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ABSTRACT

This report documents the application of Stability Long-Term Solution Option II
methodology to Nine Mile Point Nuclear Station Unit I (NMP-I). Option II application

calculations are performed to demonstrate that the quadrant-based Average Power Range

Monitor (APRM) trip system with restrictions on the flow-biased APRM trip setpoints

and MCPR Operating Limits provides protection of the Minimum Critical Power Ratio

(MCPR) Safety Limit for anticipated reactor instability. In addition, calculations are

provided which define a Restricted Region on the power/flow operating map to prevent

the occurrence of reactor instability. The region is calculated using the NRC approved

FABLE/BYPSS methodology. Plant operation is administratively controlled to avoid

entrance into the Restricted Region.





I. INTRODUCTION

Under certain conditions, boiling water reactors (BWRs) may be susceptible to

coupled neutronic/thermal-hydraulic instabilities. These instabilities are characterized by

periodic power and flow oscillations and are the result of density waves (i.e., regions of
highly voided coolant periodically sweeping through the core). Ifthe flow and power

oscillations become large enough, and the density wave contains a sufficiently high void

fraction, then the fuel cladding integrity safety limitcould be challenged.

Reactor designs must comply with the requirements of 10CFR50, Appendix A,
"General Design Criteria for Nuclear Power Plants." The 10CFR50, Appendix A, criteria

A

related to reactor stability are Criteria 10 and 12.

Criterion 10 (Reactor Design) requires that:

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

Criterion 12 (Suppression ofReactor 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 BWR Owners'roup (BWROG) defined several stability long-term

solutions which meet the General Design Criteria . Nine Mile Point Nuclear Station

Unit 1 (NMP-1) has been identified as qualifying for stability long-term solution

Option II . The purpose of this report is to document the application of Option II
methodology to NMP-1 and provide specific calculations to demonstrate its acceptability.

In addition, parameters are defined which will allow for a simple reload review

determination of those portions of the application methodology which need to be

recalculated for future reloads.





Option II demonstrates that the existing quadrant-based APRM trip system (that is

typical of BWR/2 plants) will initiate a reactor scram for a postulated reactor instability

early enough to avoid violating the Minimum Critical Power Ratio (MCPR) Safety Limit.

Conservatism is introduced into the methodology by selecting the MCPR Safety Limitto
demonstrate protection of fuel cladding integrity for anticipated reactor instability. The

MCPR Safety Limit is a conservative limit for this application because the fuel and clad

responses to stability related oscillations are relatively mild even ifcritical power ratio

falls below the MCPR Safety Limit.

The quadrant-based APRM system is unique to BWR/2 designs in that LPRM

instrument assignments to the APRMs are arranged in separate quadrants of the reactor.

Thus, NMP-1 will have a substantial APRM response to a postulated reactor instability

which oscillates in either an in-phase (core-wide) or out-of-phase (regional) oscillation

mode. The flow-biased APRM flux trip must be modified for Option II implementation

at NMP-1 to limitthe size of the oscillation magnitude at reactor trip (thereby limiting the

associated CPR change and ensuring protection of the MCPR Safety Limit). The analysis

documented herein specifies APRM trip analytical limits at natural circulation (24.3%

core flow) and 40% core flow which provide MCPR Safety Limit protection. This

instrumentation design, coupled with the low power density ofNMP-1, supports a detect

and suppress method of complying with GDC-12. In acceptance of the Option II design

for BWIV2 designs, the NRC requested that "plant-specific analysis be provided which

shows that the quadrant-based APRM scram provides sufficient protection against out-of-

phase instability modes to avoid the violation ofCPR safety limits"~ ~ a[2]

In addition to demonstration of the MCPR Safety Limit protection, a Restricted

Region has been defined on the NMP-1 power/flow operating map. The Restricted

Region is defined using an NRC approved methodology ' The Restricted Region will
be used under administrative controls to avoid operation in the region of the power/flow

operating map analyzed to be susceptible to reactor instability.

NMP-1 is currently operating under stability interim corrective actions in

compliance with licensing criteria['']. Both a Scram Zone (manual scram) and
~ [4,5,6]

Restricted Zone (immediate exit) have been identified on the NMP-1 power/flow

operating map. When long-term stability solution Option II is implemented at NMP-1,

the stability interim corrective actions willno longer be required.





2. SUMMARYAND CONCLUSIONS

The application of stability long-term solution Option II requires a detect and

suppress calculation to demonstrate the MCPR Safety Limitprotection provided by the

quadrant based APRM trip system with a flow-biased trip setpoint at NMP-1. In

addition, a stability region is calculated for NMP-1 Cycle 12 using the NRC approved

FABLE/BYPSS procedure.

For stability region generation, the FABLE/BYPSS methodology is accepted as

an overall conservative procedure. The stability region calculated has been identified as a

"Restricted Region" on the power/flow operating map as shown in Figure 4-1. The

coordinates of three points on the Restricted Region boundary are provided in Table 4-3

and the boundary definition is provided in Equation (1).

The stability region calculations are impacted by the plant recirculation design.

NMP-1 is designed with 5 recirculation loops and no jet pumps. Each recirculation loop

can be isolated when the recirculation pump in that loop is tripped. Therefore, natural

circulation flow rate (all recirculation pumps tripped) depends upon how many (ifany) of
the loops are isolated. Recent analysis completed for NMP-1 has determined that the

natural circulation core flow rate depends upon the number of isolated recirculation

loops: for 0 loops isolated, natural circulation is 24.3% of rated; for 1 loop isolated,

natural circulation is 21.8% of rated; for 2 loops isolated, natural circulation is 18.7% of
rated. Decay ratio calculations show that differences in the decay ratio calculations at

20% rated flowbetween zero, one, and two loops isolated are insignificant.

Plant procedures require reactor scram if more than 2 loops are isolated.

Therefore, the lowest natural circulation flowwhich must be considered for the Restricted

Region calculation is 18.7% of rated. The FABLE methodology has not been qualified

for stability region calculations below 20% of rated core flow. Therefore, the Restricted

Region boundary is calculated at 20% flow and extrapolated to 18.7%. The Restricted

Region boundary then continues along the natural recirculation line. This is appropriate

since the operator actions associated with the Restricted Region are to immediately exit

the region. Thus the Restricted Region calculations address all appropriate plant

operation conditions.
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Detect and suppress calculations are performed for two points along the rated rod

line consistent with the BWROG detect and suppress methodologyt 1. The two

conditions start at MCPR Operating Limits along the rated rod line for (1) a 5

recirculation pump trip to natural circulation (i.e., 24.3% rated core flow) and (2) steady-

state operation at 40% core flow. The 5 recirculation pump trip conservatively represents

flow runback transients, including operation with one or two isolated recirculation loops,

and the 40% core flow case conservatively represents plant startup conditions. The

APRM flow-biased trip must be modified to provide reactor trip at an oscillation

magnitude for which MCPR Safety Limitprotection is conservatively demonstrated with

the quadrant-based APRM system installed in NMP-1.

The detect and suppress methodology applied to NMP-1 is a simplification of the

BWROG detect and suppress methodology . The NMF-1 application calculation uses a

combination of bounding and representative inputs to demonstrate with a deterministic

calculation that the final MCPR (FMCPR) at oscillation suppression is greater than the

MCPR Safety Limit. The inputs and assumptions used in the analysis to demonstrate

MCPR Safety Limit protection result in restrictions on NMP-1 setpoints and operating

limits for stability Option II implementation. Specific restrictions are:

~ APRM trip analytical limitat 24.3% flow5 52.1 % power
~ APRM trip analytical limitat 40.0% flow< 72.3% power
~ MCPR Operating Limitat rated core flow on the rated rod line 2 1.20

~ MCPR Operating Limitfor steady-state operation at 40% core flow on the rated

rod line > 2.05

The remainder of this report contains a discussion of the NMP-1 analysis. The

stability region methodology, including the NMP-1 specific inputs to the methodology,

are described in Section 3. The actual NMP-1 stability region calculations are

documented in Section 4. The detect and suppress methodology for application to

NMP-1 is described in Section 5. The actual NMP-1 detect and suppress inputs and

calculations are documented in Section 6. Section 7 tabulates the parameters which must

be evaluated in reload reviews to determine the applicability of the calculations

documented herein to future fuel cycles.
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3. STABILITYREGION METHODOLOGY

This section describes the application of the BWROG Regional Exclusion

Methodology to NMP-1. This application is intended to define the power/flow

conditions to be avoided during normal operation. The analysis inputs described below

were developed for NMP-1 Cycle 12. Future operating cycle reload analysis willconfirm

the applicability of the power/flow map Restricted Region to the particular characteristics

of the new fuel cycle.

The algorithm used to define the Restricted Region is based on the

FABLE/BYPSS methodology and the inputs to it are as described in Section 5.2 of the

BWROG methodology report . Input parameters that are dependent upon cycle-specific

parameters, such as fuel loading, are from Cycle 12 for NMP-1. As such, the Restricted

Region is specific to Cycle 12 and its validity must be confirmed for each subsequent fuel

reload.

3.1 Void Coefficient

Void-feedback parameters (nuclear void coefficient and delayed neutron data) are

chosen from the exposure point in Cycle 12 for which void coefficient is most negative.

Other inputs to the methodology (e.g., axial power distribution) are not from the same

exposure point, but use of the most limiting void-feedback parameter values is

conservative.

3.2 Thermal-Hydraulic Data

Standard design values for NMP-1, consistent with the FABLE/BYPSS

qualification bases, are used in the analysis.

3.3 Hot-Channel Axial Power Distribution

Channel hydraulic stability is known to be strongly affected by the channel's axial

power distribution. For the hot channels, the axial power distribution is fixed by the

procedure to be peaked near the bottom of the channel, a distribution that is known to be

less stable. The axial power distributions for both forced flow and natural circulation are

shown in Figure 3-1. These axial profiles are consistent with those shown in Figure 5-5





of Reference 1. Hot channels are identified for each hydraulic channel design in the

NMP-1 core.

Figure 3-1. Hot-Channel AxialPower Profiles
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3.4 Average-Channel AxialPower Distribution

Core stability is known to be affected by the axial power distribution of the bulk

of the channels in the core (all those other than the "hot channels" ). In the absence of
other changes, a relatively "flat" axial power distribution will be less stable than top-

peaked or bottom-peaked distributions; therefore, for forced circulation conditions, the

Haling End-of-Cycle 12 (EOC-12) full power and flow core-average axial power

distribution is used (see Figure 3-2). For natural circulation conditions the power

distribution moves strongly to the bottom of the core and use of a Haling profile

characteristic of full power and flowwould be too conservative; therefore, a core-average

axial power distribution characteristic of natural circulation flow at the Haling EOC-12

exposure point is used. The axial power profile at the intersection of the rated flow-

control line (FCL) and the natural circulation flow line is shown in Figure 3-2.





Figure 3-2. Average-Channel AxialPower Profiles
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3.5 Radial Power Distribution

The radial peaking factors for the channel grouping used in the FABLE/BYPSS

analyses are based on those obtained from the GE 3D BWR Simulator Code (Reference

7). The values chosen are from the EOC-12 Haling exposure point.

3.6 Pellet-Clad Gap Conductance

Core average pellet-clad gap conductance was determined for each fuel design

using the approved fuel licensing model consistent with the FABLE/BYPSS qualification

bases.

3.7 Miscellaneous Input Values

Other input values to the FABLE/BYPSS analyses, such as heat balance data,

recirculation loop resistance, fuel physical parameters and material properties are

standard design values for the NMP-1 plant. It is assumed that the nominal heat balance

assumptions, such 'as the operation ofall Feedwater Heaters, are valid for this model.
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4. NMP UNIT 1 STABILITYREGION CALCULATION

Core and channel decay ratios were calculated for several power/flow

combinations on the operating map (see Figure 4-1) using the inputs described in Section

3. Since natural circulation flow rate depends upon the number of recirculation loops

which are isolated, and NMP-1 can operate with up to 2 loops isolated, analyses were

also performed to determine the impact on the decay ratio calculation of operating with

zero, one, or two of the five recirculation loops isolated.

The purpose of analyzing the points identified is to determine the stability region

boundary on the power flow map for NMP-1 using the generic BWROG Stability

Criterion Map. The analytically determined stability region is identified as the Restricted

Region in Figure 4-1 from the Technical Specification limiting PFR line to the lowest

allowable natural circulation line.

I~'igure 4-1. Analysis Points on NMP-1 Power/Flow Operating Map
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The power and flow coordinates of the points calculated are provided in Table

4-1. Points 1 through 4 are along a high flow-control line; Points 5 and 6 are at 30% of
'ated core flow; and Points 7 through 9 are at 20% of rated core flow. Points 7 through 9

were analyzed for three conditions, i.e., assuming (a) zero, (b) one, and (c) two of the five

recirculation loops are isolated. The core and channel decay ratio results of the analyzed

points. are provided in Table 4-1. Table 4-2 provides further information on the three

conditions analyzed at points 7 through 9.

Table 4-1. Calculated Decay Ratios for Points Idcntificd on the Operating Map

Point
Number

Power
('~)

79.5

71.2

Flow
('~)

55.0

45.0

Channel
Hydraulic

Decay Ratio

0.24

0.28

Core
, Decay
Ratio

0.46

0.65

Symbol on
Figures 4-1

and 4-3

66.8

62.3

40.0 0.32

35.0 0.39

0.81

1.02

45.0 30.0 0.36 0.92

40.0 30.0 0.34 0.76

7a

8a

9a

7b

8b

9b

7c

35.0

30.0

25.0

35.0

30.0

25.0

35.0

20.0

20.0

20.0

20.0

20.0

20.0

20.0

0.68

0.55

0.43

0.68

0.55

0.43

0.68

1.15

0.76

0.44

1.15

0.76

0.43

1.14

8c 30.0 20.0 0.55 0.75

9c 25.0 20.0 0.43 0.43

Table 4-2. Conditions Evaluated at Points 7 Through 9

Condition

(a)

(b)

(c)

Loops

Isolated

Loops

Unisolated

Natural Circulation
Flow Rate (% Rated)

24.3%

21.S%

18.7%
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Points 7 through 9 (a), (b), and (c) are plotted on the Stability Criterion Map in

Figure 4-2. They are all evaluated at 20% core fiow with the FABLE/BYPSS

methodology, even though that is below the natural circulation flow rate on the rated rod

line for zero and one loop isolated. Clearly there is an insignificant effect on the decay

ratio calculations from the number ofunisolated recirculation loops at this flow condition.

Points 1 through 6, 7a, 8a, and 9a are plotted on the Stability Criterion Map in

Figure 4-3. The plotting symbols have been provided in Table 4-1 for clarification. The

lines which connect the appropriate state points in Figure 4-3 are used to determine the

power and flow conditions at which the stability map criterion are exactly met. The

coordinates of the intersections with the stability map criterion lines are given in Table

4-3.

Figure 4-2. Coordinates of20/0 Flow Points on Stability Criterion Map
for 3/5, 4/5, and 5/5 Unisolated Recirculation Loops
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Figure 4-3. Coordinates ofAnalysis Points on Stability Criterion Map
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Table 4-3. Coordinates on Restricted Region Boundary

Flow (%)

40.3

30.0

20.0

Power (%)

67.1

41.3

30.5
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The points identified in Table 4-3 are used to determine the location of the

Restricted Region boundary, as shown in Figure 4-4. The NMP-1 Restricted Region

boundary is specified as a polynomial fit of the values tabulated in Table 4-3. The

equation for the boundary is as follows:

P —[51 01392 2 42949 (W) + 0 07019 (W)2]

Where:

W = core flow, % rated, and

P = core thermal power, % rated.

It is acceptable to extrapolate the curve fit to 18.7% and 45% rated core flow to

cover the entire range of allowable flow conditions along the rated rod line, Therefore,

the range ofvalidity of the fit is:

18.7% ( W 5 45%

Below 18.7% core flow, the boundary on the power/flow operating map identified

as the natural circulation line is used as the Restricted Region boundary.

Since the Restricted Region boundary is determined based on varying reactor

power, it addresses changes in feedwater temperature. The methodology is relatively

insensitive to whether a power increase is caused by control rod withdrawals or feedwater

temperature reduction; a loss in feedwater temperature will cause an increase in reactor

power and a corresponding increase in decay ratio that is consistent with the Restricted

Region calculations. Therefore, plant operation with reduced feedwater temperature is

appropriately limited by the Restricted Region defined herein.

12





Figure 4-4. NMP-1 Restricted Region Boundary (Cycle 12)

Core Thermal
Power
(% ofRated)

120

80

Tech Spec PFR Line

~ ~

100% Rod Linc

60

40

Restricted Region
70% Rod Linc

20

0.

Natural Circulation Line

0 10 20 30 40 50 60 70 80 90 100 110 120

Core Flow (% ofRated)

13





5. DETECT AND SUPPRESS METHODOLOGY

The Detect and Suppress licensing basis is a three part methodologyl I consisting

of the following elements:

(1)

(2)

A limiting initial (pre-oscillation) MCPR (IMCPR),

A conservative maximum hot bundle oscillation magnitude when the

oscillation is suppressed, and

A conservative fractional CPR change (hCPR/IMCPR) as a function of
the oscillation magnitude.

The final MCPR (FMCPR) is determined as follows:

FMCPR = IMCPR * (1 - b,CPR/IMCPR)

As long as FMCPR 2 MCPR Safety Limit, the quadrant-based trip system and its

setpoints provide adequate protection for anticipated reactor instability. Each of the

elements is described separately. Consistent with the NRC stated approval of the Option

II approach, MCPR Safety Limit protection is demonstrated for postulated regional

mode oscillations since they are more limitingthan core -wide mode oscillations.

The methodology applied to NMP-1 is a simplification of the methodology

described in Reference 7. The quadrant-based APRM trip system analysis is similar to

the Option IIIanalysis in that regional mode instabilities are evaluated. Additionally, the

trip system is similar to Option I-D in that a flow-biased APRM trip is used. A feature of
flow-biased trip systems for reactor stability protection is that as the operating state

moves further from the trip line, the oscillation must grow to a larger value before

reaching the trip line. However, as the operating state moves further from the trip line,

there is less propensity for the core to develop a reactor instability. Therefore, it is only

necessary to demonstrate protection for the MCPR Safety Limit along the rated rod line

for the licensing methodology. For NMP-1 application, two points are evaluated along

the rated rod line: one is for a 5 recirculation pump trip from rated power and flow, the

other is for steady state operation at 40% core flow. To provide a consistent calculation,

the IMCPR and oscillation magnitude calculations are also evaluated at the same

conditions.

14





5.1 LimitingInitialMCPR

The limiting initial MCPR is determined on a cycle-specific basis. However, for

application to NMP-1, a very conservative MCPR Operating Limitof 1.20 is assumed to

effectively eliminate this variable from cycle-specific variation. The IMCPR is

determined and applied for each of the two conditions evaluated. The first condition is

trip of all recirculation pumps from full power operation at MCPR Operating Limits on

the rated rod line. The IMCPR is the MCPR that exists after pump coast down to natural

circulation and after the feedwater temperature reaches equilibrium. The second

condition is steady-state operation on MCFR Operating Limits at a flow rate which is

outside the Restricted Region boundary. A flow rate of40% on the rated rod line is used

for the NMP-1 steady-state calculation, which is outside the Restricted Region as shown

in Figure 4-4. The IMCPR for the second condition is assumed to be 2.05 which results

in an operational restriction on the MCPR OL at 40% core flow.

5.2 Conservative Hot Bundle Oscillation Magnitude

The methodology to determine the maximum hot bundle oscillation magnitude

when the oscillation is suppressed is described as a Monte Carlo method in Reference 7.

The methodology has been simplified to a conservative hand calculation for application

to the NMP-1 quadrant based trip system, without removing any of the key elements of
the methodology. Ifthe normalized oscillation magnitude [(P-M)/A] is defined as "b,",

then the peak/average of the oscillation signal may be approximated as follows:

P/A=5,+e

'he

variable ha is used to represent the normalized core average oscillation

magnitude. The variable hh is used to represent the normalized hot bundle oscillation

magnitude.

15
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5.3 Conservative Fractional CPR Change

Reference 7 defines Generic DIVOM (Delta CPR/Initial MCPR Vs. Oscillation

Magnitude) curves which are used to determine the fractional change in CPR as a

function of oscillation magnitude. Generic curves for both core wide and regional mode

oscillations are defined: regional mode oscillations provide a more limiting response.

Therefore, the Generic DIVOMcurve for regional mode oscillations is used for NMP-1

to determine the fractional change of hot bundle oscillation magnitude, dh. The curve is

represented by the linear equation:

(b,CPR/IMCPR) = 0.45 * hh

16





6. NMP-1 MCPR SAFETY LIMITPROTECTION CALCULATION

6.1 MCPR Safety Limit

The limiting MCPR Safety Limit is 1.07 for 5 recirculation loop operation as

defined in the Cycle 12 Core Operating Limits Report . A small conservative adder .

(0.01) is applied for 3 or 4 recirculation loop operation. Therefore, to bound 3, 4, and 5

loop operation, the value of 1.08 is used as the MCPR Safety Limitfor stability Option II
calculations.

6.2 LimitingInitialMCPR

The IMCPR is calculated for two conditions:

(1) Recirculation Pump Trip: The lowest MCPR Operating Limit for full
power operation on the rated rod line is conservatively assumed to be 1.20.

Flow runback analysis completed for NMP-1, Cycle 12, indicate that the

h,CPR increase due to the flow runback to natural circulation is 0.45.

Therefore, the initial MCPR for Condition 1 is:

IMCPRi = 1.20 + .45 = 1.65 (6a)

(2) Steady-State Operation: 40% core flow on the rated rod line is selected

as the operating state for the second scenario since it is a low flow
condition outside of the Restricted Region. The MCPR Operating Limitat

40% flow on the rated rod line (Condition 2) is assumed to be greater than

or equal to 2.05

IMCPR2 = 2.05 (6b)

6.3 Conservative Hot Bundle Oscillation Magnitude

The "hot bundle" oscillation magnitude, Ah, is the normalized response [(P-M)/A]
of the most responsive bundle for a regional mode oscillation. The inputs to the

calculation ofd h are as follows:

17
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(1) Trip Setpoint: Implementation of stability Option II at NMP-1 will
require that the flow-biased APRM scram setpoint be modified. The

APRM flow-biased trip analytical limits are specified at the two core flow

conditions evaluated. These result in restrictions on the flow-biased

APRM trip setpoints for implementation ofstability Option IIat NMP-1.

For Condition 1 (24.3% core flow), the APRM trip analytical limit is

52.1% of rated reactor power: PQ43% 52.1%

For Condition 2 (40% core flow), the APRM trip analytical limit is 72.3%

ofrated reactor power: P<pq = 72.3%

(2) LPRM Assignment: There are two APRM channels, in separate

divisions, in each of four quadrants of the NMP-1 core. There are four

LPRM strings in each quadrant that provide LPRM signals to the APRM

channels. In each string, the A and C level detectors provide input to

APRM Division A. The B and D level detectors provide input to APRM

Division B. Thus, there are 8 detectors assigned to each APRM channel in

each quadrant. The quadrant design is illustrated in Appendix A. The

APRMs are calibrated (adjusted) during plant operation so that each

APRM channel indicates core average power level.

(3) Trip Logic: NMP-1 is designed with a one-out-of-two-taken-twice trip

logic. Thus one channel in Division A and one channel in Division B

must reach the trip setpoint in order for the Reactor Protection System

(RPS) trip to occur.

(4) Trip Time Delay: The trip delay time is the total delay time for control

rod insertion to terminate oscillation growth. The delay time is defined

to consist of (a) the APRM processing time delay, (b) the RPS processing

time delay, (c) the delay time before control rod motion, and (d) the time

for control rods to insert at least 2 feet into the core. For NMP-1, the

APRM process time delay is approximately 0 msec, the RPS processing

time delay is 50 msec, and the Technical Specification requirement for

20% control rod insertion (which is greater than 2 feet of insertion) is 900
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msec (including 200 msec delay time before control rod motion begins).

Therefore, the trip delay time is 950 msec.

(5) Harmonic Contours: Regional mode harmonic contours have been

determined for NMP-1 using GE's 3-D core simulator, PANACEA. Four

different representative regional harmonics are show in Appendix B. The

figures in Appendix B provide the radial harmonic for each LPRM string

location, as a fraction of the "hot bundle" (the hot bundle is normalized to

1.0). The harmonic of each APRM as a fraction of the hot bundle

response can be determined based on the radial harmonics of the assigned

LPRMs. Since the most responsive channel will reach the trip setpoint

first, the APRMs in the quadrant with the highest average radial harmonic

will control when the trip occurs. From the contours provided in

Appendix B, each axis of symmetry willhave at'least one quadrant with

an average radial harmonic of 2 0.540. Thus, for the least responsive

contour, the ratio of the oscillation response of the hot bundle (hh) to the

APRM core average response (ha) willbe equal to 0.540.

ha/hh = 0.540

The simplified methodology applied to NMP-1 to determine the hot

bundle oscillation magnitude uses this limiting relationship between the

hot bundle and the APRM core average response in the quadrant that

provides the trip (i.e., the most responsive quadrant).

(6) Average power: The core average power, A, at the onset of the assumed

reactor instability is specified as the power on the 100% rod line for the

condition evaluated. The 100% rod line has been specified as ':
A '= (0.22191+ 8.9714*10 W - 1.1905*10 W ) *100

Where:

W = core flow rate, % rated, and

A '
average power on the 100% rod line, % rated.
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For Condition 1 (24.3% core flow), the core average power is:

Ag4 30/ 43.3%

For Condition 2 (40% core flow), the core average power is:

Appose
= 56.2%

(7) LPRM Failures: Since each APRM channel is an average of 8 LPRM

detectors, APRM channels are relatively insensitive to LPRM failures. If
detector failures occur for LPRMs with low radial harmonics, the APRM

average radial harmonic will increase. If detector failures occur for

LPRMs with high radial harmonics, the APRM average radial harmonic

will decrease. Since LPRMs with low radial harmonics are just as likely

to fail as LPRMs with high radial harmonics, the NMP-1 quadrant based

trip system is insensitive to LPRM failures for reactor instability detection.

Therefore, to simplify the calculation, it is assumed that there are no

LPRM failures.

(8) APRM Failures: With less than the minimum number of operable

channels per operable trip system required by NMP-1 Technical

Specifications, the inoperable channel and/or trip system is required to be

placed in the trip condition within 12 hours. For the NMP-1 RPS design,

this causes a half scram. Thus only one additional APRM channel (in the

other trip system) must reach the trip condition to cause a reactor scram.

Therefore, it is conservatively assumed that there are no APRM channel

failures.

(9) Oscillation Period, Growth Rate, and Overshoot: The BWR
Owners'roup

detect and suppress methodology uses statistical distributions forP)

oscillation period, growth rate and overshoot and performs a Monte Carlo

calculation. The simplified methodology applied to NMP-1 applies an

adjustment factor to account for oscillation period, growth rate and

overshoot in a deterministic calculation of hot bundle oscillation

magnitude. This adjustment factor is facilitated by (a) the NMP-1 trip
delay time of 950 msec, which is approximately equal to one-half of the

oscillation period of an anticipated reactor instability, and (b) the low
oscillation growth rate which would be expected at NMP-1 due to the low
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NMP-1 core power density. An adjustment factor of 1.1 is applied to

account for the peak hot bundle power being above that predicted by the

radial harmonic adjustment alone, due to combinations of trip delay time,

oscillation period, growth rate and overshoot which are appropriate for
NMP-1.

The maximum hot bundle oscillation magnitude for NMP-1 due to reactor

instability for the two conditions specified on the rated rod line is calculated as follows:

Step 1. Determine the peak/average of the APRM channel at reactor trip:

Condition 1:

P24 3ogj'A24 3% 52.1% /43.3% = 1.203 (9a)

Condition 2:

P4pogJ'A4poy = 72.3% / 56.2% = 1.286 (9b)

Step 2. Determine the normalized oscillation magnitude of the APRM (ha) by

trial and error using Equation (4), where:

(P/A), = d a+ e'10)
Therefore:

Condition 1: da243% 0.375

Condition 2: b,a4p% = 0.515

Step 3. Determine the hot bundle normalized oscillation magnitude using

Equation (7) and the 1.10 adjustment factor defined above:

Condition 1:

hh24 3% 1.10 * (ha24 3/J0.540) = 0.764 (11a)

Condition 2:

',h4pog = 1.10 * (ha4pogj'0.540) = 1.049 (11b)
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6.4 Conservative Fractional CPR Change

The fraction change in CPR for the calculated hot bundle normalized oscillation

magnitude is determined using Equation (5):

Condition 1:

(d CPR/IMCPR)$ 43% 0.45 * 0.764 = 0.344 (12a)

Condition 2:

(6CPR/IMCPR)4pg = 0.45 1.049 = 0.472 (12b)

6.5 Final MCPR

The final MCPR (FMCPR) is determined using Equation (3):

Condition 1:

I"MCPR i ——1.65 * (1.0 - 0.344) = 1.082 (13a)

Condition 2:

FMCPR4py = 2.05 '1.0 - 0.472) = 1.082 (13b)

Since the FMCPR is greater than the MCPR Safety Limit (1.08) for both

conditions, the Option II trip system at NMP-1 consisting of a quadrant based APRM trip

system, with specified restrictions on the APRM flow-biased trip setpoints and MCPR

Operating Limits provides adequate fuel protection from reactor instability.
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7 RELOAD APPLICATION

The purpose of the reload review is to determine the applicability of previous plant-

specific calculations to the current fuel cycle. The analysis documented in this report

constitutes the baseline for future fuel cycle reload reviews. Table 7-1 tabulates the key

parameters which must be evaluated to determine the applicability of the analysis

documented herein. If some key parameters do not meet the specified criteria, the

applicable portions of the analysis must be re-performed.

Table 7-1. Parameters for Reload Review Evaluation

Regional Exclusion Methodology

Description

There are no reactor design changes which

would affect the thermal-hydraulic stability of
the reactor (e.g., recirculation loop

performance)

There are no new plant operating modes (e.g.,

power uprated, increased load lines) which

would affect the operating region of the reactor

The reload fuel design has similar stability

performance as the Cycle 12 fuel design

I'laling radial peaking factor increases over

Cycle 12 by no more than 5%

Reload batch size changes by no more than 26

bundles (5% ofcore size) from the Cycle 12

batch size

The Haling cycle exposure changes by no more

than 1202 MWD/ST (10% ofbase value) from

the Cycle 12 Haling cycle exposure

The actual cycle exposure of the @<~viz cycle

changes by no more than 1140 MWD/ST (10%

ofbase value) from the Cycle ~1 actual cycle

exposure

Criteria

No reactor changes

No operating region

change

Similar to GE11

< 105% ofbase value

Withink 26 bundles

from base value

Within 2 1202

MWD/ST from base

value

Within 2 1140

MWD/ST from base

value

Base Value

GE11

1.46

12S bundles

12,020 MWD/ST

11,400 MWD/ST
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Table 7-1. Parameters for Reload Review Evaluation (continued)

Parameter

MCPROL (100/100)

BMCPR(5RPT)

MCPROL (100/40)

¹LPRMs

APRM assignment

APRM analytical

limit@ 24.3% rated

flow

APRM analytical

limit 40.0% rated

flow

A 24.3% rated

flow

A 40.0% rated

flow

Tdelay

Fuel Design

Dctcct and Suppress Methodology

Description

MCPR Operating Limitat rated flow on the

rated flow-control line

MCPR increase due to flow runback from a trip

ofall 5 recirculation pumps

MCPR Operating Limitat 40% of rated flowon

the rated flow-control line

Number of installed LPRMs

LPRM assignment to APRMs in 8 quadrant-

based channels, etc.

Flow-biased APRM analytical limitpower level

at natural circulation

Flow-biased APRM analytical limitpower level

at 40% core flow

Average power level on the rated flow-control

line at natural circulation

Average power level on the rated flow-control

line at 40% core flow

Total delay time (-0 msec APRM response

time, 50 msec RPS processing time, 900 msec

for 20% control rod insertion)

Fuel Design which is covered by the Generic

DIVOMCurve for Regional Mode Oscillations

Value

> 1.20

> 0.45

> 2.05

> 124

No APRM design

change

< 52.1% rated power

< 72.3% rated power

> 43.3% rated power

2 56.2% rated power

< 950 msec

GE7, GES, GE9,

GE10, GE11, or

GE12
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APPENDIXA: LPRM ASSIGNMENTS TO APRMs

There are a total of30 LPRM strings in NMP-1. Four LPRM strings in each

quadrant, indicated by an "X",are combined into a quadrant-based trip system. The A
and C level detectors for the indicated strings are combined into the Division A trip
system. The B and D detectors are combined into the Division B trip system. Thus, there
are 8 LPRM detectors in each APRM channel. The LPRM strings indicated by a "+" are
not used in any APRM division.

Figurc A-1: Quadrant-Based LPRM Assignments to APRMs

APRM2, DivisionA
APRM6, DivisionB

X

APRM 1, DivisionA
APRM5, DivisionB

X +

X + + X +

X + X X

X + X

+ X +

APRM3, DivisionA
APRM7, DivisionB

+ X
APRM4, DivisionA
APRM 8, DivisionB
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APPENDIX B: REGIONALMODE OSCILLATIONCONTOUR
RADIALHARMONICS

This appendix provides the radial harmonic and axis ofsymmetry of the contours
evaluated for NMP-1. The LPRM string radial harmonics are expressed as a fraction of
the harmonic of the most responsive bundles in the core (one on each side of the axis of
symmetry). The harmonics of the four strings in each APRM channel are averaged to
provide the quadrant radial harmonic. The quadrant with the highest average APRM
radial harmonic willbe the quadrant that trips first on a reactor instability. Note that ifan

axis ofsymmetry crosses a quadrant, the LPRMs on each side of the axis of symmetry
have an opposite sign when determining the'average radial harmonic of that quadrant.

Illustrations ofcontours for different regional mode oscillations are provided.

Figure 8-1:

Figure 8-2:

Regional Mode Oscillation; North-South Axis of Symmetry

Regional Mode Oscillation; East-West Axis of Symmetry

Figure 8-3: Regional Mode Oscillation; Northwest-Southeast Axis of
Symmetry

Figure 8-4: Regional Mode Oscillation; Northeast-Southwest Axis of
Symmetry
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Figure 8-1: Regional Mode Harmonic; North-South Axis ofSymmetry
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Figure B-2: Regional Mode Harmonic; East-West Axis ofSymmetry
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Figurc B-3: Regional Mode Harmonic; North>vest-Southeast Axis ofSymmetry
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Figure 8-4: Regional Mode Harmonic; Northeast-Southwest Axis ofSymmetry
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