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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 - APRM Based (DSS-AB) to provide automatic protection for stability related power

oscillations. The only undertakings of General Electric Company with respect to information in

this document are contained 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 conditions, boiling water 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 design safety limit could be

challenged.

Several different stability long-term solution (LTS) options have been developed for BWRs. The

Detect and Suppress Solution - APRM Based (DSS-AB) relies on hardware and software for the

automatic prevention of instability-related regional mode power oscillations and detection and

suppression of core-wide mode power oscillations. It represents an evolutionary step from the

stability LTS Option I-D. Its design features allow expansion of the solution applicability to

reactor product lines other than Option I-D plants.

DSS-AB introduces modifications to the Average Power Range Monitor (APRM) flow-biased

setpoints to prevent the occurrence of regional mode power oscillations and an APRM-based

detection algorithm that reliably detects the inception of core-wide mode power oscillations and

generates an early power suppression trip signal prior to significant oscillation amplitude growth

and Minimum Critical Power Ratio (MCPR) degradation. This report provides a generic

licensing basis for GE BWR/3 through BWR/6 product lines, 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+). A standard procedure is identified for

plant-specific confirmations of reload designs and other design changes that may affect the

DSS-AB generic licensing basis.
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1.0 INTRODUCTION

1.1 BACKGROUND

Under certain conditions, boiling water reactors (BWVRs) 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 large

enough, and the density waves contain a sufficiently high void fraction, the fuel cladding design

safety limit could be challenged.

The DSS-AB solution relies on hardware and software that provide for reliable, automatic

prevention of instability-related regional mode power oscillations and detection and suppression

of core-wide mode power oscillations. It is designed to automatically prevent operation in

regions of the power and flow operating domain that are susceptible to regional mode

instabilities and automatically detect core-wide mode power oscillations upon inception and

initiate control rod insertion to terminate the oscillations prior to 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 1OCFR50,

Appendix A is accomplished via automatic actions.

DSS-AB represents an evolutionary step from the stability long-term solution (LTS) Option I-D,

which is described in References I and 2. It introduces modifications to the Average Power

Range Monitor (APRM) flow-biased setpoints to prevent the occurrence of regional mode power

oscillations and an APRM-based detection algorithm that reliably detects the inception of

core-wide mode power oscillations and generates an early power suppression trip signal based on

APRM signal oscillation recognition and generic trip criteria. DSS-AB is designed to provide

adequate automatic SLMCPR protection for anticipated reactor instability events. Its design

features allow expansion of the solution applicability to reactor product lines other than Option

I-D plants.

1-1



NEDO-33143 REVISION 0

This report provides a generic licensing basis for DSS-AB applications to GE BWR/3 through

BWR/6 product lines, 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+).

The hardware and software design necessary to support the DSS-AB is described in this report.

It is based on hardware and software designs previously reviewed and approved by the Nuclear

Regulatory Commission (NRC). Therefore, the DSS-AB hardware and software design does not

require separate approval.

1.2 PURPOSE

This report addresses the DSS-AB solution aspects necessary to demonstrate its adequacy for

plant applications. Section 2.0 describes the solution design philosophy, including the licensing

protection approach. Section 3.0 provides a' detailed description of the key solution-elements.

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 solution's design configuration.

Section 8.0 provides representative generic Technical Specifications.

1.3 OVERVIEWV

The licensing basis described in this report demonstrates on a generic basis that the DSS-AB

features reliably prevent regional mode power oscillations and detect and suppress anticipated

core-wide mode power oscillations. This provides a high degree of confidence that the

SLMCPR is not violated, thus satisfying the requirements of GDCs 10 and 12. The prevention

of regional mode instabilities is accomplished automatically through modifications of the APRM

flow-biased setpoints on the Flow Control Trip Reference (FCTR) card of the Neutron

Monitoring System (NMS). The algorithm used to detect core-wide mode instabilities is the

Period Based Algorithm (PBA), which is incorporated into the FCTR card of the NMS. The

PBA monitors the -APRM signals to detect signal oscillations typical of core-wide reactor
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instability events. The PBA initiates a trip upon confirmation that the APRM signal oscillations

exceed specified setpoints.

The DSS-AB licensing basis consists of three key components:

a. A set of ODYSY stability simulations for reasonably limiting off-rated conditions

establishes regions in the power and flow operating domain potentially susceptible to

regional and core-wide modes of power oscillations and provides the basis for

modifying the APRM flow-biased scram and rod-block (RB) setpoints.

b. An oscillation detection algorithm, the PBA, providing an early trip signal upon

core-wide mode instability inception prior to significant oscillation amplitude growth

and MCPR degradation.

c. 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.

The DSS-AB includes a number of automatic and manual defense-in-depth features. The key

automatic defense-in-depth feature is the application of the Period Based Detection Algorithm

(PBDA), which includes both oscillation period confirmation and amplitude elements, in the

operating area just outside the region susceptible to instabilities.
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2.0 SOLUTION DESIGN PHILOSOPHY

2.1 DESIGN APPROACH

The design philosophy used in the development 'of DSS-AB is to create 'a robust solution with a

minimum effect on existing plant designs that is capable of supporting MELLLA+ operation for

Option I-D plants. Current Option l-D applications require demonstration that core-wide is the

predominant oscillation mode, which may not be possible for MELLLA + application. The

DSS-AB solution was developed to both prevent regional mode instabilities and reliably detect

and suppress core-wide mode instabilities, relying on the APRM-based system characteristic of

Option I-D plants. DSS-AB also addresses inherent limitations in the Option I-D solution (e.g.,

SLMCPR protection only demonstrated on a "protection line") to provide a robust solution with

increased SLMCPR p rotection that can be applied to a broad range of plants, including those' that'

did not originally qualify as Option I-D plants.

['Its design relies on

the APRM signal to provide automatic prevention of regional mode instabilities and automatic

detection and suppression of core-wide mode instability events. Therefore, reliance on the

operator to identify and suppress instability events is minimized. The provision of a reliable

automatic system makes the' DSS-AB "operator friendly" in that protection' does not, rely on

operator action. An alarm is provided to alert the operator upon entry into the region susceptible

to core-wide mode instabilities so actions can be taken to avoid a reactor scram.

The DSS-AB instability protection is provided through online, continuous evaluation of the

reactor APRM signals. 'Because susceptibility to' regional mode of instabilities is addressed

through instability prevention, reliance-on Local Power;Range Monitor (LPRM) signals for this

solution is not necessary. LPRM moniforing is also not necessary for core-wide mode detection

because the different independent APRM'channels provide redundant monitoring'of the entire

core and are fully capable of detecting the core-wide mode of oscillation. The system is "robust"

in that it provides protection wheneverthe APRM channels are operable.
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The APRM flow-biased scram setpoints are designed to initiate an automatic reactor trip signal

upon entry into the region of the power and flow operating domain susceptible to regional mode

power oscillations. The APRM flow-biased rod-block setpoints are designed to initiate an

automatic alarm upon entry into the region susceptible to core-wide mode power oscillations. In

addition, upon entry into the region susceptible to core-wide mode power oscillations, an

automatic reactor trip signal is initiated when the number of periodic oscillations reaches or

exceeds a Successive Confirmation Count (SCC) setpoint as determined by the PBA. If the

region susceptible to core-wide mode oscillations is encompassed within the region susceptible

to regional mode oscillations, the APRM flow-biased scram setpoints are designed to initiate an

automatic reactor trip signal upon entry into the region of the power and flow operating domain

susceptible to both core-wide and regional mode power oscillations. In this situation, the reactor

is not susceptible to instabilities below the APRM flow-biased scram setpoints, and therefore, the

PBA function is not required.

The APRM flow-biased scram setpoints are designed to automatically prevent regional mode

power oscillations. The PBA is designed to recognize core-wide instability and initiate early

control rod insertion to prevent a significant thermal margin challenge. Automatic

defense-in-depth protection is provided just outside the region susceptible to instabilities to

further ensure stable operating conditions during controlled operation and following transients.

The licensing basis PBA 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 core-wide oscillations. The PBA capability for early detection and suppression of

instability events is achieved by the sole reliance on SCC identification inside the region

potentially susceptible to instability, with instability suppression attained prior to any significant

growth of oscillation amplitude. The PBA is applied only within the limited region susceptible

to core-wide oscillations and is based on the unique APRM signal characteristics associated with

the core-wide instability mode, thereby minimizing the possibility of non-stability related

scrams. In a specified region outside the region susceptible to instability, the Period Based

Detection Algorithm (PBDA) is used, which requires both SCC and oscillation amplitude
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setpoints to be met or exceeded to generate a scram signal. Because this is a defense-in-depth

feature, SLMCPR protection does not have to be demonstrated for this capability.

The DSS-AB solution introduces a number of modifications relative to the Option I-D solution to

improve the solution's robustness and its ability for early recognition of reactor power

oscillations. These changes only affect the FCTR card internal functionality while maintaining

the card's input/output and physical interfaces unchanged. Therefore, the solution modification

can be implemented on-line.

In addition to the preventive measure provided by the APRM flow-biased scram setpoint, the

instability suppression provided by the PBA occurs at a low APRM signal peak to average level,

providing significant margin to the SLMCPR. This inherent MCPR margin 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 instability events. The

SLMCPR is a conservative design limit for this application because the fuel and clad responses

to stability related oscillations are relatively mild even if the critical power ratio falls below the

SLMCPR. If a fuel rod actually experienced boiling transition, the cyclic nature of the event

would result in clad rewet approximately every two seconds. A few oscillations in which the

clad rewets would result in a negligible cladding temperature transient. Therefore, use of the

SLMCPR as the design acceptance criterion is conservative in protecting the fuel.

2.2 LICENSING COMPLIANCE

The DSS-AB solution and related licensing basis were developed to comply with the

requirements of l0CFR50, 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:
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"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

specified acceptable fuel design limits are not possible or can be reliably and readily

detected and suppressed."

The DSS-AB hardware and software are designed to prevent operation in the power and flow

regions susceptible to anticipated regional mode oscillations and reliably and readily detect and

suppress anticipated core-wide mode oscillations prior to violating the SLMCPR. When the

region of the core power and flow operating map susceptible to regional mode oscillations

encompasses the region susceptible to core-wide mode oscillations, the system hardware and

software are designed to prevent both modes of oscillations. The ability to trip the reactor is

automatically enabled at power and flow conditions susceptible to either mode of oscillations.

The DSS-AB licensing basis is designed to ensure that the system and setpoints result in either

prevention or 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).

Protection against violating the SLMCPR for anticipated instability events is achieved by use of

the APRM flow-biased scram and rod-block setpoints and the PBA setpoints. No credit is taken
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for operator actions that are specified as part of the solution. This includes actions to be taken

inside and outside the region susceptible to instabilities.

The licensing basis described in this report provides a high degree of confidence'that power

oscillations are automatically either'prevented or terminated at'relatively low amplitude by the

DSS-AB solution, prior to any significant MCPR degradation, and therefore, obviates SLMCPR

violations for anticipated instability events. Thus, the DSS-AB solution complies with GDCs 10

and 12. The DSS-AB solution enhances' the overall plant safety by providing reliable', automatic

oscillation prevention and detection and suppression functions while avoiding unnecessary

scrams.

DSS-AB consists of licensing basis and defense-in-depth solution elements. The licensing basis

elements are designed to ensure SLMCPR protection for anticipated instability events. The

defense-in-depth elements provide added solution protection to address unanticipated instability'

events and'are not required to demonstrate SLMCPR protection. All licensing' iisis` and

defense-in-depth solution elements are required for plant-specific DSS-AB implementation,

unless otherwise specified in this report.
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3.0 SOLUTION DESCRIPTION

This section provides a description of the key aspects of the DSS-AB solution. DSS-AB

complies with GDC 12 through the use of licensing features that prevent or reliably detect and

suppress reactor instabilities considering reasonably limiting anticipated operating conditions.

Defense-in-depth features are incorporated into the solution to improve overall reactor safety and

provide protection against unanticipated events that can result in an unstable reactor.

A comprehensive assessment of DSS-AB capability to protect against reactor instability requires

an integrated view of the solution features. This approach reflects the design synergy between

the licensing and defense-in-depth elements. To clearly describe the detailed relationship

between features, the licensing and defense-in-depth solution elements are identified. This is

necessary to establish which solution elements are associated with the analytical demonstration

of DSS-AB stability protection.

The DSS-AB solution relies on hardware and software designed to either prevent or reliably

detect and suppress stability related power oscillations. The principal inputs to the system are

the APRM signals. The signals are compared against specified APRM flow-biased scram and

rod-block setpoints to establish if entry into certain regions of the core power and flow operating

domain has occurred. In addition, the APRM signals are filtered, processed, and evaluated for

evidence of core-wide mode oscillations. Upon entry into a core power and flow region

susceptible to regional mode oscillations or if sufficient evidence exists that the reactor is

experiencing core-wide mode oscillations, a reactor scram is initiated by the Reactor Protection

System (RPS).

The key functions of the system are to automatically prevent instability events in the region

susceptible to regional mode oscillations and automatically detect and suppress instability events

in the region susceptible to core-wide mode oscillations to provide a high confidence that the

SLMCPR is not violated for anticipated oscillations.

DSS-AB includes (a) three stability regions, i.e., the Scram, Exclusion, and Protected Regions,

(b) a detection algorithm that provides licensing basis protection in the Exclusion Region and
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defense-in-depth protection in the Protected Region, and (c) a number of additional

solution-specific features. The DSS-AB elements are described in the following sections.

3.1 STABILITY REGIONS DEFINITION

3.1.1 Scram Region

The Scram Region of DSS-AB is analytically defined to bound that area of the core power and

flow operating domain where the reactor is susceptible to regional mode coupled

neutronic/thermal-hydraulic instabilities, as illustrated in Figure 3-1. Reactor state conditions

that are considered when deriving this region boundary result from steady-state scenarios and

events of moderate' frequency that are classified as Anticipated Operational Occurrences

(AOOs).

The reactor is automatically prevented from operating in this excluded region'by the APRM

flow-biased scram trip function of the Neutron Monitoring System (NMS). In effect, the reactor

is precluded from operating in states where events of moderate frequency are anticipated to

potentially result in regional mode oscillations.

3.1.2 Exclusion Region

The Exclusion Region of DSS-AB (Figure 3-l) is analytically defined to bound that area of the

core power and flow operating domain where the reactor is susceptible to core-wide mode

coupled neutronic/thermal-hydraulic instabilities. Reactor state conditions that are considered

when deriving this region include steady-state scenarios and events of moderate frequency

(AOOs).

The Exclusion Region is delineated by the DSS-AB APRM flow-biased rod-block setpoints.

The rod-block and administrative controls are used to avoid entry into the Exclusion Region

except under setpoint setup conditions as described in the next section. Operation outside the

Exclusion Region is not anticipated to result in reactor instability. Anticipated transients that

initiate outside the Exclusion Region and terminate inside the Exclusion Region may result in

core-wide mode reactor instabilities, which is addressed by the automatic detection algorithm
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required inside this region. Continued operation in the Exclusion Region following inadvertent

entry is not permitted. The specific requirement to exit the Exclusion Region following

unintentional entry provides added assurance that extended reactor operation in this region with

reduced stability margin is avoided. This requirement is provided as a diverse defense-in-depth

feature and is not necessary to demonstrate protection of the fuel SLMCPR.

3.1.3 Protected Region

The Protected Region is a defense-in-depth feature of DSS-AB that is defined adjacent to the

Exclusion Region (Figure 3-1), providing an added automatic instability protection above the

MCPR monitoring threshold core power level and up to a specified flow above the Exclusion

Region. Because the Exclusion Region is defined to envelop reactor conditions that may result

in reactor instabilities, instabilities are not expected to occur inside the Protected Region. This

defense-in-depth region provides added assurance of automatically precluding reactor instability

under unanticipated conditions, which is addressed by the automatic detection algorithm required

inside this region.

To facilitate reactor startup, operation in a specified portion of the Exclusion Region is permitted

during controlled operation when the DSS-AB APRM flow-biased rod-block is setup and the

Protected Region is extended into the Exclusion Region as shown in Figure 3-2. Controlled

reactor operations under these setpoint setup conditions require operator actions to ensure

adequate stability margin. Under these conditions, the oscillation detection algorithm

implemented inside the Protected Region continues to provide automatic defense-in-depth

stability protection. The APRM flow-biased setpoints are required to be manually restored to

their normal values for flow rates adequately above the Exclusion Region. In addition, the

setpoints are automatically restored to normal when a specified setpoint is exceeded. This

setpoint setup feature permits required reactor maneuvering in the Exclusion Region under

controlled conditions.

For Single Loop Operation (SLO), the Protected Region is set to envelop the maximum

achievable core flow to address the limited flow range during SLO, as illustrated in Figure 3-3.
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This is done to address the potential added vulnerability to instability during extended periods of

operation near the portion of the operating domain susceptible to oscillations.

3.2 STABILITY REGIONS IMPLEMENTATION,

The Scram and Exclusion Regions are licensing features of DSS-AB. These regions define areas

of the reactor operating domain potentially susceptible to reactor instability. All stability

analyses for generating and validating these region' boundaries are performed at reactor state

conditions defined in core power and core flow space. To comply with GDC' 12, DSS-AB

introduces a combination of automatic protection and operating limits to enforce these stability

regions.

The DSS-AB design configuration provides operating limits that automatically prevent reactor

operations within the Scram Region by modifying the APRM flow-biased scram function of the

existing NMS. Operating limits relatedto the Exclusion Region are provided by a'modified

APRM flow-biased rod-block function. The NMS generates APRM flow-biased setpoints using

the reactor recirculation system drive flow process signal. The DSS-AB methodology, described

in Section 4.0, establishes the analytical process for combining the DSS-AB stability region

boundaries with the existing APRM non-stability setpoint functions, and converting the resultant

functions from core flow dependent into drive flow dependent functions. The DSS-AB'APRM

flow-biased scram and rod-block trip reference setpoints as a'function of the recirculation drive

flow are generated to provide a bounding representation of the susceptible stability conditions

established in core flow space. This process also provides the interface between DSS-AB

method uncertainties, which are treated through specified 'stability analysis criteria, and the

application uncertainties, which are-addre'ssed using setpoint methodology.

The rod-block signal initiates a rod-block alarm. The rod-block alarm associated with the

Exclusion Region boundary is defined to be the Exclusion Region Entry Alarm (EREA). The

EREA provides automatic indication of an uncontrolled entry into the Exclusion Region. Certain

reactor conditions not related to uncontrolled entry into the Exclusion Region can cause a

rod-block. Therefore, annunciation of the rod-block alarm does not necessarily signify entry into

the Exclusion Region. Uncontrolled entry into the Exclusion Region is associated with specific
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operator actions. Confirmation of an EREA is incorporated into the set of operator actions

required in response to a rod-block alarm.

The Protected Region is a defense-in-depth feature of DSS-AB. Steady state operation and

AOOs are not expected to result in reactor instability in the Protected Region. Therefore,

DSS-AB does not require a design configuration that must be demonstrated to protect the

SLMCPR inside the Protected Region. Because the Protected Region boundary is not associated

with analytical verification, setpoint methodology is not applied.

3.3 INSTABILITY DETECTION ALGORITHM

To be capable of detecting the onset of core-wide mode power oscillations in the Exclusion and

Protected Regions, the instability detection used for DSS-AB utilizes a modified version of the

Period Based Algorithm (PBA) described in Reference 1. This solution feature is termed the

Period Based Algorithm - APRM Based (PBA-AB). [[

The PBA time-domain noise analysis technique is inherently simple and fast and has been

implemented and demonstrated in other long-term stability solutions.

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 the neutron flux to oscillate continuously within a frequency range expected for reactor

instability. The presence of these oscillations is recognized by the PBA-AB as reactor

instability, independent of the actual stability of the reactor. This situation would render the

PBA-AB useless for detecting reductions in stability margin. Therefore, reactors that exhibit

power oscillations that lie within the characteristic frequency range, but are not associated with

neutronic/thermal-hydraulic instability, cannot rely on the PBA-AB as an instability detection

method. In such cases, the PBA-AB can be substituted with a different system for detecting the

approach to core instability. Qualification of any alternatives or substitutes to the PBA-AB is

beyond the scope of the generic DSS-AB methodology, and requires application-specific

resolution.
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Two distinct automatic levels of protection are provided by the solution detection algorithm.

Inside the Exclusion Region the detection algorithm is designed to provide protection for

potentially high growth rate instability events; a discrete, well-defined stability criterion is

established based on a relatively low number of successive power oscillation period confirmation

counts in the Exclusion Region. No oscillations are anticipated, however, inside the Protected

Region. As a defense-in-depth measure, the detection algorithm application in the Protected

Region is designed to provide protection for hypothetical low growth rate instability events; a

discrete, well-defined stability criterion is established based on a relatively high number of

successive power -oscillation period confirmation counts, as well as a trip criterion associated

with the normalized APRM signal amplitude. The stability algorithm implemented inside the

Exclusion Region is similar to the PBA version of the Detect and Suppress Solution -

Confirmation Density (DSS-CD) solution (Reference 5). The stability algorithm implemented

inside the Protected Region is similar to the defense-in-depth PBDA version of the DSS-CD

solution (Reference 5). To distinguish between the two applications of the detection algorithm,

inside the Exclusion Region it is termed PBA-AB, and inside the Protected Region it is termed

PBDA-AB, as illustrated in Figure 3-1.

According to Reference 1, the PBA focuses on the periodicity of the oscillation in the range from

approximately 0.3 to 0.7 Hz, or the equivalent time period limits (Tmin and Tmx). Tmin and Tm:ax

are conservatively selected to bound the anticipated instability frequency range. The algorithm

evaluates the APRM signal based on a short sample time (t1). When the time difference between

successive peaks (or successive minima) in an APRM signal is consistent with the time period

limits, this time difference is defined as a base period, To. The next period (TI) calculated

between successive peaks (or minima) must be within a small time window, period tolerance C±

c), of To to produce a "confirmation" that oscillatory behavior exists. A new base period is

defined as the average of all consecutively confirmed periods. 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 and the search for a new base period

is initiated. The PBA period confirmation process is illustrated in Figure 3-4.
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The input power 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 shorter cutoff

frequency of 1/6 Hz, or equivalent, to produce a time-averaged value. The conditioned signal is

divided by the time-averaged value to form the normalized APRM signal ( ApRM)- fAPRNM is used

by the algorithm to detect reactor instabilities.

The PBA-AB examines the APRM neutron flux signal to discriminate and track the time-domain

behavior of successive maxima and successive minima with a period characteristic of coupled

neutronic/thermal-hydraulic reactor instability. The PBA-AB effectiveness in recognizing the

approach to reactor instability relies on the stochastic nature of the APRM signal signature at

stable, low decay ratio conditions. The PBA-AB includes a number of modifications relative to

the PBA version described in Reference 1, which are described below.

3.3.1 PBA Application for DSS-AB

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

required for the proper application of PBA-AB. [[
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3.3.2 PBA-AB Trip Setpoint'

The SCC setpoint for PBA-AB application in the Exclusion Region (NER) is used to discriminate

the stability characteristics of the APRM SCC by the PBA-AB.' The choice of NER needs to

ensure a reactor trip signal near the inception of reactor instability and that core behavior

consistent with stable reactor operation is discriminated and does not result in inadvertent

PBA-AB trip actuation. To meet these requirements, the SCC setpoint is chosen as NER =

[[ ]],as shown in Table'3-1.

3.3.3 PBDA-AB Trip Setpoints

The SCC setpoint for PBDA-AB application in the Protected Region (Npp.) is used to

discriminate the stability characteristics of the APRM SCC by the PBDA-AB. The choice of

NPR needs to ensure a reactor trip signal for slow inception of reactor instability and that core

behavior consistent with stable reactor operation is discriminated and 'does 'not result in

inadvertent PBDA-AB trip actuation. To meet these requirements, the SCC setpoint is chosen as

NPR = [[ ]], as shown in Table 3-1. In addition, the oscillation amplitude setpoint (SPR) is

selected to'ensure that'the relative APRM signal during normal operation is'significantly below

the setpoint, and that the oscillations are'terminated at relatively low amplitude. To meet these

requirements, the oscillation amplitude setpoint is chosen as SPR = ]], as shown in

Table 3-1.

When the DSS-AB flow-biased rod-block is setup, the PBA-AB protection for fast events is not

necessary in the setup region because operations are limited to controlled off-rated conditions

with' adequate stability margin ensured through specific operator actions. The PBDA-AB

continues to provide automatic defense-in-depth stability protection when the DSS-AB APRM

flow-biased rod-block is setup.
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3.4 DSS-AB TRIP REFERENCE SETS

The solution methodology provides a process for generating plant-specific APRM flow-biased

scram and rod-block trip reference setpoints that implement the Scram and Exclusion Regions,

respectively. Separate setpoints are provided for reactor operating modes that include Two-Loop

Operation (TLO) and SLO, with both normal and setup trip reference setpoints. This group of

trip reference functions forms a DSS-AB trip reference set, ABsct.

Implementation of a single ABs,, that provides protection during both normal operating

conditions and temporary periods of reactor operation with reduced stability margin (e.g.,

reduced feedwater heating) can impose significant conservatisms. Long-term operation with a

single ABsct based on the least stable cycle operating conditions could result in unnecessary

challenges to safety systems, and unduly restrict reactor maneuvers throughout the majority of

the fuel cycle.

To address these considerations, two ABsct's are formulated to address the spectrum of

anticipated plant-specific stability performance. The DSS-AB stability solution is generally

implemented with two ABs~,'s, the Normal Trip Reference Set (ABNTR) and the Alternate Trip

Reference Set (ABATR).

The AB NTR is developed for application to the reactor system, core, and fuel cycle stability

characteristics present during normal plant operation at the time of solution application. This set

is optimized to provide a balance between operating flexibility, safety, and analysis margins

during plant operation under such conditions.

The AB ATR is designed to accommodate operating modes and configurations different from

normal plant operation at the time of solution application. These may include protection during

operation with significant reduced feedwater heating or application to future fuel cycles that have

different stability characteristics. The ABsR is anticipated to be primarily used to

accommodated reactor operations with significantly reduced feedwater temperatures.
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A special setpoint set is available as a backup stability protection and is termed the Backup Trip

Reference Set (ABSet). The ABs is available for situations when the PBA-AB is inoperable,

and is designed to provide stability protection exclusively based on instability prevention.

3.5 FEEDWATER HEATING OPERATIONS

Reactors may be licensed to operate with significantly reduced feedwater heating. In particular,.

Final Feedwater Temperature Reduction '(FFWTR) and Feedwater Heater Out Of Service-

(FWHOOS) can provide operational benefits in the form of cycle extension and on-line

maintenance. However, for a given core power and flow, core inlet subcooling variations can

have a large influence on reactor stability' performance. This effect is significant,'because

maximum licensed FWHOOS temperature reductions may be greater than 1000F rated

equivalent. At these low feedwater temperatures, reactor stability considerations require larger

DSS-AB stability regions that may not be appropriate for long-term operation under normal

conditions.

DSS-AB application to plants with large licensed feedwater heating ranges may include a

two-tiered combination of stability region boundaries that together provide protection for the

entire plant-specific range of licensed feedwater temperatures. These combinations of region

boundaries are implemented using the ABSt and A:B , with appropriately defined feedwater

temperature applicability ranges.

Reactor operation with rated equivalent 'feedwater temperatures, within the expected normal

operational variations, is implemented with the ABSet setpoints. The ABStR provides

protection for reactor operation with rated equivalent temperatures below the expected normal

operational variations of the nominal value. The ABTR applicability extends to the lowest

licensed rated equivalent temperature.'

The application of the-ABNTR and .ABSATR setpoints provides protection against reactor

instability throughout the range of licensed 'feedwater temperature operations. The DSS-AB trip

reference setpoint applicability ranges for feedwater heating operation facilitate normal reactor
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startup and maneuvering while ensuring a level of stability protection consistent with

considerations of other plant parameters.

3.6 SYSTEM OPERABILITY

The licensing basis automatic features of DSS-AB requiring operability considerations are the

APRM flow-biased scram and rod-block trip setpoints and the PBA-AB. The defense-in-depth

basis automatic feature of DSS-AB requiring operability considerations is the PBDA-AB.

The APRM flow-biased scram and rod-block trip setpoints must be available during reactor

operation in Mode I at all times. Specifying a backup for DSS-AB APRM flow-biased scram

setpoints implementation is therefore not necessary.

The PBA-AB and PBDA-AB must be operable at all times during reactor operation above a core

power level defined generically as 5% of rated power below the MCPR threshold monitoring

core power level, and for the full licensed core flow range. If the PBA-AB cannot be

demonstrated operable at any time above this power level, the Backup Trip Reference (BTR) set

[[ ]] is selected. The BTR extends the Scram Region to envelop the

Exclusion Region such that automatic instability prevention protection is available for both

regional and core-wide oscillation modes, and reliance on the PBA-AB is therefore not

necessary. The Protected Region, which implements the PBDA-AB protection, is defined

relative to the BTR Scram Region (which encompasses the Exclusion Region). If the PBDA-AB

cannot be demonstrated operable at any time above 5% of rated power below the MCPR

threshold monitoring core power level, manual operator actions to ensure stable operation inside

the Protected Region are required. Operation with these conservative and comprehensive backup

stability protection measures in place may continue indefinitely.

To ensure adequate implementation of the DSS-AB solution and to avoid unnecessary spurious

reactor scrams, the detection algorithm may be checked while operable but not armed in the

Protected Region for the first full reactor startup to power operation and full controlled shutdown

following DSS-AB implementation. During this initial demonstration, system performance

during normal operational maneuvers may be checked.
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3.7 SOLUTION IMPLEMENTATION

Figure 3-5 illustrates the DSS-AB hardware design elements and Table 3-2 provides a summary

of the DSS-AB trip setpoints. [

.: ...
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Table 3-1 DSS-AB Detection Algorithm Setpoint and Parameter Values

..Algorithm 'I Setpoint Value

PBA-AB NER [[ ]

PBDA-AB NPR [1 ]]

PBDA-AB SPR

' .Algorithm, ,':' ' Parameter, -Value

PBA-AB.PBDA-AB T,,;, (seconds) ..

PBA-AB/PBDA-AB Tmn (seconds) ]

PBA-AB/PBDA-AB s - Period Tolerance 100

(milliseconds)

PBA-AB/PBDA-AB fc- Conditioning Filter 1.0

Cutoff Frequency (Hz)

.i

II
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Table 3-2 DSS-AB Trip Sctpoints and Basis

- Process Step ^-~-- ;.~ TAlgrithni>7-: . -- '7 .Di;~-Dfinitionh anidSetpiiintr :.:'.~ - '7%Basis and Notes K'2. ~2
APRM flow [] (Ssc, Ssc = APRM FB Scram setpoint vs. WD - Plant-specific setpoints modified to
biased setpoints SR) Su = APRM FB RB setpoint vs. WD define Scram and Exclusion Regions
1[ ]_
PBA-AB setpoint [[ SCC setpoint, NER = [[ ]] - PBA-AB SCC setpoint generically
[[ ]] PBA-AB established for SLMCPR protection
PBDA-AB [[ ]] SCC setpoint, NPR = [1 ]] - Defense in depth in Protected Region
setpoint PBDA-AB Oscillation amplitude setpoint, SPR= - SCC and amplitude setpoints

[[] [[ ]] generically established for low
growth rate events

- Applicable to Setpoint Setup
operation

PBA-AB3 trip SCC ŽNER AND P u Ž P~u = Unfiltered APRM channel powver - SCC at setpoint indicates oscillations
condition SRB - Enable PBA-AB trip condition in

3] region susceptible to core-wvide
instabilities

PBDA-AB trip SCC 2 NPR AND PP 2 = Normalized APRM channel power - SCC and amplitude at setpoints
condition SPR =n MPmoioighesodcreindicate oscillations

pM m ] PAPn. MCPR'monitoringthresholdcore - Enable PBDA-AB amplitude setpoint

AND S R11 ŽPAPpJ powver to minimize spurious scram
AND 0 < WD WDE + 10 WD + 10 = Protected Region upper flow

II 11 boundary
APRM FB P UF 2 Ssc APRM flow-biased Scram setpoint vs. WD - APRM flow-biased defense-in-depth

Defense in Depth A 0 < ER WDER = Exclusion Region upper flow instability protection below Exclusion
trip condition AND OWD_ WD boundary Region upper flow boundary based

[[r 11 [[ ]] on non-STP APRM signal
APRM channel PAPRM 2 §Sc Ssc = Effective APRM FB Scram setpoint - Instability protection based on Ssc or
trip PBA-AB, PBDA-AB and APRM FB

[[ defense-in-depth trip condition

NMS trip signal Existing RPS logic Existing RPS logic - Adheres to NMS requirements of

_ _ __ .divisional separation/redundancy
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Figure 3-1 DSS-AB Stability Regions Illustration
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Figure 3-2 APRM Flow-Biased Setpoint Setup Configuration
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Figure 3-3 DSS-AB Stability Regions Illustration for SLO
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Figure 3-4 PBA Successive Period Confirmation Process
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- Figure 3-5 DSS-AB Hardware Design Elements
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4.0 LICENSING BASIS

4.1 OVERVIEW

This section demonstrates that DSS-AB and its associated setpoints provide timely prevention or

suppression of oscillations without violating the SLMCPR for anticipated instability events. A

plant-specific assessment is performed each cycle to confirm or update the DSS-AB stability

regions in order to ensure that the plant-specific DSS-AB basis remains valid for plant reload

applications. In addition, a plant-specific assessment is performed whenever design changes

beyond a specified generic applicability envelope are introduced that may affect stability

performance to ensure that the generic DSS-AB basis for oscillation detection remains valid for

plant reload applications.

The presence of reactor instabilities can challenge the fuel SLMCPR. This occurs when fuel

cladding heat flux and channel 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.

DSS-AB is designed to meet GDC 12 through both automatic reactor instability prevention and

detection and suppression solution elements. The DSS-AB solution is based on preventing

regional mode instabilities through modifications of the APRM flow-biased scram setpoint to

encompass the corresponding susceptible region in the power and flow operating domain. In

addition, the solution is based on identification and confirmation of power oscillation periods

associated with core-wide mode instabilities. This oscillation detection process and the

associated power suppression take place at the inception of core-wide mode reactor instabilities.

By providing power suppression at these early conditions, the development of power oscillations

that could challenge the SLMCPR is avoided.
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The DSS-AB licensing basis that is used to demonstrate, SLMCPR protection consists of three

key components:

a. A set of ODYSY stability simulations for reasonably limiting off-rated conditions,

establishes regions in'the power and flow operating domain potentially susceptible to

regional and core-wide modes of power 'oscillations and provides the basis for

modifying the APRM flow-biased scram and rod-block setpoints.

*b. An 'oscillation detection algorithm providing an early trip signal upon core-wide

mode instability inception prior to significant oscillation amplitude growth and

MCPR degradation.

c. A set of TRACG simulations for reasonably limiting anticipated core-wide mode -::

instability events that confirm the limited effect on MCPR performance within the

stated applicability range.

The computer codes used in the DSS-AB analysis are applied within their range of applicability.

DSS-AB provides automatic defense-in-depth protection in an area outside the region in the

power and flow operating domain susceptible to power oscillations. 'This added protection for

unanticipated instability events is achieved'by'the' identification of power oscillation period and

relative amplitude associated with core-wide mode instabilities. This DSS-AB feature is not

considered part of the DSS-AB licensing basis protection and does not require demonstration of

SLMCPR protection.

4.2 APPROACH

4.2.1 DSS-AB Stability Regions

An operating limit for reactor instability prevention can be defined as the locus of core power

and flow state points in the operating domain that is associated with an instability protection

criterion. This criterion accounts for method uncertainty and'is derived based on an approved

methodology., Under the state conditions associated with this operating limit, neutron flux and

hydraulic perturbations in the core do not result in growing power oscillations for certain

instability oscillation modes.

4-2
....



NEDO-33143 REVISION 0

Most BWR Limiting Safety System Setting (LSSS) setpoints are associated with instrumentation

that enables a reactor trip to provide direct automatic protection of the corresponding safety

limit. The operating limit is manually enforced to ensure that conditions assumed in the safety

analysis associated with the LSSS are not violated. Safety limit protection using an automatic

reactor trip at the instability prevention LSSS would necessitate the quantification and evaluation

of the non-linear dynamics present as the reactor transitions from the stability operating limit to

the safety limit. Instead, a conservative approach is adopted whereby automatic protection is

introduced at an instability protection operating limit.

As a result, two instability protection operating limits form the DSS-AB licensing basis. Reactor

operation is excluded from the plant-specific region of the operating domain, the Scram Region,

generally susceptible to regional mode of reactor instability under reasonably limiting conditions.

The Scram Region is the DSS-AB feature associated with the automatic operating limit.

Deliberate reactor operation is also prohibited in a second region of the operating domain, the

Exclusion Region, lying immediately outside the Scram Region, which may be susceptible to

core-wide mode of reactor instability. The Exclusion Region is the DSS-AB feature associated

with the manual operating limit. Conditional entry into the region is permissible when specified

stability protection is available. The Scram and Exclusion Regions are designated as the

DSS-AB licensing stability regions.

Automatic Operating Domain Exclusion

The Scram Region licensing feature is implemented by the existing APRM flow-biased scram

function. Any anticipated event that causes the reactor state trajectory to enter the Scram Region

results in an automatic scram. The DSS-AB stability methodology therefore generates a Scram

Region that explicitly pre-empts the presence or development of reactor state conditions

susceptible to regional mode oscillations that could challenge the SLMCPR.

Operating Domain Restrictions

The Exclusion Region implementation is associated with the existing APRM flow-biased

rod-block function. Specifically, the Exclusion Region is implemented by the DSS-AB normal
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(i.e., non-setup) APRM flow-biased rod-block trip reference setpoints. The Exclusion Region

provides instability protection during steady-state and quasi steady-state reactor operation.

Under these conditions, administrative controls are used to adhere to existing operating limits

(e.g., Operating Limit MCPR (OLMCPR)) that circumscribe initial conditions for AOOs

independent of DSS-AB. Although the automatic blocking function of control rod withdrawal

exists and operator action and supervision are specified in order to prevent entry into the

Exclusion Region, no credit is taken for this function within the DSS-AB methodology.

Automatic stability protection is afforded by the PBA-AB during operation inside the Exclusion

Region to protect against potential core-wide mode oscillations. Operation inside the Exclusion

Region following inadvertent entry is addressed by mandated operator actions.

The Protected Region is implemented outside the Exclusion Region and automatic protection is

afforded by the PBDA-AB when operating inside the region. This region is not expected to be

susceptible to reactor instability for normal steady-state operation and following anticipated

transient events. The PBDA-AB instability detection required when operating inside the

Protected Region provides added assurance of instability protection.

Operating Mode and Design Changes

The Scram and Exclusion Regions are associated with a fully defined set of reactor system

conditions, including fuel design, feedwater temperature, and other operating modes. To assure

reactor instability protection for variations in stability-related parameters that can result in

significant differences in stability performance, more than one ABs't can be defined. Each ABsct

provides protection from reactor instability under the reasonably limiting conditions defined for

its application. For reactor operation in a different licensed mode (e.g., FWIOOS) that reduces

stability performance, the applicable ABs,, is implemented.

4.2.2 Determination of Trip Reference Setpoints

The generation of the DSS-AB licensing stability regions is based on the ODYSY procedure

methodology described in Reference 4. The ODYSY procedure is utilized to calculate core and

hot channel decay ratios for specified state conditions. The resulting decay ratio values are then
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evaluated against established regional and core-wide stability region generation criteria to

calculate stability region intercepts along specific flow control lines (FCLs) and the natural

circulation line (NCL). Stability region intercepts are separately established for the DSS-AB

Normal Trip Reference Set, AB NTR, and the DSS-AB Alternate Trip Reference Set, AB .TR

Using the stability region intercepts, analytical Scram and Exclusion Region boundaries are

generated conservatively along approximated constant flow lines and flow control lines. The

stability region boundaries are then utilized in generating the APRM flow-biased setpoint

functions as a function of core flow and the APRM flow-biased trip reference functions as a

function of recirculation drive flow. The DSS-AB analytical trip reference functions are used in

defining nominal and allowable trip reference values in accordance with NRC approved setpoint

methodology. This generation process is applicable up to and including operation in the

MELLLA+ domain. The licensing stability region intercepts are confirmed on a plant and

cycle-specific basis to provide consistency with the LTS general requirement of long-term

applicability.

4.2.3 Instability Detection

4.2.3.1 Instability Detection in Exclusion Region

The PBA-AB and its associated setpoint are 'described in Section 3.0. The PBA successive

period confirmation count relationship to the inception of reactor oscillations is used by the

PBA-AB 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.
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The PBA-AB is designed to provide effective early protection of the fuel SLMCPR with no

significant MCPR degradation during the short duration from oscillation inception until the

instability event recognition by the specified PBA-AB trip setpoint' [[

]]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 i nstability inception, which may be' reached'

inside'th'e Exclusion- Region as a result of:

a. Anticipated power increase or flow reduction events from off-rated conditions, which are

expected to be mild and retain substantial MCPR margin, or

b. Anticipated flow reduction events from rated conditions, which are expected to result in a

MCPR margin increase from the required margin at the initial rated conditions (i.e.,

OLMCPR).

As stated above, the transition to fully developed instability is gradual. Therefore, the PBA-AB3

protection precludes any significant MCPR margin degradation as 'a result of anticipated

instability events.' The SLMCPR is protectied by generating a reactor scram before the core

thermal-hydraulic conditions deviate significantly from steady-state conditions.

To confirm the MCPR performance of anticipated core-wide, mode instability events that

terminate inside the Exclusion Region, reasonably limiting, best-estimate eyent simulations are

performed using the GE TRACG code for a specified range of operating conditions and selected

GE BWVR product lines. It must be emphasized that these TRACG event simulations are not

used to determine the PBA-AB setpoint, nor are they used to establish the SLMCPR. Their sole

purpose is to confirm the inherent MCPR margin afforded by the PBA-AB inside the Exclusion

Region.' Method qualifications' and un~ertainty treatment are addressed in Section 5.0.
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4.2.3.2 Instability Detection in Protected Region

The PBDA-AB and its associated setpoints are described in Section 3.0. Unlike the Exclusion

Region, the Protected Region is not susceptible to instability for anticipated events . In addition,

the Protected Region is defined such that it must be traversed during normal startup and

shutdown operation. To provide proportionate stability protection while minimizing the

potential for spurious scram, the PBDA-AB is designed consistent with moderate oscillation

growth rate and requires meeting two conditions to generate a reactor trip.

Because the Exclusion Region envelops reasonably limiting core power and flow conditions that

are potentially susceptible to power oscillations, instability events in the Protected Region are not

anticipated, and if they were to occur, are likely to have a low growth rate. For this reason, and

to ensure the SCC trip setpoint is well above the randomly occurring SCCs, [[

]] Because instability events

are not anticipated inside the Protected Region and the PBDA-AB is provided as a

defense-in-depth feature, SLMCPR protection does not have to be demonstrated.

4.3 STABILITY REGIONS BASIS

Stability regions are implemented as DSS-AB features that exclude and restrict reactor

operations in certain areas of the operating domain and are generated using a standard process.

This process is based on specified plant parameters demonstrated to conservatively capture the

reactor's stability characteristics for defined operating modes and design configurations. The

DSS-AB stability regions consist of the Scram, Exclusion, and Protected Regions.

DSS-AB protection for anticipated steady-state operation and reasonably limiting anticipated

transients is addressed through the DSS-AB Scram and Exclusion Regions generation and
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implementation process, which is covered in the subsequent sections. Both the Scram and

Exclusion Regions are established based on conservative decay ratio criteria and an analysis

procedure that includes conservative state condition assumptions.

The Protected Region is defined to provide additional stability protection outside the Exclusion

Region. Therefore, anticipated steady-state 'operation outside the Exclusion Region and

reasonably limiting anticipated transients that terminate outside the Exclusion Region are not

expected to result in unstable conditions. This defense-in-depth region provides added assurance

of automatically precluding reactor instability under unanticipated conditions, which is addressed

by the automatic detection algorithm required inside this region.

The Protected Region lower bound is defined at the core power level threshold above which core

thermal limits monitoring is required. This power level is associated with a low decay ratio as a

result of the inherently low core void content at these operating conditions. The region upper

flow bound is defined as 10% of rated recirculation drive flow above the Exclusion Region upper

recirculation drive flow intercept. This flow increase is associated with an improved decay ratio

stability performance of approximately 0.2. Because the Exclusion Region upper flow intercept

is based on conservative decay ratio criteria, the Protected Region upper flow bound is also

associated with a low decay ratio. Therefore, the standard Protected Region generation process

provides considerable added protection outside the Exclusion Region.

Feedwater heating operation is explicitly treated in the DSS-AB stability regions' generation

process because it can have significant effect on stability performance.

4.3.1. Feedwater Heating Operations

The DSS-AB'licensing regions are. designed to provide instability protection throughout the

entire range of licensed feedwater heating operations. As outlined in Section 3.0, this may be

accomplished by utilizing a two-tiered combination of stability regions associated with specific

feedwater temperature ranges. These combinations of stability regions are implemented using

the ABm and AB' setpoints. These setp6ints are applicable for:
Se se!.'.;t
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CONDITION 1: Normal Feedwater Heating Operation

TV (TNoniinal _0F 41
V- FW I OOF) Rated Equivalent (4-I)

OR

P < 30% rated thermal power

CONDITION 2: Reduced Feedwater Heating Operation

T <(TNominal - 100F) (4-2)FW \-FW Rated Equivalent

AND

P > 30% rated thermal power

where:

Tominal - Nominal feedwater temperature at rated core thermal power,

TFW - Feedwater temperature (0F), and

P - Core thermal power (% OLTP).

±100F represents the expected variation from the nominal feedwater temperature during normal

rated core thermal power operation and is adequate to avoid switches between the NTR and ATR

sets for normal expected variation in feedwater temperature. This narrow variation range is

addressed by the approved methodology uncertainty of the stability analysis procedure.

Nminal ~ -foTherefore, TM is selected for the stability analysis procedure such that during normal

feedwater heating operation, the plant actual feedwater temperature stays

above (TFWmina -100F)Rated Equivalent Feedwater temperatures that fall above this criterion result in

an improved stability performance, and are therefore addressed by Condition I above. For

feedwater temperatures that fall below this criterion, the reduced feedwater heating operation

setpoint set is applicable, as identified in Condition 2 above.

Feedwater temperature is directly related to core power. The rated feedwater temperatures

shown in Equations 4-1 and 4-2 are adjusted to off-rated conditions (rated equivalent) using this
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relationship. The operating feedwater temperature is compared to the rated equivalent feedwater

temperature to determine the applicability of Conditions 1 and 2.

Figure 4-1 provides a graphical illustration of these conditions. These conditions identify a zone

within core power and feedwater temperature space assigned to the range of normal operating

conditions (i.e., Condition 1). This zone extends in a band from rated power down to the'

feedwater heating startup range. At rated power this bandwidth is -10F from the rated nominal

feedwater temperature, representing the expected normal variation range. Because the zone is

defined in rated equivalent terms, the normal range bandwidth is narrower near the Scram and

Exclusion Regions, as a function of core power.

Selection of the normal feedwater temperature bandwidth criterion is predicated upon the fact

that plant'operation may deviate from the 'nominal rated feedwater temperature. System

component aging, corrosion, and fouling all reduce normal operating feedwater temperatures.

Identifying a single feedwater temperature value for application of the normal operating stability

regions setpoints, ABNT, is not practical. Therefore, the nominal feedwater temperature under

normal conditions is used to determine ABm.'

The reduced feedwater heating operating range, defined in terms of rated equivalent

temperatures, is similar to that for the normal feedwater heating range. The reduced feedwater

temperature bandwidth at rated power is bounded by the minimum licensed operating feedwater

temperature at rated power for the plant-specific application. The lower temperature bound is

then scaled in rated equivalent terms as a function of core power down to the feedwater heating

startup range. Operation in the reduced feedwater heating range is only permitted with

application of the ABtR specifically analyzed for these conditions at the rated equivalent of the

minimum licensed operating feedwater temperature.

4.3.2 Stability Regions Manual Actions

Operations in the DSS-AB stability regions rrequire certain specified operator actions that

complement the solution's automatic. protection. These specified operator actions are

administratively controlled.
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Scram Region

The Scram Region provides an automatic scram upon entry. Therefore, no administrative

controls and specified operator actions are associated with this region.

Exclusion Region

The Exclusion Region provides automatic rod-block and Exclusion Region Entry Alarm (EREA)

upon entry. Operation inside the Exclusion Region may be susceptible to core-wide mode

oscillations. Therefore, exit from the region is needed to avoid potential instability. 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 upshifting a recirculation pump (for FCV plants) is not a

recommended method of exiting the region.

The automatic protection afforded inside the Exclusion Region provides SLMCPR protection at

all times. The operator actions are designed to promptly return the reactor to state conditions not

potentially susceptible to oscillations, and are motivated by scram avoidance considerations.

Protected Region

Operation inside the Protected Region is necessary during controlled startup and shutdown

reactor maneuvers, and is allowed. Because power oscillations are not expected in this region,

no stability-related operator actions are necessary during normal operation. The PBDS-AB can

optionally generate an alarm signal on high SCC. In this situation, the operator is expected to

take action to increase the reactor stability margin by either control rod insertion or increase in

core flow in order to avoid potential imminent reactor scram.

Setpoint Setup Operation

Setpoint setup operation allows controlled operation in a limited portion of the Exclusion Region

that may be susceptible to core-wide oscillation mode. To ensure adequate stability margin,

operator actions in compliance with at least one of the following stability controls are required:
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* Maintain core average Boiling Boundary (BB) 2 4.0 feet,

* Maintain core decay ratio (DR) < 0.6 as calculated by an on-line core stability

monitor, or

* Maintain core DR < 0.6 as calculated by pre-analysis of reactor state trajectories.

The PBDS-AB is required to be operable during setpoint setup operation. The PBDS-AB can

optionally generate an alarm signal on high SCC. If an alarm occurs, the operator is expected to

take action to increase the reactor stability margin by either control rod insertion or increase in

core flow in order to avoid potential imminent reactor scram.

4.4 STABILITY REGIONS INTERCEPT GENERATION

This section provides a description of the process and the basis for establishing the endpoints of

the licensing stability regions, the Scram and the Exclusion Regions. The region endpoints are

established at the plant-specific NCL and the APRM flow-biased setpoint. These endpoints are

referred to as the stability region intercepts. The same process of establishing the stability region

intercepts is applicable to TLO and SLO.
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1]

The power and flow coordinates of these points and other specified points in the power and flow

domain follow this nomenclature:

PA - Core power at Point A

WA - Core flow at Point A

D - Recirculation drive flow at Point A

4.4.1 DSS-AB Region Generation Stability Criteria

The ODYSY calculated decay ratios are evaluated against established region generation stability

criteria, which consider regional and core-wide mode oscillations, to calculate stability region

points along a specific FCL and NCL.

Figure 5-4 of Reference 1 defines the licensing stability criterion that is used with the ODYSY

methodology. The criterion encompasses those reactor conditions considered susceptible to the

inception of core-wide and regional modes of coupled neutronic/thermal-hydraulic instabilities.

The stability criterion is expressed as a function of the core and hot channel decay ratios, and

includes an appropriate allowance for method uncertainties. The ODYSY stability criterion is

depicted in Figure 4-2.

[[
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1]]

4.4.2 Generic Shape Function

The GSF is a fit to power/flow state points representing a constant stability performance. The

GSF has been demonstrated, approved, and applied to LTS Option EIA and Option I-D plants.

The GSF procedure is applied to two state points [[

]] The power/flow state

point fit is defined with the GSF as:

_ I W WWŽ W 1

PC WWC-WB)
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[[I

If core flow rates below WB 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 WB is not used. For general application, and in the unlikely

situation where negative slope below WB is encountered, a modified form of this function is

used. To ensure both a positive slope and continuity below WB, the quadratic exponential term is

eliminated and the following function is used:

(pC X2WC-Nvs]
P B= ) W<WB

4.4.3 Stability Regions Intercept Determination
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4.43.1 Scram Region Intercepts

The Scram Region intercepts, Points A and B, are determined as follows:

The Scram Region intercepts are illustrated in Figure 4-4.

4.4.3.2 Exclusion Region Intercepts

The Exclusion Region intercepts, Points A' and B', are determined as follows:
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]]

The Exclusion Region intercepts are illustrated in Figure 4-4 for TLO.

]] This situation is illustrated in

Figure 4-5 for TLO.

4.5 DSS-AB SETPOINT FUNCTION

The DSS-AB licensing region intercepts established in the previous section are used in

establishing the DSS-AB APRM flow-biased scram and rod-block Setpoint Functions as a

function of core flow. These Setpoint Functions are generated by a prescribed integration

process that combines the standard plant-specific APRM flow-biased setpoints and the stability

regions. This process is applicable to both TLO and SLO.

To simplify the construction of the stability region portion of the Setpoint Function and provide

for a conservative representation, [[
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Figure 4-6 illustrates the construction of the Setpoint Function for the APRM flow-biased scram

setpoint. [[

1]]

Figure4-7 illustrates the construction of the Setpoint Function for the APRM flow-biased

rod-block setpoint. [[

The scram capability afforded by the automated Scram Region feature is illustrated in

Figures 7-9 and 7-10 of Reference 5. [[
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4.5.1 Setpoint Function Demonstration

The DSS-AB Setpoint Function generation process was applied to BWR/4 and BWR/6 designs

as a demonstration. The demonstration analysis results for TLO are depicted in Figures 4-9 and

4-10 for the BWR/4 and BWR/6 designs, respectively. The stability regions shown represent the

analysis values in core flow space. [[

]]

Reduced feedwater temperature operation results in a larger stability region. To demonstrate this

effect, the BWR/6 case was re-evaluated [[

]] The demonstration analysis results are depicted in Figure 4-11, which clearly

show the increase in region size as a result of the feedwater temperature reduction effect relative

to the stability regions in Figure 4-10.

4.6 DSS-AB TRIP REFERENCE FUNCTION

The DSS-AB Trip Reference Functions consist of the APRM flow-biased scram and rod-block

setpoints as a function of the recirculation drive flow for the different operating modes. The

Technical Specification nominal values of these functions, [[
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]]

Although the recirculation drive flow signal is non-safety grade, the NRC has previously

accepted its use for input [[ ]] (Reference 6). The acceptability was

based in part on the instrumentation design features including a signal validation of the

recirculation drive flow signal to provide adequate assurance that credible failures in the drive

flow signal are detected and result in a conservative response from the FCTR card. [[

1]

4.6.1 Trip Reference Function Generation Process
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4.6.2 Scram and Exclusion Region Common Intercepts
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4.6.3 APRM Flow-biased Setpoint Methodology Application

The DSS-AB stability region analysis process results in APRM flow-biased scram and rod-block

Trip Reference Functions. [[
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4.6.4 Stability Region Restrictions

To maintain solution robustness, region size restrictions are specified [[
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1]]

4.6.5 Trip Reference Function Setup

As described in Section 3.0, operation inside the Exclusion Region is permitted when specified

stability controls are implemented and the protection afforded by the Protected Region is

extended to the Exclusion Region. To facilitate intentional entry into the Exclusion Region, the

DSS-AB APRM flow-biased rod-block function of the NMS may be temporarily setup as shown

in Figure 3-2.

The DSS-AB setpoint setup is applied to the APRM flow-biased rod-block setpoints associated

with the Exclusion Region. Because the DSS-AB setpoint setup is primarily, intended to

facilitate controlled startup, only a limited increase in the APRM flow-biased rod-block setpoint

is needed. [[

]]Prior to
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rated operation, the APRM flow-biased setpoints are returned to their normal (i.e., non-setup)

values.

The protection afforded by the PBDA-AB during setpoint setup operation is appropriate because

it is applied during deliberate stable controlled operations at off-rated conditions. Required

operator actions during setpoint setup operation are specified to maintain adequate stability

margin. [[

]]

4.6.5.1 Automatic Setpoint Setdown

Following a DSS-AB setpoint setup, a manual setdown of the DSS-AB APRNI flow-biased

setpoints, which is administratively controlled, is performed upon clearing the flow range

associated with the Exclusion Region. In order to provide defense-in-depth for this action, an

automatic setdown of the DSS-AB APRM flow-biased setpoints is provided. Because the

majority of reactor operating time is spent at rated power, this feature is designed to provide

assurance that the DSS-AB APRM flow-biased trip reference setpoints are at their setdown value

when operating in this condition. The automatic setdown function is accomplished [[

]] when a predetermined trip reference setpoint is exceeded. This

predetermined setpoint is defined as the Automatic Setdown Setpoint and is established as the

APRM flow-biased rod-block trip reference setpoint corresponding to a reference recirculation

drive flow, WD' D, defined as:

\s/D W 5% (4-3)

DD

wvhere Wa" is the high Exclusion Region intercept. The reference recirculation drive flow value

provides appropriate margin to the Exclusion Region boundary to prevent inadvertent setdown

near WDA. However, the value is sufficiently low to ensure that the DSS-AB APRM flow-biased
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trip reference setpoints are in the normal setting during plant power operation. The Automatic

Setdown Setpoint is illustrated in Figure 4-15. -

]] setpoints' are automatically set to' the normal (i.e., non-setup) trip'

reference values when the Automatic Setdown Setpoint 'is reached, based on the card

recirculation 'drive flow input signal. Different Automatic Setdown Setpoints are typically

employed for the TLO and SLO modes of operation, and for normal and reduced feedwater

heating operation. The6APRM flowv-biased rod-block trip reference setpoint is selected for this

function because it implements the Exclusion Region boundary, which encompasses the region

where operation with setppint setup is permitted.

4.6.6 Single Loop Operation

[[

1]

4.6.7 Backup Trip Reference

The BTR set is a conservative setpolnt set, providing long-term protection 'when the PBA-AB

cannot be demonstrated to -be' operable. Because the PBA-AB is assumed unavailable, the

APRM flow-biased scram trip reference setpoint is conservatively' generated based on the
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Exclusion Region intercepts. In this way, state conditions associated with anticipated instability

events are enveloped by the BTR APRM flow-biased scram trip reference setpoint, therefore

providing automatic protection through instability prevention for all anticipated events. The

APRM flow-biased rod-block trip reference setpoint is generated based on standard scram

avoidance considerations relative to the APRM flow-biased scram trip reference setpoint.

APRM flow-biased scram and rod-block trip reference setpoints are also generated as described

above for TLO, SLO, and setpoint setup modes of operation to form the full BTR setpoint set.

When the BTR is implemented, the Protected Region is specified relative to the Scram Region

upper flow intercept and is defined adjacent to the Scram Region. The PBDA-AB protection

provided inside the Protected Region is extended to the APRM flow-biased scram setpoint.

For the BTR, when setpoint setup is needed to allow plant startup operation, both the scram and

rod-block setpoints are setup, maintaining the normal (pre-setpoint setup) setpoint separation.

Setpoint setup operation with BTR setpoints is subject to the following restrictions, similarly

applied to the NTR and ATR sets:

4.7 INSTABILITY DETECTION ALGORITIEM

The primary purposes of the instability detection algorithm are to detect core-wide mode

oscillations and to provide timely power suppression. The PBA-AB is applied while operating in

the Exclusion Region to ensure power oscillation suppression prior to any significant challenge

to the SLMCPR. In addition, the unfiltered APRM signal is compared to the APRM flow-biased
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scram setpoint when operating below the upper flow boundary of the Exclusion Region as a

defense-in-depth means to address unanticipated core-wide mode oscillations not detected by the

PBA-AB. The PBDA-AB is applied while operating in the Protected Region as a

defense-in-depth means to address unanticipated core-wide mode oscillations. The instability

detection algorithm utilized for detecting the onset of reactor instability is based on the PBDA,

which is described in Reference 2. The PBA-AB does not include the amplitude component of

the PBDA because it is designed to provide early instability detection based only on the signal

oscillatory characteristic. The PBA-AB and PBDA-AB include a number of enhancements

relative to the PBDA of Reference 2 that are applied to the unfiltered APRM signal input.

4.7.1 Detection Algorithm Application Basis

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

required for the proper application of PBA-AB and PBDA-AB:

I I ,: , 1, I I

I I I , - . .,
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Significant flow reduction events from power operation may result in operating conditions that

are unstable inside the Exclusion Region. This is more likely for 2RPT events that initiate from

rated power 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 may exhibit modulated behavior.

[[
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1]

The time period limits specified in Table 3-1 conservatively envelop the range of characteristic

periods anticipated for all DSS-AB applications addressed by this report. [[
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4.7.2 Detection Algorithm Setpoint Determination

4.7.2.1 Exclusion Region Operation

The Exclusion Region successive confirmation count (SCC) setpoint (NER) is used to

discriminate the stability characteristics of the APRM SCC by the PBA-AB in the Exclusion

Region. The choice of NER is based on two considerations.

First, the SCC setpoint must be large enough that core behavior consistent with stable reactor

operation is discriminated and does not result in inadvertent PBA-AB actuation. Several events

and processes that occur during the course of stable reactor operations can generate transient

perturbations in the steady-state flux. These perturbations decay in a manner consistent with the

thermal-hydraulic stability characteristics of the reactor. Depending on the frequency of the

reactor response, the PBA-AB can recognize successive oscillation period confirmations in the

stable reactor response signature. In addition, the PBA-AB is applied to a single APRM signal

per APRM channel and all APRM signals are expected to exhibit similar signal signature.

Therefore, the SCC setpoint must be large enough to avoid unnecessary spurious scrams.

Second, NER must be low enough that the PBA-AB generates a reactor trip signal near the

inception of reactor instability. The SLMCPR is protected by the PBA-AB by generating a

reactor trip prior to any significant amplitude growth of the power oscillations in the unstable

reactor regime.
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Based on LTS Option III plant implementation experience, the SCC during normal startup stable

operations for most Oscillation Power Range Monitor (OPRM) cells is typically zero or one,

with occasional high single digit count for a single OPRM cell. For some plants, single OPRM

cells may infrequently reach values as high as 10 or higher. Reference 3 specifies that the

OPRM cell consists of 1 to 8 closely spaced LPRM detectors. The signals from the individual

Local Power Range Monitor (LPRM) detectors in a cell are averaged to produce the OPRM cell

signal. A high OPRM SCC is expected to result from a high count of a dominating LPRM in the

OPRM cell. The APRM signal represents an average signal of a large number of LPRMs

uniformly distributed through the reactor core. [[

]] Because the

reactor is not anticipated-to instantaneously transition to unstable, growing power oscillations,

this PBA-AB response time provides adequate protection of fuel SLMCPR for anticipated

instability events.

4.7.2.2 Protected Region Operation

The Protected Region SCC setpoint (Npp') is used'to discriminate the stability characteristics of

the APRM SCC by the'PBDA-AB in the'Protected Region. Because instability events are not

expected'in the Protected Region and operitions inside the region are necessary'during normal

startup and shutdown maneuvers, the SCC setpoint must be larg'eenough so that core behavior

consistent with stable reactor operation'iis discriminated with high confidence and does not result

in inadvertent PBDA-AB actiuation. In addition, in the unlikely situation when an instability

event is developed in the Protected Region, 'the approach to oscillation inception is slow and the

oscillation growth rate is low.
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[[I

]]

4.7.2.3 Setpoint Setup Operation

Setpoint setup operation allows temporary controlled entry into a portion of the Exclusion

Region. In this situation, operation is allowed in a limited region of the core power and flow

domain that may be susceptible to core-wide mode oscillations. To ensure adequate stability

margin during setpoint setup operation, required operator actions are specified. This can be

accomplished through the on-line application of a stability monitor or predictor, or enforcement

of a high core average BB. Operation under these conditions is limited in duration, associated

with significant initial MCPR and stability margins and is not susceptible to high growth rate

power oscillations. Therefore, violation of the SLMCPR as a result of an instability event is

unlikely. The protection afforded by the PBDA-AB during setpoint setup operation is

4-35



NEDO-33143 REVISION 0

appropriate because it is applied during deliberate stable controlled operations at off-rated

conditions. Application of the PBDA-AB during this operational maneuver provides added

assurance against an unnecessary spurious scram. Therefore, the PBDA-AB setpoints are

applied during setpoint setup operation.

4.7.2.4 Region Crossover

Power oscillations may develop close to stability region boundaries. If the oscillations grow

large enough, the region boundary, implemented based on the APRM flow-biased setpoint in the

[[ ]], may be periodically crossed over during the oscillations. [[

. I

. .

.

. - ;

.;
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1]

4.7.3 Signal Sampling and Resolution

The PBA-AB evaluates a discrete representation of the APRM 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 per period may occur. If the selected period tolerance value is equal

to the sampling time step, an occasional SCC reset 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.
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To ensure that a continuous SCC is generated for a periodic APRM signal, the theoretical

minimum period tolerance is related to the discretization of the APRM signal by the following

relationship:*

£ > 2 x Signal sampling time step

where £ is the PBA-AB period tolerance value.

The DSS-AB solution design requires a criterion specifying the minimum acceptable resolution

of the APRM signal amplitude. Appropriate 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 operations in regions of the operating domain susceptible to reactor instabilities are

typically associated with a peak-to-peak APRM noise amplitude of 3%. This amplitude is

dependent on the specific reactor conditions and may vary from plant to plant. During the

approach to reactor instabilities, noise 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 APRM signal peak-to-peak amplitude

difference is set at 2% of scale. This value represents the lower bound of typically observed

peak-to-peak 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-peak amplitude difference of 2% of scale or higher, for the full frequency range expected

for reactor instabilities.

4.8 GENERIC APPLICABILITY ENVELOPE

The confirmation process of MCPR performance afforded by DSS-AB for anticipated instability

events is established on a generic basis. To this end, a set of key parameters is identified and a

range is established to define a generic applicability envelope. Future plant-specific designs that
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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.

[[

The specified range established for each of these parameters is summarized in Table 4-2. The

plant-specific review process, confirming the continued applicability of the DSS-AB generic

applicability envelope, is documented in Section 6.0. The analyses documented in this report,

demonstrating the MCPR performance on a generic basis for anticipated core-wide mode

oscillations, address the specified range of the generic applicability envelope key parameters.

[[
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4.9 SLMCPR PROTECTION COINFIRATION

The SLMCPR protection confirmation is based on anticipated instability events, which are

defined to include core-wide mode oscillations with full core participation at reasonably limiting

conditions and core designs. Regional mode oscillations are addressed by the DSS-AB Scram

Region through automatic prevention and are therefore not expected to occur. The DSS-AB

anticipated instability events are initiated as a result of anticipated transients or normal

operational maneuvers. All other instability events are considered unanticipated events and do

not require SLMCPR protection. Consistent with the DSS-AB generic confirmation envelope,

reasonably limiting events are selected and simulated by TRACG to quantify their effect on the

margin to SLMCPR. A generic DSS-AB procedure specifying bounding CPR uncertainty is

established and used to confirm that the margins to the SLMCPR for the reasonably limiting

best-estimate events are adequate.

4.9.1 Confirmation Analysis Event Matrix

The limiting events, selected to confirm that the SLMCPR is protected by the DSS-AB design,

are established based on a review of all 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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4.9.2 Event Simulation

[[

The simulation results in this 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,

feedwater temperature and core inlet subcooling, hot channel power, hot channel flow and CPR,

are presented in [[
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II
Therefore, the DSS-AB hardware and software design and the analytical simulation are

consistent.

[[

4.9.3 MICPR Performance

The margin to the SLMCPR for each of the TRACG simulated events is calculated by applying

the DSS-AB evaluation methodology to the event MCPR results. The evaluation methodology

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

4.9.3.1 Evaluation Methodology

The DSS-AB 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
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limiting instability scenarios. A Code Scaling, Applicability and Uncertainty (CSAU)

assessment is provided in Section 5.0.

The DSS-AB evaluation methodology represents a significant simplification from the Option I-D

licensing methodology, which is made possible because of the:

a. Preventive measure introduced by the Scram Region and the early detection and

suppression of oscillations afforded by the PBA-AB,

b. Elimination of reliance on an amplitude-based trip setpoint, and

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

condition up to the instability suppression.
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4.9.3.2 Best-Estimate MCPR Margin

The DSS-AB evaluation methodology has been applied to the cases specified in the confirmation

analysis event matrix (Table 4-3). Table 4-5 summarizes the nominal MCPR performance and

margins to the SLMCPR for these cases. [[

For all cases in Table 4-5, adequate margin to the SLMCPR is maintained. [

1]and therefore

confirms on a generic basis the PBA-AB early detection capability and the PBA-AB setpoints

selection.

The cases in the confirmation event matrix were selected because they represent reasonably

limiting events for anticipated core designs. The initial conditions (core power, core flow,
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exposure, etc.) were selected to maximize the oscillations [[

]]

4.9.3.3 MICPR Uncertainty Assessment

Reference 5 describes a conservative approach to address the TRACG method uncertainty for

regional mode oscillations. Because the DSS-AB TRACG analysis is limited to core-wide mode

oscillations, the Reference 5 approach can be applied conservatively to DSS-AB applications.

The CSAU bounding approach described in Section 5.2 of Reference 5 was applied to the

[[

]] the CSAU bounding approach resulted, as expected,

in a significant decrease in CPR margin.

[[
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The DSS-AB procedure for the CPR relative uncertainty was applied to the cases in Table 4-5.

For each case, the final MCPR, including the DSS-AB procedure component uncertainties, and

the resulting SLMCPR margin are summarized in Table 4-7. For all cases, adequate margin

exists, confirming the DSS-AB protection approach and setpoint selection. [[

HI
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4.10 SYSTEM OPERABILITY

The licensing basis automatic features of DSS-AB requiring operability considerations are the

APRM flow-biased scram and rod-block trip setpoints and the PBA-AB. The defense-in-depth

basis automatic feature of DSS-AB requiring operability considerations is the PBDA-AB.

4.10.1 APRM Flow-Biased Trip Setpoints

The APRM flow-biased scram and rod-block trip setpoints must be available during reactor

operation in Mode 1 at all times. Specifying a backup for DSS-AB APRM flow-biased setpoints

implementation is therefore not necessary.

4.10.2 DSS-AB Oscillation Detection Algorithm

The PBA-AB and PBDA-AB are required to be operable at all times during reactor operation

above a core power level defined generically at 5% of rated power below the MCPR threshold

monitoring core power level, and for the full licensed core flow range. This power level is

selected to require operability below the Protected and Exclusion Regions for all potential

DSS-AB APRM flow-biased setpoints applications.

If the PBA-AB cannot be demonstrated operable at any time above this power level, the BTR set

]] is selected. The BTR extends the Scram Region, implemented by

the APRM flow-biased scram trip reference setpoint, to envelop the Exclusion Region such that

automatic instability prevention protection. is available for both regional and core-wide

oscillation modes, and reliance on the PBA-AB is therefore not necessary. The APRM

flow-biased rod-block trip reference setpoint is implemented based on the standard scram

avoidance considerations.

If the PBDA-AB cannot be demonstrated operable at any time above 5% of rated power below

the MCPR threshold monitoring core power level, administratively controlled manual operator

actions to ensure stable operation inside the Protected Region are required. This is accomplished

by implementing an on-line stability monitor, predictor, or other means to ensure that the core
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decay ratio does not exceed 0.6, or by maintaining the core average BB> 4.0 feei during

deliberate operations inside the Protected Region.

Implementing these conservative and comprehensive backup" measures when the DSS-AB

oscillation detection algorithm cannot be demonstrated operable, provides automatic instability

prevention for all anticipated oscillation modes and an added defense-in-depth protection in- the

Protected Region. Therefore, operation with these backup stability protection measures in place

may continue indefinitely.

4.10.3 DSS-AB Initial Plant Implementation

During the initial implementation of the DSS-AB solution, the detection algorithm can be

checked while operable but not armed in the Protected Region for the first full reactor startup to

power operation and full controlled shutdown following DSS-AB implementation. During this

initial demonstration; systemn performance during normal operational maneuvers can 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 can be assessed.

Table 4-8 lists the DSS-AB testing elements and corresponding success criteria in the Protected

Region.

During the system checkout period, the automatic protection inside the Exclusion Region must

be-operable and armed at all times. In addition,'when operating with flow rates above the

Protected Region, the system must be returned to its standard setting such that upon inadvertent

entry into the Protected or Exclusion Regions the'detection algorithm would be operable and

armed.

During this system checkout period, the reactor stability protection inside the Protected Region

would be provided by administratively controlled specified operator action for maintaining

adequate stability margin. This is accomplished during deliberate operations inside the Protected

Region either by implementing an on-line stability monitor, predictor, or other means to ensure

that the core decay ratio does not exceed 0.6, or by maintaining the core average BB Ž 4.0 feet.
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4.11 APPLICATION TO NON-GE FUEL DESIGN

The fuel design range of applicability of this report is specified in Table 4-2. 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 a 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 because of the fuel design thermal-hydraulic compatibility and the

robustness of the DSS-AB solution.
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Table 4-1 Stability Region Intercept Calculation Procedure

__ _ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _I
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Table 4-2 DSS-AB Licensing Basis Generic Applicability Envelope

.

... .. . ...
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Table 4-3 TRACG Confirmation Analysis Event Matrix

4 4 4 + 4 4- 4.

4 4 4 1- + 4-

L L I .1.
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Table 44 DSS-AB3 Evaluation Methodology Summary
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Table 4-5 Nominal TRACG Confirmation Analysis MCPR Performance

t t t t I

4 I I I

-I I I I I
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Table 4-6 Confirmation Event Matrix Growth Rate

11
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Table 4-7 DSS-AB Bounding TRACG MCPR Margin

1 HIII I I
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Table 4-8 DSS-AB Testing Elements and Success Criteria

Testing Element' Success Criteria

System hardware self-testing of the [[

Monitoring confirmations during startup.

Confirming that the system operates properly under
operational maneuvers such as pump upshift.

Testing to assure that the arming and disarming of
the system occur properly.
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Figure 4-1 DSS-AB Feedwater Heating Operation Basis
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Figure 4-2 .ODYSY Stability Criterion

[[
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Figure 4-3 DSS-AB Region Generation Stability Criteria

1]
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Figure 4-4 DSS-AB Licensing Regions Intercepts Illustration

[[
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Figure 4-5 DSS-AB Single Licensing Region Intercepts Illustration
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Figure 4-6 APRM Flow-biased Scram Setpoint Function Illustration
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Figure 4-7 APRM Flow-biased Rod-Block Sctpoint Function Illustration

]]
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Figure 4-8 APRM Flow-biased Rod-Block Step-wise Setpoint Function Illustration

1]
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Figure 4-9 BWR/4 Stability Region Sctpoint Function Dcmonstration
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Figure 4-10 BWRJ6 Stability Region Setpoint Function Demonstration
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Figure 4-11 BWR/6 Reduced Tjnw Stability Rcgion Setpoint Functions Demonstration
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Figure 4-12 DSS-AB Reference Flow Function
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Figure 4-13 APRM Flow-Biased Trip Reference Function Illustration
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Figure 4-14 Illustration of RFF Implementation Effect on Setpoint Functions
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Figure 4-15 DSS-AB Automatic Sctdown Sctpoint
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Figure 4-16 [[ I]
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Figure 4-17 [[
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Figure 4-18 [[
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Figure 4-19 [[ ]]
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Figure 4-20 [f
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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 [[ ]]
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Figure 4-26 [[ ]]
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Figure 4-27 [[
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Figure 4-28 [[
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5.0 SOLUTION QUALIFICATIONS AND UNCERTAINTIES

This section describes the TRACG qualifications for DSS-AB application. It also reviews the

application approach, conformance with the CSAU methodology and GEXL CPR correlation

application during power oscillations. In addition, it provides a summary of the testing

performed to qualify the DSS-AB oscillation detection algorithm for'application to APRM

signals and reviews the setpoint methodology application'to the solution setpoints.

5.1 TRACG APPLICATION

The TRACG code is used to simulate [[ ]] events to confirm the

DSS-AB early core-wide mode oscillation detection and suppression capability in the Exclusion

Region. The TRACG event simulations are not used to establish the DSS-AB PBA-AB design

or setpoints. The purpose of the TRACG model capability and qualification review is to provide

background for the code use in support of the DSS-AB 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 operation 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 AOO transients

(Reference 7).

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 cooperation between GE and Idaho National

Engineering Laboratory (INEL):- The objective of this cooperation was the'development of a

version of TRAC capable of simulating BWR Loss of Coolant Accident (LOCA) scenarios. The

main tasks consisted of improving the basic models in TRAC for BWR applications and in

developing models for specific BWR phenomena and components.
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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 and a

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

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 via 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 summarizes the acceptable use of TRACG analysis results for licensing BWR/3-6

power plants to support the DSS-AB licensing basis. GE has provided information to support the

use of TRACG as an extension to the previously approved method of analyzing BWR stability

and demonstrating compliance with licensing limits (References I and 2). Instability 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 instability events.

The originally approved TRACG stability application for Options III and I-D 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-AB

]]

This section summarizes the quantification of key parameter uncertainties, as applied to the

TRACG instability event simulations. The analysis of these instability events accounts for the

5-2



NEDO-33143 REVISION 0,

uncertainties and biases in the models and plant parameters, using a bounding approach. The

uncertainties and biases considered include:

* Model uncertainties,

* Experimental uncertainties and uncertainties related to test scaleup, and

* Plant parameter uncertainties.

The overall analysis approach is consistent with the 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

experimental comparisons are used as a check on the derived uncertainty. A summary of the

CSAU analysis methodology application to DSS-AB is provided in Section 5.2.

5.1.3 Advantages of TRACG Use for Stability Evaluations

TRACG use for stability analyses includes the following advantages:

. With its 3-D kinetics model, TRACG is capable of simulating the complex

thermal-hydraulic and neutronic interactions of the core. The nuclear model is consistent

with the PANACEA 3-D steady-state simulator (Reference 12), which is continually

benchmarked against steady-state nuclear data.

. TRACG calculates the CPR directly.

5.1.4 Conformance with CSAU Methodology

The CSAU demonstration application to TRACG BWR stability analysis addresses all the

elements of the NRC-developed CSAU evaluation methodology. The CSAU approach is a

rigorous process for evaluating the total model and plant parameter uncertainty for nuclear power
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plant calculations. The process for applying best-estimate codes and quantifying the overall

model and plant parameter uncertainties represents the best available practice. While the CSAU

methodology was developed for application to LOCA scenarios, there are no technical reasons

that prevent CSAU methodology from being applied to other event scenarios, such as

thermal-hydraulic instability.

The CSAU methodology consists of 14 steps, as outlined in Table 5-1, which summarizes how

these steps apply for DSS-AB.

5.2 CSAU METHODOLOGY APPLICATION SUMMAIRY

Because of the early detection of oscillations and suppression afforded by the PBA-AB and the

[[

]] and documented in Section 4.9.3.

Each of the 14 steps of the CSAU methodology is discussed below.

1. Instability Scenario Specification

The instability scenarios are those associated with anticipated instability events in BWR/3-6 type

plants. [[

5-4



NEDO-33143 REVISION 0

1]]

2. Nuclear Power Plant Selection

DSS-AB is applicable to BWR/3-6 plant product lines.

3. Phenomena Identification and Ranking

The critical safety parameter for instability events as defined in GDC 10 and 12 is no fuel failure.

Demonstrating protection against boiling transition by maintaining the MCPR above the

SLMCPR prevents fuel failure. The phenomena identification and ranking table (PIRT) is used

to delineate the important physical phenomena that affect the MCPR. PIRTs are ranked with

respect to their effect on the critical safety parameters. For example, MCPR is determined by the

reactor short-term response to* instability events. - The coupled core neutronic and

thermal-hydraulic characteristics govern the neutron flux, reactor pressure, and core flow in an

instability 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 mind and are independent of

whether or not the model is capable of handling the phenomena and whether or not the model

shows a strong sensitivity to the phenomena. For example, two phenomena may be of high

importance yet may tend to cancel each other so that there is little sensitivity to either

phenomenon. Both phenomena are of high importance because the balance between these

competing phenomena is important.
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Table 5-2 identifies the phenomena that govern BWR/3-6 instability responses, and represents a

consensus of GE expert opinions. The instability transient events have been categorized into

three distinct groups:

* Channel thermal-hydraulic instability,

* 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:

* High importance (H): These phenomena have a significant effect on the primary safety

parameters and should be included in the overall uncertainty evaluation.

* Medium importance (M): These phenomena have insignificant effect 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 effect 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 assessment, the range of the

PIRT phenomena covered in the tests is compared with the corresponding range 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 parameters (e.g., ratio of core power to core flow)

important to reactor instability.
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Using the PIRT ranking results, the uncertainties for the highly ranked PIRT phenomena were

established and evaluated based on a bounding analysis to arrive at the total model uncertainty in

Reference 5, which is documented for completeness in this report. This step addresses the

core-wide oscillation mode and is applicable to DSS-AB.

4. Frozen Code Version Selection

A frozen code version (TRACG02A) was 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 8 and

9 document the TRACG models and qualification basis.

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 were examined.

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

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

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

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

* Structure and nodalization, which address the code capability 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 instability applications is addressed, documented,

and supported by the code qualification in Reference 9. Differences between the (H) ranked
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PIRTs in Table 5-2 and those in Reference 7 were dispositioned as insignificant and the

assessment and qualification matrices of Reference 7 were established to be applicable for the

Reference 5 CSAU evaluation. The capability of the TRACG models to treat the highly ranked

phenomena and the qualification assessment of the TRACG code for instability applications

applies to the core-wide oscillation mode and therefore to DSS-AB.

7. Establishment of Assessment Matrix

The qualification assessment of the TRACG models is summarized in Reference 7. The

phenomena have been identified so that they may be easily correlated to the model description

and qualification reports. For each phenomenon, 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 basis. Data from

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.

8. Nuclear Power Plant Nodalization Definition

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

qualification of TRACG against test data for these components. The same consistent

nodalization strategy was then applied for full-scale plant calculations. The adequacy of the

nodalization has been demonstrated and supported by sensitivity studies. Standard nodalization

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. [[
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Reference 5 provided the basis for regional oscillation mode.

]] which is based on a nodalization study that

examined the minimum number of fuel channels required to adequately model the CPR response

for a regional mode oscillation.. The core-wide oscillation mode channel grouping applicable to

DSS-AB is also based on a nodalization study that examined the minimum number of fuel

channels required to adequately model the CPR response.

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 I regional instability tests, the Forsmark-l instability tests .(January 1989), and the

Cofrentes Cycle 6 instability event (January 1991). The overall TRACG prediction agrees with

the experimental data.

10. Determination of Effect of Scale

Effects 6f 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 operating 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 full-scale

BWR plant tests. The qualification shows that data from scaled test facilities and full-scale

plants are both well predicted. There is no apparent effect of scale in TRACG. In addition,

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

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

model uncertainties have primarily been determined from scaled experiments, this 'again

demonstrates that there is no significant effect of scale on TRACG. -

11. Determination of the Effect of Reactor Input Parameters and State

Overall model biases and uncertainties for the instability application were assessed in

Reference 5 for each high ranked phenomena by using a combination of comparisons of
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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 were used to obtain approximations for the

biases and uncertainties. For some phenomena that have little effect on the calculated results, it

was appropriate to simply use a nominal value or to conservatively estimate the bias and

uncertainty.

The phenomena for BWR instability have already been identified and ranked, as indicated in

Step 3 above.

Code inputs were 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 effect on the results than do uncertainties associated with the modeling

simplifications.

Individual geometric inputs are the building blocks for the spatial nodalization. The spatial

nodalization includes modeling simplifications such as the lumping together of individual

elements into a single model component. For example, several similar fuel channels may be

lumped together and simulated as one fuel channel group. An assessment of these kinds of

simplifications, along with the sensitivities to spatial nodalization, is included in the TRACG

Qualification LTR (Reference 9).

Inputs are used to select the features of the model that apply for the intended application. Once

established, these inputs are fully specified for the application and do not change.

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 effect on steady-state operation.
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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 thatfhave been recognized as having an effect 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 54 lists the key plant initial

conditions/parameters that are high ranked for the instability application. For the high ranked'

phenomena, the bases used to establish the nominal value, bias and uncertainty for that parameter

are documented. '

The effects of reactor input parameters and state are applicable for both regional and core-wide

oscillation mddes,' and therefore, applicable to DSS-AB.

12. Performance of Nuclear Power Plant Sensitivity Calculations,

In Reference 5, two plant types (BWR/3-5 and BWR/6) with different limiting operating

conditions were evaluated for the instability application. [[

]] For DSS-AB, two plant

types (BWR/3-5 and BWRI6) with different limiting operating conditions are also evaluated for

the instability application. [[

13. Determination of Combined Bias and Uncertainty

.. .. . ..
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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. [[

]] Separate calculations were performed

to characterize the effect of each response parameter important for instability in order to define

the appropriate uncertainty range. The total uncertainty treatment was based on reasonably

limiting initial conditions and model uncertainties identified in the 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.

In Reference 5, the CSAU [[

]]

5.3 GEXL CORRELATION APPLICATION DURING POWER OSCILLATION

The GEXL correlation is developed from steady state critical power data. The test data for a

given fuel design cover a range of axial and local power distributions, mass flow, inlet

subcooling, and pressure. The mass flow range is 0.1 to approximately 1.5 Mlb/ft2 -hr. For each
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product line, the database typically includes on the order of 600-1000 critical power data points.

The data range is chosen to cover normal operation as well as the expected range during

operational transients.

I . ..

'. . a
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5.4 DETECTION ALGORITHM TESTING

The DSS-AB licensing basis detection algorithm, the PBA-AB, relies on the recognition of

successive periods in the APRM signal. The algorithm does not rely on amplitude recognition

and comparison to an amplitude-based setpoint. Therefore, the PBA-AB only consists of

successive period detection pattern recognition elements.

Past PBA testing for the purpose of recognizing successive oscillation periods has been applied

to LPRM and OPRM cell signals. Testing of the PBA application to OPRM cells was performed

in support of Option III algorithm qualifications as documented in References 1 and 2, and

testing for the modified PBA used in DSS-CD is summarized in Reference 5.

The PBA-AB is similar to the PBA version used by DSS-CD. However, the DSS-CD testing and

qualifications were based on algorithm application to OPRM cell signals. The licensing basis

DSS-AB detection algorithm, PBA-AB, is applied to the APRM signals. Therefore, testing

against APRM signals associated with stable and unstable conditions is appropriate. The APRM

signal consists of an average of specified LPRMs throughout the reactor core, representing

average core power. As a result, the APRM signal is less susceptible to a spurious high

successive confirmation count than a single LPRM or OPRM cell. During normal stable

operations, the successive confirmation count for an APRM signal is expected to remain very

low due to LPRM signal noise cancellation. It is only when the majority of LPRMs contributing

to an APRM signal are oscillating in-phase during core-wide mode instability that the APRM

signal is expected to exhibit significant SCC.

The PBA-AB is tested against the Nine Mile Point Unit 2 (NMP-2) core-wide mode instability

event recorded data. The only NMP-2 useful data consists of OPRM cell signals since plant

LPRM and APRM signals were not recorded during the event at sufficiently high frequency, and

are not useful for testing purposes. The available OPRM cell recorded data is not of a high

quality since it was normalized by the PRNM system and numerically truncated. Because of
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these constraints, the NMP-2 testing is limited to, an APRM to OPRM cell signal performance

comparison. The OPRM cell recorded data is combined to simulate an approximated APRM

signal and the application of the PBA-AB to the simulated APRM data and an example OPRM

cell (OPRM 125) is compared, as illustrated in Figure 5-7. Consistent with the PBA-AB design,

the period tolerance is set to 100 milliseconds and the conditioning filter cutoff frequency to 1

Hz. In Figure 5-7, the normalized OPRM signal is biased by an adder of +0.2 for illustration

purposes.

]] In general, the performance of the APRM and the example OPRM cell are

similar, both during the stable and unstable portions of the event.

The PBA-AB is also tested against the Columbia core-wide mode instability event. For this

event, a large number of LPRM recorded signals is available. The LPRM signals were combined

to simulate APRM signals for the event. The application of the PBA-AB to a simulated APRM

and example LPRM signals is illustrated in Figure 5-8. [[

]]The

performance of the simulated APRM and example LPRM signal is similar since the Columbia

event consisted of almost uniform participation of the entire core in the instability event.

The PBA-AB performance of two simulated APRM signals, based on two different Columbia

APRM channels data, is shown in Figure 5-9. As expected, the APRM signals are similar, since

they both represent the core average power. The SCC performance is very similar, as expected,

with minor variations in initial SCC reset timing.

The PBA-AB was also tested against measured APRM and LPRM signals recorded during stable

off-rated power operation atNMP-2. The application of the PBA-AB, ',ith'its design' settings as
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specified in this report, to two representative LPRM signals and two APRM signals is illustrated

in Figures 5-10 and 5-11, respectively. [[

]] This

measured data performance supports the expected SCC performance of APRM signals for stable

operations and the use of the APRM signals as input to the DSS-AB detection algorithm.

The PBA-AB was applied to the core power trace of the [[ ]] case

to test the algorithm capability to recognize the inception of instability. The PBA-AB provided

timely identification of the inception of instability oscillations and continuous recognition of

SCCs, as illustrated in Figure 5-12. [[

5.5 SETPOINT METHODOLOGY APPLICABILITY

DSS-AB relies on the following setpoints for its automatic instability protection:

a. APRM flow-biased scram and rod-block trip reference setpoint, and

b. Detection algorithm SCC and oscillation amplitude setpoints.

The APRM flow-biased scram and rod-block trip reference setpoints require an application of

NRC approved setpoint methodology as described in Section 4.6.3. The methodology calculates

the Allowable Value (AV) and Nominal Trip Setpoint (NTSP), each with margin from the

Analytical Limit (AL), to account for measurement error in the various drive flow regions (see

Figure 4-13). An example NRC approved setpoint methodology is provided in Reference 24.
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The Protection Region is used as defense-in-depth and [[.

The PBDA-AB is used as defense-in-depth. [[
]]
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Table 5-1 CSAU Evaluation Methodology

CSAUL - Step:. DS S-AB, '
Step Description . -- -!

1 Scenario Specification

2 Nuclear Power Plant Selection BWR/3-6

3 Phenomena Identification and Ranking Addressed in Reference 5, Table 5-2

4 Frozen Code Version Selection TRACG02A

5 Code Documentation NEDE-32176P (Reference 8),
NEDE-32177P (Reference 9)

6 Determination of Code Applicability AOO TRACG LTR (Reference 7);
Additional parameters disposition
addressed in Reference 5

7 Establishment of Assessment Matrix AOO TRACG LTR (Reference 7)

8 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 Reference 5, Tables 5-2 and
Input Parameters and State 5-4

12 Performance of Nuclear Power Plant Addressed in Reference 5, Tables 5-3 and
Sensitivity Calculations 5-4

13 Determination of Combined Bias and
Uncertainty

14 Determination of Total Uncertainty DSS-AB bounding calculations
demonstrate that FMCPR > SLMCPR
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Table 5-2 -Phenomena Governing BWRI3-6 Instability Transients

- El...11 I .
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-. - Table 5-3 -- - --Disposition of High-Ranked Instability Model Parameters -

4- 4-4-4- 4 4-

4- 4-4-4 4 4-

+ +-4-+ 4 4-
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- - Table 54 - Key Plant Initial Conditions/Parameters
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Figure 5-1 [[ 1J

III
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Figure 5-2 [[
]]

[[

1]
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Figure 5-3 [[
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Figure 5-4 [[ ]]

I]
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Figure 5-5 [[ ]]

1]
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Figure 5-6 Summary of Transient ACPR/ICPR Comparison

I]
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Figure 5-7 PBA-AB Application to NMP-2 Simulated APRM and OPRM Signals
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Figure 5-8 PBA-AB Application to Columbia Simulated APRM and LPRM Signals
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Figure 5-9 PBA-AB Comparison of Columbia Simulated APRM Signals
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Figure 5-10 PBA-AB Application to Measured NMP-2 Stable LPRM Signals

]]
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Figure 5-11 PBA-AB Application to Measured NMP-2 Stable APRM Signals

I]
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Figure 5-12 [[
[[
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6.0 PLANT-SPECIFIC APPLICATION

A plant cycle-specific review procedure is'established to confirm 'that the existing plant-specific

and generic DSS-AB licensing basis' is applicable to upcoming plant-specific designs, including

reload designs, and therefore, demonstrating SLMCPR protection by DSS-AB for anticipated

instability related oscillations.

6.1 PLANT-SPECIFIC REviEW PROCESS

DSS-AB relies on the following setpoints for its automatic instability protection:

a. APRM flow-biased scram and rod-block trip reference setpoints, and

b. Detection algorithm SCC and oscillation amplitude setpoints.

Each of the setpoints must be confirmed or'established on a cycle-specific basis and whenever a

plant modification that may affect stability performance is planned for implementation.

6.1.1 APRM Flow-Biased Trip Reference Setpoints

The DSS-AB APRM flow-biased scram and rod-block trip reference setpoints are plant-specific

and may change from cycle to cycle. Therefore, confirmatory analysis is required to support

each fuel reload and other changes that may affect stability performance. To confirm 'the

continued applicability of the DSS-AB APRM flow-biased scram and rod-block trip reference

setpoints, the existing stability region intercepts for all DSS-AB setpoint sets will be evaluated.

Specifically, ODYSY analyses at the [[ ]] will be

performed (see Section 4.4). If the resulting decay ratio results meet the DSS-AB stability

criteria provided in Figure 4-3, the existing setpoints are confirmed and no additional analysis is

required. If the stability criteria are not met for any of the points, the region generation process

of Section 4.0 will be re-performed to demonstrate that all region points meet the DSS-AB

stability criteria for all DSS-AB setpoint sets, the Trip Reference Functions will be updated and

the updated setpoints will then be implemented at the plant prior to the new fuel loading or the

introduction of the plant change.
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6.1.2 Detection Algorithm Setpoints

The generic PBA-AB licensing basis allows solution implementation for GE BWVR/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 core-wide mode

instability events inside the Exclusion Region. 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 4.8, is not exceeded. The plant-specific applicability checklist is provided in Table 6-1.

If any checklist criterion is not met as a result of a plant-specific design change that may affect

reactor stability performance, the DSS-AB plant-specific procedure will be performed to

demonstrate adequate SLMCPR protection. If the design change is either within the DSS-AB

plant-specific applicability envelope or does not affect the reactor stability performance, no

additional DSS-AB applicability demonstration analysis is required.

Any extension of the DSS-AB applicability envelope requires confirmation analysis based on the

methodology outlined in Section 4.0. In Section 4.0, [[
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]] The DSS-AB

procedure uncertainty (or equivalent), documented in Section 4.0, is then applied to confirm the

margin to the SLMCPR. The DSS-AB applicability extension procedure is summarized in

Table 6-2.

L.

Design changes beyond the DSS-AB plant-specific applicability envelope that affect stability

performance will require confirmation analysis according to the DSS-AB applicability extension

procedure of Table 6-2. [[

t . . .. I . I . . I

. .. 7 .
A � - .. ..

If the DSS-AB 'applicability extension involve's a new GE fuel design beyond GE14 or non-GE

fu'el designs, then Table 6-3 is applied. The table lists the possible fuel design transitions among

approved and unapproved GE and non'-GE fuiel designs for DSS-AB applications.' The'table

specifies the required [
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11

The PBDA-AB is applied in the Protected Region as a generic defense-in-depth measure in an

area of the core power and flow domain that is not susceptible to power oscillations.

]]

6.2 LEAD USE ASSEMBLY

For a typical reload core, single channel oscillations are not probable because an 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-AB solution limits this susceptibility to the Exclusion

Region because an entry into the Scram Region results in an immediate automatic reactor scram.

In addition, an entry into the Exclusion Region results in an immediate alarm indicating the need

to exit the region. Therefore, operation inside the Exclusion Region is limited in duration.

Outside the Exclusion Region and inside the Protected Region, low decay ratio operation is

expected, which reduces the susceptibly to single channel oscillations. 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 DSS-AB Plant-Specific Applicability Checklist

11]
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Table 6-2 DSS-AB Applicability Extension Evaluation Procedure

4-
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- Table 6-3 Required TRACG Cases for Fuel Design Transition Scenaro

, w

]]
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7.0 DESIGN CONFIGURATION

7.1 INTRODUCTION

The hardware and software design necessary to support the DSS-AB is described in this section.

The design is based on hardware and software designs previously reviewed and approved by the

NRC and does not require separate approval. DSS-AB is based on the hardware described in

Long-Term Solution EIA Licensing Topical Report NEDO-32339-A (Reference 6). DSS-AB

complies with GDCs 10 and 12 of 1OCFR50. Reactor instability prevention and detection and

suppression are accomplished by a combination of licensing basis and defense-in-depth features.

These features are fully described in previous sections of this report.

7.1.1 [[

The analog APRM FCTR card that was originally utilized in BWR Neutron Monitoring Systems

generates flow-biased neutron flux trip reference setpoints based on a reactor recirculation drive

flow signal. This trip reference signal is passed onward to a signal comparator circuit in the

APRM Quad Trip card that has access to the APRM power signal. When the APRM power
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signal reaches the trip reference, a reactor scram function is initiated by the RPS. This trip

function is redundant within the NMS, depending upon the type of BWR, and is divided into two

divisions of three or four channels each. The reactor trip logic requires that at least one channel

in each division generates a trip signal in order to cause a scram. The RPS trip logic remains

unchanged by the DSS-AB stability solution.

1]

7.1.2 Stability Regions
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7.1.3 Oscillation Detection Algorithm

The PBA-AB and PBDA-AB are applied to the unfiltered APRM signal to detect and protect

from significant reductions in core stability margin. [[

]]

7.2 [[ ]]

[[
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7.2.1 [[ ]]
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11

7.2.2 [[ 1]

[[
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7.2.3 [[ 1]

7.2.3.1 Signal Filtering
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1]

7.2.3.2 Signal Validation

7bn

7.2.3.3 Stability Region Adjustment

7.2.3.4 Trip Reference Setpoints
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]]

7.2.3.5 [[ 1]

1]

7.2.3.6 Automatic Setpoint Setdown

An automatic setdown of the APRM flow-biased scram and rod-block setup setpoints is enforced

above a predetermined rod-block setpoint value. When the rod-block setpoint exceeds the

predetermined value, the setpoints are enforced at their normal (non-setup) values. Automatic

setpoint setdown values are selected separately for two-loop and single-loop operations and for

each trip reference set. The values are selected at 5% of rated drive flow above the drive flow'

associated with the intersection of the Exclusion Region boundary with the standard APRM

flow-biased rod-block setpoint. [[
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7.2.3.7 Analog Output Slope and Offset Adjustment

[[

7.2.4 [[

7.2.4.1 [[

[[

]]
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7.2.4.2 [[

[[

11

7.2.4.3 [[ -j]

[[

7.3 DESIGN SPECIFICATIONS

11

7.3.1 Safety Classification

7.3.1.1 [[ 1]
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7.3.2 Instrument Power

]]

7.3.3 Environmental Specification

7.3.3.1 Electromagnetic Interference

1]

7.3.3.1.1 Radiated Susceptibility
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7.3.3.1.2 Radiated Emissions

[[

7.3.3.2 Seismic

7.3.3.3 Temperature and Humidity Requirements
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7.3.3.4 Ambient Pressure

[[

7.3.3.5 Radiation Exposure

7.3.3.6 Product Life

1]

7.3.3.7 Reliability

7.3.3.8 Accuracy

[[

7.3.4 Mechanical Design

[[
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11

7.3.5 Input/Output Specification

7.3.5.1 [[ ]]

7.3.5.2 [[ ]]
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]]
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7.3.6 Self-Test Capability

71

7.3.6.1 [[ I

]]

7.3.7 Calibration

]]
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7.3.8 Manual Surveillance

7.3.8.1 [[ ]]

7.4 [[ I]

[[

7.4.1 [[ ]]
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7.4.2 [[

[[
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1]

7.4.3 [[ 1]

]]
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7.5 SITE APPLICATION REQUIREMENTS

Utility specific requirements associated with implementation of a plant modification, including

necessary plant reviews, must be completed prior to installation of the DSS-AB hardware.' An

evaluation in compliance with lOCFR50.59 is also required. Plant-specific drawings, design

documentation, and startup testing procedures are required to ensure that solution features are

understood and verified. A plant-specific modification package including Technical

Specification and procedure changes is necessary. Completion of operator training must also be

accomplished prior to implementation. An FSAR update is required following solution

implementation.

7.6 QUALITY ASSURANCE REQUIREMENTS

7.6.1 Hardware Quality Assurance

]]The

hardware design and procurement is performed in accordance with GE's NRC qualified design

control program (Reference 20). GE procedures govern design control and documentation,

verification, validation, design reviews, design records, and design change control. Component

part procurement is consistent with the application requirements.

7.6.2 Software Quality Assurance

The software design is performed- in accordance with GE's NRC qualified design control

program (Reference 20). GE procedures govern design control and documentation, verification,

validation, design reviews, design records, and design change control.

]] The design process is divided into logical steps, starting at the

top, with each step resulting in documented output. Independent technical verification reviews
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are performed at each step of the design process, including verification of test methods and

results. Each step in the design process results in a baseline that provides the basis for the next

step in the design process. A final comprehensive validation test is performed on the completed

software in the target hardware. [[

The NRC has previously reviewed and approved the NUMAC software design process

(Reference 21).
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Table 7-1 Trip Reference Set Identification

Single Loop;Operation'. ; TwoLoop Operation.

-- -; . '.; ''. ., ''. ..... . : .. :.,.....:.. ..- :

Normal Trip -
Reference Setpoints -

a. Scram Trip Reference

b. Rod-Block Trip Reference

a. Scram Trip Reference

b. Rod-Block Trip Reference

Setup Trip a. Scram Trip Reference a. Scram Trip Reference
Reference Setpoints.j b. Rod-Block Trip Reference b. Rod-Block Trip Reference

Table 7-2 [[

1]

Table 7-3 [[

[[
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Table 74 rt 
1]

1]
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Figure 7-1 [[

[[

]]
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Figure 7-2 [[ ]]
[[
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Figure 7-3 [[

Figure 7-4 [[

1]

1]
[r
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Figure 7-5 [[
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Figure 7-6 [[
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Figure 7-7 [[ 
1]
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8.0 EXAMPLE TECHNICAL SPECIFICATIONS AND BASES

Changes to the Technical Specifications (TS) and Bases are required to address the

implementation of DSS-AB. This section provides examples of changes to TS and Bases as

general guidance in developing the plant-specific license amendment to address DSS-AB

implementation. Plant-specific changes to the-TS and Bases may differ from the examples

provided herein due to differences in 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 are

based on the current 'Standard TS (STS) and Bases for General Electric BWRI4 Plants

(Reference 23). Both Appendices A and B show the same changes to the STS and Bases. The

changes in Appendix A are indicated by revision bars in the left margin with deletions shown by

a strikethrough font and additions shown by an underlined font. Appendix B provides an easier

to read set of the proposed STS and Bases with the location of incorporated changes indicated by

revision bars only. In general, only pages with changes are shown, but in some cases unrevised

pages are included to better show the context of the changes.

A summary of the changes is as follows:

1. A new trip function is added to Specification 3.3.1.1, RPS Instrumentation (i.e.,

Table 3.3.1.1-1, Function 2.f, PBA-AB -Upscale), to address OPERABILITY

requirements for the "detect-and-suppress" feature that is implemented [[

11

2. Two new Conditions (I and J) are added to Specification 3.3.1.1 to provide

appropriate corrective actions in the event that the PBA-AB - Upscale Function

becomes inoperable,

3. Selected Surveillance Requirements (SR) in Specification 3.3.1.1 are modified to

reflect the design basis and operational differences between the current FCTR

card and [[ 1]
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4. Specification 3.4.1, Recirculation Loops Operating, is modified consistent with

the implementation of DSS-AB,

5. Specification 5.6.5, Core Operating Limits Report, is modified consistent with

the implementation of DSS-AB, and

6. References are updated to include the non-proprietary version of this topical

report.

Table 8-1 provides a more detailed description of the changes in the STS. The purpose of each

change is presented to provide an understanding of the general 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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Table 8-1 Description and Purpose of TS Changes for DSS-AB Implementation

I -. P-

TS 3.3.1.1, Reactor Protection System (RPS) Instrumentation

Condition I None (See the following descriptions of Condition I is added to provide remedial.
the Required Actions and actions and Completion Times in the event that
Completion Times for Condition 1.) the "detect-and-suppress" feature [[

(i.e., Table 3.3.1.1-1,
Function 2.f, PBA-AB - Upscale) becomes
inoperable. The Required Actions are
consistent with the operability requirements
described in Sections 3.6 and 4.1O.'

Required Action 1.1 None Place the reactor mode switch in the Action n.1 requires the operator to manually
shutdown position. scram the reactor in the event that an AOO

Completion Time 1.1 None Immediately upon entry into the causes entry into the Exclusion Region before
Exclusion Region. Action 1.2 is completed. (i.e., before Function

2.b can be set to provide automatic stability
protection for the Exclusion Region). An
immediate reactor scram is necessary to assure
that core conditions leading to a coupled
neutronic/thermal hydraulic instability will be
mitigated.

Required Action 1.2 None Implement the Backup Trip Action 1.2 satisfies the requirements of the
Reference setpoints for Function 2.b Limiting Conditions for Operation (LCO) for
as defined in the COLR. Function 2.f by placing the plant in a condition

Completion Time 1.2 None 24 hours in which Function 2.f is not required (re:
Sections 3.6,4.6.7, and 4.10.2). The -

Completion Time of 24 hours provides
sufficient time to remove ff

]] for each required APRM channel,
reposition the DIP switches to select the BTR
setpoints, reinstall the card, and perform
required testing.

C..,
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Specification Existing RequirementProposed Requirement Purposc -

Condition J None (See the following descriptions of Condition J is added to provide remedial
the Required Actions and actions and Completion Times in the event that
Completion Times for Condition J.) the requirements of Condition I are not met.

Required Action J. I None Reduce THERMAL POWER to Action J. I satisfies the requirements of the
s [20]% RTP. LCO for Function 2.f by placing the plant in a

condition in which Function 2.f is not required.Completion Time J. I None 4 hourse. yrdcnTHRAPOEtoa i.e., by reducing THERMAL POWER to at
least 5% RTP below the plant-specific MCPR
monitoring threshold power level specified in
SL 2.1.1.1 (re: Sections 3.6 and 4.10.2).

The Completion Time of 4 hours provides
sufficient time to reach the specified condition
in an orderly manner from full power without
challenging plant systems.

SR 3.3.1.1.9 Perform CHANNEL Perform CHANNEL Note 3 is added to clarify that, for Functions
CALIBRATION every 184 days. CALIBRATION every 184 days. 2.b and 2.f, the scope of this SR is limited to

(Add note 3 to exclude the digital the calibration of the total drive flow and
and analog components APRM inputs [[ ]

and aThe digital and analog components [[
]] are calibrated on an

18-month frequency per SR 3.3.1.1.11 (re:
Sections 7.3.3.8, 7.3.7, and 7.3.8.1).
SR 3.3.1.1.9, in combination with
SR 3.3.1.1.1.1, ensures the periodic calibration
of all devices in the channel that are required
for OPERABILITY of Functions 2.b and 2.f
(re: Specification 1.1, definition of CHANNEL
CALIBRATION).
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Specification Existing Requirement Proposed Requiremet -Purpose -

Table 3.3.1.1-1, Function 2.b, •; [0.58 W + 62]% RTP and As specified in the COLR(b)() The Allowable Values (AV) forthis Function
APRM Flow Biased Simulated • [1 15.5]% RTP (b) must be determined on a cycle-specific basis in
Thermal Power- High, (b) [0.58 W + 62% - 0.58 AW]RTP (b) Function 2.b is reset for single accordance with the methodology described in
Allowable Value when reset for single loop loop operation when required this LTR (re: Sections 4.1, 4.2.2, 4.3.1, 4.6).

operation per LCO 3.4.1, per LCO 3.4.1, "Recirculation Therefore, the AVs are relocated to the COLR
"Recirculation Loops Loops Operating." and note (b) is revised accordingly.
Operating."

(c) Allowable Value modification Note (c) is added to provide an explicit allowed
required by the COLR due to outage time (AOT) for implementing the ATR
reductions in feedwater setpoints when required to support planned
temperature may be delayed for operation with reduced feedwater temperature.
up to 24 hours. An AOT of 24 hours provides sufficient time

to remove ]]for each
required APRM channel, reposition the DIP
switches to select the ATR setpoints, reinstall
the card, and perform required testing (re:
Sections 7.2.1 and 7.2.2). In addition, 24 hours
is consistent with the AOT for implementing

- the BTR setpoints (re: Action 1.2), and with the
AOT provided in LCO 3.4. 1, Action A. I for
resetting Function 2.b for SLO.

Table 3.3.1.1-1, Function 2.f, None > [20]% RTP(a) Function 2.f is added to address
APRM PBA-AB - Upscale, (a) Function 2.f is not required to OPERABILITY requirements for the "detect-
Applicable Modes or Other be OPERABLE if Function 2.b and-suppress" feature that is implemented [[
Specified Conditions is set for operation with the ]] The specified

Backup Trip Reference conditions and the exception provided by note
setpoints specified in the (a) reflect the requirements stated in Sections
COLR. 3.6, 4.6.2, 4.6.7, and 4.10.2.

The plant-specific value for [20]% RTP is
calculated by subtracting 5% RTP from the

!_ . plant-specific value specified in SL 2.1.1.1.
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-Specification Existing Requirement - Proposed Requirement - Purpose-

Table 3.3.1. 1- I, Function 2.f, None SR 3.3.1.1.1 SRs are added for Function 2.f to provide test,
APRM PBA-AB - Upscale, SR 3.3.1.1.2 calibration, and inspection requirements to.
Surveillance Requirements and SR 3.3.1.1.3 assure that the necessary quality of this
Allowable Value. SR 3.3.1.1.6 Function is maintained, that facility operation

SR 3.3.1.1.9 will be within safety limits, and that the LCO
SR 3.3.1.1.10 will be met. Additional details are provided in
SR 3.3.1.1.11 the Bases descriptions for each SR.

SR 3.3.1.1.12 The successive confirmation count setpointSR 3.3.1.1.13t
SR 3.3...15 (NER = 10) for PBA-AB application in the

Exclusion Region is digitally encoded [[
]] and is not subject to

instrument drift.- Therefore, the AV for this
Function is shown as NA (Not Applicable).

Changes in Other Specifications

TS 3.4.1, Recirculation Loops (Administrative changes only. See Two administrative changes are proposed:
Operating description under "Purpose.") 1. Allowable Values for LCO 3.3.1.1,

Function 2.b are relocated to the COLR.
Therefore, "as specified in the COLR" is
added at the end of LCO 3.4.1.c.

2.; The stability issue is resolved by the
implementation of DSS-AB. Therefore,
the note in Condition A is deleted.

8-6
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Specification Existing Requirement Proposed Requirement Purpose

TS 5.6.5, CORE OPERATING a. Core operating limits shall be a. Core operating limits shall be New references are added to Specifications
LIMITS REPORT (COLR) established prior to each reload established prior to each reload 5.6.5.a and 5.6.5.b to support the relocation of

cycle, or prior to any remaining cycle, or prior to any remaining the Allowable Values for Function 2.b to the
portion of a reload cycle, and portion of a reload cycle, and COLR.
shall be documented in the shall be documented in the -

COLR for the following: COLR for the following:

[1]. The Allowable Values for
Function 2.b, APRM Flow
Biased [Simulated Thermal
Power] - High for,
Specification 3.3.1.1.

b.; The analytical mnethods used to b. The analytical methods used to
- determine the core operating: determine the core operating
: limits shall be those previously limits shall be those previously

reviewed and approved by the reviewed and approved by the
NRC, specifically those NRC, specifically those
described in the following described in the following
documents: documents:

[1]. NEDO-33143, "General
Electric Boiling Water
Reactor Detect and
Suppress Solution - APRM
Based," March 2004.

I I!, - . , : ,.
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RPS Instrumentation
3.3.1.1

3.3 INSTRUMENTATION
331t P .e. , E Instre na i o.

3.3.1.1 Reactor Protection System (RPS) inistrumenitation.

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
3------

Separate Condition entry is allowed for each channel.

CONDITION REQUIRED ACTION COMPLETION TIME

A. One or more required A.1 Place channel in trip. 12 hours
channels inoperable.

OR

A.2 Place associated trip 12 hours
system in trip.

B. One or more Functions B.1 Place channel in one trip 6 hours
with one or more system in trip.
required channels
inoperable in both trip OR
systems.

B.2 Place one trip system in 6 hours
trip.

C. One or more Functions C.1 Restore RPS trip 1 hour
with RPS trip capability capability.
not maintained.

D. Required Action and DA1 Enter the Condition Immediately
associated Completion referenced in
Time of Condition A, B, Table 3.3.1.1-1 for the
or C not met. channel.

NO CHANGES ON THIS PAGE

BWRI4 STS 3.3.1.1 - 1 Rev. 2, 04/30/01
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RPS Instrumentation
3.3.1.1

ACTIONS (continued)
CONDITION REQUIRED ACTION COMPLETION TIME

E. As required by Required E.1 Reduce THERMAL POWER 4 hours
Action D.1 and to < [301% RTP.
referenced in
Table 3.3.1.1-1.

F. As required by Required F.1 Be in MODE 2. 6 hours
Action D.1 and
referenced in
Table 3.3.1.1-1.

G. As required by Required G.1 Be in MODE 3. 12 hours
Action D.1 and
referenced in
Table 3.3.1.1-1.

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

I. As required by Required 1.1 -- NOTE- -----
Action D.1 and Only applicable until
referenced in Required Action 1.2 has
Table 3.3.1.1-1. been completed.

Place the reactor mode Immediately upon
switch in the shutdown entry into the
position. Exclusion Reqion

AND

1.2 Implement the Backup Trip 24 hours
Reference setpoints for
Function 2.b as defined in
the COLR.

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

J.1 Reduce THERMAL POWER
to •1201% RTP.

4 hours

BWR/4 STS 3.3.1.1 - 2a Rev. 2, 04/30/01
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SURVEILLANCE REQUIREMENTS

RPS Instrumentation
3.3.1.1

--NOTES--- - - A
1. .Refer toTable3.3.1.1-todetermineawhichSRsapply 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. 1 12 hours

I BWR14 STS

4TO CHANGES1 ON THIS PAGE

3.3.1.1 - 2b

. A-4
I.;
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RPS Instrumentation
3.3.1.1

SURVEILLANCE REQUIREMENTS (continued)
SURVEILLANCE FREQUENCY

SR 3.3.1.1.2 --- NOTE
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
2 25% RTP.

7 days

SR 3.3.1.1.3 Adjust the channel to conform to a calibrated flow 7 days
signal.

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

SR 3.3.1.1.5 Perform CHANNEL FUNCTIONAL TEST. 7 days

SR 3.3.1.1.6 Calibrate the local power range monitors. 1000 MWDIT
average core
exposure

SR 3.3.1.1.7 Perform CHANNEL FUNCTIONAL TEST. [92] days

SR 3.3.1.1.8 [Calibrate the trip units. [92] days]

NO CHANGESJONJTHIS PAG9

I BWR/4 STS 3.3.1.1 - 3a Rev. 2, 04/30/01
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RPS Instrumentation
3.3.1.1

SURVEILLANCE REQUIREMENTS (continued)

SURVEILLANCE FREQUENCY

SR 3.3.1.1.9 G oNOTE S--
1. *Neutron' detectors are excluded.,

2. 'For Function 2.a, not required to be performed
when entering MODE 2 from MODE 1 until
12 hours after entering MODE 2.

3. -For Functions 2.b and 2.f. the digital and analog
components of the flow control trip reference
cards are excluded.

Perform CHANNEL CALIBRATION. 184 days

I BWR/4 STS 3.3.1.1 - 3b Rev. 2, 04/30/01
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RPS Instrumentation
3.3.1.1

SURVEILLANCE REQUIREMENTS (continued)
SURVEILLANCE FREQUENCY

SR 3.3.1.1.10 Perform CHANNEL FUNCTIONAL TEST. [18] months

SR 3.3.1.1.11 -- NOTES
1. Neutron detectors are excluded.

2. For Function 1, not required to be performed
when entering MODE 2 from MODE 1 until
12 hours after entering MODE 2.

Perform CHANNEL CALIBRATION. [18] months

SR 3.3.1.1.12 Verify the APRM Flow Biased Simulated Thermal [18] months
Power- High time constant is • [7] seconds.

SR 3.3.1.1.13 Perform LOGIC SYSTEM FUNCTIONAL TEST. [18] months

SR 3.3.1.1.14 Verify Turbine Stop Valve - Closure and Turbine [18] months
Control Valve Fast Closure, Trip Oil Pressure - Low
Functions are not bypassed when THERMAL
POWER is 2 [30]% RTP.

SR 3.3.1.1.15 - ---- NOTES- -- -

1. Neutron detectors are excluded.

2. For Function 5 "n" equals 4 channels for the
purpose of determining the STAGGERED
TEST BASIS Frequency.

Verify the RPS RESPONSE TIME is within limits. [18] months on a
STAGGERED
TEST BASIS

NO CHANGES ON THIS PAGE

BWR/4 STS 3.3.1.1 - 4 Rev. 2, 04/30/01
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RPS Instrumentation
3.3.1.1

Table 3.3.1.1-1 (page 1 of 4)
Reactor Protection System Instrumentation

APPLICABLE CONDITIONS
MODES OR REQUIRED REFERENCED

OTHER CHANNELS FROM
SPECIFIED PER TRIP REQUIRED SURVEILLANCE ALLOWABLE

FUNCTION CONDITIONS SYSTEM ACTION D.1 REQUIREMENTS VALUE

1. Intermediate Range
Monitors

a. Neutron Flux - High 2 [3] G SR 3.3.1.1.1 s [12011251
SR 3.3.1.1.4 divisions of full
SR 3.3.1.1.11 scale
SR 3.3.1.1.13

5(") [3] H SR 3.3.1.1.1 5 (120/125]
SR 3.3.1.1.5 divisions of full
SR 3.3.1.1.11 scale
SR 3.3.1.1.13

b. Inop 2 [3] G SR 3.3.1.1.4 NA
SR 3.3.1.1.13

5(") [3] H SR 3.3.1.1.5 NA
SR 3.3.1.1.13

2. Average Power Range
Monitors

a. Neutron Flux -,High. 2 [2] G SR 3.3.1.1.1 S [20]% RTP
(Setdown) SR 3.3.1.1.4

SR 3.3.1.1.6
SR 3.3.1.1.9
SR 3.3.1.1.13

b. FlowBiased 1 [2] F SR 3.3.1.1.1 [0.58 W
Simulated Thermal SR 3.3.1.1.2 6421%RTP
Power - High SR 3.3.1.1.3 and [1145.53%

. SR 3.3.1.1.6 RTPAs
SR 3.3.1.1.7 specifed in the
SR 3.3.1.1.9 COLR(bEU
SR 3.3.1.1.11
SR 3.3.1.1.12
SR 3.3.1.1.13
SR 3.3.1.1.15

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

(b) T oFunction 2.b is reset for single loop operation wLh ruired per LCO 3.4.1, *Recirculation

Loops Operating.-

(c) Allowable Value modification reauired by the COLR due to reductions in feedwater temDerature may be delaved for up to 24 hours.

BWR/4 STS 3.3.1.1 - 5

. A-8
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RPS Instrumentation
3.3.1.1

Table 3.3.1.1-1 (page 2 of 4)
Reactor Protection System Instrumentation

APPUCABLE CONDITIONS
MODES OR REQUIRED REFERENCED

OTHER CHANNELS FROM
SPECIFIED PER TRIP REQUIRED SURVEILLANCE ALLOWABLE

FUNCTION CONDITIONS SYSTEM ACTION D.1 REQUIREMENTS VALUE

2. Average Power Range
Monitors

c. Fixed Neutron Flux -
High

I (21

[21

[21

F SR 3.3.1.1.1
SR 3.3.1.1.2
SR 3.3.1.1.6
SR 3.3.1.1.7
SR 3.3.1.1.9
SR 3.3.1.1.13
SR 3.3.1.1.15

F SR 3.3.1.1.6
SR 3.3.1.1.7
SR 3.3.1.1.13

G SR 3.3.1.1.6
SR 3.3.1.1.7
SR 3.3.1.1.13

S [120]% RTP

2 P3I% RTP I

NA

[ d. Downscale I

e. Inop 12

f. PRA-AR - Unscale > i201% RTP' t 121 SR 3.3.1.1.1
SR 3.3.1.1.2
SR 3.3.1.1.3
SR 3.3.1.1.6
SR 3.3.1.1.9
SR 3.3.1.1.10
SR 3.3.1.1.11
SR 3.3.1.1.12
SR 3.3.1.1.13
SR 3.3.1.1.15

NA

3. Reactor Vessel Steam
Dome Pressure - High

4. Reactor Vessel Water
Level - Low, Level 3

1 2

1,2

(2]

(2]

G SR 3.3.1.1.1
SR 3.3.1.1.7
[SR 3.3.1.1.8]
SR 3.3.1.1.11
SR 3.3.1.1.13
SR 3.3.1.1.15

G SR 3.3.1.1.1
SR 3.3.1.1.7
(SR 3.3.1.1.8]
SR 3.3.1.1.11
SR 3.3.1.1.13
SR 3.3.1.1.15

( [1054] psig

2 [10] inches

5. Main Steam Isolation
Valve - Closure

1 (8] F SR 3.3.1.1.7
SR 3.3.1.1.11
SR 3.3.1.1.13
SR 3.3.1.1.15

( [10]% closed

6. Drywell Pressure - High 1.2 (21 G SR 3.3.1.1.1
SR 3.3.1.1.7
[SR 3.3.1.1.81
SR 3.3.1.1.11
SR 3.3.1.1.13

S J1.92] psig

(a) Function 2.f is not required to be OPERABLE if Function 2.b is set for ooeration with the Backuo Trio Reference setooints soecified
in the COLR.

BWR/4 STS 3.3.1.1 - 6 Rev. 2, 04/30/01
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* Recirculation Loops Operating
3.4.1

3.4.1 REACTOR COOLANT SYSTEM (RCS)

3.4.1 Recirculation Loops Operating

LCO 3.4.1 Two recirculation loops with matched flows shall be in operation,

OR

[ One recirculation loop may be in operation provided the following limits
are applied when the associated LCO is applicable:

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

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

c. LCO 3.3.1.1, 'Reactor Protection System (RPS) Instrumentation,"
Function 2.b (Average Power Range Monitors Flow Biased
Simulated Thermal Power - High), Allowable Value of Table 3.3.1.1-1
is reset for single loop operation as specified in the COLR.]I

APPLICABILITY: MODES 1 and 2.

ACTIONS _;_______

CONDITION REQUIRED ACTION COMPLETION TIME

A. Requirements of the A.1 Satisfy the requirements of 24 hours
LCO not met.* the LCO.

*Pending r9oFlution of
stability issue.

BWR/4 STS 3.4.1 - 1 Rev. 2, 04/30/01
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Recirculation Loops Operating
3.4.1

ACTIONS (continued)
CONDITION REQUIRED ACTION COMPLETION TIME

B. Required Action and B.1 Be in MODE 3. 12 hours
associated Completion
Time of Condition A not
met.

OR

No recirculation loops in
operation.

SURVEILLANCE REQUIREMENTS

SURVEILLANCE FREQUENCY

SR 3.4.1.1 -NOTE---
Not required to be performed until 24 hours after
both recirculation loops are in operation.

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

a. • [1O]% of rated core flow when operating at
< [70]% of rated core flow and

b. • [5]% of rated core flow when operating at
> [701% of rated core flow.

NO CHANGES ON THIS PAGE

BWR/4 STS 3.4.1 -2 Rev. 2, 04/30/01
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- j Reporting Requirements
5.6

5.6 Reporting Requirements

5.6.2 Annual Radiological Environmental Operating Report (continued)

environmental radiation measurements taken during the period pursuant to the
locations specified in the table and figures in the ODCM, as well as summarized and
tabulated results of these analyses and measuremenits [in the format of the table in
the Radiological Assessment Branch Technical Position, Revision 1,
November 1979]. In the event that some individual results are not available for
inclusion with the report, the report shall be submitted noting and explaining the
reasons for the'missing results. The missing'data shall be submitted in a
supplementary report as soon as possible.

5.6.3 Radiological Effluent Release Report

NOTE--- -- o__
[A single submittal may be' made for a multiple unit station. The submittal shall
combine sections common to all units at the station; however, for units with
separate radwaste systems, the submittal shall specify the releases of radioactive
material from each unit.]

The Radioactive Effluent Release Report covering the operation of the unit during
the previous year shall be submitted prior to May I of each year in accordance with
10 CFR 50.36a. The 'report shall include a summary of the quantities ofradioactive
liquid and gaseous effluents and solid waste released from the unit. Thd-material
provided shall be consistent with the objectives outlined in the ODCM and Process
Control Program and in conformance with 10 CFR 50.36a and 10 CFR Part 50,
Appendix I, Section IV.B.1.

5.6.4 Monthly ODerating Reports

Routine reports of operating statistics and shutdown experience shall be submitted
on a monthly basis no later than the 15th of each month following the calendar
month covered by the report.

5.6.5 CORE OPERATING LIMITS REPORT (COLR)

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

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

[11. The Allowable Values for Function 2.b. APRM Flow Biased [Simulated
Thermal Powerl - High for Specification 3.3.1.1.

BWR/4 STS 5.6 - 2 Rev. 2.1, 03/21/02
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Reporting Requirements
5.6

5.6 Reporting Requirements

5.6.5 CORE OPERATING LIMITS REPORT (COLR) (continued)

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.]

[11. NEDO-33143, "General Electric Boiling Water Reactor Detect and
Suppress Solution - APRM Based," March 2004.

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 midcycle revisions or supplements, shall be provided
upon issuance for each reload cycle to the NRC.

5.6.6 Reactor Coolant System (RCS) PRESSURE AND TEMPERATURE LIMITS
REPORT (PTLR)

NO CHANGES TO SECTION 5.6.6

BWRI4 STS 5.6-3 Rev. 2.1, 03/21/02
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RPS Instrumentation
B 3.3.1.1

BASES

APPLICABLE SAFETY ANALYSES, LCO, and APPLICABILITY (continued)

the Average Power Range Monitor Neutron Flux - High, Setdown Function
will provide a secondary scram to the Intermediate Range Monitor Neutron
Flux - High Function because of the relative setpoints. With the IRMs at
Range 9 or .10, it is possible that the Average Power Range Monitor Neutron
Flux - High, Setdown Function will provide the primary trip signal for a
corewide increase in power.

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

The APRM System is divided into two groups of channels with three APRM
channel inputs to each trip system. The system is designed to allow one

-channel in each trip system to be bypassed. Any one APRM channel in a
trip system can cause the associated trip system to trip. Four channels of
Average Power Range Monitor Neutron Flux - High, Setdown with two
channels in each trip system are required to be OPERABLE to ensure that
no single failure will preclude a scram from this Function on a valid signal. In
addition, to provide adequate coverage of the entire core, at least 11 LPRM
inputs are required for each APRM channel, with at least two LPRM inputs
from each of the four axial levels at which the LPRMs are located.

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

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

2.b. Average Power Range Monitor Flow Biased Simulated Thermal Power -
Hqih

The Average Power Range Monitor Flow Biased Simulated Thermal Power -
High Function monitors neutron flux to approximate the THERMAL POWER
being transferred to the reactor coolant. The APRM

NO CHANGES ON THIS PAGE

BWR/4 STS . B 3.3.1.1 - 8 Rev. 2, 04/30/01
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RPS Instrumentation
B 3.3.1.1

BASES

APPLICABLE SAFETY ANALYSES, LCO, and APPLICABILITY (continued)

neutron flux is electronically filtered with a time constant representative of
the fuel heat transfer dynamics to generate a signal proportional to the
THERMAL POWER in the reactor. The trip level is varied by the flow control
trip reference (FCTR) card as a function of recirculation drive flow-(k.o.,-at
leNeo coro flows, the tpoint is rddrUoore pror~ti6nl to tho FrcdUtion in
power oxpericnced as coro flow is reduced with a fixed control rod pattern)
but and is clamped at an upper limit that is always lower than the Average
Power Range Monitor Fixed Neutron Flux - High Function Allowable Value.
The Average Power Range Monitor Flow Biased Simulated Thermal Power -

High Function provides protection against transients where THERMAL
POWER increases slowly (such as the loss of feedwater heating event) and
protects the fuel cladding integrity by ensuring that the MCPR SL (SL
2.1.1.2) is not exceeded. During these events, the THERMAL POWER
increase does not significantly lag the neutron flux response and, because of
a lower trip setpoint, will initiate a scram before the high neutron flux scram.
For rapid neutron flux increase events, the THERMAL POWER lags the
neutron flux and the Average Power Range Monitor Fixed Neutron Flux -
High Function will provide a scram signal before the Average Power Range
Monitor Flow Biased Simulated Thermal Power - High Function setpoint is
exceeded.

The Average Power Range Monitor Flow Biased Simulated Thermal Power-
High Function also provides a general definition of the licensed core
power/core flow operating domain. Operating limits established for the
licensed operating domain are used to develop the Average Power Range
Monitor Flow Biased Simulated Thermal Power - High Function Allowable
Values to provide pre-emptive reactor scram and prevent gross violation of
the licensed operating domain. Operation outside the licensed operating
domain may result in anticipated operational occurrences and postulated
accidents being initiated from conditions beyond those assumed in the
safety analysis. Operation within the licensed operating domain also
ensures compliance with General Design Criterion 12.

General Design Criterion 12 requires protection of fuel thermal safety limits
from conditions caused by neutronic/thermal hydraulic instability.
Neutronic/thermal hydraulic instabilities result in power oscillations, which
could result in exceeding the MCPR SL.

The area of the core power and flow operating domain susceptible to
neutronic/thermal hydraulic instability can be affected by reactor parameters
such as reactor inlet feedwater temperature. Three complete and
independent sets of Average Power Range Monitor Flow Biased Simulated
Thermal Power-High Function Allowable Values are specified in the COLR.
The Normal Trip Reference (NTR) Set provides protection against regional
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mode neutronic/thermal hydraulic instability during normal reactor
operations. 'The Alternate Trip Reference (ATR) Set provides protection
against regional mode neutronic/thermal hydraulic instability during reactor
operating conditions requiring added stability protection (e.g.,operation with
reduced feedwater heating) and is conservative with respect to the NTR Set.
The Backup Trip Reference (BTR) Set extends the Scram Region to
envelope the Exclusion Region such that the Average Power Range Monitor
Flow Biased Simulated Thermal Power-High Function provides automatic
instability prevention protection for both regional and core-wide oscillation
modes, and reliance on the Average Power Range Monitor PBA-AB -
Upscale Function is therefore not necessary..

In the event of a feedwater temperature reduction. Allowable Value
modification (from the NTR Set to the ATR Set) is required to preserve the
margin associated with the potential for the onset of neutronic/thermal
hydraulic instability that existed prior to the feedwater temperature reduction.
Feedwater temperature values requiring transition between the Allowable
Values for the NTR and ATR Sets are specified in the COLR. The Allowable
Value modification required by the COLR may be delayed up to 24 hours to
allow time to adiust and check the adiustment of the FCTR card for each
APRM channel. At the end of the 24 hour period, the Allowable Value
modifications must be complete for all of the required channels or the
applicable Condition(s) must be entered and the Required Actions taken.
The 24 hour time period is acceptable based on the low probability of a
neutronic/thermal hydraulic instability event occurring during this time period.
a reasonable time to complete the FCTR card adiustments. frequent core
monitoring by operators allowing abrupt changes in core flow and power to
be quickly detected, and the continued protection provided by the FCTR
card. In addition, when the feedwater temperature reduction results in
operation in either the Exclusion Region or the Protected Region, the Period
Based Algorithms (PBA-AB and PBDA-AB) on the FCTR card provide added
protection against neutronic/ thermal hydraulic instability during the 24 hour
time period.

During continued operation with only one recirculation loop in service, the
APRM flow biased setpoint is required to be conservatively set (refer to the
Bases for LCO 3.4.1, "Recirculation Loops Operating" for more detailed
discussion). This setpoint modification is accomplished by repositioning the
locking lever toggle switch on the front panel of each FCTR card from the
TLO position (for the two-loop reactor recirculation operating mode) to the
SLO position (for the single-loop reactor recirculation operating mode). This
setpoint modification maV be delayed in accordance with the allowances of
LCO 3.4.1. After this time, the LCO 3.3.1.1 requirement for APRM
OPERABILITY will enforce the more conservative setpoint.
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The APRM System is divided into two groups of channels with four APRM
inputs to each trip system. The system is designed to allow one channel in
each trip system to be bypassed. Any one APRM channel in a trip system
can cause the associated trip system to trip. Four channels of Average
Power Range Monitor Flow Biased Simulated Thermal Power - High with two
channels in each trip system arranged in a one-out-of-two logic are required
to be OPERABLE to ensure that no single instrument failure will preclude a
scram from this Function on a valid signal. In' addition, to provide adequate
coverage of the entire core, at least 11 LPRM inputs are required for each
APRM channel, with at least two LPRM inputs from each of the four axial
levels at which the LPRMs are located. Each APRM channel receives two
total drive flow signals representative of total core flow. The total drive flow
signals are generated by four flow units, two of which supply signals to the
trip system A APRMs, while the other two supply signals to the trip system B
APRMs. Each flow unit signal is provided by summing up the flow signals
from the two recirculation loops. To obtain the most conservative reference
signals, the total flow signals from the two flow units (associated with a trip
system as described above) are routed to a low auction circuit associated
with each APRM. Each APRM's auction circuit selects the lower of the two
flow unit signals for use as the scram trip reference for that particular APRM.
Each required Average Power Range

| BWR/4 STS B 3.3.1.1 - 9c Rev. 2, 04/30/01

A-17



NEDO-33143 REVISION 0

RPS Instrumentation
At;~~~ ' ,,3.3.1.1

BASES

APPLICABLE SAFETY ANALYSES, LCO, and APPLICABILITY (continued)

Monitor Flow Biased Simulated Thermal Power - High channel only requires
an input from one'OPERABLE flow unit, since the individual APRM channel
will perform the intended function with only one OPERABLE flow unit input.
However, in'order to maintain single failure 'criteria' for the Function, at least
one required Average Power Range Monitor Flow Biased Simulated Thermal
Power.- High channel in'each trip system must be capable of maintaining an
OPERABLE flow unit signal in the event of a failure of an auction circuit, or a
flow unit, in the associated trip system (e.g., if a flow unit is inoperable, one
of the two required Average Power Range Monitor Flow Biased Simulated

'Thermal Power- High channels in the associated trip system must be
considered inoperable).

The clamped Allowable Value is based on analyses that take credit for the
Average Power Range Monitor Flow Biased Simulated Thermal Power -
High Function for.the mitigation of the loss of feedwater heating event. The
THERMAL-POWER time'constant of < 7 seconds is based on the fuel heat
transfer dynamics and provides a signal proportional to the THERMAL
POWER. '

'The Average Power Range Monitor Flow Biased Simulated Thermal Power -
'High Function is required to be OPERABLE in MODE I when there is the
possibility of neutroniclthermal hydraulic instability. gencrating excessive
THERMAL POWER andThe potentially.to exceediag the MCPR SL
applicable to high'pressure and core flow conditions (MGPRCSL 2.1.1.2)
which provides fuel cladding integrity protection, exists if neutronic/thermal
hydraulic instability can'occur. During MODES 2 and 5, other IRM and
APRM Functions provide protection for fuel cladding integrity.

2.c. Average Power Range Monitor Fixed Neutron Flux - High

The APRM channels provide the primary indication of neutron flux within the
core and respond almost instantaneously to neutron flux increases. The
Average Power'Range Monitor Fixed Neutr6n Flux - High Function is
capable of generating a trip signal to prevent fuel damage or excessive RCS
pressure. For the overpressurization protection analysis of Reference 4, the
Average Power Range Monitor Fixed Neutron Flux - High Function is
assumed to terminate the main steam isolation valve (MSIV) closure event
and, along-with the safety/relief valves (SJRVs),' limits the peak reactor
pressure vessel (RPV) pressure to less than the ASME Code limits. The
control rod drop accident (CRDA) analysis (Ref. 5) takes credit for the
Average Power Range Monitor Fixed Neutron Flux - High Function to
terminate the CRDA.
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ensure that no single failure will preclude'a scram from this Function on a
valid signal. The Intermediate Range Monitor Neutron Flux - High and Inop
Functions are also part of the OPERABILITY of the Average Power Range
Monitor - Downscale Function (i.e., if either of these IRM Functions cannot
send a signal to the Average Power Range Monitor - Downscale Function,
the associated Average Power Range Monitor - Downscale channel is
considered inoperable).

The Allowable Value is based upon ensuring that the APRMs are in the
linear scale range when transfers are made between APRMs and IRMs.

This Function is required to be OPERABLE in MODE 1 since this is when
the APRMs are the primary indicators of reactor power.

2.e. Average Power Range Monitor - Inog

This signal provides assurance that a minimum number of APRMs are
OPERABLE. Anytime an APRM mode switch is moved to any position other
than "Operate," an APRM module is unplugged, the electronic operating
voltage is low, or the APRM has too few LPRM inputs (< 11), an inoperative
trip signal will be received by the RPS, unless the APRM is bypassed. Since
only one APRM in each trip system may be bypassed, only one APRM in
each trip system may be inoperable without resulting in an RPS trip signal.
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.

Four channels of Average Power Range Monitor - Inop with two channels in
each trip system are required to be OPERABLE to ensure that no single
failure will preclude a scram from this Function on a valid signal.

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.f. Average Power Range Monitor PBA-AB - Upscale

The APRM PBA-AB - Upscale Function monitors the APRM neutron flux to
automatically detect and suppress neutronic/thermal hydraulic instability
events in the region of the operating domain that is susceptible to core-wide
power oscillations (i.e., in the Exclusion Region specified in the COLR). This
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Function uses the Period Based Algorithm (PBA), as described in Reference
14, to detect the onset of core-wide mode power oscillations. The PBA is
implemented on the digital flow control trip reference (FCTR) card for each
APRM channel. The setpoint for the APRM PBA-AB - Upscale Function is
digitally encoded on the FCTR card and is set high enough to avoid
unnecessary (spurious) scrarns and low enough to generate a reactor trip
signal near the inception of reactor instability and ensure that power
oscillations are suppressed prior to any significant challenge to the MCPR
SL (SL 2.1.1.2). The APRM PBA-AB - Upscale Function is designed, in
combination with the Average Power Range Monitor Flow Biased Simulated'
Thermal Power - High Function, to satisfy the requirements of GDC 12.

The lower boundary of the Exclusion Region is delineated by the APRM
flow-biased rod-block setpoints. Therefore, inadvertent (unplanned) entry
into the Exclusion Region as a result of normal control rod withdrawals
during plant startup is automatically prevented by the APRM flow-biased rod-
block function. To facilitate reactor startup, intentional (planned) operation in
a specified portion of the Exclusion Region is permitted. The FCTR card
includes an APRM flow-biased setpoint setup feature to support planned
entry and operational maneuvering in the Exclusion Region. "Setup" and
normal ("non-Setup") setpoints are selected bV operator manipulation of a
Setup button on each FCTR card. The "Setup" and "non-Setup" Allowable
Values for the APRM flow-biased functions are specified in the COLR.
Operation in the Exclusion Region with the APRM flow-biased functions
"Setup" requires administrative controls to be in place as described in
Reference 14.

The APRM PBA-AB - Upscale Function is required to be OPERABLE with
THERMAL POWER > 1201% RTP where there is the potential for the
occurrence of a core-wide neutronic/thermal hydraulic instability that could
challenge the fuel cladding integrity. Due to the inherently low core void
content at power levels below [201% RTP (i.e., SL 2.1.1.1 minus 5% RTP as
specified in Reference 14). the decay ratio is low enough to preclude the
occurrence of a core-wide neutronic/thermal hydraulic instability. The APRM
PBA-AB - Upscale Function is not required to be OPERABLE if the Average
Power Range Monitor Flow Biased Simulated Thermal Power - High
Function (Function 2.b) is set for operation with the Backup Trip Reference
setpoints because Function 2.b would then be capable of providing
automatic instability prevention protection for both regional and core-wide
oscillation modes. -

,- .
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3. Reactor Vessel Steam Dome Pressure - High

An increase in the RPV pressure during reactor operation compresses the
steam voids and results in a positive reactivity insertion. This causes the
neutron flux and THERMAL POWER transferred to the reactor coolant to
increase, which could challenge the integrity of the fuel cladding and the
RCPB. No specific safety analysis takes direct credit for
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1.1 and 1.2

If the channel(s) is' not restored to OPERABLE status or placed in trip (or the
associated trip system placed in trip) within the allowed Completion Time.
the plant must be placed in a-MODE or other specified condition in which the
LCO does not apply. This is initially accomplished bV Action 1.1, which
requires the operator to immediately place the reactor mode switch in the
shutdown position upon entry to the Exclusion Region. Manual operator
actions to comply with Action 1.1 are only needed until the Backup Trip
Reference (BTR) setpoints have been implemented, as required by Action
1.2. After the BTR setpoints have been implemented, the Average Power
Range Monitor Flow Biased Simulated Thermal Power - High Function will
automatically initiate a reactor scram upon an inadvertent entry into the
Exclusion Region. Therefore, Action 1.1 and the automatic detect and
suppress feature provided by the APRM PBA-AB - Upscale Function are not
required after Action 1.2 has been completed. The allowed Completion Time
for Action 1.2 is reasonable, based on the time required to reset each
channel for operation with the BTR setpoints and the low probability of an
initiating event resulting in a neutronic/thermal hydraulic instability during the
allowed Completion Time.

J.1

With Function 2.f inoperable and the Required Actions and associated
Completion Times of Condition I not met,'the plant must be placed in a
MODE or other specified condition in which the LCO does not apply. To
achieve this status, THERMAL POWER must be reduced to s [201% RTP
within 4 hours. In this condition, the APRM PBA-AB - Upscale Function is
not required to be OPERABLE because of the reduced potential for the
occurrence of a neutronic/thermal hydraulic instability that could challenge
the fuel cladding integrity. The allowed Completion Time is reasonable,
based on operating experience,'to reach the specified condition from full
power conditions in an orderly manner without challenging plant systems. In
addition, the Completion Time of Required Action J.1 is consistent with the
Completion Time provided in LCO 3.2.2, "MINIMUM CRITICAL POWER
RATIO (MCPR)."
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last 7 days, in accordance with SR 3.0.2. A Note is provided which allows
an increase in THERMAL POWER above 25% if the 7 day Frequency is not
met per SR 3.0.2. In this event, the SR must be performed within 12 hours
after reaching or exceeding 25% RTP. Twelve hours is based on operating
experience and in consideration of providing a reasonable time in which to
complete the SR.

SR 3.3.1.1.3

The Average Power Range Monitor Flow Biased Simulated Thermal Power -
High Function uses the recirculation loop drive flows to vary the trip setpoint.
The Average Power Range Monitor PBA-AB - Upscale Function uses the
recirculation loop drive flows, in combination with an unfiltered APRM
(power) signal, to determine the current power/flow operating region. This
SR ensures that the total loop drive flow signals from the flow units used to
vary the sotpoint isare appropriately compared to a calibrated flow signal
and, therefore, these APRM Functions accurately reflects the required trip
setpoint as a function of flowand power/flow operating region. Each flow
signal from the respective flow unit must be < 105% of the calibrated flow
signal. If the flow unit signal is not within the limit, one required APRM that
receives an input from the inoperable flow unit must be declared inoperable.

The Frequency of 7 days is based on engineering judgment, operating
experience, and the reliability of this instrumentation.

SR 3.3.1.1.4

A CHANNEL FUNCTIONAL TEST is performed on each required channel to
ensure that the entire channel will perform the intended function. A
successful test of the required contact(s) of a channel relay may be
performed by the verification of the change of state of a single contact of the
relay. This clarifies what is an acceptable CHANNEL FUNCTIONAL TEST
of a relay. This is acceptable because all of the other required contacts of
the relay are verified by other Technical Specifications (TS) and non-TS
tests at least once per refueling interval with applicable extensions.

Any setpoint adjustment shall be consistent with the assumptions of the
current plant specific setpoint methodology.

As noted, SR 3.3.1.1.4 is not required to be performed when entering
MODE 2 from MODE 1, since testing of the MODE 2 required IRM and
APRM Functions cannot be performed in MODE 1 without utilizing jumpers,
lifted leads, or movable links. This allows entry into MODE 2 if the 7 day
Frequency is not met per SR 3.0.2. In this event, the SR must
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be performed within 12 hours after entering MODE 2 from MODE 1. Twelve
hours is based on operating experience and in consideration of providing a
reasonable time in which to complete the SR.

.A Frequency of 7 days provides an acceptable level of system average
unavailability over the Frequency interval and is based on reliability analysis
(Ref. 9).'

SR 3.3.1.1.5

A CHANNEL FUNCTIONAL TEST is performed on each required channel to
ensure that the entire channel will perform the intended function. A
successful test of the required contact(s) of a channel relay may be
performed by the verification of the change of state of a single contact of the
relay. This clarifies what is an acceptable CHANNEL FUNCTIONAL TEST
of a relay. This is acceptable because all of the other required contacts of
the relay are verified by other TS and non-TS tests at least once per

-refueling interval with applicable extensions. In accordance with Reference
9, the scram contacts must be tested as part of the Manual Scram Function.
A Frequency of 7 days provides an acceptable level of system average
availability over the Frequency and is based on the reliability analysis of
Reference 10. (The Manual Scram Function's CHANNEL FUNCTIONAL
TEST Frequency was credited in the analysis to extend many automatic
scram Functions' Frequencies.)

SR 3.3.1.1.6

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 3.3.1.1.7 and SR 3.3.1.1.10

A CHANNEL FUNCTIONAL TEST is performed on each required channel to
ensure that the entire channel will perform the intended function. A
successful test of the required contact(s) of a channel relay may be
performed by the verification'of the change of state of a single contact of the
relay. This clarifies what'is an acceptable CHANNEL FUNCTIONAL TEST
of a relay. This is acceptable because all of the other required contacts of
the 'relay are verified by other TS and non-TS tests at least once per
refueling interval with applicable extensions. Any

NOCHXANGES ON THS PAGE
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setpoint adjustment shall be consistent with the assumptions of the current
plant specific setpoint methodology. The 92 day Frequency of SR 3.3.1.1.7
is based on the reliability analysis of Reference 9.

The 18 month Frequency of SR 3.3.1.1.10 for the Reactor Mode Switch -
Shutdown Position Function 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.

For the Average Power Range Monitor PBA-AB - Upscale Function,
SR 3.3.1.1.10 is performed in coniunction with the 18 month CHANNEL
CALIBRATION (SR 3.3.1.1.1 1) and consists of a manual initiation of the
built-in functional test on the FCTR card which simulates an oscillating
APRM signal to demonstrate correct operation of the PBA-AB algorithm.
The FCTR card also has an automatic- self-test feature, which periodically.
verifies correct operation of critical components. Critical component failures
detected by the self-test feature will cause the trip reference output signals
to be set to zero (0). which will initiate a half scram unless the associated
APRM channel is bypassed. The Average Power Range Monitor PBA-AB -
Upscale Function uses the same RPS logic relays and contacts as the
Average Power Range Monitor Flow Biased Simulated Thermal Power -

High Function, which are functionally tested on a 92-day Frequency
(SR 3.3.1.1.7). The 18 month Frequency of SR 3.3.1.1.10 forthe Average
Power Range Monitor PBA-AB - Upscale Function is acceptable based on
the more frequent performance of SR 3.3.1.1.7 and the likelihood of a
change in the status of the digital components not being detected by the
automatic self-test feature of the FCTR card.

SR 3.3.1.1.8

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.
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S R 3.3.1.1.9 a nd S R 3.3. 1. 1.11I

ACHANNLCLBAINi oplete 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.

Note I states that neutron detectors are excluded from CHANNEL
CALIBRATION becaus thyaepsiedevices, 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 MWDIT LPRM
calibration against the TIPs (SR 3.3.1.1.6). A second Note is provided that
requires the APRMV and IRM SRs to be performed within 12 hours of entering
MODE 2 from MODE 1. Testing of the MODE 2 APRM and IRM
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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.'

Note 3 to SR 3.3.1.1.9 states that the digital and analog components of the
flow control trip reference (FCTR) card are excluded from CHANNEL
CALIBRATION of Functions 2.b. Average Power Range Monitor Flow Biased
Simulated Thermal Power - High, and 2.f, Average Power Range Monitor
PBA-AB - Upscale. Calibration of the digital and analog components of the
FCTR card includes cycle-specific adiustments to the Scram and Exclusion
Regions'and is performed on an 18-month frequency (SR 3.3.1.1.11). In
addition, the FCTR card has an automatic self-test feature, which
periodically verifies correct operation of critical components. Critical
component failures detected by the self-test feature will cause the trip
reference output signals to be set to zero (0),: which will initiate a half scram
unless the associated APRM channel is bypassed. Therefore, exclusion of
the digital and analog components of the FCTR during the performance of
SR 3.3.1.1.9 is acceptable based on the conditions required to adiust these
components, the performance of SR 3.3.1.1.11, and the likelihood of a
change in the status of these components not being detected.

The Frequency of SR 3.3.1.1.9 is based upon the assumption of a 184 day
calibration interval in the determination of the magnitude of equipment drift in
the setpoint analysis. The Frequency of SR 3.3.1.1.11 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 3.3.1.1.12

The Average Power Range Monitor Flow Biased Simulated Thermal
Power - High Function uses an electronic filter circuit to generate a signal
proportional to the core THERMAL POWER from the APRM neutron flux
signal. This filter circuit is representative of the fuel heat transfer dynamics
that produce the relationship between the neutron flux and the core
THERMAL POWER. The Surveillance filter time constant must be verified to
be < 7 seconds to ensure that the channel is accurately reflecting the
desired parameter.

The Frequency of 18 months is based on engineering judgment considering
the reliability of the components.
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SR 3.3.1.1.13

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.
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B 3.4 REACTOR COOLANT SYSTEM (RCS)

B 3.4.1 Recirculation Loops Operating

BASES -

BACKGROUND . The Reactor Coolant Recirculation System is designed to provide a
forced coolant flow through the core to remove heat from the fuel. The
forced coolant flow removes more heat from the fuel than would be possible
with just natural circulation. The forced flow, therefore, allows operation at
significantly higher power than w~ould otherwise be possible. The
recirculation system also controls reactivity over a wide span of reactor
power by varying the recirculation flow rate to control the void content of the
moderator. The Reactor Coolant Recirculation System consists of two
recirculation pump loops external to the reactor vessel. These loops provide
the piping path for the driving flow of water to the reactor vessel jet pumps.
Each external loop contains one variable speed motor driven recirculation
pump, a motor generator (MG) set to control pump speed and associated
piping, jet pumpsvalves, and instrumentation. The recirculation loops are
part of the'reactor coolant pressure boundary and are located inside the
drywell structure. The jet pumps are reactor vessel internals.

The recirculated coolant consists of saturated water from the steam
separators and dryers that has been subcooled by incoming feedwater. This
water passes down the annulus between the reactor vessel wall and the
core shroud. A portion of the coolant flows from the vessel, through the two
external recirculation loops, and becomes the driving flow for the jet pumps.
Each of the two external recirculation loops discharges high pressure flow
into an external manifold,' from which individual recirculation inlet lines are
routed to the jet pump risers within the reactor vessel. The remaining portion
of the'coolant mixture in the'annulus becomes the suction flow for the jet
pumps; This flow enters the jet pump at suction inlets and is accelerated by
the driving flow. The drive flow and suction flow are mixed in the jet pump
throat section. The total flow then passes through the jet pump diffuser
section into the area below the core (lower plenum), gaining sufficient head
in the process to drive the required flow upward through the core. The
subcooled water enters the bottom of the fuel channels and contacts the fuel
cladding, where heat is transferred to the coolant. As it rises, the coolant
begins to boil, creating steam~ voids within the fuel channel that continue until
the coolant exits the core. Because of reduced moderation, the steam
voiding introduces negative reactivity that must be compensated for to
maintain or to increase reactor power.' The recirculation flow control allows
operators to increase recirculation flow and sweep some of the voids from
the fuel channel, overcoming the'negative reactivity void effect. Thus, the
reason for

NO CHANGES ON THIS PAGE
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Recirculation Loops Operating
B 3.4.1

BASES

BACKGROUND (continued)

having variable recirculation flow is to compensate for reactivity effects of
boiling over a wide range of power generation (i.e., 55 to 100% of RTP)
without having to move control rods and disturb desirable flux patterns.

Each recirculation loop is manually started from the control room. The MG
set provides regulation of individual recirculation loop drive flows. The flow
in each loop is manually controlled.

APPLICABLE
SAFETY
ANALYSES

The operation of the Reactor Coolant Recirculation System is an initial
condition assumed in the design basis loss of coolant accident (LOCA)
(Ref. 1). During a LOCA caused by a recirculation loop pipe break, the
intact loop is assumed to provide coolant flow during the first few seconds of
the accident. The initial core flow decrease is rapid because the
recirculation pump in the broken loop ceases to pump reactor coolant to the
vessel almost immediately. The pump in the intact loop coasts down
relatively slowly. This pump coastdown governs the core flow response for
the next several seconds until the jet pump suction is uncovered (Ref. 1).
The analyses assume that both loops are operating at the same flow prior to
the accident. However, the LOCA analysis was reviewed for the case with a
flow mismatch between the two loops, with the pipe break assumed to be in
the loop with the higher flow. While the flow coastdown and core response
are potentially more severe in this assumed case (since the intact loop starts
at a lower flow rate and the core response is the same as if both loops were
operating at a lower flow rate), a small mismatch has been determined to be
acceptable based on engineering judgement. The recirculation system is
also assumed to have sufficient flow coastdown characteristics to maintain
fuel thermal margins during abnormal operational transients (Ref. 2), which
are analyzed in Chapter 15 of the FSAR.

A plant specific LOCA analysis has been performed assuming only one
operating recirculation loop. This analysis has demonstrated that, in the
event of a LOCA caused by a pipe break in the operating recirculation loop,
the Emergency Core Cooling System response will provide adequate core
cooling, provided the APLHGR requirements are modified accordingly
(Ref. 3).

The transient analyses of Chapter 15 of the FSAR have also been performed
for single recirculation loop operation (Ref. 3) and demonstrate sufficient
flow coastdown characteristics to maintain fuel thermal margins during the
abnormal operational transients analyzed provided the MCPR requirements
are modified. During single recirculation loop operation, modification to the
Reactor Protection-

NO CAINGES ON THIS PAGiE
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Recirculation Loops Operating
B 3.4.1

BASES
A P L . C . . . .. _B L E . ... . . _ . . _BL . . ..o n .tinu

APPLICABLE SAFETY ANALYSES (continued)

System (RPS) average power range monitor (APRM) instrument setpoints is
also required to account f6rtlthe different relationships between recirculation
drive flow and reactor'core'flow. The APLHGR and MCPR limits for single
loop operation are specified in the COLR. The APRM Flow Biased
Simulated THERMAL POWER - High Allowable Values infor LCO 3.3.1.1,
"Reactor Protection System (RPS) Instrumentation-.," are also specified in
the COLR.

.t� , .. .i I . I . .

Recirculation loops operating satisfies Criterion 2 of 10 CFR 50.36(c)(2)(ii).

LCO Two recirculation loops are required to be in operation with their flows
matched within the limits specified in SR 3.4.1.1 to ensure that during a
LOCA caused by a break of the piping of one recirculation loop the
assumptions of the LOCA analysis are satisfied. With the limits specified in
SR 3.4.1.1 not met, the recirculation loop with the lower flow must be
considered not in operation. -With only one recirculation loop in operation,
modifications to the required APLHGR limits (LCO 3.2.1, "AVERAGE
PLANAR LINEAR HEAT GENERATION RATE (APLHGR)"), MCPR limits
(LCO 3.2.2, "MINIMUM CRITICAL POWER RATIO (MCPR)"), and APRM
Flow Biased Simulated THERMAL POWER - High Allowable Value
(LCO 3.3.1.1) may be applied to allow continued operation consistent with
the assumptions of References 3 and 4.

I
APPLICABLILITY In MODES 1 and 2, requirements for operation of the Reactor Coolant

Recirculation System are necessary since there is considerable energy in
-the reactor core and the limiting design basis transients and accidents are
assumed to occur.

In MODES 3, 4, and 5, the consequences of an accident are reduced and
the coastd6wn characteristics'of the recirculation loops are not important.

ACTIONS A.1

With the requirements of the LCO not met, the recirculation loops must be
restored to operation with matched flows within 24 hours. A recirculation
loop is considered not in operation when the pump in that loop is idle or
when the mismatch between total jet pump flows of the two loops is greater
than required Jin~its. 'The loop with the lower flow must be considered not in
operation. Should a LOCA occu'r with one recirculation loop not in operation,

- the core flow coastdowvn ahd resultan't core

.
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Recirculation Loops Operating
B 3.4.1

BASES

ACTIONS (continued)

response may not be bounded by the LOCA analyses. Therefore, only a
limited time is allowed to' restore the inoperable loop to operating status.

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

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

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

B.1

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

SURVEILLANCE SR 3.4.1.1
REQUIREMENTS

This SR ensures' the recirculation loops are within the allowable limits for
mismatch'. At low core flow (i.e., < [70]% of rated core flow), the MCPR
requirements provide larger margins to the fuel cladding integrity Safety Limit
such that the potential adverse effect of early boiling transition during a
LOCA is reduced: A larger flow mismatch can therefore be allowed when
core flow is < [70]% of rated core flow. The recirculation

NO CHANGES ON THIS PAGE

BWR/4 STS B 3.4.1 - 4 Rev. 2, 04/30/01

A-33



NEDO-33143 REVISION 0

Recirculation Loops Operating
B 3.4.1

BASES

SURVEILLANCE REQUIREMENTS (continued)

loop jet pump flow, as used in this Surveillance, is the summation of the
flows from all of the jet pumps associated with a single recirculation loop.

The mismatch is measured in terms of percent of rated core flow. If the flow
mismatch exceeds the specified limits, the loop with the lower flow is
considered inoperable. The SR is not required when both loops are not in
operation since the mismatch limits are meaningless during single loop or
natural circulation operation. The Surveillance must be performed within
24 hours after both loops are in operation. The 24 hour Frequency is
consistent with the Surveillance Frequency for jet pump OPERABILITY
verification and has been shown by operating experience to be adequate to
detect off normal jet pump loop flows in a timely manner.

REFERENCES 1. FSAR, Section [6.3.3.4].

2. FSAR, Section [5.5.1.4].

3.[ Plant specific analysis for single loop operation. ]

4. NEDO-33143. 'General Electric BoilinQ Water Reactor Detect and
Suppress Solution - APRM Based." March 2004.

BWR/4 STS B 3.4.1 - 5 Rev. 2, 04/30/01
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i- 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. l; I

APPLICABILITY: According to Table 3.3.1.1-

ACTIONS
a_ _ __--NO' I t -_

Separate Condition entry is allowed for each channel.

CONDITION REQUIRED ACTION COMPLETION TIME

A. One or more required A.1 Place channel in trip. 12 hours
channels inoperable.

OR'

A.2 Place associated trip 12 hours
system in trip.

B. One or more Functions B.1 Place channel in one trip 6 hours
with one or more system in trip.
required channels
inoperable in both trip OR
systems.

B.2 Place one trip system in 6 hours
trip.

C. One or more Functions C.1 Restore RPS trip 1 hour
with RPS trip capability capability.
not maintained.

D. Required Action and D.1 Enter the Condition Immediately
associated Completion referenced in
Time of Condition A, B, Table 3.3.1.1-1 for the
or C not met... channel.

NO CHANGES ON THIS PAGE
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RPS Instrumentation
3.3.1.1

ACTIONS (continued) - -

CONDITION REQUIRED ACTION COMPLETION TIME

E. As required by Required E.1 Reduce THERMAL POWER 4 hours
Action D.1 and to < [301% RTP.
referenced in
Table 3.3.1.1-1.

F. As required by Required F.1 Be in MODE 2. 6 hours
Action D.1 and
referenced in
Table 3.3.1.1-1.

G. As required by Required G.1 Be in MODE 3. 12 hours
Action D.1 and
referenced in
Table 3.3.1.1-1.

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

I. As required by Required 1.1 -NOTE
Action D.1 and Only applicable until
referenced in Required Action 1.2 has
Table 3.3.1.1-1. been completed.

Place the reactor mode Immediately upon
switch in the shutdown entry into the
position. Exclusion Region

AND

1.2 Implement the Backup Trip 24 hours
Reference setpoints for
Function 2.b as defined in
the COLR.

J. Required Action and J.1 Reduce THERMAL POWER 4 hours
associated Completion to < [20]% RTP.
Time of Condition I not
met.

RWR/4 STS 3.3.11 - 2a Rev. 2. 04/30/01I
_... - .... - - -I . ,_. _
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RPS Instrumentation
3.3.1.1

SURVEILLANCE REQUIREMENTS
-NOTES

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 - - FREQUENCYI I . . ,- . . .

SR 3.3.1.1.1 Perform CHANNEL CHECK. - 12 hours
. _ _ _

No CHANGES ON THIS PAGE
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RPS Instrumentation
3.3.1.1

SURVEILLANCE REQUIREMENTS (continued) -_-_ -

SURVEILLANCE FREQUENCY

SR 3.3.1.1.2 -----NOTE----
Not required to be performed until 12 hours after
THERMAL POWER 2 25% RTP.

Verify the absolute difference between the average 7 days
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"l while operating at
2 25% RTP.

SR 3.3.1.1.3 Adjust the channel to conform to a calibrated flow 7 days
signal.

SR 3.3.1.1.4 ----- a NOTE-
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

SR 3.3.1.1.5 Perform CHANNEL FUNCTIONAL TEST. 7 days

SR 3.3.1.1.6 Calibrate the local power range monitors. 1000 MWD/T
average core
exposure

SR 3.3.1.1.7 Perform CHANNEL FUNCTIONAL TEST. [92] days

SR 3.3.1.1.8 [Calibrate the trip units. [92] days]

NO CHANGES ON THIS PAGE

I BWR14 STS 3.3.1.1 - 3a Rev. 2, 04/30/01
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RPS Instrumentation
3.3.1.1

SURVEILLANCE REQUIREMENTS (continued)

SURVEILLANCE FREQUENCY

SR 3.3.1.1.9 NOTES--
1. Neutron detectors ar'e excluded.

2. 'For Function 2.a, not required to be performed
when entering MODE 2 from MODE 1 until
12 hours after entering MODE 2.

3. For Functions 2.b and 2.f, the digital and analog
components of the flow control trip reference
cards are excluded.

Perform CHANNEL CALIBRATION. 184 days

I I . . .. .- . I

I BWR/4 STS 3.3.1.1 - 3b Rev. 2, 04/30/01
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RPS Instrumentation
3.3.1.1

SURVEILLANCE REQUIREMENTS (continued)
SURVEILLANCE FREQUENCY

SR 3.3.1.1.10 Perform CHANNEL FUNCTIONAL TEST. [18] months

SR 3.3.1.1.11 ----- -- NOTES-
1. Neutron detectors are excluded.

2. For Function 1, not required to be performed
when entering MODE 2 from MODE I until
12 hours after entering MODE 2.

Perform CHANNEL CALIBRATION. [18] months

SR 3.3.1.1.12 Verify the APRM Flow Biased Simulated Thermal [18] months
Power- High time constant is • [7] seconds.

SR 3.3.1.1.13 Perform LOGIC SYSTEM FUNCTIONAL TEST. [18] months

SR 3.3.1.1.14 Verify Turbine Stop Valve - Closure and Turbine [18] months
Control Valve Fast Closure, Trip Oil Pressure - Low
Functions are not bypassed when THERMAL
POWER is 2 [30]% RTP.

SR 3.3.1.1.15 -NOTES S---
1. Neutron detectors are excluded.

2. For Function 5 "n" equals 4 channels for the
purpose of determining the STAGGERED
TEST BASIS Frequency.

Verify the RPS RESPONSE TIME is within limits. [18] months on a
STAGGERED
TEST BASIS

NO CHANGES ON THIS PA

BWR/4 STS 3.3.1.1 - 4 Rev. 2, 04/30/01
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RPS Instrumentation
3.3.1.1

Table 3.3.1.1-1 (page 1 of 4)
Reactor Protection System Instrumentation

APPLICABLE CONDITIONS
MODES OR REQUIRED REFERENCED

OTHER CHANNELS FROM
SPECIFIED PER TRIP REQUIRED SURVEILLANCE ALLOWABLE

FUNCTION CONDITIONS SYSTEM ACTION D.1 REQUIREMENTS VALUE

1. Intermediate Range
Monitors

a. Neutron Flux- High 2 [3] G SR 3.3.1.1.1 s 1120/125]
SR 3.3.1.1.4 divisions of full
SR 3.3.1.1.11 scale
SR 3.3.1.1.13

5() [3] H SR 3.3.1.1.1 S5(1201125]
SR 3.3.1.1.5 divisions of full
SR 3.3.1.1.11 scale
SR 3.3.1.1.13

b. Inop 2 13] G SR 3.3.1.1.4 NA
SR 3.3.1.1.13

5(m) (3] H SR 3.3.1.1.5 NA
SR 3.3.1.1.13

2. Average Power Range
Monitors

a._ NeutronFlux-High, 2 (2] G SR 3.3.1.1.1 S (20]% RTP
(Setdown) SR 3.3.1.1.4

SR 3.3.1.1.6
SR 3.3.1.1.9
SR 3.3.1.1.13

b. Flow Biased 1 12] F SR 3.3.1.1.1 As specified in
Simulated Thermal SR 3.3.1.1.2 the COLRlb)(c
Power-High SR 3.3.1.1.3

SR 3.3.1.1.6
SR 3.3.1.1.7
SR 3.3.1.1.9
SR 3.3.1.1.11
SR 3.3.1.1.12
SR 3.3.1.1.13
SR 3.3.1.1.15

I

I

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

(b) Function 2.b is reset for single loop operation when required per LCO 3.4.1, 'Recirculation Loops Operating."

(c) Allowable Value modification required by the COLR due to reductions in feedwater temperature may be delayed for up to 24 hours.

BWR/4 STS 3.3.1.1 - 5 Rev. 2, 04/30/01
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RPS Instrumentation
3.3.1.1

Table 3.3.1.1-1 (page 2 of 4)
Reactor Protection System Instrumentation

APPLICABLE CONDITIONS
MODES OR REQUIRED REFERENCED

OTHER CHANNELS FROM
SPECIFIED PER TRIP REQUIRED SURVEILLANCE ALLOWABLE

FUNCTION CONDITIONS SYSTEM ACTION D.1 REQUIREMENTS VALUE

2. Average Power Range
Monitors

c. Fixed Neutron Flux -
High

I [2]

[21

[21

F SR 3.3.1.1.1
SR 3.3.1.1.2
SR 3.3.1.1.6
SR 3.3.1.1.7
SR 3.3.1.1.9
SR 3.3.1.1.13
SR 3.3.1.1.15

F SR 3.3.1.1.6
SR 3.3.1.1.7
SR 3.3.1.1.13

G SR 3.3.1.1.6
SR 3.3.1.1.7
SR 3.3.1.1.13

S [120]% RTP

2 [3]% RTP I

NA

I d. Downscale 1

e. Inop 1,2

f. PBA-AB - Upscale > [201% RTP"8 [2] I SR 3.3.1.1.1
SR 3.3.1.1.2
SR 3.3.1.1.3
SR 3.3.1.1.6
SR 3.3.1.1.9
SR 3.3.1.1.10
SR 3.3.1.1.11
SR 3.3.1.1.12
SR 3.3.1.1.13
SR 3.3.1.1.15

NA

3. Reactor Vessel Steam
Dome Pressure - High

1,2 [2] G SR 3.3.1.1.1
SR 3.3.1.1.7
[SR 3.3.1.1.8]
SR 3.3.1.1.11
SR 3.3.1.1.13
SR 3.3.1.1.15

S [1054] psig

4. Reactor Vessel Water
Level - Low, Level 3

5. Main Steam Isolation
Valve - Closure

1,2

1

[2]

[8]

G SR 3.3.1.1.1
SR 3.3.1.1.7
[SR 3.3.1.1.81
SR 3.3.1.1.11
SR 3.3.1.1.13
SR 3.3.1.1.15

F SR 3.3.1.1.7
SR 3.3.1.1.11
SR 3.3.1.1.13
SR 3.3.1.1.15

2 [10] inches

S [101% dosed

6. Drywell Pressure - High 1.2 [2] G SR 3.3.1.1.1
SR 3.3.1.1.7
[SR 3.3.1.1.8]
SR 3.3.1.1.11
SR 3.3.1.1.13

S [1.92] psig

I (a) Function 2.f is not required to be OPERABLE if Function 2.b is set for operation with the Backup Trip Reference setpoints specified
I in the COLR.

BWR/4 STS 3.3.1.1 - 6 Rev. 2, 04/30/01
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*I! Recirculation Loops Operating
3.4.1

3.4.1 REACTOR COOLANT SYSTEM (RCS)

3.4.1 Recirculation Loops Operating

LCO 3.4.1 Two recirculation loops with matched flows shall be in operation,

OR

[One recirculation loop may be in operation provided the following limits
are applied when the associated LCO is applicable:

a. LCO 3.2.1, -AVERAGE PLANAR LINEAR HEAT GENERATION
RATE (APLHGR)," single loop operation limits [specified in the
COLR],

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

c. LCO 3.3.1.1, "Reactor Protection System (RPS) Instrumentation,"
- Function 2.b (Average Power Range Monitors Flow Biased - -

Simulated Thermal Power High), Allowable Value of Table 3.3.1.1-1
is reset for single loop operation as specified in the COLR.]I

APPLICABILITY: MODES I and 2.

ACTIONS

CONDITION . -REQUIRED ACTION COMPLETION TIME

A. Requirements of the A.1 Satisfy the requirements of 24 hours
LCO not met. the LCO.I

* BWR/4 STS 3.4.1 -1 Rev. 2, 04/30/01
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Recirculation Loops Operating
3.4.1

ACTIONS (continued)
CONDITION REQUIRED ACTION COMPLETION TIME

B. Required Action and B.1 Be in MODE 3. 12 hours
associated Completion
Time of Condition A not
met.

OR

No recirculation loops in
operation..

SURVEILLANCE REQUIREMENTS

SURVEILLANCE FREQUENCY

SR 3.4.1.1 NOTE
Not required to be performed until 24 hours after
both recirculation loops are in operation.

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

a. < [1O]% of rated core flow when operating at
< [70]% of rated core flow and

b. < [5]% of rated core flow when operating at
2 [70]% of rated core flow.

NOCHANGES ON THIS PAGED

BWR/4 STS 3.4.1 -2 Rev. 2, 04/30/01

B-i1



.NEDO-33143 REVISION 0

Reporting Requirements
5.6

5.6 Reporting Requirements

5.6.2 Annual Radiological Environmental Operating Report (continued)

environmental radiation measurements taken during the period pursuant to the
locations specified in the table and figures in the ODCM, as well as'summarized and
tabulated results of these analyses'and measurements [in the format of the table in
the Radiological Assessment Branch Technical Position, Revision 1,
November 1979]. In the event that some individual results are not available for
inclusion with the report, the' report shall be submitted noting and explaining the
reasons for the missing results. The missing data shall be submitted in a
supplementary report as soon as possible.

5.6.3 Radiological Effluent Release Report

--NOTE--- --- go
[A single submittal may be made for a multiple unit station. The submittal shall
combine sections common to all units at the station; however, for units with
separate radwaste systems, the submittal shall specify the releases of radioactive
material from each unit. l -

.- 1

The Radioactive Effluent Release Report covering the operation of the unit during
the previous year shall be submitted prior to May I of each year in accordance with
10 CFR 50.36a. The report shall include a summary of the quantities of radioactive
liquid and gaseous effluents and solid waste released from the unit. The-riaterial
provided shall be consistent with the objectives outlined in the ODCM and Process
Control Program and in conformance with 10 CFR 50.36a and 10 CFR Part 50,
Appendix I, Section IV.B.1.

5.6.4 Monthly Onerating Reports

Routine reports of operating statistics and shutdown experience shall be submitted
on a monthly basis no later than the 15th of each month following the calendar
month covered by the report.

5.6.5 CORE OPERATING LIMITS REPORT (COLR)

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

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

[1]. The Allowable Values for Function 2.b, APRM Flow Biased [Simulated
--Thermal Power] - High for Specification 3.3.1.1.

BWR/4 STS 5.6 - 2 Rev. 2.1, 03/21/02
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Reporting Requirements
5.6

5.6 Reporting Requirements

5.6.5 CORE OPERATING LIMITS REPORT (COLR) (continued)

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. l

[1]. NEDO-33143, "General Electric Boiling Water Reactor Detect and
Suppress Solution - APRM Based," March 2004.

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.

5.6.6

d. The COLR, including any midcycle revisions or supplements, shall be provided
upon issuance for each reload cycle to the NRC.

Reactor Coolant System (RCS) PRESSURE AND TEMPERATURE LIMITS
REPORT (PTLR)

NO CHANGES TO SECTION 5.6 4
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APPLICABLE SAFETY ANALYSES, LCO, and APPLICABILITY (continued)

the Average Power Range Monitor Neutron Flux - High, Setdown Function
will provide a secondary scram to the Intermediate Range Monitor Neutron
Flux - High Function because of the relative setpoints. With the IRMs at

-,Range 9 or 10, it is possible that the Average Power Range Monitor Neutron
Flux - High, Setdown Function will provide the primary trip signal for a
corewide increase in power.

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

The APRM System is divided into two groups of channels with three APRM
channel inputs to each trip system. The system is designed to allow one
channel in each trip system to be bypassed. Any one APRM channel in a
trip system can cause the associated trip system to trip. Four channels of
Average Power Range Monitor Neutron Flux - High, Setdown with two
channels in each trip system are required to be OPERABLE to ensure that
no single failure will preclude a scram from this Function on a valid signal. In
addition, to provide adequate coverage of the entire core, at least 11 LPRM
inputs are required for each APRM channel, with at least two LPRM inputs
from each of the four axial levels at which the LPRMs are located.

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

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

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

The Average Power Range Monitor Flow Biased Simulated Thermal Power -
High Function monitors neutron flux to approximate the THERMAL POWER
being transferred to the reactor coolant. The APRM

N6 HANGES ON THIS PAGE
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APPLICABLE SAFETY ANALYSES, LCO, and APPLICABILITY (continued)

neutron flux is electronically filtered with a time constant representative of
the fuel heat transfer dynamics to generate a signal proportional to the
THERMAL POWER in the reactor. The trip level is varied by the flow control
trip reference (FCTR) card as a function of recirculation drive flow and is
clamped at an upper limit that is always lower than the Average Power
Range Monitor Fixed Neutron Flux - High Function Allowable Value. The
Average Power Range Monitor Flow Biased Simulated Thermal Power -
High Function provides protection against transients where THERMAL
POWER increases slowly (such as the loss of feedwater heating event) and
protects the fuel cladding integrity by ensuring that the MCPR SL (SL
2.1.1.2) is not exceeded. During these events, the THERMAL POWER
increase does not significantly lag the neutron flux response and, because of
a lower trip setpoint, will initiate a scram before the high neutron flux scram.
For rapid neutron flux increase events, the THERMAL POWER lags the
neutron flux and the Average Power Range Monitor Fixed Neutron Flux -
High Function will provide a scram signal before the Average Power Range
Monitor Flow Biased Simulated Thermal Power - High Function setpoint is
exceeded.

The Average Power Range Monitor Flow Biased Simulated Thermal Power-
High Function also provides a general definition of the licensed core
power/core flow operating domain. Operating limits established for the
licensed operating domain are used to develop the Average Power Range
Monitor Flow Biased Simulated Thermal Power - High Function Allowable
Values to provide pre-emptive reactor scram and prevent gross violation of
the licensed operating domain. Operation outside the licensed operating
domain may result in anticipated operational occurrences and postulated
accidents being initiated from conditions beyond those assumed in the
safety analysis. Operation within the licensed operating domain also
ensures compliance with General Design Criterion 12.

General Design Criterion 12 requires protection of fuel thermal safety limits
from conditions caused by neutronic/thermal hydraulic instability.
Neutronic/thermal hydraulic instabilities result in power oscillations, which
could result in exceeding the MCPR SL.

The area of the core power and flow operating domain susceptible to
neutronic/thermal hydraulic instability can be affected by reactor parameters
such as reactor inlet feedwater temperature. Three complete and
independent sets of Average Power Range Monitor Flow Biased Simulated
Thermal Power-High Function Allowable Values are specified in the COLR.
The Normal Trip Reference (NTR) Set provides protection against regional

BWRI4 STS B 3.3.1.1 - 9a Rev. 2, 04/30/01
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APPLICABLE SAFETY ANALYSES, LCO, and APPLICABILITY (continued)

mode neutronic/thermal hydraulic instability during normal reactor
operations. The Alternate Trip Reference (ATR) Set provides protection
against regional mode neutronic/thermal hydraulic instability during reactor
operating conditions requiring added stability protection (e.g., operation with
reduced feedwater heating) and is conservative with respect to the NTR Set.
The Backup Trip Reference (BTR) Set extends the Scram Region to
envelope the Exclusion Region such that the Average Power Range Monitor
Flow Biased Simulated Thermal Power-High Function provides automatic
instability prevention protection for both regional and core-wide oscillation
modes, and reliance on the Average Power Range Monitor PBA-AB -
Upscale Function is therefore not necessary.

In the event of a feedwater temperature reduction, Allowable Value
modification '(from the NTR Set to the ATR Set) is required to preserve the
margin associated with the potential for the onset of neutronic/thermal
hydraulic instability that existed prior to the feedwater temperature reduction.
Feedwater temperature values requiring transition between the Allowable
Values for the NTR and ATR Sets are specified in the COLR. The Allowable
Value modification required by the COLR may be delayed up to 24 hours to
allow time to adjust and check the adjustment of the FCTR card for each
APRM channel. At the end of the 24 hour period, the Allowable Value
modifications must be complete for all of the required channels or the
applicable Condition(s) must be entered and the Required Actions taken.
The 24 hour time period is'acceptable based on the low probability of a
neutronic/thermal hydraulic instability event occurring during this time period,
a reasonable time to complete the FCTR card adjustments, frequent core
monitoring by operators allowing abrupt changes in core flow and power to
be quickly detected, and the continued protection provided by the FCTR
card. In addition, when the feedwater temperature reduction results in
operation in either the Exclusion Region or the Protected Region, the Period
Based Algorithms (PBA-AB and PBDA-AB) on the FCTR card provide added
protection against neutronic/ thermal hydraulic instability during the 24 hour
time period.

During continued operation with only one recirculation loop in service, the
APRM flow biased setpoint is required to be conservatively set (refer to the
Bases for LCO 3.4.1, "Recirculation Loops Operating" for more detailed
discussion). This setpoint modification is accomplished by repositioning the
locking lever toggle switch on the front panel of each FCTR card from the
TLO position (for the two-loop reactor recirculation operating mode) to the
SLO position (for the single-loop reactor recirculation operating mode). This
setpoint modification may be delayed in accordance with the allowances of
LCO 3.4.1. After this time, the LCO 3.3.1.1 requirement for APRM
OPERABILITY will enforce the more conservative setpoint.

-

II
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The APRM System is divided into two groups of channels with four APRM
inputs to each trip system. The system is designed to allow one channel in
each trip system to be bypassed. Any one APRM channel in a trip system
can cause the associated trip system to trip. Four channels of Average
Power Range Monitor Flow Biased Simulated Thermal Power - High with two
channels in each trip system arranged in a one-out-of-two logic are required
to be OPERABLE to ensure that no sin'gle instrument failure will preclude a
scram from this Function on a valid signal. In addition, to provide adequate
coverage of the entire core, at least 11 LPRM inputs are required for each
APRM channel, with at least two LPRM inputs from each of the four axial
levels at which the LPRMs are located. Each APRM channel receives two
total drive flow signals representative of total core flow. The total drive flow
signals are generated by four flow units, two of which supply signals to the
trip system A APRMs, while the other two supply signals to the trip system B
APRMs. Each flow unit signal is provided by summing up the flow signals
from the two recirculation loops. To obtain the most conservative reference
signals, the total flow signals from the two flow units (associated with a trip
system as described above) are routed to a low auction circuit associated
with each APRM. Each APRM's auction circuit selects the lower of the two
flow unit signals for use as the scram trip reference for that particular APRM.
Each required Average Power Range

BWR/4 STS B 3.3.1.1 - 9c Rev. 2, 04/30/01
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Monitor, Flow Biased Simulated Thermal Power - High channel only requires
an input from one OPERABLE flow unit, since the individual APRM channel
will perform the intended function with only~one OPERABLE flow unit input.
However, in order to maintain single failure criteria for the Function, at least
one required Average Power Range Monitor Flow Biased Simulated Thermal
Power -High channel in each trip system must be capable of maintaining an
OPERABLE flow unit signal in the event of a failure of an auction circuit, or a
flow unit, in the associated trip system (e.g., if 'a flow unit is inoperable, one
of the two required Average Power Range Monitor Flow Biased Simulated
Thermal Power,- High channels in the associated trip system must be
considered inoperable).

The clamped Allowable Value is based on analyses that take credit for the
Average Power Range Monitor Flow Biased Simulated Thermal Power -
High Function for, the mitigation of the loss of feedwater heating event. The
THERMAL POWER time constant of < 7 seconds is based on the fuel heat
transfer dynamics and provides a signal proportional to the THERMAL
POWER.

The raAverae Power RangeMonitor Flow Biased Simulated Thermal Power -
High Function is required to be.OPERABLE in MODE I when there is the

-possibility of e-utronic/thermal hydraulic instability. 'The potential to exceed
the MCPR SL applicable to high pressure and core flow conditions
(SL 2.1.1.2), which provides fuel cladding integrity protection, exists if
neutronic/thermal hydraulic instability can occur. During MODES 2 and 5,
other IRM and APRM Functions provide protection for fuel cladding integrity.

2.c. Average Power Range Monitor Fixed Neutron Flux - High

The APRM channels provide the primary indication of neutron flux within the
core and respond almost instantaneously to neutron flux increases. The
Average Power Range Monitor Fixed Neutron Flux - High Function is
capable of generating a trip signal to prevent fuel damage or excessive RCS
pressure.! For the ove rpressurization protection analysis of Reference 4, the
Average Power Range Monitor Fixed Neutron Flux 7 High Function is
assumed to terminate the main steam isolation valve (MSIV) closure event
and, along with the safetylrelief valves (SIRVs), limits the peak reactor
pressure vessel (RPV) pressure to less than the ASME Code limits. The
control rod drop accident (CRDA) analysis (Ref. 5) takes credit for the
Average Power Range Monitor Fixed Neutron Flux - High Function to
terminate the CRDA.

BWRI4 STS B 3.3.1.1 - 10 Rev. 2, 04/30/01
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APPLICABLE SAFETY ANALYSES, LCO, and APPLICABILITY (continued)

ensure that no single failure will preclude a scram from this Function on a
valid signal. The Intermediate Range Monitor Neutron Flux - High and Inop
Functions are also part of the OPERABILITY of the Average Power Range
Monitor - Downscale Function (i.e., if either of these IRM Functions cannot
send a signal to the Average Power Range Monitor - Downscale Function,
the associated Average Power Range Monitor - Downscale channel is
considered inoperable).

The Allowable Value is based upon ensuring that the APRMs are in the
linear scale range when transfers are made between APRMs and IRMs.

This Function is required to be OPERABLE in MODE I since this is when
the APRMs are the primary indicators of reactor power.

2.e. Average Power Range Monitor-' Inor

This signal provides assurance that a minimum number of APRMs are
OPERABLE. Anytime an APRM mode switch is moved to any position other
than "Operate," an APRM module is unplugged, the electronic operating
voltage is low, or the APRM has too few LPRM inputs (< I1), an inoperative
trip signal will be received by the RPS, unless the APRM is bypassed. Since
only one APRM in each trip system may be bypassed, only one APRM in
each trip system may be inoperable without resulting in an RPS trip signal.
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.

Four channels of Average Power Range Monitor - Inop with two channels in
each trip system are required to be OPERABLE to ensure that no single
failure will preclude a scram from this Function on a valid signal.

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.f. Average Power Range Monitor PBA-AB - Upscale

The APRM PBA-AB - Upscale Function monitors the APRM neutron flux to
automatically detect and suppress neutronic/thermal hydraulic instability
events in the region of the operating domain that is susceptible to core-wide
power oscillations (i.e., in the Exclusion Region specified in the COLR). This
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Function uses the Period Based Algorithm (PBA), as described in Reference
14, to detect the onset of core-wide mode power oscillations. The PBA is
implemented on the digital flow control trip reference (FCTR) card for each
APRM channel. The setpoint for the APRM PBA-AB - Upscale Function is
digitally encoded on the FCTR card and is set high enough to avoid
unnecessary (spurious) scrams and low enough to generate a reactor trip
signal near the inception of reactor instability and ensure that power
oscillations are suppressed prior to any significant challenge to the MCPR
SL (SL 2.1.1.2). The APRM PBA-AB - Upscale Function is designed, in
combination with the Average Power Range Monitor Flow Biased Simulated
Thermal Power - High Function, to satisfy the requirements of GDC 12.

The lower boundary of the Exclusion Region is delineated by the APRM
flow-biased rod-block setpoints. Therefore, inadvertent (unplanned) entry
into the Exclusion Region as a result of normal control rod withdrawals
during plant startup is automatically prevented by the APRM flow-biased rod-
block function. To facilitate reactor startup, intentional (planned) operation in
a specified portion of the Exclusion Region is permitted. The FCTR card
includes an APRM flow-biased setpoint setup feature to support planned
entry and operational maneuvering in the Exclusion Region. "Setup" and
normal ("non-Setup") setpoints are selected by operator manipulation of a
Setup button on each FCTR card. The "Setup" and "non-Setup" Allowable
Values for the APRM flow-biased functions are specified in the COLR.
Operation in the Exclusion Region with the APRM flow-biased functions
"Setup" requires administrative controls to be in place as described in
Reference 14.

The APRM PBA-AB - Upscale Function is required to be OPERABLE with
THERMAL POWER > [20]% RTP where there is the potential for the
occurrence of a core-wide neutronic/thermal hydraulic instability that could
challenge the fuel cladding integrity. Due to the inherently low core void
content at power levels below [20]% RTP (i.e., SL 2.1.1.1 minus 5% RTP as
specified in Reference 14), the decay ratio is low enough to preclude the
occurrence of a core-wide neutronic/thermal hydraulic instability. The APRM
PBA-AB - Upscale Function is not required to be OPERABLE if the Average
Power Range Monitor Flow Biased Simulated Thermal Power - High
Function (Function 2.b) is set for operation with the Backup Trip Reference
setpoints because Function 2.b would then be capable of providing
automatic instability prevention protection for both regional and core-wide
oscillation modes.
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3. Reactor Vessel Steam Dome Pressure - High

An increase in the RPV pressure during reactor operation compresses the
steam voids and results in a positive reactivity insertion. This causes the
neutron flux and THERMAL POWER transferred to the reactor coolant to
increase, which could challenge the integrity of the fuel cladding and the
RCPB. No specific safety analysis takes direct credit for
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ACTIONS (continued)

1.1 and 1.2

If the channel(s) is not restored to OPERABLE status or placed in trip (or the
associated trip systemn placed in trip) within the allowed Completion Time,
the plant must be placed in a MODE or other specified condition in which the
LCO does not apply. This is initially accomplished by Action 1.1, which
requires the operator to immediately place the reactor mode switch in the
shutdown position upon entry to the Exclusion Region. Manual operator
actions to comply with Action 1.1 are only needed until the Backup Trip
Reference (BTR) setpoints have been implemented, as required by Action

.1.2. After the BTR setpoints have been implemented, the Average Power
Range Monitor Flow Biased Simulated Thermal Power- High Function will
automatically initiate a reactor scram upon an inadvertent entry into the
Exclusion Region. Therefore, Action 1.1 and the automatic detect and
suppress feature provided by the APRM PBA-AB - Upscale Function are not
required after Action 1.2 has been completed. The allowed Completion Time
for Action 1.2 is reasonable, based on the time required to reset each
channel for operation with the BTR setpoinits and the low probability of an
initiating event resulting in a neutronic/thermal hydraulic instability during the
allowed Completion Time.

J.1

With Function 2.f inoperable and the Required Actions and associated
Completion Times of Condition I not met, the plant must be placed in a
MODE or other specified condition in which the LCO does not apply. To
achieve this status, THERMAL POWER must be reduced to < [20]% RTP
within 4 hours. In this condition, the APRM PBA-AB - Upscale Function is
not required to be OPERABLE because of the reduced potential for the
occurrence of a neutronic/thermal hydraulic instability that could challenge
the fuel cladding integrity. The allowed Completion Time is reasonable,
based on operating experience, to reach the specified condition from full
power conditions in an orderly manner without challenging plant systems. In
addition, the Completion Time of Required Action J.1 is consistent with the
Completion Time provided in LCO 3.2.2, "MINIMUM CRITICAL POWER
RATIO (MCPR)."
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last 7 days, in accordance with SR 3.0.2. A Note is provided which allows
an increase in THERMAL POWER above 25% if the 7 day Frequency is not
met per SR 3.0.2. In this event, the SR 'must be performed within 12 hours
after reaching or exceeding 25% RTP. Twelve hours is based on operating
experience and in consideration of providing a reasonable time in which to
complete the SR.

SR 3.3.1.1.3

The Average Power Range Monitor Flow Biased Simulated Thermal Power -
High Function uses the recirculation loop drive flows to vary the trip setpoint.
The Average Power Range Monitor PBA-AB'- Upscale Function uses the
recirculation loop drive flows, in combination with an unfiltered APRM
(power) signal, to determine the current power/flow operating region. This
SR ensures that the total loop drive flow signals from the flow units are
appropriately compared to a calibrated flow signal and, therefore, these
APRM Functions accurately reflect the required trip setpoint and power/flow
operating region. Each flow signal from the respective flow unit must be
< 105% of the calibrated flow signal. If the flow unit signal is not within the
limit, one required APRM that receives an input from the inoperable flow unit
must be declared inoperable.

The Frequency of 7 days is based on engineering judgment, operating
experience, and the reliability of this instrumentation.

SR 3.3.1.1.4

A CHANNEL FUNCTIONAL TEST is performed on each required channel to
ensure that the entire channel will perform the intended function. A
successful test of the required contact(s) of a channel relay may be
performed by the verification of the change of state of a single contact of the
relay. This clarifies what is an acceptable CHANNEL FUNCTIONAL TEST
of a relay. This is acceptable because all of the other required contacts of
the relay are verified by other Technical Specifications (TS) and non-TS
tests at least once per refueling interval with applicable extensions.

Any setpoint adjustment shall be consistent with the assumptions of the
current plant specific setpoint methodology.

As noted, SR 3.3.1.1.4 is not required to be performed when entering
MODE 2 from MODE 1, since testing of the MODE 2 required IRM and
APRM Functions cannot be performed in MODE 1 without utilizing jumpers,
lifted leads, or movable links. This allows entry into MODE 2 if the 7 day
Frequency is not met per SR 3.0.2. In this event, the SR must
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be performed within 12 hours after entering MODE 2 from MODE 1. Twelve
hours is based on operating experience'and in consideration of providing a
reasonable time in which to complete the SR.

A Frequency of 7 days provides an acceptable level of system average
unavailability over the Frequency interval and is based on reliability analysis
(Ref. 9).,

SR 3.3.1.1.5

A CHANNEL FUNCTIONAL TEST is performed on each required channel to.
ensure that the entire channel will perform'the intended function. A
successful test of the required contact(s) of a channel relay may be
performed by the verification of the change of state of a single contact of the
relay. This clarifies what is an acceptable CHANNEL FUNCTIONAL TEST
of a relay. This is acceptable because all of the other required contacts of
the relay are verified by other TS and non-TS tests at least once per
refueling interval with applicable extensions. In accordance with Reference
9, the scram contacts must be tested as part of the Manual Scram Function.
A Frequency of 7 days provides an acceptable level of system average
availability over the Frequency and is based on the reliability analysis of
Reference 10. (The Manual Scram Function's CHANNEL FUNCTIONAL
TEST Frequency was credited in the analysis to extend many automatic

-scram Functions' Frequencies.)

SR 3.3.1.1.6

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 3.3.1.1.7andSR 3.3.1.1.10

A CHANNEL FUNCTIONAL TEST is performed on each required channel to
ensure that the entire channel will perform the intended function. A
successful test of the required contact(s) of a channel relay may be
performed by the verification of the change of state of a single contact of the
relay. This clarifies what is an acceptable CHANNEL FUNCTIONAL TEST
of a relay. This is acceptable because all of the other required contacts of
the relay are verified by other TS and non-TS tests at least once per
refueling interval with applicable extensions. Any
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setpoint adjustment shall be consistent with the assumptions of the current
plant specific setpoint methodology. The 92 day Frequency of SR 3.3.1.1.7
is based on the reliability analysis of Reference 9.

The 18 month Frequency of SR 3.3.1.1.1.0 for the Reactor Mode Switch -
Shutdown Position Function 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.

For the Average Power Range Monitor PBA-AB - Upscale Function,
SR 3.3.1.1.10 is performed in conjunction with the 18 month CHANNEL
CALIBRATION (SR 3.3.1.1.1 1) and consists of a manual initiation of the
built-in functional test on the FCTR card which simulates an oscillating
APRM signal to demonstrate correct operation of the PBA-AB algorithm.
The FCTR card also has an automatic self-test feature, which periodically
verifies correct operation of critical components. Critical component failures
detected by the self-test feature will cause the trip reference output signals
to be set to zero (0), which will initiate a half scram'unless the associated
APRM channel is bypassed. The Average Power Range Monitor PBA-AB -
Upscale Function uses the same RPS logic relays and contacts as the
Average Power Range Monitor Flow Biased Simulated Thermal Power -
High Function, which are functionally tested on a 92-day Frequency
(SR 3.3.1.1.7). The 18 month Frequency of SR 3.3.1.1.10 for the Average
Power Range Monitor PBA-AB - Upscale Function is acceptable based on
the more frequent performance of SR 3.3.1.1.7 and the likelihood of a
change in the status of the digital components not being detected by the
automatic self-test feature of the FCTR card.

SR 3.3.1.1.8

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.
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SURVEILLANCE REQUIREMENTS (continued),,

SR 3.3.1.1.9andSR 3.3.1.1.11

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 chann'el adjusted to account for instrument drifts
between successive calibrations consistent with the plant specific setpoint
methodology.

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 TlPs (SR 3.3.1.1.6). A second Note is provided that
requires the APRM and IRM SRs to be performed within 12 hours of entering
MODE 2 from MODE 1. Testing of the MODE 2 APRM and IRM
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Functions cannot be performed in MODE 1 without utilizing jumpers, lifted
leads, or movable links. This Note allows entry into MODE 2 from MODE I 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.

Note 3 to SR 3.3.1.1.9 states that the digital and analog components of the
flow control trip reference (FCTR) card are excluded from CHANNEL
CALIBRATION of Functions 2.b, Average Power Range Monitor Flow Biased
Simulated Thermal Power - High, and 2.f, Average Power Range Monitor
PBA-AB - Upscale. Calibration of the digital and analog components of the
FCTR card includes cycle-specific adjustments to the Scram and Exclusion
Regions and is performed on an 18-month frequency (SR 3.3.1.1.11). In
addition, the FCTR card has an automatic self-test feature, which
periodically verifies correct operation of critical components. Critical
component failures detected by the self-test feature will cause the trip
reference output signals to be set to zero (0), which will initiate a half scram
unless the associated APRM channel is bypassed. Therefore, exclusion of
the digital and analog components of the FCTR during the performance of
SR 3.3.1.1.9 is acceptable based on the conditions required to adjust these
components, the performance of SR 3.3.1.1.1 1, and the likelihood of a
change in the status of these components not being detected.

The Frequency of SR 3.3.1.1.9 is based upon the assumption of a 184 day
calibration interval in the determination of the magnitude of equipment drift in
the setpoint analysis. The Frequency of SR 3.3.1.1.11 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 3.3.1.1.12

The Average Power Range Monitor Flow Biased Simulated Thermal
Power - High Function uses an electronic filter circuit to generate a signal
proportional to the core THERMAL POWER from the APRM neutron flux
signal. This filter circuit is representative of the fuel heat transfer dynamics
that produce the relationship between the neutron flux and the core
THERMAL POWER. The Surveillance filter time constant must be verified to
be < 7 seconds to ensure that the channel is accurately reflecting the
desired parameter.

The Frequency of 18 months is based on engineering judgment considering
the reliability of the components.
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I SURVEILLANCE REQUIREMENTS (continued)

SR 3.3.1.1.13

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 Surveillanc'eto 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.
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REFERENCES (continued)

[11. NEDO-32291-A, "System Analyses For the Elimination of Selected
Response Time Testing Requirements," October 1995.

12. NEDO-32291-A, Supplement 1, "System Analyses for The Elimination
of Selected Response Time Testing Requirements," October 1999.]

13. Regulatory Guide 1.105, Revision 3, "Setpoints for Safety-Related
Instrumentation."

14. NEDO-33143, -General Electric Boiling Water Reactor Detect and
Suppress Solution - APRM Based," March 2004.

BWRI4 STS B 3.3.1.1 - 31 Rev. 2, 04/30/01

B-29



r,,r* t

NEDO-33143 REVISION 0

Recirculation Loops Operating
B 3.4.1

B 3.4 REACTOR COOLANT SYSTEM (RCS)

B 3.4.1 Recirculation Loops Operating

BASES

BACKGROUND The Reactor Coolant Recirculation System is designed to provide a
forced coolant flow through the core to remove heat from the fuel. The
forced coolant flow removes more heat from the fuel than would be possible

- with just natural circulation. The forced flow, therefore, allows operation at
significantly higher power than would otherwise be possible. The
recirculation system also controls reactivity over a wide span of reactor
power by varying the'recirculation flow rate to control the void content of the
moderator. The Reactor Coolant Recirculation System consists of two
recirculation pump loops'extemral to the reactor vessel. These loops provide
the piping 'path for the driving flow of water to the reactor vessel jet pumps.
Each external loop contains one variable speed motor driven recirculation
pump, a motor generator'(MG) set to control pump speed and associated
piping, jet pumps, valves, and instrumentation. The recirculation loops are
part of the reactor coolant'pressure boundary and are located inside the
drywell structure. The jet pumps are reactor vessel internals.

The recirculated coolant consists'of saturated water from the steam
separators and dryers that has been subcooled by incoming feedwater. This
water passes down the annulus between the reactor vessel wall and the
core shroud. -A portion of the coolant flows from the vessel, through the two
external recirculation loops, and becomes the driving flow for the jet pumps.
Each of the two external recirculation loops discharges high pressure flow
into an external rnanifold, from which individual recirculation inlet lines are
routed to the jet pump risers within the reactor vessel. The remaining portion
of the coolant mixture'in the annulus becomes the suction flow for the jet
pumps. This flow enters the jet pump at suction inlets and is accelerated by
the driving flow. The drive flow and suction flow are mixed in the jet pump
throat section. The total flow then passes through the jet pump diffuser
section into the area- below the core (lower plenum), gaining sufficient head
in the process to drive the required flow upward through the core. The
subcooled water enters the bottom of the fuel channels and contacts the fuel
cladding, where heat is'transferred to the coolant. As it rises, the coolant
begins'to boil, creating steam voids within the fuel channel that continue until
the coolant exits the core. Because of reduced moderation, the steam
voiding introduces negative reactivity that must be compensated for to
maintain or to increase reactor power. The recirculation flow control allows
operators to increase recirculation flow and sweep some of the voids from
the fuel channel, oidrcoming the negative reactivity void effect. Thus, the
reason for

NO CHANGES ON THIS PAGE
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BACKGROUND (continued)

having variable recirculation flow is to compensate for reactivity effects of
boiling over a wide range of power generation (i.e., 55 to 100% of RTP)
without having to move control rods and disturb desirable flux patterns.

Each recirculation loop is manually started from the control room. The MG
set provides regulation of individual recirculation loop drive flows. The flow
in each loop is manually controlled.

APPLICABLE
SAFETY
ANALYSES

The operation of the Reactor Coolant Recirculation System is an initial
condition assumed in the design basis loss of coolant accident (LOCA)
(Ref. 1). During a LOCA caused by a recirculation loop pipe break, the
intact loop is assumed to provide coolant flow during the first few seconds of
the accident. The initial core flow decrease is rapid because the
recirculation pump in the broken loop ceases to pump reactor coolant to the
vessel almost immediately. The pump in the intact loop coasts down
relatively slowly. This pump coastdown governs the core flow response for
the next several seconds until the jet pump suction is uncovered (Ref. 1).
The analyses assume that both loops are operating at the same flow prior to
the accident. However, the LOCA analysis was reviewed for the case with a
flow mismatch between the two loops, with the pipe break assumed to be in
the loop with the higher flow. While the flow coastdown and core response
are potentially more severe in this assumed case (since the intact loop starts
at a lower flow rate and the core response is the same as if both loops were
operating at a lower flow rate), a small mismatch has been determined to be
acceptable based on engineering judgement. The recirculation system is
also assumed to have sufficient flow coastdown characteristics to maintain
fuel thermal margins during abnormal operational transients (Ref. 2), which
are analyzed in Chapter 15 of the FSAR.

A plant specific LOCA analysis has been performed assuming only one
operating recirculation loop. This analysis has demonstrated that, in the
event of a LOCA caused by a pipe break in the operating recirculation loop,
the Emergency Core Cooling System response will provide adequate core
cooling, provided the APLHGR requirements are modified accordingly
(Ref. 3).

The transient analyses of Chapter 15 of the FSAR have also been performed
for single recirculation loop operation (Ref. 3) and demonstrate sufficient
flow coastdown characteristics to maintain fuel thermal margins during the
abnormal operational transients analyzed provided the MCPR requirements
are modified. During single recirculation loop operation, modification to the
Reactor Protection

NO CHANGES ON THIS PAGE
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APPLICABLE SAFETY ANALYSES (continued)'

System (RPS) average power range monitor (APRM) instrument setpoints is
also required to account for the different relationships between recirculation
drive flow and reactor core flow. The APLHGR and MCPR limits for single
loop operation are specified in the COLR. The APRM Flow Biased
Simulated THERMAL POWER - High Allowable Values for LCO 3.3.1.1,
"Reactor Protection System (RPS) Instrumentation," are also specified in the
COLR.

Recirculation loops operating satisfies Criterion 2 of 10 CFR 50.36(c)(2)(ii).

LCO Two recirculation loops are required to be in operation with their flows
matched within the limits specified in SR 3.4.1.1 to ensure that during a
LOCA caused by a break of the piping of one recirculation loop the
assumptions of the LOCA analysis are satisfied. With the limits specified in
SR 3.4.1.1 not met, the recirculation loop with the lower flow must be
considered not in operation. With only one recirculation loop in operation,
modifications to the required APLHGR limits (LCO 3.2.1, "AVERAGE

' 'PLANAR LINEAR HEAT GENERATION RATE (APLHGR)"), MCPR limits
- (LCO 3.2.2, 'MINIMUM CRITICAL POWER RATIO (MCPR)"), and APRM

Flow Biased Simulated THERMAL POWER - High Allowable Value
(LCO 3.3.1.1) may be applied to allow continued operation consistent with
the assumptions of References 3 and 4.

I
APPLICABLILITY In MODES 1 and 2, requirements for operation of the Reactor Coolant

Recirculation System are necessary since there is considerable energy in
the reactor core and the limiting design basis transients and accidents are
assumed to occur.

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

ACTIONS A.1

With the requirements of the LCO not met, the recirculation loops must be
restored to operation with matched flows within 24 hours. A recirculation
loop is considered not in operation when the pump in that loop is idle or
when the mismatch between total jet pump flows of the two loops is greater
than required limits. -The loop with the lower flow must be considered not in
operation. Should a LOCA occur with one recirculation loop not in operation,

-the core flow coastdown and resultant core
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ACTIONS (continued)

response may not be bounded by the LOCA analyses. Therefore, only a
limited time is allowed to restore the inoperable loop to operating status.

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

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

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

B.1

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

SURVEILLANCE SR 3.4.1.1
REQUIREMENTS

This SR ensures the recirculation loops are within the allowable limits for
mismatch. At low core flow (i.e., < [70]% of rated core flow), the MCPR
requirements provide larger margins to the fuel cladding integrity Safety Limit
such that the potential adverse effect of early boiling transition during a
LOCA is reduced. A larger flow mismatch'can therefore be allowed when
core flow is < [70]% of rated core flow. The recirculation

NO CHANGES ON THIS PAGE

BWR/4 STS B 3.4.1 - 4 Rev. 2, 04/30/01

B-33



- : ?)! I,~u 1 A-. ;.!,

NEDO-33143 REVISION 0

Recirculation Loops Operating
B 3.4.1

BASES

SURVEILLANCE REQUIREMVENTS (continued) .. I

loop jet pump flow, as used in this Surveillance, is the summation of the
flows from all of the jet pumps associated with a single recirculation loop.

The mismatch is measured in terms of percent of rated core flow. If the flow
mismatch exceeds the specified limits, the loop with the lower flow is
considered inoperable. The SR is not required when both loops are not in
operation since the mismatch limits are meaningless during single loop or
natural circulation operation. The Surveillance must be performed within
24 hours after both loops are in operation. The 24 hour Frequency is
consistent with the Surveillance Frequency for jet pump OPERABILITY
verification and has been shown by operating experience to be adequate to
detect off normal jet pump loop flows in a timely manner.

REFERENCES 1. FSAR, Section [6.3.3.4].

2. FSAR, Section [5.5.1.4].

-- - 3.[ Plant specific analysis for single loop operation.]

4. NEDO-33143, 'General Electric Boiling Water Reactor Detect and
Suppress Solution - APRM Based," March 2004.
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