| | | GE Nuclear Energy

175 Curtner Ave., San Jose, CA 95125

NEDO-33075, Revision 5
DRF-0000-0004-3311
Class I

November 2005

NON-PROPRIETARY VERSION

LICENSING TOPICAL REPORT

GENERAL ELECTRIC BOILING WATER REACTOR
DETECT AND SUPPRESS SOLUTION — CONFIRMATION DENSITY

Copyright 2005 General Electric Company



NEDO-33075, REVISION 5
NON-PROPRIETARY VERSION

INFORMATION NOTICE

This is a non-proprietary version of the document NEDC-33075P, which has the proprietary .
information removed. Portions of the document that have been removed are indicated by an open
and closed bracket as shown here [[ 1. GE has received US patent #6,173,026

~ covering this subject matter.

IMPORTANT NOTICE REGARDING CONTENTS OF THIS REPORT

PLEASE READ CAREFULLY

The information contained in this document is furnished for the purpose of obtaining NRC
approval of the licensing requirements for implementation of the stability Detect and Suppress
Solution — Confirmation Density (DSS-CD) to provide automatic detection and suppression of
stability related power oscillations. The only undertakings of General Electric Company with
respect to information in this document are cbntained in contracts between General Electric
Company and participating utilities, and nothing contained in this document shall be construed as
changing those contracts. The use of this information by anyone other than that for which it is
intended is not authorized; and with respect to any unauthorized use, General Electric
Company makes no representation or warranty, and assumes no liability as to the completeness,

accuracy, or usefulness of the information contained in this document.
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EXECUTIVE SUMMARY

_Under certain condiﬁons, boiling ‘Wéter reactors (BWRs) may be susceptible to coupled'
neutronic/thermal-hydraulic instabilities. These instabilities are characterized by periodic power
and flow oscillations. If these oscillations become large enough, and the associated density
waves contain a sufficiently high void fraction, the fuel cladding integrity safety limit could be
challenged.

Several different stability long-term solution (LTS) options have been developed for BWRs. -
Certain solutions depend upon automatic reactor instability detection and suppression to show
compliance with licensing requirements. The Detect and Suppress Solution — Confirmation
Density (DSS-CD) consists of hardware and software for the automatic detection and
suppression of stability related power oscillations and represents an evolutionary step from the
stability LTS Option III.

DSS-CD introduces an enhanced detection algorithm, the Confirmation Density Algorithm
(CDA), which reliably detects the inception of power oscillations and generates an early power
suppression trip signal prior to any significant oscillation amplitude growth and Minimum
Critical Power Ratio (MCPR) degradation. This report provides a generic licensing basis for GE
BWR/3-6 product lines, GE14 and earlier GE fuel designs and operating ehvelopes up to and
including Extended Power Uprate (EPU) and Maximum Extended Load Line Limit Analysis
Plus (MELLLA+). A standard procedure is identified for pl@t specific confirmations of reload
designs and other design changes that may affect the DSS-CD generic licensing basis.
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REVISIONS

Revision 1:

1.
2.
3.

Editorial clarifications and corrections.
Updated acknowledgement list. '
Expanded proprietary marking to include GE proprietary proéesses.

Revision 2:

1.
2.
3.

Minor editorial changes.
Correct channel trip designation in Section 3.2 for consistency with Figure 3-1.

Clarify in Sections 3.5 and 4.5 the MCPR monitoring threshold application to define the
Armed Region boundary.

Revise “filter corner frequency” to “filter cutoff frequency” throughout the report for
consistency.

Lower Tpin value to bound expected period range for MELLLA+ operation.

. Adjust f; permissible range consistent with the revised Ty, value.

7. Identify OPRM cell and channel responsiveness requirements, and clarify relationship to

confirmation density setpoint.

Change the initial setting for the Period Based Algorithm (PBA) adjustable parameters
consistent with plant operating experience.

Revision 3:

AN

T
8.
9.

Minor editorial changes.

Clarify terminology use of RPS channel, OPRM channel and OPRM cell.
Change DSS-CD system operability requirement in Section 3.5.

Change unresponsive OPRM channel to inoperable (INOP) channel status.
Clarify that the selection of DSS-CD alérm setpoint is optional.

Clarify Manual BSP Region generation cycle exposure requirements, application procedure,
and BSP Boundary feature. :

Define HFCL for MELLLA+ and clarify use for MELLLA+ applications. g o
Identify BSP options | i

Add section of example Technical Specification.

10. Simplify MCPR margin applicability envelope definition.

11. Clarify Armed Region Boundary flow dependence.
12. Clarify that TRACG is not used to establish the SLMCPR.
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13. Specify PBA cutoff frequency and period tolerance values.

14. Eliminate PBA calibration requirement.

15. Revise PBDA confirmation count setpoint value.

16. Specify TRACG fuel transition cases for expanding DSS-CD applicability envelope.
Revision 4: |

1. Minor editorial changes.

2. Add to CDA an OPRM cell signal amplitude discriminator.

3. Add explicit TRACG OPRM cell modeling and apply the detection algorithm to OPRM cell
signals instead of hot channel signals.

4. Address single loop operation.

5. Add Figure 3-1 to illustrate the DSS-CD detection algorithms time of tnp for a growing
oscillation.

Add basis for the selected OPRM signal averaging cutoff frequency value.
Specify a single period tolerance value in Table 3-5.
Correct C1AX entry in Table 5-3.
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1.0 INTRODUCTION

1.1 BACKGROUND

Under certain conditions, boiling water reactors (BWRs) may be susceptible to coupled
neutronic/thermal-hydraulic instabilities. These instabilities are characterized by periodic power
and flow oscillations and are the result of density waves (i.e., regions of highly voided coolant
periodically sweeping through the core). If the flow and power oscillations become lafge
enough, and the density waves contain a sufficiently high void fraction, the fuel cladding
integrity safety limit could be challenged.

The DSS-CD solution consists of hardware and software that provide for reliable, automatic
“detection and suppression of stability related power oscillations. It is designed to identify the
power oscillation upon inception and initiate control rod insertion to terminate the oscillations
prior to any significant amplitude growth. The combination of hardware, software, and system
setpoints provides protection against violation of the Safety Limit Minimum Critical Power Ratio
(SLMCPR) for anticipated oscillations. Thus, compliance with General Design Criteria (GDC)
10 and 12 of 10CFR50, Appendix A is accomplished via an automatic action.

The DSS-CD is based on the same hardware design as Option III, which is described in
References 1 through 3. However, it introduces an enhanced detection algorithm that detects the
inception of power oscillations and generates an earlier power suppression trip signal exclusively
based on successive period confirmation recognition. The DSS-CD is designed to provide
adequate automatic SLMCPR protection for anticipated reactor instability events. The existing
Option IIT algorithms are retained (with generic setpoints) to provide defense—in—depth protection

for unanticipated reactor instability events.

This report provides a generic licensing basis for DSS-CD applications to GE BWR/3-6 product
lihes, GE14 and earlier GE fuel designs and operating envelopes up to and including Extended
Power Uprate (EPU) and Maximum Extended Load Line Limit Analysis Plus (MELLLA+).

1-1
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Specific hardware/software designs are not addressed in this report and, if necessary, will be

submitted separately for Nuclear Regulatory Commission (NRC) approval.
1.2 PURPOSE

This report provides the licensing basis and methodology to demonstrate the adequacy of the
DSS-CD solution. Section 2.0 describes the solution design philosophy, including the licensing
and defense-in-depth protection appfoach. Section 3.0 provides a detailed description of the key
solution elements, including the licensing and defense-in-depth oscillation detection algorithms.
Section 4.0 describes the solution’s licensing basis. Section 5.0 describes the analytical and
plant data qualifications of the solution detection algorithms. Section 6.0 describes the plant
specific confirmation process. Section 7.0 describes the backup stability protection feature to be
employed in the unlikely event the DSS-CD licensing basis algorithm cannot be demonstrated to
provide its intended SLMCPR protection. Section 8.0 discusses the effect on Technical
Specifications and Bases for impleméntation of DSS-CD.

1.3 OVERVIEW

The licensing basis described in this report demonstrates on a generic basis that the DSS-CD
features reliably detect and suppress anticipated stability related power oscillations. This
provides a high degree of confidence that the SLMCPR is not violated, thus satisfying the
requirements of GDC 10 and 12. The detection algorithm used for this purpose is termed the
Confirmation Density Algorithm (CDA). The CDA monitors closely spaced groups of Local
Power Range Monitor (LPRM) detectors to detect periodic behavior typical of reactor instability
events. The CDA initiates a trip signal upon confirmation that an instability signal signature

exists for a specified minimum number of LPRM groups.

The DSS-CD licensing basis consists of two major components:

a. An efficient oscillation detection algorithm, the CDA, providing an early trip signal
following instability inception prior to any significant oscillation amplitude growth
and MCPR degradation, and
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b. A set of integrated Transient Reactor Analysis Code (TRACG) event simulations for
reasonably limiting anticipated events that confirm the limited effect on the MCPR
performance within the stated applicability range.

To provide defense in depth, the DSS-CD solution includes additional detection algorithms that
are not credited in the licensing basis but provide additional protection against unanticipated

oscillations. The DSS-CD defense-in-depth detection algorithms are:
a. Period Based Detection Algorithm (PBDA),
b. Amplitude Based Algorithm (ABA), and

¢. Growth Rate Algorithm (GRA).

The PBDA provides the licensing basis protection and the ABA and GRA provide the defense-
in-depth protection for LTS Option III (Reference 3). These algorithms are capable of initiating
a trip signal to limit the size of an oscillation. Because these detection algorithms are not part of
the DSS-CD licensing basis, no Technical Specification actions are required if any of these

defense-in-depth algorithms are not operable.

This report also provides a description of Backup Stability Protection (BSP) approaches that
may be used when the DSS-CD licensing basis algorithm cannot be demonstrated to provide its
intended SLMCPR protection. '
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2.0 SOLUTION DESIGN PHILOSOPHY

2.1 DESIGN APPROACH

The design philosophy used in the development of the DSS-CD hardware/software and licensing
basis is discussed in this section. The hardware design is unchanged from the Option III solution
described in Reference 1. The firmware/software is modified relative to Option III to reflect the
- specific DSS-CD stability detection methods, which may include an upgrade to the Automatic

Signal Processor card.

The DSS-CD design provides automatic detection and suppression of reactor instability events.
Therefore, reliance on the operator to suppress instability events is minimized. The provision of
a reliable automatic system makes the DSS-CD "operator friendly" in that protection does not
rely on operator action. However, alarms are provided to alert the operator of an increase in the

number of confirmed period counts so actions can be taken to avoid a reactor scram.

As described in Reference 3, a closely spaced group of LPRMs (1 to 8 LPRM detectors) is
termed an Oscillation Power Range Monitor (OPRM) cell. Each of four independent OPRM
channels consists of many OPRM cells distributed throughout the core so that each channel
'pfovides monitoring of the entire core. Thus, the system is fully capable of detecting both core
wide and regional modes of oscillation. The system is "robust” in that it provides protection
despite LPRM failures, OPRM cell inoperability (e.g., from too few inputs), or OPRM channels

being out of service.

The CDA is designed to recognize an instability and initiate control rod insertion before the
power oscillations increase much above the noise level. Defense-in-depth is provided by the
LTS Option HI detection algorithms, which are retained in the DSS-CD. These three algorithms
examine aspects of the oscillation (local oscillation period, oscillation amplitude and oscillation
growth rate) that may be present for oscillations that are not anticipated and are, therefore, not

part of the DSS-CD licensing basis.
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The CDA instability detection method and the MCPR performance confirmation analyses
presented in this report provide a high confidence that the SLMCPR is not violated for
anticipated oscillations, while minimizing the possibility of non-stability related scrams. The
CDA capability of early detection and suppression of instability events is achieved by reliance on
the successive confirmation period elementvof the PBDA. DSS-CD eliminates the reliance on
the PBDA amplitude setpoint, which is included in the licensing basis of Option III. It
introduces instead a fixed low amplitude OPRM signal discriminator, just above the OPRM
signal noise level. As a result, instability suppression occurs prior to any significant growth of

oscillation amplitude for anticipated instability events.

The DSS-CD solution introduces a number of changes relative to the Option III solution. In
addition, it introduces a number of modifications and restrictions to the successive confirmation
period element of the PBDA to improve its ability for early recognition of reactor oscillations.
These changes only affect the system software/firmware, and therefore, may be able to be

implemented on-line.

To ensure adequate implementation of the DSS-CD solution and to avoid unnecessary spurious
reactor scrams, the system may be checked while operable but not armed for the first reactor
startup to power operation and controlled shutdown following DSS-CD implementation. During
this initial system demonstration, proper alarm setpoint selection should be accoinplished. In-

addition,. system performance during normal operational maneuvers may be checked. For
example, the system capability to accommodate the residual oscillatory behavior following a

recirculation pump upshift/restart without generating an alarm or trip signal should be assessed.
During this system check out period, reactor instability protection is provided by the backup
stability protection (BSP), described in Section 7.0.

The instability suppression by the DSS-CD for high growth instability events occurs within a few
full oscillation periods from the time the instability is sensed by the PBA. Because the solution
does not rely on oscillation growth to a specified high amplitude setpoint, suppression occurs
within a short time from oscillation inception or close to the low amplitude OPRM signal

discriminator and significant margin to the SLMCPR is provided. This inherent MCPR margin

22
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permits other elements of the solution’s licensing basis to be demonstrated on a conservative

basis, thereby simplifying the required evaluations.

In addition, conservatism is introduced in the design philosophy by selecting the SLMCPR to
demonstrate protection of fuel cladding integrity for anticipated stability events. The SLMCPR
‘is a conservative limit for this application because the fuel and clad responses to stability related
- oscillations are relaﬁvely mild even if the critical power ratio falls below the SLMCPR. The
DSS-CD . initiated control rod insertion assures that the hbt bundle only experiences a few
oscillations prior to scram. If a fuel rod actually experienced boiling transition, the cyclic nature
of the event would result in clad réwet approximately every two seconds. A few oscillations in
which the clad rewets would result in a negligible cladding temperature transient. This has been
demonstrated in the assessment of Reference 4; showing that, as long as the clad rewets between
cycles, the clad temperaﬁue increase is typically less than 100°F for oscillations up to 200% of
rated power. Therefore, use of the SLMCPR as the acceptance criterion is conservative in

protecting the fuel.
2.2 LiICENSING COMPLIANCE

The DSS-CD solution and related licensing basis were developed to comply with the
requirements of 10CFR50, Appendix A, “General Design Criteria for Nuclear Power Plants”.
The Appendix A criteria related to stability are Criteria 10 and 12.

Criterion 10 (Reactor Design) requires that:

“The reactor core and associated coolant, control, and protection systems shall be
designed with appropriate margin to assure that specified acceptable fuel design limits are
not exceeded during any condition of normal operation, including the effects of

anticipated operational occurrences.”
Criterion 12 (Suppression of Reactor Power Oscillations) requires that:

“The reactor core and associated coolant, control, and protection systems shall be

designed to assure that power oscillations which can result in conditions exceeding
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specified acceptable fuel design limits are not possible or can be reliably and readily

detected and suppressed.”

The DSS-CD hardware and software are designed to reliably and readily detect and suppress
both core wide and regional mode oscillations prior to violating the SLMCPR for anticipated
" oscillations. The ability to trip the reactor is automatically enabled at power and flow conditions

at which stability related oscillations are possible.

To detect all éxpected oscillation modes, the outputs from closely spaced LPRM detectors are
combined into OPRM cell signélsQ Thus, small regions of the core are effectively monitored for
instabilities. Multiple cells distributed throughout the core provide input to each of the OPRM
channels. This ensures that the system is sensitive to all of the anticipated oscillation modes, and
also provides substantial redundancy for the input signals and accommodates out of service or
failed LPRMs. A number of LPRM-to-OPRM cell assignments (i.e., number and location of the

LPRMs that comprise the OPRM cells) are possible within the constraints of the OPRM

definition given in Reference 1, as shown in Reference 3. There are no required changes in
OPRM cell assignments from Option III to DSS-CD.

The DSS-CD licensing basis is designed to ensure that the system and setpoints result in
suppression of oscillations before the SLMCPR is violated for anticipated instability events. In
this context, anticipated oscillations are those which, based on both experience and analytical

simulations, might be expected to occur in a reactor.

- Anticipated instability events are defined to include core wide and regional mode oscillations

with full core participation at reasonably limiting conditions and core designs. These events
~occur as a result of anticipated transients or normal operational maneuvers. All other instability
events are considered unanticipated, including higher instability modes and limited core region
participation (e.g., single channel oscillations). Unanticipated instability events occur as a result

of unanticipated events or unplanned operator actions,
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Protection against violating the SLMCPR for anticipated instability events is achieved solely by
use of the CDA. No credit is taken for the other three algorithms that are provided as defense-in-

depth protection against unanticipated oscillations.

Anticipated instability events are expected to gradually increase in amplitude and approach a
limit cycle. The period of these oscillations becomes relatively constant (i.e., detectable) prior to
the oscillation amplitude significantly exceeding the noise level, which allows early detection by
the CDA. This is consistent with the observed behavior of actual plant instability events such as

LaSalle-2 and Columbia and is consistent with the results of analytical simulations.

The licensing basis described in this report provides a high degree of confidence that power
oscillations are terminated at relatively low amplitude by the DSS-CD solution, prior to any
significant MCPR degradation, and therefore, obviates SLMCPR violations for anticipated
instability events. Thus, the DSS-CD solution complies with GDC 10 and 12. The DSS-CD
solution enhances overall plant safety by providing reliable, automatic oscillation detection and

suppression function while avoiding unnecessary scrams.

2-5
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3.0 SOLUTION DESCRIPTION

This section provides a description of the major aspects of the DSS-CD solution. Some elements
of the solution common to LTS Option Il are contained in References 1 and 2. Where there are
common elements, the description provided in this document is applicable to the DSS-CD
solution. The arrangement of LPRM detectors into OPRM cells is discussed in Reference 3, and
is summarized herein. The CDA and defense-in-depth algorithms are described in this seétion

along with their key setpoints.
3.1 SYSTEM FUNCTION

The DSS-CD solution consists of hardware and software designed to reliably detect and suppress
stability related power oscillations. The principal inputs to the system are the signals from a
large number of LPRM detectors via the OPRM cell grouping. The signals are filtered,
processed, and evaluated for evidence of stability related oscillations. If sufficient evidence
exists that the reactor is experiencing unstable operation, a reactor scram is initiated by the

Reactor Protection System (RPS).

The key function of the system is to automatically suppress stability related power oscillations to

provide a high confidence that the SLMCPR is not violated for anticipated oscillations.

The DSS-CD solution includes four separate algorithms for detecting stability related
oscillations:

e  Confirmation Density Algorithm (CDA),

e Period Based Detection Algorithm (PBDA),
e Amplitude Based Algorithm (ABA), and

e Growth Rate Algorithm (GRA).

All four algorithms perform calculations on each OPRM cell signal to determine if a trip is
required. An illustration of the time of trip condition for each of these oscillation detection

algorithms for a growing oscillation OPRM cell signal is depicted in Figure 3-1. The ability to

3-1
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trip the reactor is automatically enabled at power and flow conditions potentially susceptible to

power oscillations. The trip enabled region is termed the Armed Region:

The PBDA, ABA and GRA detection algorithms provide the protection basis for LTS Option III,
(Reference 3). They are retained in DSS-CD as defense-in-depth algorithms and are not needed
to ensure compliance with the SLMCPR. Therefore, they are not part of the licensing basis for
the DSS-CD solution, which is accomplished solely by the CDA. The PBDA, ABA and GRA

offer defense-in-depth by providing protection for unanticipated instability events.
3.2 SYSTEM INPUT AND LPRM ASSIGNMENT

The basic input unit of the DSS-CD system is the OPRM cell. Reference 3 specifies that the
OPRM cell consists of 1 to 8 closely spaced LPRM detectors. The signals from the individual
LPRM detectors in a cell are averaged to produce the OPRM cell signal. For the DSS-CD
solution the maximum number of LPRM detectors per OPRM cell is limited to 4. This limitation
is introduced consistent with the solution setpoint determination, discussed in Section 3.3.1.4,

and existing Option III plant-specific implementation designs.

The cell signal is filtered to remove noise components with frequencies above the range of
stability related power oscillations. This is accomplished by a second order Butterworth filter
with a cutoff frequency of 1.0 Hz (referred to as the "conditioning" filter), or equivalent. The
conditioned signal is filtered again using a second order Butterworth filter with a shorter cutoff
frequency of 1/6 Hz, or equivalent, to produce a time-averaged value. The conditioned and

time-averaged signals are used by the four algorithms to detect reactor instabilities.

The assignment of LPRM detectors to specific OPRM cells can affect the system's ability to
detect an oscillation. For example, a large number of detectors in a cell tends to reduce
sensitivity to an oscillation due to the averaging of signals that are slightly out of phase with each
other. Conversely, analytical results show that single LPRM cells are the most sensitive. Most
plants are expected to use two to four LPRMs j)er cell to balance OPRM cell responsiveness and
spurious trip considerations. Examples of possible LPRM to OPRM cell assignments are shown
in Appendix D of Reference 3. The DSS-CD solution does not add new requirements to the
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LPRM to OPRM cell assignment other than the maximum limit of 4 LPRMs per OPRM cell

constraint and the existing plant-specific cell assignments are acceptable.

Each OPRM cell is permanently assigned to an OPRM channel and a RPS trip channel (e.g., 1A,
2A, 1B, or 2B). If a trip condition is met for an OPRM channel, then the corresponding RPS
channel trips. A reactor scram occurs when the necessary combination of channel trips occurs.
The DSS-CD solution does not add new requirements to the RPS logic and the existing
plant-specific RPS logic is 'acceptable. For example, Figure 3-2 illustrates "one-out-of-two-

taken-twice" RPS logic, where a reactor trip occurs on any of the following channel trips:
1A & 2A,
1A & 2B,
1B & 2A, and

1B & 2B.
3.3 LICENSING BASIS DETECTION ALGORITHM

The CDA provides the licensing basis protection for the DSS-CD solution. The design of the
licensing basis algorithm provides automatic action to limit the size of the oscillations of

anticipated events, thereby preventing SLMCPR violation.
3.3.1 Confirmation Density Algorithm

The CDA gencrates a reactor trip signal upon sensing the threshold of coupled
neutronic/thermal-hydraulic instability just above the OPRM signal noise level. By suppressing
oscillations at the instability threshold, where the reactor response is becoming coherent but not
yet resulted in the growth of power oscillations with significant amplitudes, reliance on complex

modeling of reactor trip setpoints based on transient MCPR behavior is negated.

The CDA utilizes the Period Based Algorithm (PBA), which is designed to recognize periodic
oscillatory behavior in LPRM or OPRM cell signals (referred to herein as OPRM cell signals).
The PBA is that portion of the PBDA that is associated with oscillation period recognition. The
PBA is described in Section 3.4.1. The PBA application in support of the CDA requires certain
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modifications and restrictions relative to the Option III application. Those PBA modifications
and restrictions are described in Section 3.4.1.1 and associated qualifications are described in
Section 5.0. The PBA modifications and restrictions are applied for both the CDA and PBDA by
the DSS-CD solution. In addition, the CDA employs a low amplitude OPRM signal
discriminator to mininﬁze unnecessary spurious reactor scrams for neutron flux oscillations at or

close to the_OPRM signal noise level.

The CDA identifies a Conﬁrmatidn Density (CD), which is the fraction of operable OPRM cells
in an OPRM channel that reach a target successive oscillation period confirmation count. When
the CD exceeds a preset number of OPRM cells and when any of the confirming OPRM cell
signals reaches or exceeds the amplitude discriminator setpoint, an OPRM channel trip signal is
genérated by the CDA. A reactor trip is generated when multiple channel trips are generated,
consistent with the RPS logic design. By monitoring many OPRM cells for multiple successive
oscillation period confirmations, the CDA can reliably and efficiently detect the transition to

coherent core response, which is characteristic of a reactor at the threshold of instability.

In certain situations, periodic perturbations can be introduced into the thermal-hydraulic behavior
of the reactor system (e.g., from control system feedback). These perturbations can potentially
drive prolonged neutron flux oscillations within a frequency range expected for reactor
instability. The presence of these oscillations is recognized by the CDA as reactor instability,
independent of the actual stability of the reactor. Therefofe, reactors that exhibit prolonged
neutron flux oscillations that lie within the characteristic frequency range, but are not associated
with coupled neutronic/thermal-hydraulic instability, are susceptible to spurious scrams from the
CDA 'instability detection method. For reactors that exhibit these prolonged neutron flux
oscillations at the OPRM signal noise level, SLMCPR protection can be reliably maintained
without increased susceptibility to spurious scrams by inclusion of the CDA signal aniplitude
discriminator. In cases when the CDA signal amplitude discriminator cannot adequately address
these prolonged neutron flux oscillations, the plant may be susceptible to spurious scrams. In
these situations, a higher signal amplitude discriminator setpoint may be justified or the CDA
may be substituted with a different system for detecting the épproach to core instability.
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Qualification of any alternatives or substitutes to the CDA is beyond the scope of the generic

DSS-CD methodology, and requires application-specific resolution, review and approval.
33.1.1 Intreduction

The power oscillation Confirmation Density concept is predicated on the thermal-hydraulic
behavior of a reactor under three distinctly different stability regimes. These regimes are stable

reactor states, reactor instability threshold, and unstable reactor states.

A stable reactor has weak neutronic and thermal-hydraulic coupling, and normally exhibits
small, random deviations from the steady-state neutron flux conditions. The response of a stable
_reactor to global noise perturbations quickly becomes incoherent. Either the response rapidly
decays to the background noise level due to the stable core conditions, or subsequent unrelated
perturbations disturb the natural decay characteristics. This characteristic behavior of a stable
reactor inhibits the generation of many successive oscillation period confirmations, permitting

the PBA to discriminate a stable reactor response from an unstable response.

At the threshold of instability, the reactor behavior is characteﬁzed by increasing neutronic and
thermal-hydraulic co’upling.’ This results in a coherent reactor response to global noise
perturbations that is observable throughout the core. This phenomenon of coherent response is
independent of the oscillation mode that eventually characterizes éach instability event. As the

core approaches an unstable state, most OPRM cells detect a periodic oscillatory response. This
qualitative change in core behavior at the instability threshold results in a non-linear increase in

the successive confirmation count that the PBA identifies in OPRM signals. At the threshold of
instability, many OPRM cells simultaneously display oscillatory behavior due to the increased

core coupling.

As a result of anticipated instability precursors, the reactor does not instantaneously transition to
large amplitude neutron flux oscillations that mark core response beyond the instability
inception. The characteristics of a reactor at the threshold of instability exist for a sufficient time
to allow the PBA to detect the threshold condition. Specifically, the fraction of operable OPRM

cells that exhibit a well-developed oscillatory signature increases from zero, before the instability
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threshold is reached, to a theoretical value of unity at the inception of instability. The PBA can
therefore detect a significant number of successive period confirmations before the instability
results in the growth in flux oscillation amplitude toward large, observable power oscillations
that characterize an unstable reactor and threaten the SLMCPR.

These global characteristics of the coupled neutronic and thermal-hydraulic response to changes
in core stability form the basis for the CDA methodology. Specifically, the CDA is able to
recognize the instability threshold based upon the presence of multiple period confirmations
from many OPRM cells. Following recognition of this condition, the CDA provides automatic
protection of the fuel SLMCPR by generating a reactor trip signal prior to any significant growth

in power oscillation amplitude.

The CDA methodology includes a low OPRM signal amplitude discriminator close to the typical
OPRM cell signal noise levels. It avoids, however, the detailed characterization of MCPR
performance as a function of growing power oscillations up to a high fixed amplitude setpoint,
based on local neutron noise characteristics sensed by a few OPRM cells. As a result, the CDA
methodology remains simple. In addition, the neutron noise based CD is expected to remain at
zero until the reactor is at the instability threshold, at which time it rapidly approaches unity. -
This bi-stable behavior of the CDA eliminates the possibility of generating spurious trip signals

for stable conditions based on the thermal-hydraulic behavior of the reactor.
3.3.1.2 Algorithm Basis

The CDA detects the presence of oscillatory behavior in the OPRM signal using the PBA. The
PBA successive oscillation period confirmation count, for each OPRM cell exhibiting oscillatory
behavior, increases in a highly non-linear manner at the instability threshold. In addition, the
response of the core to global noise perturbations is observable over larger areas, causing many

OPRM cells to exhibit oscillatory behavior.

Therefore, as the reactor decay_ ratio approaches unity, and the reactor reaches the instability
threshold, both the successive confirmation counts of individual OPRM cells and the number of

OPRM cells generating multiple successive confirmation counts grow in an accelerated manner.
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A direct result of these qualitative changes in core response at the instability threshold is a
non-linear increase in the fraction of OPRM cells reaching a target confirmation count, termed
Successive Confirmation Count Threshold (N,). This vfraction, which is the fraction of operable
OPRM cells in an OPRM channel that exhibits an oscillatory response at or above N, is defined
to be the Confirmation Density (CD). |

The theoretical relationship between CD and reactor Decay Ratio (DR) is illustrated in
Figure 3-3. The shape of the relationship assumes that the PBA is perfectly able to discern the
oscillatory behavior of all OPRM cells, regardless'of the oscillation mode. However, even with a
perfect PBA, the relationship between the CD and DR at the instabilify threshold is not exact.
- The reactor conditions, growth rate, and the PBA system parameters are examples of elements

that may affect the specific shape of this relationship.

The precise shape of the instability threshold band does not affect the qualitative transition in the
CD to DR relationship between the stable reactor, instability threshold, and instability inception
conditions. F iglire 3-3 demonstrates the utility of the CD approach to provide automatic
protection of the fuel SLMCPR from reactor instability. During stable reactor operations, decay
ratios are typically low (DR <0.4), with occasional increases into the moderate range
(0.4 <DR <0.7). For these reactor conditions, individual OPRM cell confirmation counts are
| not likely to reach the successive confirmation count threshold, and therefore the CD remains
practically at zero. However, as soon as the instability threshold is approached (DR = 1.0), the
CD rapidly increases. This bi-stable characteristic of the CD, where the value remains at zero
except at the instability threshold, when it rapidly transitions to unity, provides excellent
discrimination between stable and unstable operations. As a result, the CDA avoids spurious

trips, but can generate a reactor trip signal before oscillations develop significant magnitude.

Some of the operable OPRM cells may exhibit oscillation signatures incompatible with the PBA
due to interference from neutron flux originating from areas of the core that are oscillating out-
of-phase. This effect is particularly prominent near the axis of symmetry during first order
regional mode oscillations. As a result, the maximum CD that is achievable in practice is less

than one, as illustrated in Figure 3-4.
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A CD setpoint (SL,) is established for each OPRM channel, and defined to be the CD value for
which a trip signal is generatéd. The setpoint is selected to ensure that an adequate number of

OPRM cells exceed the successive confirmation count threshold, and that a sufficiently
representative sample of OPRM cells is available for evaluation by the detection algorithm.

To minimize unnecessary spurious scrams not related to instability events, the CDA includes a
low amplitude discriminator setpoint. Its purpose is to prevent a trip signal for situations when
an oscillatory signature develops, which may be interpreted by the CDA as an instability event,
but is occurring at a low amplitude and does not exhibit any significant amplitude growth. These
situations may be associated with low amplitude, undeveloped instability events or reactor
perturbation driven oscillations that are not related to coupled neutronic/thermal-hydraulic
instability events. An Amplitude Discriminator state (AD;) is established for each OPRM
channel. An OPRM channel trip signal is generated when both the confirmation density and

amplitude discriminator trip conditions are met.
3.3.1.3 Algorithm Description

An OPRM cell instability threshold flag, Si,, is introduced to indicate the status of the

successive confirmation count, N;, of the i operable OPRM cell relative to the successive

confirmation count threshold (Nty). It is defined as:

. [0 N,<Np
1 N, 2N,

Whenever the successive confirmation count, N;, for the i OPRM cell is reset to zero, Sk, is

also reset to zero.

The j® OPRM channel 'cqnﬁrmation density, CDj, is the fraction of OPRM cells exhibiting

successive confirmation counts that are at or above N, and is expressed as:
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It 1

where Mé)P is the number of operable OPRM cells in the j* OPRM channel and Mg is the
number of responsive OPRM cells in the i OPRM channel. '

A certain number of OPRM cells may become inoperable during the course of an operating
cycle. The confirmation density is based on operable OPRM cells only. Therefore, inoperable
OPRM cells are explicitly addressed by the CD setpoint definition.-

I

1
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An amplitude discriminator state, ADj, is introduced to characterize the amplitude of all OPRM
 cells with confirmation count at or above Ny, (Mly,), corresponding to the j OPRM channel,

relative to the amplitude discriminator setpoint (Sap). It is defined as:

(L

1

The reactor instability threshold is identified by each OPRM channel and the j* channel trip
signal is generated when both, the j™ channel CD setpoint, Si, is reached and the j™ channel

amplitude discriminator state, AD;, is enabled:
CD;> Si;, and AD;=1

A reactor trip signal is generated consistent with the plant specific RPS system trip logic, when

~ the required multiple channels trip signals are generated.
An alarm setpoint is included to provide an early indication of reduced stability margin.

Table 3-1 summarizes the CDA process, setpoints and basis.
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Implementation of the CDA requires the determination of the following setpoints:

a. Confirmation Density Setpoint (Scp), |

b. Successive Confirmation Count Threshold (Nt),
c. Amplitude Discriminator Setpoint (Sap), ahd

d. Alarm setpoint,

which are addressed in the subsequent sections.
33.14 Confirmation Density Setpoiht Determination

In principle, the CDA uses thg CD Setpoint (Si) to detemine when the CD is equal to unity,

which indicates the point of instability inception. In practice, however, the CD at the instability
inception cannot be precisely predicted. Various factors such as oscillation mode and the
relative efficiency of the PBA when applied to OPRM cells near the oscillation axis of
symmetry, which is influenced by potential signal cancellation, effectively reduce the value of
the CD at the instability inception to a value less than unity. An evaluation of OPRM cells
participation during power oscillations is performed to establish the CD upper and lower bounds

used to determine the CD setpoint.

Based on the CD model (Figure 3-4), instability threshold conditions exist for a finite time before
instability inception occurs. The qualitative differences between stable reactor conditions and
conditions at instability threshold are reflected in the strongly bi-stable behavior of the CD as a
function of DR, and makes discrimination of the iﬁstability threshold straightforward; As a
result, the CDA can protect the SLMCPR by appropriate selection of a reactor trip setpoint based
on a conservative number of OPRM cells that are indicaﬁng instability threshold conditions,
rather than attempting to precisely identify the condition of instability inception. Because of the
availability of a large number of operable OPRM cells for use by the CDA, a bounding approach
is taken to establishing an appropriate upper bound for the CDA trip setpoint.

The allowable CD setpoint upper bound (Sk>~) is given by:
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Sen =(1-E)x >

E is defined to be the axial loss of PBA efficiency. The maximum response fraction, Far™, is
defined to be the bounding maximum fraction of OPRM cells, ignoring axial PBA inefficiencies,
that reaches N1y, at the point of instability inception. The values of E and FC":,"‘ are selected to

establish a pérmissible maximum value for the CD Setpoint. The actual setpoint must be

selected at or below this value to ensure proper operation of the CDA.

The neutron mean free path in highly voided core regions is comparablé to the spacing between
adjacent LPRMs. Therefore, during regional mode oscillations LPRMs in the top of the core can
exhibit oscillatory behavior that is caused by the superposition of neutron flux originating from
areas of the core on both sides of the oscillation symmetry axis. This composite signal can cause
poor performance of the PBA in discriminating successive confirmation counts. As a result, E is
generically set to 0.25 for OPRM cells that consist of a single LPRM, corresponding to the
conservative assumption that the PBA is completely unresponsive to the D level (highest in the
core) LPRMs.

For OPRM cell configurations that have more than a single LPRM per OPRM cell, one or more
of the cell’s LPRMs is at a level different than D. For these configurations, many of the OPRM
cells do not include D level LPRMs. For those that include D level LPRMs, the OPRM cell
response is typically dominated by the lower level LPRMs because the D level LPRM relative
power is typically low. To maintain consistency with the conservative treatment of the single
LPRM OPRM cell, E is generically set to 0.25 for all OPRM cell Conﬁgurations.

The value of Fyo* is dependent on the mode of the power oscillations present in the core. A

regional mode oscillation is conservatively selected as the limiting anticipated core behavior with
respect to the CDA pérformance. LPRMs near the axis of symmetry can detect oscillations that
are completely out of phase with the local thermal-hydraulic response. This condition is
incompatible with the requirements of the PBA to discern successive confirmation counts. The
size of the affected core area is governed by the neutron mean free path. Selection of a

corresponding no-response zone width equivalent to 3 mean free paths on each side of the axis of
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symmetry provides approximately 95% attenuation of neutron flux from across the axis of
symmetry, and bounds those LPRMs that may be affected by neutrons from the opposite

oscillation phase. By conservatively using a small reactor design of 444 fuel assemblies, the

maximum response fraction, Fé‘D“ , for the assumptions described above is determined for OPRM

cells with a single LPRM. Assuming an approximately even LPRM distribution in the core, a

conservative estimate is established as:

Fop* = 0.70 for single LPRM based OPRM cell

For most OPRM cells with more than a single LPRM, the selection of three mean free paths on
each side of the axis of symmetry is conservative because the radial distribution of the LPRMs

belonging to an OPRM cell provides a wider coverage. To maintain consistency with the

conservative treatment of the single LPRM OPRM cell, Fip*is generically set to 0.70 for all -

OPRM cells configurations.

The value of Sgi* is now determined based on the conservative estimates of the E and FX*

values for all OPRM cell configurations:

SMex = (1 - 0.25) x 0.70

or,

Sex = 0.5

The process of establishing the above estimate for the CD setpoint upper bound is illustrated in
Figure 3-5. " This value places a permissible upper bound on the CD Setpoint, Si,, that is

consistent with the requirement that the CDA generate a trip signal prior to or at the inception of

reactor instability.

The estimate of Fy,* was confirmed using a PANACEA predicted response for an example

BWR first order harmonic. The first harmonic contour from the PANACEA case is shown in
Figure 3-6. Inside each fuel rectangle is the axial flux distribution for the corresponding bundle.
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The bottom of the core is on the left of each rectangle and the top of the core is on the right. The
zero flux level is represented by a horizontal line through the center of the rectangle. In this
case, first harmonic flux is positivé in the lower left half and negative in the upper right half.
Except for those fuel channels close to the harmonic axis, running from the northwest to

southeast, the majority of the remaining fuel channels participate in the regional oscillations.

The F3;* value estimate based on the first harmonic contour is 0.8, which confirms the above

estimate for all OPRM cell conﬁgurations.

A permissible minimum confirmation density setpoint, Sg', can also be established for Si;.

The minimum permissible value is not dictated by safety considerations. Instead, as Sip

decreases, the required number of OPRM cells reaching N, needed to generate a reactor trip
signal becomes smaller. As a result, the CDA may become more sensitive to the characteristics
of the instability threshold specific to a particular event and could potentially lead to a premature
generation of reactor trip signals. To conservatively preclude this type of spurious actuation, a
minimum number of OPRM cells are required to reach N, before the CDA generates RPS

channel and reactor trip signals.

BWR experience to date has demonstrated that it is unlikely that the Ny, setpoint be exceeded for
any OPRM cell during stable reactor operation in the Armed Region, where the system is armed.

Moreover, for these conditions, it is not credible that multiple OPRM cells exceed the Ny
setpoint simultaneously. For certain OPRM cell configurations selected LPRMs may be grouped

~to 4 different OPRM cells. Therefore, a postulated donﬁnating spurious LPRM oscillatory
signature may affect the behavior of 4 different OPRM cells. To reduce the potential for
spurious trip signals during stable reactor operation in the Armed Region, [[
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1

For plants requiring at least two LPRMs to maintain OPRM operability, the possible reduction in
the number of responsive OPRM cells by M}, can be eliminated by implementing LPRM to
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OPRM cell assignments that include no more than one D level LPRM in each OPRM cell. For
these configurations, OPRM cells with exclusive input from D level LPRMs include only a
single operable LPRM, and are therefore declared inoperable. Example LPRM to OPRM cell

assignments are shown in Appendix D of Reference 3.

[
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1

3.3.1.5 Successive Confirmation Count Threshold Determination

The CDA utilizes the successive confirmation count threshold (N,) to discriminate the stability
characteristics of individual OPRM cell successive confirmation counts generated by the PBA.

The choice of N1y, is based on two considerations.

il
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11 Because the
- reactor is not anticipated to instantaneously transition to unstable, growing power oscillations,

this CDA response time provides adequate protection of fuel SLMCPR for anticipated instability

events.
33.1.6 Amplitude Discriminator Setpoint Determination

The CDA utilizes the amplitude discriminator setpoint (Sap) to prevent CDA-generated trip
signals at the naturally occurring OPRM signal noise level. The choice of Sap is based on two

considerations.

[
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3.3.1.7 Single Loop Operation

Application of the TLO CDA setpoints to SLO may result, under certain operating conditions, in

excessive unnecessary spurious scrams. [[
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1
3.3.1.8 Alarm Setpoint Determination

The CDA provides automatic indication of reductions inv stability margin to alert the operator of
possible approach to the instability threshold when operating inside the Armed Region. With an
appropriately selected alarm setpoint, sufficient time for manual operator action may exist for
transients that cause a gradual erosion of reactor stability margin from stable reactor operating
conditions. This CDA alarm capability is provided in addition to the alarm being actuated upon
| entry into the Armed Region, which is designed to alert the operator that an entry into a region
potentially susceptible to reactor instability had occurred. ‘

 The CDA alarm setpoint, Ny, is selected on a plant-specific basis to ensure that no spurious
alarms occur during stable plant operation. The alarm setpoint may be applied to the leading
OPRM cell. The alarm occurs when the successive period confirmation count for any single
OPRM cell (in any OPRM channel) reaches the CDA alarm setpoint. Alternatively, the alarm
setpoint may be applied to the second confirming OPRM cell (i.e., provided a single OPRM cell
exceeds Nay, the alarm is generated when any additional OPRM cell in the same OPRM channel
exceeds the selected alarm setpoint). The CDA alarm may be implemented with another means
of stability monitoring (e.g., on-line stability predictor or monitor) to improve the capability to
predict gradual changes in stability margin.

The selection of a specific alarm setpoint value and definition of the associated operator actions
are operational considerations and depend on the plant-specific neutron flux noise characteristics
and operational preferences and are not addressed in this report. Because the CDA alarm
function has no effect on the system automatic protection capability, the choice of the plant
specific alarm setpoint is optional and is not subject to any generic or piant specific

requirements. Therefore, from a licensing perspective, any alarm option selection is acceptable.

The alarm function is not required during rated power operation outside the Armed Region,

where the system is operable but not armed. If the alarm function is not continuously armed
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during operations at core flow above the Armed Region, the alarm function is automatically

armed upon entry into the Armed Region.

33.1.9 Generic Setpoints Application

18

1

3.4 DEFENSE IN DEPTH ALGORITHMS

The PBDA, ABA and GRA offer defense-in-depth by providing protection for unanticipated
instability events. These algorithms are not required to provide licensing basis protection for the
SLMCPR within the DSS-CD solution. ' o '

The design objective for the defense-in-depth algorithms is to provide automatlc aétioii to limit
‘ i dmg damage. As

[

the size of the oscillations of unanticipated events, thereby preventing fué
demonstrated in Reference 4, power oscillations up to 200% of rate ef ‘prbduce a
temperature transient such that no cladding failure would be expected‘ w§ ‘efense-m-depth
~ detection algorithms offer a high degree of assurance  that fuel fallure not occur as a

consequence of unanticipated stability related oscillations.
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Table 3-4 lists the DSS-CD defense-in-depth algorithm recommended setpoints. The choice of
setpoints for the ABA and GRA is consistent with References 1 through 3. For the PBDA,
nominal setpoint values are recommended on a generic basis. These setpoints would reasonably
limit the size of unanticipated stability related power oscillations. They are selected to provide
early protection without significantly increasing the likelihood of a spurious scram not related to
instability events. The defense-in-depth trips with the specified setpoints provide backup
protection greater than that proVided by the Average Power Range Monitor (APRM) high flux
scram, in particular for the regional mode of oscillations. No further analysis is required to

justify these setpoints.
34.1 Period Based Detection Algorithm

The Period Based Detection Algorithm (PBDA) is described in References 1 and 2. The PBDA
utilizes the observation that LPRM noise becomes progressively more coherent during the
approach to the inception of an instability event, before the amplitude becomes large. The
PBDA uses a combination of period confirmation count and amplitude setpoint to determine if a
trip is required. The period confirmation count portion of the PBDA is referred to as the Period
Based Algorithm (PBA). It constitutes the entire algorithm with the exception of the amplitude
aspect.

According to Reference 1, the PBA focuses on the periodicity of the oscillation in the
approximate range from 0.3 to 0.7 Hz, or the equivalent time period limits (Tiin and Timax). Tomin
and Tmax are conservatively selected to bound the anticipated instability frequency range. The
algorithm interrogates the OPRM cell signal based on a short sample time (t;). When the time
difference between successive peaks (or successive minima) in an OPRM cell signal is consistent
with the time period limits, this time difference is defined as the base period, To. The next period
(T1) calculated between successive peaks (or minima) must be within a small time window,
period tolerance (+ €), of Ty to produce a "confirmation” that oscillatory behavior exists. A new
base period is defined as the average of all consecutively confirmed periods in that cell. Based
on evaluation of plant data, as the decay ratio increases toward 1.0, the oscillation period
becomes constant, resulting in many consecutive confirmations. If a successive period is not

confirmed to be within the period tolerance of the base period, the period count is reset to zero
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and the search for a new base period is initiated. The PBA period confirmation process is

illustrated in Figure 3-9.

The PBDA is programmed to identify an instability based on the occurrence of a fixed number of
consecutive period confirmations, which is considered evidence of a stability related power -

~ oscillation. A trip is generated for an OPRM cell (and hence for that RPS channel) if:
1. The number of successive period confirmations exceeds its setpoint value (Np), and

2. The relative signél exceeds a specified amplitude setpoint, S,.

The value of S; is set sufficiently above the noise level to minimize the likelihood of an
inadvertent scram. Consequently, the PBDA generates a trip when oscillatory behavior
consistent with an instability exists and the peak-to-average cell signal has increased to the trip
amplitude setpoint. This balances the probability that the system trips when needed to suppress

an instability event and does not trip when it is not required.

For DSS-CD, the PBDA successive period confirmations setpoint, N,,, is selected above the CDA
setpoint (i.e., 15). This setpoint is representative of the higher end of the range provided in
Reference 3, Appendix E. This selection is made to further reduce the likelihood of a spurious
scram by the PBDA, which is appropriate since the PBDA is a DSS-CD defense in depth
algorithm that is not required to demonstrate SLMCPR protection. The PBDA' amplitude

setpoint, S;, is selected at 1.1 consistent with the other defense-in-depth algorithms, to provide
protection at the ABA and GRA amplitude detection threshold (S;).

Refefences 1 and 2 define two adjustable parameters that affecf period confirmations, and are
used to achieve proper plant-specific system calibration, the period tolerance (¢) and the
conditioning filter cutoff frequency (f:). Based on existing experience and to ensure adequate
instability detection by the PBA, these parameteré’ values are fixed for DSS-CD applications,
and are not subject to adjustment. The assigned values for these parameters have been
demonstrated to provide continuous confirmations upon transition from stable reactor operation
to a growing reactor instability. Specifying the parameters’ values provides assurance that the

PBDA provides sufficient confirmations for a growing reactor instability.
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Based on testing of the algorithm against available plant data and DSS-CD specific
considerations (see below), the acceptable parameter values are specified in Table 3-5. The
conditioning filter cutoff frequency value is selected at 1 Hz to ensure efficient filtering of high
frequency noise components, which is critical for proper PBA functioning during the
development of reactor instability events. The conditioning filter cutoff frequency has been
shown to have little effect on the PBA successive confirmation count during stable operation.
The period tolerance value is selected at 100 msec to ensure adequate period confirmation during
the development of reactor instability events, which is supported by existing instability event
experience. This value, however, may result in increased PBA successive confirmation count

during stable operation, which need to be considered in the selection of the CDA alarm setpoint.

The normalized OPRM signal processedv by the PBA is constructed as the ratio of the filtered
input signal to the OPRM signal average. Reference 2 specifies that a typical' range for the time
constant associated with the signal averaging process is 5 to 7 seconds. This range provides an
appropriate signal average value for steady state or quasi steady state operation. However, the
averaged signal may significantly lag the input signal during a fast transient, such asa significant
flow reduction event from rated power operation. Because MELLLA+ operation may result in
off-rated conditions that are inherently unstable following a flow reduction event, instability may
develop during the time the averaged signal is lagging. and the norn}alized signal is

inappropriately low.

To address this concern, an averaging filter cutoff frequency of 1/6 Hz (or an equivalent time
constant of 0.95 seconds) is used for DSS-CD, which substantially reduces the averaged signal
lag (the transition be{nd is reduced from close to 30 seconds to approximately 5 seconds). This
cutoff frequency value provides less effective averaging process during steady state operations,
resulting in low amplitude residual oscillations. However, because the cutoff frequency value is
sufficiently low, the average signal exhibits only insignificant amplitude variations for the signal
amplitude range up to the DSS-CD PBDA amplitude setpoint. A parametric study of the
normalized signal performance with the 1/6 Hz filter cutoff frequency for the detection algorithm
oscillation period range (from 0.8 second to 4.0 seconds) has demonstrated that the normalized

signal values are always conservative (i.e., higher) during steady state operations. Therefore, the
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use of the 1/6 Hz averaging cutoff frequency eliminates the concern of significant normalized
signal lag following a fast flow reduction event, and ensures a conservative normalized signal

value during oscillations relative to the DSS-CD PBDA amplitude setpoint.
" 34.1.1 PBA Application for CDA

A number of modifications and restrictions for the Option III PBA version (Reference 3) are

required for the proper application of the PBA in the CDA. [[ -

1] These PBA modifications
and restrictions are also used for the PBDA, ([ :
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1
Significant flow reduction events from power operation may result in operating conditions that
are unstable. . This is more likely for 2RPT events that initiate from the rated power and
minimum flow conditions. Because the reactor state condition is rapidly changing during the
2RPT event, the ensuing oscillations are not developed instantaneously. The transition to a
coherent oscillation mode involves the alignment of the entire core, which not only requires
some limited duration but also may exhibit transitional effects. In particular, the oscillation

frequency, and therefore, the detected period for individual channels may exhibit modulated

behavior.

Ul
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n
The time period limits specified in Table 3-4 conservatively envelop the range of characteristic

periods anticipated for all DSS-CD applications addressed by this report. [[-

1

i

1

3.4.12 PBA Signal Sampling and Resolution for DSS-CD

The PBA evaluates a discrete representation of the OPRM cell input signal that depends on the
signal sample rate. The signal sample rate is selected to ensure that signal periods, which fall
within the specified algorithm frequency range, contain a large number of samples.
Discretization of the input signal creates the possibility of shifts in the number of time step
intervals associated with a single period. For an input signal with a constant period, variations of
plus or minus one time step relative to the average number of time steps per period may occur. If
the selected period tolerance value is equal to the sampling time step, occasional reset of the
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Successive Confirmation Count (SCC) for a fully periodic signal may occur due to shifts in the
time step count per period. -

The base period is equal to a whole multiple of the sampling time step for each SCC. A single
occurrence of a period with one less time step than the base period count reduces the base period
by one time step. If the subsequent period contains one more time step than the original base
period, the difference between the current period and the base period is more than one time step.
As a result, the period tolerance criterion is violated when it is equal to the sampling time step
and results in an erroneous SCC reset. A SCC reset also occurs with the reverse scenario, when
the higher time step count per period is encountered prior to the lower count.

To ensure that a continuous SCC is generated for a periodic OPRM cell signal within the PBA
range, the theoretical minimum period tolerance is related to the discretization of the OPRM cell
signal by the following relationship:

e=Max (¢ ,npm., 2 x Signal sampling tiine step)

where €pu is the PBA period tolerance selection available and € is the resultant period tolerance.

The DSS-CD solution design requires a criterion specifying the minimum acceptable resolution
of the OPRM cell signal amplitude. Appropriafe selection of this criterion ensures that under all
anticipated reactor conditions approaching reactor instabilities the system is- capable of
performing its design functions, including the identification of successive signal minima and

maxima and characterization of signal period.

Reactor two recirculation loop operations in regions of the operating domain susceptible to
reactor instabilities are typically associated with a nominal peak-to-average OPRM noise
amplitude of 1 to 2%. This amplitude is dependent on the specific reactor conditions and may
vary from plant to plant. However, the peak-to-average range is characteristic of stable reactor
operation. During the approach to reactor instabilities, peak-to-average amplitudes increase from

those associated with stable reactor operation amplitudes.

To ensure the system is designed with an acceptable signal amplitude resolution, the criterion
specifying the minimum acceptable resolution of the OPRM cell signal peak-to-average

amplitude difference is set at 1% of scale. This value represents the lower bound of typically
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observed peak-to-average amplitudes during stable reactor operation, and is conservative for
conditions approaching reactor instabilities. Application of this criterion ensures that the system
~ is capable of successfully identifying successive minima and maxima for periodic signals, with
peak-to-average amplitude difference of 1% of scale or higher, for the full frequency range

expected for reactor instabilities.
3.4.2 Amplitude Based Algorithm

The ABA is described in References 1 and 2. The value of the OPRM cell relative signal is
compared at each detection time step to a threshold setpoint, S; (greater than 1.0). If the relative
signal exceeds S), then the algorithm checks to determine if the relative signal decreases to a
second setpoint, S, (less than 1.0), within a time period typical of an instability oscillation. If the
signal goes below S; in the expected time window (T)), then the algorithm looks for the next
peakbin the relative signal. Then, if the relative signal exceeds the trip setpoint, Spax, in the
expected time window (T2), a trip is generated for that OPRM cell (and hence for that RPS

channel). Recommended values for S;, Sz, Spax, T1, and T> are given in Table 3-4.
3.4.3 Growth Rate Algorithm

The GRA is described in References 1 and 2. It examines OPRM cell signals for rapidly
growing oscillations. As for the ABA, the value of the OPRM cell relative signal is compared at
each detection time step to a threshold setpoint, S, (greater than 1.0). If the relative signal
exceeds Sy, then the algorithm checks to determine if the relative signal decreases to a second
setpoint, S (less than 1.0), within a time period typical of an instability oscillation. If the signal
goes below S; in the expected time window (T1), then the algorithm looks for the next peak in
the relative signal. A trip signal is generated by the GRA if the setpoint S; is exceeded in the -
expected time window. Sj is calculated from the peak of the previous cycle (P;) and the desired
maximum allowable growth rate (GR;):

S3=GR3x(P;-1.0)+1.0

If the signal goes above S, then below S; in the expected time window, and then exceeds S3
within the expected time window, a trip is generated for that OPRM cell (and hence for that RPS
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channel). The GRA uses the same values for Sy, S;, T;, and T, as the Amplitude Based
Algorithm., Recommended values for S1, Sz, GR3, Ty and T are given in Table 3-4.

3.5 SYSTEM OPERABILITY

To provide its specified stability protection function, the DSS-CD system is required to be
operable in Mode 1 at all times and is automatically armed inside the solution Armed Region, as
described in Section 4.5. Alternatively, the DSS-CD may be required to be operable above a
power level set at 5% of rated power below the lower boundary of the Armed Region defined by
the MCPR monitoring threshold power level. This alternative method is acceptable since system

operability is assured prior to entry into the Armed Region.

For operation outside the Armed Region, the system is disarmed to reduce the probability of
spurious scrams and alarms, but maintained operable at all times. If the system licensing basis
protection is not assured, a supplemental backup, as specified in the plant Technical
Specifications, is required. Example backup stability protection (BSP) approaches are described
in Section 7.0. Other backup approaches that are justified to provide protection similar to the

BSP may also be used. Backup protection is required when the DSS-CD is bypassed.
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Confirmation Density Algorithm Setpoints and Basis

Determination of

N;= Successive confirmation count of the

- OPRM cells or single LPRMs may be used

OPRM cell Instability S = i OPRM cell _ - S, issetto 1 at signal extremum only if the
Threshold Flag (Sy, ) ™ 1 N >N Nm= ,?,;:::}s;ll;e Confirmation Count - confirmation count is equal or above N,
state ' ™ I 1 - Si“l is reset on count reset for the i OPRM cell
- )i
Determination of j* [ Ml = Number of responsive OPRM cells |~ Operable OPRM cells require at least 1 or 2 operable
oot o o e e
(CD) Mi,= Number of operable OPRM cells for
d
1 j™ OPRM channel
Mzs = Mgp - Mi, - My, 1
Determination of j® [ P} = Last recorded peak of i*® OPRM cell -
OPRM chaqnel_ . normalized signal for j OPRM channel
ampht‘:(li)e discriminator M. = Number of OPRM cells at or above
state (AD;) 1 Ny, for j* OPRM channel _
Sap = Amplitude discriminator setpoint

_ 1 1 . !
Trip signal for j R}’S CD;2 S, Sfm = j® channel CD setpoint u
channel by comparison AND -
with CD setpoint (S ) AD: =1 !
and AD state (AD)) ! ; 1
NMS trip signal System architecture E.g., one-out-of-two, twice - Adheres to NMS requirements of divisional

: separation and redundancy

NMS alarm signal Ni2 Ny Na = Successive confirmation alarm setpoint {~ Early indication of reduced stability margin

- Applied to leading or second OPRM cell
- Determined based on plant specific performance
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Table 3-2 444 Bundle Core OPRM Channel Operability and CD Setpoint INlustration

(OPRM Map assignment per Figure 3-7 and OPRM cell ‘operability requirement of at least one operable LPRM)
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Table 3-3 624 Bundle Core OPRM Channel Operability and CD Setpoint Illustration

(OPRM Map assignment per Figure 3-8 and OPRM cell operability requirement of at least two operable LPRMs)
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Table 3-4 Defense in Depth Algorithm Setpoints

PBDA ) Sp 1.1

PBDA Tumins Tnax 11 1
ABA, GRA Si 1.10
ABA, GRA S2 ' 0.92

ABA Smax 7 130

GRA -~ GR3 1.30
ABA, GRA T, (time window) 0.3 to 2.5 seconds
ABA, GRA - T, (time window) 0.3 to 2.5 seconds
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Table 3-5 PBA Parameters

¢ - Period Tolerance 100
(milliseconds)

fc - Conditioning Filter ’ 1.0
Cutoff Frequency (Hz)

3-36



(

NEDO-33075, REVISION 5
NON-PROPRIETARY VERSION

Figure 3-1 DSS-CD Detection Algorithms Time of Trip Condition Illustration
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Figure 3-2 Example RPS Trip Logic
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Figure 3-3 Theoretical Confirmation DenSity as a Function of Decay Ratio
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Figure 3-4 Practical Confirmation Density as a Funcﬁon of Decay Ratio
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Figure 3-5 Core Volume Corresponding to CD Upper Bound
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Figure 3-6 PANACEA Contour for a Typical BWR First Order Harmonic
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Figure 3-8 OPRM Channel Assignment Map for 624 Bundle Core
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Figure 3-9 PBA Successive Period Confirmation Process
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4.0 LICENSING BASIS

4.1 OVERVIEW

This section demonstrates on a generic basis that the DSS-CD system and its associated setpoints
result in timely suppression of oscillations without violating the SLMCPR for anticipated

instability events. A plant-specific confirmation assessment is performed whenever design |
changes beyond a specified generic applicability envelope are introduced that may affect stability
performance and for each cycle to ensure that the generic DSS-CD basis remains valid for plant

reload applications.

The presence of reactor instability can challenge the fuel SLMCPR. This occurs when fuel
cladding heat flux and chaﬁnel coolant flow rates deviate from steady state conditions during
power oscillations significantly above the normal neutron noise level. To comply with GDC 12,
protection of the SLMCPR can be accomplished by either detecting and suppressing instability

induced power oscillations, or preventing them altogether.

The existing “detect and suppress” algorithms of LTS Option IIT (Reference 3) are based on a
common approach. An OPRM cell sigﬁal oscillation, consistent with that characteristic of the
reactor thermal-hydraulic oscillation frequencies, is identified. The presence of these
characteristic power oscillations is then confirmed by various methods. The PBDA monitors
successive oscillation periods and provides an oscillation amplitude trigger to generate a reactor
trip signal. The GRA consists of an oscillation growth rate limit, which if exceeded, generates a
reactor trip. Fiﬁally, the ABA consists of an oscillation amplitude limit, which if éxceeded,

generates a reactor trip

The Option IIT licensing basis (Reference 3) relies on the PBDA, with setpoints based on a
combihation of power oscillation period confirmation counts and oscillation amplitude. These
setpoints are designed to ensure that the SLMCPR is not violated by the presence of growing
power oscillations resulting from anticipated instability events. Optioh III methodology reliance

on a fixed amplitude setpoint, which is associated with the SLMCPR, requires quantification of
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the MCPR performance as a function of power oscillation scenarios for the full spectrum of core

designs and operating conditions.

The DSS-CD methodology is also based on identification and confirmation of power oscillation
periods, characteristic of reactor instability. However, the confirmation process in this approach -
takes place at the threshold of reactor instability. By providing suppression at these conditions,
the development of power oscillations that could challenge the SLMCPR is avoided. This early
recognition function is performed by the Confirmation Density Algorithm (CDA), which
identifies the unique features of instability threshold and generates a reactor trip before
significant power oscillations and MCPR margin degradation develop.

4.2 APPROACH

The CDA and its associated setpoints are described in Section 3.3.1. The Confirmation Density
(CD) and Amplitude Discriminator (AD) setpoints are used by the CDA to protect the SLMCPR
from anticipated instability events. These anticipated events exhibit gradual reactor transition
from a stable to an unstable configuration. The physical parameters in a reactor that are critical
to the coupled thermal-hydraulic and neutronic stability characteristics require a finite time to

realign following an anticipated transient that results in power oscillations.

At the instability threshold, although the decay ratio may constantly increase, the power
oscillations do not experience a significant amplitude growth because the decay ratio is less than
1.0. Only when the decay ratio exceeds 1.0, following the instability inception, can the

oscillation amplitude start to appreciably increase.

The CDA is designed to provide effective early protection of the fuel SLMCPR. No significant
MCPR degradation is expected during the short duration between the initial oscillation
recognition for the specified CD [[
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1] As a result, power oscillations are not permitted to grow

signiﬁcantly above the background neutron noise level.

Significant margin to the SLMCPR is assured at the instability inception, which may be reached

as a result of:

a. Normal operational maneuvers, which maintain significant MCPR margin at off-rated

conditions,

b. Anticipated events from off-rated conditions, which are expected to be mild and retain

substantial MCPR margin, or

c. Anticipated flow reduction events from rated conditions, which are expected to resultin a
MCPR margin increase from the required margin at the initial rated conditions (i.e.,
Operating Limit Minimum Critical Power Ratio (OLMCPR)).

As stated above, the transition to fully developed instability is gradual. Therefore, the CDA
protection precludes any significant MCPR margin degradation as a result of anticipated
instability events. The SLMCPR is protected by generating a reactor scram before the core
thermal-hydraulic conditions deviate significantly from steady state conditions. Based on BWR
operational experience, the anticipated increase in background neutron noise level at the
instability inception is no more than approximately a factor of 3 prior to reactor trip, and

therefore has an insignificant effect on MCPR margin.
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To confirm the MCPR performance of anticipated instability events, reasonably limiting,
best-estimate event simulations are performed using the GE TRACG code for a specified range
of operating conditions, selected GE BWR product lines, and anticipated oscillation modes. It
must be emphasized that these TRACG event simulations are not used to determine the CDA
setpoints, nor are they used to establish the SLMCPR. Their sole purpose is to confirm the
inherent MCPR margin afforded by the CDA design. Method qualifications and uncertainty
treatment are addressed in Section 5.0.

4.3 GENERIC APPLICABILITY ENVELOPE

The confirmation process of MCPR performance afforded by the DSS-CD for anticipated
instability events is established on a generic basis. To this end, a set of key parameters is
identified and a range established to define a generic applicability envelope. Future
plant-specific designs, which are bounded by the generic applicability envelope, are confirmed
based on the generic basis documented in this report. If any of the key parameters is outside of
the generic applicability envelope for plant-specific application, additional justification may be
required, as described in Section 6.0. This section addresses TLO considerations. SLO is
addressed in Section 4.4.2.

[

1

The specified range established for each of these parameters is summarized in Table 4-1. The
plant specific review process, confirming the continued applicability of the DSS-CD generic

applicability envelope, is documented in Section 6.0. The analyses documented in this report,
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demonstrating the MCPR performance on a generic basis for anticipated core wide and regional
- 'mode oscillations, address the specified range of the generic applicability envelope key

parameters.

[

1

44 SLMCPR PROTECTION CONFIRMATIONj

The SLMCPR protection confirmation is Basfed on anticipated instability events, which are
defined to include core wide and regional mjodes oscillations with full core participation at
reasonably limiting conditions and core designs. These events are initiated as a result of
anticipated transients or normal operational! maneuvers. All other instability events are

considered unanticipated events. They do not require SLMCPR protection and are addressed by
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the defense-in-depth solution features of DSS-CD. Consistent with the DSS-CD generic
confirmation envelope, reasonably limiting events are selected and simulated by TRACG to
quantify their effect on the margin to SLMCPR. A generic DSS-CD procedure specifying
bounding CPR uncertainty is established and used to confirm that the margin to the SLMCPR for
the reasonably limiting best-estimate events is adequate. Section 4.4.1 addresses TLO

considerations and Section 4.4.2 addresses SLO.

The pufpose of the confirmation analysis event matrix is to evaluate the licensing basis generic
applicability envelope (Table 4-1) and any future changes outside this envelope. The events to be
considered are identified in the matrices associated with TLO (Table 4-2) and SLO (Table 4-7).

4.4.1 Two Loop Operation

The TLO limiting events, selected to confirm that the SLMCPR is protected by the DSS-CD
design, are established based on a review of all potential anticipated instability event initiators.

Anticipated instability events may be initiated as a result of:
a. Normal operational maneuvers,
b. Anticipated events from off-rated operating conditions, or

c. Anticipated flow reduction events from rated conditions.

[
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4.4.1.1 Event Simulation

[

1

The simulation results in the following section are used to assess the MCPR response and margin
. to the SLMCPR. The transient responses of key simulation parameters, including core power
and flow, core inlet subcooling, hot channel powér, hot channel flow, leading OPRM cell

normalized signal and CPR, are presented in [[
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]] The event suppression occurs prior to any significant l

amplitude growth and CPR degradation, as discussed in the next section.
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44.1.2 MCPR Performance

The margin to the SLMCPR for each of the TRACG simulated events is calculated by applying
the DSS-CD evaluation methodology to the event MCPR results. The evaluation methodology

* and the event specific MCPR margin results are discussed in the following subsections.
Evaluation Methodology

The DSS-CD evaluation methodology establishes the time sequence from the oscillation
detection through suppression, and determines the SLMCPR margin from the TRACG generated
MCPR results. The TRACG simulations represent best-estimate calculations for reasonably

. limiting instability scenarios. A CSAU assessment is provided in Section 5.0.

The DSS-CD evaluation methodology represents a significant simplification from the Option III
licensing methodology. [[ '

1

The elimination of these elements is possible because of the:
a. Early detection and suppression of oscillations afforded by the CDA,

b. Elimination of determining the amplitude setpoint directly based on SLMCPR p}oteétibil
(i.e., the final MCPR is equal or just above the SLMCPR) in the licensing basis detection
algorithm, and :

c. Use of TRACG to simulate the full instability scenario, from the steady state initial

condition to the instability suppression.

I
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1
‘Best Estimate MCPR Margin

The DSS-CD evaluation methodology has been applied to the cases specified in the chﬁrmation
analysis event matrix (Table 4-2). Table 4-4 summarizes the nominal MCPR perfofmance and

margins to the SLMCPR for these cases. [[
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1

For all cases in Table 4-4, adequate margin to the SLMCPR is maintained. [[

1] and therefore

confirms on a generic basis the CDA early detection capability and the CDA setpoints selection.

MCPR Uncertainty Assessment

The Code Scaling Applicability and Uncertainty (CSAU) boundmg approach‘descrﬁ)ed m* S
Section 5.2 was applied to the [[ ST s
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]] the CSAU bounding approach resulted, as expected, in a significant decrease in
CPR margin.

[
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‘7] For each of these cases the final MCPR, including the DSS-CD procedure
component uncertainties, and the resulting SLMCPR margin are summarized in Table 4-5. For
all cases, adequate margin exists, confirming the DSS-CD protection approach and setpoint

selection. [[

1
4.4.2 Single Loop Operaﬁon

[
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11 The event suppression occurs prior to any significant
amplitude growth and CPR degradation.

The margin to the SLMCPR for the TRACG SLO simulated event is calculated by applying the
DSS-CD evaluation methodology to the event MCPR results similar to the TLO process. [[
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1] and therefore confirms on a generic basis the CDA early detection capability and
the CDA setpoints selection for SLO. ‘

Il
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11 The final MCPR, including the DSS-CD
procedure component uncertainties, and the resulting SLMCPR margin are summarized in
Table 4-10, demonstrating adequate margin and confirming the DSS-CD protection approach
and setpoint selection for SLO.

[

1
4.5 SOLUTION ARMED REGION

The DSS-CD solution is designed to reliably and readily detect and suppress both core wide and
regional mode oscillations prior to violating the SLMCPR for anticipated osciilatidns. The
ability to trip the reactor and generate system alarm is ‘automatically enabled at power and flow
conditions potentially susceptible to power oscillation. The trip-enabled region is termed the
Armed Region. For DSS-CD, the Armed Region boundaries are specified on a generic basis to

envelop power and flow conditions potentially susceptible to power oscillation.

The trip and alarm functions are automatically enabled below a specified flow level and above a
specified core power level. The DSS-CD Armed Region is illustrated in Figure 4-46. The
specified flow level is designed to disarm the trip and alarm functions during rated power

operations. Because power oscillations are not expected at rated power operations and the
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reactor is operated at these conditions most of the time, disarming the trip and alarm functions
reduces the probability of unnecessary spurious scrams. In addition, the specified flow level is’
designed to arm the trip and alarm functions at a flow level that bounds the core conditions

potentially susceptible to power oscillation.

To accomplish these goals, the flow level is set just below the minimum flow associated with
rated power operation. The flow boundary of the Armed Region is generically specified as 75%
of rated recirculation drive flow for plants licehsed for MELLLA+ operations and 70% of rated
recirculation drive flow for plants not licensed for MELLLA+ operations. The flow signal used
to implement the Armed Region is the relative recirculation drive flow. The relative
recirculation drive flow at the 100% core power and 100% core flow statepoint is defined as the
rated recirculation drive flow. Because the relationship between the core flow and recirculation
drive flow has a weak dependence on core power, small variation in the Armed Region flow
boundary in terms of core flow may be observed during operation as a function of the core power
level (or load line). However, this is acceptable because the resulting effect of slight variation in
the Armed Region boundary in terms of core flow has a negligible effect on stability margin
bésed on the low decay ratios around the Armed Region boundary as demonstrated in
Table 4-12. | |

The specified power level is designed to arm the trip and alarm functions at a power level that
bounds the core conditions potentially susceptible to anticipated power oséillations. This power
level is selected generically at the MCPR monitoring threshold of 25% Original Licensed
Thermal Power (OLTP). For a power-uprated plant, the MCPR monitoring threshold may have
been scaled to a lower percent value. This scaled value defines the Armed Region boundary in
this situation. Instabilities are not expected to occur below 30% OLTP. In the unlikely event of
significant stability margin degradation at this power level, the loss of margin is gradual,
allowing for early detection by the system. In addition, below the MCPR monitoring threshold,
an instability event would not be expected to grow large enough to threaten the SLMCPR. This

expectation is due, in part, to the large MCPR margin that exists at low power operation.

To demonstrate that the generic Armed Region boundaries are associated with stable core

conditions, ODYSY (Reference 6) calculations were performed for reasonably limiting
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conditions on the boundaries of example BWR/4 and BWR/6 plants for both MELLLA+ and
pre-MELLLA+ operating domains. Table 4-12 summarizes the state point conditions and

calculated decay ratio results. [[

11 As expected, both channel and core decay ratios are low, indicating weak
susceptibility to both core wide and regional oscillations at or near the Armed Region
boundaries.

4.6 APPLICATION TO NON-GE FUEL DESIGN

The fuel design range of applicability of this report is specified in Tables 4-1 and 4-6. Fuel
designs not covered in this report, including non-GE fuel, are addressed as outlined in Section
6.0. This report methodology, or equivalent NRC approved methodology, will be used to
confirm adequate MCPR performance of the new fuel design. Application of this report MCPR
confirmation methodology to existing non-GE fuel design is expected to result in confirmation of
adequate MCPR margins bécause of the fuel design thermal-hydraulic compatibility and the
_robustness of the DSS-CD solution.
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TLO DSS-CD Licensing Basis Generic Applicability Envelope
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TLO TRACG Confirmation Analysis Event Matrix
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TLO DSS-CD Evaluation Methodology Summary
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TLO Nominal TRACG Confirmation Analysis MCPR Performance
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TLO DSS-CD Bounding TRACG MCPR Margin
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Table 4-6 SLO DSS-CD Licensing Basis Generic Applicability Envelope

i

1

Table 4-7 SLO TRACG Confirmation Analysis Event Matrix

M

1

4-31



[

1

Table 4-8

NEDO-33075, REVISION 5
NON-PROPRIETARY VERSION

SLO DSS-CD Evaluation Methodology Summary
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Table 4-9 SLO Nominal TRACG Confirmation Analysis MCPR Performance
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Table 4-10 SLO DSS-CD Bounding TRACG MCPR Margin
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ODYSY Confirmation of the Armed Region Boundaries
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Figure 4-2 [[
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Figure 4-3 [[
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Figure 4-4 [[
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Figure4-5 [[
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Figure 4-6 [[
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Figure 4-8 [[
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Figure 4-9 [[
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Figure 4-10 [[
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Figure 4-11 [[
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Figure 4-12 [[
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Figure4-13 [[
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Figure 4-14 [[
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Figure 4-15 [[
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Figure 4-16 [[
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Figure 4-18 [[
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Figured-19 [[
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Figure 4-20 [[
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Figure 4-21 [[
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Figure 4-22 [[
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Figure 4-23 [[
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Figure 4-24 [[
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Figure 4-25 [[

1

4-60




NEDO-33075, REVISION 5
NON-PROPRIETARY VERSION

Figure 4-26 [[
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Figure 4-27 [[
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Figure 4-28 [[
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Figure 4-30 [[
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Figure 4-31 [[
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Figure 4-32 [[
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Figure 4-33 [[
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Figure 4-34 [[
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Figure 4-37 [[
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Figure 4-38 [[
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Figure 4-39 [[

1

4-74




NEDO-33075, REVISION 5
NON-PROPRIETARY VERSION

Figure 4-40 [[
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Figure 4-41 [[
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Figure 4-42 [[
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Figure 4-43 [[
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Figure 4-46 DSS-CD Armed Region Illustration

(100%'EPU =120% OLTP)

120 T
110 ;- . MELLLA+ Boundary |.] 120% OLTP
100 1 MELLLA+
Armed Region /
9% T v AN :
80 T MELLLA Boundary "= }\ ,
-~ I : =
X I : =
L N 100% OLTP
s I c MELLLA E-
E 60 I Armed Region |-\ =2
&~ 1 L
é‘ 50 T 22
£ 401 is
= T I
=} I s =
& 30+ et
£ I < =
D‘:' 20 * / )
10 = N MCPR Monitoring Threshold |~
0-—.vH!!H.'{:‘HHHH{HHHH-‘HH!.'.'.'HI.‘EHI!H.‘I:##HH.‘?

0 10 20 30 40 50 60 70 80 90 100 110 120
Core Flow (%)

Note: The Armed Region flow boundary is defined and implemented by the recirculation
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for illustration purposes only.
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5.0 SOLUTION QUALIFICATIONS AND UNCERTAINTIES

5.1 TRACG APPLICATION

The TRACG code is used to simulate [[ 1] events to
confirm the DSS-CD solution early oscillation detection and suppression capability. The
TRACG event simulations are not used to establish the DSS-CD CDA design or setpoints. The
purpose of the TRACG qualification review is to provide background for the code limited use in
support of the DSS-CD application.

5.1.1 TRACG Qualifications

TRACG is a GE proprietary version of the Transient Reactor Analysis Code (TRAC). TRACG
uses advanced best-estimate one-dimensional and three-dimensional methods to model the
phenomena that are important in evaluating the operatioh of BWRs. Best-estimate analyses
performed with TRACG have been approved by the NRC to support licensing applications in
different areas, including specific thermal-hydraulic instability performance and Anticipated

Operational Occurrence (AOOQ) transients.

TRAC was originally developed for pressurized water reactor (PWR) analysis by Los Alamos
National Laboratory, the first PWR version of TRAC being TRAC-P1A. The development of
the BWR version of TRAC started in 1979 in close cooperation between GE and Idaho National

Engineering Laboratory. The objective of this cooperation was the development of a version of
TRAC capable of simulating BWR LOCAs. The main tasks consisted of improving the basic
models in TRAC for BWR applications and in developing models for specific BWR phenomena

and components.

GE continued to develop TRACG to upgrade the capabilities of the code to include stability,
transient, and anticipated transients without scram (ATWS) applications. During this phase,
major developments included the implementation of the three-dimensional kinetics model and an

implicit integration scheme. Modeling of the BWR fuel bundle was also improved.

TRACG includes a multi-dimensional, two-fluid model for the reactor thermal-hydraulics ahd a

three-dimensional reactor kinetics model. The models can be used to simulate a large variety of

5-1
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test and reactor configurations. These features allow for detailed, best-estimate simulation of a
wide range of BWR phenomena, and are described in detail in the TRACG Model Description
Licensing Topical Report (Reference 8).

TRACG has been extensively qualified against separate effects tests, component performance
- data, integral system effects tests and full-scale BWR plant data. The details are presented in the
TRACG Qualification Licensing Topical Report (Reference 9).

5.1.2 Application Approach

This section demonstrates the acceptable use of TRACG analysis results for licensing BWR/3-6
power plants to support the DSS-CD licensing basis. GE has provided information to support the
use of TRACG as an extension to the previously approved method of analyiing BWR stability
and demonstrating compliance with licensing limits (References 1 and 2). Stability events are
analyzed to establish the reactor system response, including the calculation of the CPR. This
~ report addresses TRACG capabilities to confirm that acceptable fuel design limits are not
exceeded during specified stability event.

The originally approved TRACG stability application for Option III (Reference 3) evaluated the
CPR response versus the hot channel oscillation magnitude based on conservative pre-oscillation
initial conditions. The event was assumed to initiate at off-rated equilibrium feedwater
temperature, resulting in a fast oscillatory growth. The TRACG application for DSS-CD
[

]] |

This section describes the quantification of key parameter uncertamtles,l as dpphed to the
TRACG instability event simulations. The analysis of these mstabxhty evetllts: ac cotmts ‘for the
uncertainties and biases in the models and plant parameters using a boundmg approach The

uncertainties and biases considered include: q o

¢ Model uncertainties,

i ‘
‘i“:“‘
‘H‘},H‘

e Experimental uncertainties and uncertainties related to test scaleup, and‘i o |

iiii"

¢ Plant parameter uncertainties.
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The overall analysis approach is consistent with the Code Scaling, Applicability and Uncertainty
(CSAU) analysis methodology (Reference 10) and Regulatory Guide 1.157 (Reference 11), and -
addresses all the elements of the NRC-developed CSAU evaluation methodology. In the CSAU
process, the model uncertainty is derived from the propagation of individual model uncertainties
through code calculations, and experimentél compaﬁsons are used as a check on the derived
‘uncertainty. The detailed demonstration of the CSAU analysis methodology for DSS-CD is
addressed in Section 5.2.

5.1.3 Advantages of TRACG Use for Stability Evaluations

TRACG use for stability analyses includes the following advantages:

e [[
11 TRACG is not only capable of simulating core response,

but also determining the response of individual (including limiting) channels, including

transient critical power response.

e With its 3-D kinetics model, TRACG is capable of simulating the complex thermal-
hydtaulic and neutronic interactions of the core. The nuclear model is consistent with the
PANACEA 3-D steady-state simulator (Reference 12), which is constantly being
benchmarked against steady-state nuclear data.

e TRACG calculates the CPR directly.

5.1.4 Conformance with CSAU Methodology

The CSAU demonstration application to TRACG: BWR stability analys1s\ addresses all the »
elements of the NRC-developed CSAU evaluation ! methodology The CSAU approach S a
rigorous process for evaluatmg the total model and plant parameter uncertai tPJ for n cle |
plant calculations. The process for applying best—estlmate codes and quan 1fy1ng

model and plant parameter uncertainties represents the best available practlce;

methodology was developed for application to LOCA scenanos there are; n‘o techr,":‘ 1‘ el

that prevent CSAU methodology from being applied to other event scenarios, such as stability
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The CSAU methodology consists of 14 steps, as outlined in Tablé 5-1, which summarizes how
these steps are addressed for the DSS-CD demonstration.

5.2 CSAU METHODOLOGY APPLICATION

This section presents the CSAU methodology demonstration for DSS-CD. [[

]} and documented in Section4.4.3. The demonstration of the
CSAU methodology documented in this section is limited to the DSS-CD solution.

Each of the 14 steps of the CSAU methodology application to the DSS-CD demonstration is

discussed below.

1. Stability Scenario Specification

i i

The stability scenarios are those associated with anticipated smbilitsrieveﬂts m BV:VR/3-§ type

|
H

plants. [[

54
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1

2. Nuclear Power Plant Selection
The DSS-CD is applicable to BWR/3-6 plant product lines.
3. Phenomena Identification and Ranking

The critical safety parameter for stability events is the MCPR. The MCPR value is determined
by the governing physical phenomena. The phenomena identification and ranking table (PIRT)
is used to delineate the important physical phenomena. PIRTs are ranked with respect to their
impact on the critical safety parameters. For example, the MCPR is determined by the reactor
short-term response to stability events. The coupled core neutronic and thermal-hydraulic

characteristics govern the neutron flux, reactor pressure, and core flow in a stability transient.

All processes and phenomena that occur during a transient do not equally influence plant
behavior. Disposition analysis is used to reduce all candidate phenomena to a manageable set by
identifying and ranking the phenomena with respect to their influence on the critical safety
parameters. The phases of the events and the important components are investigated. The
processes and phenomena associated with each component are examined. Cause and effect are

differentiated. After the processes and phenomena have been identified, they are ranked with

respect to their effect on the critical safety parameters for the event.

PIRTs are developed with only the importance of the phenomena in mmd and are mdependent of

whether or not the model is capable of handling the phenomena and wh“ o

shows a strong sen51t1v1ty to the phenomena. For example two phén
importance yet may tend to cancel each other so that there 1s 1'tt‘l| | [

phenomenon. Both phenomena are of high 1mportance because the

competing phenomena is important.




NEDO-33075, REVISION 5
NON-PROPRIETARY VERSION

Table 5-2 was developed to identify the phenomena that govern BWR/3-6 stability responses,
and represents a consensus of GE expert opinions. The stability transient events have been

categorized into three distinct groups:
e Channel thermal-hydraulic instability,
e Core-wide instability, and

¢ Regional instability.

For each event type, the phenomena are listed and ranked for each major component in the
reactor system. The ranking of the phenomena is done on a scale of high importance to low

importance or not applicable, as defined by the following categories:

o High importance (H): These phenomena have a significant impact on the primary

safety parameters and should be included in the overall uncertainty evaluation.

¢ Medium importance (M): These phenomena have insignificant impact on the primary

safety parameters and may be excluded in the overall uncertainty evaluation.

¢ Low importance (L) or not applicable (NA): These phenomena have no impact on the
primary safety parameters and need not be considered in the overall uncertainty

evaluation.

The PIRT serves a number of purposes. First, the phenomena are identified and compared to the
modeling capability of the code to assess whether the code has the necessary models to simulate

the phenomena. Second, the identified phenomena are cross-referenced to the qualification basis
to determine what qualification data are available to assess and qualify the code models and to
determine whether additional qualification is needed. As part of this asses;smeﬁt, the range of the
PIRT phenomena covered in the tests is compared with the cofrespondiné rahge for the intended
application to establish that the code has been qualified for the highly ranked phenomena over

the appropriate range.

Table 5-2 also tabulates a number of derived paraméters (e.g. ratio of core power to core flow)

important to reactor instability.
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Using the PIRT table ranking results, the uncertainties for the highly ranked PIRT phenomena
are established and evaluated based on a bounding analysis to arrive at the total model
uncertainty. '

4. Frozen Code Version Selection
A frozen code version (TRACG02A) has been used in this evaluation.
5. Code Documentation

The TRACG program is a controlled Engineering Computer Program (ECP), and therefore, the
documentation provided to the users is also maintained in a controlled manner. References 7 and

8 document both the TRACG licensing basis and application methodology.
6. Determination of Code Applicability

This section demonstrates the applicability of TRACG for the analysis of anticipated instability
events in BWRs. The capability of the TRACG models to treat the highly ranked phenomena

and the qualification assessment of the TRACG code for stability applications is examined.

The capability to simulate an event for a nuclear power plant depends on four elements:

e Conservation equations, which provide the code capability to address global processes;

e Correlations and models, which provide the code capability to model and scale particular
processes,

e Numerics, which provide the code capability to perform efficient and reliable
calculations, and

e Structure and nodalization, which address the code capablhty to model plant geometry
and perform efficient and accurate calculations.

Consequently, these four elements must be considered when evaluating the applicability of the
code to the event of interest for the nuclear power plant calculation. The key phenomena for
each event are identified in generating the PIRTs for the intended application. The capability of
the code to simulate the key phenomena for stability applications is addressed, documented, and
supported by the code qualification in Reference 7. The difference between the (H) ranked
PIRTs of Table 5-2 and those of Reference 7 are the inclusion of:

5-7
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[

1
[

]] The derived core stability parameters are
combinations of parameters considered elsewhere in the bounding treatment. Therefore the
difference between the PIRT ranking of Reference 7 and Table 5-2 is not significant and the

assessment and qualification matrices of Reference 7 are applicable for this CSAU evaluation.
7. Establishment of Assessment Matrix

The qualification assessment of the TRACG models is summarized in Reference 7. ‘The models
have been identified so that they may be easily correlated to the model description and
- qualification reports. For each model, the relevant elements from the Model Description LTR
(Reference 8) and the Qualification LTR (Reference 9) are identified.

For the governing BWR phenomena, TRACG qualifications have been performed against a wide
range of data, including instability data. The list of phenomena is cross-referenced to the model
capabilities in Table 4-1 of Reference 7. Similarly, as shown in Table 4-2 of Reference 7, the
complete list of phenomena is cross-referenced to the qualification assessment bas1s Data ﬁom
separate effects tests, component tests, integral system tests and plant tests, as well as plant data :
have been used to qualify the capability of TRACG to model the phenomena. - i I

8. Nuclear Power Plant Nodalization Definition

The nodalization strategy for the various reactor components was developed from the

i

- qualification of TRACG against test data for these components. The same conswtent;‘ -
nodalization strategy was then applied for full-scale plant calculations. The adequacy of the ‘
nodalization has been demonstrated and supported by sensitivity studies. Standard nodahzatlon

5-8
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for modeling of BWR reactor vessels and other components have been presented in the TRACG
Qualification LTR (Reference 9).

Specific nodalization and additional details for the nodalization for some components may be

critical for specific applications. [[

1] This is based on a nodalization study that examines the minimum number of fuel

channels required to adequately model the CPR response for a regional mode oscillation.
9. Definition of Code and Experimental Accuracy

The code definition and experimental accuracy has been addressed in Reference 9. The TRACG
code has been qualified against the LaSalle-2 instability event (March 1988), the Leibstadt Cycle
1 regional instability tests, the Forsmark-1 stability tests (January 1989), and the Cofrentes Cycle
6 instability event (January 1991). The overall TRACG prediction agrees well with the
experimental data.

10. Determination of Effect of Scale

Effects of scale have been addressed as part of the model development as well as the
qualification. In the TRACG model description report (Reference 8), the applicability of the
basic models and correlations are stated and shown to cover the scale and operatmg range . of

BWRs. The qualification of TRACG (Reference 9) covers separate effects tests scaled as well

as full-scale component performance tests, scaled integral system effects tests and ﬁxll-scale =

BWR plant tests. The qualification shows that data from scaled test fac1ht1es and full-scale
plants are both well predicted. There is no apparent effect of scale in TRACG In addltlon

demonstrations of the application methodology for TRACG have shown that full-scale plant data o

are bounded when the effect of the model uncertainties are accounted for Because these model o

uncertainties have primarily been determined from scaled experiments, thls again demonstrates

that there is no significant impact of scale on TRACG.
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11. Determination of the Effect of Reactor Input Parameters and State

Overall model biases and uncertainties for the stability application are assessed for each high
ranked phenomena by using a combination of comparisons of calculated results to: (1) separate
effects test facility data, (2) integral test facility test data, (3) component qualification test data
and (4) BWR plant data. Where data is not available, cross-code comparisons or engineering
judgment are used to obtain approximations for the biases and uncertainties. For some
phenomena that have little impact on the calculated results, it is appropriate to simply use a

nominal value or to conservatively estimate the bias and uncertainty.

The phenomena for BWR stability have already been identified and ranked, as indicated in
Step 3 above.

Code inputs can be divided into four broad categories: (1) geometry inputs, (2) model selection
inputs, (3) initial condition inputs, and (4) plant parameters. For each type of input, it is
necessary to specify the value for the input. If the calculated result is sensitive to the input value,

 then it is also necessary to quantify the uncertainty in the input.

The geometry inputs specify lengths, areas and volumes. Uncertainties in these quantities are
due to measurement uncertainties and manufacturing tolerances. These uncertainties usually
have a much smaller impact on the results than do uncertainties associated with the modeling

simplifications.

Individual geometric inputs are the bu11d1ng blocks for the spat1a1 nodahzatlon The spatial
nodalization includes modeling s1mp11ﬁcat10ns such as the lumpmg togethqr \of lndlvxdual ‘
elements into a single model component. For example, several’ 81m11ar fuel xchannf;is 1Inay be ?
lumped together and simulated as one fuel channel group. An assessment of thesé kinds of
simplifications, along with the sensitivities to spatial nodahzatlon is mcluded m the TRACG

Qualification LTR (Reference 9).

Inputs are used to select the features of the niodei that apply for 7 ntenj d appl kcatxon Once
e (I i

established, these inputs are fully specified i in the procedure for the‘ apphcatlon

and do not

change.
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A plant parameter is defined as a plant-specific quantity such as a protection system scram
characteristic, etc. Plant parameters influence the characteristics of the transient response and

have essentially no impact on steady-state operation.

Initial conditions are those conditions that define a steady-state operating condition. Initial
conditions may vary due to the allowable operating range or due to uncertainty in the
measurement at a give operating condition. The plant Technical Specifications and Operating
Procedures provide the means by which controls are instituted and the allowable initial
conditions are defined. At a given operating condition, the plant’s measurement system has

inaccuracies that also must be accounted for as an uncertainty.

Table 5-3 identifies items that have been recognized as having an impact on the critical safety
parameter for stability application. These items are represented in the table by ID, description,
ranking (H for High), and bias and deviation information. Table 5-4 lists the key plant initial
conditions/parameters that are high ranked for the stability application. For the high ranked
phenomena, the bases used to establish the nominal value, bias and uncertainty for that parameter

are documented.
12. Performance of Nuclear Power Plant Sensitivity Calculations

Two plant types (BWR/3-5 and BWR/6) with different limiting operating conditions are
evaluated for the stability application. [[

1
13. Determination of Combined Bias and Uncertainty

i
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1l
14. Determination of Total Uncertainty

A commonly used approach in traditional conservative analyses is combining the uncertainties
linearly, by applying bounding models for the phenomena and by setting plant parameters to
values expected to produce the most limiting} plant response. [[

| ' 1] Separate calculations were
performed to characterize the effect of each response parameter important for stability in order to
define the appropriate uncertainty range. The total uncertainty treatment is based on reasonably

limiting initial conditions and model uncertainties identified in the previous CSAU steps.

The advantage of this approach is that it requires no more than one computer run for each output
parameter of interest. The most significant disadvantage of this method is that it is very
conservative. In extreme cases, it can give unrealistic results, and no statistical quantification of

the margins to design limits is possible.

As discussed earlier in this section, the CSAU [[

1] is documented in

Section 4.4.3.
5.3 DETECTION ALGORITHM TESTING; ‘

The DSS-CD licensing basis detectlon algonthm the CDA, relies on the recognition of
successive periods in OPRM cells s1gnals that con51sts of two related pattern recognition

elements:
a. Successive period detection, and
b. Confirmation density recognition.
T B ,
Actual plant data and TRACG event simulations that are used to test these CDA elements are

documented in this section.
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5.3.1 Successive Period Detection

The PBA application in DSS-CD for the purpose of recognizing successive oscillation periods is
similar to Option III. The key PBA testing from References 1 and 2 is summarized in Table 5-5.
Testing of the PBA application to OPRM cells was performed in support of Option III algorithm

qualifications and is also summarized in Table 5-5.

Because certain changes are introduced to the PBA for application to the CDA, selected retesting
is appropriate. The PBA modifications and restrictions specified in Section 3.4.1.1 are expected

to have insignificant effect on the testing and qualifications documented in References 1 and 2.

i

1] Table 5-5
lists the retested plant data, which includes Pilgrim stable startup data and KKL instability event
data. These retests have demonstrated that the PBA changes have insignificant effect on the

detection results, as expected.

The PBA was applied to selected TRACG power traces to test the algorithm capability to
recognize the inception of instability [[ 1. The
PBA, consistent with the modifications and restrictions specified in Section 3.4.1.1, provided
timely identification of the inception of instability oscillations and continuous recognition of

successive period counts. [[

1

5.3.2 Confirmation Density Recognition

The CDA requires simultaneous successive counts of multiple OPRM cells for generating an

OPRM channel trip signal. The testing of the instability events listed in Table 5-5 were

5-13
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previously performed for multiple LPRMs. However, the relative timing of the successive
period counts is not included in Reference2. To demonstrate the CD approach and
effectiveness, multiple LPRM signals from the KKL Cycle 7 regional instability test event and
Columbia Cycle 8 core wide instability event were examined by the PBA, integrated to calculate

the CD as function of time, and compared to the algorithm CD setpoint.

A segment of the KKL Cycle 7 regional instability test, STABS, was selected to demonstrate the
CDA performance. This test segment is at the instability threshold and exhibits very gradual loss
. of stability margin. The PBA was applied to the available 25 LPRM signals that were recorded
during the test. Figure 5-1 illustrates the stability performance of two LPRMs, including signal
amplitude and PBA successive confirmation count. The LPRMs were selected to represent
examples of responsive and unresponsive signals. Figure 5-2 depicts the CD based on the single
LPRM PBA confirmation results. The figure illustrates the CDA responsiveness and ability to
identify the instability inception and generate a trip signal when the CD setpoint [[

]} is reached. The number and distribution of the LPRMs was
not conducive for OPRM cell demonstration. OPRM cell demonstration is performed for the

Columbia instability event below.

The KKL Cycle 7 regional instability test represents a significant challenge for the CDA
demonstration. The oscillations were established under controlled test conditions and resulted in

a very gradual instability inception. The test was also occasionally interrupted by manual
operator actions (e.g., control rod movements). In addition, the test appears to exhibit precession

characteristics during its instability inception. For instabilities resulting from anticipated events
I ]] with no manual operator manipulations, full core coupling and distinct

characteristic oscillatory behavior is expected to form early in the event.

The second CDA demonstraﬁon example consists of the Columbia Cycle 8 unplanned instability
event. The PBA was applied to the available 80 LPRM signals that were recorded during the
event. These LPRMs consist of LPRM levels A and C (i.e., bottom and third from boﬁom axial
positions). They were divided into 2 representative RPS channels of 39 LPRMs: (Chanhel 1) and
41 LPRMs (Channel 2), as illustrated in Figure 5-3. The figure also illustrates an OPRM cell
assignment, which simulates 2 OPRM channels of 35 OPRM cells each. This OPRM cell
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assignment is similar to the Columbia’s assignment, including adjustments to accommodate the
available recorded LPRM signals. Most of the OPRM cells consist of 4 LPRMs and only a few

with a lesser count,

Figure 5-4 illustrates the stability performance of a typical LPRM signal, including signal

amplitude and PBA successive confirmation count. [[

11 which is initiated pﬁor to any significant signal
amplitude growth. The figure also includes a simulated OPRM cell signal, associated with the
selected LPRM. It compares the performance of a 4-LPRM OPRM cell to one of its LPRM

signals. [[

1

Figure 5-5 depicts. the CD based on a single LPRM per OPRM cell PBA confirmation results.
The figure illustrates the CDA ability to identify the instability inception and generate an early
trip signal when the CD setpoint [[ 1] is reached.
Even though the event is developing slowly with a low growth rate, the increase in the number of
confirming LPRMs is apparent. The figure demonstrates that the CD is not increasing prior to -
the development of oscillatory behévior, is associated with the instability threshold, and is
rapidly increasing as the instability event develops.

The Columbia Cycle 8 instability event was also used to test the CDA detection capability with
OPRM cells consisting of multiple LPRMs, as 111ustrated in Figure 5- 3. Flgure 5- 6 depicts the
OPRM CD performance, including the LPRM based CD for companson [[

11

as indicated in the figure. [[

1.
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Figure 5-6 illustrates the effectiveness of the OPRM approach. The simulated OPRM channels
exhibit a total number of confirming cells that is continuously increasing as the event evolves,
reaching a CD close to unity when the oscillation amplitude has not shown any significant
growth (around 50 seconds). This test demonstrates the CDA capability to provide early
detection and suppression signal. In addition, it successfully demonstrates the use of OPRM
cells as the source of signal to the CDA.

In addition, the CDA was applied to selected TRACG power traces in Section 4, which
demonstrated the algorithm capability to recognize the instability inception [[

1
5.4 SETPOINT METHODOLOGY APPLICABILITY

The DSS-CD relies on several setpoints for its oscillation detection algorithms. These setpoints
are classified into three distinct groups:

a. CDA setpoints,
b. Defense-in-depth algorithms setpoints, and

¢. Armed region setpoints.

[

1
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54.1 CDA Setpoints

The CDA includes trip and alarm setpoints, which are assigned discrete values. They include the

successive confirmation count threshold (N,), CDA alarm setpoint (Naj), and confirmation

density setpoint (Si,).

N, is a generic, predetermined discrete setpoint [[ J}. Its purpose is to provide early
recognition of OPRM cell oscillatory behavior. For a well-developed oscillatory behavior at the
instability threshold and inception, the successive period count is an unambiguous process. In
addition, based on actual experience and simﬁlaﬁoﬁ of instability events, Ny, is selected well

below the count range associated with SLMCPR violation.

The alarm setpoint, Ny, is selected on a plant and cycle-specific basis and is based on

plant-specific operational objectives and preferences.

Si, is used to generate a trip signal based on a limited number of OPRM cells exhibiting

oscillatory behavior. For a well-developed oscillatory behavior at the instability threshold and
inception, the count of confirming OPRM cells, recognized by the CDA, is a discrete and

unambiguous process. In addition, based on actual experience and simulation of instability

j : _
events, Seo is selected well below the count range associated with SLMCPR violation.
5.4.2 = Defense-in-Depth Setpoints

The defense-in-depth algorithms are based on ‘a ;‘g:enen'c set of nominal setpoint values,
summarized in Table 3-2. The defense-in-deptjh; algorithms are not designed to provide
SLMCPR protection. 1 '

5.4.3 Armed Region Setpoints

The DSS-CD Armed Region is defined to conservaﬁvely bound the operating domain region
potentially susceptible to core oscillations. The bounding size of the region is designed to
accommodate, on a generic basis, all plant-specific ‘applications within the solution licensing

basis generic applicability envelope defined in Tables 4-1 and 4-6. Confirmatory analysis of the
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decay ratios at the Armed Region boundaries demonstrated large stability margin. Significant
instability events are expected only at low core flow and high core power conditions. Operations
at lower core power or higher core flow, well within the Armed Region (i.e., approximately 60%
core flow, 30% OLTP), may result in a gradual loss of stability margin. For these conditions,
early indication of degraded stability margin is available through the alarm feature of the

solution. [[

1
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Table 5-1

CSAU Evaluation Methodology

1 Scenario Specification 1]
1]
2 Nuclear Power Plant Selection BWR/3-6
3 Phenomena Identification and Ranking | Addressed in Table 5-2
4 Frozen Code Version Selection TRACGO02A
5 Code Documentation NEDE-32176P (Reference 8),
NEDE-32177P (Reference 9)
6 Determination of Code Applicability AOO LTR (Reference 7); Additional
parameters disposition
7 Establishment of Assessment Matrix =~ | AOO LTR (Reference 7)
Nuclear Power Plant Nodalization Nodalization defined. Plant nodalization
Definition study performed
9 Definition of Code and Experimental NEDE-32177P (Reference 9)
Accuracy
10 Determination of Effect of Scale Full scale data available, addressed in
Section 5.2, Item 10
11 Determination of the Effect of Reactor | Addressed in Tables 5-2 and 5-4
' Input Parameters and State
12 Performance of Nuclear Power Plant Addressed in Tables 5-3 and 5-4
Sensitivity Calculations
13 Determination of Combined Bias and 1
Uncertainty
1]
14 Determination of Total Uncertainty DSS-CD bounding calculations
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Phenomena Governing BWR/3-6 Stability Transients
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Disposition of High Ranked Stability Model Parameters
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Key Plant Initial Conditions/Parameters
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Table 5-5 Summary of PBA Testing against Actual Plant Data

‘Single/Multiple LPRM LaSalle pump upshift event 2 No
count response for
operational event

Single/Multiple LPRM Pilgrim stable startup data 2 Yes
count response for stable
steady state conditions

Single/Multiple LPRM Limerick test data (1RPT, 2RPT, turbine 2 No
count response for stop valve, pressure regulator, feedwater

operational events flow step change, recirculation flow step)

Single/Multiple LPRM KKL Cycle 1 instability events 2 No
count response for regional

instability event

Single/Multiple LPRM KKL Cycle 7 instability events 2 Yes
count response for regional

instability event

Single/Multiple LPRM Coarso instability data (regional) 2 No
count response for regional

instability event

OPRM count response for | KKL Cycle 7 instability events 2 Yes

regional instability event

OPRM count response for | Limerick Cycle 1 2 No
core wide instability event
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Table 5-6 Summary of CDA Testing against Actual Plant Data

Multiple LPRM count response and timing
for regional instability test event

KKL Cycle 7 instability event (STABS)

Multiple LPRM and OPRM count response
and timing for core wide instability event

Columbia Cycle 8 instability event
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Figure 5-1 Example LPRMs Performance for KKL Cycle 7 Instability Test (STABS)

1
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Figure 5-2 CD Performance for KKL Cycle 7 Instability Test (STABS)

I
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Figure 5-3 Columbia LPRM/OPRM Assignment Map Demonstration

LY

BivGaei

T
n

s

Y]

5

)
OX
he

‘0
o
b

£
L]
e

el

=
P

(=)
o)

1
PN

b

2)

O
re g

§
s

SN

e\r;('
N\

¥

g

3

b

L
,x
L

AN

U ’9

*Data not available

764 Bundle Core, OPRM Channel 1

(OB

: i
{G/E\ \@/e% ~
)\B H

(s

3

'y
‘)\

—f
Pant

5-36

e
o
e

€

“
Ay s

®

*Data not available

764 Bundle Core, OPRM Channel 2




il

NEDO-33075, REVISION 5
NON-PROPRIETARY VERSION

Figure 5-4 Example LPRM/OPRM Performance for Columbia Cycle 8 Instability Event

1
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Figure 5-5 LPRM CD Performance for Columbia Cycle 8 Instability Event
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Figure 5-6 OPRM CD Performance for Columbia Cycle 8 Instability Event

1
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6.0 PLANT SPECIFIC APPLICATION

A plant specific review procedure is established to confirm that the generic DSS-CD licensing
basis is applicable to plant-specific designs, including reload designs, and therefore,
démonstrating SLMCPR protection by the DSS-CD for anﬁcipated stability related oscillations.
If the generic DSS-CD licensing basis is not applicable to a plant specific design, additional

analyses will be necessary to demonstrate applicability.
6.1 PLANT SPECIFIC REVIEW PROCESS

The generic DSS-CD licensing basis allows solution implementation for GE BWR/3-6 product
lines and existing GE fuel designs. The solution provides for early instability detection and
suppression with minimal degradation in CPR performance during anticipated instability events.
The resulting inherent CPR margin to the SLMCPR is expected to accommodate future evolution
in fuel cycle designs and operating flexibility features that may affect stability performance.

The standard plant specific review process, which also applies to the reload process, consists of
an applicability checklist, confirming that the generic applicability envelope, as defined in
Section 4.0, is not exceeded. The plant specific applicability checklist is provided in Table 6-1
for TLO and in Table 6-2 for SLO.

If any checklist criterion is not met as a result of a plant specific design change that may affect
reactor stability performance, the DSS-CD plant specific procédure will be performed to
demonstrate adequate SLMCPR protection. If the design change is either within the DSS-CD
plant -specific applicability checklist envelope or does not affect the reactor stability

performance, no additional DSS-CD applicability demonstration analysis is required.

Any extension of the DSS-CD applicability envelope requires confirmation analysis based on the
methodology outlined in Section 4.0. In Section 4.0, the [[
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11 The DSS-CD
procedure uncertainty (or equivalent), documented in Section 4.0, is then applied to confirm the
margin to the SLMCPR. The DSS-CD applicability extension procedure is summarized in
Table 6-3 for TLO and in Table 6-4 for SLO.

vDesign changes beyond the DSS-CD plant specific applicability checklist envelope that affect
stability performance will require confirmation analysis according to the DSS-CD applicability

extension procedures of Tables 6-3 and 6-4. [[

B

If the DSS-CD applicability extension in\folves a new GE fuel design beyond GE14 or non-GE
fuel designs, then Table 6-5 is applied. Tﬁe table lists the possible fuel design transitions among
approved and unapproved GE and non-GE fuel designs for DSS-CD applications. The table

specifies the required [[
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1]
6.2 LEAD USE ASSEMBLY

For a typical reload core, single channel oscillations are not probable because unstable channel
condition is approached by a large number of channels, leading to significant core participation
in the ensuing instability. However, the introduction of lead use assemblies (LUA) in a reload
core creates the possibility of a unique thermal-hydraulic behavior, potentially leading to single
channel oscillations. The DSS-CD solution provides early detection for such situations through
its alarm function and eventual trip signal in the event of significant oscillation magnitude
thrbugh its defense-in-depth protection features. When a limited number of LUAs is introduced
to a reload core, the LUA thermal-hydraulic performance and stability characteristics will be

assessed to determine potential susceptibility to single channel oscillations.
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Table 6-1 TLO DSS-CD Plant Specific Applicability Checklist

1I
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SLO DSS-CD Plant Specific Applicability Checklisf
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TLO DSS-CD Applicability Extension Evaluation Procedure
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SLO DSS-CD Applicability Extension Evaluation Procedure
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Required TRACG Cases for Fuel Design Transition Scenarios
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7.0 BACKUP STABILITY PROTECTION

7.1 INTRODUCTION

- This section provides a description of Backup Stability Protection (BSP) approaches that may be
used when the OPRM system is inoperable, applicable up to and including operation in the
MELLLA+ domain. The elements of the BSP are confirmed on a plant and cycle specific basis
to provide consistency with the LTS general requirement of long-term applicability. Other NRC

| approved backup approaches that are justified to provide appropriate protection may also be

implemented.

Two BSP options are presented in this section and summarized in Section 7.5. Both options'
provide adequate protection for continued operation in the unlikely event the DSS-CD licensing
basis algorithm cannot be demonstrated to provide its intended SLMCPR protection. The

sections below discuss the three constituents of the two options, which are:

Manual BSP Comprises plant-specific regions (Scram and Controlled Entry) in the
Regions licensed power-flow operating domain and specified manual operator
actions. The basis for the Manual BSP Regions is presented in Section 7.2,

Manual BSP Region Boundaries Generation

BSP Boundary  Defines the 6peration domain where potential instability events can be
effectively addressed by specified operator actions. Its basis is presented in

Section 7.3, BSP Boundary Generation
Automated BSP Comprises an automatic reactor scram region imple@ented by theAPRM
Scram Region  flow-biased scram setpoint. Its basis is presented in Section 7.4, Autdmaied |

BSP Scram Region Generation
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7.2 MANUAL BSP REGION BOUNDARIES GENERATION

The DSS-CD Manual BSP Regions use the GE/BWROG Interim Corrective Actions (ICAs)

regions presented in Reference 5 as a starting point. The following elements are included in the

Manual BSP Region generation process:

The size of the base (minimal) Manual BSP Regions is equivalent to the current ICA
regions,

The three ICA regions (Scram, Exit, Controlled Entry) are replaced by two Manual
BSP Regions (Scram and Controlled Entry),

Common decay ratio criteria are established for plant and cycle-specific confirmation,
and as necessary, the base Manual BSP Regions are increased to satisfy these criteria,
The Manual BSP Regions are established based on two intercept state points, one on
the High Flow Control Line (HFCL) and the other on the Natural Circulation Line
(NCL), which are connected by the Generic Shape Function (GSF). When
confirming the Manual BSP Regions for MELLLA+ operation, the HFCL is defined
as the MELLLA+ upper boundary above 55% core flow and its extension to the NCL.
The NCL is defined as the plant specific natural circulation line,

"The manual BSP regions is developed considering the appropriate feedwater

temperature, including reduced feedwater temperature operation,

Operator actions in the two Manual BSP Regions are similar to the operator actions
currently defined for the ICA Scram and Controlied Entry regions,

Operator awareness. is required when dperating within 10% of rated core flow or

power from the Manual BSP Controlled Entry region.

Figure 7-1 illustrates the base Manual BSP Regions relative to the ICA regions. For uprated

plants, the ICA region boundaries are scaled to maintain the pre-uprate region boundaries

absolute power and flow values, which is then used to generate the base Manual BSP Regions,

. following the process illustrated in Figure 7-1.
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7.2.1 Generic Shape Function

The Generic Shape Function (GSF) is a fit to power/flow state points representing a constant
decay ratio. The GSF procedure is applied to two state points that meet specified region
boundary generation stability criteria, one on the HFCL and the other on the NCL. The region
boundary is defined with the GSF as:

, W2=Wp
5)

1| w-wy (W-wy Y
P \2\W,-#, {W‘ -W,)
P=p|4
where:
Point A: Intersection of the HFCL and specified core flow,
Point B: Intersection of the NCL and specified load line,
P: Core power in % rated

W: . Core flow in % rated.

If core flow rates below Wg are assessed, the generic shape function slope may become negative
when the quadratic exponential term dominates. Typically, this situation is not expected to occur
because the flow range below Wp is limited. In the unlikely situation where negative slope
below Wg is encountered, a modified form of this function is used. To ensure both a positive

slope and continuity below Wp, the quadratic exponential term is eliminated and the following

function is used:

W-Wy ]

1

P E[WA"WI

P=P,| -4 , W<Wp
Py

7.2.2 Base Manual BSP Regions Derivation

The base Manual BSP Regions are generated based on the minimal requirements of the original
ICA regions using the GSF as illustrated in Figure 7-1. The base Manual BSP Regions are

established on a plant specific basis based on the generic process outlined below.
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The base Manual Scram Region (Region I) boundary is generated by applying the GSF to Points
A and B: '

Point A: Intersection of the MELLLA upper boundary and 40% rated core flow,

Point B: Intersection of the NCL and 100% OLTP load line,

The base Manual BSP Region I boundary is extrapolated up to the extension of the MELLLA+
HFCL through the application of the GSF for core flows above 40%.

The base Manual BSP Controlled Entry Region (Region IT) boundary is generated by applying
the GSF to Points A' and B":

Point A": Intersection of the MELLLA upper boundary and 50% rated core flow,

Point B': Intersection of the NCL and 70% OLTP load line,
The base Manual BSP Region II boundary is defined only up to the MELLLA upper boundary.
The base manual BSP regiéns for MELLLA+ operation are illustrated in Figure 7-2.
The base manual BSP region boundaries define the minimum region size required.
7.2.3 Manual BSP Regions Plant Specific Application
The process defining the plant and cycle-specific manual regions is described in this section.
7.2.3.1 RegionI- Manual BSP Scram Region

Region Definition

The Manual BSP Region 1 boimdary is established by applying the GSF to Points A (along the
HFCL) and Point B (along the NCL). Each point is selected based on the more limiting of the

following options:

1. The base minimal region.

2. A best-estimate stability calculation using the ODYSY frequency domain code (Reference 6)
with the calculation procedure outlined in Table 7-1 for Manual BSP Region I and the
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stability criterion associated with 0.8 core and channel decay ratios, as illustrated in

Figure 7-3.

If the best-estimate calculation results at both points are bounded by the base minimal region, the
base minimal region is confirmed. If the best-estimate calculation results exceed the base

minimal region at any point, the base minimal region is extended at that point.

For MELLLA+, the Manual BSP Region I boundary is extended outside the operating domain
upper boundary (i.e., MELLLA) up to the extension of the .HFCL, to ensure proper operator
action upon unplanned entry into the region. Figure 7-4 illustrates the process for establishing
manual BSP boundaries for an example BWR/6. For this example the continued applicability of
the base Manual BSP Region I is confirmed. '

Actions

An immediate manual scram is required upon determination that the region has been entered. If

entry is unavoidable, early scram initiation is appropriate.

7.2.3.2 Region II — Controlled Entry Region

Region Definition

The Manual BSP Region II boundary is established by applying the GSF to Points A' (along the
HFCL) and Point B' (along the NCL). Each point is selected based on the more limiting of the

following options:

1. The base minimal region.

2. A best-estimate stability calculation using the ODYSY frequency domain code (Reference 6)
with the calculation procedure outlined in Table 7-1 for Manual BSP Region II and the
stability criterion associated with 0.8 core and channel decay ratios (illustrated in Figure 7-?)
applied to point B' and the stability criterion associated with 0.6 core and channel decay
ratios (also illustrated in Figure 7-3) applied to point A'. The 0.6 criterion is used for poijnt

A’ rather than 0.8 to provide additional stability margin for operation at off-rated conditions.
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If the best-estimate calculation results at both points are bounded by the base manual BSP
minimal region, the base manual BSP region is confirmed. If the best-estimate calculation
results exceed the base manual BSP minimal region at any point, the base manual BSP region is

extended at that point.

The Manual BSP Region II boundary is defined by the GSF inside the licensed operating
domain. Unlike the Manual BSP Region I boundary, extension of Manual BSP Region II
boundary outside the MELLLA upper boundary for the core flow range below the MELLLA+
operating domain extension is not necessary. This is because immediate corrective operator
action is required for unplanned operations at reactor power levels exceeding the licensed valﬁes.
Figure 7-4 illustrates the process for establishing BSP boundaries for an example BWR/6. For
this example the continued applicability of the base Region II is confirmed.

Actions

o If the entry is inadvertent or forced, immediate exit from the region is required. The region
can be exited by control rod insertion or core flow increase by pump speed increase for
Motor Generator (MG) set plants or flow control valve (FCV) opening for FCV plants.
Increasing the core flow by either restarting or upshiﬂing (for FCV plants) a recirculation

pump is not an acceptable method of exiting the region.

e Deliberate entry into the Manual BSP Controlled Entry Region requires compliance with at
least one of the stability controls outlined below:

e Maintain core average Boﬂmg Boundary (BB)24.0 feet,

e Maintain core decay ratio (DR) < 0.6 as calculated by an on—lme core stabllltyi

monltor

e Determine appropriate limits for core DR (< 0. 60) asica lated by' a

Controlled Entry Region, or a
e Continuous dedicated monitoring of real time control foom neutron “monitoring

instrumentation with manual scram required upon mdlc ati _n‘of a reactor instability
induced power oscillation. |
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o The guidance and actions recommended by the BSP emphasize instability prevention to
minimize the burden placed on the operator when monitoring for the onset of power
oscillations. Therefore, caution is required whenever operating near the Manual BSP Region
I boundary G.e., within approximately 10% of core power or core flow), and it is

recommended that the amount of time spent operating near this region be minimized.
7.3 BSP BOUNDARY GENERATION

The BSP Boundary delineates that portion of the core power and flow 6perating domain that is
not expected to be susceptible to instability events associated with a high initial growth rate.
These instability events if developed can be recognized by ﬁhe operator sufficiently early to allow
timely manual power suppression prior to significant MCPR degradation. [[

11 ‘Therefore, operation above
the BSP Boundary is not permitted.

7.3.1 BSP Boundary Plant Specific Application

Boundary Definition

The BSP Boundary is defined by connecting Point A" (at ﬁowef condition) and Point B" (along
the NCL) as illustrated in Figure 7-5. [[
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1] This is illustrated in the example BSP Boundaries

provided below.

Figure 7-5 illustrates a BSP Boundary for an example BWR/6. [[
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]] any flow reduction event from off-rated conditions that is terminated
inside the Manual BSP Region I, including all events terminating above the OLTP 100% load

line, requires immediate operator action to manually scram the reactor.

Only those portions of the BSP Boundary that traverse the core power and flow licensed
operating domain outside the Manual BSP Scram Region are explicitly identified on the
operating map. The Manual BSP Controlled Entry Region boundary is extended to the
appropriate licenséd operating domain upper boundary. If any portion of the BSP Boundary
traverses the Manual BSP Scram Region, this portion is not explicitly identified because
operation inside the Manual BSP Scram Region requires an immediate action to scram the

reactor, which is controlling.

Figures 7-6 through 7-8 illustrate BSP Boundaries for additional examples, comprising of
different BWR/4 plants. Table 7-3 provides a summary of the four BSP Boundary examples.

[

1

Actions

Operation above the BSP Boundary requires immediate initiation of actions to lower the reactor

power to below the BSP Boundaiy by control rod insertion.
7.4 AUTOMATED BSP SCRAM REGION GENERATION

The Manual BSP Scram Region, which requires an immediate manual scram upon determination
that the region has been entered, may be automated by extending the APRM flow-biased scram
setpoint to encompass the region. Because the Manual BSP Scram Region boundary intersection
with the plant specific NCL is not higher than the intersection of the original 100% load line with
the plant NCL, flow reduction events from the MELLLA+ region to the NCL would result in an

entry into the Automated BSP Scram Region, and therefore an automatic reactor scram.
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Automating the Manual BSP Scram Region provides an adequate instability prevention
‘protection for operation in the entire MELLLA+ domain for interim situation when the CDA
protection is temporarily unavailable. However, such a protection requires plant speciﬁc system
modifications that may include hardware and/or software changes. This feature may be
implemented based on plant specific considerations of the added benefits of continued operation
in the MELLLA+ domain versus the added cost associated with the necessary system

modifications.

Figures 7-9 and 7-10 illustrate the ([

|
74.1 Automated BSP Scram Region Plant Specific Application
Region Definition

The APRM flow-biased scram setpoint is extended to encdmpass the Manual BSP Region I
boundary, defined in Section 7.2. [[ |

1
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The Automated BSP Scram Region is [[

; 1] any
flow reduction event initiating from off-rated conditions and terminating inside the Automated

BSP Scram Region, including all events terminating above the OLTP 100% load line, results in

immediate automatic reactor scram.

Figure 7-11 illustrates the construction of the modified APRM flow-biased scram setpoints,
including the Automated BSP Scram Region. The figure also illustrates the APRM flow-biased

rod block setpoints, which are constructed to provide the standard scram avoidance protection.

[

I

Because a plant cycle specific assessment is required to confirm the applicability or update the
Manual BSP Region I boundary, the Automated BSP Scram Region is also required to be
confirmed or updated.

Actions

There are no required operator actions associated with the Automated BSP Scram Region since

an automatic reactor scram is initiated upon entry.

7-11



NEDO-33075, REVISION 5
NON-PROPRIETARY VERSION

7.5 BSP OPTIONS APPLICATION SUMMARY

Two BSP options are described in this section, which may be used in the unlikely event the
OPRM system is inoperable. They both provide effective SLMCPR protection.

7.5.1 BSP Option 1

This option comprises manually implemented region boundaries (Scram and Controlled Entry
Regions) and specified manual operator actions, as deécribed in Section 7.2, Manual BSP Region
Boundaries Generation, and restrictions in the allowable operating domain as described in
Section 7.3, BSP Boundary Generation. Figure 7-12 illustrates this option for the BWR/4
example of Figure 7-6.

- In Figure 7-12, the Manual BSP Region I is the same as the base Manual BSP Region I since the
base region is confirmed, as illustrated in Figure 7-6. The Manual BSP Region I in F igure 7-12
is larger relative to the base Manual BSP Region II shown in Figure 7-6 as a result of the
conservative stability criteria applied at its high end, thus illustrating the added measure to
ensure higher stability margin for off-rated operation below the BSP Boundéry.

7.5.2 BSP Option 2

This option comprises the Automated BSP Scram Region implemented by the APRM
flow-biased scram setpoint, as described in Section 7.4, Automated BSP Scram Region
Generation, and the Manual BSP Controlled Entry Region and associated manual operator
actions, as described in Section 7.2.3.2, Region - Controlled Entry Region The Manual BSP
Region II boundary and actions are the same for both BSP Options 1 and 2 and the Manual BSP

Region I is not required for BSP Option 2. Figure 7-13 illustrates thiiii‘optlon for the |BWR/4
example of Figure 7-6. For this option, the APRM flow-biased: setpomts may | terFect the
Manual BSP Region II. In this case, the required operator actions for the Manual BSP Reglon II

is further restricted by the APRM flow-biased setpoints.
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7.5.3 BSP Reload Application

A plant cycle specific assessment is required to confirm the applicability or update the BSP
option for reload-specific fuel, core design, and operating strategy. [[

1l
A conservative representation of the Manual BSP Regions, BSP Boundary or Automated BSP

Scram Region may be established to minimize the need for cycle-specific updates.

Implementation of a BSP option will require plant specific Technical Specifications (TS) changes
and associated justifications. Section 8.0 discusses the recommended TS and Bases changes.
Approved setpoint calculation methodology will be applied to the APRM flow-biased setpoints
in order to define the allowable values as a function of the reactor recirculation drive flow. The
Manual BSP Regions, BSP Boundary, and APRM flow-biased setpoints associated with the
Automated BSP Scram Region will be defined in the COLR.
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Manual BSP Regions Calculation Procedure
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BSP Boundary Calculation Procedure
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Table 7-3 Summary of BSP Boundary Calculation Examples

1 7-5 BWR/6, Nominal feedwater temperature

2 7-6 BWR/4, Nominal rated feedwater temperature

3 7-7 BWR/4, Reduced rated feedwater temperature (- 23°F)
4 7-8 BWR/4, Reduced rated feedwater temperature (- 55°F)

Note: Examples 2 through 4 comprise of different BWR/4 plants.
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Figure 7-2 MELLLA+ Base Manual BSP Regions
(100% EPU =120% OLTP)
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Figure 7-3 Stability Criteria
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Figure 7-4 Example BWR/6 Manual BSP Regions Confirmation
(100% EPU = 120% OLTP)
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Figure 7-5 - Example 1: BWR/6 Manual BSP Region I Confirmation and BSP Boundary
| (100% EPU = 120% OLTP, Nominal Feedwater Temperature)
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Figure 7-6 Example 2: BWR/4 Manual BSP Region I Confirmation and BSP Boundary
(100% EPU = 120% OLTP, Nominal Feedwater Temperature)
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Figure 7-7 Example 3: BWR/4 Manual BSP Region I Confirmation and BSP Boundary

(100% EPU =120% OLTP, 23°F Feedwater Temperature Reduction)
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(100% EPU = 120% OLTP, 55°F Feedwater Temperature Reduction)
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Figure 7-8 Example 4: BWR/4 Manual BSP Region I Confirmation and BSP Boundary
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Figure 7-9 Scram Timing Illustration for BSP Option 2 [[ |
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Figure 7-10 Scram Timing Ilustration for BSP Option 2 [[
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Figure 7-11 Automated BSP Region I Modified APRM Flow Biased Setpoint Construction
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Figure 7-12 BSP Option 1 Hlustration
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Figure 7-13 BSP Option 2 Implementation
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8.0 EFFECT ON TECHNICAL SPECIFICATIONS

Changes to the Technical Specifications (TS) and Bases are required to address the
implementation of DSS-CD. This section provides examples of changes to TS and Bases as
generic guidance in developing the plant-specific license amendment to address DSS-CD
implementation. Differences in plant-specific changes to the TS and Bases from those examples
provided herein may be justifiable based on the plant-specific licensing basis and the inclusion of

other licensing basis changes in the plant's license amendment request.

The example TS and Bases changes are provided in Appendices A and B. The appendices
assume implementation of the TS and Bases proposed in Reference 13 for BWR/4 Standard
Technical Specifications, Rev. 1, 4/7/95. Both Appendixes A and B show the same changes to
the TS and Bases. The changes fn Appendix A are indicated with revision bars in the left margin
with deletions shown by a strikeout fonts and additions shown by an underlined font.
Appendix B provides an easier to read set of proposed TS and Bases with the incorporated
changes indicated by revision bars only. In general, only pages with changes are shown, but in a

few cases other pages are included to better show the context.

A summary of the changes in the TS and Bases is as follows:

1. The proposed changes reflect the implementation of the Backup Stability
Protection (BSP) in the event that the DSS-CD is inoperable,

2. Changes in the applicability requireni_ents for DSS-CD,
3. Initial operation of the DSS-CD,
4. Elimination of an unnecessary Surveillance Requirement,
5. Additional core operating limits to the Core Operating Limits Report, and

6. Update the applicable references.
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Table 8-1 provides a description of the changes in the TS. This description assumes that the
changes proposed for the BWR/4 Standard Technical Specifications in Reference 13 are the
existing Technical Specifications. The proposed requirements reflect generic guidance to
implement DSS-CD. The purpose of each change is presented to provide an understanding of
the generic guidance. The individual plant-specific license amendment request will justify and
evaluate the adequacy of necessary TS changes based on the plant's unique licensing basis and

any other license basis changes. -
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Description and Purpose of TS Changes for DSS-CD Implementation

TS 3.3.1.1, Reactor Protection

System (RPS) Instrumentation . »
Required Action 1.1 Initiate alternate method to Initiate action to implement the Manual The Manual BSP Region and required actions
detect and suppress thermal BSP Regions defined in the COLR. are described in Section 7.2. The change
hydraulic instability reflects a portion of the requirements for
oscillations. Backup Stability Protection if OPRM Upscale
: trip capability is not maintained.

Completion Time 1.1 12 hours Immediately The purpose of the reduced Completion Time is
to reflect the importance of limiting the period
of time during which no automatic or alternate

. capability is in place.

Required Action 1.2.1 None Implement the Automated BSP Scram Actions 1.2.1 and 1.2.2 are required actions both
Region using the modified APRM flow- of which are required to be taken in conjunction
biased scram setpoints defined in the with Action I.1 when OPRM Upscale trip
COLR. capability is not maintained. The Automated

BSP Scram Region and required actions are
described in Section 7.4.

Completion Time 1.2.1 None 12 hours The Completion Time of 12 hours provides the
plant operating staff sufficient time for
implementation in an orderly manner.

Required Action 1.2.2 None Initiate action in accordance with Backup Stability Protection is a temporary ‘

Specification 5.6.9

means for protection against thermal-hydraulic
instability events. While an extended period of
inoperability does not warrant the shutdown of
the plant with an automatic trip capability
provided by the Automated BSP Scram Region,
a written plan and schedule, with NRC
oversight, to restore the required channels to
operability provides appropriate management
attention.
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to < [25]% RTP.

Completion Time 1.2.2 None 90 days The Completion Time of 90 days is adequate to
' allow time to evaluate the cause of the
inoperability and to determine the appropriate
corrective actions and schedule to restore the
required channels to OPERABLE status.
Required Action J.1 None Initiate action to implement the Manual See Required Action I.1.
BSP Regions defined in the COLR. :
Completion Time J.1 None Immediately See Required Action L1,
Required Action J.2 None Reduce operation to below the BSP Both Actions J.2 and J.3 are required in
Boundary defined in the COLR. conjunction with Action J.1. If an automatic
trip function for instability events is not
maintained, operational conditions during
which manual operator actions are sufficient
must be established. The BSP Boundary and
required actions are described in Section 7.3.
Completion Time J.2 None 12 hours The Completion Time of 12 hours provides the
plant operating staff sufficient time for
implementation in an orderly manner.
Required Action J.3 1.2 Restore required channels | J.3 Restore required channels to Purpose unchanged.
to OPERABLE. OPERABLE. (Same other than re-
numbering of the Action)
Required ActionK.1 Reduce THERMAL POWER | Reduce THERMAL POWER to less than | The intent is to place the plant in a condition to
' [20]% RTP or be in Mode 2. which the LCO does not apply. A choice of

different applicability requirements is provided,
one of which would be proposed in the plant
specific application. Either of the two choices
represents regions of power-flow operation with
minimal susceptibility to thermal-hydraulic
oscillations. The [20]% RTP is a plant-specific-
value that is 5% below the lower boundary of
the DSS-CD Armed Region.
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[4 or 6] hours

i
The Completion Time of [4 or 6] hours
provides the plant operating staff sufficient time
for implementation in an orderly manner. A
choice of different Completion Times is
provided, one of which would be addressed in
the plant-specific application. The longer of the
two choices of Completions Times addresses
the action to a reduce operations to Mode 2.

SR3.3.1.1.18

Verify OPRM is not
bypassed when APRM

‘| Simulated Thermal Power is

> [30]% and recirculation
drive flow is <[60]% of rated

Delete

The DSS-CD automatically arms and the SR is
unnecessary.

recirculation drive flow.
Table 3.3.1.1-1, Function 2.b, | None With OPRM Upscale (Function 2.f) The footnote is intended to reflect a possible
Allowable Value, footnote (d) inoperable, the modified APRM flow- change in the APRM allowable value due to
biased setpoints defined in the COLR may | implementation of the Automated BSP Scram
be required to implement the Automated Region described in Section 7.4.
BSP Scram Region in accordance with
Action I of this Specification.
Table 3.3.1.1-1, Function 2.f, | >[25]% RTP 2[20]% RTP or Mode 1 A choice of different applicability requirements..

Applicable Modes or Other
Specified Conditions

is provided, one of which would be addressed
in the plant-specific application. Either one of
which represents regions of power-flow
operation where anticipated events could lead to
thermal-hydraulic oscillations and related
neutron flux oscillations. The [20]% RTPisa
plant-specific value that is 5% below the lower

boundary of the DSS-CD Armed Region.
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Table 3.3.1.1-1, Function 2.f,

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

Following DSS-CD implementation, DSS-
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CD is not required to be armed while in the
DSS-CD Armed Region from the first
reactor startup and until the first controlled
shutdown that passes completely through
the DSS-CD Armed Region. However,
DSS-CD shall be OPERABLE and capable
of automatically arming consistent with
Bases Reference [17] for operation at
recirculation drive flow rates above the
DSS-CD Armed Region. The DSS-CD
Armed Region is defined in Bases
Reference [17].

The existing requirement is no longer
applicable since the PBDA is no longer credited
in the safety analysis. The proposed
requirement addresses the limited operability
requirements during the initial testing phase
following DSS-CD implementation.

Changes in sections other than
Specification 3.3.1.1

5.6.5, Core Operating Limits
Report (COLR)

The period-based detection
algorithm (PBDA) setpoint
for Function 2.f, Oscillation
Power Range Monitor
(OPRM) Upscale, for
Specification 3.3.1.1

The Manual Backup Stability Protection
(BSP) Scram Region (Region I), the
Manual BSP Controlled Entry Region
(Region II), [the modified APRM flow- -
biased setpoints used in the Automated
BSP Scram Region, or the BSP Boundary]
for Specification 3.3.1.1.

The existing PBDA is no longer credited in the
safety analysis. Specification 3.3.1.1 includes
additional core operating limits that must be
addressed in the COLR. The choice of the
Automated BSP Scram Region or the BSP
Boundary, reflects the plant-specific option to
implement BSP consistent with Section 7.5,

5.6.9, Reporting Requirements

None

When a report is required by Condition I of
LCO 3.3.1.1, "RPS Instrumentation," a
report shall be submitted within 90 days of
entering the LCO. The report shall outline
the preplanned means to provide backup
stability protection, the cause of the
inoperability, and the plans and schedule
for restoring the required instrumentation
channels to OPERABLE status.

See Required Action 1.2.2.
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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
--------------------- mmmmmmemmme e oo -NOTE--==== - === m e
Separate Condition entry is allowed for each channel.
'CONDITION REQUIRED ACTION ' COMPLETION TIME
A. One or more reqﬁired A.l Place channel in 12 hours
channels inoperable. trip.
OR
A2 memeeeee- NOTE--=--=--
Not applicable for
Functions 2.a, 2.b,
2.¢, 2.d, or 2.f.
Place associated trip | 12 hours
system in trip.
B, -=------- NOTE--------
Not applicable for
Functions 2.a, 2.Db,
2.¢, 2.d, or 2.f.
One or more Functions [p 3 Place channel in one 6 hours
with one or more trip system in trip.
required channels OR
inoperable in both -
trip systems. B.2 Place one trip system | ¢ hours
in trip.
C. One or more Functions c.1 Restore RPS trip 1 hour
with RPS trip capability.
capability not
maintained.
. (continued)
NO CHANGE TO THIS PAGE
BWR/4 STS 3.3-1 Rev 1, 04/07/95
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RPS Instrumentation

3.3.1.1

CONDITION

REQUIRED ACTION

COMPLETION TIME

Required Action and
associated Completion
Time of Condition A,
B, or C not met.

Enter the Condition
referenced in

Table 3.3.1.1-1 for
the channel.

Immediately

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

Reduce THERMAL POWER
to < [30]% RTP.

4 hours

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

Be in MODE 2.

6 hours

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

Be in MODE 3.

12 hours

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

Initiate action to
fully insert all
insertable control
rods in core cells
containing one or
more fuel assemblies.

Immediately

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

g

—
N

Initiate action to

implement the Manual
BSP Regions defined
in the COLRalternate—

method—teo—deteect—and—
eseillations.

Implement the

Automated BSP Scram
Region using the
modified APRM flow-
biased gscram
setpoints defined in
the COLR.

Initiate action in

accordance with

22—
hourslmmediately

12 hours

90 days
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CONDITION - REQUIRED ACTION COMPLETION TIME

Specification 5.6.9.

J. Required Action and J.1 Initiate action to Immediately
agsgociated Completion implement the Manual BSP
Time of Condition I not - Regions defined in the
met . COLR.
AND

J.2 Reduce operation to below | 12 hours
the BSP Boundary defined
in the COLR.

AND

J.3 Restore required channel 120 ‘days
to OPERABLE

JK. Required Action and JK.1 - [Reduce THERMAL POWER [4_or 6] hours
associated Completion to <less than [25201%
Time of Condition I—J RTP_or Be in Mode 2].
not met.

BWR/4 STS 3.3-2 Rev 1, 04/07/95
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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

Not required to be performed until 12
hours after THERMAL POWER 2 25% RTP.

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

< 2% RTP [plus any gain adjustment
required by LCO 3.2.4, "Average Power
Range Monitor (APRM) Setpoints"] while
operating at = 25% RTP.

7 days

SR 3.3.1.1.3

(Not used.)

SR 3.3.1.1.4

Not required to be performed when
entering MODE 2 from MODE 1 until
12 hours after entering MODE 2.

Perform CHANNEL FUNCTIONAL TEST.

7 days

BWR/4 STS

NO CHANGE TO THIS PAGE
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RPS Instrumentation

3.3.1.1
SURVEILLANCE REQUIREMENTS (continued)
SURVEILLANCE FREQUENCY
SR '3.3.1.1.5 Perform CHANNEL FUNCTIONAL TEST. 7 days
SR 3.3.1.1.6 Verify the source range monitor (SRM) and | Prior to
intermediate range monitor (IRM) channels | withdrawing

overlap.

SRMs from the
fully inserted

position
SR 3.3.1.1.7  -=--cmcmececmmee—- NOTE-----m-m==mmmmmmmme
Only required to be met during entry into 7 days
MODE 2 from MODE 1.
Verify the IRM and APRM channels overlap.

SR 3.3.1.1.8 Calibrate the local power range monitors. [1000] MWD/T
average core
exposure

SR 3.3 1.9 Perform CHANNEL FUNCTIONAL TEST. [92] days

+-- _ -+

1SR 3.3.1.1.10 Calibrate the trip units. [92] days '

+-- -+
(continued)
NOTE: The addition of “[ ]” around the 1000 MWD/T in SR 3.3.1.1.8 above is to
 recognize that some plants have justified 2000 MWD/T. It is not related to the
OPRM addition and does not affect the actual APRM change required by a plant.
NO CHANGE TO THIS PAGE
BWR/4 STS 3.3-4 Rev 1, 04/07/95
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SURVEILLANCE REQUIREMENTS (continued)

RPS Instrumentation

3.3.1.1

SURVEILLANCE

FREQUENCY

SR 3.3.

------------ ====--NOTE-=-==mm=me=mme—=—-
For Function 2.a, not required to be
performed when entering MODE 2 from MODE
1 until 12 hours after entering MODE 2.

Perform CHANNEL FUNCTIONAL TEST.

184 days

SR 3.3.

.12

Perform CHANNEL FUNCTIONAL TEST.

[18] months

SR 3.3.

.13

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.

Perform CHANNEL CALIBRATION.

[18] months

SR 3.3.

.14

(Not used.)

SR 3.3.

.15

Perform LOGIC SYSTEM FUNCTIONAL TEST.

[18] months

- BWR/4 STS

NO CHANGE TO THIS PAGE
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RPS Instrumentation
: 3.3.1.1
SURVEILLANCE REQUIREMENTS (continued)
SURVEILLANCE FREQUENCY
SR 3.3.1.1.16 Verify Turbine Stop Valve—Closure and (18] months
Turbine Control Valve Fast Closure, Trip
0il Pressure—Low Functions are not '
bypassed when THERMAL POWER is
2 [30]% RTP.
SR 3.3.1.1.17 ~--em-mmmmmm——maa- NOTES-~~==--=-===m==m=--
1. Neutron detectors are excluded. [18] months on
2. For Function 5 "n" equals 4 channels a STAGGERED
TEST BASIS

for the purpose of determining the
STAGGERED TEST BASIS Frequency.

Verify the RPS RESPONSE TIME is within
limits.

BWR/4 STS 3.3-6 Rev 1, 04/07/95
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RPS Instrumentation
3.3.1.1
Table 3.3.1.1-1 (page 1 of 3)
Reactor Protection System Instrumentation
FUNCTION APPLICABLE REQUIRED CONDITIONS SURVEILLANCE ALLOWABLE
MODES OR CHANNELS REFERENCED REQUIREMENTS VALUE
OTHER PER TRIP FROM ’
SPECIFIED - SYSTEM REQUIRED
CONDITIONS ACTION D.1
1., Intermediate Range
Monitors
. 2 £3} ] SR 3.3.1.1.1 < [120/125)
a. Neutron Flux-—High SR 3.3.1.1.4 divisions of
SR 3.3.1.1.6 full scale
SR 3.3.1.1.7
SR 3.3.1.1.13
] SR 3.3.1.1.15
5(a) 3] H SR 3.3.1.1.1 < [120/125]
. SR 3.3.1.1.5 divisions of
SR 3.3.1.1.13 full scale
SR 3.3.1.1.15
b. 1Inop 2 [3] G SR 3.3.1.1.4 NA
SR 3.3.1.1.15
5(&) [31 H SR 3.3.1.1.5 NA
- SR 3.3.1.1.15
2., Average Power Range
Monitors
a. Neutron Flux—High, 2 ' G SR 3.3.1.1.1 < [20]% RTP
{Setdown) SR 3.3.1.1.7
SR 3.3.1.1.8
SR 3.3.1.1.11
SR 3.3.1.1.13
b. Simulated Thermal 1 3(=) F SR 3.3.1.1.1 < [0.58 W
Power —High SR 3.3.1.1.2 + 62]% RTP and
SR 3.3.1.1.8 < [115.5]% RTP
SR 3.3.1.1.11 (b)
SR 3.3.1.1.13 4dl
{continued)

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

(b) [0.58 W + 62% - 0.58 AWIRTP when reset for single loop operation per LCO 3.4.1, "Recirculation
Loops Operating."

(¢) Each APRM channel provides inputs to both trip systems.’

e ied APRM flow-biased setpointg defin

ith D ] f)_inopexat e o ied g ; 2 R
be_required to implement the Automated BSP Scram Region in accordance with Action I of this Specification,

BWR/4 STS 3.3-7 Rev 1, 04/07/95
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RPS Instrumentation
3.3.1.1
Table 3.3.1.1-1 (page 2 of 3)
Reactor Protection System Instrumentation
I?UNCTION APPLICABLE REQUIRED CONDITIONS SURVEILLANCE ALLOWABLE
MODES OR CHANNELS REFERENCED REQUIREMENTS VALUE
OTHER PER TRIP FROM
SPECIFIED SYSTEM REQUIRED
CONDITIONS ACTION D.1
2. Average Power Range
Monitors (continued)
c. Neutron Plux—High 1 3@ F SR 3.3.1.1.1 < [1201% RTP
. SR 3.3.1.1.2
SR 3.3.1.1.8
SR 3.3.1.1.11
SR 3.3.1.1.13
[ )
d. Inop 1,2 3(c) [¢] SR 3.3.1.1.11 NA
e. 2-0ut-Of-4 Voter 1,2 2 G SR 3.3.1.1.1 NA
SR 3.3.1.1.11
SR 3.3.1.1.15
SR 3.3.1.1.17
£. OPRM Upscale > [2520]% (c) 1 SR 3.3.1.1.1 et
L RTP;,% 3 : SR- 3.3.1.1.8 NA
(e} SR 3.3.1.1.11
S ) SR 3.3.1.1.13
3. Reactor Vessel Steam 1,2 [2] G SR 3.3.1.1.1 < [1054] psig
Dome Pressure-—High SR 3.3.1.1.9
[SR 3.3.1.1.10]
SR 3.3.1.,1.13
* SR 3.3.1.1.15
SR 3.3.1.1.17
4. Reactor Vessel Water 1,2 [21 G SR 3.3.1.1.1 2 [10] inches
Level —Low, Level 3 SR 3.3.1.1.9
[SR 3.3.1.1.10}
SR 3.3.1.1.13
SR 3.3.1.1.15
SR 3.3.1.1.17
5. Main Steam Isolation 1 [8] F SR 3.3.1.1.9 < [10]% closed
Valve — Closure . SR 3.3.1.1.13
SR 3.3.1.1.15
SR 3.3.1.1.17
6. Drywell Pressure-—High 1,2 2] G SR 3.3.1.1.1 < [1.92] psi
e g SR 3.3.1.1.9 ! psig
sk 3.3.1.1.10)
SR 3.3.1.1.13
SR 3.3.1.1.15
(continued)
{(c) Each APRM channel provides inputs to both trip systems. e o i
Followina DSS-CD implementation, DSS-CD is not required be armed while 'in the DSS- ed
Region during the first reactor gtartup and during the first controlled shutdown that passes b
mpletel hrough th S~ rmed Region. However, DSS-CD shall be O LE and_capable o N
automatical rmin nsistent with Reference [17] for operation at recirculation drive flow

rates above the DSS-CD Armed Region. The DSS-CD Armed Region is defined in Reference [17].

BWR/4 STS : 3.3-8 ' Rev 1, 04/07/95
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RPS Instrumentation

3.3.1.1
. Table 3.3.1.1-1 (page 3 of 3)
- Reactor Protection System Instrumentation
FUNCTION APPLICABLE REQUIRED CONDITIONS SURVEILLANCE ALLOWABLE
MODES OR CHANNELS REFERENCED REQUIREMENTS VALUE
OTHER PER TRIP . FROM
SPECIFIED SYSTEM REQUIRED
CONDITIONS ACTION D.1
7. Scram Discharge Volume
Water Level —High
a. Resistance 1,2 [2] G SR 3.3.1.1.1 < [57.15]
Temperature SR 3.3.1.1.9 gallons
Detector [SR 3.2.1.1.10)
SR 3.3.1.1.13
SR 3.3.1.1.15
5fa) ) [2] H SR 23.3.1.1.1 < [57.15)
SR 3.3.1.1.9 gallons
[SR 3.3.1.1.10}
SR 3.3.1.1.13
SR 3.3.1.1.15
b. Float Switch 1,2 [2]1 G SR 3.3.1.1.9 < [57.15})
SR 3.3.1.1.13 gallons
] SR 3.3.1.1.15
5 (a) [2] H SR 3.3.1.1.9 < (57.15]
SR 3.3.1.1.13 gallons
SR 3.3.1.1.15
8. Turbine Stop Valve— 2 [30)% [4] E SR 3.3.1.1.9 < {101% closed
Closure RTP [SR 3.3.1.1.10)
SR 3.3.1.1.13
SR 3.3.1.1.15
SR 3.3.1.1.16
SR 3.3.1.1.17
9. Turbine Control Valve > [30)% [2] E SR 3.3.1.1.9 2 (600] psig
Fast Closure, Trip 0il RTP [SR 3.3.1.1.10]
Pressure — Low SR 3.3.1.1.13
SR 3.3.1.1.15
SR 3.3.1.1.16
SR 3.3.1.1.17
10. Reactor Mode Switch— 1,2 [2] G SR 3.3.1.1.12 NA
Shutdown Position ) SR 3.3.1.1.15
5 (a) (2] H SR 3.3.1.1.12 NA
_ SR 3.3.1.1.15
11. Manual Scram 1,2 [2] - G SR 3.3.1.1.5 NA
SR 3.3.1.1.15
5(a) [2) H SR 3.3.1.1.5 NA
SR 3.3.1.1.15

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

NO CHANGE TO THIS PAGE

BWR/4 STS 3.3-9 Rev 1, 04/07/95
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5.6 Reporting Requirements - (continued)

5.6.5 CORE_OPERATING LIMITS REPORT (COLR)

a.

Core operating limits shall bé 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 individual specifications that address core operating

limits must be referenced here.

[For DSS-CD, the following is required in addition to the

normal list of limits:]

b.

| Identify the Topical Report(s) by number and title or identify

Speeifiecation—3-3+1-%

1. The Manual Backup Stability Protection (BSP) Scram Region
(Region I), the Manual BSP Controlled Entry Region (Region
II), [the modified APRM flow-biased setpoints used in the
Automated BSP Scram Region, or the BSP Boundary] for
Specification 3.3.1.1.

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

the staff Safety Evaluation Report for a plant specific
methodology by NRC letter and date. The COLR will contain the
complete identification for each of the TS referenced topical
reports used to prepare the COLR (i.e., report number, title,
revigion, date, and any supplements.

The core operating limits 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 analysgis limits,
and accident analysis limits) of the safety analysis are met.

The COLR, including any midcycle revisions or supplements,

shall be provided upon issuance for each reload cycle to the

NRC. : ‘
(continued)

BWR/4 STS

3.3-20 Rev 1, 04/07/95
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5.6 Reporting Requirements (continued)

5.6.9 OPRM Report

When a report is regquired by Condition I of LCO 3.3.1.1, “RPS :
Instrumentation," a report shall be submitted within 90 days of entering
the LCO. The report shall outline the preplanned means to provide backup
stability protection, the cause of the inoperability, and the plans and

schedule for restoring the required instrumentation channels to OPERABLE
status.

BWR/4 STS . 5.0-22 Rev 1, 04/07/95
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RPS Instrumentation
B 3.3.1.1

APPLICABLE
SAFETY ANALYSES,
LCO, and
APPLICABILITY.

BWR/6 STS Note:

The wording of the BASES descriptions of APRM Functions is somewhat different
from the corresponding Functions for the BWR/4 ISTS to reflect slight differences in
the architecture. However, the replacement text will be very similar to that shown in
this example mark-up. :

Average Power Randge 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. ' Each APRM also

BWR/4 STS

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 (A1, A2, Bl, and B2). 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. 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. 1In 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]l LPRM inputs from each of the four
axial levels at which the LPRMs are located, must be :dperable
for each APRM channel. For the OPRM Upscale,; Function 2.f,
LPRMs are assigned to “cells” of [4] detectors.: A minimum of
[later] cells, each with a minimum of [2} LPRMs, must be
OPERABLE for the OPRM Upscale Function 2.f to be OPERABLE.

NO CHANGE TO THIS PAGE L
B 3.3-7 Rev 1, 04/07/95
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RPS Instrumentation
B 3.3.1.1

' APPLICABLE

SAFETY ANALYSES,

LCO, and
APPLICABILITY

BWR/4 STS

2.4. Average Power Range Monitor—Inop

Three of the four APRM channels are required to be OPERABLE
for each of the APRM Functions. This Function (Inop) prov1des
assurance that the m1nimum number of APRM channels are
OPERABLE.

For any APRM channel, any time its mode switch is in any
position other than "Operate," an APRM module 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. 1Inop trips from two or more unbypassed APRM channels
result in a trip output from all four voter channels to their
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. 2-0Out-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-Out-0f-4 Voter Function
needs to be OPERABLE in MODES 1 and 2.

All 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 2-Out-0f-4 Voter Function votes APRM Functions 2.a, 2.b,
2.c, and 2.d independently of Function 2.f. The voter also
includes  separate outpiuts to RPS for the two independently
voted sets of Functions, each of which is redundant (four total
outputs). The voter Function 2.e must be declared inoperable
if any of its functionality is inoperable. However, due to the
independent voting of APRM trips, and the redundancy of
outputs, there may be conditions where the voter Function 2.e
is inoperable, but trip capability for one or more of the other
APRM Functions throughithat:-voter is still maintained. This
may be considered when.determining the condition of other APRM
Functions resulting from part1a1 inoperability of the Voter
Function 2.e.

There is no Allowable Value‘for this Function.

NO CHANGE TO THIS PAGE '
: B 3.3-13 Rev 1, 04/07/95
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RPS Instrumentation

B 3.3.1.1
BASES
APPLICABLE .
SAFETY ANALYSES, 2.f. Oscillation Power Range Monitor (OPRM) Upscale
LCO, and : .
The OPRM Upscale Function provides compliance with GDC 10 and

APPLICABILITY

GDC 12, thereby providing protection from exceeding the fuel
MCPR safety limit (SL) due to anticipated thermal-hydraulic
power oscillations. ’

Reference [17] describes the Detect and Suppress - Confirmation

Density (DSS-CD) long-term stabilityv solution and the licensing
basis Confirmation Density Algorithm (CDA). and-Reference [17]

also describes the DSS-CD Armed Region and theReferenees—{12}—
+13}—and—f34}-desexribe three additional algorithms for
detecting thermal-hydraulic instability related neutron flux
oscillations: the period based detection algorithm (PBDA), the
amplitude based algorithm_(ABA), and the growth rate algorithm_
{(GRA) . All +hreefour algorithms are implemented in the OPRM
Upscale Function, but the safety analysis takes credit only for
the pe%&eé»baseé—ée%ee%&eﬁ-a}gefiethDA The remaining three
algorithms provide defense in depth and additional protection
against unanticipated oscillations. OPRM Upscale Function

OPERABILITY for Teehniecal-Speecifieation—purpeses—is based only
on the peried-based—deteetion—-algorithmCDA.

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.

DSS-CD operability requires at least 8 responsive OPRM cells
per channel.

The OPRM Upscale Function is required to be OPERABLE when the

plant is [at =2greater than or equal to f25}% RTP_below the
lower boundary of the Armed Region, which is 20% RTP or in Mode

1], encompassing the region of power-flow operation where
anticipated events could lead to thermal- hydraullc 1nstab111ty
and related neutron flux oscillations. i

£The automatic trip is enabled when THERMAL POWER, as 1nd1cated
by the APRM Simulated Thermal Power, is greater than or eqgual
to the 2{36}%-RTP corregponding to the plant-specific MCPR

monitoring threshold and reactor eere—flow,—as—indieatedby—

recirculation drive flow, is <_less than [6675 for MELLLA+ or

70 for MELLLAl% of rated flow+—the—eperating region-where-
aetuwal-thermal -hydrauvlie-ogeillationsmayoeeur

Note e allows for entry into the DSS-
CD Armed Region without automatic arming of DSS-CD prior to
completely passing though the DSS-CD Armed Region during both a

single startup and a single shutdown following DSS-CD
implementation. Note e reflects the need for plant data
collection in order to test the DSS-CD equipment. Testing the
DSS-CD equipment ensures its proper operation and prevents
spurious reactor trips. Entry into the DSS-CD Armed Region
without automatic arming of DSS-CD during this initial testing
phase also allows for changes in plant operations to address

A-15
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maintenance or other operational needs. However, during this
initial testing period, DSS-CD operability and capability to
automatically arm shall be maintained at recirculation drive
flow _rates above the DSS-CD Armed Region.

An OPRM Upscale trip is issued from an APRM—OPRM channel when
the perieod-based deteetionconfirmation density algorithm in
that channel detects oscillatory changes in the neutron flux,
indicated by period confirmations and amplitude exceeding
specified setpoints for a specified number of QOPRM cells in the

channel ehe—ee@b&aed—s&gaa}eﬂﬁ?43&%{@Rﬂﬂéaaxﬁfme—ia—a—ee}ir—

the~£fép—eeﬁéiEée&s—wi%%—feea&%—iﬁ—a—ehaﬁﬁe%—%f&p———An OPRM
Upscale trip is also issued from the channel if either-any of
the defense 1n denth alqorlthms (PBDA ABA, GRA) Ehe—gfeweh—

exceed ehelts trlp condltlon for one
or more cells in that channel.

Three of the four channels are required to be operable. 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. There is no allowable value for this function.

B 3.3-13a ‘ Rev 1, 04/07/95
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RPS Instrumentation
B 3.3.1.1

ACTIONS

BWR/4 STS

A.1 and A.27A.1

Because of the diversity of sensors available to provide trip
signals and the redundancy of the RPS design, an allowable out
of service time of 12 hours has been shown to be acceptable
(Ref. 9 and [11]) to permit restoration of any inoperable
channel to OPERABLE status. However, this out of service time
is only acceptable provided the associated 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, 2.4, 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.

NO CHANGE TO THIS PAGE
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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
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 or [11] 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.

Completing one of these Required Actions restores RPS to a
reliability level equivalent to that evaluated in References 9
or [11], 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. '

NO CHANGE TO THIS PAGE
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B.1 and B.2 (continued)

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 [or RPT]), 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, 2.4, 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-of-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 Conditions 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-of-4 voter and other non-APRM
channels, Condition B does not apply.

NO CHANGE TO THIS PAGE
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ACTIONS c.1

Required Action C.1 is intended to ensure that appropriate
actions are taken if multiple, inoperable, untripped channels
within the same trip system for the same Function result in
the Function not maintaining RPS trip capability. A Function
is considered to be maintaining RPS trip capability when
sufficient channels are OPERABLE or in trip (or the associated
trip system is in trip), such that both trip systems will
generate a trip signal from the given Function on a valid
signal. For the typical Function with one-out-of-two taken
twice logic and the IRM and APRM Functions, this would require
both trip systems to have one channel OPERABLE or in trip (or
the associated trip system in trip). For Function 5 (Main
Steam Isolation Valve --Closure), this would require both trip
systems to have each channel associated with the MSIVs in
three main steam lines (not necessarily the same main steam
lines for both trip systems) OPERABLE or in trip (or the
associated trip system in trip).

For Function 8 (Turbine Stop Valve -- Closure), this would
require both trip systems to have three channels, each
OPERABLE or in trip (or the associated trip system in trip).

The Completion Time is intended to allow the operator time to
evaluate and repair any discovered inoperabilities. The

1 hour Completion Time is acceptable because it minimizes risk
while allowing time for restoration or tripping of channels.

E.l, 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.l1 and J.1 are consistent with the
Completion Time provided in LCO 3.2.2, "MINIMUM CRITICAL POWER
RATIO (MCPR)."

NO CHANGE TO THIS PAGE
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I.1

If OPRM Upscale trip capability is not maintained, Condition I
exists_and Backup Stability Protection (BSP) is required.

Refereﬁee—{}}}~3gsE&f%eé—ase—ef—a%%grﬂaEe~m§%heés—eg—ée%eeE—

——The
mManual BSP Regions are described in Reference [17]1. The
alternatemManual BSP Regions metheds—are—are procedurally
established consistent with the guidelines identified in
Reference [3+617] and requireirg specified manual operator
actionseetieon—te—seram—the—plont if certain predefined events—

operational conditions occur.

The Completion Time of immediate is based on the importance of

The—12-hour—allowedactiontime—is bagsed-on—engincering—

whilte—limiting the period of time during which no automatic or
alternate detect and suppress trip capability is fermally—in
place. s , <1

eccurring-at—all,—the 12-hoursis—Judged-teo be-reasonabler

I.2.1 and T.2.2

Actions I.2.1 and 1.2.2 are both required to be taken in
conjunction with Action I.1 if OPRM Upsgcale trip capability is
not maintained. As described in Section 7.4 of Reference
[17], the Automated BSP Scram Redion is designed to avoid
reactor instability by automatically preventing entry into the
region of the power and flow-operating map that is susceptible
to réeactor instability. The reactor trip would be initiated
by the modified APRM flow-biased scram setpoints for flow
reduction events that would have terminated in the Manual BSP
Region I. The Automated BSP Scram Region ensures an early

scram and SIMCPR protection. -

The Completion Time of 12 hours to complete the specified
actions is reasonable, based on operational experience, and

based on the importance of restoring an_automatic reactor trip
for thermal hydraulic instability events. .

Backup Stability Protection is intended as a temporary means
to protection against thermal-hydraulic instability events,

The reporting requirements of Specification 5.6.9 document the
corrective actions and schedule to restore the required
channels to an OPERABLE status. The Completion Time of 90
days is adequate to allow time to evaluate the cause of the
inoperability and to determine the appropriate corrective
actions and schedule to restore the required channels to
OPERABLE status.

J.1

If the Required Actions I are not completed within the
agssociated Completion Times, then Action J isgs required. The
Bases _for the Manual BSP Regiong and associated Completion
Time is addressed in the Bases for I.1. The Manual BSP
Regions are required in conijunction with the BSP Boundary.
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J.2

The BSP Boundary, as desgscribed in Section 7.3 of Reference
[17], defines an operating domain where potential instability
events can be effectively addressed by the specified BSP
manual operator actions. The BSP Boundary is constructed such
that the immediate final statepoint for a flow reduction event

initiated from this boundary and terminated at the core
natural circulation line (NCL) would not exceed the Manual BSP

Region I stability criterion. Potential instabilitieg would
develop slowly as a result of the feedwater temperature

transient (Reference [17].

The Completion Time of 12 hours to complete the specified
actions is reasonable, based on operational experience, to
reach the specific condition from full power conditions in an
orderly manner and without challenging plant system.

J.3

Backup Stability Protection (BSP) is a temporary means for
protection against thermal-hyvdraulic instability events. An
extended period of inoperability without automatic trip
capability is not justified. Consequently, the required
channels are required to be restored to OPERABLE status within

120 days.

7 1 hod 4 3 {1latd

1111 based-on—use—up—to—120days—only-—The evaluation—
bBased on engineering judgment, eeneluded—that—the likelihood
of an instability event that could not be adequately handled
by the alternatemethodsuse of the BSP Regions (See Action
J.1l) and the BSP Boundary (See J.2) during this—a 120-—day
period was—is negligibly small. The 120-day period is
intended te—be—an-eoutside—limit—to allow for the case where
limited 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 orxr
inoperability is expected to normally be accomplished within
the completion times allowed for Actions for Conditions A and
B.

K.1

If the required channels are not restored to OPERABLE status
and the Required Actions of J are not met within the .
associated Completion Times, then the plant must be placed in
an_operating condition in which the LCO does not apply. To
achieve this status, the plant must be brought to at least
[20% RTP or Mode 2] within [4 or 6] hours. The allowed
Completion Time is reasonable, based on operating experience,
to _reach the specified operating power level from full power
conditions in an orderly manner and without challenging plant

systems.

B 3.3-24a Rev 1, 04/07/95
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SR _3.3.1.1.1

Performance. of the CHANNEL CHECK once every 12 hours ensures
that a gross failure of instrumentation has not occurred. A
CHANNEL CHECK is normally a comparison of the parameter
indicated on one channel to a similar parameter on other
channels. It is based on the assumption that instrument
channels monitoring the same parameter should read
approximately the same value. Significant deviations between
instrument channels could be an indication of excessive
instrument drift in one of the channels or something even more
serious. A CHANNEL CHECK will detect gross channel failure;
thus, it is key to verifying the instrumentation continues to
operate properly between each CHANNEL CALIBRATION.

Agreement criteria are determined by the plant staff based on
a combination of the channel instrument uncertainties, :
including indication and readability. If a channel is outside
the criteria, it may be an indication that the instrument has
drifted outside its limit.

The Frequency is based upon operating experience that
demonstrates channel failure is rare. The CHANNEL CHECK
supplements less formal, but more frequent, checks of channels
during normal operational use of the displays associated with
the channels required by the LCO.

SR_3.3.1.1.2

To ensure that the APRMs are accurately indicating the true
core average power, the APRMs are calibrated to the reactor
power calculated from a heat balance. LCO 3.2.4, "Average
Power Range Monitor (APRM) Gain and Setpoints," allows the
APRMs to be reading greater than actual THERMAL POWER to
compensate for localized power peaking. When this adjustment
is made, the requirement for the APRMs to indicate within

2% RTP of calculated power is modified to regquire the APRMs to
indicate within 2% RTP of calculated MFLPD. The Fregquency of
once per 7 days is based on minor changes in LPRM sensitivity,
which could affect the APRM reading between performances of
SR 3.3.1.1.8. .

A restriction to satisfying this SR when < 25% RTP is provided

that requires the SR to be met only at 2 25% RTP because it is

difficult to accurately maintain APRM indication of core

THERMAL POWER consistent with a heat balance when < 25% RTP.’

At low power levels, a high degree of accuracy is unnecessary

because of the large, inherent margin to thermal limits (MCPR
NO CHANGE TO THIS PAGE
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SR _3.3.1.1.6 and SR 3.3.1.1.7 (Continued) -

A Frequency of 7 days is reasonable based on engineering
judgment and the reliability of the IRMs and APRMs.

SR__3.3.1.1.8

LPRM gain settings are determined from the local flux profiles
measured by the Traversing Incore Probe (TIP) System. This
establishes the relative local flux profile for appropriate
representative input to the APRM System. The [1000] MWD/T
Frequency is based on operating experience with LPRM
sensitivity changes.

SR_3.3.1.1.9 and SR 3.3.1.1.12

A CHANNEL FUNCTIONAL TEST is performed on each required
channel to ensure that the entire channel will perform the
intended function. Any setpoint adjustment shall be
consistent with the assumptions of the current plant specific
setpoint methodology. The 92 day Frequency of SR 3.3.1.1.9 is
based on the reliability analysis of Reference 9.

The 18 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 usually
pass the Surveillance when performed at the 18 month
Frequency.

SR _3.3.1.1.10

Calibration of trip units provides a check of the actual trip
setpoints. The channel must be declared inoperable if the
trip setting is discovered to be less conservative than the
Allowable Value specified in Table 3.3.1.1-1. If the trip
setting is discovered to be less conservative than accounted
for in the appropriate setpoint methodology, but is not beyond
the Allowable Value, the channel performance is still within
the requirements of the plant safety analysis. Under these
conditions, the setpoint must be

readjusted to be equal to or more conservative than accounted
for in the appropriate setpoint methodology.

The Frequency of 92 days is based on the reliability analysis
of Reference 9.

NOTE: The addition of ‘[ ]” around the 1000 MWD/T in SR 3.3.1.1.8 above is to recognize that some plants have
Justified 2000 MWD/T. It is not related to the OPRM addition and does not affect the actual APRM change
required by a plant. »

BWR/4 STS
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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
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
only), 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 analysis of Reference [11]. (NOTE: The
actual voting logic of the 2-Out-0f-4 Voter Function is tested
as part of SR 3.3.1.1.15.)

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.

NOTE: The addition of “for Function 2.a” in the above paragraph repeats what the note
actually says for clarity. It is not related to the OPRM addition, and is optional for
APRM changes in that it does not change the actual meaning.

BWR/4 STS

SR _3.3.1.1.13

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 plant specific setpoint
methodology. For the APRM Simulated Thermal Power - High
Function, this SR also includes calibrating the associated
recirculation loop flow channel.

NO CHANGE TO THIS PAGE
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SR 3.3.1.1.13 (continued)

Note 1 states that 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 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 that requires the IRM SRs to be performed within 12
hours of entering MODE 2 from MODE 1. Testing of the MODE 2
IRM 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 associated 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.

The Frequency of SR 3.3.1.1.13 is based upon the assumption of
an 18 month calibration interval in the determination of the
magnitude of equipment drift in the setpoint analysis.
SR_3.3.1.1.14

(Not used.)

SR_3.3.1.1.15

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 18 month Fregquency 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 usually
pass the Surveillance when performed at the 18 month
Frequency.

The LOGIC SYSTEM FUNCTIONAL TEST for APRM Function 2.e
simulates APRM and OPRM trip conditions at the 2-out-of-4
voter channel inputs to check all combinations of two tripped

inputs to the 2-out-o0f-4 logic in the voter channels and APRM
related redundant RPS relays.

NO CHANGE TO THIS PAGE
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SR _3.3.1.1.16

This SR ensures that scrams initiated from the Turbine Stop Valve—
Closure and Turbine Control Valve Fast Closure, Trip 0Oil Pressure
—Low Functions will not be inadvertently bypassed when THERMAL
POWER is 2 30% RTP. This involves calibration of the bypass
channels. Adequate margins for the instrument setpoint
methodologies are incorporated into 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 at THERMAL POWER

2> 30% RTP to ensure that the calibration remains valid.

If any bypass channel's setpoint is nonconservative (i.e., the
Functions are bypassed at 2 30% RTP, either due to open main
turbine bypass valve(s) or other reasons), then the 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 18 months is based on engineering judgment and
reliability of the components.

SR _3.3.1.1.17

This SR ensures that the individual channel response times are
less than or equal to the maximum values assumed in the accident
analysis. This test may be performed in one measurement or in
overlapping segments, with verification that all components are
tested. The RPS RESPONSE TIME acceptance criteria are included
in Reference [ ].

RPS RESPONSE TIME for the APRM 2-0ut-0Of-4 Voter Function (2.e)
includes the output relays of the voter and the associated RPS
relays and contactors. (The digital portion of the APRM and 2-
out-of-4 voter channels are excluded from RPS RESPONSE TIME:
testing because self-testing and /calibration checks[the time base
of the digital electronics. Confirmation of the nime base is:
adequate to assure required response times are‘met.\ Neutron
detectors are excluded from RPS. RESPONSE TIME testlng because the
prlnclples of detector operation virtually ensure an .
instantaneous response time.) ”‘ |

»{ Ex
N

NOTE:  Replacement of Reference *“10” with [ ]" is fo avoid confuslon The NUREG mcludes 5 “1 0" bbt no actual
Reference by that number. The reference should be to the utllltys document contaln/ng response tlme testing
requirements — not identified in this sample mark-up. !
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. {continued)

SR 3.3.1.1.17 (continued

RPS RESPONSE TIME tests are conducted on an 18 month STAGGERED
TEST BASIS. Note 2 requires STAGGERED TEST BASIS Frequency to be
determined based on 4 channels per trip system, in lieu of the 8
channels specified in Table 3.3.1.1-1 for the MSIV Closure
Function. This Frequency is based on the logic interrelationships
of the various channels required to produce an RPS scram signal.
The 18 month Frequency is consistent with the typical industry
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.

(e}

3 1 1
S S
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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-===-=-== oo m oo 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
A2 e-emee--- NOTE--------
Not applicable for
Functions 2.a, 2.b,
2.¢, 2.4, or 2.f.
Place associated trip | 12 hours
system in trip.
B. --------- NOTE--------
Not applicable for
Functions 2.a, 2.b,
2.¢c, 2.4, or 2.f.
One or more Functions |pg 3 Place channel in one 6 hours
w1th.one or more trip system in trip.
required channels OR o
inoperable in both -
trip systems. B.2 Place one trip system | ¢ hours
in trip.
C. One or more Functions c.1 Restore RPS trip 1 hour
with RPS trip capability.
capability not
maintained.
(continued)
NO CHANGE TO THIS PAGE '
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3.3.1.1

CONDITION REQUIRED ACTION COMPLETION TIME
D. Required Action and D.1 Enter the Condition Immediately
associated Completion referenced in
Time of Condition A, Table 3.3.1.1-1 for
B, or C not met. the channel.
. E. As required by E.1 Reduce THERMAL POWER 4 hours
Required Action D.1 to < [30]% RTP.
and referenced in
Table 3.3.1.1-1.
F. BAs required by F.1 Be in MODE 2. 6 hours
Required Action D.1
and referenced in
Table 3.3.1.1-1.
G. As required by G.1 Be in MODE 3. 12 hours
Required Action D.1
and referenced in
Table 3.3.1.1-1.
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.
I. As required by I.1 Initiate action to Immediately
Required Action D.1 implement the Manual
and referenced in BSP -Regions defined
Table 3.3.1.1-1. in the COLR. o
AND
I.2.1 Implement the
Automated BSP Scram ‘
Region using the R
modified APRM flow- ;Zghpura‘
biased scram SR,
setpoints defined in g
the’ COLR. 1
AND
I.2.2 Initiate action in

accordance with
Specification 5.6.9.
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CONDITION REQUIRED ACTION COMPLETION TIME
J. Required Action and J.1 Initiate action to Immediately
associated Completion implement the Manual BSP
Time of Condition I not Regions defined in the
met. COLR.
AND

J.2 Reduce operation to below | 12 hours
the BSP Boundary defined '
in the COLR.

J.3 Restore required channel 120 days
to OPERABLE

K. Required Action and K.1 [Reduce THERMAL POWER [4 or 6] hours
associated Completion - to less than [20]% RTP
Time of Condition J or Be in Mode 2].
not met.

BWR/4 STS 3.3-2 Rev 1, 04/07/95
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SURVEILLANCE REQUIREMENTS

- - - - - - - 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

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

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

< 2% RTP [plus any gain adjustment
required by LCO 3.2.4, "Average Power
Range Monitor (APRM) Setpoints"] while
operating at 2 25% RTP.

7 days

SR 3.3.1.1.3

(Not used.)

"SR 3.3.1.1.4

Not required to be performed when
entering MODE 2 from MODE 1 until
12 hours after entering MODE 2.

- Perform CHANNEL FUNCTIONAL TEST.

7 days

BWR/4 STS
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RPS Instrumentation

3.3.1.1
SURVEILLANCE REQUIREMENTS (continued)
SURVEILLANCE FREQUENCY
SR 3.3. .5 Perform CHANNEL FUNCTIONAL TEST. 7 days
SR 3.3. .6 Verify the source range monitor (SRM) and | Prior to
intermediate range monitor (IRM) channels | withdrawing
overlap. SRMs from the
: fully inserted
position
SR 3.3.1.1.7  =-=e-s;eemcccccca-- NOTE--==--==ecmmmmcmmen 7 dave
Only required to be met during entry into ¥
MODE 2 from MODE 1.
Verify the IRM and APRM channels overlap.
SR 3.3. .8 Calibrate the local power range monitors. {1000] MWD/T
: average core
exposure
SR 3.3 .9 Perform CHANNEL FUNCTIONAL TEST. [92] days
e : -—+
ISR 3.3 .10 Calibrate the trip units. [92] days !
+-- -—+
(continued)

NOTE: The addition of “[ ]” around the 1000 MWD/T in SR 3.3.1.1.8 above is to
recognize that some plants have justified 2000 MWD/T. It is not related to the
OPRM addition and does not affect the actual APRM change required by a plant.

BWR/4 STS
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RPS Instrumentation
3.3.1.1

SURVEILLANCE REQUIREMENTS (continued)
SURVEILLANCE FREQUENCY

SR 3.3.1.1.11 ~-=-c--e--mmeemen NOTE-=====m===n- —————
For Function 2.a, not required to be 184 days
performed when entering MODE 2 from MODE
1 until 12 hours after entering MODE 2.

Perform CHANNEL FUNCTIONAL TEST.

SR 3.3.1.1.12 Perform CHANNEL FUNCTIONAL TEST. | [18] months

SR 3.3.1.1.13 ------m-o-mm—emmm NOTES=~=-w-mmemm e e e
1. Neutron detectors are excluded. {18] months
2. For Function 1, not required to be
performed when entering MODE 2 from
MODE 1 until 12 hours after entering
MODE 2.

Perform CHANNEL CALIBRATION.

SR 3.3.1.1.14 (Not used.)

SR 3.3.1.1.15 Perform LOGIC SYSTEM FUNCTIONAL TEST. {18] months

(continued)

NO CHANGE TO THIS PAGE

BWR/4 STS 3.3-5 Rev 1, 04/07/95



NEDO-33075, REVISION 5
NON-PROPRIETARY VERSION

RPS Instrumentation

3.3.1.1
SURVEILLANCE REQUIREMENTS (continued)
SURVEILLANCE FREQUENCY
SR 3.3.1.1.16  Verify Turbine Stop Valve—Closure and [18) months
Turbine Control Valve Fast Closure, Trip
0il Pressure—Low Functions are not
bypassed when THERMAL POWER is
2 [30]% RTP.
SR 3.3.1.1.17 ~=--=-e-memme—eeen- NOTES~-====m-===m-mmmmmmm : _
1. Neutron detectors are excluded. (18] months on
2. For Function 5 "n" equals 4 channels a STAGGERED
for the purpose of determining the TEST BASIS
STAGGERED TEST BASIS Frequency.
Verify the RPS RESPONSE TIME is within
limits.
BWR/4 STS 3.3-6 ' Rev 1, 04/07/95
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RPS Instrumentation

3.3.1.1
Table 3.3.1.1-1 (page 1 of 3)
Reactor Protection System Instrumentation
FUNCTION APPLICABLE REQUIRED CONDITIONS SURVEILLANCE ALLOWABLE
MODES OR CHANNELS REFERENCED REQUIREMENTS VALUE
OTHER PER TRIP FROM
SPECIFIED SYSTEM REQUIRED
CONDITIONS ACTION D.1
1. Intermediate Range
Monitors
2 [3] G SR 3.3.1.1.1 < [120/125]
a. Neutron Flux-—High SR 3.3.1.1.4 divisions of
SR 3.3.1.1.6 full scale
SR 3.3.1.1.7
SR 3.3.1.1.13
SR 3.3.1.1.15
sla) {31 H SR 3.3.1.1.1 < [120/125]
SR 3.3.1.1.5 divisions of
SR 3.3.1.1.13 full scale
SR 3.3.1.1.15
b. Inop 2 (3] G SR 3.3.1.1.4 NA
SR '3.3.1.1.15
5(a) [3) H SR 3.3.1.1.5 NA
SR 3.3.1.1.15
2. Average Power Range
Monitors
a. Neutron Flux—High, 2 2 G SR 3.3.1.1.1 < (20)% RTP
{Setdown) ) ) SR 3.3.1.1.7
SR 3.3.1.1.8
SR 3.3.1.1.11
SR 3.3.1.1.13
b. Simulated Thermal 1 (e} P SR 3.3.1.1.1 < [0.58 W
i 3 SR 3.3.1.1.2
Power —High -3.1.1. + 62]1% RTP and
SR 3:3.1.2-8 < n1s.51% This
3Ty advance down
SR 3.3.1.1.13 01 code was
inserted to
comply with
editor's

request for
added space to
keep the "(b)"
from running
into the line
above

--bk 8/17/92RTP
(b} (d)

(continued)

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

(b) [0.58 W + 62% - 0.58 AW]}RTP when reset for single léop operation per LCO 3.4.1, "Recirculation
Loops Operating.” : ) -

(c) Each APRM channel provides inputs to both tti§ #ystems.

{d) Wwith OPRM Upscale (function 2.f) inoperable, the modified APRM flow-biased setpoints defined by the COLR may
be required to implement the Automated BSP Scram Region in accordance with Action I of this Specification.

BWR/4 STS 3.3-7 Rev 1, 04/07/95
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RPS Instrumentation
3.3.1.1
Table 3.3.1.1-1 (page 2 of 3)
Reactor Protection System Instrumentation
FUNCTION APPLICABLE REQUIRED CONDITIONS SURVEILLANCE ALLOWABLE
MODES OR CHANNELS REFERENCED REQUIREMENTS VALUE
OTHER PER TRIP FROM
SPECIFIED SYSTEM REQUIRED
CONDITIONS ACTION D.1
2. Average Power Range
Monitors (continued)
¢.  Neutron Flux—High 1 ;@ F SR 3.3.1.1.1 < [120]% RTP
SR 3.3.1.1.2
SR 3.3.1.1.8
SR 3.3.1.1.11
SR 3.3.1.1.13
[ 1
d. Inop 1,2 3@ [c} SR 3.3.1.1.11 NA
e. 2-0Out-0Of-4 Voter 1,2 2 G SR 3.3.1.1.1 NA
SR 3.3.1.1.11
SR 3.3.1.1.15
SR 3.3.1.1.17
f. OPRM Upscale [z [20]% 3(=) b3 SR 3.3.1.1.1 NA
RTP or SR 3.3.1.1.8
(e} SR 3.3.1l.1.11
1] ) . SR 3.3.1.1.13
3. Reactor Vessel Steam 1,2 [2} G SR ' 3.3.1.1.1 < [1054] psig
Dome Pressure-—High SR 3.3.1.1.9
[SR 3.3.1.1.10]}
SR 3.3.1.1.13
SR 3.3.1.1.15
SR 3.3.1.1.17
4. Reactor Vessel Water 1,2 (21 G SR 3.3.1.1.1 2 [10] inches
Level —Low, Level 3 SR 3.3.1.1.9
fSR 3.3.1.1.10]
SR 3.3.1.1.13
SR 3.3.1.1.15
SR 3.3.1.1.17
5. Main Steam Isolation 1 {8} P SR 3.3.1.1.9 < [101% closed
Valve — Closure . SR 3.3.1.1.13
SR 3.3.1.1.15
SR 3.3.1.1.17
6. Drywell Pressure-—High 1,2 (2] G SR 3.3.1.1.1 < [1.92] psi
i 9 SR 3.3.1.1.9 psig
[SR 3.3.1.1.10]
SR 3.3.1.1.13
SR 3.3.1.1.15

; (continued)
Lo

(¢) Each APRM channel provides inputs to both' trip i:s;’?atems.

{e) Following DSS-CD implementation, DSS-CD i5 .not ‘required to be armed while in the DSS-CD Armed
Region during the first reactor startup and during the first controlled shutdown that passes
completely through the DSS-CD Armed Region. ' Héwever, DSS-CD shall be OPERABLE and capable of
automatically arming consistent with Reference {17] for operation at recirculation drive flow
rates above the DSS-CD Armed Region. The DSS-CD Armed Region is defined in Reference [17].

BWR/4 STS 3.3-8 Rev 1, 04/07/95
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RPS Instrumentation

3.3.1.1
Table 3.3.1.1-1 (page 3 of 3)
Reactor Protection System Instrumentation
FUNCTION APPLICABLE RBQUIREB CONDITIONS SURVEILLANCE ALLOWABLE
MODES OR CHANNELS REFERENCED REQUIREMENTS VALUE
OTHER PER TRIP FROM
SPECIFIED SYSTEM REQUIRED
CONDITIONS ACTION D.1
7. Scram Discharge Volume
Water Level —High
a. Resistance 1,2 - 121 <] SR 3.3.1.1.1 < [57.15]
Temperature SR 3.3.1.1.9 gallons
Detector [SR 3.3.1.1.10]
SR 3.3.1.1.13
SR 3.3.1.1.15
s(a) [21 H SR 3.3.1.1.1 < [57.15)
SR 3.3.1.1.9 gallons
{SR 3.3.1.1.10)
SR 3.3.1.1.13
SR 3.3.1.1.15
b. Float Switch 1,2 (2} [] SR 3.3.1.1.9 S (57.15)
SR 3.3.1.1.13 gallons
SRA 3.3.1.1.15
5(a) [21 H SR 3.3.1.1.9 < [57.15]
SR 3.3.1.1.13 gallons
SR 3.3.1.1.15
8. Turbine Stop Valve— 2 [30)% (4] E SR 3.3.1.1.9 < [10)% closed
Closure RTP {SR 3.3.1.1.10] )
: SR 3.3.1.1.13
SR 3.3.1.1.15
SR 3.3.1.1.16
SR 3.3.1.1.17
9. Turbine Control Valve 2 [30]% [21 E SR 3.3.1.1.9 2 [600] psig
Fast Closure, Trip 0il RTP [SR 3.3.1.1.10)
Pressure — Low SR 3.3.1.1.13
SR 3.3.1.1.15
SR 3.3.1.1.16
SR 3.3.1.1.17
10. Reactor Mode Switch— 1,2 [2) G SR 3.3.1.1.12 NA
Shutdown Position SR 3.3.1.1.15
5la) . 21 H SR 3.3.1.1.12 NA
‘ SR 3.3.1.1.15
11. Manual Scram 1,2 [2] ‘G SR 3.3.1.1.5 NA
SR 3.3.1.1.15
s(a) [2] H SR 3.3.1.1.5 Na
' SR 3.3.1.1.15

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

NO CHANGE TO THIS PAGE
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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 relocad cycle, and
shall be documented in the COLR for the following:

The individual specifications that address core operating
limits must be referenced here.

[For DSS-CD, the following is required in addition to the
normal list of limits:]

1. The Manual Backup Stability Protection (BSP) Scram Region
(Region I), the Manual BSP Controlled Entry Region (Region
I1), [the modified APRM flow-biased setpoints used in the
Automated BSP Scram Region, or the BSP Boundary] for
Specification 3.3.1.1.

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

"Identify the Topical Report(s) by number and title or identify
the Staff Safety Evaluation Report for a plant specific
methodology by NRC letter and date. The COLR will contain the
complete identification for each of the TS referenced topical
reports used to prepare the COLR (i.e., report number, title,
revision, date, and any supplements.

c. The core operating limits 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 midecycle revisions or supplements,
shall be provided upon issuance for each reload cycle to the
NRC. ' )
(continued)
BWR/4 STS : 3.3-20 ~ Rev 1, 04/07/95
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5.6 Reporting Requirements (continued).

5.6.9 OPRM Report

When a report is required by Condition I of LCO 3.3.1.1, "RPS
Instrumentation," a report shall be submitted within 90 days of enterlng
the LCO. The report shall outline the preplanned means to provide backup
stability protection, the cause of the inoperability, and the plans and
schedule for restoring the required instrumentation channels to OPERABLE
status.

| |
i1, 04/07/95

e

moo
S
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RPS Instrumentation
B 3.3.1.1

APPLICABLE
SAFETY ANALYSES,
LCO, and
APPLICABILITY

BWR/6 STS Note:

BWR/4 STS

. The wording of the BASES descriptions of APRM Functions is somewhat different

from the corresponding Functions for the BWR/4 ISTS to reflect slight differences in
the architecture. However, the replacement text will be very similar to that shown in
this example mark-up. :

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. 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.¢, 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, A2, Bl, and B2). 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. 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. For the OPRM Upscale, Function 2.f,
LPRMs are assigned to "“cells” of [4] detectors. A minimum of
[later] cells, each with a minimum of [2] LPRMs, must be
OPERABLE for the OPRM Upscale Function 2.f to be OPERABLE.

NO CHANGE TO THIS PAGE i
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RPS Instrumentation
B 3.3.1.1

APPLICABLE
SAFETY ANALYSES,
LCO, and
APPLICABILITY

2.d. Average Power Range Monitor—Inop

Three of the four APRM channels are required to be OPERABLE
for each of the APRM Functions. This Function (Inop) provides
assurance that the minimum number of APRM channels are
OPERABLE.

For any APRM channel, any time its mode switch is in any
position other than "Operate," an APRM module 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 all four voter channels to their
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. 2-0Out-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-Out-0f-4 Voter Function
needs to be OPERABLE in MODES 1 .and 2.

All 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 2-Out-0f-4 Voter Function votes APRM Functions 2.a, 2.b,
2.c, and 2.d independently of Function 2.f. The voter also
includes separate outputs:to RPS for the two independently :
voted sets of Functions, each of which is redundant (four total
outputs). The voter Function 2.e must be declared inoperable

" if any of its functionality:is inoperable. However, due to the

BWR/4 STS

independent voting of APRM;trips, and the redundancy of
outputs, there may be conditions where the voter Function 2.e
is inoperable, but trip capability for one or more of the other
APRM Functions through that wvoter is still maintained. This
may be considered when determining the condition of other APRM
Functions resulting from partial inoperability of the Voter
Function 2.e.

There is no Allowable Value for this Function.

NO CHANGE TO THIS PAGE
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RPS Instrumentation

B 3.3.1.1
BASES
APPLICAELE .
SAFETY ANALYSES, 2.f. Oscillation Power Range Monitor (OPRM) Upscale
LCO, and _ .
APPLICABILITY The OPRM Upscale Function provides compliance with GDC 10 and

GDC 12, thereby providing protection from exceeding the fuel
MCPR safety limit (SL) due to anticipated thermal- -hydraulic
power oscillations.

Reference [17] describes the Detect and Suppress - Confirmation
Density (DSS-CD) long-term stability solution and the licensing
basis Confirmation Density Algorithm (CDA). Reference {17]
also describes the DSS-CD Armed Region and the three additional
algorithms for detecting thermal-hydraulic instability related
neutron flux oscillations: the period based detection
algorithm (PBDA), the amplitude based algorithm (ABA), and the
growth rate algorithm (GRA). All four algorithms are
implemented in the OPRM Upscale Function, but the safety
analysis takes credit only for the CDA. The remaining three
algorithms provide defense in depth and additional protection
against unanticipated oscillations. OPRM Upscale Function
OPERABILITY is based only on the CDA.

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.

DSS-CD operability requires at least 8 responsive OPRM cells
per channel.

The OPRM Upscale Function is required to be OPERABLE when the
plant is [at greater than or equal to 5% RTP below the lower
boundary of the Armed Region, which is 20% RTP or in Mode 1],
encompassing the region of power-flow operation where
anticipated events could lead to thermal-hydraulic instability
and related neutron flux oscillations. The automatic trip is
enabled when THERMAL POWER, as indicated by the APRM Simulated
Thermal Power, is greater than or equal to the RTP
corresponding to the plant-specific MCPR monitoring threshold
and reactor recirculation drive flow, is 1less than [75 for
MELLLA+ or 70 for MELLLA]% of rated flow. Note e allows for
entry into the DSS-CD Armed Region without automatic arming of
DSS-CD prior to completely passing though the DSS-CD Armed
Region during both a single startup and a single shutdown
following DSS-CD implementation. Note e reflects the need for
plant data collection in order to test the DSS-CD equipment.
Testing the DSS-CD equipment ensures its proper operation and
prevents spurious reactor trips. Entry into the DSS-CD Armed
Region without automatic arming of DSS-CD during this initial
testing phase also allows for changes in plant operations to
address maintenance or other operational needs. However,
during this initial testing period, DSS-CD operability and
capability to automatically arm shall be maintained at
recirculation drive flow rates above the DSS-CD Armed Region.

An OPRM Upscale trip is issued from an OPRM channel when the
confirmation density algorithm in that channel detects
oscillatory changes in the neutron flux, indicated by period
confirmations and amplitude exceeding specified setpoints for a
specified number of OPRM cells in the channel. An OPRM Upscale
trip is also issued from the channel if any of the defense-in-
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depth algorithms (PBDA, ABA, GRA) exceed its trip condition for ]
one or more cells in that channel.

Three of the four channels are required to be operable. 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. There is no allowable value for this function.

BWR/4 STS : B 3.3-13a Rev 1, 04/07/95
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RPS Instrumentation
B 3.3.1.1

ACTIONS

BWR/4 STS

A.1 and A.2A.1

Because of the diversity of sensors available to provide trip
signals and the redundancy of the RPS design, an allowable out
of service time of 12 hours has been shown to be acceptable
(Ref. 9 and [11]) to permit restoration of any inoperable
channel to OPERABLE status. However, this out of service time
is only acceptable provided the associated 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, 2.4, or 2.f. Inoperability of one required APRM
channel affects both trip systems. For that condition,
Required Action A.l1 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.

.NO CHANGE TO THIS PAGE
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RPS Instrumentation
B 3.3.1.1

ACTIONS

BWR/4 STS

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
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 or [11] 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.

Completing one of these Required Actions restores RPS to a
reliability level equivalent to that evaluated in References 9
or [11), 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 channelg 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.
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B.1 and B.2 (continued)

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 [or RPT]), 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-of-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 Conditions 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-of-4 voter and other non-APRM
channels, Condition B does not apply.
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c.1

Required Action C.1 is intended to ensure that appropriate
actions are taken if multiple, inoperable, untripped channels
within the same trip system for the same Function result in

- the Function not maintaining RPS trip capability. A Function

is considered to be maintaining RPS trip capability when
sufficient channels are OPERABLE or in trip (or the associated
trip system is in trip), such that both trip systems will
generate a trip signal from the given Function on a valid
signal. For the typical Function with one-out-of-two taken
twice logic and the IRM and APRM Functions, this would require
both trip systems to have one channel OPERABLE or in trip (or
the associated trip system in trip). For Function 5 (Main
Steam Isolation Valve --Closure), this would require both trip
systems to have each channel associated with the MSIVs in
three main steam lines (not necessarily the same main steam
lines for both trip systems) OPERABLE or in trip (or the
associated trip system in trip).

For Function 8 (Turbine Stop Valve -- Closure), this would
require both trip systems to have three channels, each
OPERABLE or in trip (or the associated trip system in trip).

The Completion Time is intended to allow the operator time to
evaluate and repair any discovered inoperabilities. The

1 hour Completion Time is acceptable because it minimizes risk
while allowing time for restoration or tripping of channels.

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. 1In 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 (MCPER)."

NO CHANGE TO THIS PAGE
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I.1

If OPRM Upscale trip capability is not maintained, Condition I
exists and Backup Stability Protection (BSP) is required. The
Manual BSP Regions are described in Reference [17]. The
Manual BSP Regions are procedurally established consistent
with the guidelines identified in Reference [17] and require
specified manual operator actions if certain predefined
operational conditions occur. '

The Completion Time of immediate is based on the importance of
limiting the period of time during which no automatic or
alternate detect and suppress trip capability is in place.

I.2.1 and T1.2.2

Actions I.2.1 and I.2.2 are both required to be taken in
conjunction with Action I.1 if OPRM Upscale trip capability is
not maintained. As described in Section 7.4 of Reference
[17], the Automated BSP Scram Region is designed to avoid
reactor instability by automatically preventing entry into the
region of the power and flow-operating map that is susceptible
to reactor instability. The reactor trip would be initiated
by the modified APRM flow-biased scram setpoints for flow
reduction events that would have terminated in the Manual BSP
Region I. The Automated BSP Scram Region ensures an early
scram and SLMCPR protection.

The Completion Time of 12 hours to complete the specified
actions is reasonable, based on operational experience, and
based on the importance of restoring an automatic reactor trip
for thermal hydraulic instability events.

Backup Stability Protection is intended as a temporary means
to protection against thermal-hydraulic instability events. -
The reporting requirements of Specification 5.6.9 document the
corrective actions and schedule to restore the required
channels to an OPERABLE status. The Completion Time of 90
days is adequate to allow time to evaluate the cause of the
inoperability and to determine the appropriate corrective
actions and schedule to restore the required channels to
OPERABLE status. '

J.1

If the Required Actions I are not completed within the
associated Completion Times, then Action J is required. The
Bases for the Manual BSP Regions and associated Completion
Time is addressed in the Bases for I.1. The Manual BSP
Regions are required in conjunction with the BSP Boundary.

J.2

The BSP Boundary, as described in Section 7.3 of Reference
[17), defines an operating domain where potential instability
events can be effectively addressed by the specified BSP
manual operator actions. The BSP Boundary is constructed such
that the immediate final statepoint for a flow reduction event
initiated from this boundary and terminated at the core
natural circulation line (NCL) would not exceed the Manual BSP
Region I stability criterion. Potential instabilities would
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develop slowly as a result of the feedwater temperature
transient (Reference [17].

The Completion Time of 12 hours to complete the specified
actions is reasonable, based on operational experience, to
reach the specific condition from full power conditions in an
orderly manner and without challenging plant system.

J.3

Backup Stability Protection (BSP) is a temporary means for
protection against thermal-hydraulic instability events. An
extended period of inoperability without automatic trip
capability is not justified. Consequently, the required
channels are required to be restored to OPERABLE status w1th1n
120 days.

Based on engineering judgment, the likelihood of an
instability event that could not be adequately handled by the
use of the BSP Regions (See Action J.1) and the BSP Boundary
(See J.2) during a 120-day period is negligibly small. The
120-day period is intended to allow for the case where limited
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 Conditions A and B.

K.1

If the required channels are not restored to OPERABLE status
and the Required Actions of J are not met within the
associated Completion Times, then the plant must be placed in
an operating condition in which the LCO does not apply. To
achieve this status, the plant must be brought to at least
[20% RTP or Mode 2] within [4 or 6] hours. The allowed
Completion Time is reasonable, based on coperating experience,
to reach the specified operating power level from full power
conditions in an orderly manner and without challenging plant
systems.

B 3.3-24a ' 'Rev 1, 04/07/95
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SR_3.3.1.1.1

Performance of the CHANNEL CHECK once every 12 hours ensures
that a gross failure of instrumentation has not occurred. A
CHANNEL CHECK is normally a comparison of the parameter
indicated on one channel to a similar parameter on other
channels. It is based on the assumption that instrument
channels monitoring the same parameter should read
approximately the same value. Significant deviations between
instrument channels could be an indication of excessive
instrument drift in one of the channels or something even more
serious. A CHANNEL CHECK will detect gross channel failure;
thus, it is key to verifying the instrumentation continues to
operate properly between each CHANNEL CALIBRATION.

Agreement criteria are determined by the plant staff based on
a combination of the channel instrument uncertainties,
including indication and readability. If a channel is outside
the criteria, it may be an indication that the instrument has
drifted outside its limit.

The Frequency is based upon operating experience that
demonstrates channel failure is rare. The CHANNEL CHECK
supplements less formal, but more frequent, checks of channels
during normal operational use of the displays associated with
the channels required by the LCO.

SR_3.3.1.1.2.

To ensure that the APRMs are accurately indicating the true
core average power, the APRMs are calibrated to the reactor
power calculated from a heat balance. LCO 3.2.4, "Average
Power Range Monitor (APRM) Gain and Setpoints,® allows the
APRMs to be reading greater than actual THERMAL POWER to
compensate for localized power peaking. When this adjustment
is made, the requirement for the APRMs to indicate within

2% RTP of calculated power is modified to require the APRMs to
indicate within 2% RTP of calculated MFLPD. The Frequency of
once per 7 days is based on minor changes in LPRM sensitivity,
which could affect the APRM reading between performances of
SR 3.3.1.1.8.

A restriction to satisfying this SR when < 25% RTP is provided

that requires the SR to be met only at 2 25% RTP because it is

difficult to accurately maintain APRM indication of core

THERMAL POWER consistent with a heat balance when < 25% RTP.

At low power levels, a high degree of accuracy is unnecessary

because of the large, inherent margin to thermal limits (MCPR
NO CHANGE TO THIS PAGE
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SR 3.3.1.1.6 and SR__3.3.1.1.7 (Continued)

A Frequency of 7 days is reasonable based on engineering
judgment and the reliability of the IRMs and APRMs.

SR 3.3.1.1.8

LPRM gain settings are determined from the local flux profiles
measured by the Traversing Incore Probe (TIP) System. This
establishes the relative local flux profile for appropriate
representative input to the APRM System. The [1000] MWD/T
Frequency is based on operating experience with LPRM
sensitivity changes.

SR__3.3.1.1.9 and SR _3.3.1.1.12

A CHANNEL FUNCTIONAL TEST is performed on each required
channel to ensure that the entire channel will perform the
intended function. Any setpoint adjustment shall be
consistent with the assumptions of the current plant specific
setpoint methodology. The 92 day Frequency of SR 3.3.1.1.9 is
based on the reliability analysis of Reference 9.

The 18 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 usually
pass the Surveillance when performed at the 18 month
Frequency.

SR _3.3.1.1.10

Calibration of trip units provides a check of the actual trip
setpoints. The channel must be declared inoperable if the
trip setting is discovered to be less conservative than the
Allowable Value specified in Table 3.3.1.1-1. If the trip
setting is discovered to be less conservative than accounted
for in the appropriate setpoint methodology, but is not beyond
the Allowable Value, the channel performance is still within
the requirements of the plant safety analysis. Under these
conditions, the setpoint must be

readjusted to be equal to or more conservative than accounted

‘for in the appropriate setpoint methodology.

The Frequency of 92 days is based on the reliability analysis
of Reference 9. '

NOTE: The addition of [ J” around the 1000 MWD/T in SR 3.3.1.1.8 above is to recognize that some plants have
Jjustified 2000 MWD/T. It is not related to the OPRM addition and does not affect the actual APRM change
required by a plant. :

BWR/4 STS
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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
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
only), 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 analysis of Reference [11]. (NOTE: The
actual voting logic of the 2-Out-0f-4 Voter Function is tested
as part of SR 3.3.1.1.15.)

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.

NOTE: The addition of “for Function 2.a” in the above paragraph repeats what the note
actually says for clarity. It is not related to the OPRM addition, and is optional for
APRM changes in that it does not change the actual meaning.

BWR/4 STS

SR_3.3.1.1.13

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 plant specific setpoint
methodology. For the APRM Simulated Thermal Power - High
Function, this SR also includes calibrating the associated
recirculation loop flow channel.
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SR 3.3.1.1.13 (continued)

Note 1 states that 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 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 that requires the IRM SRs to be performed within 12
hours of entering MODE 2 from MODE 1. Testing of the MODE 2
IRM 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 associated 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.

The FreQuency of SR 3.3.1.1.13 is based upon the assumption of
an 18 month calibration interval in the determination of the
magnitude of equipment drift in the setpoint analysis. ’

SR_3.3.1.1.14

(Not used.)

SR 3.3.1.1.15

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 18 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 usually
pass the Surveillance when performed at the 18 month
Frequency.

The LOGIC SYSTEM FUNCTIONAL TEST for APRM Function 2.e
simulates APRM and OPRM trip conditions at the 2-out-of-4°
voter channel inputs to check all combinations of two tripped

inputs to the 2-out-of-4 logic in the voter channels and APRM
related redundant RPS relays.
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SR__3.3.1.1.16

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 THERMAIL
POWER is 2 30% RTP. This involves calibration of the bypass
channels. Adequate margins for the instrument setpoint
methodologies are incorporated into 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 at THERMAL POWER

2 30% RTP to ensure that the calibration remains wvalid.

If any bypass channel's setpoint is nonconservative (i.e., the
Functions are bypassed at 2 30% RTP, either due to open main
turbine bypass valve(s) or other reasons), then the 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 18 months is based on engineering judgment and
reliability of the components.

SR_3.3.1.1.17

This SR ensures that the individual channel response times are
less than or equal to the maximum values assumed in the accident
analysis. This test may be performed in one measurement or in
overlapping segments, with verification that all components are
tested. The RPS RESPONSE TIME acceptance criteria are included
in Reference [ 1. :

RPS RESPONSE TIME for the APRM 2-Out-Of-4 Voter Function (2.e)
includes the output relays of the voter and the associated RPS
relays and contactors. (The digital portion of the APRM and 2-
out-of-4 voter channels are excluded from RPS RESPONSE TIME
testing because self-testing and calibration checks the time base
of the digital electronics. Confirmation of the time base is
adequate to assure required response times are met. Neutron
detectors are excluded from RPS RESPONSE TIME testing because the
principles of detector operation virtually ensure an
instantaneous response time.)

NOTE:  Replacement of Reference “10” with *[ J" is to avoid confusion. The NUREG includes a *10”, but no actual
Reference by that number. The reference should be to the utility’s document containing response time testing
requirements — not identified in this sample mark-up.

BWR/4 STS
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(continued) .
SR 3.3.1.1.17 (continued) -
RPS RESPONSE TIME tests are conducted on an 18 month STAGGERED
TEST BASIS. Note 2 requires STAGGERED TEST BASIS Frequency to be
determined based on 4 channels per trip system, in lieu of the 8
channels specified in Table 3.3.1.1-1 for the MSIV Closure
Function. This Frequency is based on the logic interrelationships
of the various channels required to produce an RPS scram signal.
The 18 month Frequency is consistent with the typical industry
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.

BWR/4 STS : B 3.3-31a Rev 1, 04/07/95
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