
methods to detect and suppress oscillations for a limited
period of time. The alternate methods are procedurally
established consistent with the guidelines identified in
Reference 17 requiring manual operator action to scram the
plant if certain predefined events occur. The 12-hour allowed
Completion Time for Required Action I.1 is based on
engineering judgment to allow orderly transition to the
alternate methods while Timiting the period of time during
which no automatic or alternate detect and suppress trip
capability is formally in place. Based on the small
probability of an instability event occurring at all, the 12
hours is judged to be reasonabie.

(continued)
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ACTIONS 1.2
(continued)
The alternate method to detect and suppress oscillations

implemented in accordance with I.1 was evaluated (References
12 and 13) based on use up to 120 days only. The evaluation,
based on engineering judgment, concluded that the Tikelihood
of an instability event that could not be adequately handled
by the alternate methods during this 120-day period was
negligibly small. The 120-day period is intended to be an
outside 1imit to allow for the case where design changes or
extensive analysis might be required to understand or correct
some unanticipated characteristic of the instability
detection algorithms or equipment. This action is not
intended and was not evaluated as a routine alternative to
returning failed or inoperable equipment to OPERABLE status.
Correction of routine equipment failure or inoperability is
expected to normally be accomplished within the completion
times allowed for Actions for Condition A.

A note is provided to indicate that LCO 3.0.4 is not
applicable. The intent of that note is to allow plant
start-up while within the 120-day completion time for action
1.2. The primary purpose of this exclusion is to allow an
orderly completion of design and verification activities, in
the event of a required design change, without undue impact
on plant operation.

SURVETILLANCE As noted at the beginning of the SRs, the SRs for each RPS
REQUIREMENTS instrumentation Function are located in the SRs column of
Table 3.3.1.1-1.

The Surveillances are modified by a Note to indicate that
when a channel is placed in an inoperable status solely for
performance of required Surveillances, entry into associated
Conditions and Required Actions may be delayed for up to

6 hours, provided the associated Function maintains RPS trip
capability. Upon completion of the Surveillance, or
expiration of the 6 hour allowance, the channel must be
returned to OPERABLE status or the applicable Condition
entered and Required Actions taken. This Note is based on
the reliability analysis (Refs. 9, 12 & 13) assumption of
the average time required to perform channel Surveillance.
That analysis demonstrated that the 6 hour testing allowance
does not significantly reduce the probability that the RPS
will trip when necessary.

(continued)
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SR 3.3.1.1.9 and SR 3.3.1.1.14 (continued)

In addition, Function 5 and 7 instruments are not accessible
while the unit is operating at power due to high radiation
and the installed indication instrumentation does not
provide accurate jndication of the trip setting. For the
Function 9 channels, verification that the trip settings are
less than or equal to the specified Allowable Value during
the CHANNEL FUNCTIONAL TEST is not required since the
instruments are not accessible while the unit is operating
at power due to high radiation and the installed indication
instrumentation does not provided accurate indication of the
trip setting. Waijver of these verifications for the above
functions is considered acceptable since the magnitude of
drift assumed in the setpoint calculation is based on a 24
month calibration interval. The 92 day Frequency of

SR 3.3.1.1.9 is based on the reliability analysis of
Reference 9.

The 24 month Frequency is based on the need to perform this
Surveillance under the conditions that apply during a plant
outage and the potential for an unﬁ1anned transient if the
Surveillance were performed with the reactor at power.
Operating experience has shown that these components will
pass the Surveillance when performed at the 24 month
Frequency.

SR_3.3.1.1.10, SR 3.3.1.1.12, SR 3.3.1.1.15,
and SR 3.3.1.1.16

A CHANNEL CALIBRATION is a complete check of the instrument
loop and the sensor. This test verifies that the channel
responds to the measured parameter within the necessary
range and accuracy. CHANNEL CALIBRATION leaves the channel
adjusted to account for instrument drifts between successive
calibrations, consistent with the current plant specific
setpoint methodology.

As noted for SR 3.3.1.1.10, radiation detectors are excluded
from CHANNEL CALIBRATION due to ALARA reasons (when the plant
is operating, the radiation detectors are generally in a high
radiation area; the steam tunnel). This exclusion is
acceptable because the radiation detectors are passive
devices, with minimal drift. To complete the radiation
CHANNEL CALIBRATION, SR 3.3.1.1.16 requires that the
radiation detectors be calibrated on a once per 24 months
Frequency.

The once per 92 days Frequency of SR 3.3.1.1.10 is
conservative with respect to the magnitude of equipment drift
assumed in the setpoint analysis. The Frequency of SR
3.3.1.1.16 1is based upon the assumption of a Z4-month
calibration interval used in the determination of the
equipment drift in the setpoint analysis.

As noted for SR 3.3.1.1.12, neutron detectors are excluded
from CHANNEL CALIBRATION because they are passive devices,
with minimal drift, and because of the difficulty of
simulating a meaningful signal. Changes in

(continued)

PBAPS UNIT 3

B 3.3-32 Revision No. xx



RPS Instrumentation

B 3.3.1.1
BASES
SURVEILLANCE SR _3.3.1.1.10, SR 3.3.1.1.12, SR 3.3.1.1.15,
REQUIREMENTS and SR 3.3.1.1.16 <(continued)

neutron detector sensitivity are compensated for by
performing the 7 day calorimetric calibration (SR 3.3.1.1.2)
and the 1000 MWD/T LPRM calibration against the TIPs

(SR 3.3.1.1.8).

A second note is provided for SR 3.3.1.1.12 that allows the
WRNM SR to be performed within 12 hours of entering MODE 2
from MODE 1. Testing of the MODE 2 WRNM Functions cannot be
performed in MODE 1 without utilizing Jumpers, 1ifted leads
or movable links. This Note allows entry into MODE 2 from
MODE 1, if the 24 month Freguency is not met per SR 3.0.2.
Twelve hours is based on operating experience and in
consideration of providing a reasonable time in which to
complete the SR.

A third note is provided for SR 3.3.1.1.12 that includes in
the SR the recirculation flow (drive flow) transmitters,
which supply the flow signal to the APRMs. The APRM Simulated
Thermal Power-High Function (Function 2.b) and the OPRM
Upscale Function (Function 2.f), both require a valid drive
flow signal. The APRM Simulated Thermal Power-High Function
uses drive flow to vary the trip setpoint. The COPRM Upscale
Function uses drive flow to automatically enable or bypass
the OPRM Upscale trip output to RPS. A CHANNEL CALIBRATION of
the APRM drive flow signal requires both calibrating the
drive flow transmitters and establishing a valid drive flow /
core flow relationship. The drive flow /core flow
relationship is established once per refuel cycle, while
operating at or near rated power and flow conditions. This
method of correlating core flow and drive flow is consistent
with GE recommendations. Changes throughout the cycle in the
drive flow / core flow relationship due to the changing
thermal hydraulic operating conditions of the core are
accounted for in the margins included in the bases or
analyses used to establish the setpoints for the APRM
Simulated Thermal Power-High Function and the OPRM Upscale
Function.

The Frequencies of SR 3.3.1.1.12 and SR 3.3.1.1.15 are based
upon the assumption of a 24-month calibration interval used
in the determination of the equipment drift in the setpoint
analysis.

SR 3.3.1.1.11

A CHANNEL FUNCTIONAL TEST is performed on each required
channel to ensure that the entire channel will perform the

(continued)
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SR 3.3.1.1.11 (continued)

intended function. For the APRM Functions, this test
supplements the automatic self-test functions that operate
continuously in the APRM and voter channels. The APRM
CHANNEL FUNCTIONAL TEST covers the APRM channels (including
recirculation flow processing - applicable to Function 2.b
and the auto-enable portion of Function 2.f only), the 2-
Out-0f 4 voter channels, and the interface connections into
the RPS trip systems from the voter channels. Any setpoint
adjustment shall be consistent with the assumptions of the
current plant specific setpoint methodology. The 184 day
Frequency of SR 3.3.1.1.11 is based on the reliability
analyses of References 12 and 13. (NOTE: The actual voting
logic of the 2-Out-0f-4 Voter Function is tested as part of
SR 3.3.1.1.17. The actual auto-enable setpoints for the
OPRM Upscale trip are confirmed by SR 3.3.1.1.19.)

A Note is provided for Function 2.a that requires this SR to
be performed within 12 hours of entering MODE 2 from MODE 1.
Testing of the MODE 2 APRM Function cannot be performed in
MODE 1 without utilizing jumpers or 1ifted leads. This Note
allows entry into MODE 2 from MODE 1 if the associated
Frequency is not met per SR 3.0.2.

A second Note is provided for Function 2.b that clarifies

that the CHANNEL FUNCTIONAL TEST for Function 2.b includes
testing of the recirculation flow processing electronics,

excluding the flow transmitters.

SR_3.3.1.1.13

This SR ensures that scrams initiated from the Turbine Stop
Valve—Closure and Turbine Control Valve Fast Closure, Trip
0i1 Pressure—Low Functions will not be inadvertently
bypassed when THERMAL POWER is = 30% RTP. This involves
calibration of the bypass channels. Adequate margins for
the instrument setpoint methodologies are incorporated into
the Allowable Value (< 29.4% RTP which is equivalent to

< 138.4 psig as measured from turbine first stage pressure)
and the actual setpoint. Because main turbine bypass flow
can affect this setpoint nonconservatively (THERMAL POWER is
derived from turbine first stage pressure), the main turbine
bypass valves must remain closed during the calibration at
THERMAL POWER = 30% RTP to ensure that the calibration is
valid.

If any bypass channel's setpoint is nonconservative (i.e.,

the Functions are bypassed at > 30% RTP, either due to open

main turbine bypass valve(s) or other reasons), then the
(continued)
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SR 3.3.1.1.13 (continued)

affected Turbine Stop Valve—Closure and Turbine Control
Valve Fast Closure, Trip 0il1 Pressure—Low Functions are
considered inoperable. Alternatively, the bypass channel
can be placed in the conservative condition (nonbypass). If
placed in the nonbypass condition, this SR is met and the
channel is considered OPERABLE.

The Frequency of 24 months is based on engineering judgment
and reliability of the components.

SR 3.3.1.1.17

The LOGIC SYSTEM FUNCTIONAL TEST demonstrates the
OPERABILITY of the required trip logic for a specific
channel. The functional testing of control rods

(LCO 3.1.3), and SDV vent and drain valves (LCO 3.1.8),
overlaps this Surveillance to provide complete testing of
the assumed safety function.

The 24 month Frequency is based on the need to perform this
Surveillance under the conditions that apply during a plant
outage and the potential for an unplanned transient if the
Surveillance were performed with the reactor at power.
Operating experience has shown that these components will
pass the Surveillance when performed at the 24 month
Frequency.

The LOGIC SYSTEM FUNCTIONAL TEST for APRM Function 2.e
simulates APRM and OPRM trip conditions at the 2-0ut-0f-4
voter channel inputs to check all combinations of two
tripped inputs to the 2-0ut-0f-4 logic in the voter channels
and APRM related redundant RPS relays.

SR_3.3.1.1.18

This SR ensures that the individual channel response times
are maintained less than or equal to the original design
value. The RPS RESPONSE TIME acceptance criterion is
included in Reference 11.

RPS RESPONSE TIME tests are conducted on a 24 month
Frequency. The 24 month Frequency is consistent with the
PBAPS refueling cycle and is based upon plant operating
experience, which shows that random failures of
instrumentation components causing serious response time
degradation, but not channel failure, are infrequent
occurrences.
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SR_3.3.1.1.19

This surveillance involves confirming the OPRM Upscale trip
auto-enable setpoints. The auto-enable setpoint values are
considered to be nominal values as discussed in Reference 18.
This surveillance ensures that the OPRM Upscale trip is
enabled (not bypassed) for the correct values of APRM
Simulated Thermal Power and recirculation drive flow. Other
surveillances ensure that the APRM Simulated Thermal Power
and recirculation drive flow properly correlate with THERMAL
POWER (SR 3.3.1.1.2) and core flow (SR 3.3.1.1.12),
respectively.

If any auto-enable setpoint is nonconservative (i.e., the
OPRM Upscale trip is bypassed when APRM Simulated Thermal
Power >30% and recirculation drive flow < 60%), then the
affected channel is considered inoperable for the OPRM
Upscale Function. Alternatively, the OPRM Upscale trip
auto-enable setpoint(s) may be adjusted to place the channel
in a conservative condition (not bypassed). If the OPRM
Upscale trip is placed in the not-bypassed condition, this SR
js met and the channel is considered OPERABLE.

The Frequency of 24 months is based on engineering judgment
and reliability of the components.
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Plant specific LOCA and average power range monitor/rod
block monitor Technical Specification/maximum extended load
line 1imit analyses have been performed assuming only one
operating recirculation loop. These analyses demonstrate
that, in the event of a LOCA caused by a pipe break in the
operating recirculation loop, the Emergency Core Coocling
System response will provide adequate core cooling (Refs. 2,
3, and 4).

The transient analyses of Chapter 14 of the UFSAR have also
been performed for single recirculation loop operation
(Ref. 5) and demonstrate sufficient flow coastdown
characteristics to maintain fuel thermal margins during the
abnormal operational transients analyzed provided the MCPR
requirements are modified. During single recirculation loop
operation, modification to the Reactor Protection System
(RPS) average power range monitor (APRM) instrument
setpoints is also required to account for the different
relationships between recirculation drive flow and reactor
core flow. The MCPR Tlimits and APLHGR 1imits (power-
dependent APLHGR multipliers, MAPFAC,, and flow-dependent
APLHGR multipliers, MAPFAC;) for single loop operation are
specified in the COLR. The APRM Simulated Thermal Power-
High Allowable Value is in LCO 3.3.1.1, "Reactor Protection
System (RPS) Instrumentation."”

(continued)
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SAFETY ANALYSES
(continued)

Recirculation loops operating satisfies Criterion 2 of the
NRC Policy Statement.

LCO Two recirculation loops are normally required to be in
operation with their flows matched within the Timits
specified in SR 3.4.1.1 to ensure that during a LOCA caused
by a break of the piping of one recirculation loop the

(continued)
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assumptions of the LOCA analysis are satisfied.
Alternatively, with only one recirculation loop in
operation, modifications to the required APLHGR Timits
(power- and flow-dependent APLHGR multipliers, MAPFAC, and
MAPFAC:, respectively of LCO 3.2.1, "AVERAGE PLANAR LINEAR
HEAT GENERATION RATE (APLHGR)"), MCPR limits (LCO 3.2.2,
"MINIMUM CRITICAL POWER RATIO (MCPR)") and APRM Simulated
Thermal Power-High Allowable Value (LCO 3.3.1.1) must be
applied to allow continued operation consistent with the
assumptions of Reference 5.

The LCO is modified by a Note which allows up to 12 hours
before having to put in effect the required modifications to
required 1imits after a change in the reactor operating
conditions from two recirculation loops operating to single
recirculation loop operation. If the required Timits are
not in compliance with the applicable requirements at the
end of this period, the associated equipment must be
declared inoperable or the 1imits "not satisfied," and the
ACTIONS required by nonconformance with the applicable
specifications implemented. This time is provided due to
the need to stabilize operation with one recirculation loop,
including the procedural steps necessary to 1imit flow in
the operating loop, and the complexity and detail required
to fully implement and confirm the required Timit
modifications.

APPLICABILITY

In MODES 1 and 2, requirements for operation of the Reactor
Coolant Recirculation System are necessary since there is
considerable energy in the reactor core and the limiting
design basis transients and accidents are assumed to occur.

In MODES 3, 4, and 5, the consequences of an accident are
reduced and the coastdown characteristics of the
recirculation loops are not important.

(continued)
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| ACTIONS
(continued)

Al

With the requirements of the LCO not met for reasons other
than no recirculation loops in operation, the recirculation
loops must be restored to operation with matched flows
within 24 hours. A recirculation loop is considered not in
operation when the pump in that loop is idle or when the
mismatch between total jet pump flows of the two loops is
greater than required 1imits. The loop with the lower flow
must be considered not in operation. Should a LOCA occur
with one recirculation loop not in operation, the core flow
coastdown and resultant core response may not be bounded by
the LOCA analyses. Therefore, only a 1imited time is
allowed to restore the inoperable loop to operating status.

Alternatively, if the single Toop requirements of the LCO
are applied to operating limits and RPS setpoints, operation
with only one recirculation lToop would satisfy the
requirements of the LCO and the initial conditions of the
accident sequence.

The 24 hour Completion Time is based on the low probability
of an accident occurring during this time period, on a
reasonable time to complete the Required Action, and on
frequent core monitoring by operators allowing abrupt
changes in core flow conditions to be quickly detected.

(continued)
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| ACTIONS

A.1l (continued)

This Required. Action does not require tripping the

‘recirculation pump in the lowest flow loop when the mismatch

between total jet pump flows of the two loops is greater
than the required limits. However, in cases where Tlarge
flow mismatches occur, Tow flow or reverse flow can occur in
the low flow loop jet pumps, causing vibration of the jet
pumps. If zero or reverse flow is detected, the condition
should be alleviated by changing pump speeds to re-establish
forward flow or by tripping the pump.

B.1

With no recirculation loops in operation or the Required

Action and associated Completion Time of Condition A not
. met, the plant must be brought to a MODE in which the LCO

does not apply. To achieve this status, the plant must be
brought to MODE 3 within 12 hours. In this condition, the
recirculation lToops are not required to be operating because
of the reduced séverity of DBAs and minimal dependence on
the recirculation loop coastdown characteristics. The
allowed. Completion Time of 12 hours is reasonable, based on.
operating experience, to reach MOBE 3 from full power
conditions in an orderiy manner and without challenging
plant systems.

(continued)
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SURVETLLANCE
REQUIREMENTS

SR_3.4.1.1

This SR ensures the recirculation lToops are within the
allowable 1imits for mismatch. At low core flow (i.e.,

< 71.75 X 10° 1bm/hr), the MCPR requirements provide larger
margins to the fuel cladding integrity Safety Limit such
that the potential adverse effect of early boiling
transition during a LOCA is reduced. A larger flow mismatch
can therefore be allowed when core flow is < 71.75 X

10% 1bm/hr. The recirculation loop jet pump flow, as used
in this Surveillance, is the summation of the flows from all
of the jet pumps associated with a single recirculation

Toop.

The mismatch is measured in terms of core flow. (Rated core
flow is 102.5 X 10° 1bm/hr. The first 1imit is based on
mismatch < 10% of rated core flow when operating at < 70% of
rated core flow. The second Timit is based on mismatch < 5%
of rated core flow when operating at = 70% of rated core
flow.) If the flow mismatch exceeds the specified limits,
the Toop with the lower flow is considered not in operation.
The SR is not required when both Toops are not in operation
since the mismatch Timits are meaningless during single Toop
or natural circulation operation. The Surveillance must be
performed within 24 hours after both loops are in operation.
The 24 hour Frequency is consistent with the Surveillance
Frequency for jet pump OPERABILITY verification and has been
shown by operating experience to be adequate to detect off
normal jet pump loop flows in a timely manner.

{continued)
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UFSAR, Section 14.6.3.
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NEDC-32427P, "Peach Bottom Atomic Power Station Unit 3
Cycle 10 ARTS Thermal Limits Analyses," December 1994.

NEDO-24229-1, "PBAPS Units 2 and 3 Single-Loop
Operation," May 1980.
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5.6

5.6 Reporting Requirements (continued)

5.6.5

CORE OPERATING LIMITS REPORT (COLR)

a.

Core operating Timits shall be established prior to each
reload cycle, or prior to any remaining portion of a reload
cycle, and shall be documented in the COLR for the

following:

1. The Average Planar Linear Heat Generation Rate for
Specification 3.2.1;

2. The Minimum Critical Power Ratio for Specifications
3.2.2 and 3.3.2.1;

3. The Linear Heat Generation Rate for Specification
3.2.3; and

4. The Control Rod Block Instrumentation for Specification
3.3.2.1.

5. The Oscillation Power Range Monitor (QPRM)

Instrumentation for Specification 3.3.1.1.

The analytical methods used to determine the core operating
1imits shall be those previously reviewed and approved by
the NRC, specifically those described in the following
documents:

1.

NEDE-24011-P-A, "General Electric Standard Application
for Reactor Fuel” (latest approved version as specified
in the COLR);

NEDC-32162P, "Maximum Extended Load Line Limit and ARTS
Improvement Program Analyses for Peach Bottom Atomic
Power Station Units 2 and 3," Revision 2, March, 1995;

PECo-FMS-0001-A, "Steady-State Thermal Hydraulic
Analysis of Peach Bottom Units 2 and 3 using the FIBWR
Computer Code";

PECo-FMS-0002-A, "Method for Calculating Transient
Critical Power Ratios for Boiling Water Reactors
(RETRAN-TCPPECO)";

PECo-FMS-0003-A, "Steady-State Fuel Performance Methods
Report”;

PECo-FMS-0004-A, "Methods for Performing BWR Systems
Transient Analysis”;

(continued)
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Reporting Requirements

5.6
5.6 Reporting Requirements
5.6.5 CORE OPERATING LIMITS REPORT (COLR) (continued)
7. PECo-FMS-0005-A, "Methods for Performing BWR Steady-
State Reactor Physics Analysis"; and
8. PECo-FMS-0006-A, "Methods for Performing BWR Reload
Safety Evaluations."
9. NEDO-32465-A, “BWR Owners’ Group Long-Term Stability
Detect and Suppress Solutions Licensing Basis
Methodology And Reload Applications,” August 1996.
c. The core operating 1imits shall be determined such that all

applicable 1imits (e.g., fuel thermal mechanical Timits,
core thermal hydraulic limits, Emergency Core Cooling
Systems (ECCS) limits, nuclear Timits such as SDM, transient
analysis limits, and accident analysis limits) of the safety

analysis are met.

d. The COLR, including any midcycle revisions or supplements,
shall be provided upon issuance for each reload cycle to the
NRC.
5.6.6 Post Accident Monitoring (PAM) Instrumentation Report

When a report is required by Condition B or F of LCO 3.3.3.1,
"Post Accident Monitoring (PAM) Instrumentation,” a report shall
be submitted within the following 14 days. The report shall
outline the preplanned alternate method of monitoring, the cause
of the inoperability, and the plians and schedule for restoring the
instrumentation channels of the Function to OPERABLE status.
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The section numbers and Utility Actions Required listed below are from the NUMAC PRNM
Retrofit Plus Option III Stability Trip Function Topical Report NEDC-32410P-A including
Supplement 1. The section numbers shown are only the “OPRM unique” ones. All other items
were addressed in the earlier submittal covering the overall PRNM installation. At that time, the
OPRM trip was not being activated, so OPRM specific responses were deferred.

Section Utility Action Required Response
7.6 Impact on UFSAR Applicable sections of the UFSAR related to PRNM
were reviewed and appropriate revisions of those

The plant-specific action required for sections prepared and approved as part of the normal
FSAR updates will vary between plants. | design process in support of the PRNM modification
In all cases, however, existing FSAR (previously reviewed and approved by the NRC). In
documents should be reviewed to support of activation of the OPRM functions as part
identify areas that have descriptions of the normal PBAPS modification process, the
specific to the current PRNM using the UFSAR will be reviewed with appropriate additions
general guidance of Sections 7.2 through | and any needed revisions identified. Following
7.5 of the PRNM LTR to identify implementation of the design modification, and
potential areas impacted. The utility closure of the design package, the UFSAR revisions
should include in the plant-specific will be submitted to the NRC and included in the
licensing submittal a statement of the updated UFSAR as part of the routine UFSAR update
plans for updating the plant FSAR for submittal.
the PRNM project.

8.3.6.1 APRM-Related RPS Trip Functions -

Setpoints

Add to or delete from the appropriate
document any changed RPS setpoint
information. If ARTS is being
implemented concurrently with the
PRNM modification, either include the
related Tech Spec submittal information
with the PRNM information in the plant-
specific submittal, or reference the
ARTS submittal in the PRNM submittal.
In the plant-specific licensing submittal,
identify what changes, if any, are being
implemented and identify the basis or
method used for the calculation of
setpoints and where the setpoint
information or changes will be recorded.

The Technical Specification Table 3.3.1.1-1 and the
Bases description for the APRM Simulated Thermal
Power -- High function were updated as part of the
original Tech Spec changes for the PBAPS PRNM
implementation. Note (b) to Table 3.3.1.1-1, which
shows an offset term of “0.66AW? for single loop
operation (SLO), was updated to reflect the APRM
Simulated Thermal Power setpoints. However,
neither the NUMAC PRNM LTR nor the PBAPS
specific implementation addressed the flow offset
required (AW). No change related to SLO is required
for the OPRM Upscale Function implementation, but
based on experience with the PRNM at PBAPS, the
SLO equation in Table 3.3.1.1-1 note (b) has been
rearranged to the form “0.66 (W-AW) + 64.9%”. This
arrangement is mathematically equivalent to the
current presentation of the equation, but more
effectively presents both the intent of the adjustment
(offset the flow).and the way the adjustment is
actually accomplished in the PRINM equipment.

The AW offset for SLO is only required for drive
flows above about 35% for PBAPS, but for simplicity
of implementation, is applied for flows down to
W=AW. For drive flows below AW, the equation is
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Section

Utility Action Required

Response

"clamped" at the offset value. Since the Tech Spec
Bases does not currently address this subject, a short
description of the single loop operation adjustment
(AW) and the limits of application has been added to
the Bases discussion for Function 2.b.

See the PBAPS Tech Spec and Bases markup for the
specific changes. See response for Section 8.4.6.1 for
a discussion of OPRM setpoints.

84.14

OPRM-Related RPS Trip Functions -
Functions Covered by Tech Specs

Add the OPRM Upscale function as an
"APRM function"” in the RPS
Instrumentation "function" table. Also
add the related surveillance requirements
and, if applicable, the related setpoint,
and the related descriptions in the bases
sections. Perform analysis necessary to
establish setpoints for the OPRM
Upscale trip. Add discussions related to
the OPRM function in the Bases for the
APRM Inop and 2-out-of-4 Voter
functions.

NOTE: The markups in Appendix H of
Supplement 1 to the PRNM LTR show
the OPRM Upscale as an APRM sub-
function. However, individual plants
may determine that for their particular
situation, addition of the OPRM to the
RPS Instrumentation table separate from
the APRM, or as a separate Tech Spec,
better meets their needs. In those cases,
the basis elements of the Tech Spec as
shown in this Supplement would remain,
but the specific implementation would
be different.

An OPRM Upscale trip function has been added to
the PBAPS Tech Spec as an “APRM function”
(Function 2.f) consistent with Appendix H to the
PRNM LTR. However, a footnote “(d)” has been
added to document that the PBDA setpoints are
defined in the COLR. Additions to the Tech Spec
Bases for Function 2.f have also been incorporated
consistent with the PRNM LTR but with some
rewording to more clearly present the information,
and with additions to more completely address OPRM
related setpoints and adjustable parameters.

Unrelated to OPRM, the Function 2.b Bases
discussion has been amended to include discussion of
the SL.O flow adjustment.

The PRNM LTR Supplement 1 included some
additional wording for Function 2.e (voter) to address
independent voting of the OPRM and APRM signals.
The corresponding PBAPS Bases additions for
Function 2.e are modified somewhat from those
shown in the LTR, Supplement 1. These
modifications are conservative in that they delete any
discussion of a “partially OPERABLE” Voter
Function. These changes are made for simplicity
based on the conclusion that the added alternatives
discussed in the LTR are complicated to evaluate, and
are very unlikely to ever be applied. The modified
Bases text does include some added discussion (not
included in the LTR) of the hardware that implements
the voter function. The added wording clarifies that
operability of parts of the hardware that are not
related to the voter function do not need to be
considered in determining operability of the voter
function.

See the PBAPS Tech Spec and Bases markup for the
specific changes.
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Response

8424

OPRM-Related RPS Trip Functions -
Minimum Number of Operable OPRM
Channels

For the OPRM functions added (Section
8.4.1), include in the OPRM Tech Spec a
"minimum operable channels”
requirement for three OPRM channels,
shared by both trip systems.

Add the same action statements as for
the APRM Neutron Flux - High function
for OPRM Upscale function. In
addition, add a new action statement for
OPRM Upscale function unavailable per
Paragraph 8.4.2.2 of the PRNM LTR.

Revise the Bases section as needed to
add descriptions of the 4-OPRM system
with 2-out-of-4 output Voter channels (2
per RPS Trip System), and allowed one
OPRM bypass total.

A minimum operable channels requirement of three,
shared by both trip systems, has been included in the
Tech Spec for the OPRM Upscale trip function
(Function 2.f). This addition, as well as addition of
action statements and Bases descriptions, is consistent
with the PRNM LTR and LTR Supplement 1.
However, to make the Required Action statements
more consistent with the intent of the LTR, a note has
been added to Required Action 1.2 stating that LCO
3.0.4 is not applicable.

Although the exception to LCO 3.0.4 is not included
in the PRNM LTR Supplement 1, it is consistent with
the intent of Required Action 1.2. Inclusion of Action
1.2 is intended to allow orderly identification and
implementation of a resolution plan for an
unanticipated design problem with the OPRM logic
without undue impact on normal plant operation. The
LCO 3.0.4 exception does not eliminate the
requirement to restore the OPRM Upscale function to
OPERABLE status within a 120-day period. The
exception does, however, allow the plant to start up
with the alternate detect and suppress provision of
Action L1 in effect during the 120-day period.

The Bases discussion of Required Action 1.2 has also
been modified from the LTR proposed text to reflect
the inclusion of the Note regarding L.CO 3.0.4 and to
cite the PRNM LTR Supplement 1 as a reference
(Ref. 13).

See the PBAPS Tech Spec and Bases markup for the
specific changes.

8434

OPRM-Related RPS Trip Functions -
Applicable Modes of Operation

Add the requirement for operation of the
OPRM Upscale function in Mode 1
(RUN) when Thermal Power is > 25%
RTP, and add Bases descriptions as
required.

A Modes of Operation requirement of Mode 1 > 25%
RTP, consistent with the PRNM LTR Supplement 1,
has been included in the Tech Spec along with
associated Bases descriptions. The specific wording
included in the Function 2.f Bases discussion for
Modes of Operation has been modified somewhat
from the LTR proposed text for improved clarity of
the intent.

See the PBAPS Tech Spec and Bases markup for the
specific changes.

84414

OPRM-Related RPS Trip Functions -
Channel Check

Add once per 12 hour or once per day
Channel Check or Instrument Check
requirements for the OPRM Upscale

A Channel Check requirement of once per 12 hours
has been included for the OPRM Upscale function,
consistent with the PRNM LTR Supplement 1.

See the PBAPS Tech Spec markup for the specific
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function. changes.
8.4.4.2.4 | OPRM-Related RPS Trip Functions -

Channel Functional Test

Add Channel Functional Test
requirements with a requirement for a
test frequency of every 184 days (6
months), including the 2-out-of-4 Voter
function.

Add a "confirm auto-enable region”
surveillance on a once per outage basis
up to 24 month intervals.

A “confirm auto-enable region” surveillance
requirement, SR 3.3.1.1.19, has been added to require
confirmation that the OPRM Upscale trip output auto-
enable (not bypassed) setpoints remain correct. The
SR Bases wording is similar to that in the LTR, but
the wording has been modified and Reference 18
added to clarify that the setpoints are nominal values.
References to two related SRs have also been added.
The discussion of the use of APRM Simulated
Thermal Power and drive flow for the setpoints (vs.
Thermal Power and core flow) has been omitted from
the SR 3.3.1.1.19 Bases because that same
information is presented in the newly added OPRM
Upscale (Function 2.f) Bases discussion.

Use of the term “rated drive flow” has been omitted
from the SR wording to avoid potential confusion at
PBAPS where the terminology “rated recirculation
drive flow” is not commonly used.

These changes have no effect on the actual SR as
originally defined in the PRNM LTRs since the intent
of the SR, to require reconfirmation of the setpoints in
the APRM hardware, remains unchanged from the
LTR.

A Channel Functional Test requirement with a test
frequency of every 184 days (SR 3.3.1.1.11) has been
added for the OPRM Upscale consistent with the
PRNM LTR, Supplement 1. The SR 3.3.1.1.11 is
already applied to the 2-Out-Of 4 voter channels.

The original PBAPS PRNM modification also
included a second note to SR 3.3.1.1.11 (not included
in the PRNM LTR) to clarify that the SR also applied
to the flow input function, except the transmitters.
That note has been modified to also include the
OPRM Upscale Function 2.1.

No change is shown in the PRNM LTR Supplement 1
for the Channel Functional Test (SR 3.3.1.1.11)
Bases to cover the OPRM Upscale Function. The
Bases discussion for SR 3.3.1.1.11 has been modified
slightly to clarify that the recirculation flow is used
for the auto-enable of the OPRM Upscale trip as well
as for the APRM STP Upscale trip.

See the PBAPS Tech Spec and Bases markup for the
specific changes.
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84434

OPRM-Related RPS Trip Functions -
Channel Calibration

Add calibration interval requirement of
every 24 months for the OPRM Upscale

function.

Revise Bases text as required.

A Channel Calibration requirement for the OPRM
Upscale function has been added consistent with the
PRNM LTR Supplement 1, but also with some
additional changes not included in the LTRs as
discussed below.

The original PRNM modification added a third note
to SR 3.3.1.1.12 and revised the SR 3.3.1.1.12 Bases
to address APRM, and to clarify that SR 3.3.1.1.12
includes calibrating the associated recirculation loop
flow channel. The original requirement was intended
to assure that the drive flow used by the APRM
Simulated Thermal Power flow biased trip was
properly calibrated.

The PRNM LTR, Supplement 1 does not identify any
additional changes to the Bases for OPRM Upscale
Channel Calibration requirements. However, reviews
of the Bases wording as part of the OPRM
implementation identified two aspects that should be
clarified: 1) the wording should recognize that drive
flow is also used as an input to the OPRM Upscale
trip auto-enable function, and 2) the “calibrating the
recirculation loop flow channel” needed to include the
drive flow / core flow correlation. Therefore, as part
of the OPRM Upscale Function addition, the

SR 3.3.1.1.12 Bases discussion has been modified to
include discussion of the OPRM Upscale auto-enable
function, and to expand the discussion of the scope of
calibrating the drive flow channel. The third note to
SR 3.3.1.1.12 has also been modified to include
Function 2.f.

Since the PBAPS Bases groups discussion of

SR 3.3.1.1.12 with other CHANNEL CALIBRATION
SRs (SRs 3.3.1.1.10, 15 & 16), some of the text has
been rearranged for better flow. These changes do
not affect the content or scope of any of the other SRs
(SR 3.3.1.1.10, 15 & 16).

See the PBAPS Tech Spec and Bases markup for the
specific changes.

84444

OPRM-Related RPS Trip Functions -
Response Time Testing

Modify as necessary the response time
testing procedure for the 2-out-of-4
Voter function to include the Voter
OPRM output solid-state relays as part

The PBAPS response time testing related to the 2-
Out-Of-4 Voter Function tests from the PRNM panel
terminals to the RPS relays. This interface is
unchanged by addition of the OPRM Upscale
Function because the OPRM Upscale trip outputs are
connected electrically in series with the other APRM
trip outputs to the RPS. Therefore, no change is
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of the response time tests, alternating
testing of the Voter OPRM output with
the Voter APRM output.

required to the Tech Spec or Bases for response time
testing.

NOTE: Since the response time test (SR 3.3.1.1.18)
will be current at the time of the OPRM Upscale
Function activation, and since no response time
sensitive equipment is affected by the OPRM Upscale
Function activation, it is not necessary to re-perform
SR 3.3.1.1.18 prior to declaring the OPRM Upscale
Function OPERABLE.

8454

OPRM-Related RPS Trip Functions -
Logic System Functional Testing

(LSET)

Add requirement for LSFT every
refueling cycle, 18 or 24 months at the
utility's option based on which best fits
plant scheduling.

The LSFT (SR 3.3.1.1.17) for the OPRM function is,
the same as for the APRM, a test of the 2-Out-Of-4
voter only. Consistent with the PRNM LTR
Supplement 1, the only change required to implement
the OPRM “LSFT” is the addition of “and OPRM” in
the Tech Spec Bases and revision of the related plant
procedures to include testing of the OPRM Upscale
trip outputs from the 2-out-of-4 voter. The procedure
changes will be made as part of the normal
modification process.

See the PBAPS Tech Spec Bases markup for the
specific changes.

Position on Compliance With TS SR 3.3.1.1.17 for
the OPRM Function

It is PBAPS’ position that performance of

SR 3.3.1.1.17 relative to the OPRM Upscale voting
function within the 2-Out-Of-4 Voter channel can be
considered met via acceptance testing performed at
the factory, in-plant functional testing of the
hardware, and internal self testing performed by the
hardware. The next subsequent performance of this
LSFT for the OPRM Upscale function will be during
the first refueling outage following activation of the
OPRM Upscale trip output. Justification for this
position is included following this table.

8.4.6.1

OPRM-Related RPS Trip Functions -
Setpoints

Add setpoint information to the
appropriate document and identify in the
plant-specific submittal the basis or
method used for the calculation and
where the setpoint information will be
recorded.

There are four “sets” of OPRM related setpoints and
adjustable parameters: a) OPRM trip auto-enable (not
bypassed) setpoints for STP and drive flow; b) period
based detection algorithm (PBDA) confirmation count
and amplitude setpoints; ¢) period based detection
algorithm tuning parameters; and d) growth rate
algorithm (GRA) and amplitude based algorithm
(ABA) setpoints.

The first set, the setpoints for the “auto-enable”
region for OPRM, as discussed in the Bases
discussion of the new SR 3.3.1.1.19, will be treated as
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nominal setpoints with no additional margins added.
The deadband for these setpoints is established so that
it increases the enabled region. The settings, 30%
APRM Simulated Thermal Power and 60% drive
flow, are defined (limit values) in the Tech Spec SR
3.3.1.1.19.

The second set, the PBDA trip setpoints, will be
established in accordance with the BWROG

LTR 32465-A methodology, previously reviewed and
approved by the NRC, and will be documented in the
COLR. Table 3.3.1.1 has been modified to add a
footnote “(d)” to document that the PBDA setpoints
are defined in the COLR.

The third set, the PBDA “tuning” parameter values,
are established in accordance with and controlled by
PBAPS procedures, within the limits established in
the BWROG LTRs, or as documented in this
submittal.

The forth set, the GRA and ABA setpoints, consistent
with the BWROG submittals, are established as
nominal values only, and controlled by PBAPS
procedures only.

See the PBAPS Tech Spec Bases markup for the
specific changes. To document the handling of
OPRM setpoints, the specific wording in the PBAPS
Tech Spec Bases markup has been expanded and
modified somewhat from that shown in the PRNM
LTR Supplement 1.

None

Recirculation Loops Operating

LCO 3.4.1 currently requires operation
in the “Unrestricted” Region of the
power flow map. This restriction and
associated required actions were
implemented as part of the Interim
Corrective Actions in response to NRC
Generic Letter 86-02.

Concurrent with activation of the OPRM Upscale trip
function, LCO 3.4.1, its associated actions and
surveillance requirements, and the related Bases are
being revised to delete requirements related to the
restricted region of operation. The implementation of
the automatic OPRM Upscale trip function eliminates
the need for the ICAs and the related administrative
requirements implemented in LCO 3.4.1. The other
LCO conditions limiting operation with mismatched
flows or in single loop operation are retained. Action
statements have been modified to delete Actions
required only to support the ICAs. The current action
statements related to the “no recirculation loops in
operation” condition (current Condition F) are
structured to support the ICAs. However, that
Condition must still be addressed. Therefore, a new
Condition B is established combining the current
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Condition F and Condition E (required actions not
completed) as “OR”. The Required Action for both is
to be in Mode 3 within the required time. The
Completion Time for the new Required Action B.1
will be 12 hours, the same as previously allowed for
Required Action E.1, but increased from the
previously allowed 6 hours for Required Action F.2.
With the added protection of the automatic OPRM
Upscale trip to detect potential instabilities, this
change is judged reasonable in that it allows more
time for an orderly plant shutdown. This change
makes the PBAPS Tech Spec Completion Time for
this Required Action consistent with the Improved
Standard Tech Specs.

The Tech Spec Bases have been modified consistent
with these Tech Spec changes. See the PBAPS Tech
Spec and Bases markup for the specific changes.

None Core Operating Limits Report Requirements have been added to 5.6.5a to include
the OPRM setpoints in the COLR, and in 5.6.5b to
Reporting requirements 5.6.5 does not identify the BWROG LTR as the basis.

currently address the OPRM. See the PBAPS Tech Spec markup for the specific
changes.
9.13 Utility Quality Assurance Program
As part of the plant-specific licensing The activation of the OPRM trip is accomplished by
submittal, the utility should document removing hardware jumpers in the panel. There are
the established program that is no required firmware changes.

applicable to the project modification.
The submittal should also document for
the project what scope is being
performed by the utility and what scope
is being supplied by others. For scope
supplied by others, document the utility
actions taken or planned to define or
establish requirements for the project, to
assure those requirements are compatible
with the plant-specific configuration.
Actions taken or planned by the utility to
assure compatibility of the GE quality
program with the utility program should
also be documented.

Utility planned level of participation in
the overall V&V process for the project
should be documented, along with utility
plans for software configaration
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Section

Utility Action Required

Response

management and provision to support
any required changes after delivery
should be documented.
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Justification for considering SR 3.3.1.1.17 - Logic System Functional Test - as being
satisfactorily met for the OPRM Upscale voting function of the 2-Out-Of-4 Voter channel

SR 3.3.1.1.17 is normally performed during an outage because the method for performing the SR creates
a full RPS trip (scram). PBAPS plans to activate the OPRM Upscale trip output on line during full
power operation, so the normal method of performing SR 3.3.1.1.17 can not be used. PBAPS has
evaluated alternative methods for performing the SR on-line. One alternative requires careful
coordination of actions in multiple channels, with a very limited time available. For this alternative, any
minor error or delay in the sequence of actions, which would normally have no adverse consequences,
will lead to an unintentional scram. A second alternative has been identified that carries a smaller risk of
inadvertent scram, but requires disconnecting multiple fiberoptic cables within the cabinet, an action that
would normally not be required, and creates a significantly increased risk of causing equipment damage
or equipment inoperability.

Since the only identified alternatives for performing the SR while at power carry significant risk of
causing problems, PBAPS has evaluated the overall testing that has been and will be performed for the
equipment performing the OPRM Upscale function. Based on that evaluation, PBAPS has determined
that the intent of the LSFT for the OPRM Upscale testing will be met and that this SR will not need to be
performed until the next refuel outage following trip activation. The basis for this conclusion is as
follows.

The primary purpose of the SR is to reconfirm that the 2-out-of-4 voting logic is still functioning
correctly. As stated in the PRNM LTR, the test of the voting logic in the LSFT SR is redundant to an
automatic self-test function that repetitively injects test signals for all combinations of inputs to confirm
that the voting logic continues to function correctly. Failures detected by the self-test function are
reported via the associated APRM channel to the operator. The PRNM LTR states that the LSFT SR
provides “overlap” between the automatic self-test of the voting logic and the voter output test provided
by the Channel Functional test SR, which will be performed at the time of OPRM Upscale trip activation.
At Peach Bottom’s request, GE has re-evaluated the final hardware design and confirmed that the
Channel Functional test SR and the automatic self-test of the voting logic provide full overlap, so the
LSFT is not required for coverage. GE further clarified that the primary reason for the PRNM LTR
recommended LSFT coverage of the voting logic was to provide “defense-in-depth” due to the lack of
operational experience with the new equipment. Since the time the PRNM LTR was approved, the same
voter hardware used at PBAPS has been installed at 10 BWRs, with over 20 plant-years of operation
without any identified failures of the voting logic.

Peach Bottom performed the equivalent of the LSFT for the OPRM Upscale function during the factory
acceptance test (FAT) prior to installation for both Units. The normal LSFT SR was performed for the
APRM High/Inop voting logic after installation of the PRNM equipment prior to start-up for the current
cycle. No voting logic problems were found during these tests.

Based on (1) the determination that the LSFT provides no additional hardware test coverage beyond that
provided by the automatic self-test and the Channel Functional test SR to be performed at the time of trip
activation, (2) the completion of an equivalent OPRM LSFT test during the FAT and the normal LSFT
on the APRM High/Inop voting logic without detected problems, and (3) the extensive operating
experience at other BWR plants without voting logic failures, Peach Bottom has concluded that TS SR
3.3.1.1.17, as it applies to the OPRM Upscale function of the 2-Out-Of-4 Voter channel, has already been
satisfied and need not be performed until the next refueling outage following OPRM Upscale function
trip activation.
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OPRM Corner Frequency, Period Tolerance, and
Maximum Period Discussion, Proposed Setpoint Range Revisions,
and Associated Justifications

Background

LTR NEDO-32465-A, “Reactor Stability Detect and Suppress Solutions Licensing Basis Methodology
for Reload Applications” describes the licensing basis methodology for the Option II long term stability
solution. The licensing basis for this solution is the period based algorithm (PBA) which relies on the
fact that OPRM “cells”, composed of closely spaced local power range monitors (LPRMs), can be used
to distinguish between thermal-hydraulic instabilities and stable reactor operation. During normal,
steady state reactor operation, LPRM signals are comprised of a broad range of frequencies that are
typically present in a boiling water reactor (BWR). These LPRM signals become more coherent
displaying a characteristic frequency in the 0.3 to 0.7 Hertz (Hz) range with the onset of thermal-
hydraulic instability. The PBA uses the difference in LPRM signal coherence to detect instabilities. The
coherence persists when signals from closely spaced LPRMs are combined in OPRM cells.

Specifically, the OPRM combines signals from LPRMs assigned to the OPRM cell and determines each
successive pair of OPRM cell maxima and minima. If the maxima/minima occur at a frequency in the
range of 0.3 to 0.7 Hz, the base period is set. If the subsequent maxima/minima occur within a specified
tolerance band of the base period, the oscillation is considered to be a single period confirmation.
Subsequent maxima/minima which fall within the specified base period tolerance range cause the PBA
continuous period confirmation (CPC) counter to be incremented by one. This process continues until a
maxima/minima is found to be outside the specified base period tolerance range, at which time the CPC
counter is reset to zero. The last CPC count prior to resetting is termed the maximum continuous period
confirmation (MCPC) count. ‘

The CPC for each OPRM cell is evaluated simultaneously. During normal plant operation with large
stability margin, non-zero CPC count values are expected due to the random nature of normal core
neutron-flux noise. As shown in the data in Tables 1, 2, 3 and 4, the largest frequency of occurrence is a
MCPC of 1, with rapidly decreasing frequency of occurrence of higher MCPC counts. The OPRM
tuning process, the results of which are discussed in the paragraphs that follow, is intended to optimize
the setting values of various OPRM tuning parameters so that the PBA is sufficiently sensitive to detect
actual core oscillations while not unnecessarily tripping on normal core neutron-flux noise. The data in
Tables 1, 2, 3 and 4 shown shaded applies to the final settings selected.

LTR NEDO-32465-A (Section 3.4.1) describes the acceptable range of values for two OPRM parameters,
period tolerance and corner frequency. Both of these parameters can be independently adjusted to tune
the OPRM to each plant’s unique LPRM noise characteristics. Within the ranges defined for these
parameters, the OPRM will provide sufficient CPCs to detect thermal-hydraulic instabilities prior to
reaching the PBA amplitude trip setpoint. The ranges presented in NEDO-32465-A were based upon
testing the PBA using data taken with analog LPRM signals from several different plants. Data was
taken at a 50-millisecond sample rate during stable and unstable reactor operation. A range for each
OPRM setpoint value was defined to ensure that the OPRM is sensitive enough to detect an instability as
it develops at low amplitudes while allowing utilities the flexibility to adjust the OPRM response to their
plant’s noise characteristics during steady-state operation. The adjustments to account for noise
characteristics are necessary to avoid spurious alarms and reactor scrams. Normal operational LPRM
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signals are viewed by the OPRM as a distribution of MCPCs. The OPRM is tuned based on the MCPC
distribution under plant operating conditions that have significant stability margin (i.e., near or at rated
conditions). Based upon tuning criteria proposed by GE, the PBAPS OPRM tuning setpoints as
discussed below provide more than adequate sensitivity.

PBAPS Specific Information

Based on OPRM data collected during the “monitoring period” following PRNM installation at PBAPS,
it is apparent that the OPRM is too sensitive when the least sensitive setpoints defined in Table 3-1 of
LTR NEDO-32465-A are used (i.e., period tolerance of 100 milliseconds and corner frequency of 2.5
Hz). However, the OPRM design of the PRNM system allows the OPRM period tolerance and corner
frequency to be set to less sensitive values than those defined in the LTR, i.e., the hardware allows values
from 50 to 300 millisecond and 1.0 to 3.0 Hz, respectively, compared to 100 to 300 millisecond and 1.0
to 2.5 Hz, respectively, in the LTR. PBAPS testing indicates that the OPRM more closely meets the GE
tuning criteria under normal operating conditions if a period tolerance of 50 milliseconds and corner
frequency of 3.0 Hz are allowed to be utilized. The 3.0 Hz/50 millisecond tuning settings are established
based on data obtained at rated plant conditions per established GE procedures. The data collected
during low power as part of initial plant start-up indicated slightly more sensitive settings might be
acceptable, however, subsequent data collection at rated conditions indicate the 3.0 Hz/50 millisecond
settings produce data in closer agreement with optimum OPRM tuning criteria established by GE.

The following factors contribute to the OPRM function being more sensitive than originally anticipated
for the PBAPS installation:

1) The plant data used to develop the OPRM detection algorithm had a sample interval of 50
milliseconds. The PBAPS PRNM provides LPRM data to the OPRM algorithm every 25
milliseconds. This increased sampling rate tends to increase OPRM sensitivity.

2) PBAPS noise characteristics differ from those of the reference plants used to test the detection
algorithm. Specifically, the PRNM system has improved accuracy, noise immunity, and LPRM
signal filtering. The additional LPRM filtering tends to increase OPRM sensitivity, thus producing
higher MCPC counts when the plant is operating with a large stability margin.

The maximum oscillation period (T,,y) is the largest expected period that the OPRM would sense if a
reactor instability was present. The minimum oscillation period (Tyy,) is the smallest expected period
that the OPRM would sense if a reactor instability was present. For example, if the time between
successive LPRM signal maxima/minima is greater than T, or less than Ty, , the oscillation is not
indicative of an anticipated reactor instability. LTR NEDQO-32465-A (Section 4.3.2.4) states that studies
of actual instability events indicate that the expected period is approximately 1.8 to 2.0 seconds (0.5 to
0.56 Hz), but that it is desirable to consider a wider band of oscillation frequencies between 0.3 Hz (Tp.x
= 3.3 seconds) and 0.7 Hz (T, , = 1.4 seconds). The OPRM design allows Ty« to be set in the range of
3.0 to 5.0 seconds (0.33 to 0.2 Hz). A review of the online test data indicates that setting T, at its lower
design limit of 3.0 seconds (frequency of 0.33 Hz) may help to avoid spurious OPRM alarms and trips.
Based on LTR NEDO-32465-A (Figure 4-5), allowing Ty, to be set down to 3.0 seconds does not
significantly alter the probability of detecting core instability. Based on that information, PBAPS OPRM
tuning procedures will allow T, settings down to the hardware limit of 3.0 seconds to reduce the risk of
spurious OPRM alarms and trips.
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Conclusion

The OPRM is fully expected to produce enough MCPCs to exceed the alarm and trip setpoints if a
thermal-hydraulic instability should occur. Allowing PBAPS to use the full range of tuning parameters
allowed by the OPRM design, including the allowance to set the corner frequency up to the limiting
value of 3.0 Hz, the period tolerance down to the limiting value of 50 milliseconds, and the maximum
period down to the limiting value of 3.0 seconds, provides acceptable OPRM sensitivity based on the
foregoing discussions. These setpoint values are slightly outside the ranges described in LTR NEDO-
32465-A, which were based on data from a few plants with different power monitoring system designs.
However, the values are consistent with the original definition of the PBA in NEDO-31960-A,
Supplement 1. The proposed tuning setpoint range changes provide margin to spurious alarms and trips
during stable reactor operation and do not compromise the ability of the OPRM to detect instabilities and
initiate an automatic reactor scram prior to violating the minimum critical power ratio (MCPR) safety
limit for anticipated reactor instabilities.
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Table 1 Unit 3
PBAPS Unit 3 OPRM Tuning Data, Confirmation Counts vs. Tuning Settings
24% Power / 40 M# Flow/33 Operable Cells

OPRM | Corner Freq (Hz)/ 1
Chann | Period Tol. (ms)

10

30Hz/100 ms
25Hz/100ms || (2) 93
2.0Hz/100ms [ (2) 16
2.0Hz/1

N od | b |t |t

2 [3.0Hz/100ms| (2) 323 17 3

0
0
0
0
0
M0 0 0
0 0 0 0 0 0
3.0Hz/100 ms 0 0 0 0
3.0 HZ / 50 ms 0.0 0
3 3.0 Hz/ 100 ms 0 0 0
3 2.5Hz/100ms || (2) 0 0 0
3 20Hz/100ms | (2) 0 0 0
3 2.0 Hz/ 150 ms 0 1 0
2/ e
4 3.0 Hz/ 100ms || (2) 242 27 3 0 0 0 0 0 0
4 25Hz/100ms || (2) 126 11 1 0 0 0 0 0 0
4 20Hz/100ms | (2) 67 4 2 1 0 0 0 0 0
4 20Hz/50ms | 2) 54 8 2 0 0 0 0 0 0

(1) All data taken with: Trin = 1.40; Tax = 3.00; recording time of 10 minutes.
(2) Count significantly larger than for “2”. Value not recorded.
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Table 2 Unit 3

PBAPS Unit 3 OPRM Tuning Data, Confirmation Counts vs. Tuning Settings

99.8% Power / 98.5 Mit Flow/33 Operable Cells
OPRM Corner Freq (Hz)/ 1 2 3 4 5 6 7
Channel | Period Tol. (ms)
1 2.0Hz/100ms | 4050 1452 159 86
25Hz/100ms || 3810 1047 119 21
25Hz/50ms | 4067 989 81 21
3.0Hz/100ms || 2780 853 93 22

[o¢]

9 10

S| SO0 [ DI P

4
2
0
0
0

ocolocococoococo

2

2 /50ms || 3

2 | 80Hz/50ms | 316

3 20Hz/100ms || 4218
3 25Hz/100ms || 3779 1141
3

3

3

3

4

coooolococococowlooo.

25Hz/50ms | 4165 909
3.0Hz/100 ms | 2773
3 | 80Hz/50ms | 3297
3 | 30Hz/50ms | 329

o-xjoocoocoolo

coowloonvmvuojlo—roalapnawo
o‘o‘cﬁ"olc’;ooooo cocoolooococo=

coooloccococo-focoolos

"30Hz/50ms

M All data taken with: Tpin = 1.40; Tmax = 3.00; recording time of 10 minutes.
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PBAPS Unit 2 OPRM Tuning Data, Confirmation Counts vs. Tuning Settings
100% Power / 96% Flow/33 Operable Cells

OPRM
Channe

Corner Freq (Hz)/
Period Tol. (ms)

2

4

5

6

7

8

3.0Hz/150 ms

3.0Hz/100 ms

[ 30Hz/50ms | 41¢
| 80Hz/50ms

g
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AI
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-
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ng
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Table 4 Unit 2
PBAPS Unit 2 OPRM Tuning Data, Confirmation Counts vs. Tuning Settings
21-22% Power / 25-30% Flow/33 Operable Cells

OPRM | Corner Freq (Hz)/ 1 2 3 4 5 6 7 8 9
Channel | Period Tol. (ms)
20Hz/100ms | 774 155 7
20Hz/150ms | 683 171 16
2.0Hz/200ms | 669 197 15
20Hz/250ms | 597 170 17
25Hz/150ms | 1107 257 21
25Hz/200ms | 1116 272 - 21
25Hz/250ms | 1059 325 35
30Hz/150ms | 1829 339 15
20Hz/100ms | 796 100 5
20Hz/150ms | 729 117 19
20Hz/200ms | 703 123 17
20Hz/250ms | 667 128 15
20Hz/300ms | 558 138 22
1.5Hz/100ms | 93 7 0
25Hz/100ms | 1278 204 9
25Hz/150ms | 1380 243 20
30Hz/100ms | 1945 317 12
20Hz/100ms | 609 91 8
20Hz/150ms | 537 130 10
20Hz/200ms | 515 132 7
20Hz/250ms | 452 120 6
25Hz/150ms || 992 172 21
25Hz/250ms | 973 253 17
25Hz/200ms || 986 176 13
3.0Hz/100ms | 1961 241 15
3.0Hz/150ms || 1955 331 27
3.0Hz/200ms || 1872 379
20Hz/100ms | 114 14
20Hz/150ms | 87 21
2.0Hz/200ms | 84 11
20Hz/250ms | 61 12
20Hz/300ms | 62 17
1.5 Hz/ 100 ms 3 0
25Hz/50ms | 563 35
25Hz/100ms || 551 60
25Hz/150ms | 636 71
30Hz/50ms || 1446 1
3.0Hz/100ms || 1411 132 15
(1) All data taken with: Tmin = 1.40; Tmax = 3.00; recording time of 10 minutes.
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The section numbers and Utility Actions Required listed below are from the NUMAC PRNM
Retrofit Plus Option III Stability Trip Function Topical Report NEDC-32410P-A including
Supplement 1. The section numbers shown are only the “OPRM unique” ones. All other items
were addressed in the earlier submittal covering the overall PRNM installation. At that time, the
OPRM trip was not being activated, so OPRM specific responses were deferred.

Section Utility Action Required Response
7.6 Impact on UFSAR Applicable sections of the UFSAR related to PRNM
were reviewed and appropriate revisions of those

The plant-specific action required for sections prepared and approved as part of the normal
FSAR updates will vary between plants. | design process in support of the PRNM modification
In all cases, however, existing FSAR (previously reviewed and approved by the NRC). In
documents should be reviewed to support of activation of the OPRM functions as part
identify areas that have descriptions of the normal PBAPS modification process, the
specific to the current PRNM using the UFSAR will be reviewed with appropriate additions
general guidance of Sections 7.2 through | and any needed revisions identified. Following
7.5 of the PRNM LTR to identify implementation of the design modification, and
potential areas impacted. The utility closure of the design package, the UFSAR revisions
should include in the plant-specific will be submitted to the NRC and included in the
licensing submittal a statement of the updated UFSAR as part of the routine UFSAR update
plans for updating the plant FSAR for submittal.
the PRNM project. A

8.3.6.1 APRM-Related RPS Trip Functions -

Setpoints

Add to or delete from the appropriate
document any changed RPS setpoint
information. If ARTS is being
implemented concurrently with the
PRNM modification, either include the
related Tech Spec submittal information
with the PRNM information in the plant-
specific submittal, or reference the
ARTS submittal in the PRNM submittal.
In the plant-specific licensing submittal,
identify what changes, if any, are being
implemented and identify the basis or
method used for the calculation of
setpoints and where the setpoint
information or changes will be recorded.

The Technical Specification Table 3.3.1.1-1 and the
Bases description for the APRM Simulated Thermal
Power -- High function were updated as part of the
original Tech Spec changes for the PBAPS PRNM
implementation. Note (b) to Table 3.3.1.1-1, which
shows an offset term of “0.66AW” for single loop
operation (SLO), was updated to reflect the APRM
Simulated Thermal Power setpoints. However,
neither the NUMAC PRNM LTR nor the PBAPS
specific implementation addressed the flow offset
required (AW). No change related to SLO is required
for the OPRM Upscale Function implementation, but
based on experience with the PRNM at PBAPS, the
SLO equation in Table 3.3.1.1-1 note (b) has been
rearranged to the form “0.66 (W-AW) + 64.9%”. This
arrangement is mathematically equivalent to the
current presentation of the equation, but more
effectively presents both the intent of the adjustment
(offset the flow) and the way the adjustment is
actually accomplished in the PRNM equipment.

The AW offset for SLO is only required for drive
flows above about 35% for PBAPS, but for simplicity
of implementation, is applied for flows down to
W=AW. For drive flows below AW, the equation is
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Section

Utility Action Required

Response

"clamped" at the offset value. Since the Tech Spec
Bases does not currently address this subject, a short
description of the single loop operation adjustment
(AW) and the limits of application has been added to
the Bases discussion for Function 2.b.

See the PBAPS Tech Spec and Bases markup for the
specific changes. See response for Section 8.4.6.1 for
a discussion of OPRM setpoints.

8.4.14

OPRM-Related RPS Trip Functions -
Functions Covered by Tech Specs

Add the OPRM Upscale function as an
"APRM function" in the RPS
Instrumentation "function” table. Also
add the related surveillance requirements
and, if applicable, the related setpoint,
and the related descriptions in the bases
sections. Perform analysis necessary to
establish setpoints for the OPRM
Upscale trip. Add discussions related to
the OPRM function in the Bases for the
APRM Inop and 2-out-of-4 Voter
functions.

NOTE: The markups in Appendix H of
Supplement 1 to the PRNM LTR show
the OPRM Upscale as an APRM sub-
function. However, individual plants
may determine that for their particular
situation, addition of the OPRM to the
RPS Instrumentation table separate from
the APRM, or as a separate Tech Spec,
better meets their needs. In those cases,
the basis elements of the Tech Spec as
shown in this Supplement would remain,
but the specific implementation would
be different.

An OPRM Upscale trip function has been added to
the PBAPS Tech Spec as an “APRM function”
(Function 2.f) consistent with Appendix H to the
PRNM LTR. However, a footnote “(d)” has been
added to document that the PBDA setpoints are
defined in the COLR. Additions to the Tech Spec
Bases for Function 2.f have also been incorporated
consistent with the PRNM LTR but with some
rewording to more clearly present the information,
and with additions to more completely address OPRM
related setpoints and adjustable parameters.

Unrelated to OPRM, the Function 2.b Bases
discussion has been amended to include discussion of
the SLO flow adjustment.

The PRNM LTR Supplement 1 included some
additional wording for Function 2.e (voter) to address
independent voting of the OPRM and APRM signals.
The corresponding PBAPS Bases additions for
Function 2.e are modified somewhat from those
shown in the LTR, Supplement 1. These
modifications are conservative in that they delete any
discussion of a “partially OPERABLE” Voter
Function. These changes are made for simplicity
based on the conclusion that the added alternatives
discussed in the LTR are complicated to evaluate, and
are very unlikely to ever be applied. The modified
Bases text does include some added discussion (not
included in the LTR) of the hardware that implements
the voter function. The added wording clarifies that
operability of parts of the hardware that are not
related to the voter function do not need to be
considered in determining operability of the voter
function.

See the PBAPS Tech Spec and Bases markup for the
specific changes.
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Section

Utility Action Required

Response

8424

OPRM-Related RPS Trip Functions -
Minimum Number of Operable OPRM

Channels

For the OPRM functions added (Section
8.4.1), include in the OPRM Tech Spec a
"minimum operable channels”
requirement for three OPRM channels,
shared by both trip systems.

Add the same action statements as for
the APRM Neutron Flux - High function
for OPRM Upscale function. In
addition, add a new action statement for
OPRM Upscale function unavailable per
Paragraph 8.4.2.2 of the PRNM LTR.

Revise the Bases section as needed to
add descriptions of the 4-OPRM system
with 2-out-of-4 output Voter channels (2
per RPS Trip System), and allowed one
OPRM bypass total.

A minimum operable channels requirement of three,
shared by both trip systems, has been included in the
Tech Spec for the OPRM Upscale trip function
(Function 2.f). This addition, as well as addition of
action statements and Bases descriptions, is consistent
with the PRNM LTR and LTR Supplement 1.
However, to make the Required Action statements
more consistent with the intent of the LTR, a note has
been added to Required Action 1.2 stating that LCO
3.0.4 is not applicable.

Although the exception to LCO 3.0.4 is not included
in the PRNM LTR Supplement 1, it is consistent with
the intent of Required Action 1.2. Inclusion of Action
1.2 is intended to allow orderly identification and
implementation of a resolution plan for an
unanticipated design problem with the OPRM logic
without undue impact on normal plant operation. The
LCO 3.0.4 exception does not eliminate the
requirement to restore the OPRM Upscale function to
OPERABLE status within a 120-day period. The
exception does, however, allow the plant to start up
with the alternate detect and suppress provision of
Action I.1 in effect during the 120-day period.

The Bases discussion of Required Action 1.2 has also
been modified from the LTR proposed text to reflect
the inclusion of the Note regarding L.CO 3.0.4 and to
cite the PRNM LTR Supplement 1 as a reference
(Ref. 13).

See the PBAPS Tech Spec and Bases markup for the
specific changes.

8434

OPRM-Related RPS Trip Functions -
Applicable Modes of Operation

Add the requirement for operation of the
OPRM Upscale function in Mode 1
(RUN) when Thermal Power is > 25%
RTP, and add Bases descriptions as
required.

A Modes of Operation requirement of Mode 1 > 25%
RTP, consistent with the PRNM LTR Supplement 1,

.has been included in the Tech Spec along with

associated Bases descriptions. The specific wording
included in the Function 2.f Bases discussion for
Modes of Operation has been modified somewhat
from the LTR proposed text for improved clarity of
the intent.

See the PBAPS Tech Spec and Bases markup for the
specific changes.

8.4.4.14

OPRM-Related RPS Trip Functions -
Channel Check

Add once per 12 hour or once per day
Channel Check or Instrument Check
requirements for the OPRM Upscale

A Channel Check requirement of once per 12 hours
has been included for the OPRM Upscale function,
consistent with the PRNM LTR Supplement 1.

See the PBAPS Tech Spec markup for the specific
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8.4.4.2.4 | OPRM-Related RPS Trip Functions -

Channel Functional Test

Add Channel Functional Test
requirements with a requirement for a
test frequency of every 184 days (6
months), including the 2-out-of-4 Voter
function.

Add a "confirm auto-enable region”
surveillance on a once per outage basis
up to 24 month intervals.

A “confirm auto-enable region” surveillance
requirement, SR 3.3.1.1.19, has been added to require
confirmation that the OPRM Upscale trip output auto-
enable (not bypassed) setpoints remain correct. The
SR Bases wording is similar to that in the LTR, but
the wording has been modified and Reference 18
added to clarify that the setpoints are nominal values.
References to two related SRs have also been added.
The discussion of the use of APRM Simulated
Thermal Power and drive flow for the setpoints (vs.
Thermal Power and core flow) has been omitted from
the SR 3.3.1.1.19 Bases because that same
information is presented in the newly added OPRM
Upscale (Function 2.f) Bases discussion.

Use of the term “rated drive flow” has been omitted
from the SR wording to avoid potential confusion at
PBAPS where the terminology “rated recirculation
drive flow” is not commonly used.

These changes have no effect on the actual SR as
originally defined in the PRNM LTRs since the intent
of the SR, to require reconfirmation of the setpoints in
the APRM hardware, remains unchanged from the
LTR.

A Channel Functional Test requirement with a test
frequency of every 184 days (SR 3.3.1.1.11) has been
added for the OPRM Upscale consistent with the
PRNM LTR, Supplement 1. The SR 3.3.1.1.11 is
already applied to the 2-Out-Of 4 voter channels.

The original PBAPS PRNM modification also
included a second note to SR 3.3.1.1.11 (not included
in the PRNM LTR) to clarify that the SR also applied
to the flow input function, except the transmitters.
That note has been modified to also include the
OPRM Upscale Function 2.f.

No change is shown in the PRNM LTR Supplement 1
for the Channel Functional Test (SR 3.3.1.1.11)
Bases to cover the OPRM Upscale Function. The
Bases discussion for SR 3.3.1.1.11 has been modified
slightly to clarify that the recirculation flow is used
for the auto-enable of the OPRM Upscale trip as well
as for the APRM STP Upscale trip.

See the PBAPS Tech Spec and Bases markup for the
specific changes.




February 8, 2001
Docket Nos. 50-277
50-278

Attachment 3

Page 5 of 17

Section

Utility Action Required

Response

84434

OPRM-Related RPS Trip Functions -
Channel Calibration

Add calibration interval requirement of
every 24 months for the OPRM Upscale

function.

Revise Bases text as required.

A Channel Calibration requirement for the OPRM
Upscale function has been added consistent with the
PRNM LTR Supplement 1, but also with some
additional changes not included in the LTRs as
discussed below.

The original PRNM modification added a third note
to SR 3.3.1.1.12 and revised the SR 3.3.1.1.12 Bases
to address APRM, and to clarify that SR 3.3.1.1.12
includes calibrating the associated recirculation loop
flow channel. The original requirement was intended
to assure that the drive flow used by the APRM
Simulated Thermal Power flow biased trip was
properly calibrated.

The PRNM LTR, Supplement 1 does not identify any
additional changes to the Bases for OPRM Upscale
Channel Calibration requirements. However, reviews
of the Bases wording as part of the OPRM
implementation identified two aspects that should be
clarified: 1) the wording should recognize that drive
flow is also used as an input to the OPRM Upscale
trip auto-enable function, and 2) the “calibrating the
recirculation loop flow channel” needed to include the
drive flow / core flow correlation. Therefore, as part
of the OPRM Upscale Function addition, the

SR 3.3.1.1.12 Bases discussion has been modified to
include discussion of the OPRM Upscale auto-enable
function, and to expand the discussion of the scope of
calibrating the drive flow channel. The third note to
SR 3.3.1.1.12 has also been modified to include
Function 2.f.

Since the PBAPS Bases groups discussion of

SR 3.3.1.1.12 with other CHANNEL CALIBRATION
SRs (SRs 3.3.1.1.10, 15 & 16), some of the text has
been rearranged for better flow. These changes do
not affect the content or scope of any of the other SRs
(SR 3.3.1.1.10, 15 & 16).

See the PBAPS Tech Spec and Bases markup for the
specific changes.

8.4.444

OPRM-Related RPS Trip Functions -
Response Time Testing

Modify as necessary the response time
testing procedure for the 2-out-of-4
Voter function to include the Voter
OPRM output solid-state relays as part

The PBAPS response time testing related to the 2-
Out-Of-4 Voter Function tests from the PRNM panel
terminals to the RPS relays. This interface is
unchanged by addition of the OPRM Upscale
Function because the OPRM Upscale trip outputs are
connected electrically in series with the other APRM
trip outputs to the RPS. Therefore, no change is
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of the response time tests, alternating
testing of the Voter OPRM output with
the Voter APRM output.

required to the Tech Spec or Bases for response time
testing.

NOTE: Since the response time test (SR 3.3.1.1.18)
will be current at the time of the OPRM Upscale
Function activation, and since no response time
sensitive equipment is affected by the OPRM Upscale
Function activation, it is not necessary to re-perform
SR 3.3.1.1.18 prior to declaring the OPRM Upscale
Function OPERABLE.

84.54

OPRM-Related RPS Trip Functions -
Logic System Functional Testing

(LSET)

Add requirement for LSFT every
refueling cycle, 18 or 24 months at the
utility's option based on which best fits
plant scheduling.

The LSFT (SR 3.3.1.1.17) for the OPRM function is,
the same as for the APRM, a test of the 2-Out-Of-4
voter only. Consistent with the PRNM LTR
Supplement 1, the only change required to implement
the OPRM “LSFT” is the addition of “and OPRM” in
the Tech Spec Bases and revision of the related plant
procedures to include testing of the OPRM Upscale
trip outputs from the 2-out-of-4 voter. The procedure
changes will be made as part of the normal
modification process.

See the PBAPS Tech Spec Bases markup for the
specific changes.

Position on Compliance With TS SR 3.3.1.1.17 for
the OPRM Function

It is PBAPS’ position that performance of

SR 3.3.1.1.17 relative to the OPRM Upscale voting
function within the 2-Out-Of-4 Voter channel can be
considered met via acceptance testing performed at
the factory, in-plant functional testing of the
hardware, and internal self testing performed by the
hardware. The next subsequent performance of this
LSFT for the OPRM Upscale function will be during
the first refueling outage following activation of the
OPRM Upscale trip output. Justification for this
position is included following this table.

84.6.1

OPRM-Related RPS Trip Functions -
Setpoints

Add setpoint information to the
appropriate document and identify in the
plant-specific submittal the basis or
method used for the calculation and
where the setpoint information will be
recorded.

There are four “sets” of OPRM related setpoints and
adjustable parameters: a) OPRM trip auto-enable (not
bypassed) setpoints for STP and drive flow; b) period
based detection algorithm (PBDA) confirmation count
and amplitude setpoints; c) period based detection
algorithm tuning parameters; and d) growth rate
algorithm (GRA) and amplitude based algorithm
(ABA) setpoints.

The first set, the setpoints for the “auto-enable”
region for OPRM, as discussed in the Bases
discussion of the new SR 3.3.1.1.19, will be treated as
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nominal setpoints with no additional margins added.
The deadband for these setpoints is established so that
it increases the enabled region. The settings, 30%
APRM Simulated Thermal Power and 60% drive
flow, are defined (limit values) in the Tech Spec SR
3.3.1.1.19.

The second set, the PBDA trip setpoints, will be
established in accordance with the BWROG

LTR 32465-A methodology, previously reviewed and
approved by the NRC, and will be documented in the
COLR. Table 3.3.1.1 has been modified to add a
footnote “(d)” to document that the PBDA setpoints
are defined in the COLR.

The third set, the PBDA “tuning” parameter values,
are established in accordance with and controlled by
PBAPS procedures, within the limits established in
the BWROG LTRs, or as documented in this
submittal.

The forth set, the GRA and ABA setpoints, consistent
with the BWROG submittals, are established as
nominal values only, and controlled by PBAPS
procedures only.

See the PBAPS Tech Spec Bases markup for the
specific changes. To document the handling of
OPRM setpoints, the specific wording in the PBAPS
Tech Spec Bases markup has been expanded and
modified somewhat from that shown in the PRNM
LTR Supplement 1.

None

Recirculation Loops Operating

LCO 3.4.1 currently requires operation
in the “Unrestricted” Region of the
power flow map. This restriction and
associated required actions were
implemented as part of the Interim
Corrective Actions in response to NRC
Generic Letter 86-02.

Concurrent with activation of the OPRM Upscale trip
function, LCO 3.4.1, its associated actions and
surveillance requirements, and the related Bases are
being revised to delete requirements related to the
restricted region of operation. The implementation of
the automatic OPRM Upscale trip function eliminates
the need for the ICAs and the related administrative
requirements implemented in LCO 3.4.1. The other
LCO conditions limiting operation with mismatched
flows or in single loop operation are retained. Action
statements have been modified to delete Actions
required only to support the ICAs. The current action
statements related to the “no recirculation loops in
operation” condition (current Condition F) are
structured to support the ICAs. However, that
Condition must still be addressed. Therefore, a new
Condition B is established combining the current
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Condition F and Condition E (required actions not
completed) as “OR”. The Required Action for both is
to be in Mode 3 within the required time. The
Completion Time for the new Required Action B.1
will be 12 hours, the same as previously allowed for
Required Action E.1, but increased from the
previously allowed 6 hours for Required Action F.2.
With the added protection of the automatic OPRM
Upscale trip to detect potential instabilities, this
change is judged reasonable in that it allows more
time for an orderly plant shutdown. This change
makes the PBAPS Tech Spec Completion Time for
this Required Action consistent with the Improved
Standard Tech Specs.

The Tech Spec Bases have been modified consistent
with these Tech Spec changes. See the PBAPS Tech
Spec and Bases markup for the specific changes.

None Core Operating Limits Report Requirements have been added to 5.6.5a to include
the OPRM setpoints in the COLR, and in 5.6.5b to
Reporting requirements 5.6.5 does not tdentify the BWROG LTR as the basts.

currently address the OPRM. See the PBAPS Tech Spec markup for the specific
changes.

9.1.3 Utility Quality Assurance Program

As part of the plant-specific licensing The activation of the OPRM trip is accomplished by
submittal, the utility should document removing hardware jumpers in the panel. There are
the established program that is no required firmware changes.

applicable to the project modification.
The submittal should also document for
the project what scope is being
performed by the utility and what scope
is being supplied by others. For scope
supplied by others, document the utility
actions taken or planned to define or
establish requirements for the project, to
assure those requirements are compatible
with the plant-specific configuration.
Actions taken or planned by the utility to
assure compatibility of the GE quality
program with the utility program should
also be documented.

Utility planned level of participation in
the overall V&V process for the project
should be documented, along with utility
plans for software configuration
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management and provision to support
any required changes after delivery
should be documented.
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Justification for considering SR 3.3.1.1.17 - Logic System Functional Test - as being
satisfactorily met for the OPRM Upscale voting function of the 2-Out-Of-4 Voter channel

SR 3.3.1.1.17 is normally performed during an outage because the method for performing the SR creates
a full RPS trip (scram). PBAPS plans to activate the OPRM Upscale trip output on line during full
power operation, so the normal method of performing SR 3.3.1.1.17 can not be used. PBAPS has
evaluated alternative methods for performing the SR on-line. One alternative requires careful
coordination of actions in multiple channels, with a very limited time available. For this alternative, any
minor error or delay in the sequence of actions, which would normally have no adverse consequences,
will lead to an unintentional scram. A second alternative has been identified that carries a smaller risk of
inadvertent scram, but requires disconnecting multiple fiberoptic cables within the cabinet, an action that
would normally not be required, and creates a significantly increased risk of causing equipment damage
or equipment inoperability.

Since the only identified alternatives for performing the SR while at power carry significant risk of
causing problems, PBAPS has evaluated the overall testing that has been and will be performed for the
equipment performing the OPRM Upscale function. Based on that evaluation, PBAPS has determined
that the intent of the LSFT for the OPRM Upscale testing will be met and that this SR will not need to be
performed until the next refuel outage following trip activation. The basis for this conclusion is as
follows.

The primary purpose of the SR is to reconfirm that the 2-out-of-4 voting logic is still functioning
correctly. As stated in the PRNM LTR, the test of the voting logic in the LSFT SR is redundant to an
automatic self-test function that repetitively injects test signals for all combinations of inputs to confirm
that the voting logic continues to function correctly. Failures detected by the self-test function are
reported via the associated APRM channel to the operator. The PRNM LTR states that the LSFT SR
provides “overlap” between the automatic self-test of the voting logic and the voter output test provided
by the Channel Functional test SR, which will be performed at the time of OPRM Upscale trip activation.
At Peach Bottom’s request, GE has re-evaluated the final hardware design and confirmed that the
Channel Functional test SR and the automatic self-test of the voting logic provide full overlap, so the
LSFT is not required for coverage. GE further clarified that the primary reason for the PRNM LTR
recommended LSFT coverage of the voting logic was to provide “defense-in-depth” due to the lack of
operational experience with the new equipment. Since the time the PRNM LTR was approved, the same
voter hardware used at PBAPS has been installed at 10 BWRs, with over 20 plant-years of operation
without any identified failures of the voting logic.

Peach Bottom performed the equivalent of the LSFT for the OPRM Upscale function during the factory
acceptance test (FAT) prior to installation for both Units. The normal LSFT SR was performed for the
APRM High/Inop voting logic after installation of the PRNM equipment prior to start-up for the current
cycle. No voting logic problems were found during these tests.

Based on (1) the determination that the LSFT provides no additional hardware test coverage beyond that
provided by the automatic self-test and the Channel Functional test SR to be performed at the time of trip
activation, (2) the completion of an equivalent OPRM LSFT test during the FAT and the normal LSFT
on the APRM High/Inop voting logic without detected problems, and (3) the extensive operating
experience at other BWR plants without voting logic failures, Peach Bottom has concluded that TS SR
3.3.1.1.17, as it applies to the OPRM Upscale function of the 2-Out-Of-4 Voter channel, has already been
satisfied and need not be performed until the next refueling outage following OPRM Upscale function
trip activation.



February §, 2001
Docket Nos. 50-277
50-278

Attachment 3

Page 11 of 17

OPRM Corner Frequency, Period Tolerance, and
Maximum Period Discussion, Proposed Setpoint Range Revisions,
and Associated Justifications

Background

LTR NEDO-32465-A, “Reactor Stability Detect and Suppress Solutions Licensing Basis Methodology
for Reload Applications” describes the licensing basis methodology for the Option III long term stability
solution. The licensing basis for this solution is the period based algorithm (PBA) which relies on the
fact that OPRM “cells”, composed of closely spaced local power range monitors (LPRMs), can be used
to distinguish between thermal-hydraulic instabilities and stable reactor operation. During normal,
steady state reactor operation, LPRM signals are comprised of a broad range of frequencies that are
typically present in a boiling water reactor (BWR). These LPRM signals become more coherent
displaying a characteristic frequency in the 0.3 to 0.7 Hertz (Hz) range with the onset of thermal-
hydraulic instability. The PBA uses the difference in LPRM signal coherence to detect instabilities. The
coherence persists when signals from closely spaced LPRMs are combined in OPRM cells.

Specifically, the OPRM combines signals from LPRMs assigned to the OPRM cell and determines each
successive pair of OPRM cell maxima and minima. If the maxima/minima occur at a frequency in the
range of 0.3 to 0.7 Hz, the base period is set. If the subsequent maxima/minima occur within a specified
tolerance band of the base period, the oscillation is considered to be a single period confirmation.
Subsequent maxima/minima which fall within the specified base period tolerance range cause the PBA
continuous period confirmation (CPC) counter to be incremented by one. This process continues until a
maxima/minima is found to be outside the specified base period tolerance range, at which time the CPC
counter is reset to zero. The last CPC count prior to resetting is termed the maximum continuous period
confirmation (MCPC) count.

The CPC for each OPRM cell is evaluated simultaneously. During normal plant operation with large
stability margin, non-zero CPC count values are expected due to the random nature of normal core
neutron-flux noise. As shown in the data in Tables 1, 2, 3 and 4, the largest frequency of occurrence is a
MCPC of 1, with rapidly decreasing frequency of occurrence of higher MCPC counts. The OPRM
tuning process, the results of which are discussed in the paragraphs that follow, is intended to optimize
the setting values of various OPRM tuning parameters so that the PBA is sufficiently sensitive to detect
actual core oscillations while not unnecessarily tripping on normal core neutron-flux noise. The data in
Tables 1, 2, 3 and 4 shown shaded applies to the final settings selected.

LTR NEDO-32465-A (Section 3.4.1) describes the acceptable range of values for two OPRM parameters,
period tolerance and corner frequency. Both of these parameters can be independently adjusted to tune
the OPRM to each plant’s unique LPRM noise characteristics. Within the ranges defined for these
parameters, the OPRM will provide sufficient CPCs to detect thermal-hydraulic instabilities prior to
reaching the PBA amplitude trip setpoint. The ranges presented in NEDO-32465-A were based upon
testing the PBA using data taken with analog LPRM signals from several different plants. Data was
taken at a 50-millisecond sample rate during stable and unstable reactor operation. A range for each
OPRM setpoint value was defined to ensure that the OPRM is sensitive enough to detect an instability as
it develops at low amplitudes while allowing utilities the flexibility to adjust the OPRM response to their
plant’s noise characteristics during steady-state operation. The adjustments to account for noise
characteristics are necessary to avoid spurious alarms and reactor scrams. Normal operational LPRM
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signals are viewed by the OPRM as a distribution of MCPCs. The OPRM is tuned based on the MCPC
distribution under plant operating conditions that have significant stability margin (i.e., near or at rated
conditions). Based upon tuning criteria proposed by GE, the PBAPS OPRM tuning setpoints as
discussed below provide more than adequate sensitivity.

PBAPS Specific Information

Based on OPRM data collected during the “monitoring period” following PRNM installation at PBAPS,
it is apparent that the OPRM is too sensitive when the least sensitive setpoints defined in Table 3-1 of
LTR NEDO-32465-A are used (i.e., period tolerance of 100 milliseconds and corner frequency of 2.5
Hz). However, the OPRM design of the PRNM system allows the OPRM period tolerance and corner
frequency to be set to less sensitive values than those defined in the LTR, i.e., the hardware allows values
from 50 to 300 millisecond and 1.0 to 3.0 Hz, respectively, compared to 100 to 300 millisecond and 1.0
to 2.5 Hz, respectively, in the LTR. PBAPS testing indicates that the OPRM more closely meets the GE
tuning criteria under normal operating conditions if a period tolerance of 50 milliseconds and cormner
frequency of 3.0 Hz are allowed to be utilized. The 3.0 Hz/50 millisecond tuning settings are established
based on data obtained at rated plant conditions per established GE procedures. The data collected
during low power as part of initial plant start-up indicated slightly more sensitive settings might be
acceptable, however, subsequent data collection at rated conditions indicate the 3.0 Hz/50 millisecond
settings produce data in closer agreement with optimum OPRM tuning criteria established by GE.

The following factors contribute to the OPRM function being more sensitive than originally anticipated
for the PBAPS installation:

1) The plant data used to develop the OPRM detection algorithm had a sample interval of 50
milliseconds. The PBAPS PRNM provides LPRM data to the OPRM algorithm every 25
milliseconds. This increased sampling rate tends to increase OPRM sensitivity.

2) PBAPS noise characteristics differ from those of the reference plants used to test the detection
algorithm. Specifically, the PRNM system has improved accuracy, noise immunity, and LPRM
signal filtering. The additional LPRM filtering tends to increase OPRM sensitivity, thus producing
higher MCPC counts when the plant is operating with a large stability margin.

The maximum oscillation period (Tp.y) is the largest expected period that the OPRM would sense if a
reactor instability was present. The minimum oscillation period (Tgy,) is the smallest expected period
that the OPRM would sense if a reactor instability was present. For example, if the time between
successive LPRM signal maxima/minima is greater than Ty, or less than Ty, , the oscillation is not
indicative of an anticipated reactor instability. LTR NEDO-32465-A (Section 4.3.2.4) states that studies
of actual instability events indicate that the expected period is approximately 1.8 to 2.0 seconds (0.5 to
0.56 Hz), but that it is desirable to consider a wider band of oscillation frequencies between 0.3 Hz (T
= 3.3 seconds) and 0.7 Hz (T, , = 1.4 seconds). The OPRM design allows Ty, to be set in the range of
3.0 to 5.0 seconds (0.33 to 0.2 Hz). A review of the online test data indicates that setting Tryy at its lower
design limit of 3.0 seconds (frequency of 0.33 Hz) may help to avoid spurious OPRM alarms and trips.
Based on LTR NEDO-32465-A (Figure 4-5), allowing T, to be set down to 3.0 seconds does not
significantly alter the probability of detecting core instability. Based on that information, PBAPS OPRM
tuning procedures will allow Ty settings down to the hardware limit of 3.0 seconds to reduce the risk of
spurious OPRM alarms and trips.
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Conclusion

The OPRM is fully expected to produce enough MCPCs to exceed the alarm and trip setpoints if a
thermal-hydraulic instability should occur. Allowing PBAPS to use the full range of tuning parameters
allowed by the OPRM design, including the allowance to set the corner frequency up to the limiting
value of 3.0 Hz, the period tolerance down to the limiting value of 50 milliseconds, and the maximum
period down to the limiting value of 3.0 seconds, provides acceptable OPRM sensitivity based on the
foregoing discussions. These setpoint values are slightly outside the ranges described in LTR NEDO-
32465-A, which were based on data from a few plants with different power monitoring system designs.
However, the values are consistent with the original definition of the PBA in NEDO-31960-A,
Supplement 1. The proposed tuning setpoint range changes provide margin to spurious alarms and trips
during stable reactor operation and do not compromise the ability of the OPRM to detect instabilities and
initiate an automatic reactor scram prior to violating the minimum critical power ratio (MCPR) safety
limit for anticipated reactor instabilities.
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PBAPS Unit 3 OPRM Tuning Data, Confirmation Counts vs. Tuning Settings
24% Power / 40 M# Flow/33 Operable Cells

OPRM | Corner Freq (Hz)/ 1 2 3 4 5 6 7 8 9 10
Chann | Period Tol. (ms)
el
-1 ‘,3’.0'5.HZ:/'50‘ms'r.;,;(2):ff_,; -0 ..:0 0.0 0O 0 0
1 3.0Hz/100ms | (2) 1 0 0 0 0 0 0
1 25Hz/100ms | (2) 0 0 0 0 0 0 0
1 20Hz/100ms | (2) 0 0 0 0 0 0 0
1 2.0Hz /150 ms _g_2_) 3 1 0 0 0 0 0
2 | B0Hz/50ms | (@ 5 1.0 .0 .0 0..0
2 3.0Hz/100ms | (2) 3 0 0 0 0 0 0
2 3.0Hz/100ms | (2) 1 0 0 0 0 0 0
83 | BOHz/50ms | (2) 1.0 0. 0.0 0 0
3 3.0Hz/100ms | (2) 4 0 0 0 0 0 0
3 2.5Hz/100 ms 0 0 0 0 0 0 0
3 2.0Hz/100 ms 0 0 0 0 0 0 0
3 2.0Hz /150 ms 1 0 1 0 0 0 0
4 3.0Hz/50ms | . .0 0 6 o 0 0 0 1
4 30Hz/100ms | (2) 242 27 3 0] 0 0 0 0 0
4 25Hz/100ms | (2) 126 11 1 0 0 0 0 0 0
4 20Hz/100ms || (2) 67 4 2 1 0 0 0 0 0
4 2.0Hz /50 ms (2) 54 8 2 0 0 0 0 0 0

(1)
()

All data taken with: Tmin = 1.40; Tmax = 3.00; recording time of 10 minutes.
Count significantly larger than for “2”. Value not recorded.
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Table 2 Unit 3
PBAPS Unit 3 OPRM Tuning Data, Confirmation Counts vs. Tuning Settings
99.8% Power / 98.5 M# Flow/33 Operable Cells

OPRM Corner Freq (Hz)/ 1 2 3 4 5 6 7 8 9
Channel | Period Tol. (ms)

-1
o

2.0Hz/100ms | 4050 1452 159 86

25Hz/100ms | 3810 1047 119 21

25Hz/50ms | 4067 989 81 21

3.0Hz/100ms | 2780 85 93 22

3.0Hz/50ms [ 3436 51 11

3.0Hz/50ms | 3232 26 1

£
3.0Hz/50ms | 3332 ¢ 49 18
3.0Hz /50 ms 3596 . 35 3

30Hz/50ms | 3470 58 11

3.0Hz/50ms | 3168 630 48 9

20Hz/100ms | 4218 1493 174 70

25Hz/100ms | 3779 1141 122 20

25Hz/50ms || 4165 909 72

3.0Hz/100ms | 2777 875 79

3.0Hz/50ms [ 3297

" 30Hz/50ms || 3291

3.0Hz/100 ms | 3077

3.0Hz/50ms | 3495
3.0Hz/50 ms 3517

Slalnlslololwlw|w|oldinini === ===
oo wldonmp ool Lowla RN = wo
ol e (ol ovoooocooo‘o—koooomh
cooolooocoococlooooclooooco~
ooooooooo—xédoooooooo
coo=loonoocoojloocooloooocoo
o,oooocoooooo‘"ooioohoooo

oobsNl=-~N~No

3.0Hz/50ms | 3300

(M All data taken with: Tyin = 1.40; Tmax = 3.00; recording time of 10 minutes.
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Table 3 Unit 2
PBAPS Unit 2 OPRM Tuning Data, Confirmation Counts vs. Tuning Settings
100% Power / 96% Flow/33 Operable Cells

OPRM | Corner Freq (Hz)/ 1 2 3 4 5 6 7 8 9 10

Channe | Period Tol. (ms)
|
1 3.0Hz/150ms || 3517 1266 232 82 16 11 2 0 0 0
1 3.0Hz/100ms || 4082 1062 129 31 7 2 0 0 0 0
1 3.0Hz/50ms | 4197 869 i7 1 0 0 O 0 0
1 3.0 Hz/ 50 ms | 4595 13 7 0 O 0 0 0
2 3.0Hz/100ms f| 3974 37 7 4 1 0 0 0
2 3.0Hz/50ms | 4474 10 3 .0 0O 0 0 0
2 3.0Hz/50ms || 4198 9 20 0 0 0 0.0 0
3 3.0 Hz/ 100 ms j 4009 49 6 10 0 0 0 0
3 3.0Hz/50ms | 4501 9 1 0 0 0 0 0
3 3.0Hz/50ms | 4250 14 0. 0 0 0 0 0
4 3.0HzZ/50 ms || 4349 19 1 0 0 6 0 0
4 3.0Hz/50ms | 4412 16 1 0 0 0 0 0

(1) All data taken with: Tpin = 1.40; Tmax = 3.00; recording time of 10 minutes.
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PBAPS Unit 2 OPRM Tuning Data, Confirmation Counts vs. Tuning Settings

OPRM .| Corner Freq (Hz) 1 2 3 4 5 6 7 8 9 10
Channel | Period Tol. {(ms)
1 20Hz/100ms || 774 155 7 2 0 0 0 0 0 0
1 20Hz/150ms || 683 171 16 O 0 0 0 0 0 0
1 20Hz/200ms || 669 197 15 2 0 0 0 0 0 0
1 20Hz/250ms || 597 170 17 6 0 0 0 0 0 0
1 25Hz/150ms || 1107 257 21 2 0 0 0 0 0 0
1 25Hz/200ms || 1116 272 21 8 2 0 0 0 0 0
1 25Hz/250ms | 1059 325 35 10 1 1 0 0 0 0
1 30Hz/150ms || 1829 339 15 7 0 0 0 0 0 0
2 20Hz/100ms || 796 100 5 3 0 0 0 0 0 0
2 20Hz/150ms | 729 117 19 3 1 0 0 0 0 0
2 20Hz/200ms || 703 123 17 4 0 0 0 0 0 0
2 20Hz/250ms | 667 128 15 6 0 0 0 0 0 0
2 20Hz/300ms | 558 138 22 7 1 0 0 0 0 0
2 1.5Hz/100ms || 93 7 0 0 0 0 0 0 0 0
2 25Hz/100ms || 1278 204 9 1 0 0 0 0 0 0
2 25Hz/150ms || 1380 243 20 1 1 1 0 0 0 0
2 30Hz/100ms || 1945 317 12 1 0 0 0 0 0 0
3 20Hz/100ms | 609 91 8 0 0 0 0 0 0 0
3 20Hz/150ms | 537 130 10 3 0 0 0 0 0 0
3 20Hz/200ms | 515 132 7 1 0 0 0 0 0 0
3 20Hz/250ms | 452 120 6 2 0 0 0 0 0 0
3 25Hz/150ms | 992 172 21 2 0 0 0 0 0 0
3 25Hz/250ms | 973 253 17 13 1 1 0 0 0 0
3 25Hz/200ms | 986 176 13 5 0 0 0 0 0 0
3 30Hz/100ms | 1961 241 15 2 0 0 0 0 0 0
3 30Hz/150ms | 1955 331 27 3 1 0 0 0 0 0
3 30Hz/200ms | 1872 379 40 8 3 2 0 0 0 0
4 20Hz/100ms | 114 14 3 2 0 0 0 0 0 0
4 20Hz/150ms | 87 21 0o 2 1 0 0 0 0 0
4 20Hz/200ms | 84 11 2 1 1 0 0 0 0 0
4 20Hz/250ms | 61 12 0 1 0 0 0 0 0 0
4 20Hz/300ms| 62 17 5 2 1 1 0 0 0 0
4 1.5Hz/100ms | 3 0 0 0 0 0 0 0 0 0
4 25Hz/50ms | 563 35 3 0 0 0 0 0 0 0
4 25Hz/100ms | 551 60 6 1 1 0 0 0 0 0
4 25Hz/150ms | 636 71 12 2 4 1 1 0 0 0
4 30Hz/50ms | 1446 114 10 2 0 0O 0 0O O O
4 3.0Hz/100ms || 1411 132 15 7 1 0 0 0 0 0

(1)

All data taken with: Tmin = 1.40; Tmax = 3.00; recording time of 10 minutes.



