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Ref. 1: Letter, Dennis C. Morey (NRC) to Gary Peters (Framatome Inc.), "Draft Safety 
Evaluation for Framatome Inc. Topical Report ANP-10342P, Revision 0, 'GAIA Fuel 
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Ref. 2: Letter, Gary Peters (Framatome Inc.) to Document Control Desk, "Additional 
Information Regarding ANP-10342P, 'GAIA Fuel Assembly Mechanical Design'," 
NRC-18-044, December 19, 2018. 

In Reference 1, the NRC requested Framatome's review and comment on the draft safety 
evaluation for ANP-10342P, "GAIA Fuel Assembly Mechanical Design." Framatome has 
reviewed the draft safety evaluation and offers the enclosed comments for consideration in 
preparing the final safety evaluation. These comments consider the additional information 
provided by Framatome in Reference 2 after issuance of the draft safety evaluation. A summary 
table of comments and a marked-up copy of the draft safety evaluation report highlighting the 
proposed changes is enclosed. 

Framatome has determined that the draft safety evaluation does not contain any proprietary 
information. · 

There are no regulatory commitments within this letter or its enclosures. 

If you have any questions related to this information, please contact Mr. Nathan Hottle, Product 
Licensing Manager, by telephone at (434) 832-3864, or by e-mail at 
Nathan.Hottle@framatome.com. 

Sincerely, 

~~ 
Gary Peters, Director 
Licensing & Regulatory Affairs 
Framatome Inc. 

cc: J. G.Rowley 
Project 728 

331 5 Old Forest Road, Lynchburg, VA 24501 
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Enclosure 1 - Summary Table of Framatome Comments on ANP-10342P Draft Safety 
Evaluation 

Page Line Proposed Change/Comment 

1 19-20 Replace "this TR extends the use of the fuel design change 
process ... " with "this TR implements a fuel design change 
process similar to the one ... " ANP-10342P is not dependent 
upon EMF-92-116. 

2 23, 25-28 Replace "This TR extends the use of the fuel design change 
process ... " with "This TR implements a fuel design change 
process similar to the one ... " and delete the second sentence 
of this paragraph. The GAIA change process is self-contained 
and does not use methods and criteria from EMF-92-116. The 
independence from EMF-92-116 is reinforced by the additional 
information provided in Reference 2 of this letter. 

6 7-9 Framatome proposed a re-wording of the internal pressure 
criteria in Reference 2 of this letter that is consistent with SRP 
Section 4.2 and current practice, including the analysis 
supporting ANP-10342P. The SE should be updated to reflect 
the markups in Reference 2, which will be included in the 
approved version of the topical report. 

7 43 Framatome proposed in Reference 2 of this letter to add 
8 34 specific sections in ANP-10342P for the following evaluation 
9 4, 19 areas: overheating of cladding, excessive fuel enthalpy, 
10 15 bursting, cladding embrittlement, violent expulsion of fuel, and 

fuel rod ballooning. These new sections identify that the criteria 
are included in NRG-approved methodology topical reports. 
These criteria are not evaluated as part of the generic topical 
report but will be evaluated in plant-specific analyses using 
NRG-approved methods. This SE should be updated to reflect 
only the information in Reference 2 for these criteria. 

11 37-38 Framatome interprets Section 3.4 to mean that minor changes 
require discussion or notification per clarification #3, but this 
discussion / notification can occur after implementation of the 
change. Therefore, NRC's stated right to declare that a change 
is subject to review and approval could occur after 
implementation of the change. No change to the SE is 
required. 
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Framatome understands the request for notification of minor 
changes. For clarification, Framatome recommends: "Should 
Framatome decide that the fuel ·update meetings are no longer 
going to be held then a report of all the minor mechanical 
design changes shall be made within a year after first 
implementation of the change in a GAIA reload." This wording 
will also remove the obligation to submit an annual report when 
no changes have been made. 

The requirement to discuss minor changes at the fuel 
performance meeting or submit a report of changes should be 
identified in Section 4.0, Limitations and Conditions, because 
the requirement is nofstated in ANP-10342P. 

Limitation and condition #4 can be removed. The use of 
approved CHF correlations and mixed core methods has been 
added to ANP-10342P in Reference 2 of this letter. 

Framatome does not object to using a modern control rod 
ejection methodology. However, because reactivity initiated 
accidents are outside the scope of ANP-10342P, Framatome 
believes it is not appropriate to include this limitation here. The 
implementation provisions in the final Regulatory Guide 
resulting from DG-1327 will dictate when the guidance should 
be back fit or forward fit on a licensee. 

The highlighted statement should be deleted. Per LIC-500, 
additional restrictions to the topical report imposed by the NRC 
staff should be clearly stated as limitations and conditions. In 
the absence of specific limitations and conditions, the SE 
approves use of the topical report as written, including 
information not explicitly addressed in the SE. If the NRC staff 
does not agree with this comment, then additional information 
must be added to the SE. 

This statement can be removed. In Reference 2, Framatome 
has added a statement to ANP-10342P about each additional 
criterion in SRP Section 4.2 that is not evaluated generically in 
the topical report. 
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DRAFT SAFETY EVALUATION BY THE OFFICE OF NUCLEAR REACTOR REGULATION 

TOPICAL REPORT ANP-10342P, REVISION 0, 

6 
7 
8 1.0 
9 

"GAIA FUEL ASSEMBLY MECHANICAL DESIGN" 

FRAMATOME INC. 

PROJECT NO. 728/DOCKET NO. 99902041 

INTRODUCTION 

10 By letter dated December 21 , 2016 (Reference 15), Framatome Inc. (Framatome, formerly 
11 AREVA Inc.) submitted for U.S. Nuclear Regulatory Commission (NRC) staff review Topical 
12 Report (TR) ANP-10342P, "GAIA Fuel Assembly Mechanical Design ." Approval would permit 
13 licensees with Westinghouse Electric Company (Westinghouse) three- and four-loop nuclear 
14 power reactors that use a 17 x 17 fuel rod array to reference the generic TR for use of the GAIA 
15 fuel. The GAIA design is a conglomerate of the previous Framatome, Babcock and Wilcox 
16 Company (B&W), and Electricite de France (EdF) fuel designs with some additional new design 
17 features and optimizations focused on thermal efficiency. This TR evaluated the performance of 
18 the GAIA fuel design against the design criteria defined in the Standard Review Plan (SRP) , 
19 Section 4.2, "Fuel System Design" (Reference 1 ). Additionally , this TR extends the use of the 
20 fuel design change process defined in EMF-92-116(P)(A) , "Generic Mechanical Design Criteria 
21 for PWR Fuel Designs" (Reference 8) , using the design criteria defined within Section 9.0 of the 
22 TR for use in evaluating small changes to the GAIA fuel assembly design. 
23 
24 The NRC staff approves the use of this TR subject to the limitations and conditions (L&Cs) listed 
25 in Section 4.0 of this safety evaluation (SE) . 
26 

27 2.0 REGULATORY EVALUATION 
28 
29 Fuel designs must ensure that the reactor core will have the appropriate margin to assure that 
30 the specified acceptable fuel design limits (SAFDLs) criteria in Title 10 of the Code of Federal 
31 Regulations (10 CFR) Part 50, Appendix A, General Design Criterion (GDC) 10, Reactor 
32 Design, are met. Additionally , GDC 27, Combined Reactivity Control System Capability, and 
33 GDC 35, Emergency Core Cooling , require that licensees maintain control rod insertability and 
34 core coolability. Loss-of-coolant accident (LOCA) coolability requirements are contained in 
35 10 CFR 50.46. The NRC staff review process for new fuel designs is contained in SRP 
36 Section 4.2. 

37 The guidance provided within the SRP forms the basis of the NRC staff's review and ensures 
38 that the criteria of 10 CFR 50.46, GDCs 10, 27, and 35 are met. 

Enclosure 
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TECHNICAL EVALUATION 

3 The GAIA design is a conglomerate of the previous Framatome, B&W, and EdF fuel designs 
4 with some additional new design features and optimizations focused on thermal efficiency 
5 including: 

6 • GRIP™ bottom nozzle based upon proven FUELGAURD™ and TRAPPER™ bottom 
7 nozzles, 
8 

9 • GAIA end and intermediate spacer grid based upon proven HMP™ and HTP™ spacer 
10 grid designs (respectively) , 
11 
12 • Intermediate GAIA Mixer grid based upon Advanced Mark-BW design, 
13 
14 • Standard Reconstitutable Top Nozzle, 
15 
16 • Framatome standard M5® material for the cladding , 
17 
18 • 012™ material for MONOBLOC™ guide tubes (GT) and instrument tubes (IT) [NEW 
19 FEATURE] 
20 
21 • Framatome standard M5® material for both intermediate grid designs and Alloy 718 for 
22 the end grids. 

23 This TR extends the use of the fuel design change process defined in EMF-92-116(P)(A) , using 
24 the design criteria defined within this TR for use in evaluating small changes to the GAIA fuel 
25 assembly design. The extension of the EMF-92-116(P)(A) methodology to the GAIA fuel 
26 assembly design is accomplished by using the fuel design criteria contained in this TR for the 
27 GAIA fuel assembly design while using the compliance demonstration method, nuclear design 
28 criteria , and inspections and surveillance methods contained in EMF-92-116(P) A) . 
29 
30 The objectives of this fuel system safety review, as described in SRP Section 4.2, are to provide 
31 assurance that (1) the fuel system is not damaged as a result of normal operation and 
32 anticipated operational occurrences (AOOs) , (2) fuel system damage is never so severe as to 
33 prevent control rod insertion when it is required, (3) the number of fuel rod failures is not 
34 underestimated for postulated accidents, and (4) coolability is always maintained . A fuel system 
35 is "not damaged" when fuel rods do not fail , fuel system dimensions remain within operational 
36 tolerances, and functional capabilities are not reduced below those assumed in the safety 
37 analyses. Fuel rod failure means that the fuel rod leaks and that the first fission product barrier 
38 (the cladding) has been breached . Coolability, which is sometimes termed coolable geometry, 
39 means that the fuel assembly retains its rod-bundle geometrical configuration with adequate 
40 coolant channels to permit removal of residual heat even after an accident. 
41 

42 3 .1 Fuel Assembly Design 
43 
44 The GAIA fuel assembly design is intended for use in Westinghouse three- and four-loop 
45 reactors which use a 17 x 17 fuel rod array. The GAIA fuel assembly design is a conglomerate 
46 of the previous AREVA, B&W, and EdF fuel designs with some additional new design features 
47 focused on thermal efficiency . The design uses the M5® advanced alloy which has been 
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1 previously approved (References 3 and 9) for cladding. Q12™ alloy (Reference 5) is used for 
2 GT and IT that is the first deployment of this new alloy. A thorough description and schematic 
3 diagrams of the fuel assembly, fuel rod, grids, top nozzle, guide tubes and instrumentation 
4 tubing, bottom nozzle, and the materials used for each component are provided in Section 4.0 
5 of the TR. Based on the content of the TR, the staff concludes that a satisfactory description of 
6 the fuel assembly has been provided for this review. 
7 

8 3.2 Lead Test Assembly (L TA) Program 
9 

10 The LTA program for confirming the irradiation behavior of the GAIA fuel assembly design used 
11 L TAs in locations where the LTAs saw near-peak core power conditions. The GAIA program 
12 was a global design effort within AREVA's three main regions of operation (U.S., France, and 
13 Germany), in cooperation with two customers to thoroughly test the design prior to batch 
14 implementation. Four GAIA LTAs were inserted in the core of an international reactor in 2012. 
15 Eight GAIA L TA's were inserted in the core of a U.S. reactor in 2015. Both plants are 
16 Westinghouse 3-loop designs. 
17 
18 At the time of the TR submittal, the U.S. based L TAs only had one cycle of operation. During 
19 their core residency, two cycles are expected to be in high duty locations and during the third 
20 cycle, some the L TAs are to be placed on the core-periphery, a hostile hydraulic environment. 
21 Post-irradiation examinations (Pl Es) were and will be performed after every irradiation cycle to 
22 confirm that the LTAs were operating as predicted. The PIEs performed were appropriate for 
23 confirming the performance of the fuel design and the results met expectations; therefore, the 
24 L TA performance is acceptable but is subject to L&C #3. 
25 
26 3.3 Design Evaluation 
27 
28 The fuel system design bases must reflect these four objectives: (1) the fuel system is not 
29 damaged as a result of normal operation and AOOs, (2) fuel system damage is never so severe 
30 as to prevent control rod insertion when it is required, (3) the number of fuel rod failures is not 
31 underestimated for postulated accidents, and (4) coolability is always maintained. To satisfy 
32 these objectives, acceptance criteria are.needed for fuel system damage, fuel rod failure, and 
33 fuel coolability. The design basis for each criterion remains the same as defined in the 
34 Advanced Mark-SW fuel assembly (References 8 and 10). 
35 
36 3.3.1 Fuel System Damage Criteria 
37 
38 The design criteria relating to the fuel system damage should not be exceeded during normal 
39 operation including AOOs. Fuel rod failure should be precluded and fuel damage criteria should 
40 ensure that fuel system dimensions remain within operational tolerances and that functional 
41 capabilities are not reduced below those assumed in the safety analysis. Each damage 
42 mechanism listed in SRP Section 4.2 will be reviewed to confirm that the design criteria are not 
43 exceeded during normal operation for the GAIA design. 
44 
45 3.3.1.1 Stress 
46 
47 The design criteria for stress are that the stress intensities for GAIA fuel assembly components 
48 shall be less than·the stress limits based on the American Society of Mechanical Engineers 
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1 (ASME) Code, Section Ill criteria (Reference 7). These design criteria are consistent with the 
2 acceptance criteria of SRP Section 4.2; therefore, the stress criteria are acceptable for 
3 application to the GAIA fuel design. 
4 
5 A deterministic method is used to obtain the most limiting stress value provides the most 
6 conservative stress value for each fuel assembly component. Positive margin to the design 
7 criteria is shown for each of the fuel assembly components; therefore, the NRC staff concludes 
8 that the fuel assembly design satisfies the desig~ criteria for design stress. 
9 

· 10 3.3.1.2 Cladding Strain 
11 
12 The design criterion for strain is that the GAIA fuel rod transient strain (elastic plus plastic) limit 
13 should not exceed 1 percent for Condition I and II events. This criterion is intended to preclude 
14 excessive cladding deformation during normal operation and AOOs. This design criterion is 
15 consistent with the acceptance criteria of SRP Section 4.2; therefore, the strain criterion is 
16 acceptable for application to the GAIA fuel design. 
17 
18 The analysis of the cladding strain uses the approved COPE RN IC code (Reference 2) to 
19 determine the cladding strain by evaluating the cladding circumferential changes before and 
20 after a linear heat rate (LHR) transient. The 1 percent strain limit corresponds to a transient 
21 LHR that is greater than the maximum transient the fuel rod is expected to experience Condition 
22 I and II events. Therefore, the NRC staff concludes that the fuel assembly design criteria for 
23 cladding strain are met. 
24 

25 3.3.1.3 Cladding Fatigue 
26 
27 The design criterion for cladding fatigue is that the_GAIA maximum fuel rod fatigue usage factor 
28 shall not exceed 0.9, This design criterion is consistent with the acceptance criteria of SRP 
29 Section 4.2; therefore, this cladding fatigue criterion is acceptable for application to the GAIA 
30 fuel design. -
31 
32 The methodology used for determining the cladding fatigue is outlined in Reference 3. The 
33 methodology used a fuel rod life of 8 years and a vessel life of 40 years; therefore, the fuel rod 
34 will experience 20 percent of the number of transients that the vessel will. The analysis uses all 
35 the Condition I and II events and one Condition Ill event to determine the total cladding fatigue 
36 usage factor. The maximum fatigue usage factor was determined to be well below the design 
37 criteria limit. Since the methodology is consistent with the guidance in SRP Section 4.2 and the 
38 maximum fatigue is well below the design criteria limit, it is demonstrated that the cladding 
39 fatigue acceptance criterion has been met. 
40 

41 3.3.1.4 Fretting 
42 
43 The design criteria for fretting are that the GAIA fuel assembly design shall be shown to have no 
44 failure due to fretting (References 8 and 9). This design criterion is conservative with the 
45 acceptance criteria of SRP Section 4.2; therefore, the fretting criteria are acceptable for 
46 application to the GAIA fuel design. 
47 
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1 Framatome performed extensive AUTOCLAVE testing using expected end-of-life (EOL) 
2 condition for the GAIA fuel assemblies. Fretting wear and performance testing were performed 
3 at the HERMES-P and PHFT flow test facilities. 1000 hour endurance flow tests were 
4 performed and followed up by additional tests at the PETER loop. Evaluations of this extensive 
5 testing showed that the GAIA fuel assembly is expected to meet all criteria though EOL. 
6 Therefore, Framatome has demonstrated that the GAIA fuel has the ability to meet this criterion. 
7 

8 3.3.1.5 Oxidation, Hydriding, and Crud Buildup 
9 

10 The design criteria for oxidation, hydriding, and crud buildup are that the GAIA fuel rod cladding 
11 best-estimate corrosion shall not exceed 100 microns. These criteria are intended to preclude 
12 potential fuel system damage mechanisms. The SRP does not specify specific limits on 
13 cladding oxidation and crud but does specify that their effects should be -accounted for in the 
14 thermal and mechanical analyses performed for the fuel accounts for the corrosion based on a 
15 database established for the MS® cladding material from the in-reactor performance. This is 
16 acceptable because it uses realistic data that is representative of the material and burnup limits 
17 of the GAIA fuel assembly design. 
18 
19 Based on the data for MS® cladding material under prototypical irradiation conditions, the 
20 oxidation and hydrogen pickup rates are well below the criteria limit. Because crud is included 
21 as part of the oxidation measurement, the crud is also limited and well within the total 
22 acceptable range. Therefore, it is demonstrated that the oxidation, hydriding, and crud buildup 
23 for the GAIA fuel assembly design have met the acceptance criteria. 
24 
25 3.3.1.6 Fuel Rod Bow 
26 
27 The design criterion for fuel rod bow is that the fuel rod bowing shall be evaluated with respect 
28 to the mechanical and thermal-hydraulic performance of the fuel assembly. There is not a 
29 specific limit for fuel rod bow specified in SRP Section 4.2; the SRP only requires that rod bow 
30 be included in the design analysis. 
31 
32 The methodology for fuel rod bow was approved in Reference 12. This database is 
33 representative of Zircaloy clad fuel. Because MS® cladding grows at a lower rate under 
34 irradiation conditions, the database for Zircaloy is conservative relative to the MS® performance. 
35 Therefore, the NRG staff concludes that use of this database for predicting the rod bow of MS® 
36 clad fuel and continuing use of the penalty generated by the Zircaloy database for MS® fuel is 
37 conservative and acceptable for use. 
38 
39 3.3.1.7 Axial Growth 
40 
41 The design criteria for axial growth are that the GAIA fuel assembly-to-reactor internals gap 
42 allowance and the fuel assembly top nozzle-to-fuel rod gap allowance shall be designed to 
43 provide positive clearance during the assembly lifetime. These design criteria are consistent 
44 with the acceptance criteria of SRP Section 4.2; therefore, the axial growth criteria are 
45 acceptable for application to the GAIA fuel design. 
46 
47 Tolerances are combined in an appropriate manner and treated consistently. The lowest 
48 clearance values are/will be obtained at EOL and in all evaluations, positive clearance remained 
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1 at EOL under the worst conditions. Therefore, the NRG staff concludes that the GAIA fuel 
2 design meets the axial growth acceptance criteria subject to completion of L&C #3. 
3 
4 3.3.1.8 Fuel Rod Internal Pressure 
5 
6 The design criterion for fuel rod internal pressure is that the fuel system will not be damaged 
7 due to excessive internal pressure. Fuel rod internal pressure is limited to that which would 
8 cause ( 1) the diametral gap to increase due to outward creep during steady-state operation and 
9 (2) extensive departure from nucleate boiling (DNB) propagation to occur. These design criteria 

10 have been applied in previous fuel assembly designs (Reference 10) and will continue to be 
11 valid since the parameters used in the methodology remain unchanged. Therefore, these 
12 criteria are acceptable for application to the GAIA fuel design. 
13 
14 The fuel rod internal pressure analysis uses the COPERNIC code with the methodology 
15 approved in Reference 2. This analysis, performed on a plant-specific basis, includes the use of 
16 the most limiting manufacturing variations and a bounding power history for that plant. If the 
17 bounding analysis does not meet the fuel rod internal pressure criteria , then on a cycle-specific 
18 basis a rod-specific analysis using the actual power history and manufacturing data for that rod 
19 can be performed to demonstrate that the internal rod pressure criteria are satisfied. These 
20 dual analysis paths using the approved methodology are acceptable for use because they will 
21 demonstrate that the fuel rod internal pressure criterion is met. 
22 

23 3.3.1.9 Assembly Liftoff 
24 
25 The design criteria for assembly liftoff are that the GAIA fuel hold down springs must be capable 
26 of maintaining fuel assembly contact with the lower support plate during normal operating , 
27 Condition I and II events, except for the pump over-speed transient. The fuel assembly shall not 
28 compress the hold-down spring to solid height for any Condition I and II events. The fuel 
29 assembly top and bottom nozzles shall maintain engagement with reactor internals for all 
30 Condition I through IV events. These design criteria are consistent with the acceptance criteria 
31 of SRP Section 4.2, except for the exclusion of the pump over-speed transient. However, it has 
32 been previously approved to exclude this transient; therefore, the assembly liftoff criteria are 
33 acceptable for application to the GAIA fuel design. 
34 
35 It should be noted that the NRG staff was not able to find a comprehensive evaluation of this 
36 exemption in past approvals. Since the precedent has been set and without cause to show a 
37 significant safety hazard the NRG staff has no basis to reverse this exemption for the pump 
38 over-speed transient. 
39 
40 Framatome performs a statistically based analysis using the approved methodology in 
41 Reference 13 and can demonstrate that during all conditions considered , except for the pump 
42 over-speed transient, the fuel assembly liftoff criteria are met. During the pump over-speed 
43 transient, the lift is small and the hold-down spring deflection is less than the worst-case normal 
44 operating cold-shutdown condition . The hold-down spring is not compressed to a solid height 
45 for any operating condition . Therefore, the NRG staff concludes that for the GAIA fuel assembly 
46 design , the fuel assembly liftoff criteria are met. 
47 
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Fuel Rod Failure Criteria 

3 The design criteria relating to the fuel rod failure are applied in two ways. When they are 
4 applied to normal operation including AOOs, they are used as limits (SAFDLs) since fuel failure 
5 should not occur. When they are applied to postulated accidents, fuel failures are permitted and 
6 must be accounted for in the fission product releases. Fuel rod failure is defined as the loss of 
7 fuel rod hermeticity. Each fuel rod failure mechanism listed in SRP Section 4.2 will be reviewed 
8 to confirm that the design criteria are not exceeded during normal operation and are properly 
9 accounted for during postulated accidents for the GAIA design. 

10 
11 3.3.2.1 Internal Hydriding 
12 
13 The design criterion for internal hydriding is that the internal hydriding shall be precluded by 
14 appropriate manufacturing controls. For the GAIA assembly design, hydriding is prevented by 
15 keeping the level of moisture and hydrogenous impurities within the fuel to very low levels. 
16 Framatome maintains the fabrication level for total hydrogen in the fuel pellets to a level that is 
17 lower than the SRP Section 4.2 value of 2 parts per million . This design criterion is consistent 
18 with the acceptance criteria of SRP Section 4.2 and is acceptable. 
19 
20 Framatome maintains the low hydrogen levels in the fuel rod through manufacturing controls. 
21 Because these controls will remain in place for the GAIA fuel assembly design and the limits are 
22 lower than the SRP Section 4.2 values, the design criteria will continue to be met with the GAIA 
23 fuel assembly design. 
24 
25 3.3.2 .2 Cladding Collapse 
26 
27 The design criterion for cladding collapse is that the predicted creep collapse life of the fuel rod 
28 must exceed the maximum expected in-core life. The SRP states that if axial gaps in the fuel 

. 29 pellet column occur due to densification, the cladding has the potential to collapse into a gap. 
30 Because of the large local strains that accompany this process, any collapsed cladding is 
31 assumed to fail. Because the design criterion is consistent with the acceptance criteria of SRP 
32 Section 4.2, it is acceptable for application to the GAIA fuel assembly design. 
33 
34 Framatome uses their approved creep collapse methodology (Reference 4) , to determine the 
35 potential for creep collapse of the GAIA fuel assembly design. This methodology uses 
36 conservative values to determine the creep collapse life of the fuel rod . Creep collapse is 
37 assumed when either the rate of creep ovalization exceeds 0.1 mils/hr or the maximum fiber 
38 stress exceeds the unirradiated yield strength of the cladding. Based on these definitions of 
39 creep collapse, the creep collapse lifetime was shown to be greater than 62 GWD/MT. 
40 Therefore, the GAIA fuel assembly design is adequately designed to prevent creep collapse for 
41 a service life up to 62 GWD/MT. 
42 
43 3.3 .2.3 Overheating of Cladding 
44 

45 The design criterion for cladding collapse is that for a 95 percent confidence level , DNB will not 
46 occur on a fuel rod during normal operation and AOOs. The SRP states that it has been 
47 traditional practice to assume that failures will not occur if the thermal margin criteria (i.e ., DNB 
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1 ratio) are satisfied . Because the design criterion is consistent with the acceptance criteria of 
2 SRP Section 4.2, it is acceptable for application to the GAIA fuel assembly design. 
3 
4 Framatome has not described or referenced the DNB correlation in this TR and therefore this 
5 TR is subject to L&C 4. 
6 
7 3.3.2.4 Overheating of the Fuel Pellets 
8 
9 Framatome did address this criterion within the TR directly for GAIA. This evaluation is included 

10 for completeness. 
11 
12 The design criteria for overheating of the fuel pellets are that for a 95 percent probability at a 
13 95 percent confidence level , fuel pellet centerline melting shall not occur during normal 
14 operation and AOOs. These design criteria are consistent with the acceptance criteria of SRP 
15 Section 4.2; therefore, they are acceptable for application to the GAIA fuel assembly design. 
16 
17 SRP Section 4.2 states that this analysis should be performed for the maximum linear heat 
18 generation rate anywhere in the core, including all hot spots and hot channel factors, and should 
19 account for the effects of burnup and composition on the melting point. Framatome uses the 
20 COPERNIC computer code and fuel melt methodology (Reference 2) to determine the local 
21 LHR throughout the fuel rod lifetime that could result in centerline temperature predictions 
22 exceeding the limit. The typical generic fuel centerline melt LHR is higher than any expected 
23 LHR at beginning-of-life which is the most limiting time of the cycle. Therefore, this analysis 
24 demonstrated that for the GAIA fuel assembly design the acceptance criteria are met. 
25 
26 3.3.2.5 Pellet Cladding Interaction (PCI) 
27 
28 There are no generally applicable criteria for PCI failure in SRP Section 4.2. The two criteria 
29 that should be applied in accordance with SRP Section 4.2 are that the uniform strain of the 
30 cladding should not exceed 1 percent and fuel melting should be avoided . Since both of these 
31 criteria were addressed previously in this SE, the criteria for PCI are satisfied and acceptable for 
32 the GAIA design. 
33 
34 3.3.2.6 Cladding Rupture 
35 
36 There is not a specific design limit associated with cladding rupture other than the requirements 
37 in 10 CFR 50.46, Appendix K. The cladding rupture correlation and supporting data were 
38 reviewed and approved for LOCA emergency core cooling system (ECCS) analyses in 
39 References 3, 9, and 16. Because this correlation was developed specifically for use in 
40 analyzing M5® cladding , the use of this correlation will provide the appropriate cladding rupture 
41 evaluations for the GAIA fuel assembly design under accident conditions. 
42 
43 3.3.3 
44 

Fuel Coolability 

45 Framatome did address this criterion within the TR directly for GAIA. This evaluation is included 
46 for completeness. For postulated accidents in which severe damage might occur, core 
47 coolability must be maintained as required by GDC 27 and 35 . Coolability , or coolable 
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1 geometry, has traditionally implied that the fuel assembly retains its rod bundle geometry with 
2 adequate coolant channels to permit the removal of residual heat. 
3 
4 3.3.3.1 Cladding Embrittlement 
5 

6 To meet the requirements of 10 CFR 50.46, as it relates to LOCA, acceptance criteria of 
7 2200 degrees Fahrenheit on peak cladding temperature and 17 percent on maximum cladding 
8 oxidation must be met. FANP demonstrated through high-temperature oxidation and quenching 
9 tests that the MS® cladding can meet these limits. The data and analysis to support this 

10 conclusion were reviewed and approved in Reference 3. Further, Reference 3 concluded that 
11 the Baker-Just correlation is conservative for determining high-temperature M5® oxidation for 
12 LOCA analysis and ; therefore, is acceptable for LOCA ECCS analyses. Since the Baker-Just 
13 correlation is conservative and is required in accordance with 10 CFR 50.46 Appendix K, this 
14 criteria will be met without any modification needed to the approved LOCA ECCS codes. 

15 If Framatome chooses to use their BEPU Realistic Large Break LOCA (RBLOCA) methodology 
16 (Reference 16) and utilize the Cathcart-Powell (CP) oxidation correlation than the oxidation limit 
17 imposed in that TR of 13 percent applies to the evaluation of GAIA. 
18 
19 3.3.3.2 Violent Exi:2ulsion of Fuel 
20 
21 In severe reactivity insertion accidents (RIAs) , such as a rod ejection event, the large and rapid 
22 deposition of energy in the fuel can result in melting , fragmentation , and dispersal of fuel. To 
23 limit the effects of an RIA, Regulatory Guide (RG) 1.77 (Reference 17) , recommends that the 
24 radially averaged deposition at the hottest axial location be limited to 280 calories/gram (cal/g). 
25 This guidance is OUTDATED and shall not be used to evaluate the performance of GAIA fuel. 
26 
27 Section 4.2, Appendix B of Reference 1 provides interim limits for RIA and shall be used until 
28 the new guidance is issued by the NRC. The new guidance being developed by the NRC is 
29 contained in draft RG (DG) 1327, "Pressurized Water Reactor Control Rod Ejection and Boiling 
30 Water Reactor Control Rod Drop Accidents." Framatome shall use DG-1327 limits once they 
31 are formally used by the NRC as it will supersede those in RG-1 .77 and NUREG-800 
32 Section 4.2, Appendix B limits. As always with NUREG and RG limits, Framatome may propose 
33 its own limits based on its fuel and methodology for review and approval if it wishes to do so. 
34 
35 The interim limits contained in NUREG-800 Section 4.2, Appendix B are: 
36 
37 The total number of fuel rods that must be considered in the radiological assessment is 
38 equal to the sum of all of the fuel rods failing each of the criteria below. Applicants do not 
39 need to double count fuel rods that are predicted to fail more than one of the criteria. 
40 
41 1. The high cladding temperature failure criteria for zero power conditions is a peak radial 
42 average fuel enthalpy greater than 170 cal/g for fuel rods with an internal rod pressure at 
43 or below system pressure and 150 cal/g for fuel rods with an internal rod pressure 
44 exceeding system pressure. For intermediate (greater than 5 percent rated thermal 
45 power) and full power conditions, fuel cladding failure is presumed if local heat flux 
46 exceeds thermal design limits (e.g. DNBR and CPR) . 
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1 2. The PCMI failure criteria is a change in radial average fuel enthalpy greater than the 
2 corrosion-dependent limit depicted in Figure B-1 (PWR) and Figure B-2 (BWR). 
3 
4 Fuel cladding failure may occur almost instantaneously during the prompt fuel enthalpy rise (due 
5 to PCMI) or may occur as total fuel enthalpy (prompt+ delayed), heat flux , and cladding 
6 temperature increase. For the purpose of calculating fuel enthalpy for assessing PCMI failures, 
7 the prompt fuel enthalpy rise is defined as the radial average fuel enthalpy rise at the time 
8 corresponding to one pulse width after the peak of the prompt pulse. For assessing high 
9 cladding temperature failures, the total radial average fuel enthalpy (prompt + delayed) should 

10 be used . 
11 
12 This criterion will be met as long as Framatome uses NRC approved methods for RIA and the 
13 interim limits provided above. L&C #5 addresses the new guidance under development. 
14 

15 3.3.3.3 Fuel Rod Ballooning 
16 
17 To meet the requirements of 10 CFR 50.46, as related to the evaluation of ECCS performance 
18 during accidents, burst strain and flow blockage caused by ballooning of the cladding must be 
19 accounted for in the analysis of the core flow distribution. Framatome developed new 
20 ballooning and flow blockage models for M5® cladding which were reviewed and approved in 
21 Reference 3. Since these models were developed specifically for use in analyzing M5® 
22 cladding , the use of these models will provide the appropriate fuel rod ballooning for the GAIA 
23 fuel assembly design. 

24 3.3.3.4 Fuel Assembly Structural Damage from External Forces 
25 

26 Earthquakes and postulated pipe breaks in the reactor coolant system would result in external 
27 forces on the fuel assembly. During these events, fuel system coolability should be maintained 
28 and damage should not be so severe as to prevent control rod insertion when required . The 
29 design criteria for fuel assembly structural damage from external forces are divided into three 
30 categories: 
31 
32 • Operating Basis Earthquake (OBE) - Allow continued safe operation of the fuel assembly 
33 following an OBE event by ensuring the fuel assembly components do not violate their 
34 dimensional requirements. 
35 
36 • Safe Shutdown Earthquake (SSE) - Ensure safe shutdown of the reactor by maintaining the 
37 overall structural integrity of the fuel assemblies, control rod insertability , and a coolable 
38 geometry within the deformation limits consistent with the ECCS and safety analysis. 
39 
40 • LOCA or SSE+LOCA - Ensure safe shutdown of the reactor by maintaining the overall 
41 structural integrity of the fuel assemblies and a coolable geometry within deformation limits 
42 consistent with the ECCS and safety analyses. 
43 
44 These design criteria are consistent with SRP Section 4.2 guidance; therefore, they are 
45 acceptable for application to the GAIA fuel assembly design. 
46 
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1 Framatome used the methodology in Reference 6 to perform generic evaluations of the 
2 structural damage from external forces. These analyses considered the horizontal and vertical 
3 impacts on the fuel assembly. These analyses included generic evaluations of the impact on 
4 the GAIA fuel assembly design when it is located in a mixed core. Various core loading patterns 
5 and locations in the core were utilized for the mixed core analysis impact. The results showed 
6 that the combined loads on the GAIA fuel assembly were small enough that coolable geometry 
7 is always maintained. The analysis results demonstrate that coolable geometry can be 
8 maintained under all the analyzed conditions; therefore, demonstrate that the acceptance 
9 criteria are met. 

10 
11 Any deformation that goes from the linear to the non-linear range is not acceptable at this time. 
12 A supplement to Reference 6 will be needed to extend acceptable deformation in the non-linear 
13 region . 
14 

15 3.4 
16 

Design Update Process 

17 The design update process contained in Section 9.0 of the TR is acceptable with the following 
18 clarifications and expansions: 
19 
20 1) The TR states that an example of a minor change is "The first use of an assembly design 
21 feature previously irradiated in conjunction with one lattice (i.e. 17x17) in a different lattice 
22 (i .e. 14x14)." 
23 
24 The NRC understands this to mean that an approved mechanical design feature that exists for a 
25 GAIA assembly with a lattice array of 17x17 may be applied to another assembly of a different 
26 lattice array size without review and approval as long as it shows acceptable results from 
27 Framatome's internal evaluation processes. This is agreeable. 
28 
29 The NRC does not find it agreeable that once GAIA is approved for a lattice array of 17x17 that 
30 Framatome may create multiple GAIA assembly variants of different array sizes without review 
31 and approval. For example, once this TR is approved, Framatome may not create a GAIA 
32 15x15 fuel assembly with all the same mechanical design features as the 17x17 assembly only 
33 utilizing Framatome's internal evaluation processes. 
34 
35 2) The distinction between what is a minor change that can be done without review and 
36 approval and what is a major change that would require some review and approval (either in 
37 this TR or via a referenced methodology) is not absolute. The NRC reserves the right to 
38 declare a mechanical design change as major and subject to review and approval. Any 
39 such declaration must be made by the Director of the Division of Safety Systems, or higher 
40 level agency Senior Executive in the Office of Nuclear Reactor Regulation in charge of the 
41 Division of Safety Systems, via official agency correspondence. 
42 
43 3) The TR states that "No notification will be provided for minor design updates." 
44 
45 The NRC understands that no correspondence will be sent to the agency for minor mechanical 
46 design changes as they are being made and implemented. The NRC finds this agreeable so 
47 long as those changes are accumulated and discussed at Framatome's annual fuel 
48 performance update meeting with the NRC staff. Should Framatome decide that the fuel update 
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1 meetings are no longer going to be held then an annual report of all the minor mechanical 
2 design changes shall be made. 
3 
4 4.0 LIMITATIONS AND CONDITIONS 
5 
6 The NRC staff approves the the use of this TR subject to the following L&Cs: 
7 
8 1) This GAIA fuel assembly design is approved for use with low enrichment uranium (LEU) 
9 fuel, which has been enriched to less than or equal to 5 percent. 

10 
11 2) The GAIA fuel assembly design is licensed for a maximum fuel rod burnup of 62,000 
12 Megawatt-days/metric ton of Uranium. 
13 
14 3) The final L TA program PIE report shall be submitted to NRC staff prior to any GAIA 
15 assembly reaching the third cycle of operation . 
16 
17 4) The GAIA fuel assembly must use a DNB correlation that has been reviewed and 
18 approved by NRC for use with the GAIA fuel assembly . In addition , DNB analyses of 
19 mixed cores containing GAIA fuel and another vendor's fuel must be performed using an 
20 approved mixed core methodology. 
21 
22 5) The GAIA fuel assembly shall be evaluated using the limits provided in DG-1327, or 
23 Framatome specific limits that are reviewed and approved , once that document has 
24 been issued by NRC in a Regulatory Guide for licensees using the GAIA assembly even 
25 if the licensee's design basis does not require them to do so. This L&C shall be 
26 interpreted to mean that Framatome must adopt DG-1327 once formally issued or 
27 develop their own limits for review and approval as allowed by the DG and use these 
28 new limits for the GAIA fuel assembly as long as they are conservative with respect to 
29 what is contained in the licensee's design basis. 
30 
31 5.0 CONCLUSION 
32 
33 The NRC staff reviewed the acceptance criteria and generic and proposed analysis 
34 methodology presented by Framatome in TR ANP-10342(P) , Revision 0, "GAIA Fuel Assembly 
35 Mechanical Design," and determined that the criteria and proposed analysis methods are 
36 performed in accordance with the guidance provided in SRP Section 4.2. The NRC staff finds 
37 the criteria and proposed analysis methods outlined in this TR acceptable based on the 
38 determinations provided in the technical evaluation section of this SE and concludes that the TR 
39 is acceptable for referencing by licensees. Any information contained in the TR (Reference 15), 
40 that is not explicitly approved in this SE has not been reviewed by the NRC staff and is not 
41 accepted . 
42 
43 In the approved (-A) version of the TR, References 5 and 6 shall be updated to reflect the latest 
44 approved versions of those TRs. There were no requests for additional information questions 
45 issue as part of this review. The missing evaluation sections, that are required per Reference 1 
46 that should have been included in the TR were accommodated by the issuance of L&Cs on this 
47 TR. 
48 
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1 Therefore, on the basis of the above review and justification, the NRC staff concludes that the 
2 GAIA fuel assembly design is acceptable for use in Westinghouse three- and four-loop design 
3 reactors which use a 17 x 17 fuel rod array with LEU fuel subject to the L&Cs included in this 
4 SE. 
5 
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