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1.0 INTRODUCTION AND BACKGROUND 
 
By letter dated January 31, 2006, Framatome ANP, now known as AREVA, submitted to the  
U.S. Nuclear Regulatory Commission (NRC) Topical Report (TR) ANP-10262(P), Revision 0 
(Reference 1), entitled AEnhanced Option III Long Term Stability Solution,@ for review and 
approval.  The purpose of this TR is to present an evolutionary step in analyzing long term core 
stability, relying on the existing methodology and hardware.  The TR introduces measures for 
addressing the reduced stability associated with extended flow window conditions, in general, 
and the higher probability of single channel hydraulic instability excitation, in particular.  The TR 
also addresses situations leading to highly unstable conditions with multiple interacting instability 
modes, which may be anticipated with flow windows extended beyond the Maximum Extended 
Load Line Limit Analysis (MELLLA) domain (e.g., MELLLA+). 
 
TR ANP-10262(P) documents:  1) challenges to the Boiling Water Reactor Owners’ Group 
(BWROG) Option III Long Term Stability Solution (Option III) in terms of the Part 21 issue on the 
Delta CPR [critical power ratio] over Initial CPR Versus Oscillation Magnitude (DIVOM) curve, its 
applicability to extended power uprate and extended flow windows; 2) an overview of the EO-III 
Long Term Stability Solution; 3) physical phenomena in terms of effect, due to channel instability 
on the DIVOM curve, oscillation characteristics on the performance of the detection algorithm, 
and [                         ] on the oscillations; 4) a description of the elements of the EO-III Long 
Term Stability Solution; and 5) the licensing procedure in terms of the DIVOM calculation 
procedure, amplitude setpoint analysis modification, and sample plant calculation. 
 
The NRC staff review includes the subject TR, responses (References 2, 3, and 14) to the NRC 
staff Requests for Additional Information (References 4 and 13), and the NRC audit review on 
the subject TR.  The NRC staff was assisted in its review by Oak Ridge National Laboratory 
(ORNL) staff, who wrote the referenced technical evaluation report (TER) (Reference 5).  The 
NRC staff reviewed the ORNL TER and adopts the findings recommended by ORNL, which 
provide a detailed evaluation of the proposed EO-III Long Term Stability Solution. 
 
2.0 REGULATORY EVALUATION 
 
The EO-III Long Term Stability Solution provides a methodology of calculating the DIVOM curve 
by establishing a region protected by a reactor scram and excluding possible uncoupled 
hydraulic instability outside the established region.  The EO-III Long Term Stability Solution and 
related licensing basis were developed to comply with the requirements of Criteria 10 and 12 in 
Part 50 of Title 10 of the Code of Federal Regulations (10 CFR), Appendix A, “General Design 
Criteria for Nuclear Power Plants.”                ENCLOSURE 2
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Criterion 10, “Reactor design,” requires that:  AThe reactor core and associated coolant, control, 
and protection systems shall be designed with appropriate margin to assure that specified 
acceptable fuel design limits [(SAFDLs)] are not exceeded during any condition of normal 
operation, including the effects of anticipated occurrences.@ 
 
Criterion 12, “Suppression of reactor power oscillations,” requires that:  AThe 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.@ 
 
To ensure compliance with Criteria 10 and 12, Appendix A, 10 CFR Part 50, the NRC staff will 
confirm that the licensee performs the plant-specific trip setpoint calculations using  
NRC-approved methodologies as prescribed in NUREG-0800, “Standard Review Plan for the 
Review of Safety Analysis Reports for Nuclear Power Plants,” Chapters 4.4 and 15.9.  The 
subject TR would support a licensee=s application of a Technical Specification (TS) license 
amendment. 
 
3.0 TECHNICAL EVALUATION 
 
The TR describes the methodology proposed by AREVA to support the licensing basis and 
reload applications for the EO-III Long Term Stability Solution.  The primary motivation for the 
EO-III Long Term Stability Solution is the impact of single channel instabilities. 
 
3.1 Solution Description 
 
The implementation of the EO-III Long Term Stability Solution is essentially identical to the 
original Option III with the following modifications: 
 

1. The introduction of a calculated exclusion region on the power-flow map to preclude 
single channel instabilities.  The exclusion region is named the Stability Protection Trip 
(SPT) and it is enforced automatically.  This portion of the EO-III Long Term Stability 
Solution is similar to a solution of type I (e.g., Enhanced Solution I-A), which enforces 
an exclusion region. 

2. The introduction of a Hot Channel Oscillation Magnitude (HCOM) penalty to account for 
the impact of higher growth ratios expected in expanded operating domains such as 
MELLLA+ as compared to the original Solution III application.  The HCOM penalty has 
two implementation options: 

a. A generic 0.005 reduction of the amplitude setpoint calculated from pre-MELLLA+ 
HCOM analysis, or  

b. A detailed, cycle-specific calculation HCOM analysis is performed to account for 
the increased probability of higher oscillation growth ratios. 

 
The licensing basis for the EO-III Long Term Stability Solution remains unchanged from the 
original Option III.  When the period based detection algorithm (PBDA) detects an oscillation in 
the oscillation power range monitor (OPRM) of amplitude greater that the setpoint, the reactor 
scrams.  The SPT exclusion region enforces the requirement that the individual channel  
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thermo-hydraulics be stable; thus guaranteeing the well-behaved structure of the DIVOM 
correlation.  In addition, since the SPT region is enforced with an automated scram, it provides 
additional defense in depth for the solution by preventing operation in the power-flow region 
where very high growth ratios could be expected under extended operating domains. 

The generic value of 0.005 was determined from a series of RAMONA5-FA and XCT-MODES 
calculations at representative conditions.  The value 0.005 (equivalent to 5 percent HCOM) 
reflects a doubling of the probability of experiencing decay ratios greater than 1.2 at the moment 
of scram.  Additional discussion is provided in Section 3.7 of this SE, “Treatment of 
Uncertainties.”  The EO-III Long Term Stability Solution allows for a detailed cycle-specific 
HCOM calculation that explicitly accounts for the possibility of higher growth ratios.  The 0.005 
penalty on the setpoint is a small correction to account for the possibility of higher growth rates in 
extended operating regions (e.g., MELLLA+) than was originally accounted for in the approval of 
the original Option III licensing analyses.  The PBDA amplitude setpoint calculation in the EO-III 
Long Term Stability Solution follows the same procedure as the original Option III (References 6, 
7, and 8). 

AREVA identified the physical cause of the elevated DIVOM curve slopes as interference of the 
reactivity-coupled regional oscillation and hydraulic instabilities in individual channels.  To deal  
with this physical cause, the new AREVA methodology of calculating the DIVOM curve relies on 
establishing a region protected by a reactor scram, outside of which the existence of such 
uncoupled hydraulic instabilities are excluded.  AREVA also re-evaluates the original Option III 
applicability to power uprate conditions with respect to extended power uprate (EPU) and 
extended flow windows (EFW) and concludes:  (1) the original Option III licensing as the current 
practice using a cycle-specific DIVOM curve for setpoint calculation is adequate because the 
reactor is operating under the same licensed control rod line for the pre-uprate and post-uprate 
conditions; and (2) the original Option III to be applied to operation with EFW (e.g., MELLLA+) 
would require an extensive effort to resolve issues associated with MELLLA+ operation. 

3.2 Licensing Procedure  
 
The licensing basis for the EO-III Long Term Stability Solution is to scram immediately when an 
unstable high amplitude oscillation that could challenge SAFDLs is detected.  This is a 
technically acceptable solution, which guarantees compliance with the SAFDLs and, thus, with 
Criterion 12 if the EO-III Long Term Stability Solution scram is successful in preventing the 
SAFDL violation. 

The licensing procedure in Section 5 of TR ANP-10262(P), Revision 0, defines the methodology 
to calculate the channel-stability exclusion region.  The methodology includes: 

1.   The channel-stability exclusion region is defined as the region in the power-flow map 
where the calculated channel Decay Ratio (DR) is greater than (1-σ), where σ is the 
NRC-approved uncertainty for the stability code (e.g. the STAIF code  
(Reference 11)).  For example, if the approved channel DR uncertainty is ±0.2, the 
exclusion region is defined by the condition DR>0.8 

2.   Instead of using a pre-defined exclusion region shape, the EO-III Long Term Stability 
Solution exclusion region is defined by a fine calculation mesh at different powers 
and flows. 

3. The calculations are performed with:  

a. equilibrium Xenon at full power,  
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b. equilibrium feedwater conditions at the operating point,  

c. nominal current-cycle target control-rod sequences. 

4. The entire calculation is repeated over a variety of exposure points to cover the entire 
cycle.  At a minimum, three exposure points must be used. 

5. To account for cycle-specific variability (for example the development of fuel leaks), 
the final exclusion region is enlarged by reducing the power defining the region's 
boundary by 5 percent of rated power.  

Operation with feedwater heaters out of service (FWHOOS) is not anticipated in EFW like 
MELLLA+; therefore TR ANP-10262(P), Revision 0, specifies the use of equilibrium feedwater 
conditions.  If a plant-specific application of the EO-III Long Term Stability Solution allows for a 
FWHOOS condition, two SPT regions will have to be calculated, with and without FWHOOS.  
TSs must enforce the change of SPT region settings when the FWHOOS condition is declared.  
Alternatively, a plant-specific application may choose to implement the more conservative of the 
two SPT regions. 

The licensing procedure in Section 5.4 of TR ANP-10262(P), Revision 0, defines the 
methodology to calculate the PBDA amplitude setpoint.  The EO-III Long Term Stability Solution 
includes a conservative adjustment of the HCOM generic value by +5 percent, which results in a 
setpoint adjustment of 0.005, in order to account for increased oscillation growth ratio 
anticipated from EFWs such as MELLLA+.  Alternatively, the EO-III Long Term Stability Solution 
allows for a detailed cycle-specific HCOM calculation that explicitly accounts for the possibility of 
higher growth ratios.  

The NRC staff requested additional information justifying the conservatisms included in the  
5 percent HCOM penalty (equivalent to a 0.005 setpoint adjustment).  The NRC staff concurs 
with AREVA’s evaluation that a 5 percent HCOM penalty is equivalent to doubling the probability 
of decay ratios greater than 1.2 at the moment of scram.  This probability-doubling accounts for 
the increased likelihood of enhanced oscillation growth anticipated from EFWs such as 
MELLLA+.  Additional evaluation of this penalty and justification of the adequacy of the 5 percent 
value is presented in Section 3.7 of this SE, “Treatment of Uncertainties.” 

The NRC staff concludes that the proposed EO-III Long Term Stability Solution methodology is 
an acceptable process to account for this increased oscillation growth, and it is demonstrated to 
be adequate through the RAMONA5-FA simulations in the response to the NRC staff RAI. 

3.3 Reload Analysis and Methodology Applicability Extension 

 
The EO-III Long Term Stability Solution reload licensing methodologies are described in 
Section 5 of this TR.  For a new cycle in an already approved EO-III Long Term Stability Solution 
plant, the following values are calculated: (1) SPT exclusion region using the procedures defined 
in Section 5.1 of this TR and an approved methodology, and (2) PBDA amplitude setpoint based 
on cycle-specific HCOM and DIVOM calculations using an approved methodology.  The NRC 
staff concludes that this is an acceptable approach.  The cycle-specific SPT region and 
amplitude setpoint may be changed every cycle or a conservative value may be used and 
verified by the cycle-specific calculations. 

Since the EO-III Long Term Stability Solution relies on plant- and cycle-specific calculations for 
every cycle, there is no need to define procedures for applicability extension to new fuel types.  
Additionally, extension of operating domains beyond MELLLA+ have not been considered by the  
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NRC staff and will require a re-evaluation of the EO-III Long Term Stability Solution scram 
effectiveness. 
 
3.4 Backup Stability Protection 
 
Based on the results of the review of the GE-Hitachi Nuclear Energy Americas, LLC (GHNE) 
NEDC-33006P, “Maximum Extended Load Line Limit Analysis Plus” TR (Reference 9), the NRC 
staff concluded in its Safety Evaluation (Reference 10) that “Manual operator actions are not 
adequate to control the consequences of instabilities when operating in the MELLLA+ domain.” 

A non-manual NRC-approved backup protection system must be provided, or the reactor core 
must be operated below a solution specific NRC approved domain if the primary stability 
protection system is declared inoperable.  This conclusion was reached because in the 
MELLLA+ TR:  (1) instabilities are very likely following flow reduction events; (2) these 
instabilities develop in a time frame of a few seconds, so that manual operations to suppress 
them would not happen fast enough to ensure protection of the core and are, therefore, not 
acceptable; and (3) the consequences of these instabilities can result in core damage.  In 
response to the NRC staff RAI, AREVA proposed, as an example, to use as the non-manual 
backup protection the SPT (channel-stability exclusion region scram); however, this backup 
stability is not an integral part of the EO-III Long Term Stability Solution and it is not part of this 
review.  The NRC staff will perform review of these TS requirements and/or a different backup 
stability solution on plant-specific basis. 

 
3.5  Use of RAMONA5-FA Code 
 
Transient analyses in TR ANP-10262(P), Revision 0, have been performed with the  
RAMONA5-FA code (Reference 11).  RAMONA5-FA, however, is not an NRC-approved code 
for stability calculations.  The NRC staff finds that the RAMONA-FA calculations in  
TR ANP-10262(P), Revision 0, are acceptable for this evaluation because AREVA has 
submitted for review a RAMONA5-FA DIVOM methodology qualification report, which includes a  
RAMONA5-FA qualification against plant stability events and thermal-hydraulic test facilities.  
AREVA has committed to support an NRC staff review of the RAMONA5-FA code.  Pending this 
review, the NRC staff SE for the DIVOM methodology report contains a restriction penalizing by 
10 percent the DIVOM slopes calculated by RAMONA5-FA, which is equivalent to a 0.025 
penalty in CPR domain.  The evaluation documented in the present report for the EO-III Long 
Term Stability Solution is, therefore, decoupled from the RAMONA5-FA NRC staff review. 
 
3.6 Use of STAIF Code 
 
STAIF (Reference 12) is a frequency domain code used to calculate the stability of the reactor.  
It directly calculates the DR for the three relevant stability modes:  core-wide, regional, and 
channel thermal-hydraulics. 
 
In the EO-III Long Term Stability Solution methodology, STAIF is used directly to: 
 

1. calculate the SPT channel-stability restricted region, and  
2. calculate the BWROG Interim Corrective Actions (ICA) manual restricted regions. 



-6- 
 

STAIF is also used indirectly in AREVA’s DIVOM methodology to supplement RAMONA5-FA 
calculations and to provide insight on the oscillation mode. 
 
STAIF was last reviewed and approved by the NRC staff in 2000 when an evaluation of the 
latest STAIF version that is directly coupled to MICROBURN-B2 was provided.  STAIF was 
approved by the NRC staff for use in DR calculations with an uncertainty of ±0.15 for core-wide 
decay ratio calculations and ±0.2 for regional and channel DRs.  The 2000 review was based  
on benchmarks against the Karlstein Thermal Hydraulic (KATHY) loop for thermal-hydraulic 
channel stability and against a variety of reactor instability event data.  In this TR, AREVA 
provides additional benchmark data supporting a STAIF channel DR uncertainty of ±0.1 based 
on additional benchmark data against the KATHY loop.  The benchmark data provided supports 
this lower uncertainty, but a thorough analysis of the STAIF uncertainty values was not part of 
the NRC staff review, which concentrated exclusively on the EO-III Long Term Stability Solution.  
 
3.7 Treatment of Uncertainties 
 
Uncertainties related to the PBDA amplitude scram are incorporated in the safety limit minimum 
critical power ratio (SLMCPR) and the operating limit minimum critical power ratio (OLMCPR).  
These uncertainties include measurement, as well as power distribution uncertainties.  
Therefore, the EO-III Long Term Stability Solution PBDA scram setpoint does not require 
additional uncertainties. 
 
The SPT is based on the definition of the channel-stability exclusion region.  The EO-III Long 
Term Stability Solution methodology specifies that the uncertainty of the code used to calculate 
this region should be used.  Each stability code (e.g., STAIF) has an approved uncertainty 
associated to its calculations of decay ratios for the three stability modes:  channel, core-wide, 
and regional. 
 
3.7.1  OPRM Measurement Uncertainty Induced by Bypass Boiling 
 
During the review of methods applicable to extended operating domains, the NRC staff 
concluded that the presence of bypass voiding at the low-flow conditions where instabilities are 
likely can result in calibration errors of less than 5 percent for OPRM cells and less than 
2 percent for average power range monitor (APRM) signals. Although these calibration errors 
have an effect on the actual reading on the OPRM channels, the OPRM scram system for detect 
and suppress solutions (e.g., EO-III Long Term Stability Solution, the original Option III, or 
Detect and Suppress Solution Confirmation Density (DSS-CD)) is based on a relative signal. 
The scram is initiated when the peak oscillation amplitude divided by the average of any OPRM 
channel exceeds the scram setpoint.  If an OPRM channel is miscalibrated by a given factor of  
X percent due to bypass voids, the same bias error magnitude applies to the peak amplitude and 
to the average.  When the peak over average is computed, the bias error (miscalibration) factor 
cancels out almost completely, and the percent oscillation amplitude is maintained regardless of 
the value of the bias error. 
 
The NRC staff requested additional information (Reference 13) from AREVA to provide an 
example calculation of the OPRM error induced by the presence of bypass boiling.  AREVA 
provided a calculation of the error on each OPRM channel based on the actual LPRM-to-OPRM 
assignments and LPRM readings in a typical BWR.  AREVA computed these results based on a  
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CASMO4 calculation of the neutron flux at the LPRM location in the presence of voids.  The 
level of bypass voids was estimated for both, the MELLLA and MELLLA+ line at natural 
circulation and three exposures (beginning, middle, and end of cycle).  AREVA estimates from 
these calculations that the bypass voiding level will be at most 15 percent.  Using these values 
and the CASMO4 calculations, AREVA estimates that the LPRM miscalibration at the D level, 
where the voiding is maximum, will be between 8 percent and 10 percent (i.e., LPRM D will read 
90 percent to 92 percent, when the real power is 100 percent). 
 
AREVA combined the estimated LPRM errors using a typical LPRM-to-OPRM assignment and 
LPRM power level (i.e., axial and radial power shapes) to generate simulated OPRM readings. 
The results of this analysis are summarized in Figure 1, Attachment 1 to this SE.  These results 
indicate that [    ] of the 120 OPRM channels exhibit an error lower than [      ] percent 
(represented by the “zero-bin” in the histogram of Figure 1).  This error is negligible. 
 
Based on this evaluation, the NRC staff concludes that detect and suppress solutions that rely 
on normalized OPRM values, like the EO-III Long Term Stability Solution, are immune to this 
bias error (miscalibration) and do not require additional uncertainty factors to account for bypass 
voiding effects. 
 
The SPT, however, is affected by the APRM miscalibration caused by bypass boiling. 
Therefore, the channel-stability exclusion region must account for the APRM uncertainty induced 
by the possibility of bypass boiling at low flows.  AREVA performed a similar analysis to 
determine the APRM error based on the expected LPRM errors.  This analysis concludes that, 
using the same assumption, the maximum expected APRM error is of the order of [     ] percent. 
The NRC staff concurs that this error is smaller than the 5 percent conservative bias that is 
already built into EO-III Long Term Stability Solution. 
 
3.7.2  OPRM Setpoint Uncertainty Induced by the Possibility of High Decay Ratios in MELLLA+ 
 
HCOM is an acronym for "Hot Channel Oscillation Magnitude" where the hot channel is not 
necessarily the bundle with the highest power but more appropriately the one with the largest 
power swing so that its transient change in CPR defines the limiting response of the core.  The 
oscillation magnitude refers to the relative bundle power, and is defined as the peak bundle 
power (P) minus the preceding minimum bundle power (M) for a given oscillation cycle divided 
by the average power (A) over that oscillation period.  Thus, HCOM = (P-M)/A. 
 
The HCOM methodology is defined in the BWROG detect and suppress solutions topical report 
(NEDO-32465-A).  The methodology determines the amplitude of the HCOM oscillations at the 
moment of scram given a particular value of the OPRM setpoint, Sp.  Using the DIVOM 
correlation, this HCOM oscillation amplitude is then correlated with a loss of CPR.  Thus, the 
HCOM methodology is used to determine the final CPR following an oscillation for a given 
OPRM setpoint, Sp.  Plant-specific setpoint calculations, then, determine the adequate value of 
Sp based on their allowed initial CPR (typically the OLMCPR). 
 
The HCOM methodology uses a statistical approach to determine the HCOM oscillation 
amplitude at the moment of scram given an OPRM setpoint, Sp, value.  Several factors require 
this statistical approach: 
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1. The OPRM signal is the average of a number of LPRM signals.  The relative 
weighting of each LPRM signal depends on the 3-D power distributions; thus, the 
HCOM statistical methodology samples from a number of pre-calculated power 
distributions.  In addition, a random number of LPRM detector failures are 
assumed during the sampling process. 

 
2. The trip-demand signal occurs when the OPRM amplitude reaches the setpoint, 

Sp; however, the scram completion is delayed in time (electronic delays plus rod 
motion delay).  Therefore, the OPRM signal is allowed to grow past the time it 
reaches Sp, and this growth must be accounted for in the HCOM methodology. 
The growth during this scram delay time is related to the decay ratio at the 
moment of scram (see Figure 2, Attachment 1 of this SE, for a core-wide 
oscillation illustration).  The higher the decay ratio, the higher the HCOM 
amplitude will be when the scram is finally effective.  The HCOM methodology 
accounts for this physical phenomena by statistically sampling from a distribution 
of decay ratios. 

 
When all the statistical sampling is performed, the HCOM value that satisfies the 95/95 criteria is 
determined.  The process is repeated for a number of postulated setpoint values (typically three) 
and a table of HCOM versus Sp is generated.  Using the DIVOM correlation, this table is used to 
determine the maximum allowable setpoint, Sp, given the available CPR operating margin on a 
plant-specific basis. 
 
Because of the scram time delay, the decay ratio has an impact on the value of HCOM. 
Operation in EFWs (e.g., MELLLA+) is expected to increase the decay ratio values and, thus, 
increase the HCOM value for a given setpoint, Sp.  However, we must note that in the HCOM 
methodology, we are concerned with the decay ratio value at the moment of scram, not the 
ultimate decay ratio if scram had not occurred.  While the ultimate decay ratio is expected to 
increase in EFW operation, the detect and suppress solution identifies the power oscillations 
promptly after oscillation inception, which occurs at DR = 1.0, or maybe earlier.  Thus, at the 
moment of scram, the DR is expected to be closer in value to 1.0 than to the ultimate DR. 
Nevertheless, because of detection time delays, the DR at the moment of scram is likely to be 
slightly higher in EFW operation. 
 
To identify the effect of higher decay ratios on the calculated HCOM value, a HCOM statistical 
analysis was performed with the decay ratio distributions biased high.  For this analysis, the 
probability of obtaining a decay ratio value higher than 1.2 at the moment of scram was 
increased by a factor of approximately 2 (this was accomplished by biasing the DR Xi-square 
probability distribution with a 1.3 factor).  The results of this analysis indicate that the OPRM 
setpoint must be reduced from 1.10 to 1.095 (i.e., by 5 percent of the oscillation amplitude) to 
maintain an equivalent level of protection. 
 
Based on these analyses, the AREVA EO-III Long Term Stability Solution methodology 
proposes to continue to utilize the standard BWROG (NEDO-32465-A) HCOM methodology, 
and to apply a 5 percent penalty in the calculated HCOM value when operating in extended flow 
domains to account for the possible increased decay ratios.  This 5 percent penalty is equivalent 
to doubling the probability of decay ratios higher than 1.2. 
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3.8  TS Requirements 
 
The EO-III Long Term Stability Solution consists of two systems:  1) the OPRM (Option III) 
system which is governed by current NRC approved plant TSs, and 2) a system possessing the 
capability to actuate a reactor scram at a given core power as a function of either drive flow or 
core flow, referred to in the NRC staff RAI as the SPT system.  The EO-III Long Term Stability  
Solution is designed to provide stability protection either by detect and suppress outside of the 
SPT region, and scram upon entering the SPT exclusion region without delay. 
 
In response to the NRC staff RAI, AREVA proposed an example TS for a plant implementing the 
EO-III Long Term Stability Solution.  However, this example is not an integral part of the  
EO-III Long Term Stability Solution and is not part of this review.  Therefore, the NRC staff will 
review these TS requirements and/or a different backup stability solution on plant-specific basis.  
 
3.9 EO-III Long Term Stability Solution Algorithm Setpoints and Adjustable Parameters 
 
In response to the NRC staff RAI, AREVA defines the parameter ranges and recommended 
settings for the EO-III Long Term Stability Solution.  The parameter setting range is given in 
Table 5.1 of Reference 4.  The NRC staff finds these parameter ranges acceptable. 
 
3.10 Hardware Implementation 
 
The hardware used to implement the single channel instability exclusion region is a  
plant-specific issue and is outside the scope of this the EO-III Long Term Stability Solution.  
Therefore, the NRC staff will require the licensee to submit a plant-specific application to show 
that the hardware is capable of generating an automatic scram signal upon entry into the 
predetermined exclusion region.   

 
4.0 LIMITATIONS AND CONDITIONS 
 
The NRC staff has reviewed TR ANP-10262(P), Revision 0, and the responses to the NRC staff 
RAI questions to determine the acceptability of the TR.  The NRC staff has concluded that the  
TR ANP-106262(P), Revision 0, is acceptable with the conditions and limitation described as 
follows:  
 

1. The NRC staff has not reviewed the hardware and software implementation of 
EO-III Long Term Stability Solution because it will be plant specific.  AREVA has 
stated that implementation is not part of the generic EO-III Long Term Stability 
Solution, even though the EO-III Long Term Stability Solution implements an 
additional scram function (the channel-stability exclusion region) not present in 
the original Option III platforms.  Plant implementations, including those using any 
original Option III platform, will require plant-specific reviews. 

 
2. The original Option III is already approved for plant operation up to  

20 percent EPU.  The EO-III Long Term Stability Solution is an extension of 
Option III, where the DIVOM correlation is guaranteed to be well-behaved by the 
channel-stability exclusion region.  Thus, the EO-III Long Term Stability Solution 
is, in essence, an Option III implementation with the added channel-stability  
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exclusion region scram.  Therefore, the NRC staff finds that EO-III is a technically 
acceptable methodology for any reactor operating up to 20 percent EPU 
conditions. 

 
3. The confirmation analyses documented in Section 5 of TR ANP-10262(P),  

Revision 0, and the response to the NRC staff RAI, indicate that the EO-III Long 
Term Stability Solution methodology provides significant protection against MCPR  
criteria violations during anticipated instability events even under  
high-power-density conditions, including EPU and MELLLA+.  Under all analyzed 
conditions, the loss of MCPR margin induced by the instability event is 
compensated by the gain in MCPR margin induced by the reduction in flow, so 
that the net MCPR margin is positive.  Based on this analysis, the NRC staff finds 
that the EO-III Long Term Stability Solution is a technically acceptable 
methodology for any reactor operating up to MELLLA+ conditions.  Extension of 
operating domains beyond MELLLA+ have not been considered by the NRC staff 
and will require a re-evaluation of the EO-III Long Term Stability Solution scram 
effectiveness by the NRC staff. 

 
4. Operation with feedwater heaters out of service (FWHOOS) is not anticipated in 

EFW like MELLLA+; therefore TR ANP-10262(P), Revision 0, specifies the use of 
equilibrium feedwater conditions.  If a plant-specific application of the EO-III Long 
Term Stability Solution allows for a FWHOOS condition, two SPT regions will 
have to be calculated, with and without FWHOOS.  TSs must enforce the change 
of SPT region settings when the FWHOOS condition is declared.  Alternatively, a 
plant-specific application may choose to implement the more conservative of the 
two SPT regions. 
 

5. The EO-III Long Term Stability Solution does not provide an integrated backup 
stability solution if the primary stability protection system is declared inoperable.  
Instead, it provides an example of TSs and rationale for their applicability in the 
responses to the NRC staff RAI.  Therefore, the NRC staff review of the stability-
related TS requirements and/or a different backup stability solution must be 
performed on a plant-specific basis. 

6. Plant-specific applications will include the specification of the backup stability 
protection.  One possible EO-III Long Term Stability Solution backup stability 
protection is the SPT, which provides an automated scram upon entry on the 
channel-stability exclusion region.  The SPT is an acceptable backup stability 
protection solution for up to 120 days (typical TS range) if the primary stability 
protection system is declared inoperable.  However, the SPT scram region must 
include the natural circulation line.  To be an acceptable backup stability solution, 
the SPT must include the following scram conditions:  (1) recirculation pumps are 
tripped, or (2) the power flow inside the channel-stability exclusion region.  Either 
of the two conditions should result in scram.  In addition to the SPT, 
administrative interim corrective actions must be enforced with cycle-specific 
regions.  The NRC staff finds that a SPT implemented with the above conditions 
would provide an acceptable backup stability implementation for up to 120 days 
under MELLLA+ conditions because it provides protection for the most likely 
scenarios where large amplitude oscillations could occur. 
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7. Plant specific applications will include an evaluation of the uncertainty induced by 
the presence of bypass voids on the OPRM and APRM readings.  OPRM 
uncertainties will result in a set-down of the OPRM PBDA setpoint.  APRM 
uncertainties will be applied to the SPT exclusion region. 

5.0 CONCLUSION 
 
The NRC staff has reviewed TR ANP-10262(P), Revision 0, “Enhanced Option III Long Term 
Stability Solution,” and the responses to the NRC staff RAI questions.  The NRC staff finds that  
the TR provides a technically acceptable methodology to detect and suppress oscillations 
should they occur and, thus, satisfies Criterion 12.   
 
Section 3.1 of TR ANP-10262(P), Revision 0, presents an excellent evaluation of the physical 
causes of ill-behaved DIVOM correlations.  The EO-III Long Term Stability Solution addresses 
these ill-behaved conditions through the SPT, which enforces an automated scram upon entry 
into the channel-stability exclusion region.  Therefore, the EO-III Long Term Stability Solution 
guarantees the applicability of the PBDA scram setpoint methodology even under EFW domains 
such as MELLLA+. 
 
The simulations in Section 3.3 of TR ANP-10262(P), Revision 0, include [                              ] the 
reactor response to a recirculation pump trip.  These simulations indicate that the EO-III Long 
Term Stability Solution will have sufficient time to collect the minimum number of confirmation 
counts before the PBDA scram setpoint is reached.  Therefore, the NRC staff finds that the EO-
III Long Term Stability Solution should provide scram protection prior to the loss of critical power 
ratio. 
 
The licensing procedure in Section 5 of TR ANP-10262(P), Revision 0, defines the methodology 
used to calculate the channel-stability exclusion region.  The NRC staff finds this methodology 
technically acceptable for plant- and cycle-specific region calculations.  The methodology 
includes: 
  

a. The channel-stability exclusion region is defined as the region in the power-flow 
map where the calculated channel DR is greater than (1-σ), where σ is the  
NRC-approved uncertainty for the stability code (e.g. the STAIF code).  For 
example, if the approved channel DR uncertainty is ±0.2, the exclusion region is 
defined by the condition DR>0.8. 

 
b. Instead of using a pre-defined exclusion region shape, the EO-III Long Term 

Stability Solution exclusion region is defined by a fine calculation mesh at 
different powers and flows. 

 
c. The calculations are performed with:  (i) equilibrium Xenon at full power,  

(ii) equilibrium feedwater conditions at the operating point, (iii) nominal  
current-cycle target control-rod sequences. 

 
d. The entire calculation is repeated over a variety of exposure points to cover the 

entire cycle.  At a minimum, three exposure points must be used. 
 
e. To account for cycle-specific variability (for example, the development of fuel 

leaks), the final exclusion region is enlarged by reducing the power defining the 
region's boundary by 5 percent of rated power. 
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The licensing procedure in Section 5.4 of TR ANP-10262(P), Revision 0, defines the 
methodology to calculate the PBDA amplitude setpoint.  The EO-III Long Term Stability Solution 
includes a conservative adjustment of the HCOM value by +5 percent in order to account for 
increased oscillation growth ratio anticipated from EFWs such as MELLLA+.  The NRC staff 
concludes that this methodology is a technically acceptable process to account for this 
increased oscillation growth, and it is demonstrated to be adequate through the simulations in 
the response to the NRC staff RAI. 
 
The NRC staff concludes that the TR is acceptable for referencing in licensing applications for 
BWRs, for which an operating license was issued under 10 CFR Part 50 prior to the date of this 
letter, to the extent specified and under the limitations and conditions delineated in Section 4.0 
of this SE. 
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Figure 1: Histogram of the calculated error for the 120 OPRM channels in a typical BWR in 

the presence of bypass voids (natural circulation at the MELLLA+ rod line) 
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Figure 2: Illustration of overshoot due to scram time delay after the OPRM setpoint is 

reached for a core-wide oscillation 
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RESOLUTION OF RESPONSES TO ADVISORY COMMITTEE ON REACTOR SAFEGUARDS  
 

(ACRS) GENERATED REQUEST FOR ADDITIONAL INFORMATION QUESTIONS 
 

DRAFT SAFETY EVALUATION FOR AREVA NP, INC. (AREVA) 
 

TOPICAL REPORT (TR) ANP-10262(P), REVISION 0 
 

AENHANCED OPTION III [(EO-III)] LONG TERM STABILITY SOLUTION@ 
 
On November 15, 2007, the U.S. Nuclear Regulatory Commission (NRC) ACRS convened to 
review TR ANP-10262, Revision 0, and its associated draft SE.  As a result, a revised NRC draft 
SE regarding NRC approval of TR ANP-10262, Revision 0, was issued on December 3, 2007 
(ADAMS Accession No. ML073331078).  The ACRS again convened on December 6, 2007, to 
review TR ANP-10262(P), Revision 0, and its associated revised draft SE.  By letter dated 
December 27, 2007 (ADAMS Accession No. ML073440135), the ACRS provided its conclusions 
and recommendations.  As a result of the ACRS review, and subsequent NRC staff discussions, 
the NRC staff requested additional information on January 29, 2009 (ADAMS Accession 
No. ML080250416).  By letters dated February 8, 2008, March 4, 2008, and April 4, 2008 
(ADAMS Accession Nos. ML080440086, ML080660123, and ML080990061, respectively), 
AREVA provided responses to the NRC staff RAI questions resulting from the ACRS review of 
the revised draft SE.  The following is the NRC staff’s resolution of the RAI responses. 
 
 

LOCATION CHANGE TO THE SE 
Page 1, Lines 24 and 25 Addition of References 13 and 14 
Page 2, Line 32 Sentence modified to:  “This portion of the  

EO-III Long Term Stability Solution is similar to 
a solution of type I (e.g., Enhanced  
Solution I-A), which enforces an exclusion 
region.” 

Page 3, Line 4 In response to the ACRS Conclusion and 
Recommendation No. 4, the paragraph was 
modified, as follows:  “The value 0.005 
(equivalent to 5 percent HCOM) reflects a 
doubling of the probability of experiencing 
decay ratios greater than 1.2 at the moment of 
scram.  Additional discussion is provided in 
Section 3.7 of this SE, “Treatment of 
Uncertainties.””   
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LOCATION CHANGE TO THE SE 
Page 4, Line 20 In response to the ACRS Conclusion and 

Recommendation No. 4, the following 
paragraph was added:  “The NRC staff 
requested additional information justifying the 
conservatisms included in the 5 percent 
HCOM penalty (equivalent to a 0.005 setpoint 
adjustment).  The NRC staff concurs with 
AREVA’s evaluation that a 5 percent HCOM 
penalty is equivalent to doubling the probability 
of decay ratios greater than 1.2 at the moment 
of scram.  This probability-doubling accounts 
for the increased likelihood of enhanced 
oscillation growth anticipated from EFWs such 
as MELLLA+.  Additional evaluation of this 
penalty and justification of the adequacy of the 
5 percent value is presented in Section 3.7 of 
this SE, “Treatment of Uncertainties.”” 

Page 5, Line 21, Section 3.5 In response to the ACRS Conclusion and 
Recommendation No. 6, the paragraph was 
modified, as follows:  “AREVA has committed 
to support an NRC staff review of the 
RAMONA5-FA code. Pending this review, the 
NRC staff safety evaluation for the DIVOM 
methodology report contains a restriction 
penalizing by 10 percent the DIVOM slopes 
calculated by RAMONA5-FA, which is 
equivalent to a 0.025 penalty in CPR domain.  
The evaluation documented in the present 
report for the EO-III Long Term Stability 
Solution is, therefore, decoupled from the 
RAMONA5-FA NRC staff review.” 

Page 6, Section 3.7, Treatment of 
Uncertainties 

In response to the ACRS Conclusion and 
Recommendation No. 3, the following sections 
were added:  Section 3.7.1, OPRM 
Measurement Uncertainty Induced by Bypass 
Boiling, and Section 3.7.2, OPRM Setpoint 
Uncertainty Induced by the Possibility of High 
Decay Ratios in MELLLA+. 

Page 7, Line 42 through Page 8, Line 4 To clarify Limitation and Condition No. 3, the 
NRC staff added the following sentence from 
Section 3.3, Reload Analysis and Methodology 
Applicability Extension:  “Extension of 
operating domains beyond MELLLA+ have not 
been considered by the NRC staff and will 
require a re-evaluation of the EO-III Long Term 
Stability Solution scram effectiveness by the 
NRC staff. 

Page 11, Section 6.0, References The addition of References 13 and 14. 
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