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ENCLOSURE

SAFETY EVALUAlION REPORT

REACTOR STABILITY LONG-TERM SOLUTI_QH

ENHANCED _ OPTION 1-A GENERIC TECHNICAL SPECIFICATIONS

NED0-32339. SUPPLEMENT 4

1.0 Introduction

Long term solutions (LTS) to potential reactor instabilities are required to
ensure that out-of-phase or core wide instabilities do not violate fuel design
criteria. Several LTS concepts were proposed by the Boiling Water Reactor

1Owners' Group (BWROG) in NED0-31960 and approved by the staff in the Safety
2 3Evaluation Report (SER) for NED0-31960 and its Supplement 1 . One of those

solution concepts, Option I-A, was of the exclusion region type which requires
dependence on calculations to define a region in the high-power / low-flow area
of the power / flow map outside of which instabilities are very unlikely.
Immediate protective action is taken when entering the exclusion region.

In March 1994, the BWROG submitted NED0-32339', describing Enhanced Option I-A
which is the final form of the Option I-A LTS. Enhanced Option I-A uses a
layered approach to instability prevention by relying on three areas of the
power / flow map and stability controls that are predefined for each operating
fuel cycle by conservative calculations. The exclusion region is defined as
the region in which power oscillations are considered credible with stability
controls in place. The restricted region is the region in which power
oscillations are possible when stability controls are not in place. Finally,
the monitored region is the region in which precalculated decay ratios are
above 0.4. Operational restrictions for power distribution control are
provided by the boiling boundary concept and instability is detected by the
appropriate use of a Period Based Detection System (PBDS). In short, the

boiling boundary means that operators will maintain the bulk boiling boundary
'in the core above 1.2m (4 ft.) when stability controls are required. The

current review focuses on " Reactor Stability Long-Term Solution: Enhanced
Option I-A Generic Technical Specifications", NED0-32339, Supplement 4,
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5submitted October 30, 1995 , which presents generic Technical Specifications
(TS) for use with Enhanced Option I-A. Errata to NED0-32339, Supplement 4,
were submitted February 26', 1996, and April 19 , 1996, and are also reviewed7

herein. The staff's June 21, 1996, SER on NED0-32339, Supplement 4 and its
errata is superseded by this SER.

2.0 Evaluation

The Nuclear .segulatory Commission was assisted in our re'.iew of Enhanced

Option I-A by Oak Ridge National Laboratory (ORNL). The attached Technical
Evaluation Report (TER) describes the details of the ORNL review and the staff
adopts the findings presented in the TER.

In addition to the information presented in the TER, the staff reviewed the
acceptability of the proposed TS against the requirements of the Standard
Technical Specifications. The staff review focused primarily upon the
placement of Enhanced Option I-A specific allowable values into the Core
Operating Limits Report (COLR). Because the these values do not directly
protect safety limits, the staff concludes that their placement in the COLR is
acceptable.

3.0 .Cgnclusions

The staff has reached the following conclusions:

1.0 The proposed TS modifications adequately incoporporate the Enhanced
Option I-A solution into plant operations, and

2.0 The placement of Enhanced Option I-A specific allowable values into the
COLR is acceptable.

Based upon the above conclusions, the TS modifications proposed in NED0-32339,
Supplement 4, and its errata are acceptable.
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; SUMMARY

This report documents our partial review of NEDO-32339, Supplement 4,' a licensing topical report
;

that describes generic technical specification proposed by the Boiling Water Reactor Owners' Group
(BWROG) to implement Long Term Stability Solution " Enhanced Option I-A.' The purpose of this
review is to determine whether the proposed technical specifications if accepted would implement all:

; the key features of Enhanced Option I-A (a long term solution to the stability issue.) This review,
however, is only partial as it does not address specifically the quality or acceptability of the proposed
technical specifications

4

Our review is based on data presented in the submitted topical report and during a number of
meetings with the Boiling Water Reactor Owners' Group (BWROG) and General Electric (GE). The4

main conclusion from this review is that the proposed technical specifications are technically adequate
i and, when implemented, the Enhanced Option I-A methodology will satisfy the requirements for an
j acceptable long term stability solution.

3

BACKGROUND
i

f' A long term solution to the stability problem is required to prevent the violation of specified
acceptable fuel design limits (SAFDL) in the event of out-of-phase instabilities or core-wide
instabilities with large local power peaking. Under these events, the reactor protection system,

| (specifically the high average power range monitor scram, or the low-pass-filtered flow-biased
4

thermal power scram) does not provide sufficient margin to prevent SAFDL violations under all
; postulated operating conditions. Enhanced Option I-A is defined in NEDO-319602 5 and NEDO-

32339 W and it provides a solution to the stability issue by defining an exclusion region in the power-
flow map outside which instabilities are highly unlikely. In addition, this option provides significant2

; defense in depth measures, which make SAFDL violations caused by instabilities extremely unlikely. ;i
A number of previous reviews *" have concluded that the proposed Enhanced Option I-A (EI A);

!

j satisfied all the technical criteria required of a long term solution.

! The BWROG has submitted for review and approval Supplement 4 of NEDO-32339, which describes
. in detail the proposed modifications to technical specifications to implement Solution I-A. Key issues
{ in the review of this document are: (1) Are the proposed technical specifications a technically
j acceptable implementation of Option I-A7 (2) Is the format and contents of the proposed technical

,

'

specifications acceptable?, and (3) Is the distribution of information between the technical
specifications document and the core operating limits report (COLR) adequate? As described in the
introduction, the present technical evaluation report (TER) only addresses issue number (1).

a

:

EVALUATION
|

1

'Ihe main features of Enhanced Option I-A are implemented by replacing an existing flow-control
j trip-reference (FCTR) card with a new digital card that def'mes the EI A stability region boundaries.
! The existing analog FCTR cards take a single input, the jet-pump drive-flow, and generate trip
i references for the flow-biased average power range monitor (APRM) scram and for the rod block
1 alarms. The replacement cards replace and enhance this functions by providing the new flow-biased
^

scram setpoint (defined as the exclusion region) and rod block alarms (the restricted region).

; i
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Other key feature of Enhanced Option IA is the power distribution controls that are required to enter
the restricted region. This feature is implemented administratively by maintaining the average core
boiling boundary above a specified threshold (4 feet). Other key feature of Option IA is the defense
in depth functions provided by the period-based detection system (PBDS), which provides anticipatory
alarms in the unlikely case of a developing instability outside the exclusion region.

l
The proposed technical specifications have modified four limiting conditions for operation (LCO). |

These are LCO 3.2.5, LCO 3.3.1.1, LCO 3.3.1.3, and LCO 3.4.1. In addition, two new items have |

been added to the COLR: the flow biased scram setpoints, and stability regions definition. Finally,
two new items in owner controlled documents are required: the flow-biased APRM rod block
setpoints, and the setpoint for the automatic setdown function. These changes are evaluated in the
following sections

LCO 3.2.5 Fraction of Core Boiline Boundarv (FCBB).
This is a new LCO, specific to Option IA. It simply specifies that the FCBB must be less than 1.0

|while in the restricted region, which is specified in the COL't, and that both, the APRM flow biased i

scram and the rod block, must be in the " Setup" condition. If while inside the restricted region, the
;

FCBB is greater than 1.0, the operator has 2 hours to retore it unless the FCBB violation is caused
|

by a loss of feedwater heating or unexpected flow reduction. In those cases, the restricted region |

must be exited immediately, and the FCTR scram setpoints must be restored to the "Non-Setup'
condition.

Our evaluation indic tes that this new LCO implements adequately Option IA.

LCO 3.3.1.1 RPS Instrumentation
There are a number of modifications to this LCO, which are related to the higher accuracy and
improved reliability of the flow-calibration algorithms in the replacement FCTR cards. The new
algorithms do not require day-to-day calibrations. For this reason, a number of surveillance
requirements have been eliminated. The most relevant of these modifications is the fact that the
replacement FCTR cards are excluded from the periodic RPS calibrations.

The proposed modifications to surveillance requirements are technically adequate, because the new
flow-calibration algorithm in the FCTR card is essentially performing this calibration on-line.

LCO 3.3.1.3 Period Based Detection System (PBDS)

This new LCO indicates that at least one PBDS instrumentation channel shall be operable. In the
event of a high-high alarm from either of the two PBDS channels, the reactor must be placed in
shutdown mode if the operating conditions are inside the restricted or monitored regions defined in
the COLR.

This new LCO is a technically adequate implementation of the Option IA defense in depth feature.

LCO 3.4.1 Recirculation Loons Operating
'Ihis LCO has been modified only to account for the new location of the single-loop operation scram
setpoints, which are now documented in the COLR along with the two-loop exclusion region.

From the technical point of view this change is acceptable. The main issue here is not technical in
nature, but whether scram setpoints belong in the COLR or in the main body of the technical

2
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specifications. The argument by the BWROG is that the Option-IA-related scram function is an
anticipatory scram that is not required to "directly" prevent a violation of a SAFDL. The Option IA
exclusion region is, thus, an operating restriction that prevents conditions that may develop into a

i
SAFDL. As an operating restriction, these setpoints clearly belong in the COLR. From a procedural
point of view, having the setpoints defined in the COLR allows for easier updates. Setpoint updates

|

in a cycle-to-cycle basis are a requirement of Option IA if reactor conditions (e.g., fuel type) change '

significantly. We concur with the BWROG position.

|Technical Adeauacy of Ontion IA Imnlementation

The adequacy of the implementation is very clearly described in the BWROG topical report
(Supplement 4 of NEDO 32339'), specifically in Tables 2-1 through 2-4.

The licensing features of Option IA are: (1) Operation inside the exclusion region is not allowed, and
the region is enforced automatically by the flow-biased scram function. (2) Intentional entry into the
restricted region is not allowed unless power distribution controls are in place; this region is enforced
automatically for control-rod maneuvers by the rod block function; restriction for all other intentional
entries (e.g., controlled flow reduction) is enforced via administrative controls. These two licensing
features are implemented by defining the exclusion and restricted region setpoints in the COLR, and |

by requiring a FCBB margin to " Setup" the flow biased scram setpoints for entry into the restricted
region.

The defense in depth features of Option IA are properly implemented by requiring immediate reactor
shutdown upon high-high alarm of the PBDS inside the monitored region.

Tables 2-3 and 2-4 of NEDO 32339 Supplement 4' describe in good detail the response of the overall
system to transients. This response appears to be adequate and a technically acceptable
implementation of Option IA.

CONCLUSIONS AND TECIINICAL RECOMMENDATIONS

The technical specifications modifications proposed in Supplement 4 of NEDO 32339 to implement
Enhanced Option IA can be summarized as:

(1) Modifications to LCO numbers LCO 3.2.5, LCO 3.3.1.1, LCO 3.3.1.3, and LCO 3.4.1,
(2) the addition of two new COLR items: the flow biased scram setpoints, and stability regions

definition, and
(3) two new items in owner controlled documents: the flow-biased APRM rod block setpoints.

and the setpoint for the automatic set down function.

The main conclusion from this review is that these proposed modifications are technically adequate,
and they represent a complete and acceptable implementation of Enhanced Option IA methodology.
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ENCLOSURE 2

SAFETY EVALUATION REPORT

REACTOR STABILITY LONG-TERM SOLUTION

ENHANCED OPTION 1-A GENERIC TECHNICAL SPECIFICATIONS

NED0-32339. SUPPLEMENT 4;

t
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1.0 Introduction
.

Long term solutions (LTS) to potential reactor instabilities are required to

{ ensure that out-of-phase or core wide instabilities do not violate fuel design
criteria. Several LTS concepts were proposed by the Colling Water Reactor

1Owners' Group (BWROG) in NED0-31960 and approved by the staff in the Saf,cy'

2 3Evaluation Report (SER) for NED0-31960 and its Supplement 1 . One of *. hose

solution concepts, Option I-A, was of the exclus;nn region type which requires
,

dependence on calculations to define a region in the high-power / low-flow area
of the power / flow map outside of which instabilities are very unlikely.
Immediate protective action is taken when entering the exclusion region..

1

In March 1994, the BWROG submitted NED0-32339', describing Enhanced Option I-A
which is the final form of the Option I-A LTS. Enhanced Option I-A uses a

layered approach to instability prevention by relying on three areas of the
power / flow map and stability controls that are predefined for each operating
fuel cycle by conservative calculations. The exclusion region is defined as
the region in which power oscillations are considered credible with stability
controls in place. The restricted region is the region in which power
oscillations are possible when stability controls are not in place. Finally,

the monitored region is the region in which precalculated decay ratios are
above 0.4. Operational restrictions for power distribution control are
prnvided by the boiling boundary concept and instability is detected by the
appropriate use of a Period Based Detection System (PBDS). In short, the

boiling boundary means that operators will maintain the bulk boiling boundary
in the core above 1.2m (4 ft.) when stability controls are required. The3

current review focuses on " Reactor Stability Long-Term Solution: Enhanced
Option I-A Generic Technical Specifications", NED0-32339, Supplement 4,-

J l
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5submitted October 30, 1995 , which presents generic Technical Specifications
(TS) for use with Enhanced Option I-A. Errata to NED0-32339, Supplement 4,

6 7were submitted February 26 , 1996, and 'Aprjl#19 jj;19962 and are also reviewed
herein. The ! sta f fj s ! June ~21*, (1996 E SEP, 'onTHEDO-32339 J Suppl ement [4 Tahd li t5
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2.0 Evaluatiqn

The Nuclear Regulatory Commission was assisted in our review of Enhanced

Option I-A by Oak Ridge National Laboratory (ORNL). The attached Technical
Evaluation Report (TER) describes the details of the ORNL review and the staff
adopts the findings presented in the TER cxcept for the de:criptica cf how the
exelu ica regica is used p;c:ented on page 3 cf the TER. The exclu ica regica
may only be entered by centrei red eithdrawal when pcwcr distributica control;
arc in place (i.e. the bciling boundary is greater than 4 feet). The re fore,

unplanned entry is not allowed.

In addition to the information presented in the TER, the staff reviewed the
acceptability of the proposed TS against the requirements of the Standard
Technical Specifications. The staff review focused prinarily upon the
placement of Enhanced Option I-A specific allowable values into the Core
Operating Limits Report (COLR). Because the these values do not directly
protect safety limits, the staff concludes that their placement in the COLR is
acceptable.

,

3.0 Conclusions

The staff has reached the following conclusions:

1.0 The proposed TS modifications adequately incoporporate the Enhanced
Option I-A solution into plant operations, and

2.0 The placement of Enhanced Option I-A specific allowable values into the
COLR is acceptable.



. . .

.

.

.

3
.

1

Based upon the above conclusions, the TS modifications prope.ed in NED0-32339, )
Supplement 4, and its errata are acceptable.

|
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