
March 26, 2007
Mr. Robert E. Brown
General Manager, Regulatory Affairs
GE Nuclear Energy
P. O. Box 780, M/C A-30
Wilmington, NC 28401

SUBJECT: FINAL SAFETY EVALUATION FOR GENERAL ELECTRIC NUCLEAR ENERGY
(GENE) TOPICAL REPORT (TR) REVISION 1 TO NEDE-33147P, "DSS-CD
TRACG APPLICATION" (TAC NO. MC1967)

Dear Mr. Brown:

By letters dated February 27, 2004, and May 23, 2006, GENE submitted TR NEDE-33147P,
“DSS-CD TRACG Application” and Revision 1 to the TR, respectively, to the U.S. Nuclear
Regulatory Commission (NRC) staff.  By letter dated January 11, 2007, an NRC draft safety
evaluation (SE) regarding our approval of TR NEDE-33174P, Revision 1, was provided for your
review and comments.  By letter dated March 9, 2007, GENE commented on the draft SE.  The
NRC staff's disposition of GENE’s comments on the draft SE are discussed in the attachment
to the final SEs enclosed with this letter. 

The NRC staff has found that TR NEDE-33174P, Revision 1, is acceptable for referencing in
licensing applications for GE-designed boiling water reactors to the extent specified and under
the limitations delineated in the TR and in the enclosed proprietary and non-proprietary versions
of the final SE.  The final SEs define the basis for our acceptance of the TR. 

Our acceptance applies only to material provided in the subject TR.  We do not intend to repeat
our review of the acceptable material described in the TR.  When the TR appears as a
reference in license applications, our review will ensure that the material presented applies to
the specific plant involved.  License amendment requests that deviate from this TR will be
subject to a plant-specific review in accordance with applicable review standards.

In accordance with the guidance provided on the NRC website, we request that GENE publish
accepted proprietary and non-proprietary versions of this TR within three months of receipt of
this letter.  The accepted versions shall incorporate this letter and the enclosed final SE after
the title page.  Also, they must contain historical review information, including NRC requests for
additional information and your responses.  The accepted versions shall include an "-A"
(designating accepted) following the TR identification symbol.
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If future changes to the NRC's regulatory requirements affect the acceptability of this TR,
GENE and/or licensees referencing it will be expected to revise the TR appropriately, or justify
its continued applicability for subsequent referencing.

Sincerely,

/RA/

Jennifer M. Golder, Acting Deputy Director
Division of Policy and Rulemaking
Office of Nuclear Reactor Regulation

Project No. 710 

Enclosures: 1.  Non-proprietary Final SE
2.  Proprietary Final SE

cc w/encl 1 only:  See next page
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Mr. James F. Harrison
GE Energy - Nuclear
Project Manager - Fuel Licensing 
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james.harrison@ge.com 
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Washington Regulatory Affairs Director
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Washington, DC 20004
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Mr. Andrew A. Lingenfelter
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ENCLOSURE 1

FINAL SAFETY EVALUATION BY THE OFFICE OF NUCLEAR REACTOR REGULATION

TOPICAL REPORT (TR) NEDE-33147P

"DSS-CD TRACG APPLICATION"

GENERAL ELECTRIC NUCLEAR ENERGY

PROJECT NO. 710 

1.0 INTRODUCTION AND BACKGROUND

By letter dated February 27, 2004, General Electric (GE) Nuclear Energy (GENE) requested
U.S. Nuclear Regulatory Commission (NRC) review of licensing TR NEDE-33147P, “DSS-CD
TRACG Application” (Reference 1).  Revision 1 to NEDE-33147P was issued on May 23, 2006
(Reference 2).  The purpose of TR NEDE-33147P is to provide an approach to confirm the
minimum critical power ratio (MCPR) margin during reasonably limiting instability event
simulations for Detect and Suppress Solution - Confirmation Density (DSS-CD) applications. 
TR NEDE-33075P (Reference 3) provides the DSS-CD generic licensing basis for GE boiling
water reactor (BWR)/3-6 product lines and describes a standard procedure for plant-specific
confirmations of reload designs and other design changes that may affect the DSS-CD generic
licensing basis.  TR NEDE-33075P was approved by NRC staff safety evaluation report, dated
November 27, 2006 (Reference 4).  The DSS-CD solution includes four separate algorithms for
detecting stability related oscillations:  Confirmation Density Algorithm (CDA), Period Based
Detection Algorithm (PBDA), Amplitude Based Algorithm (ABA), and Growth Rate Algorithm
(GRA).  The PBDA, ABA, and GRA detection algorithms provide the protection basis for TR
NEDO-32465-A, Option III (Reference 5).  They are in DSS-CD as defense-in-depth algorithms
and are not part of the licensing basis for the DSS-CD solution, which is accomplished solely by
the CDA.  The CDA is designed to recognize an instability and initiate control rod insertion
before the power oscillations increase much above the noise level. 

TRACG is a GE proprietary version of the Transient Reactor Analysis Code (TRAC).  The
TRACG code model description, qualification, application for anticipated operational
occurrences (AOOs), and use in the DSS-CD process are documented in TRs NEDE-32176P
(Reference 6), NEDE-32177P (Reference 7), NEDE-32906P-A (Reference 8), and
NEDE-33075P (Reference 3).  TR NEDE-33075P was approved by NRC staff safety evaluation
report, dated November 27, 2006 (Reference 4).  TR NEDE-33147P, Revision 1, incorporates
the essential information from the above four TRs to describe and justify the use of TRACG for
modeling instabilities in the DSS-CD process. 

The NRC staff review includes TR NEDE-33147P and Revision 1 (References 1 and 2) and
responses to the NRC staff Requests for Additional Information (Reference 9).  The NRC staff
was assisted in its review by its consultant, Information Systems Laboratories, Inc. (ISL), who
wrote the attached technical evaluation report (TER).  The details of the review are given in the
attachment.  The NRC staff reviewed the attached TER and adopted the findings
recommended by ISL.
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2.0 REGULATORY EVALUATION

The DSS-CD design provides the capability for automatic detection and suppression of reactor
instability events and minimizes reliance on the operator to suppress instability events.  The
CDA is designed to recognize an instability and initiate control rod insertion before the power
oscillations increase much above the noise level.  The DSS-CD solution and related licensing
basis were developed to comply with the requirements of Title 10 of the Code of Federal
Regulations (10 CFR) Part 50, Appendix A, “General Design Criteria for Nuclear Power Plants,”
Criteria 10 and 12.

Criterion 10, “Reactor design,” requires that:

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

Criterion 12, “Suppression of reactor power oscillations,” requires that:

The reactor core and associated coolant, control, and protection systems shall be
designed to assure that power oscillations which can result in conditions exceeding
specified acceptable fuel design limits are not possible or can be reliably and readily
detected and suppressed.

 
The purpose of the DSS-CD TRACG analyses is to confirm the inherent MCPR margin afforded
by the solution design.  To ensure compliance with Criteria 10 and 12 of Appendix A to 10 CFR
Part 50, the NRC staff will confirm that the licensee performed the plant-specific trip setpoint
calculations using NRC-approved methodologies as prescribed in NUREG-0800, Standard
Review Plan, Section 4, via onsite audits as necessary.

3.0 TECHNICAL EVALUATION

TR NEDE-33147P, Revision 1, provides the licensing basis and methodology to demonstrate
the adequacy of the TRACG analyses as part of the DSS-CD solution.  The DSS-CD licensing
basis consists of two major components:  a) an efficient oscillation detection algorithm - the
CDA, providing an early trip signal upon instability inception prior to any significant oscillation
amplitude growth and MCPR degradation; and b) a set of integrated TRACG event simulations
for reasonably limiting anticipated events that confirm the limited effect on the MCPR
performance within the stated applicability range.  This evaluation only covers component b). 
Component a) was evaluated and approved by NRC staff safety evaluation report, dated
November 27, 2006 (Reference 4).  TR NEDE-33147P, Revision 1, describes the licensing
requirements and the scope of the TRACG application to DSS-CD, the identification and 
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ranking of BWR phenomena for stability, the applicability of TRACG models to DSS-CD, model
uncertainties, the application uncertainties and biases, the combination of uncertainties, and a
demonstration analysis.  

3.1 TRACG Analyses Approach For Licensing Compliance

The DSS-CD solution and related licensing basis comply with the requirements of Criteria 10
and 12 of Appendix A to 10 CFR Part 50.  The  overall TRACG demonstration analysis
approach for DSS-CD is consistent with the Code Scaling, Application and Uncertainty (CSAU)
analysis methodology (NUREG/CR-5249, Reference 10) and Regulatory Guide 1.157,
“Best-Estimate Calculations of Emergency Core Cooling System Performance,” and addresses
the applicable elements of the NRC-developed CSAU evaluation methodology.  As established
in Reference 3, Table 2-1 of TR NEDE-33147P, Revision 1, provides a summary of 14 CSAU
methodology steps for TRACG.

3.2 Phenomena Identification Ranking

TR NEDE-33075P (Reference 3) presents the phenomena identification ranking table (PIRT)
for BWR/3-6 stability transients.  The critical safety parameter for stability events is the MCPR. 
The MCPR value is determined by the governing physical phenomena.  The PIRT is used to
delineate the important physical phenomena.  The PIRTs are ranked with respect to their
impact on the critical safety parameters.  The PIRT for BWR/3-6 stability transient was
developed to identify the physical phenomena.  The stability transient events have been
categorized into three distinct types of instability:  1) channel thermal-hydraulic instability;
2) core-wide instability; and 3) regional instability. 

The PIRT serves a number of purposes.  First, the phenomena are identified and compared to
the modeling capability of the code to assess whether the code has the necessary models to
simulate the phenomena.  Second, the identified phenomena are cross-referenced to the
qualification basis to determine what qualification data are available to assess and qualify the
code models and to determine whether additional qualification is needed.

The following 28 phenomena were ranked as high importance for at least one of the instability
types considered:  1) channel-bypass leakage flow, 2) core void coefficient, 3) core 3-D
kinetics, 4) delayed neutron fraction, 5) subcriticality of first harmonic mode, 6) interfacial shear,
7) subcooled void model, 8) pellet heat distribution, 9) pellet heat transfer parameters, 10) gap
conductance, 11) core void distribution - axially and between channels, 12) bundle-bypass
leakage flow, 13) natural circulation flows, 14) boiling transition - dryout margin, 15) core
pressure drop, 16) separator pressure drop, 17) initial total core flow, 18) initial total core power,
19) initial feedwater temperature, 20) core size, 21) core loading pattern, 22) core exposure,
23) core axial power distribution, 24) hot channel axial power distribution, 25) radial power
distribution, 26) control rod pattern, 27) initial MCPR, and 28) mixed core effect.  The dominant
phenomena for a BWR instability are captured by the phenomena ranked as high importance in
Reference 3.  The TRACG has the capability to simulate the high importance phenomena in the
list.  Using the PIRT table ranking results, the uncertainties for the highly ranked PIRT 
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phenomena are established and evaluated based on a bounding analysis to arrive at the total
model uncertainty.

3.3 Scenario Specifications and MCPR Uncertainty Assessment

Based on GE’s review (Reference 3) of all potential anticipated instability event initiators,
anticipated instability events may be initiated as a result of:  (1) normal operational maneuvers;
(2) anticipated events from off-rated operating conditions; or (3) anticipated flow reduction
events from rated conditions.  As indicated in Reference 3, the two recirculation pump trips
(2 RPT)  transient with regional mode oscillations for BWR/3-6 was chosen by GE as a
reasonably limiting scenario for the confirmation of MCPR margin.  The limiting product line was
found to be the BWR/6 (i.e., regional mode instabilities increase as core size increase),
operating along 120 percent of original licensed thermal power at an initial core flow of
80 percent and the 2 RPT transient down to natural circulation flow rates as the limiting
scenario, which is a reasonably limiting event for investigation of the margin associated with
DSS-CD. 

GE has performed a representative TRACG calculation with [                                                       
                                                                        .]  This results in a [                   ] increase in the
critical power ratio (CPR) oscillations relative to the nominal case results.  This analysis shows
that even with these very large combined uncertainties DSS-CD provides sufficient protection
before safety limits are violated.

The [                   ] value was calculated to demonstrate the CSAU bounding value for the
stability application and is not intended to establish DSS-CD CPR confirmation methodology or
licensing basis.

The NRC staff has reviewed GE’s approach and found that the proposed scenario and resultant
[                     ] bounding uncertainty for this analysis is acceptable.  This is acceptable because
of the early detection and efficient suppression of the DSS-CD approach, and because the
demonstration of [                    ] relative uncertainty to the oscillation ΔCPR of the example
BWR/6 case (Case number 10080RG6 of Reference 3) is consistent with [                                  
                                                                                                             .]

3.4 Applicability of TRACG to DSS-CD Applications

It is a two-step process to demonstrate the applicability of TRACG for the analysis of
anticipated instability events in BWRs.  First, the identified phenomena are compared to the
modeling capability of the code to determine that the code has the necessary models to
simulate the phenomena as shown in Table 4-1 of NEDE-33147P, Revision 1.  Second, the
capability of the TRACG models to treat the highly ranked phenomena and the qualification
assessment of the TRACG code for stability application are examined as shown in Table 4-2 of
TR NEDE-33147P, Revision 1.
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3.4.1 TRACG Code Qualification

The TRACG code is used to simulate limiting events to confirm the DSS-CD solution early
oscillation detection and suppression capability.  TRACG is a multi-dimensional, two-fluid 
thermal-hydraulic computer code including three-dimensional transient neutronics capability to
model the phenomena that are important in evaluating the operation of BWRs.  Best-estimate
analyses performed with TRACG have been approved by the NRC to support licensing
applications in different areas, including specific thermal-hydraulic instability performance and
AOO transients.  TRACG has been extensively qualified against separate effects tests,
component performance data, integral system effects tests, and full-scale BWR plant data. 
Section 5 of TR NEDE-33075P, Revision 5 (Reference 3) provides a limited description of the
TRACG qualification.  TR NEDE-33075P was approved by NRC staff safety evaluation report,
dated November 27, 2006 (Reference 4).

3.4.2 Thermal-Hydraulic Modeling

The thermal-hydraulic model in TRACG is based on a multi-dimensional, two-fluid, two-phase
flow model, that solves the transient governing conservation equations for the different fluid
components that make up a BWR nuclear reactor system.  In addition, it also includes TRACG
fluid model and closure models.  Assessment or qualification of these models is documented in
Reference 7.  The models and the assessment of these models indicate that the
thermal-hydraulic models are capable of capturing the dominant phenomena expected during a
BWR power instability event.  The TRACG thermal-hydraulic instability modeling has been
evaluated for adequacy by comparison to experimental data of the FRIGG research facility in
Sweden.

The NRC staff has reviewed the subject submittal (References 1 and 2) and the responses to
RAIs (Reference 9) and concluded that the thermal-hydraulic modeling is acceptable because: 
1) TRACG includes models required to simulate the dominant thermal-hydraulic phenomena
through the PIRT method; and 2) separate conservative uncertainties are applied to the [            
                                                                        ] for the DSS-CD bounding uncertainty
procedure.  [                                                                                  .]  These combined
uncertainties bound the expected results from a CSAU statistical approach.

3.4.3 Transient 3-D Neutronics Modeling

The transient three-dimensional (3-D) neutronics model is consistent with the GE 3-D BWR
core simulator.  The TRACG solved the 3-D transient neutron diffusion equations using one
neutron energy group and up to six delayed neutron precursor groups.  Feedback is provided
from the thermal-hydraulics model for moderator density (i.e., void fraction), fuel temperature,
boron concentration, and control rod position.  For BWR instabilities, the most important
feedback is due to changes in moderator density/void fraction. 
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Based on the evaluation of the responses to RAIs, the NRC staff concludes that the approach
for the TRACG 3-D transient neutronics model is acceptable because:  1) it is capable of
simulating the dominant phenomena associated with operating BWR power driven instabilities;
2) the PIRT for operating BWR power instabilities identifies the dominant 3-D neutronics
phenomena required to model power instabilities; and 3) the uncertainties associated with these 
models are bounded by the [                                                                                                          
                       .]

3.4.4 Coupling between Thermal-Hydraulic and Neutronics Models

The thermal-hydraulic and neutronics models in TRACG are coupled in a semi-implicit method. 
The amplitude and shape functions are extrapolated to the new time level to provide the power
distribution required to advance the thermal-hydraulic solution to the new time level.  The
resulting new time level fluid conditions based on the extrapolated power are used to determine
the new time nuclear parameters that are a function of fluid conditions and fuel rod
temperatures.  These new time nuclear parameters are used to calculate the new 3D
neutronics solution.

The NRC staff concludes that the approach is acceptable because:  1) the TRACG coupling
between the thermal-hydraulic and neutronics model would simulate operating BWR power
oscillations; 2) time step sensitivity studies indicate no significant accumulation of transient
analysis error for BWR instability calculation; and 3) the uncertainty associated with the
coupling of these two models is bounded by the [                                                                          
                                         .]

3.4.5 Bounding CSAU Total Uncertainty Demonstration

A bounding approach is based on combining the total biases and uncertainties so that a
bounding result is obtained.  The bounding CSAU calculation was defined by the high
importance phenomena (such as power, core flow, exposure, etc.) set to reasonably bounding
values.  The remaining high importance model parameters, plant parameters, and initial
conditions are perturbed, which results in the shortest time for the hot channel CPR to violate
the safety limit MCPR.  The total bounding uncertainty is obtained by performing a TRACG
calculation with the high importance phenomena at bounding values.  This bounding CSAU
demonstration calculation results in an uncertainty of [                    ] in the ΔCPR/CPR for the
BWR power instability.

The NRC staff finds this demonstration acceptable because:  1) TRACG has capability to
simulate the dominant phenomena associated with BWR power instabilities, and 2) the
bounding CSAU uncertainty for the ΔCPR/CPR for the BWR power instability is approximately
[                    ].
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4.0 LIMITATIONS AND CONDITIONS

The NRC staff will require a submittal for review if any significant change in the bounding
uncertainty or any change in the process to bound the uncertainty in the MCPR is proposed.

5.0 CONCLUSION

The NRC staff has reviewed TR NEDE-33147P and Revision 1 (References 1 and 2), and the
response to the NRC staff RAIs (Reference 9) and concluded that TR NEDE-33147P,
Revision 1, is acceptable because: 

1. The TRACG includes models required to simulate the dominant phenomena associated
with operating BWR power oscillation.

2. The TRACG models and simulation capability have been assessed against separate
effects, integral and plant data for operating BWR power oscillations, and have been
shown to be accurate, and capture the dominant phenomena.

3. For BWR power oscillations the dominant phenomena and the bounding uncertainty
associated with the dominant phenomena were determined for TRACG.

4. The bounding uncertainty analysis for a reasonably limiting 2 RPT event for a BWR/6 at
maximum extended load line limit plus (MELLLA+)/minimum core flow with all
uncertainties for the highly ranked PIRT variables [                             ] results in an
[                                           ] for the TRACG calculated oscillation in ΔCPR/CPR . 

5. [                                                                                                                                          
                                                                                                                                           
                                                                                                                                           
                                                               .]
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Attachments: Resolution of Comments
TER (Proprietary)

Principle Contributor:  T. Huang

Date:  March 26, 2007



RESOLUTION OF COMMENTS

ON DRAFT SAFETY EVALUATION FOR

GENERAL ELECTRIC NUCLEAR ENERGY TOPICAL REPORT (TR)

NEDE-33147P, REVISION 1

"DSS-CD TRACG APPLICATION"

By letter dated March 9, 2007 (Agencywide Document Access and Management System
Accession No. ML070750086), GENE provided comments on the draft safety evaluation (SE)
for NEDE-33174P, Revision 1.  The following is the NRC staff resolution of those comments.
 
1. GENE Comment: Page 3, Lines 18 and 19, delete ...”for two recirculation pump trips

(2 RPT)....”

Resolution: Deleted.

2. GENE Comment: Page 4, Lines 10 through 20, rewrite two paragraphs as three
paragraphs and indicate proprietary content as follows:

“GE has performed a representative TRACG calculation with [                                
                                                                                              ].  This results in a
[                ] increase in the critical power ratio (CPR) oscillations relative to the
nominal case results.  This analysis shows that even with these very large
combined uncertainties DSS-CD provides sufficient protection before safety limits
are violated.

The [                      ] value was calculated to demonstrate the CSAU Bounding
value for the stability application and is not intended to establish DSS-CD CPR
confirmation methodology or licensing basis.

The NRC staff has reviewed GE’s approach and found that the proposed
scenario and resultant [                  ] bounding uncertainty for this analysis is
acceptable.  This is acceptable because of the early detection and efficient
suppression of the DSS-CD approach, and because the demonstration of
[                   ] relative uncertainty to the oscillation ΔCPR of the example BWR/6
case (Case number 10080RG6 of Reference 3) is consistent with [                         
                                                                                                      ].”

Resolution: Comments incorporated.

ATTACHMENT
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3. GENE Comment: Page 4, Line 42, replace “limited TRACG” with “limited description
of the TRACG qualification.”

Resolution: Comment incorporated.

4. GENE Comment: Page 5, Lines 13 through 15, rewrite part of sentence and indicate
proprietary content as follows:

“2) separate conservative uncertainties are applied to the [                         
                                                                ] for the DSS-CD bounding
uncertainty procedure.  [                                                                              
                                                                                                                    
                                                                                                        ].
These combined uncertainties bound the expected results from a CSAU
statistical approach.”

Resolution: Comment incorporated.

5. GENE Comment: Page 5, Line 31, indicate proprietary content and replace
“bounding CSAU calculation in approximately [                    ]” with
“[                                                                                                      
                       ].”

Resolution: Comment incorporated.

6. GENE Comment: Page 5, Lines 47 and 48, indicate proprietary content and replace
“bounding CSAU calculation in approximately [                   ]” with
“[                                                                                                      
                    ].”

Resolution: Comment incorporated.

7. GENE Comment: Page 6, Line 1, add “Demonstration” to the section title.

Resolution: Comment incorporated.

8. GENE Comment: Page 6, Lines 9 and 10, indicate proprietary content and replace
“This bounding CSAU calculation results in an uncertainty of
[                    ] in the ΔCPR/CPR for the BWR power instability”
with “This bounding CSAU demonstration calculation results in an
uncertainty of [                    ] in the ΔCPR/CPR for the BWR
power instability.”

Resolution: Comment incorporated.
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9. GENE Comment: Page 6, Lines 9 and 10, insert “demonstration” and indicate
proprietary content.

Resolution: Comment incorporated.

10. GENE Comment: Page 6, Line 12, replace “NRC staff finds this approach...” with
“NRC staff finds this demonstration.”

Resolution: Comment incorporated.

11. GENE Comment: Page 6, Lines 14 through 16, indicate proprietary content and
delete the following:  “and 3) [                                    
                                                                                                        
                                                                                 ].”

Resolution: Comment incorporated.

12. GENE Comment: Page 6, Lines 20 and 21, indicate proprietary content and reword
paragraph to state: “...review if a change in the process to bound
the uncertainty in the MCPR is proposed.”

Resolution: Paragraph reworded as:  “...review if any significant change in the
bounding uncertainty or any change in the process to bound the
uncertainty in the MCPR is proposed.”

13. GENE Comment: Page 6, Lines 40 and 41, indicate proprietary markings and
reword  as follows:  “...minimum core flow with all uncertainties for
the highly ranked PIRT variables [                                ] results in
an [                                              ] for the TRACG calculated
oscillation in ΔCPR/CPR.”

Resolution: Comment incorporated.

14. GENE Comment: Page 6, Line 43, indicate proprietary markings and replace with
“[                                                                                                      
                                                                                                        
                                                                                                        
                                                                                                        
                                              ].”

Resolution: Comment incorporated.
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